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A B S T R A C T  

-The ma jo r i ty  o f  hydrothermal minera ls  i n  the  
Tongonan f i e l d  occur  as: 1 )  p a r t i a l  replacement 
o f  groundmass and phenocrys ts  (d isseminated  m i -  
n e r a l i s a t i o n )  and 2) i n f i l l i n g  o r  l i n i n g  o f  vugs, 
c a v i t i e s  nnd f r a c t u r e s  ( v e i n  m i n e r a l i s  a t  ion .  
These minera ls  e x h i b i t  a d i s t i n c t  and sys t ema t i c  
d i s t r i b u t i o n  with depth  and temperature.  

The opaque minera ls  comprise t h r e e  vblume p e r  
c e n t  of t he  rocks ,  bu t  l o c a l l y  reach f i f t e e n  
pe rcen t  i n  the  i n t r u s i v e  con tac t  and i n  the  ac id  
a l t e r a t i o n  zones. P y r i t e  dominates i n  most zones 
excep t  i n  the  R- s i l i c a t e  zones where a prepond- 
erance  of magneti te over p y r i t e  has been ob- 
served.  
C e n e t i c a l l y , t h e  opaques can be d iv ided  i n t o :  
m a  mat ic(magnet i te ,  y r r h o t i t e ,  i lmen i t e ,  chrom- 
i t  :, t i  tanomagne ti  t e  7, sed imentary/diaqene t i c 
( p y r i t e ,  hemati te,  maghemite , con tac t  meta- 

and hyoTene!sphaler i te ,  ga lena ,  cha lcopyr i t e ,  
bo rn i  e ,  p y r i t e )  minera ls .  

A t e m p r a t u r e  and d i s t i n c t  zonat ion  o f  opaque 
mine ra l s  a l s o  p a r a l l e l s  t he  c a l c- s i l i c a t e  a l t e r -  
a t i o n  zones. Chalcopyr i te  i s  t h e  most abundant 
base-metal su lphide .  Ninor t o  t r a c e  ga l ena  first 
appears  i n  the  i n t e r - k y e r e d  i l l i t e -mon tmor i l -  
l o n i t e  sub-zone and p e r s i s t s  w i th  d r i l l e d  depths ;  
i t  is  a l s o  s t r o n g l y  a s soc ia t ed  wi th  hemat i te  i n  
acid a l t e r a t i o n  zones. S p h a l e r i t e  is more in t im-  
a t e l y  r e l a t e d  wi th  the  p r o p y l i t i c  a l t e r a t i o n  as- 
semblage. Kagnet i te  and p y r r h o t i t e  occur  as ubi-  
qu i tous  i n c l u s i o n  i n  p y r i t e .  Tn zones p e r i p h e r a l  
t o  dykes 'and i n  the  main t r a n s i t i o n  o r  t i con tac t "  
zone, rna.;netite e x h i b i t s  a preponderance over  
p y r i t e .  This  l o c a l  abundLmce co inc ides  wi th  t h e  
!<- si l ica te  and advanced p r o p y l i t i c  zones. 

mainly magnet i ie ) ,  su  erwene py- 
c o v e l l i t e ,  maghemit:, d o e k i t e ) ,  

The volceno- tectonic  s e t t i n g  of t h e  Tongonan 
r e s e r v o i r  sha res  s i m i l a r i t i e s  w i th  f o s s i l  hydro- 
thermal  system such as ep i the rma l  base-metal and 
some porphyry copper d e p o s i t s .  These f o s s i l  
systems provide informat ion  about the p rocesses  
that  l ed  t o  the  format ion  of o r e  d e p o s i t s  and 
such processes  can be i d e n t i f i e d  i n  va r ious  
a c t i v e  Teothermal systems( Fournier ,  1983). 

Base-metal m i n e r a l i s a t i o n  has  been recoEnised 
i n  t h e  Tongonan f i e l d  (ex .  -:lood,1977,1980)al- 
though, t h e r e  i s  a d e a r t h  of publ ished inform- 
a t i o n  on opaque m i n e r a l i s a t i o n  on t h i s  system 
as a t t e n t i o n  has been paid t o  s i l i c a t e  alterat-  
i o n  and geochemistry through t h e  a n a l y s i s  of  
c o r e s  and c u t t i n g s  from Tongonan wells. This  
paper  d e s c r i b e s  t h e  a l t e r a t i o n  p a t t e r n s ,  opaque 
phases and r e l a t i o n s h i p  between t h e s e  opaques 
and l a r g e  s c a l e  a l t e r a t i o n  p a t t e r n s .  Pol ished 
mounts were prepared from cores ,  c u t t i n g s ,  su r-  
f a c e  samples, wel l  blockage m a t e r i a l s ,  e j e c t a  
and p r e c i p i t a t e s  from weir  boxes of d ischarginE 
w e l l s ;  t h e s e  were e x m i n e d  under a r e f l e c t e d  
l i g h t  microscope and some f i n e l y  d isseminated  
phases and i n c l u s i o n s  v e r i f i e d  wi th  e l e c t r o n  

microprobe. 

STRATIGRLPHY, LITHOLOGY AND ALTERAT1i)N 

The Tongonan we l l s  i n t e r s e c t  a t h i c k  sequence 
(2100m m a . )  of  upper Miocene t o  upper Pliocene 
l avas ,  b r e c c i a s  and t u f f s  in terbedded w i t h  t h i n  
l e n s e s  of l imestones ,  sha l e s ,  c a l c i s i l t i t e s  
which comprise the  Bao Volcanic Formation(Ta- 
b l e  1 ) ;  t h e s e  a r e  in t ruded  by a coa r se  gra in-  
ed g r a n o d i o r i t i c  t o  d i o r i t i c  pluton.  The stra- 
t ig raphy  and l i t h o l o g y  of t he  Tongonan f i e l d  
a re  d i scussed  by V a s  uez and Tolent ino(  1973) * 
Grindley(  1973), Woodql976) and summarised by 
\.lard( 1979) and Rnox( 1983). This  work draws 
mainly from r e c e n t  un ub l i shed  papers  o f  Ab- 
laze ( 1980) and Reyes71 984). 

Hydrothermal a l t e r a t i o n  .in t h e  Tongonxn f i e l d  
r eco rds  an ou t s t and ing  example of complex 
f l u i d / m i n e r a l  i n t e r a c t i o n  wi th  a wide range 
of minera ls  and t h e i r  va r i ega ted  t e x t u r e s .  
These a r e  well documented i n  va r ious  pe t ro -  
l og ica l (pub1 i shed  and unpublished) r e p o r t s  of 
Wood( 1977-1 980), Leach( 1981 -1 983) Reyes( 1979 
-1 985), F e r r e r  ( 1983) and I<nox( 1983). 

The Frimary mineralogy of t h e  d i o r i t e s  and the  
a n d e s i t e s  show a dec reas ing  s u s c e p t i b i l i t y  t o  
a l t e r a t i o n  as fo l lows:  

g l a s s  + pyroxene .t hornblende + b i o t i t e  -r 
p l a g i o c l a s e  +magne t i t e  .c quar t z  t a p a t i t e  + 
sphene + zi rcon.  

F igure  2 shows t h e  t y p i c a l  replacement pro- 
d u c t s  of  the  Tongonan p l a g i o c l a s e  and mafic 
mine ra l s  and t h e i r  composit ion readjus tments  
and s t y l e s  of  a l t e r a t i o n  under hydrothermal 
cond i t ions .  

Mode of formation,  sequence and zonat ion  
Major i ty  of t h e  Tongonan hydrothermal mine ra l s  
occur:  1 )  as p a r t i a l  o r  complete replacement 
of  p re- ex i s t ing  phenocrysts  and groundmass 
2 )  as f i l l i n g  and l i n i n g  i n  vugs, c a v i t i e s ,  
and f r a c t u r e s  formed by d i r e c t  d e p o s i t i o n  i n  
o en spaces ;  
3 as s c a l e s  i n  w e l l  blockage materials; 
4 P as s c a l e s  i n  p i p e l i n e s  and p r e c i p i t a t e s  i n  
weirboxes f o r  d i scha rg ing  we l l s ;  and 
5 )  i n  w e l l  e j e c t a ,  as sub/euhedral  c r y s t a l s  
from permeable zones i n  some wel ls .  These m i -  
n e r a l s  e x h i b i t  a d i s t i n c t  and sys t ema t i c  d i s-  
t r i b u t i o n  wi th  dep th  and tempera ture ;  a pro-  
nounced zonat ion  can be observed p a r t i c u l a r l y  
wi th  the  i n t e r l a y e r e d  c l ays ,  z e o l i t e s  and some 
c a l c- s i l i c a t e s  and which a t  i n c r e a s i n g  tempe- 
r a t u r e s  occur i n  t h e  fo l lowing sequence: 

a) smec t i t e  - i l l i t e - s m e c t i t e  - i i l i t e  

b)  c l i n o p t i l o l i t e  - heu land i t e  - s t i l b i t e  - 
laumont i te  - wai rak i t e ;  
ep ido te  - garne t  - t a l c  - t r e m o l i t e  - b i o t i t e .  

( - c h l o r i t e )  ; 

Two main types  of a l t e r a t i o n  a r e  recognised,  
v i z : n e u t r a l  pH and ac id  a l t e r a t i o n .  
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Two major hydrothernial regimes a r e  observed: 
( a )  a r e l i c t  assemblage comprising b i o t i t e ,  ac- 
t i i i o l i t e  and g a r n e t  indica . te  anc ien t  teinpera-. 
t u r e s  o f  ab0u.t 27OoC. prgsen-t temperatures  a r e  
s i g n i f i c a n t l y  lower (140 C ) ;  ( b )  a c u r r e n t  hy- 
drothermal  regime c o n s i s t i n g  o f  mine ra l s  which 
formed a t  temperatures  i n  agreement wi th  those  
measured at the  p r e s e n t  time. 

Widespread p r o p y l i t i s a t i o n  og t he  a n d e s i t e s  and 
d i o r i t e s  occur a-t around 250 C ;  ep ido te ,  a l b i t e ,  
c h l o r i t e ,  i l l i t e ,  c a l c i t e ,  sphene and p y r i t e  
t y p i c a l l y  cotnp,rise the  p r o p y l i t i c  assemblage. 
A K- s i l i c a t e  zone analogous t o  the  p o t a s s i c  
zone i n  porphyry copper d e p o s i t s  c o n g i s t s  o f  
b i o t i t e ,  a c t i n o l i t e !  qua r t z ,  i l l i t e  - K-feld- 
s p a r ,  a l b i t e  and ep ido te .  ' l h i s  a l t e r a t i o n  zone 
is r e l a t e d  t o  con tac t  h o r n f e l s  and dyke i n t r u s-  
i o n s  in p e r i p h e r a l  g e l l s ,  e .g . ,  408, 501, 403. 
Detween 250 and 300 C, ep ido te ,  anhydr i t e ,  il- 
l i t e ,  c h l o r i t e ,  a d u l a r i a ,  a l b i t e ,  sphene,quar tz  
and wa i rak i t e  comprise the  a l t e r a t i o n  s u i t e  ; 
t h i s  appears  t o  be s t a b l e  i n  t h e  r e s e r v o i r  and 
is  c o n s i s t e n t  wi th  t h a t  p red ic t ed  from t h e  f l u i d  
chemistry.  Garnet agd a c t i n o l i t e  occur  a t  tem- 
p e r a h r e s  above 265 C while t a l c  and t remolJ te  
a r e  observed i n  t h e  p r o p y l i t i c  zones a t  300 C 
i n  we l l s  401, 404 and 407; no s i l i c e o u s  dolo-  
mi tes  no r  s e r p e n t i n i s e d  u l t r a m a f i c s  were en- . 
countjered i n  t h e s e  we l l s .  A lower temperature 
$270 C )  t a l c  a l t e r a t i o n  (wi thout  trerno1ite)forms 
froni s e r p e n t i n i s e d  u l t r a m a f i c s  s e e n  i n  we l l  402. 

OPAQUE MIIJERAMGY 
Genetic C l a s s i f i c a t i o n  

The d i s t i n c t i o n  between hypogene, c o n t a c t  meta- 
morphic and supergene a l t e r a t i o n  was n o t  e a s i l y  
d iscerned i n  many cases .  However, minera ls  i n  1 
f r a c t u r e s  or open spaces  a r e  c l e a r l y  hydrother-  
m a l .  Supergene a l t e r a t i o n  superimposedl on'  pre-  
v ious ly  a l t e r e d  samples posed some d i f f i c u l t i e s :  
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bu.t t e x  t u r a l  and ininera1 a s s o c i a t i o n  a:Lded 
c l a s s i f i c a t i o n .  Seve ra l  opaque mine ra l s  were 
i d e n t i f i e d ;  .a11 bu-t f i v e  o r ,  s i x  i n  orily niinor 
t o  t r a c e  amounts. 'l'liese inc lude p y r i t e ,  chalco-  
pyr i t e !  ga lena ,  s p h a l e r i t e ,  magneti te,  t i t a n o -  
magneti te,  i lmen i t e ,  bo rn i t e ,  pyrrhot i -t e ,  co- 
v e l l i t e ,  f a h l o r e  ( t e . t r ahedr i t e - t ennan t i t e ) ,  
s u l p h o s a l t s ,  broolri-te/pseudobrooItite, ana tase ,  
r u t i l e ,  hemat i te ,  maghemite, oe t l i i t e ,  marca- 
s i -t e ,  i l i nenoru t i l e ,  chromite f ? ) ,  electrum, 
Ag-sulphide- and t r a c e  niolybdenite(?).  

These mine ra l s  are c l a s s i f i e d  as: 
1 )  ma ma= - coniprisinq una l t e red  t o  v a r i a b l y  
alt&ktnagnetite with i n c l u s i o n s  of p y r i t e ;  

t e r e d  sediments ; 75)con tac t  metauorphic/skarn- 
t h i s  comprises mainly magne e ;  8 u  e r  ene- 
t h i s  c o n s i s t s  o f  p y r i t e ,  c o ~ ~ ~ l i t ~ ~ ' ~  
maghemite, g o e t h i t e  and cha lcopyr i t e ;  ( 5 )  &- 
drothermal/hypoaene - inost of the  o t h e r  opaques 
excep-t c o v e l l i t e  , 

S t y l e s  of mine ra l i sa t ion .  
The opaque minera ls  i n  the  a l t e r e d  rocks exhi-  
b i t  r e c u r r i n g  p a t t e r n s  on a microscopic s c a l e .  
The m i n e r a l i s a t i o n  observed i n  the  Yongonail 
we l l s  r evea led  a c lose  r e l a t i o n s h i p  t o  the  
mode of format ion of the  co-exinting s i l i c a t e s .  
Yhese a re :  1 )  Open space f i l l i n g .  - t h i s  in-  I 
c ludes  a )  mainly sulphide  and minor oxide v e i n s  
and v e i n l e t s ,  gene ra l ly  l e s s  than 1.0 mm wide; 
conjugate  s e t s  of i r r t e r sec t ing  in icrofrac tures ;  
a r e  a l s o  coniinon. ' b) r a r e  su lph ide  zones at taip-  
i n g  2-3 mm v i d t h  i n  i n t e n s e l y  breccia ted  rock. 
c )  s o l i t a r y  gra ins(e .g .  s p h a l e r i t e ,  galena, 
p y r i t e )  deposi ted  i n t o  open, c l o s e l y  spaced 
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f r a c - t u r e s .  13pido.te i s  t h e  coininon c a l c - s i l i c a t e  
al- tera-Lion niirierals a s s o c i a t e d  w '  tli . these o- 
paques a.t te inpera tures  above 250 C .  d )  sulp l i ides  
depos1,ted imLo e-tch vo ids  con.t iguous wi'th f r a c -  
t u r e s ,  
2) ~ ) i s s e i n i i i a t e d ~  m i n e r a l i s a t i o n ,  !rIiis i n c l u d e s  
s e l e c t i v e  a l - t e r a . t i o n  of  o l d e r  mine ra l s ( e .g .  
hornblende a l t e r i n g  t o .  p y r i t e  + r u t i l e ) .  On 
a iiiicroscopic s c a l e  however, .it was seen  t h a t  
70-80:% of  tlie su lp l i i de s  i d e n t i f i e d  a r e  r e l a . t ed  
o r  a r e  c l o s e  t o  f r a c t u r e s .  

A .  

D i s t r i b u t i o n  
Table 2 shows t h e  c h e c l t l i a t  o f  opaque mine ra l s  
i d e n t i f i e d  i n  c u t t i n g s  and c o r e s  froiii 15 Tongo- 
nan w e l l s  and soine s u r f a c e  samples.  ?.'lie opaque 
i i i inerals  coin r i s e  about  t h r e e  voluine p e r  c e n t  
of  t h e  rock  TArevalo, 1905) b u t  t h e s e  i n c r e a s e  
t o  about  € i f - t e e n  volume p e r  c e n t  l o c a l l y  espe-  
cia1l.y i n  t h e  yroclau.Lic r o c k s  o f  t he  lower 
Dao Volcaii ics  f' Tahle 1 ) .  
opaques occu r  i n  the  c o n t a c t  zone (ave .5-7;:) 
and t h i s  u s u a l l y  c o i n c i d e s  w i t h  p r o p y l i t i c  as- 
seniblages,  

!Phe l a r g e s t  voluiiie of  

D e s c r i p t i v e  Opaque Mineralogy.  

Pyr i . te  i s  t h e  most u b i q u i t o u s  s u l p h i d e  i n  To- 
ngonanl s v a r i a b l y  a l . t e r e d  rocks  and coinprises 
n e a r l y  90% of t h e  0, aques .  I t  obcurs  as 1 ) d i s -  
semina,ted m a i n s ,  Zp iilutual interrrrow-ths w i th  
non-opaque; and b t l ie r  s u l p h i d e s ,  .- 
3 )  s t r i nge r s ( so ine )  d i s c o n t i n u o u s ,  
o >en space  f i l l i n g  i n c l u d i n g  vugs,  
4 1  r a r e  ovoid i n c l u s i o n s  i n  opaque 
and non-opaques, and 5)  bo ' t ryo ida l  
agg rega t e s  and f ra inboida l  growths 
i n  sediments ,  a c i d  a l . t e r ed  and u l -  
t r a m a f i c  r o c k s ,  
P y r i t e  e x h i b i t s  a wide and complex 
range  of  c r y s t a l  h a b i t s ,  t h e  most 
common o f  which a r e  t h e  cube and 
t h e  py r i t ohed ron ,  'Pextures range  
froin niaasive t o  c o a r s e l y  disseriii- 
na t ed ,  id iomorphic  t o  f i n e- g r a i n e d  
col lofor in ,  sub-dendr i . t ic ,  s l tele-  
t a l ,  ren i form / r e t i c u l a t e  amoe- 
boid ,  l a m e l l a r (  interwoven!, poi -  
I t i l i t i c  and f r ambo ida l  sub/an- 
l iedra a r e  n o t  uncomnion. Local  va- 
r i a t i o n s  i n  h a b i t ,  s i z e ,  morpho4 
logy occur ,  e.g. i n  t u r f s  arid 
b r e c c i a s  where c l a s -t  1 i . thology 
and p e r m e a b i l i t y  v a r y  v i t l i i n  one 
sample. 140 d i s t i n d  a s soc  i a t i o n  
o r  r e l a . t i o n  was observed between 
p y r i t e  morphology and a l t e r a t i o n  
s t y l e .  

Minute i n c l u s i o n s  (2-3Ou) of  i l m -  
e n i  t e  , niagne t i t e  , tit anoinagne t i t e  
p y r r h o t i t e ,  marcas i t e ,  ga l ena ,  s -  
p ha l e  r i t e ,  he ma t i -1; e , s u l  p ho s a1 t s , 
&-sulphide ,  r u t i l e ,  molybdenite 
(?),  and c a s s i t e r i t e ( ? )  occu r  i n  
some p y r i t e  c r y s t a l s '  t h e i r  d i -  
mensions a r e  siinilar(3-30 u ) t o  
those  of e x s o l u t i o n  b l e b s .  Ani- 
s o t r o p i c  e f f e c t s  a r e  n o t  n o t i c e-  
a b l e  however i n  one sample(  4OS/ 
105m) r a r e  in tergrown p r i s m a t i c  
p y r i t e  c r y s t a l s  are s t r o n g l y  a n i -  
ao t rop ic  and may pseudomorph('?) 
primary i lmen i t e /py r r l i o . t i t e ,  
Zoning i s  not coininon but  i n  some 
s m p l e s  froin w e l l s  $02 and 505 , i t  
appears t o  be due t o  d i f f e r e n c e s  
i n  p o r o s i t y  and/or  i n t e r r u p t i o n  
i n  c r y s -t a l  grovrtli. Cheinical zoning 
be-tween t h e  c o r e  and r i i n s  o f  c r y s -  

ily s to ichlo i i ie t r ic ;  they c o n t a i n  sinal1 amounts 
or riLclrel(?) arid probe scans  i n d i c a t e  minor a- 
iiiounts of Cu, Pb, Zn, TI, and Mn (Table  4 )  
a r e  e n e r a l l y  p r e s e n t  w i t h  t r a c e  Mo(?) and 
c;a( ?f. 

Ma n e t i t e  (Fe 0 ) is t y p i c a l l y  s u b o r d i n a t e  t o  
most3s&nples. However, i n  t h e  Icon- 

t a c t '  zone o r  i n  the p e r i p h e r i e s  of dyke i n-  
t r u s i o n s ,  a marked i n c r e a s e  i n  t h e  o v e r a l l  a- 
bundance of  opaques is c h a r a c t e r i s e d  by t h e  
preponderance of  magne t i t e  o v e r  p y r i t e ,  T h i s  
l o c a l  predominance of  magnet i te  c o i n c i d e s  wi th  
t h e  I ( - s i l i c a t e  zone and some advanced p r o p y l i -  
t i c  zones.  

Magne.ti.te occu r s  as: 1 ) s o l i t a r y  t o  c l u s t e r e d  
niaginatic g r a i n s  and d e u t e r i c  replaceiiient of  ma- 
f i c  mine ra l s ;  2) ovoid t o  e l o n g a t e  i n c l u s i o n s /  
e x s o l u t i o n  b l e b s  i n  p y r i t e ,  3 )  v e i n l e t s ,  f i -  
brous 1x1 d e n d r i t i c  f :ilaiiients and f r a c . t u r e  coat -  
'Lng, and;  4 )  ra[;ged di .ssemina.t ions,  niutual i n -  
-tergrow.ths w i t h  p y r i - t e l c h a l c o p y r i t e  and por- 
p l iyroblas ts .  Magneti te  i s  one o f .  t h e  common 
wtable primary mine ra l s  i n  t h e  Tongonan f i e l d .  
Tt o c c a s i o n a l l y  e x h i h i t s  l a m e l l a r  e x s o l u t i o n  
t e x t u r e s  and l e u c o x i n i s a t i o n ;  a l t e r a t i o n  t o  ru-  
t i l e  o f . t h e s e  l ame l l ae  are common. With pro- 
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g r e s s i v e  a l t e r a t i o n  i n t e n s i t y ,  p y r i t e  is  fornted 
and r u t i l e  p lus  i t s  c o r r e l a t i v e s  reinaln.I.lap,net- 
i t e  i n c l u s i o n s  occur  i n  both  low and h i ch  tein- 
p e r a t u r e  formed p y r i t e .  I t  i s  d i f f i c u l t  t o  de- 
termine  whether o r  not ,  some magnet i te (and 
o t h e r  i n c l u s i o n s  i n  p y r i t e  a r e  r e s i d u a l  o r  hy- 
drothermal .  A cowparison between niaematic and 
ve in  magnet i te  chemis t ry  i s  shown i n  Table 5. 
Vein magne t i t e  occurs  wi th in  t h e  c o n t a c t  horn- 
fels  i n  w e l l  408(-950m and -1198 in and i n  a 
s t r o n g l y  b r e c c i a t e d  a n d e s i t e  dyke(?{ i n  we l l  
202. 

Chalco r i t e  i s  t h e  most ub iqu i tous  and l o c a l l y  
=%7-#7- a UII an ase-metal sulphide .  Its sha l lowes t  
appearance c o i n c i d e s  wi th  t h e  montniori l lonite-  
c r i s t o b a l i t e  zone and it occur s  t o  t h e  bottom 
of  most w e l l s  (1Pig.Z ); i t  is  l o c a l l y  abundant 
i n  a c i d  a l t e r e d  rocks  and wi th  map,netite. Chal- 
copyri.ke occur s  as: 1 )  i n c l u s i o n s  i n  magmatic 
inagne.t:iI;e( r a r e ) ,  ep ido te  v e i n s ,  pyri.l;e and s- 
p h a l e r i t e ;  2 )  d i s c r e t e ,  s o l i t a r y  sub/euhedra l  
grains(0.02-0.21sin) i n  e t c h  vo ids  and micro- 
f r a c t u r e s ;  3 )  ve in  f i l l i n g  and mutual i n t e r -  
growths wi th  p y r i t e ,  cJuartz, e p i d o t e ,  ga lena ,  
s p h a l e r i t e  and magnet i te ;  and 4)  pa tchy r ep lace-  
ment o f  mafic s i l i c a t e s ,  
Where associatau wi th  e a r l i e r  formed p y r i t e  o r  
magneti te,  c h a l c o p y r i t e  commonly f i l l s  minute 
f r a c t u r e s  a t t e s t i n g  t o  a d e f i n i t e  temporal  r e-  
l a t i o n s h i p  between v e i n  c h a l c o p y r i t e  and p y r i t e  
o r  magneti te.  The moot common occurrence  o f  
c h a l c o p y r i t e  is at the  ' c . an tac t t  zone and i n  
the. p lu ton ,  except  i n  we l l  408 where i t  occur s  
i n  some a n d e s i t i c  b r e c c i a  c u t t i n g s .  

Galena occur s  as 1) i n c l u s i o n s  i n  p y r i t e ,  s- 
m i t e  and occas iona l ly  wi th  ovoid chalco-  
p y r i t e ;  2 )  d i s c r e t e  c r y s t a l s  i n  mine ra l i s ed  
open f r a c t u r e s ;  and 3 )  r a r e  anhedra l  pa t ches  
mutual ly  a s s o c i a t e d  wi th  e i t h e r  p y r i t e  o r  cha l-  
c o p y r i t e  (Pig .  2 ). The sha l lowes t  appearance 

o f  Kalena co inc ides  wi th  t h e  lower i l l i t e -  
niontinori l lonite zone down t o  t h e  bottoin o f  tnost 
wells, excep t  i n  we l l  Nil-I. Galena e x h i b i t s  a 
s - t rong p r e f e r e n t i a l  a s s o c i a t i o n  wi th  t a l c  and 
wi th  t h e  a c i d  a l t e r a t i o n  assemblages, dia.sporec 
p y r o p h y l l i t e  (e.g. i n  w e l l s  408,402 and 403). 

;;lialeriEe occurs  as: 1 )  d i s c r e t e  c r y s t a l s  
n i n g  111 neral . ised f r a c t u r e s ,  and s c a t t e r e d  i n  

sapon i t e  and t a l c ;  2) anhedra l  pa t ches  mutual-  
l y  in tergrown wi th  qua r t z ,  ep ido te ,  chalcopy-  
r i t e  and ea l ena ;  and 3 )  i n c l u s i o n s  i n  p y r i t e  
and cha lcopyr i t e .  'I'he sha l lowes t  occurrence  of  
s p h a l e r i t e  shows a s t r o n g  c o r r e l a t i o n + w i t h  t h e  
p r o p y l i t i c  zones and t h e  l o v e r  i l l i t e - c h l o r i t e  
sub-zone (Pig .  2 1, g e n e r a l l y  below -600111 RSL. 
Sini i la r  t o  ga lena ,  s p h a l e r i t e  occur s  mainly i n  
t h e  t a l c  a l t e r a t i o n  sub-zone(e.g. i n  w e l l s  401, 
402,404) wi th in  s t r o n g l y  p r o p y l i t i s e d  i n t r u s -  
i v e s  and e x t r u s i v e s  and r a r e l y  i n  t h e  b i o t i t e -  
g a r n e t  zone. C r y s t a l s  of  ye l low s p h a l e r i t e  and 
r a r e  ga l ena  a r e  s c a t t e r e d  throughout s a p o n i t e  
and intergrown wi th  q u a r t z  (Wood, 1377) i n  co re  
sample 401/-305 in. A t  deeper  l e v e l s  i n  w e l l  
4-01, sub- ver t i ca l  vuggy v e i n s  a r e  l i n e d  wi th  
qua r t z ,  ep ido te ,  cha lcopyr i t e ,  g a l e n a  and spha- 
l e r i t e .  S p h a l e r i t e  occur r ing  i n  v e i n s  and open 
f r a c t u r e 8  is minor t o  rare i n  most o f  t h e  w e l l s ;  
i f  was n o t  observed i n  aamples from wells MN-1, 
505 and 405 where a l t e r a t i o n  is low grade  and/ 
o r  r e l i c t ,  

P r r h o t i t e  occurs  as a )  near  ubiqui tous  ovoid h i n  pyr i . te  i n  a l l  t h e  wells ,  excep t  
i n  1414-1 where p e r m e a b l i l i t y  i s  poog and meas- 
ured tempera tures  donot exceed 200 C; and i n  
the  upper r e l i c t  zone of w e l l  505D where t h e  
a c t u a l  measured -temperatures a r e  s i g n i f i c a n t l y  
lower than t h a t  i nd ica t ed  by a l t e r a t i o n  tem- , 

p e r a t u r e s .  
b) coa r se  aggregates  t o  rare p r i sma t i c  dissem- 
i n a t i o n s .  The inc lus ions  range i n  s i z e  from 
0.005 t o  0.01 mm long; some e x h i b i t  i n t e r n a l  ' 
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SA!TLE SO. PROBE SCAN NO. E f : S  Mi10 

! IELL/COE NO. 

40815 0 .56  

0 . U  

( * TO R E I )  

0.48 

0 . 5 4  

40119  0 .61  

. 0.55 

0.56 

C.5; 

209 I 5  0.53 

. 0.52 i I 0 .57  

0 .52  

etchinp;. Pyr rho t i t e  does not  occur a t  shallow 
(mean s e a  l e v e l )  d ~ p t l i s ;  i t  appears t o  be ubi- 
qui-l;ous i n  pyr i . te(e .c .  i n  saniples froin wel l  
4 O g )  s p x t i a i l y  relater1 t o  the  illite-inontmo- 
r i l l o n i t e  zone. The inc lus ions  are t y p i c a l  o f  
pe r iphera l  arid epithermad zones i n  porphyry 
copper deposi-Ls, e.6. e a s t  o,C S!hmes(Kobe, 
pers  . COII I .  ) 

Ijarcasi-te- t h i s  diinorph of p y r i t e  i s  r a r e  i n  
snlllplEX'roin the  Toneonan wel l s ;  i t  is presen't 
.in one su r face  sample and occurs as . inclusion 
i n  p y r i t e  and as replacement of p y r r h o t i t e  i n  
some p o r t i o n s  of well  402. I n  the  Kapakuhan al- 
te red  cround, Wood( 1975) i d e n t i f i e d  marcasite 
i n  s u r r i c i a l l v  a l t e r e d  hornblende ,andesite i n  
an assemblage" con Lah ing  niontmorilloni te + lcao- 
l i n i t o  + p y r i t e  + n a t r o a l u n i t e  + c r i s t o b a l i t e .  -- 
Deeper i n  wel l  402 (-1540 ni IC3Tj), marcasite 
is presen t  as encrus ta t ions  i n  boundaries a- 
lona f r a c t u r e s  o f  u v r r h o t i t e :  i t  occurs w i t h  , 

Hematite i n  t r ace  t o  minor aniounts has been 
observed i n  soine saiiples froin a l l  t h e  wel ls ;  
i t s  occurrence c lose ly  c o r r e l a t e s  wi th  ac id  
a l t e r a t i o n  assemblaKen and f o s s i l  hydrotl&ermal 
zones e s p e c i a l l y  i n  the upper l e v e l s  of I L 2 a l i . t -  
bog wel ls  and throughout wel l  IlN-1 (Fig.  2 ,  ) . 
Hematite occurs as: 1) ovoid to . tabular inc lus-  
ions  i n  p y r i t e  and r a r e  p y r r h o t i t e ( ? ) ;  2 )  hy- 
drothermal(?)  replacement of magnetite and rare 
ti -Lanomagnetite; 3 exso lu t ion  lamellae i n  mag- 
matic magnetite;  4 ! veins  with chlori-Le cut-  
-tin(: c a l c i t e  or epidote  ve ins ;  5 )  i n t e r  rowth 
with o t h e r  opaques and and s i l i c a t e s ;  67 re-  
trograde a1:teration of i r o n  oxides i n  b recc ia  
c l a s t s  and matrix p a r -t i c u l a r l y  i n  supergene 
and advanced a r g i l l i c  zones, and; 'I) a c i c u l a r  
euliedra i n  rock ma.trix and as e t c h  void f i l l i n g .  

llema.tite is r a r e  i n  .the c e n t r a l  Hahiao and Sam- 
baloran wel ls ;  it occurs .in minor amount i n  
samples from well  FlG-1 e .g.  i n  f a u l t  b recc ias  
and sediments, 

r.Iaelie;i;e, a low temperature replacement of 
rna.gne i e and t i tanomagnet i te  was o r t e n  d i f -  
f i c u l t  t o  distingui.sh from porous hematite. 

Goethite occurs a n  a low temperature oxidat ion 
p r o d u c r o f  i ron  beariny: phases bwt ha3 been 
observed mostly i n  acid ,  r e l i c t  and supergene 
a l t e r a t i o n  zones, e.g. i n  samples from wells 
M11-1 and 402. Supergene replacement of both 
p y r i t e  and magnetite r e s u l t  i n  marginal or 
complete replacement by g o e t h i t e  o f t e n  lead- 
ing t o  pseudoinorpiiic and colloform tex tu res .  

Arevalo 
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SANPLE 80.  . AqALYSES (ATOIUC P E P  C U T )  

iiELLICORT NO. Fe 5 cu ZR Ti 
Z ~ 9 1 5 1 1  33.85 65.16 0 . 4 1  0 .0  0 . 0  

? 0 9 / 6 / 1  31 .92  6 3 . 3 8  0 . 0  0 . 2 6  0.0 

64 .86  0 .0  . 0 . 5  0.0 2 0 9 / 6 / 1 B  3 3 . 9 3  

2061616 32.31 61 .37  0 .0  . 0.0 1 . 4  

XG-11511 31.66 61.51 0 . 0  0 .0  1.33 

%-I1513  3 2 . 9 8  63.05 I . ? ?  1 .17  0 . 0  

~ 0 1 1 6 1 9  3 0 . 7 1  66 .63  0 .99  0 . 0  0 . 0  

~ 4 0 1 1 6 1 9  36 .35  6 3 . 7 6  0 .0  0 . 0  0 . 0  

Bornite has only been ide i i t i r i ed  i n  t h r e e  sam- 
m h e s e  occur as d i s c r e t e  disseminat ions ,  
inc lus ions  and i n  tergrowtha i n  both d i o r i t e  
and w d e s i t e ( w i t h  b i o t i t e  and hornblende) i n  
well  MO-1.  Samples from well  409 con ta ins  
I i r ie ly  disseminated boru i t e  t cha lcopyr i t e  i n  
an ep ido t i sed ,  f r a c t u r e d  rock. 

brownish opaque phases i n  inbet Tongonan wells 
exhibi- t  a' b i r e f l e c t a n c e  t y p i c a l  of i lmeni te .  

Ru t i l e  i s  ubiqui tous  i n  Tonqonan and i s  pre- 
m a i n l y  as an intermediate  phase between 
pyri . te and magmatic opaques during su lph ida t -  
ion. I t  mimics t i t a n i f e r o u s  lamellae i n  these 
opaque phases and occurs as disseniinated, re-  
t i c u l a t e  intergrowths with creamy-brown t o  
t r ans luscen t  i n t e r n a l  r e f l e c t i o n s .  It is  iden- 
t i f i e d  r e a d i l y  o p t i c a l l y ,  as it is ganera l ly  , 

grey;'cloudy'white wi th  f a i n t  l i l a c  t i n t  and ; 

d i s t i n c t  pleochroism. 

Rare i lmenoru t i l e  w a s  observed i n  one sample 
from w e l l  MG-1 and e x h i b i t s  i lmeni te  b i r e f l e c t -  
ion  but  r u . t i l e  type i n t e r n a l  r e f l e c t i o n ,  I n  t h e  
montmorillonite-cristobalite zone (Pig.2 ) ru-  
t i l e  i s  uncommon and i n  the  surface  zones, 
anatase a low temperature !Pi0 polymorph i s  
thedomjnan t  t i t a n i f e r o u s  phas2 replacement. 

Cove l l i t e  has only been i d e n t i f i e d  i n  t h e  zone 
o f  supergene a l t e r a t i o n  e , g  i n  wel l  402, and 
is accompanied by n a t r o j a r o s i t e ;  d e t a i l e d  dis-  
cussion on the  supergene processes and a l t e r -  
a t i o n  products is  presented i n  another  paper. 
Stoichioinetr ic  and non- stoichiometric covel- 
l i t e  a r e  both p resen t  i n  c u t t i n g s  from wel l  
402/-20m . These rep lace  p y r i t e  and are over- 
grown by goe th i t e .  Cove l l i t e  occurs is Samples 
from the  Southern Negros wel ls  (Ph i l ipp ines )  
and vas suggested( leach and Weige1,1983) t o  in-  
d i c a t e  advanced a r g i l l i c  a l t e r a t i o n  adjacent  
t o  high temperature zones. 

Sul1,hosalts' and Fahlore occur as inc lus ions  i n  
s p h a l e r i t e .  Illhe term su lphosa l t  i s  here used 
t o  descr ibe  a non-descript ,  s o f t ,  white t o  grey 
mediun t o  high r e f l e c t i v i t y  phase showing s i m i -  
l a r i t y  t o  galena. Tt in r e s t r i c t e d  i r i  samples 
from wel ls  408 and 505. Rlecton microprobe a- 
nalyses  revealed the  dominance of lead in the  
su lphosa l t s  (bournonite-boulangerite(?)). I 

Pahlore(tetrahedrite-tennantite s o l i d  so lu t ion)  
occurs as grey inc lus ions  i n  s p h a l e r i t e  and as 
overgrowthe, some with Chalcopyrite i n  t h e  
weirbor p r e c i p i t a t e s .  

Pseudobroolt i te/broolt i te  - these polytypes oc- 
cur  i n  . e upper o r  ions  o f  wells i n  o the r  
Phi1ippl:e fie1dsf:Le~ch and \leigel,  1903). 
Pseudobrookite i s  a meta-stable phase t h a t  re- 
f l e c t s  t h e  s lugg i sh  a l t e r a t i o n  reac t ion  of Ti- 
bear ing phases a t  low temperature, In  Toneonan 
they were observed i n  wel ls  1.04 and 402. The 
r e a c t i o n  below d e p i c t s  the  formation o:C pseu- 
dobrookite:  

/ ephenekleucoxene 

------- pseudobrookite \ Pe-Ti oxides 

\ r u t i l e  
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1.46 I 0.75 
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5 
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0 .63  

0 .32  

0 . 4 3  

0 .00  

- 
35.79 

SamDlt NalM/SOUrCr 

r.'* re3*  

1. H . l , l s o  .urf.C. r.np1. 1.14 1.75 

2 .  nablao sur1.c. sample 1.08 1.5) 

3 .  Well 408/cor. 5 1.01 2.03 

1. Yell 408/eorr 5 1.07 2.08 

5 .  ne11 nz-l/sore 7 8  1.10 1 . 0 8  

6. ! A d 1  ru;-1/cors 7 8 ,  1.13 1.96 

1. well sG-3/cprm 11.1 1.07 2 . 0 4  

0 .  Y e l l  SC )/cor. 2lb l  1.01 2.03 

9. w a l l  sc 3/corm 2 l c )  1.08 0 . 0  

l o .  us11 SG >/cor. l l b l  1.08 2 . 0 4  

O'L'IIAIIS : 
Alectrum occur s  i n  t r a c e  q u a n t i t i e s  i n  . L I I ~  pe- 
r i p h e r a l  we l l s  402, 403, 505 and R G - l .  Ultra- 
f i n e  d isseminated  Au v a r i e s  from straw t o  brig111 
yel low i n  r e f l e c t e d  l i g h t ;  i t  occurs  as i s o-  
l a t e d  xenomorphic b lobs  i n  t h e  iiixtrix and c a r-  
bonaceous m a t e r i a l  i n  FIG-1 sediments .  
A r a r e  Ag-sulphide occur s  as a b lu i sh- grey  i n-  
cl .usion i n  401 /-305 in p y r i t e  . 
phaaes co- exis t  .in soiiie o f  t h e  w!.irbox p r e c i p i -  
ta-tes e .I:. d i g e n l t e ,  d ; ju r l e i . t e  and a n n i l i t e  
(d i scussed  i n  ano the r  p a p e r ) ,  

S e v e r a l  opaque 

DISCUSSION AND sur.irsi.I:iiY 

R e l a t i o n s h i p s  between opaque mine ra l s  and c a l c-  
s i l i c a t e  a l t e r a t i o n  zones 

There e x i s t s  a d i s t i c t  zona t ion  of opaque m i -  
n e r a l s  i n  'Ilongonan (Big. ), wi th  a d e f i n i t e  
p a r a l l e l i s m  and consangi i in i ty  between .the c a l c-  
s i l i c a t e  a l t e r a t i o n  zones and opaque minera l  
zones ;  t h e s e  al.so appear  t o  be teiilperature de- 
pendent ,  

C l a  zone. P y r i t e  domina.tes t h e  opaques which 

zones.  Here, mafic s i l i c a ' t e s  a r e  weakly a l t e r -  
ed t o  p y r i t e ,  magnet i te ,  c h a l c o p y r i t e ,  r u t i l e ,  
and heii iat i te .  The .roluine of  opaque 1nineral.8 i n  
t h e  i l l i - t o - s i n e c t i t e  sub-zone remains c o n s t a n t  
a t  l e s s  t han  2 volume p e r  c e n t ;  t r a c e  ga l ena  
and p y r r h o t i t e  i n c l u s i o n s  I n  p y r i t e  appear f o r  
t h e  f i rs t  time. Chalcopyr i te  i n c r e a s e s  s l i g h t -  
l y  n h l l e  p y r i t e  s b i l l  doniinateo t h i o  sub-zone. 

+ s e  doin exceed 1 voluiiie p e r  c e n t  i n  t h e  c l a y  

q E o y l i t i c  zone. Trace s p h a l e r i t e  f irst  appears: 
he propylific zone; t h e  opaques here range 

froin 2-7 volume p e r  cen t ,  averaging 2-52. Py- 
r i t e  dominates t h e  opaques and occurs  wi th  ru-  
t i l e ,  leucoxene, cha lcopyr i t e ,  ga lena ,  magnet- 
i t e  and ovoid i n c l u s i o n s  of magnetike and t i t a -  
nomagneti te.  Galena was n o t  i d e n t i f i e d  i n  sam- 
p l e s  from we l l s  209, NN-1 o r  MG-I and spha le r-  
i t e  was a b s e n t  from sporad ic  samples c o l l e c t e d  
from w e l l s  MH-I and 405. 

- 
6 

- 
1 .0  

1 .51  

0.55 

- 
- 

90.9: 

T 
0.97 1.014 

0 .46  0.59 

0.37 0 . 3 9  

- - 
0 .49  0 . 5 7  

34.58 95 .23  

rormula 

TI A 1  cr Hn v 

0.10 0.18 0 . 0  0 .02  ' 0.01 

0.06 0.47 0.00 0.04 0 .00  

0.00 0.01 0.00 0 .01  0.01 

0 .01  0.04 0.00 0 . 0 0  0.00 

0.01 0 .00  0.00 0.00 0.01 

0.05 0.05 0.00 0 . 0 0  0 . 0 1  

0 .01  0.04 0.00 0 .02  0 .01  

0.02 0.05 0 .00  0 . 0 1  0.01 

1 . 1 1  0 .02  0.00 0.01 0 .01  

0.01 0.04 0.00 0.01 0 .01  

Hematite sub-zones. 

Ileinatite occurrence  falls in t o  t h r e e  ca t egor-  
i e s ,  v i z :  
1 )  w i t h i n  a c i d  a l t e r a t i o n  zones- t h e  opaques 
wi th in  this zone comprise 3-15 volume p e r  c e n t  
and accoinpanied by a l o c a l  i n c r e a s e  i n  chalco-  
p y r i t e  con ten t .  The f l trong a s s o c i a t i o n  o f  ga-  
l e n a  wi th  hemat i te  i n  t h e  advanced a r g . i l l i c  
asaemblages is conspicuous i n  we l l  408. 
2 )  montmorillonite-cristobalite sub-zone - 
hemat i te  c o n s l s , t e n t l y  occur s  a t  t h i s  l e v e l  i n  
weakly a l t e r e d  rocks  c o n t a i n i n g  c r i a t o b a l i t e ,  
s inect i te ,  p y r i t e ,  c a l c i t e ,  a n k e r i t e  and k a o l i -  
n i t e ,  Pyr i te .  doiiiinates t h e  opaques i n  t h i s  
zone. 

Jupper Malittiog w e l l s .  Opacjues range  from 3-5 
volume pe r  cen-t and c o n t a i n  hemat i te .  Galena 
occurs  i n  .the Iieiiiat.lte sub-zone i n  we l l  505D. 
Ileinat i -t e appears  con 8 is t e n t 1 y t h r o  ugh0 u t we 11 
1411-1 where t h e  opaques comprise l e s s  than  2 
volume p e r  c e n t  aiid t h e s e  do n o t  c o n t a i n  g a l e-  
na.  The pauci.ty of s u l p h i d e s  i i i  t h i s  w e l l  is 
accompanied by t h e  absence of  p y r r h o t i t e  in- 
c l u s i o n s  i n  t h e  p y r i t e  .in c o n t r a s t  t o  those  
of  w e l l  505D. 

) f o s s i l  a l t e r a t i o n  zone - p a r t i c u l a r l y  i n  t h e  

IC- sil icate zone, 
f.lagnefIte occurrences  are more c l o s e l y  r e l a t e d  
t o  a) K- s i l i c a t e  zona and b) i n t r a s ive ' con-  
t a c - t s l  , i n c l u d i n g  p e r i p h e r a l  a r e a s  of dyke i n -  
t r u s i o n n .  The 1:- silicate zone con ta ins  f i n e l y  
d isseminated  and ve in  magneti te,  p y r i t e ,  r u t i l e ,  
pyrrhoti.L;e, cha lcopyr i t e ,  rare heiiiati te  and 
galena .  The preponderance o f  magneti te over  
p y r i t e  i n  t h i s  zone is accompanied by a de- 
c rease  of  . the opaqiren i n  t h e  lower transition 
zone and on t h e  carapace of  t h 8 , p l u t o n .  

I l a l c ~  t remol i - te  sub-zone 
'I'alc has only  been I d o n f i f i e d  .in t l i rce we l l s :  
401, 402 and 4.04; it iiiay a l s o  be preflent i n  i 
108. A n  i n t e r e s t i n c  and unusual  f e a t u r e  of t h e  
t a l c  zone in t h e  s t r o n g  base  me ta l  mine ra l i s a t -  
;.on a s s o c i a t e d  wi th  i t .The  t a l c  base metal  
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a s s o c i a t i o n  occu r s  w i th in  propyl i -Lic  assembl-  
ages excep t  i n  w l l  4.02 which ,is an a c i d  and 
per iphera l .  ne 11. P y r i t e  s - t i l l  do inha t ea  -the 
opaques .in t h i s  zone and is accompanied by 
ga l ena ,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  r u t i l e ,  
p y r r h o . t i t e  and,  r a r e  ma.rcasi te .  

The l a t e r a l  e x t e n t  and d i s . t r i b u t i o n  of t h e  
s u l p h i d e s  r e f l e c t  r e l a t i v e  permeabi l i -Lies  i n  
the h o s t  rocks  and t h e  .geometry of t h e  thermal  
r e s e r v o i r .  Hydraul ic  f r a c t u r i n g  and t e c t o n i c  
movements, p a r t i c u l a r l y  a long  the  s p l a y s  o f  t h e  
I ' h i l i pp ine  F a u l t  a r e  thought  t o  be r e s p o n s i b l e  
f o r  i n t e n s e  f r a c t u r i n g  and b r e c c i a t i o n  - i n-  
f e r r e d  mechanisms f o r  p r e s s u r e  r e l e a s e  w i t h i n  
i s o l a t e d  f l u i d  pockets  i n  t h e  r e s e r v o i r  which 
i n i t i a t e d  b o i l i n g  and subsequent  p r e c i p i t a t i o n  
o f  meta l  su lph ides ,  q u a r t z  a i d  K-feldspar.The 
f a c t o r s  a f f e c t i n g  and physico-chemical  cond i t-  
ions  of a1 , t e r a t i on  and m i n e r a l i s a - t i o n  i n  Tongo- 
nan w.il1 be d i s c u s s e d  i n  'another pape r .  

The Tongonan hydrothermal f l u i d s  a r e  up t o  2 
o r d e r s  o f  magnitude u n d e r s a t u r a t e d  wi th  I r e s p e c t  
t o  the  base-metals  which appea r  t o  have p r e c i -  

i t a t e d  i n  t h e  r e s e r v o i r  r o c k s  as s u l p h i d e s  'i Arevalo, 1905). These f l u i d s  curren.Lly d e p o s i t  
a s i g n i f i c a n t  amount (10,000 ppm t o t a l  Cu, Yb, 
Zn) of  base-metals  w i t h i n  an  amorphous s i l i c a  
base i n  a r t i f i c i a l .  d r a i n s  and channels .  .4 va- 
r i e t y  o f  opque mine ra l s  o c c u r  i n  t h e s e  s c a l e s .  
The i r  t e x t u r e s  c l o s e l y  compare w i th  advanced 
a r g i l l i c / s u p r a  porphyry b r e c c i a  bod ie s ;  such  
t e x t u r e s  a r e  appa ren t ly  p re se rved  i n  n a t u r e  as 
they  a r e  appa ren t ly  preserved  i n  n a t u r e  as they 
a r e  observed i n  some hydrothernial  o r e  d e p o s i t s .  

The r e s u l t s  o f  t h i s  s -tudy demonst ra te  t h a t  To- 
ngonan i s  an ac'Live meta l  d e p o s i t i n g  system. 
The m e t a l l i f e r o u s  p r e c i p i t a t e s (  d i s cus sed  i n  a 
s e p a r a t e  paper)  f u r t h e r  demonstra.te t he  a b i l i -  
t y  of  t h e  Tongonan waters  t o  t r anspor - t  and de-  
p o s i t  ba se  and p r e c i o u s  me ta l s ,  

Th i s  paper  is  a condensed v e r s i o n  'of  R c h a p t e r  
on opaque mine ra l s  from my k l .  Sc. t h e s i s ,  I 
w i s h '  t o  thank D r s .  I1.W. Kobe, P.  11. TJ. Browne 
and D. A .  Weigel Tor t h e i r  a s s i s t a n c e  i n  va- 
r i o u s  a s p e c t s  o f  , t h i s  r e sea rch .  Miss A . O .  Reyes 
'walk ing  encyc loped ia ' o f  P h i l i p p i n e  hydrother-  
mal mine ra l s  a s s i s t e d  i n  pe t rog raph ic  work and 
provided background i n  . the minera logy o f  o t h e r  

' Tongonan w e l l s .  

Access t o  t e c h n i c a l  r e p o r t s  and c o r e s  and c u t-  
t i n g s  vas  generous ly  g iven  by t h e  Ph i l i pp ine .  
N a t i o n a l  O i l  Company - Energy Development Cor- 
p o r a t i o n  through K R l l A  Tatd. ; PWOC-'EDC ' s permis-  
s i o n  t o  p u b l i s h  t h i s  pape r  i s  g r a t e f u l l y  ac-  
knowledged. 
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