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INTRODUCTION 

Rut i le ,   i lmeni te ,   and ,   to  a lesser degree,   sphene  are  the most common 
minerals  of  t i tanium. Among these   mine ra l s ,   r u t i l e  i s  t h e   p r e f e r r e d  raw 
material   for  manufacturing  t i tanium  dioxide pigment  and i s ;  p r a c t i c a l l y  
e s s e n t i a l   f o r  making t i tanium  metal ,  which is heavily  used i n  t h e  
aerospace  industry.   Recent  studies on a l t e rna t ive   sou rcee  of t i tanium i n  
t he   Un i t ed   S t a t e s   ( fo r  example,  Force,  1976;  Force et al... 1979; 
Llewellyn  and  Sullivan,  1980)  suggest  that   porphyry  deposj-ts  are 
p o t e n t i a l   h o s t s  of t i t an ium  minera ls   as  a by-product. To a s s e s s   t h e  
t i t a n i u m   p o t e n t i a l  of s i m i l a r   d e p o s i t s   i n   B r i t i s h  Columbia, a systelnatic 
examination of t a i l i n g s  from  porphyry-type  mines was i n i t : t a t e d   i n  t h e  
€ a l l  of 1982. Fourteen  mines were chosen f o r  an  exploratory  s tudy  that  

mineralogical   s tudy of s e l ec t ed  high-ti tanium samples by X-ray 
involved  chemical  determination of t i t a n i a   f o r  t h e  whole sample s u i t e ,  

d i f f r ac t ion ,   and   l imi t ed  work on mineral  separation  and  recovery.  'The 
main purposes of t h e   s t u d y   a r e   t o   i d e n t i f y   d e p o s i t s  of p o t e n t i a l  interest 
and to   sugges t   a r eas   and  methods  of fur ther   s tudy  where appropriate .  

RESULT AND INTERPRETATION 

Table 1 l i s ts  r e s u l t s  of t i t an ia   ana lyses ,   main ly  by an  emission 
spectrographic  method from t h r e e  main groups of porphyry  deposits, namely 
( A )  calc-alkaline  suite  porphyry  copper  deposits,  (8) a l k a l i n e  suitme 
porphyry  copper  deposits,  and ( C )  porphyry molybdenum depos i t s  
( ca l c -a lka l ine ) .  The Equi ty   Si lver   deposi t  shows a d i f f e r e n t   s t y l e  of 
minera l iza t ion  compared t o   t h e   p r e v i o u s l y  mentioned  deposits; it is 
therefore l i s t ed  sepa ra t e ly  as Group D. From t h e  table ,  j . t  is  evident  
that   calc-alkaline  porphyry  deposits  (Groups A and C )  a r e  lower i n  
t i t a n i a   t h a n   t h e   a l k a l i n e   d e p o s i t s  (Group B )  while   Fqui ty   Si lver  (G:coup 
D )  con ta ins   t he  most t i t a n i a  among the  four  groups.   Using  an  arbit .rary 
cutoff   value  of  0.50 per   cen t  T i 0 2 ,  selected  samples  from  promising 
depos i t s  i n  each  group  were  examined i n  more de t a i l ,   bo th   ana ly t i ca l ly  
and mineralogical ly .  The f ind ings   a r e  summarized i n  the   fo l lowing .  

CALC-ALKALINE SUITE PORPHYRY COPPER DEPOSITS 

Bell Copper 

Chemical analyses  by atomic  absorpt ion  sepctroscopy  indicate   that  
t i t an ium i n  t h e  10 samples  from  the  deposit  range  from  0.39 t o  0.73 per  
cent   wi th  a n  average  of  0.55t0.09  per c e n t  TiOZ.  The major mineral  
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constituents  of  the  most  titanium-rich  sample (0.73 per  cent  TiO2)  are, 

muscovite 610 weight  per  cent),  K-feldspar,  chlorite  with  or  without 
in  order  of  decreasing  abundance,  plagioclase,  quartz,  mica  (biotite + 

kaolinite,  dolomite,  siderite,  pyrite,  hematite,  and  calcite.  Another 
sample  with  similar  mineralogy  hut  about  half  as  much  mica  yielded 0.60 
per  cent  Ti02,  indicating  that  the  biotite  is  probably  titaniferous. 
However,  using  the  upper  limits of titania  content of various  minerals 
listed  in  Table 2 and  assuming  that  the  first  sample  contains  2  weight 
per  cent  chlorite, 10 weight  per  cent  biotite,  and 0.5 weight  per  cent 

per  cent:  therefore  about 0.2 per  cent  of  finely  disseminated  rutile is 
magnetite,  a  mass  balance  calculation  accounts  for  titania  content  of 0.5 

recoverable. 
suspected to he  present.  This  amount  of  rutile  is,  however,  not  readily 

TITANIA CONTENT OF Comc*c TITANIW-CONTAINING MINERALS 
TABLE 2 

(Data source: Deer. 1966) 

YIneral 
Nan*) Form I a 

Rutlle 
Anatase 

Leucoxenel 
Sphene CaT10(S104) 

Ulvosplnel 
Ilrrenlte FeT I Oj 

Magnet I te 
FeT104 

Blotlte 
Hornblende 

K(Mg, Fe)3(AIS130,0)(OH)2 

Cllncpyroxene (Ca,Na)(Mg,Fe,AI)(SI,Al*)O6 
( N a , C a ) ~ - 3 ( M g , F e , A l ) ~ S l ~ ( S I , A l ) ~ O ~ ~ ( O H ) ~  

Chlorlte (Mg,AI,Fe)l21(Sf,AI)~O~ol(OH)1~ 

NOTES: 

1102 
T102 

TIOZ 
(+ brooklte) 

(tltanlte) 

Fe304 

per c e n t  

100 
100 

100 

1102 

40.8 

52.65 

<1.5 
35.1 

<5 
0.03-7.12, general l y  <2** 
0.04-1.18, generally <0.8** 
0.00-0.88, generally <0.35** 

'Leucoxene Is normally tlnely crystalllne rutlle (Deer, 1966). However, the sa183 term 
has been loosely used elsewhere to Include a mlxture conslstlng mostly of rutlle and 
partly of anatase or sphene (Glossary of Gaology, Amerlcan Geofoglcal Institute) and 
amorphcus tltanlum dfoxlde (Kerr. 1959, p. 196). I n  thls report, the tlrst deflnltlon 
Is adopted. 

**Value used In the m s s  balance calculatlons unless othewlse stated. 

A sub-sample  was  taken  and  the 80 to 100 mesh  portion  used  for  further 

mesh, 9.9 per  cent 80 to 100 mesh,  and 35.8 per  cent < l o 0  mesh: 1.15 
testing.  This  sub-sample  has a size  distribution  of 54.2 per  cent >80 

weight  per  cent  of  the  sub-sample  has  a  specific  gravity  exceeding 3 .3 .  
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This heavy f r a c t i o n   c o n s i s t s  mainly of pyr i te   wi th   l esser   h ,?mat i te  and 
minor  amounts of magnetite,   siderite,   dolomite,   mica,   K-f&ispar,  and 
quar tz .  N o  r u t i l e  was detected.  Although  K-feldspar  might  have masked 

per   cen t  T i 0 2  i n  t he   l i gh t   E rac t ion  (S.G. <3.3)  argues  against  any 
i t s  s t r o n g e s t   r e f l e c t i o n  peak i n  the  diffractograrn,   the   det(sct ion of  0.73 

s ign i f i can t   concen t r a t ion  of t i t a n i a  i n  t h e  heavy f r a c t i o n .  

charac te r ized  by 0.79 per   cen t  T i O Z ,  i n d i c a t i n g   t h a t   r u t i l e ,   i f  
Inc iden ta l ly ,   t he  minus  100 mesh por t ion  of t h e  suh-sample is 

p resen t ,  i s  s l igh t ly   en r i ched  i n  t h e  f i n e s t  port ion.   Unfortunately,  

heavy l iqu ids   and   l ack   o f   f ac i l i t y   fo r   a l t e rna t ive  methods (of separa t ion  
surface  tension  problems  encountered i n  mineral   separat ion  involving 

ava i l ab le  i n  the   l abora tory   p revented   de ta i led   ana lyses   o f   the   f ine  
f r ac t ion .  

Granisle 

Atomic absorp t ion   ana lys i s  of t h e   e i g h t   t a i l i n g  samples gavss a range  of 

mineral  components a re   qua r t z ,   p l ag ioc la se ,  and b i o t i t e ;  minor t o  
0.44 t o  0.88  per  cent  and a mean of 0.6920.14 per   cen t  T i 0 2 .  The major 

accessory  phases  identified  include  muscovite,   K-feldspar,   'chlorite,  
ca l c i t e ,   magne t i t e ,   py r i t e ,  gypsum, apa t i te ,   and   hemat i te .  The 80 t o  100 
mesh s i z e   f r a c t i o n  of a sample  with  0.75  per  cent T i O Z  was ,separated 
i n t o  two port ions  using  heavy  l iquids .  The heavy po r t ion  (i3.G. >3.3) ,  
which  makes  up only 1.8 per   cen t  of t h e  sub-sample,  contains a small 
amount of marcas i te ,   cha lcopyr i te ,  and nolybdeni te  i n  a d d i t i o n   t o   t h e  
minerals  mentioned  previously. The t i t a n i a   c o n t e n t  of this heavy  portion 

por t ion  (S.G. <3.3).  Whereas r u t i l e  has   no t   been   pos i t ive l?  i d e n t i f i e d  
i s  1.26 per   cen t ,   cons iderahly  higher  than  the 0.73 per   cen t  of t h e   l i g h t  

i n  e i ther ,   the   mineralogy of various  sub-samples  and a mass balance 
c a l c u l a t i o n   s i m i l a r   t o   t h a t  done f o r  B e l l  Copper sugges t   th ,3 t   the  
o r i g i n a l  sample  might  contain up t o  0.4 pe r  c e n t  f r ee   ru t i l l ? .  The 
b i o t i t e  is ,  a g a i n ,   l i k e l y   t o  be s l i g h t l y   t i t a n i f e r o u s .  

Island Copper 

The mineral  components of t h e   s i x  samples  from  the  deposit  :include 
qua r t z ,   p l ag ioc la se ,   ch lo r i t e ,   c a l c i t e ,   muscov i t e ,   and  mino:c amounts of 
pyrite,   magnetite,   laumonite  with  or  without  pyrophylli te,  ;amphibole,  and 
r u t i l e .  The s i z e   d i s t r i b u t i o n  and t i t a n i a   c o n t e n t s   o f  a composite  sample 
a r e   l i s t e d  i n  Table 3. A heavy l iqu id   separa t ion   of   the  80 t o  100-mesh 
s i z e   f r a c t i o n  of a l a r g e r  composite sample  yielded 0.82 weiqht  per  cent 
of mater ia l   wi th  S.G. exceeding 3.3. Minera ls   ident i f ied  from t h i s  heavy 
f r ac t ion   a r e   py r i t e ,   magne t i t e ,  and  minor  amounts  of q u a r t z ,   c h l o r i t e ,  
cha lcopyr i te ,   molybdeni te ,   mica ,   p lag ioc lase ,   and   ru t i le .  The 
p redomina t ing   l i gh t   f r ac t ion  (S.G. (3.31 still conta ins  0.6'5 per c e n t  
T i O 2 .  It is  e s t i m a t e d   t h a t   t h e   o r i g i n a l  sample  might  conta.in  0.45  per 
c e n t   r u t i l e .  
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DISTRIBUTION OF TI02 I N  VARIOUS SIZE-FRACTIONS (WEIGHT I I N  
TABLE 3 

BRACKETS) OF TAILINOS FRCU sELEcTm WRPHVRY DEPOSITS 

T l t a n l a  Analyses (I) 

Daposlt Naa Ssnpla >lo0 m h  100-250 msh <Z50 a h  
Bulk 

A. Is land Copper 0.64  0.61 (18.4) 0.62  (27.5)  0.67  (54.1) 
B. Ingarbel le  
C. K l t s a u l t  

0.73 0.66  (25.2) 0.68  (31.4) 0.81  (43.4) 

0. Equl ty  Silver 1.25 1.22  (16.4) 1.25 (39.1) 1.27 (44.5) 
0.67 0.61 (34.7) 0.62  (29.0) 0.75 (36.3) 

ALKALINE SUITE PORPHYRY DEPOSITS 

Afton 

Analyses of eight  tailing  samples  by  atomic  absorption  spectroscopy show 
a  range  of  0.60 to 0.75  per  cent  TiOZ  and  an  arithmetic  mean  of 
0.7020.05 per  cent  titania.  The  tailings  consist  of  plagioclase,  quartz, 

minor  amounts of biotite  and  muscovite),  ankerite,  native  copper, 
K-feldspar,  calcite,  chlorite,  hematite,  magnetite,  mica  (illite  and 

chalcocite  with or  without  epidote,  clinopyroxene,  and  apatite.  In 
addition,  sphene  occurs  in  many  thin  sections  cut  from  specimens 

analyses  on  magnetite  (Cann, 1979) and  silicate  minerals  (Kwong,  1980, 
collected  from  the  deposit  and  its  vicinity.  Electron  microprobe 

content:  magnetite  0.03 to 3.37 per  cent;  biotite, 5.37 to 6.83  per cent; 
unpublished  data)  from the deposit  give  the  following  data on titania 

chlorite, 0.04 to 0.23 per  cent;  and  epidote, 0.01 to 0.02 per  cent. 
clinopyroxene,  0.35  per cent;  hornblende, 2.65 to 3.10  per cent; 

Based on these  data  and  mineralogical  analyses  of  various  size  and 
gravity  fractions  of  a  composite  sample,  it  is  concluded  that  the  bulk  of 
titania  in  the  tailings  is  locked up  in  these  minerals  and  sphene.  Free 
rutile  is  estimated  to  be  approximately 0.1 per  cent. 

Granby 

The  two  samples  collected  outside  of  Princeton  from  the  old  Granby  mines' 
operation  yielded 0.57  and  0.69  per  cent Ti02  respectively.  The  sample 
with  higher  titania  was  found  to  consist  of  plagioclase,  K-feldspar, 
biotite,  quartz,  clinopyroxene,  chlorite,  calcite,  and  minor  amounts  of 
hornblende,  magnetite,  and  pyrite  with  or  without  ilmenite.  The  heavy 
fraction  from  the 80 to 100  mesh  fraction  of  a  subsample  contains 1.2 
weight  per  cent  of  the  sample.  This  heavy  mineral  separate  contains  5.97 
per  cent  Ti02  and  consists  of  clinopyroxene,  magnetite,  sphene (5 to 8 
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per   cen t ) ,   py r i t e ,  and  minor  amounts of i lmenite  (about 2 per  c e n t ) ,  

b iot i te ,   hornblende,  and epidote  and  rare  K-feldspar.  Titanium  minerals 
cha lcopyr i t e ,   r u t i l e   ( abou t  2 per c e n t ) ,  ch lo r i t e ,   p l ag ioc la se ,   qua r t z ,  

read i ly   account   for   the   t i t an ia   conten t  of the  bulk  sample. However, t h e  
re la t ive ly   h igh   concent ra t ion  of t i t a n i a   i n   t h e  heavy separate  accounts 
for  only  about 10 per  cent of t h e   t o t a l   t i t a n i a   c o n t e n t  of t h e   s i z e  
f ract ion  analysed.  The rest is probably  incorporated  in  very 
f ine-gra ined   t i t an ium  minera ls   tha t  are assoc ia ted   c lose ly   wi th   l igh ter  
gra ins   tha t   escaped   separa t ion .  

Nesrmont 

S i n c e   t a i l i n g s  from the  Ingerbel le   orebody are s ign i f i can t ly   h ighe r  i.n 
t i t a n i a   t h a n   t h o s e  from t h e  Copper  Mountain  orebody,  only  selected 
Ingerbel le   samples   were  invest igated  in  more de ta i l .   Minera logica l ly ,  

or  without  minor  muscovite, c a l c i t e ,   p r e h n i t e ,  gypsum, qua r t z ,  
the  prominent  components  are p l ag ioc la se ,   aug i t e ,   ch lo r i t e ,   b io t i t e   w i th  

K-feldspar,   magnetite,   and  pyrite  with uncommon epidote,  sphene,  and 
ilmenite. The s i z e  d i s t r i b u t i o n  of a sample with 0.73 per cent  TiOZ,,  
t oge the r   w i th   t he   t i t an i a   con ten t  of t he   va r ious   f r ac t ions ,  is l i s t e d   i n  
Table 3. Among the   s ix   samples  examined, v a r i a t i o n   i n  t i t a n i a  content 

magnet i te ,   b io t i te ,   and ,   to  a lesser degree,   augite.   Material  from t h e  
appears t o  depend on t h e  abundance  and/or  presence  of  sphene,  ilmenite, 

with 0.59 per  cent T i 0 2  is void of d e t e c t a b l e   r u t i l e ,  ilmenite, and 
60 t o  8 0  mesh f rac t ion   wi th  S.G. grea ter   than  3 .3  separated  from a sample 

sphene. The t i t a n i a   i n   t h e  sample probably  occurs in   b io t i t e ,   magne t i t e ,  
and  possibly  augite.  A s  a t  Afton, rutile does  not seem t o  occur   in  
recoverable amounts. 

PORPHYRY MOLYBDENUM DEPOSITS 

Kitsault 

Minerals  determined i n   t h e   f o u r  samples of the  deposi t   include  quartn,  
K-feldspar, p lag ioc lase ,  mica (muscov i t e>>b io t i t e ) ,   ch lo r i t e ,   c a l c i t e ,  
dolomite,  and trace amounts  of  amphibole, a p a t i t e ,  and  molybdenite. The 
t i t a n i a   c o n t e n t s  of va r ious   s i ze   f r ac t ions  of a sample w i t k .  0.67 per  cent 
T iOZ a r e  shown i n  Table 3 .  The heavy  portion  of  the 60 t o  100 mesh 

weight per cent of material .   This  heavy  separate  consists  mainly of 
f r a c t i o n  of a composite  sample  with 0 . 6 3  per  cent T i 0 2  yiel.ded 0.9 

pyr rhot i te   wi th   o r   wi thout   cha lcopyr i te .  The l igh t   por t ion .  (S.G. < 3 . . 3 )  
p y r i t e ,  some quartz  and  K-feldspar,  and  minor  amounts  of  molybdenite  and 

p l ag ioc la se ,   l e s se r  amounts of mica (mainly  muscovite), calcite, 
conta ins  0.57 per   cen t  T i O Z  and c o n s i s t s  of quartz,   K-feldspar,  

ch lo r i t e ,   and   t r ace  amounts  of p y r i t e  and  dolomite.  Since no prominent 
t i t a n i u m  host  minerals  have  been  detected, it is  sugges ted   tha t  T i 0 2  i n  
the  composite  sample  occurs  mainly  as  minute,  finely  dispersed  grains  of 
ru t i le .   Unfor tuna te ly   the   re f lec t ion   peaks  of r u t i l e   a r e  masked by those 
of  K-feldspar i n  X-ray diffractograms so th is   conc lus ion  ca.nnot  be 
confirmed. 
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OTHER DEPOSITS 

Equity Silver 

A sample  of t h e  Main zone f i n a l  t a i l i n g s  from t h e   p i l o t   p l a n t  was 

which  gave  1.25  and 1.20 per cent  T i 0 2  respec t ive ly .  The t i t a n i a  
reanalysed by X-ray f luorescence (XRF) and  atomic  absorption  methods 

contents  of var ious s i ze  f r a c t i o n s   a c c o r d i n g   t o  XRF ana lyses   a re  shown i n  
Table 3. Minera ls   ident i f ied   f rom  ind iv idua l   f rac t ions   inc lude   quar tz ,  
muscovite  with some i l l i te ,  p lag ioc lase ,   ch lor i te ,   do lomi te ,  calcite with 
or  without  chalcopyrite,   magnetite,   K-feldspar,   and  minor amounts  of 

Magnetite is absent i n  a composite  sample made up  of three samples  from 
r u t i l e  and sphene, a s  well a s   p y r i t e ,   a r s e n o p y r i t e ,  and  galena. 

t h e   f l o t a t i o n   t a i l i n g s  of the  Southern  Tai l  zone. The heavy  portion of 
t h e  60 t o  100 mesh f r a c t i o n  of t h i s  composite  consists  mainly  of  pyrite 
with  small  amounts  of  arsenopyrite  and  quartz. The l i g h t   p o r t i o n  makes 
up 97.5 weight per cen t  of t h e   s i z e   f r a c t i o n  and  contains 0.99 per  cent 
T iOZ.  Its mineralogical  composition is charac te r ized  by quar tz ,  
muscovite  with some i l l i t e ,  plagioclase,   and  t race amounts of p y r i t e ,  

t i t a n i a  may be  locked up in   magnet i te   and   ch lor i te  i n  t h e  Main zone 
a r senopyr i t e ,   r u t i l e ,   ch lo r i t e ,  and kao l in i t e .  Although  minor  amounts of 

t a i l i n g s ,   r u t i l e  is be l ieved   to   account   €or   the   g rea te r   p ropor t ion  of the  
conta ined   t i t an ia .  

DISCUSSION AND CONCLUSION 

Limited by t h e   f a c i l i t i e s   a v a i l a b l e  and t h e   s e n s i t i v i t i e s  of   the 
instruments  used, some of the  data  presented  above are semi-quant i ta t ive 
in  nature.   For  example,   in  the  mineralogical  analyses,  mine ra l s  p resent  
i n  amounts less than 2 per cent   general ly   could  not   he  ident i f ied 
posi t ively.   Pre-concentrat ion  techniques  ( for   example,  by panning or 
heavy l iqu id   separa t ion)   can   a id   de tec t ion   of   minera ls .  However, where 

must  be  assessed  from  indirect   evidence.  In t h e   p r e s e n t  case, es t imat ion  
i n t e r f e r e n c e   i n  X-ray d i f f r a c t i o n  patterns occurs,  mineral  ahundances 

Nonetheless ,   the   apparent   consis tency  of   data   within  each  group  a l lows 
of r u t i l e  occurring  together  with  K-feldspar i s  p a r t i c u l a r l y   d i f f i c u l t .  

v a l i d  comments t o  be made on t h e  form  and  abundance  of t i t a n i f e r o u s  
m i n e r a l s   i n   t h e   t a i l i n g s  and on t h e   f e a s i b i l i t y  of recovering  these 
minerals   as  a viable  by-product. 

Alkaline  porphyry  deposits  contain more t i t a n i a   t h a n   c a l c - a l k a l i n e   s u i t e  
depos i t s .   In   these   a lka l ic   depos i t s ,  however,  most t i t a n i a  is 
i n c o r p o r a t e d   i n   s i l i c a t e s   l i k e   b i o t i t e  and  hornblende  and i n  less 
desirable   t i tanium  minerals   l ike  sphene  and  i lmeni te .  In c o n t r a s t ,  most 
of the  deposi ts   in   the  calc-alkal ine  category  appear   to   have more than 

by electron  microprobe  analysis) .  Among the  remaining  calc-alkal ine 
half  of t h e i r   t i t a n i a   c o n t e n t   i n   r u t i l e  (which  should  easily  be  confirmed 

reported i n  Bethlehem,  Highmont,  Brenda,  and Boss Mountain (Drummond and 
deposi ts ,  which  have less than 0.50 per c e n t   t i t a n i a ,   r u t i l e   h a s  heen 

Godwin, 1976). 
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From  examination  of  tailings  from  the  eight deposits  described  above,  it 

pyrite/magnetite  and  muscovite/biotite  than those  of  the  alkali  suite. 
is evident  that  calc-alkaline  suite  samples have  higher  rat.ios  of 

This  observation,  together  with  the  differences  in  titanium  mineralogy, 
supports  the  contention  that  rutile in  these  deposits  derives  mainly  from 
the  sulfidation  of  mafic  minerals  during  hydrothermal  alter,stion  (Force, 

alteration  zone.  In  contrast,  rutile in porphyry  copper  deposits  of  the 
1 9 7 6 ) .  It  also  suggests  that  rutile  is  enriched in  the  phyllic 

southwestern  United  States  is  prominent  in  propylitic  and  argillic  zo'nes 
(Creasey, 1966) and  less  commonly  in  the  potassic  zone  (For'ce, 1976).  

Wore  assessment  is  needed  to  evaluate  the  feasibility  of  recovering  the 

fractions  of  tailing  samples  from  four  of  the  deposits  (one  from  each. 
titanium  minerals.  Table 3 shows  the  titania  content  of  various  size 

group)  where  rutile  appears  to  be  the  dominating  titaniferous  species. 
Whereas  in  each of  these  cases,  the  differences  in  titania  are  well 
within  experimental  error,  the  finer  grained  fractions  are  consistently 
higher in titania.  Heavy  liquid  mineral  separation  performed on the 60 

titanium  minerals. These  observations  suggest that  efficient recovery  of 
to 100 mesh  fraction of  most  samples  failed to significantly concentrate 

titanium  minerals  from  the  tailings  requires  an  optimum  grain  size of 
less  than  250  mesh.  Thus  for  many  tailings  regrinding  may  be  required 
and  only  deposits  with  relatively  high  titania  content  and  the  right 
titanium  ore  mineralogy  warrant  further  study.  In  the  group  of  depos,its 
examined,  only  Equity  Silver  apparently  meets  these  requirements. 

After  experimenting  with  several  beneficiation  methods on a  sample of 
porphyry  copper  mill  tailings  containing 0.75 per  cent  TiOZ,  Llewellyn 
and  Sullivan (1980)  concluded  that  flotation  was  the  most  promising 
technique  for  rutile  beneficiation.  Similar  experiments  with  tailinqs  of 
the  Equity  Silver  deposit  appear to be  a  logical  step  in  assessing  the 
feasibility  of  rutile  recovery  from  this  deposit. 

In conclusion,  whereas  calc-alkaline  porphyry  deposits  generally  cont.ain 
less  titania  than  alkaline  suite  deposits,  they  constitute  a  better 
potential  source of by-product  titanium  because  they  contain  rutile. 
Among  the 14 deposits  investigated in  this  study,  a  transitional  porphyry 
system  deposit  (Cyr,  et a l . ,  1984) ,  Equity  Silver,  shows  the 
highest  titania  content  (about 1 per  cent)  and  a  significant  amount  of 
rutile.  Flotation  testing  of  more  finely  ground  samples  is  a  further. 

this  deposit. 
necessary  step in assessment  of  the  feasibility  of  recovering  rutile  from 
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