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HYDROTHERMAL ALTERATION I N 410 AND TONGONAN GEOTHERMAL FIELD, PHILIPPINES

Diane Yock

Kingston Reynolds Thom Alla rd ice Limited (KRTA)

ABSTRACT

Geology and hydrothermal a l t e r a t i o n of  the  
Tongonan geothermal f i e l d , Leyte, Ph i l ipp ines  a re  

This is followed by p e t r o l o g i c

d e s c r i p t i o n s of t h e mineralogy from t w o deep w e l l s ,
506-D i n t h e Malitbog s e c t o r and 410 i n the Mahiao

sector.

Petrographic techniques were used t o analyse
c u t t i n g s and cores from the two d r i l l h o l e s .
I d e n t i f i c a t i o n of  the  mineralogy was through

examination of hand specimens and t h i r t y- f i v e  t h i n  

s e c t i o n s of core and cut t ings . Fluid inc lus ion

temperatures were measured from core i n 506-D a t
2648 m Information gained from these
techniques has been cor re la ted and used t o i n t e r -
pret l i tho logy , mineralogy, hydrothermal a l t e r a t i o n
and temperatures encountered i n these two w e l l s .

INTRODUCTION

Earliest shallow explorat ion w e l l s i n
t h e Bao River va l ley , southwest of Malitbog were

s i t e d on the b a s i s of surface geology and surface

geothermal manifestat ions. Figure Results
obtained from d r i l l i n g i n t h e Bao Springs area

were not encouraging and i n t e r e s t s h i f t e d north
t o t h e Mahiao v a l l e y whose hot spr ings ,  toge ther  

wi th an area of r e l a t i v e l y low apparent r e s i s t i v i t y

suggested t h e ex is tence of a geothermal reservo i r .
A f u r t h e r shallow wel l , TGE 10 was d r i l l e d , the

r e s u l t s of which w e r e s u f f i c i e n t l y promising t o
j u s t i f y  d r i l l i n g  of t h e f i r s t deep w e l l , 401.

Following success fu l deep d r i l l i n g i n t h e

Sambaloran s e c t o r a t t e n t i o n focused on t e s t i n g the
extension of t h e Mahiao r e s i s t i v i t y anomaly i n t o

t h e south Sambaloran and upper Malitbog v a l l e y areas .
Current ly some f i f t y deep w e l l s have been d r i l l e d

i n t h e Tongonan Fie ld  as  p a r t of a programme t o

provide electrical power f o r the i s land .

S t ra t ig raphy

The l i t h o l o g i e s encountered i n both t h e Malitbog

and s e c t o r s  a r e  s imi la r . (Figure
The Bao vo lcan ics which a r e the t h i c k e s t sequence
encountered during d r i l l i n g comprise f r e s h t o
p r o p y l i t i z e d hornblende andes i tes with minor t u f f s ,

b r e c c i a s , pyroxene and b i o t i t e andesi tes . This
l i t h o l o g y i s t y p i c a l l y  i n t e r s e c t e d  from sur face

t o -1500 m i n t h e Malitbog and Mahiao areas .

The Sambaloran Formation, a sedimentary

sequence of some 50 m t o 100 m wi th in t h e Bao
Volcanics contains limestone, carbonaceous sand-

s tones and s i l t s t o n e s . This f a c i e s w a s probably

formed i n a part-terrestrial part-marine shallow

lagoonal environment, and may represent a h i a t u s
during an otherwise continuous erup t ive phase

which deposi ted the Bao Volcanics. A s t h e name

suggests t h i s formation is t y p i c a l of t h e
Sambaloran s e c t o r , thinning to t h e southeas t i n

the Malitbog sec tor .

A contac t zone underlying the B a o Volcanics

contains propyl i t i zed andesi tes and andesi te/
microd ior i t e breccias . Its thickness v a r i e s
considerably across t h e f i e l d (Figure I t

frequent ly coincides with a production zone and 
grades i n t o the Mahiao Plutonic Complex w i t h depth.

The plu ton ic complex comprises f i n e grained

microdiori te which grades i n t o a coarse grained

quar tz d i o r i t e . The i n t r u s i v e i s i n t e r s e c t e d a t
shallower l e v e l s i n the

than i n the Malitbog.

Late s tage i n t r u s i v e  d a c i t e  dykes a r e

encountered mostly within the contact zone. A
s t e e p l y dipping clinopyroxene dyke i s in te rsec ted
i n 403, 409, 405 and

f

Figure 1: Tongonan Fie ld , Leyte, Phi l ippines.
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Hydrothermal Al te ra t ion i n the Malitbog Sector

The Tongonan F i e l d i s character ized by mineral
assemblages of recen t and r e l i c t a l t e r a t i o n .  I n  

genera l t h e hydrothermal mineral assemblages within
t h e Upper Mahiao area are i n t h e equil ibr ium with 

presen t day geothermal f l u i d s whereas within t h e
Malitbog s e c t o r high temperature assemblages are
considered rel ict s i n c e they a r e n o t i n equilibrium
with lower temperatures recorded from present-day
downhole t e s t i n g . Four zones of hydrothermal 
a l t e r a t i o n a r e presen t i n the Malitbog f i e l d a s
described by Leach and Bogie f o r the Okoy Fie ld

(1982 .

Figure 2: Generalized Geological Cross-Section

Tongonan (sec t ion l i n e shown on

Fig.

P r o p y l i t i c

Potass ic
Advanced a r g i l l i c
Low grade hydrothermal a l t e r a t i o n

(a) The most extensive zone i s a p r o p y l i t i c zone

charac te r ized by epidote and encountered i n
Malitbog w e l l s . Accessory minerals include

a l b i t e , c h l o r i t e , anhydri te , p y r i t e and
calcite. Epidote is thought t o be i n d i c a t i v e

of temperatures i n excess of The
evidence is somewhat equivocal as t o t h e recen t

or f o s s i l o r i g i n of the  ep ido te  assemblage i n

t h e Malitbog.

R e l i c t p r o p y l i t i c a l t e r a t i o n has been observed
i n t h e upper l e v e l s of Malitbog w e l l s 505,

507, 508, 510, 511 and 515. Epidote has been
observed a s high as -200 m i n 510. Similar

mineral assemblages throughout t h e w e l l s may
a l s o be a continuat ion of t h e high temperature
re l ic t system. However, where cur ren t downhole

temperatures and mineralogy temperatures are
similar, it is not poss ib le t o know whether
mineral assemblages a r e re l ic t o r recent .

i n Malitbog w e l l s 502, 503, 505-D, 506-D,
509, 510-D and 511-D. The absence of

the r e l i c t p o t a s s i c zone i n 508-D, 515-D, 509

and 5R4 suggests a lower m a x i m u m temperature
of the r e l i c t hydrothermal system towards the
south-west. Relict b i o t i t e is also observed

i n hot Upper Mahiao w e l l s 403 and 408.

An advanced a r g i l l i c zone containing diaspore
and/or pyrophyl l i t e is p r e s e n t i n Mahiao w e l l s
401, 403, 407, 408 and 409 and i n Malitbog

w e l l s 501, 503, 509, 510-D and 515-D.
This zone i n the Malitbog is considered re l ic t
because a c i d i c  f l u i d s  are n o t evidenced i n the
presen t day f i e l d .

A low grade zone of hydrothermal a l t e r a t i o n
(Figure 2 ) is presen t i n t h e Malitbog s e c t o r

which contains montmorillonite and, at higher
temperatures , i nter l a yer e d 11 te

o n i t e and, above i l l i t e . ,

This mineral assemblages is i n equil ibr ium with

present-day geothermal f l u i d s , s i n c e their
temperature s t a b i l i t y ranges are i n close
agreement with presen t downhole temperatures.
This zone is encountered from -600 to -1650 m

and is superimposed on t h e p r o p y l i t i c and

p o t a s s i c zones of the previous f o s s i l hydro-
thermal regime.
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Figure 3: Al te ra t ion Zones i n t h e Malitbog

Sector .

A re l ic t p o t a s s i c zone character ized by
b i o t i t e and magnetite i n d i c a t i v e of formation 
temperatures i n excess of encountered
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Petrology of Malitbog W e l l 506
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501, t h e f i r s t deep w e l l i n the Malitbog sector,
w a s t o a depth of 1665 m i n March 1978.
This w e l l and t h r e e f u r t h e r explora t ion w e l l s , 502,
503 and 504 confirmed f u r t h e r extension of the
resource. The next t h r e e w e l l s 505-D, 506-D and
507-D w e r e s i t e d t o de l inea te w e l l s t o the south
and east. Although hot , none sus ta ined discharge.
Strong and l o w
charac te r ized a l l th ree w e l l s and as such suggested
limits of t h e explo i tab le Malitbog Fie ld , a t least
to d r i l l e d depths.

Borehole Geology (Figure

Figure 4: Malitbog Sector Geological Section

A-A' ( sec t ion l i n e shown on Fig

The w e l l i n t e r s e c t e d s i l i c i f i e d and propyl i t i zed

t u f f s and andes i tes t o -1500 and a contact zone
of p r o p y l i t i z e d quar tz  andes i tes  and microd ior i t es
from -1500 m RSL t o T.D. 2297 m .

A l t e r a t i o n Mineralogy (Figure

Fiqure 5: Mahiao Sector Geological Section
B-B' ( sec t ion l i n e shown on Fig. 1)

Petrography of core and c u t t i n g s indicated a .

The most extensive
dominantly rel ict mineralogy represented by
p r o p y l i t i c and potass ic zones.
of these is t h e p r o p y l i t i c zone wi th epidote presen t
between -650 m to -1730 . Accessory
minerals include anhydrite, a c t i n o l i t e , c h l o r i t e ,
p y r i t e and rare calcite.
p r o p y l i t i c zones are present between -1000 m
T.D. A recen t hydrothermal zone containing
montmorillonite and is i n
equil ibr ium with present  day downhole temperatures.

Clays were i d e n t i f i e d by XRD techniques using water
based o r i e n t e d samples which w e r e then glycolated

and heated to and respec t ive ly f o r one
hour.

Relict p o t a s s i c and

Flu id Inclusions

Fluid inc lus ions temperatures

between were measured from anhydrite i n
core a t 2297 m These temperatures are
approximately i n equilibrium with presen t measured
downhole temperatures a t T.D.

Most inc lus ions present were vapour inc lus ions

which accounts f o r the few measurements made.
S a l i n i t i e s of 4 inclusions were measured on a
f reez ing  s tage  by Evelyn Napoles (see
who noted inc lus ions of daughter minerals and

recorded very high s a l i n i t i e s around 40%NaCl
equivalent . These s a l i n i t i e s and t h e presence of
daughter inc lus ions described by Nash (see refe r-

ences) . Halite-bearing inc lus ions are character-
i s t i c of porphyry copper deposi ts .

Petrology of Mahiao Deep W e l l 410

410 d r i l l e d a s a production w e l l was completed
i n Apri l 1981 to a depth of 2360 m.

temperatures of were recorded near
bottom hole. Production zones a r e presen t a t
1200-1250 m and 2300-2350 m.

From w e l l

Borehole Geology- (Figure 6. . 
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Figure 6 : Mahiao 410 Lithology and
Alterat ion Mineralogy
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Mahiao
Contact intrusive
zone complex

The w e l l in te r sec ted some 1500 m of Bao

Volcanics with i n t e r c a l a t e d Sambaloran formation

from m to Between -1000 m t o
-1300 m a contact zone of  p ropyl i t i zed  andes i tes  
and d i o r i t e s was encountered.-From -1300 m t o -1900 m

d i o r i t e w a s in te rsec ted .

Al te ra t ion (Figure 7)

300

250

200

100

I
500m 2000 m M.D.

Figure 7: Malitbog 506-D Lithology and

Al te ra t ion Mineralogy

The mineral assemblage from cores and c u t t i n g s i n
410 i s dominantly p r o p y l i t i c from -100 m t o T.D.

(2360 m ) . A p o t a s s i c zone w a s n o t observed from t h e
mineralogy. Calc i te which i s r a r e i n 506-D is
throughout 410. I l l i t e- montmor i l lon i te and i l l i t e-

c h l o r i t e in te r layered c lays w e r e observed from x-ray
d i f f r a c t i o n t r a c e s .

CONCLUSIONS

Lithologies of the Mahiao and Malitbog s e c t o r s
i n t h e Tongonan Fie ld are similar. The
t h i c k e s t sequence encountered Volcanics)

during d r i l l i n g comprises f r e s h t o propyl i t i zed
andes i tes . This l i tho logy is i n t e r s e c t e d from
sur face t o approximately -1500 m RSL.

Four phases of hydrothermal a t l e r a t i o n have

been observed i n t h e Malitbog

p r o p y l i t i c
advanced a r g i l l i c

low grade hydrothermal a l t e r a t i o n

The most extensive zone observed i s the

p r o p y l i t i c (epidote) zone is thought t o

be r e l i c t a t shallow depths -200 m t o -600 m
Below t h i s epidote appears t o be i n

equil ibr ium with p r e s e n t condit ions.
The p o t a s s i c zone is charac te r ized by b i o t i t e
and is dominantly relict. The advanced
a r g i l l i c zone i s charac te r ized by the presence

of diaspore and pyrophyl l i t e and is i n t e r-
mi t ten t ly  p resen t  i n Malitbog wells. It i s

considered rel ict because a c i d i c f l u i d s are
n o t cur ren t ly observed i n t h i s sector . L o w

temperature hydrothermal a l t e r a t i o n minerals
comprise montmorillonite, i l l i t e and i n t e r-

layered c lays which are i n equil ibr ium with
presen t downhole temperatures.

(3) Mineralogy i n d r i l l h o l e s 506-D and 410 vary
considerably. 506-D has a zone of rel ict
p r o p y l i t i c and potassic ( b i o t i t e )
assemblages. 410 has a dominantly recent
p r o p y l i t i c assemblage. Calcite,

which is rare i n 506-D is common i n 410.

(4) 410 is a high temperature r e l a t i v e l y
permeable w e l l with bottom hole temperatures

of 506-D has m a x i m u m bottomhole

temperatures of and could not sus ta in

a discharge.

This paper w a s summarized from a pro jec t

completed by the author as a part ial requirement,
the Diploma i n Energy Technology (Geothermal),

Geothermal of Auckland, 1981.
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