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ABSTRACT

-The majority of hydrothermal minerals in the
Tongonan field occur as: 1) partial replacement
of groundmass and phenocrysts (disseminated mi-
neralisation) and 2) infilling or lining of vugs,
cavities and fractures(vein mineralisation.
These minerals exhibit a distinct and systematic
distribution with depth and temperature.

The opaque minerals comprise three volume per
cent of the rocks, but locally reach fifteen
percent in the intrusive contact and in the acid
alteration zones. Pyrite dominates in most zones
except in the R-silicate zones where a prepond-
erance of magnetite over pyrite has been ob-
served.

Genetically, the opaques can be divided into:
magmatic(magnetite, pyrrhotite, ilmenite, chrom-
1te, tltanomagnetites),sedimentarv/diag,enetic
(pyrite, hematite, m te),, contact meta-
morphic/skarn(mainly magnetite), superzene(py-
rite, hematite, covellite, maghemite, goethite),

and hypoeene(sphalerite, galena, chalcopyrite,
borni%e, pyrite) miimeeral s,

A temperature and distinct zonation of opaque
minerals also parallels the calc-silicate alter-
ation zones. Chalcopyrite is the most abundant
base-metal sulphide. Minor to trace galena first
appears in the inter-layered illite-montmoril-
lonite sub-zone and persists with drilled depths;
it is also strongly associated with hematite in
acid alteration zones. Sphalerite is more intim-
ately related with the propylitic alteration as-
semblage. Magnetite and pyrrhotite occur as ubi-
quitous inclusion in pyrite. Tn zones peripheral
to dykes and in the main transition or “contact"
zone, masnetite exhibits a preponderance over
pyrite. This local abundance coincides with the
I<-silicate and advanced propylitic zones.

INTRODUCTION

The volceno-tectonic setting of the Tongonan
reservoir shares similarities with fossil hydro-
thermal s?;stem such as epithermal base-metal and
some porphyry copper deposits. These fossil
systems provide information about the processes
that led to the formation of ore deposits and
such processes can be identified in various
active geothermal systems(Fournier, 1383),

Base-metal mineralisation has been recognised
in the Tongonan field (eg. Wood,1977,1980)al-
though, there is a dearth of published inform-
ation on opaque mineralisation on this system
as attention has been paid to silicate alterat-
ion and geochemistry through the analysis of
cores and cuttings from Tongonan wells. This
paper describes the alteration patterns, opaque
phases and relationship between these opaques
and large scale alteration patterns. Polished
mounts were prepared from cores, cuttings, sur-
face samples, well blockage materials, ejecta
and precipitates from weir boxes of discharging
wells; these were examined under a reflected
light microscope and some finely disseminated
phases and inclusions verified with electron

microprobe.
STRATIGRAPHY, LITHOLOGY AND ALTERATION

The Tongonan wells intersect a thick sequence
(2100m max,) of upper Miocene to upper Pliocene
lavas, breccias and tuffs interbedded with thin
lenses of limestones, shales, calcisiltites
which comprise the Bao Volcanic Formation(Ta=-
ble 1); these are intruded by a coarse grain-
ed granodioritic to dioritic pluton. The stra-
tigraphy and lithology of the Tongonan field
are discussed by Vasquez and Tolentino(1973),
Grindley(1973), ‘f-.’ood%1976) and summarised by
Ward(1979) and Knox(1983). This work draws
mainly from recent unpublished papers of Ab-
laze (1980) and Reyes%1984).

Hydrothermal alteration .in the Tongonzn field
records an outstanding example of complex
fluid/mineral interaction with a wide range
of minerals and their variegated textures.
These are well documented in various petro=
logical(published and unpublished) reports of
Wood( 1977-1980), Leach(1981-1983) Reyes(1979
-1985), TFerrer (1983) and Knox(1983).

The primary mineralogy of the diorites and the
andesites show a decreasing susceptibility to
alteration as follows:
glass - pyroxene =+ hornblende » biotite +
plagioclase +magnetite =+ quartz = apatites
sphene # zircon.
Figure 2 shows the typical replacement pro-
ducts of the Tongonan plagioclase and mafic
minerals and their composition readjustments
and styles of alteration under hydrothermal
conditions.

Mode of formation, sequence and zonation

Majority of the Tongonan hydrothermal minerals
occur: 1) as partial or complete replacement
of pre-existing phenocrysts and groundmass

2) as filling and lining in vugs, cavities,
and fractures formed by direct deposition in
oglen spaces;

3) as scales in well blockage materials;

4) as scales in pipelines and precipitates in
weirboxes for discharging wells; and

5) in well ejecta, as sub/evhedral crystals
from permeable zones in some wells. These mi-
nerals exhibit a distinct and systematic dis-
tribution with depth and temperature; a pro-
nounced zonation can be observed particularly
with the interlayered clays, zeolites and some
calc-silicates _and which at increasing tempe-
ratures occur In the following sequence:

= illite-smectite

a) smectite 1l1lite

=i
(=c¢hlorite);

b) clinoptilolite = heulandite = stilbite
laumontite = wairakite;

¢) epidote = garnet = talc = tremolite -biotite.

Two main types of alteration are recognised,
vizineutral pH and acid alteration.
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Two major hydrothermal regimes are observed:

(a) arelict assemblage comprising biotite, ac-
tinolite and garnet indicate ancient tempera-
tures of about 270°C; prgsent temperatures are
significantly lower (140YC); (b) a current hy-
drothermal regime consisting of minerals which
formed at temperatures in agreement with those
measured at the present time.

Widespread propylitisation 05 the andesites and
diorites occur at around 250°C; epidote, albite,
chlorite, illite, calcite, sphene and pyrite
typically comprise the propylitic assemblage.

A K-silicate zone analogous to the potassic
zone in porphyry copper deposits coniista of
biotite, actinolite! quartz, illite (~-feld-
spar, albite and epidote. This alteration zone
is related to contact hornfels and dyke intrus-
ions in peripheral gella, e.g., 408, 501, 403,
Between 250 and 300-C, epidote, anhydrite, il-
lite, chlorite, adularia, albite, sphene,quartz
and wairakite comprise the alteration suites
this appears to be stable in the reservoir and
is consistent with that predicted from the fluid
chemistry. Garnet agd actinolite occur at tem~
peratures above 265 C while talc and tremoljite
are observed in the propylitic zones at 300°C
in wells 401, 404 and 407; no siliceous dolo-
mites nor serpentinised ultramafics were en-
counkered in these wells. A lower temperature
$270°C} talc alteration (without tremolite)forms
from serpentinised ultramafics seen in well 402.

OPAQUE MIHERALOGY
Genetic Classification

The distinction between hypogene, contact meta-
morphic and supergene alteration was not easily
discerned in many cases. However, minerals ini
fractures or open spaces are clearly hydrother-
mal. Supergene alteration superimposed” on'pre-
viously altered samples posed some difficulties:

but textural and mineral association aided
classification. Several opaque minerals were
identified; .all but five or.six in only minor
to trace amounts, These include pyrite, chalco-
pyrite! galena, sphalerite, magnetite, titano-
magnetite, ilmenite, bornite, pyrrhotite, co-
vellite, fahlore (%etrahedrite=-tennantite),
sulphosalts, brookite/pseudobrookite, anatase,
rutile, hematite, maghemite, goethite, marca-
si-te, ilmenorutile, chromite %?), esectrum,
Ag~-sulphide and trace molybdenite(?),

These minerals are classified as:

1) matic = comprising unaltered to variably
altered wmaghetite with inclusions of pyrite;
pyrrhotite, ilmenite, titanomagnetite, "chrom-

ite and rare chalcopyrite; (2) sedimentary/di-
arenetic -~ this group consists ol pyrite, mag-
netite, rutile, hematite, pyrrhotite and chal- -
copyrite occurring in weak to moderately al=
tered sediments; %B)t:ontact me tamorphic/skarn-
this comprises mainly magne e} supergene -
this consists of pyrite, covellite, hemahite,
maghemite, goethité and chalcopyrite; (5) &-

drothermal/hyvpogene = most of the other opaques
except covellite |

Styles of mineralisation.

The opaque minerals in the altered rocks exhi-
bit recurring patterns on a microscopic scale.
The mineralisation observed in the ongonan
wells revealed a close relationship to the
mode of formation of the co-exinting silicates.
'hese are: 1) Open space filling = this in-
cludes a) mainly sulphide and minor oxide veins
and veinlets, generally less than 1.0 mm wide;
conjugate sets of intersecting microfractures
are also commnon, 'b) rare sulphide zones attain-
ing 2-% mm width in intensely brecciated rock.
c) solitary grains(e.g. sphalerite, galena,
pyrite) deposited into open, closeiy spaced



fractures. Bpidote is the common calc-silicate
alteration minerals associated wa‘sth these o-
paques at temperatures above 2507Cc. d) sul
deposlted into etch voids contiguous with ?
tures,

2) Disseminated mineralisation, This includes
selective alteration of older minerals(e.g.
hornblende altering to. pyrite + rutile). On
a microscopic scale however, it was seen that

70-80% of tlie sulphides identified are related
or are close to fractures.

rac-

Distribution

Table 2 shows the checklist of opaque minerals
identified in cuttings and cores from 15 Tongo-
nan wells and soine surface samples. Yhe opaque
minerals comprige about three volume per cent
of the rock (Arevalo, 1985) but these increase
to about fifteen volume per cent locally espe~
cially in the pyroclastic rocks of the lower
Bao Volcanics %Tahle 1). “he largest volume of
opaques occur in the contact zone (ave.5-7%)
and this usually coincides with propylitic as-
semblages,

Descriptive Opague Mineralogy.

Pyrite is the most ubiquitous sulphide in To-
ngonan's variably altered rocks and comprises
nearly 90%of the opaques. It oecurs as 1)dis-
seminated grains, 2) wmutual interpmrowths with

hides
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1y stoichlometric; they contain small amounts
ol nickel(?) arid probe scans indicate minor a=
mounts of Cu, Pb, Zn, 11, and M (Table 4)
are g\enerally present with trace Mo(?) and

Ga(?).
hAgnetite (Fe30
pyrite in most sémples. However, in the 'con-

tact! zone or in the peripheries of dyke in-
trusions, a marked increase in the overall a-
bundance of opaques is characterised by the
preponderance of magnetite over pyrite, This
local predominance of magnetite coincides with
the X-silicate zone and some advanced propyli-
tic zones.

) Es typically subordinate to

Magnetite occurs as: 1)solitary to clustered
magmatic grains and deuteric replacenent of ma=-
fic minerals; 2) ovoid to elongate inclusions/
exsolution blebs in pyrite, 3) veinlets, fi-
brous 1o dendritic f£ilaments and fracture coat-
ing,and; 4) ragged disseminations, mutual in-
tergrowths with pyrite/chalcopyrite and por-
phyroblasts. Magnetite is one of.the common
gtable primary minerals in the Tongonan field.
It occasionally exhibits lamellar exsolution
textures and leucoxinisation; alteration to ru-
tile of these lamellae are common. With pro-

FLAGIOCLASE ALTERATION

non-opaque; and other sulphides, .- te)

3) stringers(some) discontinuous, keolinite

open space filling including vugs, qonrer

43 rare ovoid inclusions in opaque opal

and non-opaques, and 5) botryoidal pristopalice

aggregates and framboidal growths ADVANCED pyrite CAW- SILICATE ZONE

in sediments, acid altered and ul- ARGILLIC

tramafic rocks, {b} Decpe albite
diaspore 1ilice

Pyrite exhibits a wide and complex pyrophyliite spidote

range of crystal habits, the most Ihrdcies triony ' [N

common of which are the cube and pyrite quarts

the pyritohedron, 'Pextures range U0

froin magsive to coarsely dissemi~ PLAGIOCLASE .ﬁh,d,m

nated, idiomorphic to fine-grained

colloforin, sub-dendritic, skele-

tal, reniform /reticulate amoe-

boid, lamellar(interwoven!, poi- Y-feldspar

s - (a), smectite

kilitic and framboidal sub/an- albite e o VA

hedra are not uncommon, lLocal va- o L 111ite-smectite

riations in habit, size, morpho4 K-sILICATE anhydrite e mectit LAY

logy occur, e.g. in tuffs and di1ce (b} 1ifite 20HE

breccias where clast lithology P e Laumont ite

and permeability vary within one tremoiite et

sample. No distinect assoc iation verniculite

or relation wes observed between WAFLC ALTERATION

pyrite morphology and alteration = \

style. (2} CALC-SILICATE ZONE
pyrite calelte

Minute inclusions (2-30u) of ilm- hematite preite FROPYLITLC

enite, magnetite, titanoinagnetite NDVMICED Rasiinite . / ‘""V‘t‘fm/

pyrrhotite, marcasite, galena, s~ ARGILLIC — aric et

phalerite, hematite, sulphosalts, v

Ag-sulphide, rutile, molybdenite :;:";:;;u" - R

(?), and cassiterite(?) occur in quartz chlorite gacnet-

some pyrite crysialsé Lheir)di— dohydrice ¢ apldote cpldote

mensions are similar(3-30 u)to ‘ ‘

those of exsolution blebs. Ani- henatite setinnie s ST

sotropic effects are not notice-

able, however in one sample(408/

105m) rare intergrown prismatic e ke

pyrite crystals are strongly ani- §ilite-montmoriilonite

aotropic and may pseudomorph(?) L1ice =

primary ilmenite/pyrrhotite, :;;::t"/““""“" i o

Zoning is notcommon but in some chiorite vernicutice

samples froin wells $02 and 505, it K-sILiCATE ey

appears to be due to differences magnatite

in porosity and/or interruption sphene

in crystal growth., Chemical zoning

between the core and rims of crys-

tals in optically homogeneous py-

rite is reflected in slight dif— " poue 5 ., soimuric oracra pericrivg searoon oF pLaGIoGLASE AND HAFLC

ferences in probe analysis(Table
3). The Tongonan pyrite are most-

T0 FORH VARIOUS HYDROTNERMAL MINERALS AND ALTERATION STILES

IR STHE TONCONW GEOTIIERMAL FILELD,
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Table 2 @ f Sor  Upanue Miv als in Se tolllonpoy Vel ls _ -
MANERALS w3 | nus | aus |aur | ey | 202 | 208 | 200 | 213 | 503 ) 505 | -1 ] ol
MAGNETITE X X x X X X X X X X % X X
MAGHENLTE ¥ y X
HEMATLYE S X X x X X X X X X X X
LLHENITE X X ¢ X ¥ ¥ X
TITANOHAGHETTIE X !
RUTILE Y X X x| x X X X X X X X X X
ANATASE { X
PSEUUOUROOKITE bt
GOETULTE Y X Y X
LINONITE X X X
PYKITE X X X X X ¥ X X X X X X X X
PYRRUUTLTE X X Y X X X X X X X X ? X X X
MARCAS1TE X X 1 7
COVELLITE X
BORNITE ? X
CHALCOPY RITE X X X X X X X X X X
GALENA ! X b ? X X X X X 7 X
SPIALERLTE l X be X X X X bt
FAILURE X X X t
ELECTRUH X X 7 X 7
Ag - SULPULDE X 7
SULPIIOSALY Y % X ¥ X
DJURLELTE
LLHENORUTILE i X X o
OTHERS
oo Hipoite = well 402, Anailite - well 402(7)
#ASR - ALTERED SURFACE ROCKS
gressive alteration intensity, pyrite is formed Of galena coincides with the lower illite-

and rutile plus its correlatives remain.Magnet-
ite inclusions occur in both low and high tem-
perature formed pyrite. It is difficult to de-
termine whether or not, some magnetite(and
other inclusions in pyrite are residual or hy-
drothermal. A comparison between magmatic and
vein magnetite chemistry is shown in Table 5.
Vein magnetite occurs within the contact horn-
fels in well 408(~-950m and -1198 mg and in a
%rzongly brecciated andesite dyke(?) in well

Criafcopyrite is the most ubiquitous and locally
aBunaan% base-metal sulphide. Its shallowest
appearance coincides with the montmorillonite-
cristobalite zone and it occurs to the bottom
of most wells (Fig.2 }; it is locally abundant
in acid altered rocks and with magnetite. Chal-
copyrite occurs as: 1) inclusions in magmatic
magnetite(rare), epidote veins, pyrite and s-
phalerite; 2) discrete, solitary sub/euhedral
grains(0,02-0,2mr) in etch voids and micro-
fractures; 3) vein filling and mutual inter-
growths with pyrite, quartz, epidote, galena,

sphalerite and magnetite; and 4) patchy replace-

ment of mafic silicates,

‘here agsociatel with earlier formed E)yrite or
magnetite, chalcopyrite commonly fills minute
fractures attesting to a definite temporal re-
lationship between vein chalcopyrite and p¥rite
or magnetite. The moot common occurrence o
chalcopyrite is at the 'cantact' zone and in
the pluton, except in well 408 where it occurs
in some andesitic breccia cuttings.

Galena occurs as 1) .inclusions in pyrite, s-
plialerite and occasionally with ovoid chalco-
pyrite; 2) discrete crystals in mineralised
open fractures; and 3) rare anhedral patches
mutually associated with either pyrite or chal-
copyrite (Pig. 2). The shallowest appearance

montmorillonite zone down to the bottom of most
wells, except in well Mi-1, Galena exhibits a
strong preferential association with talc and
with the acid alteration assemblages, diaspore
pyrophyllite (e.g. in wells 408,402 and 403),

Sphalerite occurs as: 1) discrete crystals
IEning wineralised fractures, and scattered in
saponite and talc; 2) anhedral patches mutual-
ly intergrown with quartz, epidote, chalcopy-
rite and galenaj and 3) inclusions in pyrite
and chalcopyrite. 'he shallowest occurrence of
sphalerite shows a strong correlation with the
propylitic zones and the lover ilTite-chlorite
sub-zone (Fig.?2 ), generally below -600m RSL.

Similar to galena, sphalerite occurs mainly in
the talc alteration sub~zone(e.g, in wells 401,
402,404) within strongly propylitised intrus-
ives and extrusives and rarely in the biotite-
garnet zone. Crystals of yellow sphalerite and
rare galena are scattered throughout saponite
and intergrown with quartz (Wood, 1377) in core
sample 401/-305 w. At deeper levels in well
401, sub-vertical vuggy veins are lined with
quartz, epidote, chalcopyrite, galena and spha-
lerite. Sphalerite occurring in veins and open
fracture8 is minor to rare 1n most of the wells;
if was not observed in samples from wells MN-1,

505 and 405 where alteration is low grade and/
or relict,

Iyrrhotite occurs as a) near ubiquitous ovoid
inclusions in pyrite in all the wells, except

in MN-1 where permeablility is poogp and meas-
ured temperatures donot exceed 200°C; and in
the upper relict zone of well 505D where the
actual measured temperatures are significantly
lower than that indicated by alteration tem-
eratures.

) coarse aggregates to rare prismatic dissem-
inations. The inclusions range in size from
0.005 to 0.01 mm long; some exhibit internal
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TABLE 3 . VARIATIONS IN FE:S RATIOS ACROSS SINGLE PYRITI
CRYSTALS IN SOME TONGONAN ALTERED ROCK SAMPLES.
SAMPLE SO. PROBE SCaN NO. FE:S RATIO
YELL/CORE NO. ¢ RIM TO RIM)
40815 v T 0.54
4 0.48
5 0.48
6 o.48
7 0.54
40119 1 0.61
2 0.55
3 0.36
4 C.5;
209/5 1 0.53
3 0.52
0.57
0.52
etching., Pyrrhotite does not occur at shallow

(mean sea level) depths; it appears to be ubi-
quitous in pyrite(e,g., In samples froin well
408) spatially related to the illite-montmo-
rillonite zone.The inclusions are typical of
peripheral arid epithermal zones in porphyry
copper deposits, e.g. east of Thames(Xobe,
pers. com,)

liarcasite- this dimorph of pyrite _is rare in
samples Irom the Tongonan wells; it is present
.in one surface sample and occurs as .inclusion
in pyrite and as replacement of pyrrhotite in
some portions of well 402, In the Kapakuhan al-
tered ground, Wood(1975) identified marcasite
in surficially altered hornblende andesite in
an assemblege containing montmorillonite + kao-
limibe—E pyrite + natroalunite + cristobalite.

Deeper in well 402 (-1540 m RSL), marcasite

is present as encrustations in_boundaries a~
long fractures of pyrrhotite: 1t occurs with
pyrrhotite + pyrite + chalcopyrite + framboid-
al pyrilte + moghemile + magnetile and as a rare
inclusion with pyrrhotile in cube pyrite,

Hematite in trace to minor amounts has been
observed in soine samples froin all the wells;
its occurrence closely correlates with acid
alteration assemblages and fossil hydrotliermal
zones especially in the upper levels of HMalit=
bog wells and throughout well MN-1(Fig.2 ).
lHematite occurs as: 1) ovoid to tabular inclus-
ions in pyrite and rare pyrrhotite(?); 2) hy-
drothermal(?) replacement of magnetite and rare
ti-:Lanomagnetite; 3| exsolution lamellae in mag-
matic magnetite; 4. veins with chlorite cut-
ting calcite or epidote veins; 5) intergrowth
with other opaques and and silicates; 6) re-
trograde alteration of iron oxides in breccia
clasts and matrix par-ticularly in supergene

and advanced argillic zones, and; 7) acicular

euliedra in rock matrix and as etch void filling.

llematite is rare in the central Mahiao and Sam-
baloran wells; 1t occurs .in minor amount in
samples from well MG-1 e.,g, in fault breccias
and sediments,

Maghemite, a low temperature replacement of
magnetite and titanomagnetite was often dif-
ficult to distinguish from porous hematite.

Goethite occurs as a low temperature oxidation
product of iron bearing phases but ha3 been
observed mostly in acicj‘ relict and supergene
alteration zones, e,g. In samples from wells
MH-1 and 402. Supergene replacement of both
pyrite and magnetite result in marginal or
complete replacement by goethite often lead-
ing to pseudomorphic and colloform textures,
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TABLE | . ELECTRON MICROPROBE ANNYSES
OF SOME TONGONAN PYRITES

SAMPLE XO. ANALYSES (ATOUIC PEP CENT)
WELL/CORE NO. Fe H cu n Ti
309/5/4 33.85 65.16 0.41 0.0 0.0
209/6/1 31.92 63.38 0.0 0.26 0.0
209/6/4B 33.93 64,86 0.0 . 0.5 0.0
2061616 32.31 61.37 0.0 . 0.0 1.4
%G-1/5/1 31.66 61.51 0.0 0.0 1.33
uG-1/5/3 32.98 63.05 1.22 1.27 0.0
401/6/9 30.71 66.63 0.99 0.0 0.0
1401/6/9 36.35 63.76 0.0 0.0 0.0

Bornite has only been identified in three sam-
ples; lhese occur as discrete disseminations,
inclusions and intergrowths in both diorite
and andesite(with biotite and hornblende) in
well MG-1, Samples from well 409 contains
finely disseminated boruite t chalcopyrite in
an epidotised, fractured rock.

1'j tanomagnetite/Ilmenite are common inclusions
in Tongonan pyrite (samples from wells 408,
209, 407). Dominant reflectivity appears to
be in one direction and many of the light-
brownish opaque phases in most Tongonan wells
exhibit a bireflectance typical of ilmenite.

Rutile is ubiquitous in Tongonan and is pre-
sent mainly as an intermediate phase between
pyrite and magmatic opaques during sulphidat-
ion. It mimics titaniferous lamellae in these
opaque phases and occurs as disseminated, re-
ticulate intergrowths with creamy-brown to
transluscent internal reflections. It is iden-
tified readily optically, as 1t iIs ganerally .
grey=-'cloudy'white with faint lilac tint and :
distinct pleochroism.

Rare ilmenorutile was observed in one sample
from well MG-1 and exhibits ilmenite bireflect-
ion but rutile type internal reflection, In the
montmorillonite-cristobalite zone (Fig.2 )ru-
tile is uncommon and in the surface zones,
anatase, a low temperature Ti0, polymorph is
The dominant titaniferous phasg replacement.

Covellite has only been identified in the zone
of supergene alteration e.g in well 402, and
is accompanied by natrojarosite; detailed dis-
cussion on the supergene processes and alter-
ation products is presented in another paper.
Stoichiometric and non-stoichiometric covel=
lite are both present in cuttings from well
402/-20m . These replace pyrite and are over-
grown by goethite. Covellite occurs is samples
from the Southern Negros wells (Phili%g'nes)_
and vas suggested(leach and Weigel, 19 5 to'in-
dicate advanced argillic alteration adjacent
to high temperature zones.

Sulphosalts and Fahlore occur as inclusions in
spﬁalerlte. The term sulphosalt is here used
to describe a non-descript, soft, white to grey
mediunto high reflectivity phase showing simi-
larity to galena. Tt is restricted in samples
from wells 408 and 505. Rlecton microprobe a-
nalyses revealed the dominance of lead In the
sulphosalts (bournonite-boulangerite(?))., .
Tahlore(tetrahedrite-tennantite solid solution)
occurs as grey inclusions in sphalerite and as
overgrowthe, some with Chalcopyrite in the
weirbox precipitates.

Pseudobrookite/brookite = these polytypes oc-
cur in the upper portions of wells in other
Philippine fields{lLeach and Weigel, 1983).
Pgeudobrookite is a meta-stable phase that re-
flects the sluggish alteration reaction of Ti-
bearing phases at low temperature, In Tongonan
they were observed in wells 404 and 402. %Yhe
reaction below depicts the formation of pseu-
dobrookite:

o 9phene g ¢ ycoxene
Pe-Ti oxides== pseudobrookite

rutile
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TABLE- &
Chemistxy OF primary and hydrothermal magnetites (probe analyses in atomic %)
PRIMARY HYDROTHERMAL
TONGONAN TONGONAN SOUTHERN NEGROS
sahiB1 1 2 3 a 5 6 7 8 9 10
to.
Al 3.80 7.46 1.46 0.75 0.63 1.0 0.97 1.014 0.982 0.84
T4 3.27 1.5% - - 0.32 1.51 0.46 0.59 1.05 0.32
v 0.264 = 0.34 - 0.43 0.55 0.37 0.39 0.47 0.46
Cr = © - - 0.00 - - - - -
Mn 0.58 0.925 - - - - 0.49 0.57 0.77 0.44
Fe 87.37 58.19 91.63 94.79 | 35.79 | 90.9€|| 34.58 } 95.23 ©3.89 91.11
Zn -0.79
Sample Name/Source Formula
"zo r.” T1 Al Cr Hn v

1.  Mahiso surface sampla 1.14 1,78 0.10 c.19 0.0 0.02 ° 0.01

2.  nahiao surface sample 1.08 1.53 0.06 0.47 0.00 0.04 0.00

3. Well 408/core 5 1.01 2.93 0.00 0.01 0.00 0.01 0.01

4. Yell 40B/core S 1.07 2.08 0.01 0.04 0.00 0.00 0.00

5.  Hell MG-1/core 78 1.10 2.08 0.01 0.00 0.00 0.00 0.01

6. Well HG=1/core 7B .13 1.96 0.05 0.05 0.00 0.00 0.01

7.  Well sG-3/cors (e} 1.07 2.04 0.01 0.04 0.00 0.02 0.01

8. Yell SG 3/cors 2ib) 1.01 2.03 .02 0.05 0.00 0.02 0.01

9. well 5G 3/core 2lc) 1.08 0.0 1.41 0.02 0.00 0.01 0.01

lo. sell 5G 3/core 2(8) 1.08 2.04 0.01 0.04 0.00 0.01 0.01

O''HERS :

Electrum occurs in trace quantities in the pe-

ripheral wells 402, 403, 505 and Ng-1, Ultra-

fine disseminated Au varies from straw to bright

yellow in reflected light; 1t occurs as iso-
lated xenomorphic blebs in the matrix

and car-

Hematite sub-zones.

[l

via:

Hematite occurrence falls

in to three categor-

1) within acid alteration zones- the opaques

bonaceous material in MG-1 sediments.

A rare Ag-sulphide occurs as a bluish-grey in-
clusion In 401/-305 m pyrite. Several opaque
phages co-exist .in some of the w:irbox precipi-
tales e.i5. digenite, djurleite and annilite
(discussed 1n another paper),

DISCUSSION AND SUMMARY

Relationships between opague minerals and calc-
silicate alteration zones

There exists a distict zonation of opaque mi-
nerals in %ongonan (Big. ), with a definite
parallelism and consanguinity between the calc-
silicate alteration zones and opaque mineral
zones; these also appear to be temperature de-
pendent,

ciay zone. Pyrite dominates the opaques which
seldom exceed 1 volume per cent in the clay

zones. Here, mafic silicates are weakly alter-
ed to pyrite, magnetite, chalcopyrite, rutile,
and hematite, The volume of opaque wminerals In
the illite-smectite sub-gzone remains constant
at less than 2 volume per cent; trace galena

and pyrrhotite inclusions In pyrite appear for
the first time. Chalcopyrite increases slight-
ly while pyrite still dominates thio sub-zone.

Proyfxlitic zone. Trace sphalerite first appears:
in the propylitic zone; the opaques here range
froin 2-7 volume per cent, averaging 2-5%, Py-
rite dominates the opaques and occurs with ru-
tile, leucoxene, chalcopyrite, galena, magnet-
ite and ovoid inclusions of magnetite and tita-
nomagnetite, Galena was not identified in sam-
ples from wells 209, MN~1 or MGd and sphaler-

ite was absent from sporadic samples collected
from wells MHH and 405,

within this zone comprise =15 volume per cent
and accompanied by a local increase in chalco-
pyrite content. The strong association of ga-
lena with hematite in the advanced argillic
asaemblages is conspicuous in well 408.

2) montmorillonite-cristobalite sub-zone -
hematite consistently occurs at this level in
weakly altered rocks containing criatobalite,
smectite, pyrite, calcite, ankerite and kaoli=
nite, Pyrite. dominates the opaques in this
zone.

3) fossil alteration zone = particularly in the
upper Ma jog wells. Opaques range from %-5
volune per cent and contain hematite. Galena
occurs 1n ‘the hematite sub-zone in well 505D,
llematite appears consistently throughout we 1l
MiH-1 where the opaques comprise less than 2
volume per cent aud these do not contain gale-
na. The paucity of sulphides in this well is
accompanied by the absence of pyrrhotite in-

clusions In the pyrite .in contrast to those
of well 505D,

IC-silicate zone,

[WagnetITe occurrences are more closely related
to a) K-silicate zona and b) intrusive'con=
tacts', including peripheral areas of dyke in~
trusionn. The 1:-silicate zone contains finely
disseminated and vein magnetite, pyrite, rutile,
pyrrhotite, chalcopyritie, rare hematite and
galena. The preponderance of magnetite over
pyrite in this zone is accompanied by a de-
crease of the opaques in the lower transition
zone and on the carapace of the pluton,

Palct tremolite sub-zone

Talc has only been Identified .in three wells:
401, 402 and 4043 it wmay also be prement in i
108. An interesting and unusual feature of the
talc zone in the strong base metal mineralisat-
ion associated with it.The talc base metal
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FIGURE 2 .. OPAOUE MINERAL (MAINLY BASE METAL SULPHIDES) ZORATION
Id THE TONGOHAN GEOTEERMAL FIELD AND CONSANCUINITT WITH
il CALC-SILICATE ALTERATION ZONES. MOTE TRE “HUSHROOMOUG"
TPERD OF BOTR CALC-SILICATE AHD OPAOUE MINERALS OVER WELL 40)
EFLANATION:

association occurs within propylitic assembl-
ages except in well 402 which is an acid and
peripheral. nelld. Pyrite still dominategs the
opaques .in this zone and is accompanied by
galena, sphalerite, chalcopyrite, rutile,
pyrrhotite and,rare marcasite.

The lateral extent and distribution of the
sulphides reflect relative permeabilities in
the host rocks and the geometry of the thermal
reservoir. Hydraulic fracturing and tectonic
movements, particularly along the splays of the
Thilippine l'ault are thought to be responsible
for intense fracturing and brecciation = in-
ferred mechanisms for pressure release within
isolated fluid pockets in the reservoir which
initiated boiling and subsequent precipitation
of metal sulphides, quartz and K-feldspar.The
factors affecting and physico-chemical condit-
ions of alteration and mineralisation in Tongo-
nan wlll be discussed in ‘'another paper.

The Tongonan hydrothermal fluids are up to 2
orders of magnitude undersaturated withirespect
to the base-metals which appear to have preci=-
%itated in the reservoir rocks as sulphides
Arevalo, 1985)., These fluids currently deposit
a significant amount (10,000 ppm total Cu, Yb,
Zn) of base-metals within an amorphous silica
base in artificial. drains and channels. A4 va-
riety of opmue minerals occur in these scales.
Their textures closely compare with advanced
argillic/supra porphyry breccia bodies; such
textures are apparently preserved in nature as
they are apparently preserved in nature as they
are observed in some hydrothermal ore deposits.

The results of this study demonstrate that e~
ngonan is an active metal depositing system.
The metalliferous precipitates(discussed in a
separate paper) further demonstirate the abili-
ty of the Tongonan waters to transport and de-
posit base and precious metals,

.Preprint,
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