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Abstract 

Ore zones, skarn, host rocks, and associated intrusions 

of twelve magnetite deposits were studied i n both f i e l d and laboratory 

to determine t h e i r mineralogical and geochemical c h a r a c t e r i s t i c s , o r i g i n 

of the i r o n , and factors c o n t r o l l i n g emplacement of iron-bearing minerals. 

Skarn i n the coastal B r i t i s h Columbia region i s composed 

mainly of garnet (andradite-gro33ularite.), pyroxene (diopside-hedenbergite), 

epidote, and magnetite. Conformity to the Mineralogical Phase Rule i s 

3trong evidence that equilibrium was attained during s k a r n i f i c a t i o n . 

Magnetite i s the major metallic mineral but chalcopyrite, p y r i t e , 

pyrrhotite, and arsenopyrite are l o c a l l y abundant. 

The temperature of i n t r u s i o n i s estimated to be i n the range 

900-8O0°U and s t a b i l i t y relations of coexisting minerals indicate a 

temperature.of 800-450^0 during s k a r n i f i c a t i o n . Trie pyrite-pyrrhotite 

geo thermometer applied to eight specimens shows that ore deposition 

took place within the temperature range 55Q-/iOO°C. The composition of 

arsenopyrite coexisting with pyrite and pyrrhotite i n one orebody indicates 

a confining pressure of 2600 * 10-J0 bars during ore formation. 

A majority oJ deposits have replaced volcanic rocks near a 

contact with limestone. Several orebodies have formed e n t i r e l y i n 

limestone or, r a r e l y , i n an adjacent intrusion. Stocks adjacent to the 

magnetite deposits are generally of intermediate composition but range 

from gabbro to quartz raonzoaite. Local folds and f a u l t s are important 

ohysical ore c >ntrols; the presence of limestone i s a Tfijor chemical 

control 

The immediate source of i r o n i n these deposits i s believed to 

be nearby intrusions. The ultimate source, however, i 3 very probably 

underlying volcanic roc :s which have been assimilated, i n part, by an 

advancing pluton. Iron i s considered to have been derived from plutona 
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adjacent to the orebodies and to have been carried to the s i t e s of 

deposition as aqueous s u p e r c r i t i c a l solutions of i r o n chloride. 

Magnetite was precipitated from the ore-forming f l u i d by an increase 

i n pH brought about by reaction with limestone. 

Changes i n the chemical and physical nature of the ore

forming f l u i d during ore deposition are discussed i n terms of temperature, 

density, pH, p a r t i a l pressures of oxygen and sulphur, and composition. 

Hydrothermal processes operative i n formation of the deposits were solvate 

apposition, metasomatism, and cavity f i l l i n g . 

The author proposes that the process by which skarn i s formed 

be called s k a r n i f i c a t i o n i . e . the replacement by, conversion into> or 

introduction of skarn. The terra would include a l l processes by which 

skarn may be formed such as contact met amor phi sm, contact metasomatism, 

or regional metamorphism. 
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constituent of epidote, water must be counted as an independent 

component. No carbonate minerals were formed during s k a r n i f i c a t i o n , 

i n d i c a t i n g that G0 2 remained v o l a t i l e during t h i s process. Neither 

i s there evidence indicating that perfectly mobile components 

(Thompson, 1955) were present during s k a r n i f i c a t i o n . 

Therefore, a t o t a l of seven independent components — — 

3 i 0 2 , GaO, (Fe,tti)0, HgO, PegO^, AI2O3, and H2O are the major 

constituents of skarn i n t h i s study* Seven components and four 

phases s a t i s f y the Mineralogical Phase Rule and supports the theory 

that chemical equilibrium was at least approached during s k a r n i f i c a t i o n . 

f u l f i l l m e n t of the above c r i t e r i a indicates only that 

equilibrium could have been obtained during metasomatism but does not 

prove that equilibrium d i d , i n f a c t , p r e v a i l . Further t e s t s , such as 

the d i s t r i b u t i o n of trace elements among coexisting skarn minerals 

(Kretz, I960), are required to show that equilibrium was attained during 

s k a r n i f i c a t i o n . 

SUMttfiX 

The magnetite orebodies were formed adjacent to plutons of 

intermediate composition i n response to chemical and physical changes 

i n the ore-forming f l u i d caused i n part by a decrease i n temperature. 

The immediate source of the i r o n i n contact raetasomatic deposits i s a 

nearby i n t r u s i o n . The ultimate source, however, i s very probably the 

Karmutsen volcanic rocks which, i n part, have been assimilated by an 

advancing pluton. The ore f l u i d that originated i n a nearby i n t r u s i o n 

as a d i l u t e aqueous s u p e r c r i t i c a l solution consisted mainly of i r o n 

chlorides with l e s s e r amounts of s i l i c a , magnesium, and aluminum. The 

i n i t i a l temperature of the solutions approximated that of the i n t r u s i o n 

(800-900°c). toveaent to the s i t e s of deposition was either along the 
intrusion-country rock contact, r e s u l t i n g i n deposits immediately 
adjacent to the stock, or along f a u l t s , resulting i n deposits several 
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hundred feet from the intrus i v e contact. Some orebodies may also have 

been formed by solutions migrating outward from the i n t r u s i o n along a 

contact between limestone and volcanic rocks. 

S k a r n i f i c a t i o n , which probably took place i n the temperature 

range 300-430°C, generally preceded the main stage of magnetite deposition. 

Conformity to the Mineraloglcal Phase riule i s strong evidence that 

equilibrium was attained during s k a r n i f i c a t i o n . Neutralization of i r o n 

chloride solutions by c a l c i t e resulted i n p r e c i p i t a t i o n of magnetite 

i n the temperature range 600-500*0. Ore f l u i d s , o r i g i n a l l y one phase, 

probably developed i n t o a two-phase system at lower temperatures. These 

f l u i d s increased i n pH by reaction with c a l c i t e u n t i l they reached at 

least 7.8, the minimum s t a b i l i t y pH of c a l c i t e . Magnetite f i r s t f i l l e d 

c a v i t i e s i n skarn and brecciated volcanic rocks; th«n d i f f u s i o n i n t o , 

and replacement of, volcanic rocks took place. Where the volume of 

host rock dissolved exceeded the volume of metasome deposited, c a v i t i e s 

were formed, some of which were l a t e r f i l l e d by magnetite or by post-

ore c a l c i t e and/or quarts. 

The most favourable s i t e s of deposition were along contacts 

between limestone and volcanic rock, p a r t i c u l a r l y where l o c a l f o l d i n g 

had brecciated the more b r i t t l e igneous rocks. Brecciated volcanic 

rock, r e l a t i v e l y more permeable to ore-forming f l u i d s and having a 

r e l a t i v e l y large surface area, was a p a r t i c u l a r l y favourable s i t e of 

ore deposition. 
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Contact effects in the country rook are most striking where motaaomatic 

deposits have formed} endonorphism of the pluton i s not as noticeable, 

A detailed study of the distribution of certain elements 

was made In the margins of the Coast Copper gabbro-diorite stock 

adjacent to the Empire Development Company deposits. This stock 

was selected because the contact Is locally well exposed, out crops are 

plentiful, and the rook appears fresh In hand specimen. Five-pounds 

of chip samples were collected at each of 22 stations at approximately 100 

foot intervals along two lines* These lines began at or near the 

contact of Coast Copper gabbro and Bonansa Group volcanic rooks and 

extended roughly perpendicular to this contact for several hundred feet 

toward the Interior of the intrusion. Kine samples were collected along 

Traverse "A* adjacent to the Merry Widow deposit} 13 samples were 

collected along Traverse *B* which was parallel to *A* but 1,000 feet 

farther south and remote from any known mineralised tone. The relations 

are shown in Figure J. The samples were analysed spectrographically for 

the ferride elements (Mn, V, T l , Ni, Co, Cr, Fe) sad for copper. Weight 

per cent magnetite in each sample was also determined and the results 

recalculated to weight per cent Iron* Thus a clear distinction was 

made between total iron (Fe^) and iron In magnetite (Fe,), Results of 

these analyses are given in Table 6* 

Taluss for T l , HI, and Cr are too inconsistent to attempt to 

correlate with distance from the contact. The method of least squares • 

was used to f i t a straight line to values for V, Mn, 
Mi 

Fa* and Cu. 

In both traverses the correlation coefficient for these elements was 

less than 0*5, Indicating that there i s no systematic change in the 

concentrations of those elements away from the contact. In fitting 

a straight line curve (y • a - bx) to values of total iron (Fefc), however, 

a correlation coefficient of 0.84 was obtained in Traverse *A* and 0.67 

in Traverse 'B1 (Fig. 4). The intercept in both traverses is 6.5% Fe t 
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but the slope* of the lines are small? 0.0017 In 'A* and 0.0021 in 

•3'. A statistical test (Student's "t" distribution) showed that 

such slopes are not significantly different from sero and therefore the 

average value of Pe^ does not vary significantly from 8.5% for distances 

up to 800 feet from the intrusive contact. This indicates that the iron, 

contained In the stock was not depleted toward the margins as might be * 

expected i f i t had supplied the iron. In addition, there is no 

significant difference in iron content of the stock adjacent to the 

Merry Widow deposit (Traverse 'A') as compared to a place remote from 

the iron deposit (Traverse *B*)> end this further suggests that 

magnetite of the stock i s genetically unrelated to magnetite of adjacent 

orebodies. 

Magnetite constitutes between 1 and U weight per cent of the 

Coast Copper gabbro in this area. It replaces auglte, the only other 

major iron-bearing mineral. Without further evidence there i s no way 

of knowing whether such magnetite formed as a late magmatio mineral from 

the melt which produced the gabbro or whether i t has replaced pyroxene 

as a result of a later period of iron metasomatism, such as that which 

formed the nearby Merry Widow and Kingfisher magnetite deposits. 

Magnetite in four samples from ths gabbro has a titanium content ranging 

from 5.6 to 8.4%. In contrast, one sample from the Kingfisher deposit 

contains no titanium and magnetite from another small deposit i n the area 

analysed 0.0074% Tl. The contrast in titanium content of accessory and 

ore magnetite suggests different conditions of formation. bidding ton 

et al. (195$) showed that Ti-rioh magnetites are characteristic of 

rooks formed directly from a molt at high temperature and that, in such 

eases, magnetite formed as a primary differentiate. Pegmatites, on 

the other hand, were shown by the same authors to carry EL-poor magnetite. 

It Is possible, therefore, that magnetite in the Coast Copper gabbro was 

produced as a late magmatio mineral and magnetite in the orebodies as a 

hydrothemjal mineral. 
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Table 6 

Spectrographic analyses of gabbro In Traverses ' i ' and ' B 1 . 

Ooast Copper stock. (Analyst, W.F. White, Geol. Survey, Oanada) 

Oist, Sample % % % % % % 
I 

% % Sample 
1 Go 

from number Mn 7 T l * Ni Co Gr F t Cu 

contact 
(feet) 

Traverse 
'A' 

55 1 0.12 0.042 1.6 NF 0.0043 0.004S 8.4 1.6 0.0064 

HQ 2 0.11 0.037 0.9$ i t 0|0035 <0.003 6.7 3,2 NF 

255 3 0.11 0.086 >2.0 ii j 0.0058 NF a . d 3.8 0.022 

340 4 0.16 0.092 >2.0 ti | 0.0072 " 11.1 5.9 0.015 

395 5 0.1? 0.068 >2.0 II NF 11.2 3.9 0.0069 

450 6 0.13 0.067 >2.0 II 

j | 0.0037 
| 

8.3 1.0 0.002 

610 0.15 0.044 2.0 I I j 0.0051 « 9.2 4,4 0.0050 

700 8 0.19 0.030 >2.0 it ! 0.0046 .1 10.4 3.6 0.0059 

7^0 9 0.20 0.016 ' 2 . 0 II NF j " 
j 

8,5 1.5 0.0058 

Traverse 
! 

i 

| i 
| 

» B * 

; t 
1 

1 

! 
15 1 0.17 0.048 1.8 NF 0.0050 

1 

|<0.003 \ 9.0 i 3.7 0.0050 

80 2 0.15 0.043 it NF NF ! 8.8 1 3 . 1 
j 

0.0039 

160 3 0.15 0.074 | >2.0 II \ 0.0068 : 0.0074 ; 10.8 
1 

1 7.2 0.016 

250 4 0.09S 0.041 j 1,0 it ; 0.0053 ;<o.oo3 6.4 i 3.3 
1 

NF 

325 5 0.12 0.049 ! ^2,0 
I 

it 1 0.0069 i 0.0071 
t 

9.0 ; 2.0 0.010 

390 6 0.15 
1 

0,058 ! 1.5 II i 0.0049 i 0.0031 
1 

j 3.7 ; 3.5 0.0029 

440 7 ! 0.17 0.072 I >2.0 
j 

0.013 1 NF t NF i 10.8 ' 5.7 0.0096 

540 8 0.15 0.067 | 1.9 NF 0.0057 
1 

11 j 7.6 4.6 0.0033 

600 9 0.20 0.084 ; 2.0 ,. j 0.uQ6l 11 112.7 ; 8.3 0.013 

680 10 0.11 0.050 : 1.4 II ; 0.0036 
i 

ti ! 7.6 4-0 NF 

740 11 ! 0.20 0.063 ; >2.0 II 

1 

0.0039 tt 1 
\ 12.2 

4.7 0.013 

820 12 : o . i7 0.033 ! >2.0 j o . 0 0 2 
j 

j 10.2 ; 3 .2 0.0042 

o70 13 ! 0,20 
i 
i 

0.040 1.6 II 

i I 
j0.0065 
i 1 

!; 8.5 11.8 0.0037 

a Values f o r Ti are 3 end-quantitative only. Upper l i m i t of mot bod 
approximately 2%, 



FIGURE 15 
Prescott Mine, Texada Island. Diagram showing chemical changes across a contact between quartz 
monzonlte and limestone. Zones correspond to those described in text, Tableif-, Composition of 
ore zone was calculated on the basis of 7 5 % magnetite, 2 5 % skarn. 
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Zone 4 - Unaltered Zone 

Thia i a the outermost zone and i s characterized by r e l a t i v e l y 

unaltered country rock, either quartz raonzonite or limestone. In quartz 

monzonite, pla^ioclase i s s l i g h t l y less c a l c i c (&147) than i n adjacent 

subzone 3(c). Unaltered orthoclase makes i t s f i ^ s t appearance and 

quartz i s much more abundant. Al t e r a t i o n i s confined to s l i g h t 

c h l o r i t i z a t i o n of mafio minerals; c h l o r i t e i s absent from subzone 3(c), 

Limestone i3 almost everywhere r e c r y s t a l l i s e d i n t h i s zone but i s otherwise 

unchanged. 

These zones are summarized below1 

Table 12 

Prescott mine. Texada Island.. General characteristics of zones 
developed within and around the orebody 

fofle I - Ore Zone 
magnetite; raagnetite-rich skarnJ sulphides. 

gaaa 2 - asaca fan* 

Subzone (a) garnet-rich skarn 

Subzone (b) epidote (or acoi n o l i t e ) f i r s t appears; 

sulphides increase l o c a l l y toward limestone 

Saas 2 - Amt«nftiro fam 

1. In g r a n i t i c rock 

Subzone (a) garnet-epidote skarn 

Subzone (b) epidote-rich skarn, no garnet; g r a n i t i c texture; 

plagioelase (or pseudomorphs) v i s i b l e . 

Subzone (b) appearance of quartz; rock i s recognizable as an 

altered i n t r u s i o n . 

2. In limestone 

Patchy development of skarn, p y r i t e , jasper. 

SeaeJt - Unaltered; Zone 

Fresh quarts monsonite or recryst a l i i zed limestone. 


