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ABSTRACT

The geology of the Tongonan geothermal field on the island of Leyte,
Philippines is described.

Alteration mineral aesemblages are discussed and related to measured
subsurface temperature and pressure conditions.

INTRODUCTION

The Philippines consists of a typical island arc system with an active
subduction zone lying off the eastern coast.
Philippine Fault, strikes north to north-westward through the islands and
it appears that some of the major geothermal areas are associated with this
feature. Active subduction took place along the Philippine Trench
approximately 60 million years ago, resulting in emplacement of the oldest
known intermediate There was then a period of relative quiescence
until late Miocene when subduction again became for of
the dated 15 million years to the present associated with the
Philippine fault
geothermal activity is related.

A major fault system, the

It to this later activity that the Tongonan

GEOLOGY

During the late Miocene the eruptive development of island arc volcanoes
gave rise to flows and cones of andesitic material which now form the
central mountain spine of the island of Leyte and lie alonq the approximate
strike of the Philippine Fault (Figure

The Tongonan geothermal area lies in one such andesitic region within a
bifurcation of the Philippine Fault,
northwest-southeast strike dominate the Tongonan area. These have been
designated the Philippine Fault, to the west of the Valley; the
Central Philippine Fault, the flank of the ranges to the east of the
Bao and the less precisely defined Philippine Fault along the
crest of the central ranges (Grindley 1973) (Figure 2).

.
Three major branches with approximately

A general stratigraphy for the area has been constructed based on surface
investigations and Tolentino and drilling observations
(Figure

North Central Leyte Formation (N.C.L.F.

This crops out in the Bao gorge and the middle reaches of the
Bao River and consists of coarse, pebble and boulder conglomerate
with interbedded volcanic sandstone, ash layers and river ai-lts.
majority of the boulders are of hornblende-andesite similar to flows the
Bao Volcanics.
angular fragments of quartz, feldspars, augite, hornblende and minor clay
and

The

The intervening matrix a Coarse sandstona containing
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boulder conglomerates appear to be of l aha r  o r ig in  from a c t i v e andesi te
volcanoes to the east and southeast.
fragments to t h e flows i n t h e Bao Volcanics suggests t h a t t h e formation may
be contemporaneous with t h e l a t e r flows of t h e Bao Volcanics (Grindley 1973).

The of t h e i r const i tuent

Rocks of the N.C.L.F. have not been in te r sec ted i n t h e l a t e r Mahiao d r i l l i n g
and the u n i t has no importance with respect to the geothermal system.

Bao Volcanics

These are predominantly hornblende andesi tes with phenocrysts of oxyhornblende
and andesine- labradorite up to 1 i n a microcrysta l l ine base of plagioclase,
hornblendes, i ron oxides and glass .

A l l w e l l s d r i l l e d during the latest and deepest s tage of exploration
wells assigned 3 d i g i t penetrated extensive sect ions of hornblende
andesi te lavas, breccias and t u f f s , i n t h e order of 1500 thick. These rocks
a r e chaotic, in terf ingered and probably of l imited a r e a l extent.
marker horizons have been es tabl ished,  but  f o r working purposes two horizons
have been selected as of fe r ing possible subsurface w e l l to w e l l corre la t ions .
These are a zone of intense c lay development and a t h i n shale comprised of
organic and vo lcan ic la s t i c sediments.

No unequivocal

Clay Horizon 

A zone of intense c l a y development has been noted i n t h e Mahiao wells
a t a depth which, with the exception of well from 100 to 260

above mean sea level .
gas producing zones encountered i n w e l l s 103, 105 and 209.

This c lay horizon is coincident with the overpressured,

A conglomeratic bed was observed to over l i e t h e c lay horizon i n wells 209 and
213. Shales and pebbles under l ie t h e c lay i n w e l l 406. That marine
exis ted is demonstrated by t h e presence of  ca lca ren i t e s  i n w e l l s 401, 404 and
406. I n 401 these w e r e to contain echinoid spines and shallow w a t e r
marine foraminifera and i n w e l l 406 foraminifera of the genus were
iden t i f i ed (Hornibrook 1979). The ca lca ren i t e s encountered i n w e l l 406 occur
within the c l ay horizon and appear t o be p a r t l y

This associa t ion of t h e c lay horizbn with marine and erosional products indicates
a marine incursion over t h e Tongonan area. It is postulated t h a t t h i s horizon
would o r i g i n a l l y have had s ign i f i can t ly better permeabili ty than t h e enclosing
rocks.
i n degradation of the o r i g i n a l minerals to form t he  c l ay  assemblages now
present.
transgression, but  s ince  t h e or ig ina l volcanic tex tu re is of ten w e l l preserved
t h i s explanation is considered unlikely.

Thus it may have acted a s a channel for hydrothermal f l u i d s resu l t ing

Alternat ively the  c l ay  have a s a result of the marine

Sambaloran Shale

A u n i t of dense, f i n e grained black vo lcan ic la s t i c sediment 2 to 3 m th ick
has been recorded i n the southern and northern Mahiao

Palynological inves t iga t ions l o w temperature ashing techniques on samples
from w e l l 407 have determined the organic content t o be 2.9%.

organic residue w a s in the fonn amorphous fragments, but some still re ta ined
c e l l u l a r morphology and a f e w fungal or algal cells present

Most of the
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I n section there is an obvious disrupt ion to the shale u n i t wells
and 213, and similar ly and 4) . This has been
as evidence of a normal f a u l t s t r ik ing N.W. to S.E. and westward with
an apparent v e r t i c a l displacement varying 75 125 m.

W e l l to w e l l co r re l a t ions suggest that t h e Sambaloran shale forms an
closing and plunging to t h e west.
antifonn was removed by erosion during the marine incursion previously
described.
(Figure 5 ) .

It possible t h a t the c r e s t of t h i s

This may account f o r the absence of Sambaloran shale from w e l l 406

Complex

The rocks the B a o Volcanics a r e underlain by a body of
plutonic rock of d i o r i t e t o quartz d i o r i t e composition.
coarse, even-grained rock exhibi t ing The or ig ina l ly
abundant plagioclase now e n t i r e l y replaced by cloudy, hydrothermal
a l b i t e , though primary a p a t i t e included feldspar c r y s t a l s has not been
al tered.
concentrations of hydrothermal ch lo r i t e , and pyri te . Magnetite been
a l t e red t o patches of leucoxene.
form patches with se r ra t ed edges.
igneous quartz overgrown by hydrothermal quartz.
of f i n e ve in le t s and s t r i n g s i n which epidote and p y r i t e  a r e  the most obvious
minerals i n hand
quar tz and adular ia ( W o o d 1977).

The d i o r i t e a

Primary mafics were not and a r e represented i r regu la r

Quartz occurs i n t e r s t i t i a l l y to feldspar t o
Possibly these a r e composed of or ig ina l

The rock is by a network

I n t h i n sect ion these are a l s o seen to contain

The contact between the plutonic  rocks and overlying volcanics is not
defined but frequently takes the form of a t rans i t iona l zone in which

This zone frequently corresponds t o circula t ion
losses during d r i l l i n g and is an production horizon.
content decl ines  rapidly  once t h e proper a r e intersected.
absence of any sharp contact or sedimentary unit: between the Bao
and t h e Mahiao Plutonics is believed to indicate that the int rus ion of the
Mahiao Plutonics postdates,  o r is contemporaneous with, the extrusion of the
Bao Volcanics.

. and epidote become abundant.
Magnetite

The

The plutonic rock mass forms a ridge- like feature , trending and to
the northwest beneath w e l l 407 and r i s i n g toward well 202 (Figure 5 ) .

Hornblende

This rock occurs i n a number of shor t i n t e r v a l s (less than 3 i n walls i n
Mahiao area a t a depth of approximately 1000 m below mean leve l and

coincides with the incoming of quar tz
perfect ly  f resh hornblende of magmatic or igin .
the general a l t e r a t i o n sequence observed i n the Bao Volcanics which

appears to be the most unstable mineral.
hornblende i n the d a c i t e is of a d i f f e r e n t composition and more res i s t an t
to a l t e r a t i o n than the andes i t i c hornblende. Since the d a c i t e and andesite
are petrographically very similar, t h i s would seem
t h a t the dac i t e represents a r e l a t ive ly young dyke system and t h a t there
been insuf f i c i en t t o allow complete mineral reaction with the hydrothermal
f luids .
it is l i ke ly to have r e l a t i v e l y poorer as a consequence of baing
less fractured.
f l u i d s.

The dac i t e contains much
This is inconsis tent with

It is possible tha t  th s  

It is
.

Assuming t h a t the  in t rus ion of t h e dac i t e postdates faul t ing then

This would fu r the r reduce mineral react ion with t h e
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HISTORY

t h e above observations and in te rp re ta t ions t h e following sequence of
events is proposed i n order of decreasing age:

Eruption of l avas and t u f f s from Bao Volcanoes onto cont inenta l crust.

2. Marine transgression resulting in deposition of Sambaloran shale.

3. Folding.

4. Upl i f t and erosion.
formation of calcareni tes .

Marine incursion to the north east resu l t ing i n

Faulting accanpanied by the i n t rus ion of Mahiao Plutonic Complex.

6. Development of hydrothermal system.

HYDROTHERMAL

Throughout the area d r i l l e d t h e e n t i r e volcanic sequence has undergone
hydrothermal a l t e ra t ion , t h e in tens i ty of which increases with depth.
speaking, wells exh ib i t similar a l t e r a t i o n assemblages a t corresponding depths
r e l a t i v e to sea l e v e l (Figure 6 ) .

Temperature Est

Generally

Since t h e mineral change i n response to t h e hydrothermal conditions,
estimates of subsurface temperatures ex i s t ing a t the time of mineral fornation
can be attemptad. Thus of t h e hydrothermal system through space and
t i m e may be recorded.

agreement has been found between predicted temperatures
measured resu l t s .

clays,  epidote and garnet.

The hydrothermal c l a y minerals

Important indicator minerals used are the hydrothermal

I n t e r s t r a t i f i e d expanding c lays of montmorillonite and i l l i te compositions
r e f l e c t increasing temperature by an increase i n the r e l a t i v e amount of i l l i te
a t t h e expense of t he lower temperature montmorillonite. The general sequence
is as follows:

Depth
M.S.L.

Mineralogy

r i c h with
i l l i te inter layer ing

140-180m to

to
-400

I.M. to
some l a y e r s regular I.H.

Below -400 I l l i te epidote)

,
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Epidote

Epidote a11 deep observed a t
b e l o w mean level, depth to 900 below

H.S.L. the are m i n o r .
measured downhole temperature exceeds a l l l i thologies are
and epidote abundant as a vein mineral and replacing feldspar.

Carbonates, i n t h e form of calcite, anker i te or may coexist v f th
epidote but generally a r e  r e s t r i c t e d  to the sect ion from surface to -100
H.S.L., t h a t is, above any epidote

This change i n the a l t e r a t i o n assemblage has been used a s a marker tor t he
s e t t i n g of production casing i n order to preclude the poss ib i l i ty of
deposition i n the well.

Garnet

Garnets of the or haw
been observed a t various depths b e l o w -100 H.S.L. and a t -460

i n w e l l 209. Andradite has found i n the Sea f i e l d where
temperatures reach 360%. O t h e r estimates of the temperature prevailing
during hydrothermal garnet come from f lu id
of garnet-bearing associated with porphyry copper and other ore
deposita. Theodore have such data and record

i n the range for garnet growth.

DISCUSSION

in general there good agreement between subsurface
and those predicted fran the  hydrothennal mineral assemblage,

some in te rea t ing exceptions Occur.

In the wells 103 and assemblages indicat ive of
have been encountered.

I.H. c lay Xn w e l l
an assortment of clay-rich, variegated andesite chips were recovered
froa 1665 and 1755 approximate depths. The are a l l interlayered
ill i te-montmorillonite with re la t ive ly high montmorillonite component.

10.7-12.1).
region which is completely a t variance with the recorded s tab le downhole

temperature of 300% a t these depths.

I n w e l l 103 epidote along with 
a t depths between 600 I and 720

Such c lay indicates temperatures i n t h e -

The encountered i n wells 103 and 105 a r e believed to be reliat
a l t e r a t i o n from a lower temperature boundary area which i n t h e
of re- equilibrating to higher temperature
westward or south of the boundary within
geologically recent postulated.
with the south westward flow di rec t ion of t h e hydrothermal f l u i d
by colleagues i n another paper 1979).

A

Such an explanation is i n accord



in
and indicate a c t i v i t y with higher

than measured.
in the range occur temperature only
I n well was first noted a t 400 depth where t h e

s t a b l e temperature is now
depth of 1100 but the re is increase i n epidote abundance a t t h i s depth.

presence of garnet at I i n is fu r the r evidence mineral
disequilibrium i n t h i s area.

A l s o worthy of note is t he presence of diaspore a t 675 i n w e l l
(Roy 1954) on hydrothennal of diaspore t h a t

w i l l fora a t pressures grea te r than 13.8 and a t temperatures between
and 415 C. Present measured temperature is a t 675 a depth, and

600 to 1000 of extra overburden would have been required to maintain t h e
necessary hydrosta t ic pressure. This relict a l t e r a t i o n represent a dying
hydrothermal system which still the hot water tapped by w e l l and
whose centre may have a ig ra ted westward to the Mahiao area. But i n
l i g h t of the flow di rec t ions postulated e a r l i e r , t h i s explanation is considered
unlikely.
from the active Mahiao area and is penetrating and flowing south i n t o  t h e  
a l t e r a t i o n zones of a long ex t inc t systen.

In of of

A of not reached u n t i l

t h a t t h e hot v a t e r encountered in w e l l

The f i e l d i n a centre of which
active during upper to mid

fran f r ac tu res but to
be controlled, tha t is in l i thology have become
foci for t h e production of permeable fractured Zones. Par t i cu la r ly important

the contact between the nahiao Plutonics. 

,

The hydrothermal a l t e r a t i o n mineral assemblage recorda the temperature and
pressure conditions exis t ing a t the of mineral formation. These generally

correspond to measured, present day conditions.
provide a record of pas t conditions and thus  indicate  of the

through space and time.

The mineral assemblage

I wish to take t h i a opportunity of to i n
and New Zealand DSXR t h e i r s ign i f i can t to thia

much of petrology
Special are due to Pe te r Wood, DSIR f o r providing

P.R.L.

G.W.

Hydrothermal Alteration Aid i n
U.N. 1970Fields.

part 1.

on Tongonan in
and on a reconnaissance of area. i n
Republic of Philippines (unpublished).

Report 4/78 (Part
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