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The Tongonan springs are located between the “Bao Fowlt" and the “Hast
Fewlt". There are wmore than one hwundred boiling springs that occur of the inler-
1w of major feults and subsidiary frectures and joints in ondesite and sedi-
ry vocks. One-meter lemperuiure probe-hole suryey on the geothermmal grownd
ith the area.
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The temporaiure of thermal waters from sz muajor boiling springs sanges
Ffrom 98 to 100°C. Their total estimafed heat discharge 15 801,000 kilo<alorics
(total mass discharge e 10,400 liters per aminute and the maximum
‘¢ of river waoler fed to the springs 1s 28°C) or the cequivalent of about

il analysic of water samples tndicate that
. the surfuce or are snoteoric waler anwd
te that the heat 1z of magmatic orvigin.

area was first
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J. Pilac and Ileuterio Gamus, both to June, 1966 by Mesars, Pedro [y~
Supervising Geclogist II of the Bur- tupigan!, Juan Olaivax® and the
eatt of Mines, flew over the hot writer. Plane table ~topographic
springs area. In May 1965, Messrs, mapping and one-mcter tempera-
Elpidioc C. Vera and Francisco A, ture probe-hole gurvey were con-
Comsti, Asst. Director and Chief ducted by Xstupigan and Olaivar,

- Geologist of the Bureau of Mines, vrespectively, while the writer did

respectively, made a bricef visit to the geological mapping. During the
the area and recommended that the sccend and third field work periods,
region be studied in detail for pos- Mr. Juanifo Fernandez® and party
sible geothermal power develop- made a geophysical study of the

ment. ‘ same geothermal area.
Pregent Invostigation Acknowledgment
The present study was under- The writer is indebted to Mr.

taken as part of the Burecau of Juan E. Pilac for his many sugges-
Wines program of canvassing geo. tions and guidance during the
] rogources for possible do- course of the field work., FRessrs,
and industrial use. Accord- Alfredo Magpantay and Seginando
ingly, the objectives of the survey Samaniego, both Supervising Geolo-
are: ‘ gist II, likewise offered helpful ad-
vises during thelr brief visit to the
1. To study the pliysical nature g0
of the hot gprings end deter-
mine their possible oviging

The chemical analyses of rocks

2. To delimit the geothermal and spring water samples were
arcas with the use of one-me- made by the personnel of the Ana-
ter temperature probe-hole me- Iytical Laboratory Serviees Section
thod; of the Bureau of IMines’ regionsl
office at Cebu City. Credit is due
the Petrogranhv and Mineralogy
Section of the Geological Survey Di-
vigsion for the petrographic exami-
nation of a number of rock samples.

" 8. To assess the feasibility of con-
verting the steam resources
into electric power; and

4, 'To prepare the arveaz for future

n

drilling exploration.

PHYSIOGRAPIIY

The de’milc& survey work of the
area wag
work povioc

The area includes a velatively flat
river valley, a volling upland and =

! & (on?u Rmcan of
¥ Supervising Geolegist 17, Hme\u of Mines
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mountainous terrain with  eleva-
tions ranging from 150 to more than
1,600 meters above sea level.

The mountainous area vises ab-
ruptly frem the relatively flat ter-
rain east of the Bace River, the prin-
cipal drainage gsystem of the area.
It ig Chaumen/,ed by stecp slopes,
sharp pm}", narrow vridges and
deeply-dissected valleys.

The yolling upland area consists
of low hills and small conical knobs
with elevations ranging from 280 to
400 meters above sea level that ex-
tend several kilometers west-north-

3

weat and east of the valley

The Bao River Valley where
most of tha hot springs ave lecated,
ig sbout two Jilometers Jong and
half a kilometer “mae and is bow-
dered by hilly uplandg to the esst

1

and weet, Moyt {

g v and south of the
ovold lowland ave vugged moun-

tainous areas.

voleanic extrusives of probable Mid-
dle Miocene age (Pilac, 1965 unpu-
blished). Unconformably overlying
the extrusives is a series of tuffa-
ceous sedimentary roeks composgad
of conglomerates with interbedded
sandatone and shale. Unconsolidat-
ed terrace gravel and river-deposit-
ed silt, sand and gravel constitute
the alluvial mantle,

Volcanic Rocks — The extrusive
veleanie vocks are mostly massive
andesite  occagionally intercalated
with tuffaceous sediments, volcanic
breceia and pyroclastic materials.
MMegageopically, the andesites arve
porphyritic and coarse to medium-
grained whereas the voleanic brec-
ciag ave made up of angular picces
of light-colored porphyritic frag-
ments, felsite and rounded scovia-
ceous blocks cemented by tuffa-
ceous  materials, Near thermal
springs and along the major faultg
these extrusive vocks are hyvdrother-
mally altered to sticky aluminous
clay with a charvacteristic brick-red
to purplish-red hue,

Under the wmicroscope, the tew-
ture ig nilotaxitic, vome intersertal
and others sh >‘<.‘~v'~:z, glassy groun
masg,  Principal minerals are ande-
sine, labradorite, hornblende and
pyroxene. Magnetite, chlorite, epi-
dote and calcite are assessory min

erals,

Rocls
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of probable Pliceone age uneonior-

Sedimentar
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which
iate pro-

mably overlie the voleani
also serve ag thelr Immed
venance,

The sedimentary rocks are poor-
lv sorted but are fairly-cemented.
Silica and tuffaceous materials are
the main cementing materials.

Recent Deposits — The deposits
are made up of poorly sorted sand,
silt, clay, organic materials, lenses
of gravel and rubble. The consti-
tuents are mainly of volcanic de-
rivative and the deposits form a
series of low benches that adjoin
the rolling and hilly wolecanic ter-
rain,

Faults — Three major faults here-
in named “Bao Fault”, “Central
Split Fault” and “Eagt Fault” were
mapped in the aves (Plate I). They
are approximately parallel to each
cthier with a N 80° W {rend. Thp
Bao FFault is & prominent segme
of the Philippine Fault Zone, a sys-
tem of closely intervelated gympa-
thetic faults that passes from Min-
danao to Tauzon Island® The latter
fault systemn shows dominantly left-
Jatersl movements helieved to have
occurred extensively during the Mio-
cene Or 3 Recent readjust-
meintg, ho‘ﬁfevm*, are mostly gra-

Dao Fault — IFrom Lake Da-
nao (Plate I) the Bao Fault passes
through the western side of Bae
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River Valley to several kilometers
northwest of the geother area.
On the ground the fault is marked-
ly expressed by steep saddle hacks,
by the aligned ftrend of faceted
slopes, conical Jknobsy, mountain
peaks and pinnacles and by a sys-
tem of feather joints, The adjs-
cent area ig characterized by the
hydrothermal alterations of the
rocks chiefly by hot water and
gteam and by extensive weathering.

o

%

Central Split Fault — The Cen-
tral Split Fault is {raceable from
immediately south:ast of Lake Da-
nao where it splits from the Rao
Fault and emencb several kilome-
ters north. Observaticnz on the
fault face at the heaa\.\:z cers of
Banat-i Creek indicate a wight la-
teral movement,

Ground wmorphology ig well ex-
pressed by alipned mountain pea
steep saddle backs, conical
relatively straight
ceted slopes. The we
the fault shows zos
crushing and shear
vorably gave vigse to yow
springs and steaming

East Fault — This fault is the
least prominent among the three
major faults, It ig a gravi
that resulted from the lat

e

jor faults. The west block ha:
ed down with veapect to
block.

ap of the Philippines, ]‘L\S

Tectonie
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EXPLANATION
E __] Recent deposils
[‘:\;);\J Sedimenlory rocks

VY] , . . .
[Z\/:V\ \QICO'THC rocks {including pyro-
clostics )

19 . :
> Sirike and dip of bed

T Strike ond dip of fracture or joint

Strike ond dip of sheor

Strike cnd dip of minor foult

Foult showing direction of relative
movement, D-dovinthrown; U-
upthrewn; doth where inferred

. Geologic contoct {opprox)
dosh where inferred, detted
where conceoled.

Areo covered by plone foble
survey

(i
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Other Structures—Sccondary struc-
turea that developed as a result
gscurrent movement along
the major faults consist of minor
faults, joints and fractures that gen-
erally trend northwest to west and
dip steeply to the north. Ixcept
for the two small parallel faults
along Bao River, the minor struc-
tures are at various angles to the
major faults. In most places, fault
intersections are the favorable sites
of thermal springs.

A high angle fault that trends
north-northwest lies on the ecast
gide of Banat-i Creck. Thig fault
appears to have vesulted from the
right-lateral movement of the Cen-
tral Split Fault. The thermal springs
emeroing from hoth gides of the
fault are probably fed from it.

The large thermal ground in Pa-
il area i attributed to a high an-
gle fault and other cross faults.
Two minor faults in the vicinity
trend northwest and west from the
Central Split Fault.

The tuffacecus clastics interca-

lated with the extrusive vocks have
bedding trends ranging {rom NED

to 45°F and dip 30° to B0° to the
] 18

northwest. Beddings in the Pliocer
sedimentary

with moderate dips to

5

rocks trend M30%LO°E

4
41

e weat
Lie Wesh.,

area approximately 23 square ki~
lometers within the Bao River Val-
ley.

The geotherral aress are divided
into four groups, namely: Bao Hof
Spring, Banat-i ot Spring, Hani-
polong Hot Spring asd Paril Hot
Spring groups (Plate 1I).

The temperature of individual
springs was measured W ith the use
of 8 maximum thermometer grad-
uated to 200°C. Where possible, the
water discharges were ealculated in
liters per minute by the floating
corlr method. A cork ig dropped
at a particular point along the dis-
charge path and timed as it tra-
-eled through a pre-deiernined dis-
tance along a ditch and across a
welr whose area has hesn previously
measured. One meter temperature-
hole probing was undertaken to de-
termine the ground temperature in
areas covered by plane table wap
ping.

Bao River valley in

hot spring group is sit
g
roruon of the mappﬁz ave T
x .l

L0
5

are found near the wed T AT
of the valley and aleng the cast
bank of the southeastwardly flove
ing section of Bao hx\mf where
they are impressivels aligned over
a stretch of 250 meters (Flate I11).
The springs oceur at the intersec-
tions of major faultz and their se-
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condary fractures.

THS-1 (Tofigonan Hot Bpring
Number 1) lies a few meters from
the river. The seepage comes out
of a small gravel-filled vent. The
water temperature is 99° to 100° C.
The spring discharges about 377
liters per minute which spouts to
a height of 25 centimeters.

THS-2 is  several meters
goutheast of THS-1 and is topogra-
phically several centimeters above
it. Jt occupies a large area and
includes all the mnearby smaller
gprings. The water temperature is
99° to 100° C. The calculated total

discharge is $74 liters per minute
eipght of 30 cen-

=)

which gpout to &
timeters above

meters
and is a geyser-

an orifice
g, The perio-
, ¥ thermal acti-
vity ig helieved be controlled
largely by the
therimal water
supply of underground cold water.

The activity of the geyser during
flood sessong is charvacterized by
approximately teg of quis-
cence, sten 1+ bhubbling
1 by

; minutes of
spouting

e

e activity reeord-
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of quiscence and 4

LY
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minutes of bubbling, and spouting
with gurface overflow. During the
height of a flood the geyser wag tem-
porarily inactive when the river
bank nearly overflowed. Little steam
was emitted and faint subsurface
rambling occurred at the vent. In-
activity was suspected to be due
to the oversupply of ground water
feeding the spring, while the pres-
gure beneath the surface renained
constant. However, the temperature
of the overflow (99°—100° C) be-
fore and after the flood wag main-
tained.

THS-5 ig a perennial stenm
belcher located in an island of sand
and gravel. It is the most acces-

per 1minute,
decreases  duving
The water temperature is cons!
from 99° to 100°C.

THS-6 ensues from
thermally altered
within an avea apj
square meters (Iig. 2y, The
spring in this group is on a
cliff where hoiling water is
cally thrown-off from a seemingly
inclined well. This and several small-
er springs in the vicinity give &

SN
3 liters

mass digcharge of about &,000
per minute.

THEW? g situated on the
western bank of Bao River and with

AN
other boiling springs occur along



Fig. 2 Hot springs in hydrothermally altered volcanic rocks.
Photo A — geyser-like spring (THS-6) discharges about 3,016
liters per minute, Bubbling and spouting come from' inclined
vent. Fallen trunk of tree has slightly silicified bark. Photo B—
bubbling muddy springs adjacent to Photo A at left side. Local
“depressions are location of muddy hot water springs.

Fig. 1 Geyser spring (THS-4} showin i

; ‘ } showing stages of cyclic activity.

f:hofho A — steam starts to emit, Photo B — boiling &:Na‘fer sfa:]?s/
o show up and Photo C — boiling water overflows the vent.

e



Bao Fault over a stretch of 250 me-
ters in conglomerates, voleanic rocks
and gravel deposits (Figs. 8 & 4).
It has the largest mass discharge
calculated at 8,680 liters per minute
at almost boiling temperature. The
second largest spring in thig group
is about 110 meters farther north-
west and is characterized by tre-
mendous bubbling and rumbling
which could be heard from a dis-
tance. Several other boiling springs
emerge at the intersections of strue-
tures and around the edges of looge-
ly cumented boulders and cobbles.

THS-9 is on the western
margin of the river valley and align-
ed with THS-7 and the other groups
of springs. Like the other boiling
springs in the area it discharges
large volumes of clear water but
has no surface overflow,

Banati Hot Spn'ngs Group — The
Banati-i hot spring group lies on
the southwestern side of Banat-i
Creek and is east of the Bao group.
Several boiling springs are concen-
trated in an area approximately 150
meters wide between the Central
Split Fault and the Jjunction of Ba-
nat-i Creek and Bao River.

THS-8 is the largest in the
group with a mass discharge of
2,716 liters per minute. Included
are several areas of steaming
ground, thermal pools and geyser
springs issuing from silica~-cemented
gravel deposits. Several smaller
ones emanate from hydrothermally

88 ’ - DEODORO B. ABIOG

altered voleanic rocks under thick
bushies and along gullies and depres-
sions further north, east and south
of the area. At the downthrown
side of the Central Split Fault near
the headwater of Banat-i Creek is
& small ares of altered voleanic
rocks that emit sulfurous gas.

It appears that the Central Split
Fault is the primary structure that
controlg the distribution of the ther-
mal springs,xhowever, smaller struc-
tures sympathetic to the major
fanlt serve as channel ways for hot
water and steam.

Hanipolong Hot Spring Group —
This hot spring group lies in the
upper portion of Hanipolong Creek.
The hot springs are located in gra-
vel deposits within a graben bound-
ed by the Fast Fault and the Cen-
tral Split Fault. '

The hot springs in this group are
not as impressive as those in the
other groups. The hot gpots on the
west bank of Hanipolong Creek have
very small discharges and occur in
a comparatively smaller area. De-
posits of sulfur were noted around
the hot springs and steaming
ground.

THS-10 situated about 100
meters east of the creek, is an oval
muddy pool measuring about four
meters long and three meters wide.
Hot water spouts at irregular in-
tervals from the northernmost por-

i see arrow) portion of ?ao River.
wal?ogm( foregrawnd is about 250 meters
ned boiling springs a?({‘hﬁeamrl%gs

ted in one of the spri
i d by the Bao

Fig. 3 Southeastward‘ﬂ
At right side of fhe river -
stretch of beauhfu!fydlall:\g o
nd. The biggest dischar ¢ :
?;03U680 liters per minute. The river xsl t;aveirse
Faut’t Zone. Relative movement is left-lateral.

7 ili ing (THS-7) on the
e-up of the largest boiling spring ( ]
f the southeastward flowing portion of Bao R%eé

i i1 f 3,680 liters per minute.
e o that is made up of locally de-

Fig. 4 Clos
east bank of e
with an estimate
underlying rock is conglomerate

rived andesite rocks.
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(pevhaps within Bao River or within
the water table) which could cas sily
affect the concentration of clements
particularly silica.

2) Steam loss and cooling will,
correspondingly, entail concentra-
tiont and precipitation.

3) Losg of pressure. The level
of Bao River may correspond to a
critical pressure area where preci-
pitation can drastically take place.

4) Variation in sub-surface tem-
perature which can change concen-
tration of elements.

6) Rige and fall of pX values due
I

to loss of steam, dilution or even
oxidation.

6) Kind and extent of hydrother-
mal alterations.
7y Nature of the underlying bed-
rock, ;

8) Jonic exchange due to dilution
of swrrounding meteoric water,

v ean be the causes of
C"q‘c’(}’;)w )10\77 L‘Q

vaters, }Lnou:h her subsurface

dovine content may he
voleanic  exhalationg

the vegion.
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The presence of sulfur depesits and
some pyrite mineralization particu-
larly along major structwres in the
area. may explain for these valueg
Water samples from THS-10 and
THS-12 are acidic compared with
samples from the other springs
which are cgsentially alkaline. Also,
they have higher Fe and Al values

which altogether may be explained

by the presence of pyrite within
springs.

POSSIBLE ORIGIN OF THRER
WATRE

Most of the hot spring waters are
helieved to be fed from ithe suiface
or are meteoric water and litile
comes from depth. The water ig dig-
charged along fractures in veleanic
rocks hence, under high tempera-
ture and pressure. The original
composition of the water is appre-

ciably modified by interaction with
the country rock: as it vises to the
surface.

Heat is believed to be induced by
local therimal anomalies, such as the
presence of an intrugive mass or
voleanic activity, through condne-
tion and convection. Banwell (1955)
also attributed “high lemperature
p"zs principally  water vapour at

L000°C escapi ng from molten or ge-
mi-molten rock (magmal at a con-

siderable dept ,e” Another possible
source of hea

Ipe
y

'—»«!y———l

s subterrancan dam
steam  confined
» fault zone,  Ieat

release Dy veerystallization proces-
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ges due to burial alterations and
other chemical reactions are also
effective mechanisms which propa-
gate heat.

ONLE-METER TEMPERATURE
PROBR- (}LF SURVEY
Pz'oa dure

A N 35° W base line was laid down
Ly plane table. Pickets and grid
lines at 50-meter intervals were
established.

A temperature-contour pattern
at one-meter depth was cbtain-
ed by probing each point with
the use of a cne-inch dismeter iron
bar. In certain instances, mid-sta-
tion probing (25-meter points) was
made to determine temperature
fluctuatios batween 50 « meter
points.  "The tempowture of ecach
probe hole was read at E-minute in-
tervalgs with a maximum thermo-
meter, The recorded temperatures
were plotted on a topographic drain-
age map from which isothermal con-
tours ot 20-degree centigrade in-
tervalg were drawn (Plate IT15).

In some hot springs the tempera-
ture goes as high as 102°C when the
thermometer is dipped one feot be-
low the vent. 'Thig indicates that
the ther gradient ig higher at
depth.,  The obgerved temperature
of most boiling springs before and

4

the rainy days remained the

after
HATHC.

Bao Hot Spring Group — esulls

of the temperature prebe indi-
cate tne presence of isothermal
peaks aligned with the hot gpring
distribution. The thermal peaks on
both sides of Bao River trend north-
west, following the distribution
trend of the springs in the aresa.
The* temperature probing further
indicates that the area is traversed
by structures sympathetic to the
major faults and that there is spot-
ty temperature gradient. The Bao
hot spring group has the largest
number of thermal springs and the
biggest thermal ground which could
be a major gource of geothermal po-
wer., In terms of hot water dig-
charge, density of thermal areas
and proximity to major structures
this g‘roup may he censidered as the
most promising area for geothermal
exploration. The hot spots are pio-
bably interconnected at depth inag-
much as they arve localized along
related structures.

Banat-i Hot Spring Group — The
temperature probe survey indicates
five isothermal peaks with tempera-
tures above 80°C. Thvee of
thermal peaks trend north whareas
the other two run northwest and
northeast.  Thermal grounds with
temperatures above 80°C occupy
large areas mostly undervlain by hy-
drothermally altered volecanic rocks,

Asg in the case of the Bao hot
spring group, the distribution of
thermal peaks indicates that the
alignment of hot spri
to and (or) controllec
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This is demonstrated in the north-
western part of the arca where a
north-northwest trending right--la-
teral fault was declineated. The tem-
perature gradient is likewise indi-
cated. The two spring groups are

]
[

intercennected at depth. The main
structure that controlz the diglri-
bution of the hot springs ig a north-
west-trending high augle gravily
fault. The other struciures are re-
lated to the Central Split Fault,

TABLE IL
TEVIPERATURE, HOTWATER DISCHARGE, AND HEALY
OUTFUT OF SI¥ MAJOR BOILING SPRINGS
I TONGONAN ARIA

‘Hot Spring
Nos Temp °C

Bac Hot Spring Group

THS-1 98 —- 100

THS-2 98 — 100

THS-b 99 — 100

THS-6 08 — 100

TS 99 — 100
RBanat-i Hot Spring

Group

TIIS-8 99 — 100

TOTAL

probably inter-connected at depth
and the heat emitting from them
originates from the saine source.

Hanipolong Hot Spring Group -
This area showed the least thermal
gurface features; however, it ig ba-
lieved that the area is connected at
depth with the main geothermal re-
gion underlying the Bao River Val-
ley further north. Such being the
ase, the area may also prove to be

i

important,

Puril Hot Spring Group — The iso-
thermal »n shows a comparvatively
laroe area with a probed tempera-
ture of over 90°C. Several small iso-
thermal peaks ave believed to be

A

Water Discharge Heat oulput

Lt/Min H-cal/Min
337 95,949
374
231

3,016

8,679

2,116 $34,982
10,353 £01,027
POWER POTENTIALS

The Tofigonan hot spring ares
can be considered a gosd source of
geothermal power as ¢
the numerous boiling
tremendous emission of steam. The
amount of heat that escapss from
the area is considered to ‘ i
nimum quantity availaile foz
lization. Jf the thermal gradient
in the area is steep, a femperature
very much above boiling may be
tapped from a hundred feet below
the surface. In each of the four
arvecas discussed, the heat oulput
may be increased by drilling ex-
ploration. Based on reugh caleula-
tions of heat discharzes (Healy,

,.
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1960) from six (6) boiling springs
with measurable hot water dis-
charges a total of 801,000 kilo-ca-
lories per minute (55,900 kilowatts
equivalent) is available. This power
equivalent although not enough to
drive heavy machineries ig just a
small portion of the total stored
thermal energy. The power that
could be harnegsed from this area
is more than enough to supply the
requirements of the more than 1
millien in’fvflbi{fm’rv (Bureau of Cen-
sus and Statistics, 1965) of Leyte.
Samay, the igland vearest to Leyie,

could a}so be served.

SO }':zo fmﬁ
ich are ﬂ"!co‘f‘%” to
s, Hanipolong and T :11
ve not included in the ¢

ospective
uncovered

- ,'3 e
anda 1¢

B.

ot

ration work should first be under-
taken in the area before it could
be finally assessed of its cconomic
potentiality.

Drill gites should be selected and
the work systematically planned
and carried out. The best dril] sites
are in the wvicinities of the hot
sprirgs and thermal grounds with-
in the areas embraced by the four
hot spring groups. The largest of
thege aveas lies within the valley
from the latitude of the Bao-Mai-
haw river junction to the Paril

area.

Since  geophysical probing has
been useful in delimiting certsin
potential thermal aveas, the same
survey can he conducted in neigh-
boring aveag to determine the late-
ral extent of the geothermal grounds
prior  to any drilling program.
Geophysical findings  (FPernandez,
1668) show that the stream depogity
in the valley (& m thick) overlie
hydrothermally  altered  voleanic
rocks or what ig here considered
a8 mal layer which hag

g
th

1ie 1’1@0(539,373" geo}ogical
have
been
will ces i<

informa ‘{:};m; :
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power generition s the possible cs of heat and
' thel*mal water, exivnt of hydro-
thermal alteration at dcpuz, favor-
subsurface data such 'hle thermal layers, and of

2. Thermal gradient in the ayea,

Valual
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