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GEOLOGY AND HYDROTHERMAL ALTERATION AT THE MAGGIE PORPHYRY COPPER- MOLYBDENUM DEPOSIT, 
SOUTH - CENTRAL BRITISH COLUMBIA 

Ab s tract 

The Maggie porphyry copper depo sit is assoc iated with early T ertiary porphy ri es 
that intrude fo r the mo s t part the Permian Cache Cree k Group. The copper -molybdenum 
zone , approximate ly 1300 by 300 metres in surface dime ns ions, averages about 0. 28% Cu . 
The zone is centred in an elongate, w es terly-dipping, multi - phase intrusive body that 
ranges in compos ition from g ranodioritic to graniti c. B ecause abundant, cons picuou s 
K- fe ld spar phenocrys ts are prese nt, the pluton is r e ferr ed to as quart z monzonite porphyry . 

From the centre outwards the success ion of copper sulphides is ( 1) chalcopy rite with 
v er y minor bornite , ( 2) chalcopyrite, ( 3) chalcopyrite ± tennantite. Pyrite is present in all 
zones, but is mo s t abundant in an irregularly - s hap ed, e longate halo that encloses the copper 
zone . Hydrothermal biotite is associated c lo se ly with the copp er s ulphides , and because assay 
data w er e not available , the quality of biotitization has been used to es tablish the probable 
limit s of 0. 2% Cu in several c ross - sections . Mi croprobe analyses of numerous biotites indicate 
that the ir colour dee pen s (and quality improves ) as Fe/Fe+Mg+Mn increases. Biotiti zation is 
s ucceeded outwards by sericiti zation; along parts of the hanging wall of the depo sit, inten se 
sericitic alteration is accompanied by pervasive s ilicification . Propylitic alteration is present 
outs ide the zone of seri citization, but in Cache Cree k rocks s uch alteration is diffi cult to 
di s tinguish from the e ffects of low - grade regional me tamo r phi sm. 

Res ume 

Le gi sement de porphyres cuprifer es de Maggi e es t assoc ie avec des porphyres du debut 
du T ertiaire , qui , pour la plupart, ant fait intrusion dans le group e de Cache Cr ee k du Permie n 
La zone ou I 'on trouve du cuivre e t du molybdene , qui form e, en gros , un rectangle de 1300 
par 300 me tres de cote, a une teneur moye nne en cuivre d 'environ 0. 28 p. cent. La zone es t au 
centre d 'une masse intrus ive oblongue he terogene , p longeant v er s l 'oues t. Les roches de 
ce tte intrus ion vont des granodiorites aux granites . Du fait de la presence en abondance de 
phenocri s taux tres apparents de fe lds paths potass iques, la masse plutonique es t qualifiee de 
mon zonite quart zique porphyrique . 

En allant du centre v er s l 'ex terieur, la s uite des s ul fures de cuiv r e es t la suivante: 
( 1) chalcopyrite avec une tres faibl e quantite de bornite, ( 2) chalcopyrite , ( 3) chalcopy rit e 
avec plus ou mains de tennantite . La pyrite est presente partout, mai s e ll e es t la plu s 
abondante dans une aureole allongee , de form e irreguliere , qui entoure la zone cupri fe r e . 
De la biotite d 'origine hydrothermale es t intimement associee aux s ulfures de cuivre et, 
comme I 'auteur ne di s po sait pas des resultal s des analy ses , il s 'es t servi de la formation des 
biotites e t de leur qualile pour e tablir , sur plus ieurs coupes , la limite probable de la zon e 
des teneurs en cuivre superi eures a 0. 2 p . cent. L'analyse a la microsonde de nombreu ses 
biotites indique que leur couleur es t de plu s en plu s fonce e (done que leur qualile s 'ame liore ) 
quand le r apport Fe/Fe+Mg+Mn augmente. A la formation de biotite , s uccede, en allant, 
v er s l 'ex terieur, la seri citi sation; en certaines parties du toit du gi sement, la sericiti sation 
es t accompagnee d 'une s ilicification penetrante . Il y a eu propyliti sation a l 'exterieur de la 
zone de seric iti sation, mai s dan s les roches de Cache Cr ee k , ce tte alteration es t diffi c il e a 
di s tinguer des e ffe ts du me tamorphisme regional de degre peu e lev e . 





GEOLOGY AND HYDROTHERMAL ALTERATION AT THE MAGGIE PORPHYRY COPPER- MOLYBDENUM DEPOSIT , 
SOUTH - CENTRAL BRITISH COLUMBIA 

INTRODUCTION 

The Maggie porphyry copper deposit in south- central 
British Columbia (Fig. 1) is about fifteen miles north
northwest of Ashcroft, and about thirty - fiv e miles 
northwest of the Highland Vall ey copper deposit s . 
Drilling by Bethlehem Copper Corporation h as outlined 
a porphyry deposit containing about 200 million tons of 
approximately 0. 28% Cu and 0. 029% Mol. The Cu-Mo 
zone is covered by 125- 360 feet of overburden, but ther e 
is an extremely prominent gossan on a pyrite h alo that 
outcrops on hills surrounding the copper zone. The 
Maggie property is cut by th e v alley of the Bonaparte 
River and is traversed by Highway 97 (Fig. 2). 

Interest in the deposit da tes to about the tur n of the 
century. A shaft n ear the northern periphery of the 
pyrite halo mark s the site of underground exploration 
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Annual r eports of the company generally state the g rade 
to be about 0. 4% copper equivalent. Reserves given 
above wer e kindly provided by the company (persona l 
communication, Janunry 197fi). 
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started before 1907 . The workings followed quartz
pyrite - chalcopyrite l e nses that occurred along a 
southwesterly-striking fault zone tha t dips about 70° 
south. In the British Columbia Departme nt of Mines 
Annual Report for 1907, it is stated that 45 to 50 tons of 
ore conta ining 8 per cent Cu and 2 ounces Ag p er ton 
were shipped from workings which a t tha t tim e consisted 
of three level s with access from a n adit and s haft. 
However, little subsequent work w as done . 

In about 1952 , Kennecott Copper drilled three holes, 
b e lieved to be near the workings, a nd in 1964 Frobex 
Ltd . drilled a t least three wide ly-spaced holes in the 
western portion of the pyrite ha lo. Bethlehem Copper 
Corporation did p ercussion drilling in 1968, a nd in the 
following year dia mond- drilled a hole 1487 feet deep 
(D.D.H . 1, Fig. 3). Although collared in the pyrite 
halo, the hole at d epth intersected the e ncouraging 

Figure 1 

Location map. 

copper values that led to the s ubsequent discovery of 
the pote ntia l open - pit deposit. 

The property w as examined a nd drill cores sampled 
and logged by the writer in the s ummer of 1973. The 
principa l purposes of the examina tion were to determine 
whether the deposit is similar to the Babine Lak e porphyry 
copper deposits (C arson and Jambor, 1974) a nd to 
see whe ther hydrothermal biotitiza tion s how s a c lose 
r elations hip to the copper zone. 
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Figure 3. Location of the diamond - drill holes bored by 
Bethlehem Copper at the Maggie property. 
The dashed line, shown a lso on Figure 2, 
e ncloses the area with >O. 2% Cu as estimated 
from me gascopic s ulphides a nd from the 
mic roscopically - determined distribution a nd 
qua lity of hydrothermal biotite. 

Fig ure 2 (opposite) 

Geology of th e Mag·gie property, based esse ntially on 
the unpub lishe d work of Mille r (1972) , but with some 
modifications. Outline of the pyrite halo and the position 
of the 0. 2% Cu zone a r e from this study. Rela tive ages 
of the lithological subdivisions of the Cache Creek 
Group are not known . Unit 6 (T ertiary) is correlative, 
at least in part, with the quartz mon zo nite porphyry 
which is the principa l hos t rock of the overburden
covered copper zone . 
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GENERAL GEOLOGY 

Upper Paleozoic sedimentary and volca nic rocks 
of the Cache Creek Group (Duffell and McTaggar t, 1951) 
occupy mos t of the outcrop area around the Maggie 
deposit (Fig. 2). Dark grey to black c hert a nd argillite 
is intercalated with green a ndesite, minor basalt, a nd 
abunda nt agglomerate and tuff. Marble is p resent in 
a few outcrops in th e northern part of the proper ty. 
The largest outcrop of volcanic s in the southwestern 
part of the map - area (Fig. 2) differs from other parts 
of the Cach e Creek Group a nd con sists of pumpellyite 
b earing porphyry and breccia with associa ted ignimbr ite, 
possibly indica ting prox imity to a volcanic centre. 

The Cache Creek Group h as been complex ly 
folded a nd intruded by numerous plugs and sheets of 
serp e ntini zed ultramafic rocks. Bedding at titudes are 
highly variable, but the predomi na nt s trike seems to 
b e northwesterly; most dips are modera te to s teep . 

The Maggie copper d eposit is centre d in a series 
of early Tertiaryl dyke - like salic porphyritic intr usions , 
mo s t of which have a nor therly s trike and s teep wester ly 
dip . Near ly a ll of the copper-bearing porphyries 
underli e the valley of Bonaparte River a nd a r e covered 
by co n siderable thicknesses of overburden. However 
num erou s dykes a nd s mall irregularly s haped intru sions , 
which outcrop in the p eripheral ar eas , are similar to 
s ome of the porphyr ies intersected in drillholes ; 
correlation s uggests tha t mos t of the outcrops r epresent 
the intrusive phases tha t lie along b oth the footwall a nd 
hanging w all of the main copper - bearing porphyry. 

The younges t bedrock in the area con si s t s of 
unaltered a nd unme tamorphosed volcanic a nd sedim e nta ry 
rocks which probably are p art of the Eocene- Oligocene 
Kam loop s Group . These pos t-date the Maggie porphyries. 
The volcanics are dark brown to black a ndesitic a nd 

1
McMilla n (1970) r eported a K- Ar age of 61. 1 ± 2 m. y. 
for a sample of Maggie hydrothermal biotite. The 
sample was from D. D. H. MM - 16 (McMillan, p ers. 
comm. , 1975), which suggests that the rock d a te d 
was biotitized volcanic material belonging to the 
Cache Creek Group. 

3 



basaltic flow s , commonly vesicular to amygdaloidal , 
and breccias . Red to brown sandstone, grit , and 
conglomerate of local derivation ar e intercalated with 
the volcanics. 

Near the Maggie property, the unaltered rocks of 
the Kamloops Group form the eastern hillside along 
Bonaparte River valley. Mille r (1972) s howed the 
Cache Creek a nd Kamloops group s separated, for th e 
most part , by a north-striking fault approximately three 
mile s long that p ar alle ls Highway 97. The position of 
the fault at about 6000 feet southeast of the copper zon e 
was indicated by D.D . H. MM - 34 (Fig. 2), drilled a t 
- 45°E. After passing through overburden, the hole 
intersected more than 700 feet of Kamloop s Group rocks . 

PORPHYRY INTRUSIONS 

Porphyritic diorite a nd quartz diorite 

The oldest of the Maggie intru sions consist of por 
phyritic diorite a nd qua rtz d iorite. They are exposed 
west of the copper zone (Fig. 2), a nd were intersected 
principally in dia mond- drill holes MM - 1, MM - 30, a nd 
MM- 32 (Fig. 3). Although minor dioritic dykes occur 
in the copper zo ne, most of these intrusion s ar e in the 
pyrite halo along the hanging wall of the Cu zone 
(Fig. 2). 

The megascopic appearances of the diorite a nd 
quartz diorite are shown in Figure 4. Characteristic 
features are the r elatively coarse matrix and more 
subdued porphyritic texture in compariso n with those 
of the younger intrusions. Microscopically, the dior itic 
rocks consist largely of oscillatory-zoned plagioclase 
phe nocrysts in a fin e graine d matrix of zone d plagioclase 
with variable interstitia l quart z. Phenocryst sizes 
r ange from 2 to 8 mm , whereas. mo s t ma trix felds p ars 
are 0. 2 to 0. 8 mm in le ngth. Cores of phenocrysts are 
as ca lcic as An6o; rims are conside r ably more sodic and 
are compositiona lly overlapped by ma trix plagioclases 
which av erage An 35_25. and range from An45 to An 15 . 

Dioritic rocks near the Maggie copper zone have 
been affec te d drastically by hydrotherm a l alteration, 
including intense pyritization . Biotite phe nocryst s 
gener a lly p ersi s t in a ll but the mo s t sev erely sericiti zed 
parts of t he porphyry . In con trast , significant a mount s 
of amphibole in por phyry a re present only b eyond the 
outer limits of abunda nt copper. Such amp hi bole occurs 
as d i sseminated cry s tals, commonly euhedral, that 
av e rage about 0. 3 mm in b asal sec tion a nd make up 
about 7 p er cent of the rock . Slightly larger biotite 
phenocrys ts a nd disseminated magnetite aver age about 
2 p e r cent. 

Although the dioritic intrusive phase near the copper 
zone is a lso r efer red to as quar tz diorite (Figs . 2, 6) , 
the la tter name is a ge neralization applicable only to 
the bulk of the porphyry a long the h a nging wall . In 
addition to multiphase intrusion eviden t in outcropsl, 

1
Seen best in outcrops about 6000 feet west of Veasy 
Lake, beyond the map - area. 

4 
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(a) hand sp ecimen of diorite from n ear the 
outer limit s of the pyrite ha lo, west of 
the copper zo ne; 

(b) D. D. H. MM - 33, showing sericiti ze d 
quar tz diorite; 

(c ) 150 fe et deeper in s a me hole, s howing 
mor e c learly the porphyritic texture, 
coarser than in (a). All photos full - size 
r ep r oductions. 

Figure 4. Diorite a nd quar tz diorite from Maggie d ep osit. 

thin sec tion studies of the hanging wa ll p orphyry indi
cate that it i s variable in comp osition. For example, the 
primary composition (i. e. excluding altera tion phe nome n a ) 
of the quartz dior it e a t the northwes tern e nd of the 
copper zone (D. D. H. MM - 32) i s less calcic than the 
quartz diorite in D . D. H. MM - 1. Even more s ignificant 
i s the fact that the porphyritic masses exposed west of 



Wt. % 

Si0 2 

Ti02 

Al 203 

Fe 2o3* 
MnO 

MgO 

Cao 

Na2o 

K20 

P205 

C02 

H20 

s 

Total 

Table 1 

Chemical analyses of diorite and quartz monzonite porphyry intrusions, Maggie deposit 

(1) 

M74 - l 

59. 3 

0. 92 

17. 1 

5.86 

0. 13 

2. 78 

5 . 38 

4.6 

2. 18 

0. 36 

0. 3 

1. 5 

0. 04 

(2) (3) 

M74 - 17 19- 217 

57. 64. 

0. 98 o. 60 

17. 5 17. 

6. 6 3. 8 

0. 11 0. 03 

3. 6 1. 8 

6. 4 2 . 8 

4. 1 4. 1 

2. 3 2. 4 

0.45 0.27 

o. 3 0. 38 

1.5 1.6 

0.31 1.7 

(4) 

19- 374 

66. 

0. 64 

16. 

4. 7 

0.03 

1. 7 

3. 0 

4.4 

2. 0 

0. 30 

0. 02 

1. 3 

0. 59 

(5) 

19- 448 

66. 

0. 59 

17. 5 

1. 7 

0. 02 

2. 2 

2. 6 

4. 9 

2. 3 

0. 28 

0. 23 

2. 0 

0. 52 

(6) 

19- 1289 

62. 

0. 85 

19. 

3. 1 

0. 02 

2. 2 

1. 8 

3. 5 

2. 8 

0.35 

0. 13 

3. 5 

1. 0 

(7) 

19- 2001 

66. 

0.59 

18. 

1. 7 

0. 01 

1. 8 

1. 9 

4. 6 

4. 1 

0. 30 

0. 34 

1. 5 

0. 61 

(8) 

19- 2079 

66. 

0. 54 

18. 

1. 8 

0. 01 

1. 7 

2. 1 

4. 2 

4. 0 

0. 28 

0. 05 

1. 5 

0. 60 

100 . 1 100.8 100. 5 100. 9 100.8 100. 5 101. 4 101. 1 

Analyses by Rapid Methods Group, CLAS Division, Geological Survey of Canada 
*Total Fe as Fe20 3 

(1) Diorite porphyry, west of Veasy Lake (Fig. 5a). 
(2) Diorite porphyry from outer edge of pyrite halo (Fig. 4a). 
(3) Finer grained phase of quartz monzonite porphyry in D. D. H. MM - 19 at 217 feet 

(see Figs. 7b, c and Fig. 10) . Sample contains 0. 41% Cu. The rock is a 
porphyritic granodiorite in the biotite zone of hydrothermal alteration. 

(4) D. D. H. MM - 19 at 374 feet, similar to (3) above, with 0. 27% Cu . 
(5) Similar, with 0. 18 % Cu. Matrix plagioclase compositions, An 9_15 , shown as 

third from top of D. D. H. MM - 19 on right - hand side of Figure 10 . 
(6) D. D. H. MM-19 at 1289 fe e t , the position marking the change from megascopic 

unit 2 to "normal" unit 3 (Fig . 10, left). Sample contains 0. 40% Cu . 
(7), (8) Unit 3 of Figure 10. The samples contain 0. 35 and 0. 45 % Cu respectively. 

Samples (3) to (8), inclusive , are from the biotite zone of hydrothermal alteration. 

the drillhole area are, at least for the most part, diorites 
rather than quartz diorites. The diorites have sub
stantially less interstitial quartz, and matrix plagioclases 
are more calcic than those in the quartz diorite . 

granodiorite, a nd insignifica ntly minor parts have the 
composition of granite; nevertheless , quartz monzonite 
was selected as th e general term in order to draw 
atte ntion to the widespread occurre nc e of abundant 
K- feld spar phenocrysts. 

Quartz monzonite porphyry 

The overburden-covered Cu-Mo zone is contained 
in a complex, multiphase , porphyritic intrusion that 
is designated simplistically as "quartz monzonite 
porphyry". Although quartz monzonite porphyry, 
sensu stricto, does constitute an important part of the 
intrusion, an estimated one half to two thirds of the 
volume of the copper -bearing porphyry con s ist s of 

The quartz monzonite porphyry forms a highly 
irregular, somewhat tabular body that dips westward 
and, a t bedrock surface, is elongated to the northwest. 
Extensive interfingering of the porphyry with host 
ultramafic rocks and the Cache Creek Group occurs 
not only along the flanks of the intrusion, but also at 
the northwestern end of the copper zone. Drillhole 
data suggest that the porphyry pinches out towards the 

5 



6 

Figure 5. Photomicrographs of: 

(a) unaltered diorite, approximately 6000 
feet west of Veasy Lake (bar scale: 2mm); 

(b) enlargement showing well-defined, 
zoned plagioclase and relatively unaltered, 
darker amphibole (bar scale: 0. lmm); 

(c) quartz diorite from D. D. H. MM- 1 at 
1873 feet; well-zoned plagioclase 
phenocrysts in a biotitized finer matrix. 
Biotite phenocrysts (Bi) are finely ruti
lated and sericitized (bar scale: 2mm). 

north, but equivalent information is lacking south of 
the copper zone (west of D. D. H. MM - 5, Fig. 3). 

The longest and most complete drill intersection of 
quartz monzonite porphyry is in D. D. H. 19, which 
penetrated more than 2200 feet of the intrusion and may 
have reached its bottom contact (Fig. 10). Of the 
various drill- intersected phases of the porphyry 
(Figs. 6, 10), only the finest grained variety outcrops 
as minor dykes in the hills that border the copper zone . 
However, a c losely related breccia, grouped with the 
quartz monzonite porphyry in this paper, is well
exposed adjacent to Highway 97, southeast of the nearby 
copper zone. The breccia was also intersected in drill 
holes in the southeastern part of the deposit. 

Although the quartz monzonite porphyry is younger 
than the diorite and quartz diorite porphyry, all are 
believed to be closely related and representative of a 
single intrusive episode. 

Megascopic s ubdivisions of the quartz monzonite 
porphyry intrusion 

All quartz monzonite porphyry at the Maggie 
property has been modified by hydrothermal alteration. 
Rocks that appear least altered megascopically generally 
occur in the highest grade parts of the copper zone, a 
situation analogous to that found by Carson and Jambor 
(197 4) in the porphyry copper deposits of the Babine 
Lake area of British Columbia. The apparently less 
altered appearance of the rocks is attributable to the 
general lack of significant feldspar - destructive alteration 
within the highest grade portions of the copper zones. 

The most distinctive megascopic fea ture of the 
Maggie quartz monzonite porphyry is the presence of 
abundant , large plagioclase phenocrysts in a fine 
grained matrix. The phenocrysts are more numerous 
and coarser, and the matrix finer, than those in diorite
quartz diorite (Figs. 4, 7). Biotite phenocrysts make 
up 2- 4 per cent of the quartz monzonite; the crystals 
range from < 1 mm to >5 mm in basal diameter, with 
grains 2- 3 mm in diameter being most common. 
Representative chemical analyses (Table 1) indicate 
that a ll varieties of the quartz monzonite porphyry have 
higher Si02. and lower CaO, MgO, Fe, MnO, and Ti02 
than the diorite porphyry. 



QUARTZ MONZONITE UNIT 

Dark aphanitic 
(phase 1) 
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QUARTZ DIORITE 
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Figure 6. Schematic diagram (looking northwest) showing the relationships of the various Tertiary porphyries that 
intrude the Cache Creek Group and younger ultramafic bodies (not separated in the diagram). The oldest 
Tertiary porphyritic unit, diorite- quartz diorite, was intersected in a few drillholes and outcrops west of 
the copper zone (Fig. 2). The principal porphyritic intrusion, with which the Cu- Mo is associated, was 
subdivided megascopically into three main varie ties: (1) dark, aphanitic matrix, (2) medium grey, 
coarser grained, (3) "normal" phase, possibly coarser than (2) and lighter grey. The predominantly
sericitized, dyke- like unit is considered to be a variant of phase (1). The numbered varieties of porphyry 
range in composition from granodioritic to granitic, and are referred to collectively in this paper as 
quartz monzonite porphyry. 

During logging of the core by the writer, an attempt 
was made to subdivide the quartz monzonite porphyry 
into three units as follows: 

(1) black to brownish black colour, matrix aphanitic; 
(2) medium grey, mafic-rich, not as fine grained 

and with more abundant feldspar phenocrysts 
than above; 

(3) a "normal" phase, lighter grey and possibly 
coarser than unit (2), matrix less mafic-rich. 

T h e poor condition of some of the core, the presence 
and variability of intense hydrothermal alteration, and 
especially the lack of adequately definitive criteria 
made the distinction between units (2) and (3) difficult 
in many cases . The apparently gradational contacts 
between the units did not ease this difficulty. Never 
theless, subsequent plotting of the logs gave a systematic 
pattern in that the aphanitic unit (1) consistently 
appeared along the hanging wall part of the intrusion, 
the medium grey, less fine grained unit (2) formed 
most of the core of the intrusion, and the "normal" unit 
(3) was concentrated at the northern a nd southern ends 
and along the deepest central part of the footwall. A 
schematic diagram illustrating the distribution of the 

megascopically distinguished phases of the intrusion is 
given in Figure 6. 

Microscopic subdivisions of the quartz monzonite 
porphyry intrusion 

In addition to the megascopic features mentioned 
previously and shown in Figures 7 and 8, microscopic 
examination shows that the feldspar phenocrysts consist 
predominantly of subhedral oscillatory-zoned plagioclase, 
some with perthitic rims. Slightly smaller, an hedral 
perthite phenocrysts are common; these exceed plagio
clase only locally , the proportions of the two being 
dependent, in part, on the position of a sample within 
the intrusion. Quartz phenocrysts, averaging about 
2 mm in diameter, make up about 2 per cent of the 
porphyry. Several per cent sucrose hydrothermal 
biotite occurring as poorly defined pseudomorphs after 
amphibole phenocrysts is present in places (Fig. 9), 
but the abundance and size of the original amphibole 
crystals are not determined readily because their 
outlines are not well - preserved. 

Attempts to correlate the writer's megascopic 
logging with features observed microscopically proved 
perplexing as little correlation was evident in several 

7 



a 

b 

Figure 7. Drill core showing the variability in the megascopic appearance of the quartz monzonite porphyry : 

(a) fine grained unit with aphanitic matrix, D. D. H. MM-3 at 437 feet; 
(b) fine grained unit in D. D. H. MM - 19 at 326 feet; 
(c) fine grained unit in D. D. H. MM - 19 at 685 feet; 

g 

(d) intermediate, medium grey unit (2) of the megascopic subdivisions, from D. D. H. MM-10 at 465 feet; 
(e) intermediate unit in D. D. H. MM - 19 at 867 feet; 

8 

(f) megascopica lly "normal" unit (3) in D.D.H. MM - 19 at 1468 feet; and 
(g) a t 2079 feet. 

All rocks are from the biotite zone of hydrothermal alteration (natural scale). 



Figure 8 (left). Maggie deposit drill cores: 

(a) fine grained, light coloured phase that 
forms most of the dyke-like unit shown in 
Figure 6. The "dyke", about 200 feet 
wide, has abundant associated breccia 
(see Fig. Sb). The specimen contains 
large albite phenocrysts and abundant non
perthitic K-feldspar. Dark "mafics" are 
replaced completely by sericite, carbonate, 
and pyrite. D. D. H. MM - 12 at 327 feet; 

(b) breccia in MM-12 at 462 feet, showing 
abundant rock fragments of various si zes 
and shapes; 

(c) breccia from MM - 4 at 796 feet; 
(d) breccia with very finely biotitized matrix 

containing inclusions of chlorite- altered, 
fine grained quartz monzonite porphyry; 
D.D.H. MM-17 at 917 feet (natural scale). 

cases. Measurements of matrix grain sizes indicated 
great variability over not only the length of a drillhole, 
but also among the adjoining samples. Figure 10 
illustrates a case where megascopic and microscopic 
correlation is fair, a nd Figure 11 illustrates an example 
in which the correlation obtained was very poor. In 
the latter, most of D. D. H. 8 and 10 were logged as unit 
(1) and unit (2) respectively. Grain size variability is 
especially evident in D. D. H. 10, and in both holes 
rock compositions vary from granodiorite to quartz 
mon zonite, the exception being the central part of 
D. D. H. 8, which is porphyritic granite. No specific 
feature accounts for the poor correlation between 
megascopic and microscopic rock types; the textural 
and compositional variability of the rocks is clearly 
more complex than indicated in the logging. 

The occurrence of porphyry of granitic composition 
in D. D. H. 8 is not anomalou s; throughout most of the 
intersected length of the intrusion are relatively narrow 
sections in which perthitic phenocrysts exceed those 
of plagioclase (single crystals of K- feldspar are present 
also, but are uncommon). The matrices of such rocks 

are correspondingly K- rich , and the s ubordinate 
accompanying plagioclase ( < 1/3 total feldspar) are 
generally albite. 

Near bedrock surface, albitic and K-rich parts 
have an approximately medial distribution along the 
strike of the thicker and less fine grained portions of 
the intrusion. Westerly , down-dip continuation is 
evident in some drillholes, but is either absent or more 
complicated in others. 

Finer grained quartz monzonite porphyry and 
associated breccias 

d The finer grained phase of the quartz monzonite 
intrusion is characterized principally by h aving matrix 
grain si zes that average less than 0. 04 mm (Figs. 10, 
12) . Based on thin section studies, the distribution of 

the phase in drillholes i s shown in Figure 13 . Though 
not restricted to the southeastern half of the intrusion, 

9 



Figure 9. Hydrothermal biotite in D. D. H. MM-6 at 371 
feet: (A) coarse sucrose pseudomorph after 
amphibole phenocryst; (B) probable pseudo
morph as above, but with outlines less well 
preserved; unaltered biotite phenocryst is at 
left. Bar scales 0. 2 and 0. 1 mm respectively. 

occurrences of this rock type are clearly concentrated 
in this area. Figures 10 and 14 show the distribution 
of the phase in cross-sections. 

Compositional variability of the finer grained rocks 
is as great as that of the coarser grained portions of 
the intrusion. In addition, however, much of the finer 
grained phase at the southeastern part of the deposit 
contains albite to an extent not seen elsewhere, and 
much of the rock is breccia. 

The breccia is not easily characterized mega
scopically and unless abundant rock fragments are 
present, the breccia looks very muc h like the more 
extensive, non-brecciated, finest grained unit of the 
quartz monzonite porphyry, such as occurs in the top 
of D. D. H. 19 (Figs. 7, 12). Microscopically, both 

10 

rock types contain large feldspar and smaller quartz 
phenocrysts with corroded margins. However, in 
breccia, phenocrysts are commonly fractured or only 
fragments, strongly zoned calcic plagioclase is much 
less abundant than poorly zoned albitic feldspar, large 
unzoned albite grains are common, perthite is rare, 
and diverse subrounded rock fragments occur in an 
extremely fine groundmass that in some cases has grain 
sizes <O. 01 mm. 

The breccia is well exposed on the eastern side of 
Highway 97 at the southeastern end of the Maggie deposit, 
and was intersected principally in D. D. H. 12 and 17. 
In these occurrences complex age relationships are 
evident, but most of the breccia seems to be a younger 
phase closely related to the quartz monzonite porphyry. 
This close temporal relationship is indicated by the fact 
that all breccia is pyritized and hydrothermally altered. 
The inter-mineral (Kirkham, 1971) character of the 
breccia is evident from the presence of inclusions of 
quartz-veined, coarser grained quartz monzonite 
porphyry, and the presence of non- biotitized fragments 
of breccia enclosed in younger breccia having an 
extremely finely biotitized matrix. 

The above relationships indicate that intrusion and 
brecciation did not cease completely prior to sulphide 
deposition and hydrothermal alteration. The intimate 
associations and gradational character of many of the 
porphyries, apparent from both compositional and 
textural features, also suggest that all rocks, from 
diorite to quartz diorite to quartz monzonite and fine 
grained phases and breccias, are closely related and 
are part of a single intrusive episode. 

SULPHIDE MINERALIZATION 

Intense pyritization is a distinctive feature at the 
Maggie deposit. Much of the prominent gossan 
surrounding the deposit is the weathered residue of 
rocks that contained 5 to 10 per cent pyrite by volume . 
The mineral occurs both as disseminated grains and 
along fractures in all rock types, but ultramafics seem 
to have been the least susceptible to impregnation. 
Volcanics and the porphyritic intrusions were the most 
favourable hosts, and in some cases the volcanics, 
along several feet of drill core, consist mainly of 
sulphides, principally pyrite. Although pyrite is most 
abundant in the gossan area, it occurs in lesser amounts 
throughout the copper zone. The hanging wall of the 
deposit seems to have been the most intensely pyritized, 
and the northeastern part of the copper zone the least 
pyritized. Pyrite abundances change vertically as well 
as horizontally so that a more detailed study would be 
necessary to establish whether, within the core of the 
halo, centres of minimal pyrite are present. Logging 
by the writer suggests that there is a trend to relatively 
lower pyrite abundances in D. D. H. 28, 24, and 13 
(Fig. 15), but thi s does not continu e without interruption 
into the southern half of the deposit. Thus both the 
petrology and pyritization seem to differ in the northern 
and southern parts of the deposit; overall, the southern 
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Figur e 11. Cross- section C- D (inset in left part of Fig. 10) , illustrating an example of poor correla tion between the 
me gascopic and microscopic r esults : the top three quarter s of hole 8 were log ged megascopically as 
phase (1), a nd the bottom one quarte r a nd hole 10 wer e logged as phase (2) . Variability in matrix 
grain sizes is evident esp ecially in D. D. H. 10. Phenocryst compositions, and matrix grain si zes and 
compositions , were d ete rmined as for Figure 10. Stippled unit i s chert a nd argillite of Cache Creek 
Group, but otherwise the legend and scale a r e as in Figure 10. 

part has a muc h larger volume of porphyry and i s more 
inte nsely pyritized. 

The surface occurrence of the pyrite halo i s s hown 
in Figure 2. In outcrops west of the coppe r zone, pyrite 
abundances d ecline westward in a r egular ma nner. 
Northwest of the copper zon e, in the large fault - displaced 
segment of the halo, pyritiza tion i s muc h less uniform ; 
occurrences ar e s poradic and abundances ar e variable 
from outcrop to outcrop. However, near the Maggie 
adit, pyritization s tops abruptly. 

Although the pyrite halo is shown (Fig. 2) as a 
continuous zone elongated north we sterly, this continui ty 
is ac hieved by proj ection across the Bonaparte River 
valley, which is d evoid of outcrops. If the projection 
were not made the pyrite halo could b e shown in 
Figure 2 as two segme nts, divided by Highway 97, with 
the eastern segment displaced southward . Howev er, 
the available geological information precludes the 
occurrence of the major north- striking fault, or fault s, 
which would b e n ecessary to r estor e the two segments 
to a single, originally more elliptical halo . 

Ore minerals 

Chalcopyrite is the only widespread, abundant 
copper mine r al. It occurs in a ll rock type s as minute 
di sseminated grains, a nd as megascopic and microscopic 
veinlets, generally with quart z . In the copper zone, 
the proportion of chalcopyrite that occurs in di sseminated 

12 

form is very high ; an estim ated one third of the volume 
of the miner a l is present as grains unre lated to v einlets, 
even on a microscopic scale. 

The r elatively low abundance of bornite at the 
Maggie deposit is indicated by the fac t that the mineral 
was not observed by the writer during logging of the 
drill core, and was found associated with ch alcopyrite 
only in polis h ed sections of ma teria l from the central 
par t of the copper zon e. 

Molybdenum i s confined largely within the copper 
zone. Some occurs as fine grains (0. 01 - 0. 05 mm) and 
aggregates (0. 05- 0. 2 mm) disseminated in the ground
mass of the q uartz monzonite porphyry , but most i s 
con spicuously visible in quartz veinlets, many of which 
contain dru sy quartz coated with well- crysta llized 
molybde nite flakes up to 1 mm in d ia meter. 

T ennantite was found in veinlets, 2- 4 mm wide, in 
five drillholes . In one sample (M- 31 at 562 feet) the 
mineral occurs with quartz and white, pulverulent 
barite; in another (M - 30 a t 801 feet) galen a and sphalerite 
ar e associated. Unit-cell s i zes of the tennantites are 
mostly those of the ar senic end- member, but in a t leas t 
one sample, the mineral had a significantly larger cell. 
Whether the enlargement is cau sed by antimony , silver , 
or some other substitution has not b een investigated. 

The distribution of observed tennantite occurre nces 
is s hown in Figure 16. Though the occurrences are 
few, their concentration n ear the periphery of the 
copper zon e is notable. 



Table 2 

Characterization of hydrothermal biotites in terms of quality. * 

Colour in thin section 

Relative grain sizes 

Pseudomorphism of mafics 

Presence in matrix 

Distribution in thin 
section 

Effect on biotite 
phenocrysts 

Synonyms 

Areal abundance and 
general relationship 
to Cu grades 

Good Quality 

deep brown 

coarse 

coarse grained, 
sugary- textured 

well - dispersed in 
matrix 

abunda nt: all 
amphibole r eplaced; 
dispersed in matrix 

no effect to replace
ment of phenocryst 
edges 

intense biotitization; 
strong biotitization 

present throughout 
the >O. 3% Cu zones 
in most Babine-type 
deposits 

Moderate Quality 

brown 

medium 

medium to coarse, 
sugary-textured 

generally absent 

abundant; all 
amphibole replaced, 
but matrix biotite low 
or absent 

no effect 

moderately intense 
biotitization 

common within 
0. 2%- 0. 4% Cu zones 

Poor Quality 

pale brown to yellowish, 
pale red, greenish 
brown to green 

fine 

fine grained, commonly 
with intimately associated 
fine grained chlorite 

absent 

variable; if abundant, 
most of the above 
features are present 

no effec t 

weak biotitization 

rare in zones containing 
>O. 3% Cu; common 
where Cu = 0. 1%-0. 2%; 
where Cu <O. 15% nearly 
all biotite is of this 
type 

*After Carson a nd Jambor (1974), with slight modification. 

Traces of chalcocite and covellite have been noted 
in samples from the copper zone, a nd microscopic 
aggregates of marcasite are present both in the copper 
zone and pyrite halo. The occurrence of these minerals 
near the bottoms of some holes suggests a hypoge ne 
origin. Pyrrhotite is common as microscopic blebs in 
pyrite throughout the copper zone and pyrite halo. 
Sphalerite has been noted in microscopic veinlets in 
D. D. H. MM-13 and MM-30. 

The distributions of pyrite and copper sulphide 
minerals as outlined above suggest that the s ulphide 
zoning a t the Maggie deposit conforms to the "ideal" 
outward progression of bornite+chalcopyrite+pyrite. 
That the conformity is developed only primitively is 
reflected in the lack of a well developed bornite zone, 
and the lack of a definable chalcopyrit e - pyrite boundary 
inside the copper zone. Although the limits of +0. 2% Cu 
have been estimated visually (Fig. 3), pyrite occurs 
abundantly throughout all parts of the deposit, and 
chalcopyrite extends well into the hanging wall pyrite 
halo. However, less chalcopyrite is present in the 

footwall part of the pyrite halo and, as mentioned 
previously, less pyrite also seems to be present a long 
parts of the eastern margin of the copper zone. Thus 
the relatively poor segregation of the sulphides may 
reflect not only the low grade of the deposit, but also 
distor tions ari sing from the inclined, asymmetrical 
shape of the porphyritic host intrusions. 

HYDROTHERMAL ALTERATION 

The Maggie Cu- Mo zone and surrounding rocks 
have been affected s trongly by hydrothermal alteration 
whose outer limits beyond the pyrite halo are complex 
a nd difficult to define precisely. The complexity arises 
because the geology is incompletely known, because 
the Cache Creek Group has been metamorphosed, and 
because porphyritic intrusions are uncommon at the 
margins of the pyrite halo. The significance of the 
above is that the metamorphosed rocks contain minerals 
similar to those produced by weak hydrothermal alteration; 
thus, propylitic alteration in the Cache Creek rocks is 
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not readily d efin ed megascopica lly, and intrusions are 
too few to be of much help. Although thin section s tudies 
of the intrusions have shown that a propylitic assembla ge 
is present in some of the outer parts of the pyrite halo, 
the effort necessary to separate "altered" and "unaltered" 
Cache Creek rocks discouraged a ny serious attempt at 
defining a propylitic zone. Att e ntion in this s tudy has 
been focus ed principally upon biotitization and it s 
r elationship to copper miner alization. 

Hydrotherma l biotitization 

The distribution of hydrothermal biotite in drill 
cores from within a few feet of b edrock s urface is shown 
in Figure 17. The mineral occurs in a variety of rock 
types, including porphyries a nd the chert, argi llite, and 
volcanic rocks of the Cache Creek Group . Proximity to 
the copp er zone i s an obviously significant r ela tionship. 

In the Maggie deposit, whic h averages about 0. 28% 
Cu , biotitization is similar to that whic h accompanies 
0. 2- 0. 4% Cu at the porphyry deposit s in the Babine area, 
British Columbia (Carson and Jambor, 1974; T able 2, 
thi s r eport). However , some textural differences 
are evident. In particular in the Maggie d eposit 
pseudomorphs of hydrothermal biotite after amphibole 
commonly have outlines that are muc h less well preserved 
than similar pseu domorphs in Babine deposits ; the 
biotites in the Maggie deposit ar e not compactly inter 
grown, but are separated by other silicates, mostly 
quartz. Thu s some hydrothe rm al biotite grains in 
poorly preserved p seudomorph s are not distinguished 
r eadily from matrix biotites. A further, but mi nor, 
complication a t the Maggie deposit is that some large, 
single biotite grains that approach phenocrysts in 
size have been found to be compositiona lly similar 
to hydrothe rmal biotites. It is not ce rtain whether s uch 

Figure 12 (opposite) 

Photomicrographs of phases of the quart z monzonit e 
porphyry: 

(a) fine grained unit in D. D. H. MM - 19 at 448 feet; 
large light and dark plagioclase phenocrysts i n a 
fine matrix with good - qua lity hydrothermal biotite. 
Abundant p erthite i s present along th e veinlet at 
the middle of the photograph; 

(b) biotitized quart z mon zo nite p orphyry , D. D . H. 
MM - 20 at 587 feet. Hydrothermal biotite is prese nt as 
s ucrose pseudomorphs after amphibole (bi, lower 
left), and is scattered throughout the ma trix . Note 
the coarser grain s i ze of the matrix as compared to 
that in Figure 12a (both photographs at same 
magnification; see a lso Fig. 10); 

(c) breccia in D.D.H. MM-17 at 814 feet ; 
(d) breccia from outcrop southeast of copper zone, 

adjacent to easte rn side of Highway 97. Amphibole 
(a) at top centre is chloritized; adjacent rock frag 
ment (c) is chert, and mottled appearance of matrix 
i s due to inclusions of rock fragments. Most c lear 
grains are quart z, and opaque grains ar e pyrite . 
Bar scale for Figure 12 i s 2mm. 
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Figure 13. Distribution of the fin e grained phase of 
the quartz mon zo nite porphyry (ope n 
circles ) as determined by microscopy. 
Occurrences are projec ted vertically to 
surface. 

gr ains are non - sucrose pseudomorphs after amphibole, 
or whe ther they are biotite phenocry s ts whose 
compositions have b een modified during hydrothermal 
alteration. 

East - west cross-sec tions indicate that much of the 
zo ne of hydrothermal biotite plunges wes t. Near the 
b edrock surface, microscopically dark brown hydro
thermal biotite is confined within the estimated +O. 2% 
Cu zone; outside this zone the colour of the mineral 
i s lighter and it exhibits most of the other features 
characteristic of "poor- qua lity" biotite as give n in 
Table 2. 
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Table 3 

Comparison of maximum pleochroic colours of biotites a nd their Fe / Mg+Fe+Mn ratios* 

Colour Sample Numbers Approximate Fe / Fe +Mg+Mn 

v e ry dark brown M6- 449; M8- 402, 1031 ; Ml3- 306, 526, 873 0. 40; 0. 38, 0. 39; 
0. 33, 0. 38 , 0. 39 

moderately dark brown Ml9- 510, 1082, 1673 (1) 0. 25, 0. 25, 0. 28 

medium brown Ml9- 1673 (3) , 2345; M28- 548, 895 0. 21, 0. 18, 0. 16 , 0. 23 

p a l e brown Ml - 1183 (1, 2) ; M28 - 1219 0. 23; 0. 16 

anomalous brownish green 
pale green 

M24- 817 (6) 
M24- 817 (5) 

0. 19- 0. 22 
0. 24 

*Sample selection based on a scan through a limited numbe r of randomly-selec te d polished thin sections. 
Fe/ Fe+Mg+Mn values are from microprobe analyses given in Appe ndix I. 
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Figure 14. Dis tribution of the fine grained phase of the 
q uartz monzonite porphyry in cross- section 
(see also Fig. 10) . Much of the phase in 
hole s 17 a nd 14 co ns i s t s of breccia (Figs. 8, 
12). 
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B 
Biotite compositions 

Elec tron microprobe analyses of 110 biotites from 
10 drill holes (Fig. 18) ar e give n in Appendix I, and a 
comparison of maximum pleoc hroic colours in thin 
sections and Fe/Fe+Mg +Mn a tomic proportions i s given 
in T able 3. For the representa tive samples lis ted, the 
trend toward lighter colours as Fe/Fe+Mg+Mn decreases 
is r eadily appare nt. Noteworthy in Appendix I is the 
exte ns ion of compositions w e ll into the phlogopite fi eld 
of Deer e t al. (196 2) . Thus, some of these trioc ta h edral 
micas are not strictly biotites , though they are referred 
to as s u c h for convenience . 

The a nalyses in Appendix I s how that Fe/Fe +Mg+Mn 
in phe nocrysts may b e higher or lower tha n tha t of the 
associa ted hydrothermal biotite. How ever , titanium 
is ch aracteristically and distinctively higher in most 
phenocrysts; this relationship seems to be typical of 
other porphyry copper deposits for which d a ta are 
available (Carso n a nd J ambor, 1974; Moor e and 
Czama n sk e , 1973; Jacobs and Parry, 1974) . 

The relationship of Ti and Fe/Fe +Mg+Mn i s 
s ummarized in Figure 19. The plots show tha t, as 
me ntione d above, Fe / Fe+Mg+Mn in phe nocrysts may be 
higher or lower tha n that of the associa te d hydrothermal 
biotite; the mos t common tre nd, however, i s for 
phenocrysts to h av e more iron tha n the associated 
hydrothermal biotites. Of more significance is the 
observation that the an alyses of both the hydrothermal 
biotites a nd the phenocrysts in each sample have a 
dis tinc t tendency to cluster (Fig. 19). For example, 
those samples with a low Fe/Fe +Mg+Mn ratio in hydro
thermal biotite also generally have a low Fe / Fe +Mg+Mn 
ratio in the associa ted phenocrysts. As this r e la tions hip 
would not be expected unless the phe nocrysts underwe nt 
compos itional adjustments during hydrot herma l alteration, 
it i s concluded tha t s uch adjus tm e nt has occurre d. 

Refer e nce to Table 3 shows tha t the intensity of 
colour of brown hydrothermal biotite is correla tive 
with the Fe/Fe+Mg+Mn ratio , but tha t this r elations hip 
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Relative abundances of pyrite in the upper 
500 feet of the Maggie d eposit drillholes. 
Large a nd small dots r epresent holes con
taining pyrite estima ted to b e >3% and < 3% 
by volume , r espectively. 

is not maintained for greenish micas . The cause is 
most clearly shown by analyses 5a, 5b, 6a, and 6b for 
D. D. H. MM - 24 at 817 feet (Appe ndix I). The colours 
of the micas are , in the above sequence, pale green, 
light brownish green, and medium brown. All have 
similar Fe / Fe+Mg+Mn ratios, but the pale green micas 
have anomalous ly high Al and low Ti in octahedral 
positions. As the brownish colour intensifies (6a and 
6b), Al progressively d ecreases and Ti increases, with 
the latter b eing the obviou s chromophore. 

Biotite quality in r elation to copper grades 

Carson and J ambor (1974) have proposed that, in 
porphyry copper deposit s in which biotitization i s the 
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Figure 16 

Drillholes in which te nna n
tite was obser ved. 

dominant type of potassic alteration (as at Maggie), the 
quality of biotitization is a r eliable indica tor of the grade 
of the Cu- Mo zone. At the Maggie d eposit , the limited 
extent of d ark brown, good quality hydrothermal biotite, 
and the prevalence of lighter coloured varieties, a ttest 
to the overall low grade of copper- molybde num. 
Unfortunately, assay data for the drillholes are unavail
able a nd thus detailed compari sons with the voluminous 
biotite a nalytical d a ta a r e not possible . How ev er, 
because the correlation b e tween copper grades a nd the 
q u ality of biotitization has been found to be consistent 
in this type of deposit throughout the world (Carson a nd 
Jambor , 197 4; unpublished data) , the microscopically 
determined alteration has b een used to predic t the 
ex te nt and detaile d shape of the Maggie copper zone. 
The results, u sing an interpre ted 0. 2% Cu cut - off (a s 
in Fig. 3), are give n in four longitudinal sections 
(Figs. 20- 23). These s how tha t the copper zone is 
about 1300 by 300 metres in surface dim e n sions, has a 
s hallow umbrella shape, and is wide a nd deep in the 
west. Successive eastw a rd sections indicate tha t the 
zone thins appreciably, plunges wes t, a nd that a la r ge 
portion of the southeastern p ar t of the deposit i s relatively 
thin. In general, the thickes t intersec tions of copper 
zone lie towards the hanging wa ll of the quartz monzonite 
porphyry. Maximum gra d es in the interior of the 
deposit would a ppear to b e about 0. 5% Cu , but mos t of 
the d eposit has biotitiza tion typical of 0. 2- 0. 4% Cu. 

K - feldspar alte r a tion 

Most K- feld spar at the Maggie deposit is r e la ted 
to ma gm a tic processes rather tha n to hydrothermal 
alter a tion. Microprobe a na ly ses of narrow , corroded 
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Clay Miner a l Ratios 

montmorillonite chlorite 
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Figure 17 (left) 

Distribution of hydrotherma l biotite at b edrock s urface 
(occurrences a r e shown as circles) . With the excep 
tion of one outcrop near D. D. H . MM - 1, hydrothermal 
biotite is present only in the drillhole area . All non
biotitized holes are characterized by the presence of 
s trong sericitic a lter a tion. See al so Figures 20- 23 for 
biotitization in vertical s ec tions through the d eposit. 
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Location of th e 10 drillholes 
(large dots) for which micro
probe a naly ses of biotites are 
given in Appe ndix I. 
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Figure 20. Limits of hydrothermal biotitization in longitudina l section A- B (inset). The shaded area contains better 
quality hydrothermal biotite estimated to be correlative with the zo ne of +O. 2% copper . 

rims and microscopic veinle ts that cut through plagio
clase phenocrysts indicate that the material i s generally 
albite in compo sitional continuity with the phenocrysts . 
In some cases, la r ge perthitic grains are grouped alon g 
microscopic fractures; such grains may be of late - magmatic 
origin. A possibly relate d phenomenon, note d previously, 
is the tendency for rocks of granitic composition to have 
a medial distribution in the thicker p arts of the quartz 
mon zonite porphyry. These rocks may h ave been 
s ubj ected to deuteric or hydroth erma l effects, but it 
has not been possible to a llocate the rocks to a s p ecifi c 
position in the hydrothermal alteration scheme. 
However, some c learly hydrothermal, copper- b earing 
q uartz veinlets do have sporadic K-feldspar grains at 
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their margins, a nd others en close isolated grains and 
microscopic aggregates of K- fe ldspar and albite. 
Overall, potassic alteration of this type i s neither 
conspicuous nor extensive at the Maggie d eposit. 

Silicific a tion and sericitization 

Quartz h as two distinct modes of occurrence: (1) as 
q u art z veinle ts, 1 to 5 mm wide, that occur both inside 
and outside the copper zone; those inside generally 
carry chalcopyrite or molybde nite, whereas those out
side ar e generally pyrite- bearing ; (2) quartz, with 
associated sericite, that has flooded the host rocks and 
obliterated most of the original mineral s and textures 
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Figure 21. Section A-B (inset), s howing the area (shaded) estimated to contai n +O. 2% copper. Legend is as in 
Figure 20. 

except for the preservation of vagu e outlines of fe ldspar 
phenocrysts. This type of pervasive quart z flooding 
i s characteristic of a n intense quart z- seri cite (phyllic) 
fac ies of hydrothermal a lteration, whereas quartz 
veining is not restricted to a specific facies . 

Quart z veinin g is categorized as being abundant 
where at least one average- sized veinlet is present per 
7- to 10- cm l e ngth of drill core of intrusive porphyry ; 
volcanic rocks have less veining than the porphyries , 
and the ultramafics have the least. Despite t he 
imprecision exp ected because veinle t abundances were 
estima ted largely from s pecime ns available for laboratory 

study, a readily - p erceived pattern has emerged. As 
s hown in Figure 24, quartz veining is clearly more 
abundant in th e southeastern part of the copper zone 
than it i s in the northwestern part. The southern 
concentration may be rela ted to the prevalence of 
multiphase intru sion and brecciation in this area. 

Shown also in Figure 24 are the drillhole occurrences 
of p ervasive silicification. These are concentrated 
along the hanging wall of the deposit; outcrops to the 
southwest of the drillholes are also strongly silicified. 
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Figure 20 . 

22 



Figure 24 

Distribution s a nd r e lative abund a nces 
of quart z v eining a nd silicification in 
the Maggie deposit drillholes: 
(a) in the upper part s of the holes , 
to depths of 500- 600 feet below 
surface ; (b) in th e low er parts of 
the holes . 
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Babine deposits, montmorillonite is abundant. Thus 
drill cores, especially of the quartz monzonite porphyry , 
are commonly pitted because of montmorillonite 
expansion and s p alling, a nd some cores ar e totally 
disintegrated for l e ngths of more than 50 fe e t. 

Representative clay - mineral analyses, using the 
procedure outlined in Jambor a nd De labio (1975), are 
given in Table 4. The results confirm that montmoril
lonite is a n abunda nt constituent of the c lay fraction, 
a nd that the mineral occurs in the quartz diorite porphyry 
(D. D. H. MM - 32 ) a s well as in the quartz monzonite 
unit. 

Megascopic examination of the drill core indicates 
that montmorillonite is d ev eloped only very poorly in 
Cache Creek rocks, is locally abundant in quartz diorite, 
a nd is common in quart z monzonite porphyries. The 
distribution of the mineral is in fa c t remarkably similar 
to the p atter ns shown for s trong quartz veining (Fig. 24), 
that is, dri llholes containing abundant quar tz veins 
also have abunda nt montmor illonite, and those with 
little quartz have little montmorillonit e. Cross- sections 
o(the deposit also indicate that, although montmorillonite 
i s locally abunda nt in the footwall of the q u artz monzonite 
porphyry , the mineral occurs more consiste ntly in the 
centra l, more salic part of the intr u sion, a nd, to a 
lesser exte nt, along the hanging w all except where the 
finer grained phase of the intrusion i s present. 
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Carbonate alteration 

In the Maggie drillhole area, carbonate veinlets 
are present locally , but pervasive carbonate alteration 
is so conspicuously uncommon that special note was 
taken wherev e r more than a minute grain or two were 
obse rved in thin sections. Forty- five thin sections of 
drill cores were selected on this basis and were stained 
subsequently with a lizarin red. Grains that gave a 
reaction other than for calcite were identified by X- r ay 
powder diffraction patterns. Only calcite and dolomite 
were found. 

T he distribution of calcite and dolomite in the 
Maggie drillhole s is shown in Figure 25, which indicates 
clearly that carbonate occurrences are rare or absent 
in the central part of the copper zone. Of the five drill
holes that contain dolomite, three ar e outside the copper 
zone, and the other two (D. D. H. 4 and 12) are in a fine 
grained, dyke - like, breccia body that is low in copper . 

As both calcite a nd dolomite are more common in 
outcrops that surround the copper zone, a zonal 
arrangement of the carbonates is present. The outward 
seque nce from the c e ntral biotite - and copper- rich part 
of the deposit is: "barren" -+ calcite -+ calcite +dolomite. 
Although calcite overlaps the biotite zone, dolomite 
seems to appear only in sericitic (phyllic) a nd propylitic 
assemblages. 

SUPERGENE ALTERATION 

Very minor chalcocite was noted in near - surface 
drill core , but polished section studies do not indicate 
that a ny significant supergene enrichment has occurred. 
Iron oxides are conspicuous in the gossan of the weathered 
pyrite halo , and much of the yellowish coloration is due 
to the presence of abundant natrojarosite . Although 
minor gypsum occurs along fractures in the copper zone, 
the mineral is abundant in the weather ed pyrite halo, 
where fractures commonly glisten because of gypsum 
coatings. In some of the regolith on the hanging wall 
of the deposit, gypsum is so plentiful that the soils 
appear to be frost - coated . 

Only a few grains of non- sulphide copper minerals 
have been found. Brochantite is present a nd, d espite 
the overwhelming sulphatic environment, malachite 
also has been noted . 

CONCLUSIONS 

The Maggie porphyry Cu- Mo deposit is similar to 
the "Babine- type" d eposits in that the sulphides are 
related to Tertiary porphyritic intrusions, and in that 
the copper zone and hydrothermal biotitization are 
related intimately. Good quality, medium- to dark- brown 
hydr othermal biotites occur only within the estimated 
+O. 2% Cu zone. Microprobe analyses indicate that the 
darker biotites g e nerally have higher Fe / Fe+Mg+Mn 
ratios, and greenish biotites are low in titanium. 
Biotite phenocrysts generally contain more titaniu m than 
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the associated hydrothermal biotites, but similarities 
in Fe / Fe+Mg+Mn ratios suggest that some of the pheno
crysts have been p artly affected by hydrothermal 
alteration. 

Although the Maggie deposit has normal sulphide 
zoning, consisting of a n outward sequence of (bornite 
+ chalcopyrite +pyrite) -+ (chalcopyrite +pyrite) -+ 

pyrite, an unusual feature is the occurre nce of tennantite, 
which i s concentrated at the p eriphery of the copper 
zone . The r elatively poor development of sulphide 
zoning is indicated by the presence of abundant pyrite 
throughout the copper zone. 

The non-sulphide hydrothermal alteration assem
blages consist of an outward sequence of biotite -+ 

sericite ::': quartz -+ chlorite ::': carbonate. The biotite 
sericite boundary generally marks the limit of the 
estimated +O. 2% Cu zone. Clay alteration is common 
throughout the inner parts of the d eposit, but does not 
have a specific r e la tions hip to sulphide zoning . 

All porphyritic intrusions a t the Maggie property 
are relate d closely, but sulphide minerals a nd hydro
thermal alteration are associated with porphyritic 
quartz monzonite. Detailed studies of the quartz 
monzonite porphyry have indicated that it is multiphase, 
is variable in composition, a nd is partly inter- mineral. 
The youngest phase is in part a dyke- like body that 
contains abundant fluidiz ed breccia. The dyke-like 
unit i s predominantly sericitized and pyritized, a nd 
is locally intrusive into biotitized porphyry . The 
intrusion- alteration- mineralization relationships indi
cate that biotitization and copper d eposition occurred 
largely b efore the complete cessation of intrusion, and 
that mos t of the porphyry system was at a "lower- grade " 
stage of metasomatic alteration when late dyke intrusion 
occurred. 
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APPENDIX I 

MICROPROBE ANALYSES OF BIOTITES FROM MAGGIE DEPOSIT 

Descriptive Notes: 

D. D. H. MM-1at1183 feet 
la, lb both grains are about 0. 06 by 0. 03 mm in size, pale brown, 0. 3 mm apart, 

in a very large pseudomorph after amphibole 
2 0. 1 by 0. 06 mm, pale brown, probably part of a large pseudomorph 
3a, b, c: three laths approximately 0. 05 by 0. 10 mm in an area 0. 3 by 0. 4 mm; light 

brown, coarse sucrose pseudomorph 
4, 5 two phenocrysts, 1 by 1. 5 mm and 7 mm apart; partly rutilated, but analyzed 

on fresh areas 

D. D. H. MM-8 at 402 feet 
la 
lb 

le 

2,3,4 
5,6 

phenocryst, 0. 4 by 1. O mm 
single, isolated lath, 0. 04 by 0. 12 mm, 7 mm from la; grain looks like a 
non-sucrose, single - grain pseudomorph after amphibole 
0. 4 mm from lb, very dark brown lath 0. 05 by 0. 14 mm that is part of a large 
amphibole pseudomorph 
three large, normal phenocrysts 
two very dark brown laths, 0. 04 by 0. 14 and 0. 05 by 0. 08 mm respectively, 
from two pseudomorphs at opposite sides of the thin section 

D. D. H. MM-8 at 1031 feet 
1 
2 
3 
4 

dark brown grain 0. 06 by 0. 06 mm, isolated in matrix 
normal phenocryst 
long lath, 0. 07 by 0. 14 mm, probably a pseudomorph 
normal phenocryst 

D. D. H. MM - 6 at 449 feet 
la, b grain (a) 0. 07 by 0. 04 mm, part of very dark brown sucrose pseudomorph; 

2a, b 

3 

grain (b) 0. 5 mm away, isolated in matrix 
two laths, 0. 04 by 0. 07 mm and 0. 2 mm apart, in a sucrose pseudomorph 
phenocryst, 1. 0 by 1. 5 mm 

D. D. H. MM - 9 at 558 feet 
la, b lath 0. 03 by 0. 12 mm, in massively biotitized matrix of volcanic; grain lb 

0. 7 mm from la 
2a, b light brown lath 0. 03 by 0. 13 mm; grain 2b is a basal section of larger grain, 

almost in contact with 2a 

D. D. H. MM-13 at 306 feet 
la, b two phenocrysts, 2 by 1 mm and 1. 0 by 0. 5 mm respectively, in mutual contact 
2a, b two laths 0. 06 by 0. 18 mm and 0. 3 mm apart; dark brown; part of sucrose 

pseudomorph 
3 lath 0. 05 by 0. 12 mm, probably part of a pseudomorph 
4a coarse lath 0. 1 by 0. 2 mm, part of sucrose pseudomorph 
4b phenocryst (?) 1. 0 by 0. 8 mm, probably part of basal section of a larger grain 

D. D. H. MM - 13 at 526 feet 
1 

2 

3 
4 

dark brown lath, 0. 13 by 0. 65 mm ; appears to be part of a pseudomorph; other 
grains of hydrothermal biotite in this thin section are also unusually coarse 
basal section of large lath similar to above; uncertain texturally whether 
phenocryst or hydrothermal 
irregular phenocryst, 1. 0 by 0. 7 mm, with corroded edges 
lath 0. 05 by 0. 1 mm, part of sucrose pseudomorph 
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Descriptive Notes (cont' d. ) 

D. D. H. MM - 13 at 873 fee t 
la 
lb 
2a, b 
3 

lath 0. 03 by 0. 1 mm, probably part of a pseudomorph 
grain 0. 1 by 0. 1 mm in contact with above 
two phenocrysts in contact, 1. 0 by 0. 7 mm 
coarse, irregular grain 0. 11 by 0. 13 mm, probable pseudomorph 

Grain lb has Ti similar to phenocrysts, but Fe / Fe+Mg+Mn ratio is closer to 
those of hydrothermal biotites 

D. D. H. MM - 19 at 510 feet 
1 
2 

3 
4 

5 

lath 0. 04 by 0. 08 mm, moderately dark brown; probably part of pse udomorph 
s imila r to 1 above, 1. 5 cm away 
isolated grain 0. 04 by 0. 1 mm, in matrix 
la th, 0. 04 by 0. 2 mm, part of pseudomorph a nd about 10 times larger than 
associate d grains 
lath 0. 03 by 0. 06 mm, in matrix 

D. D. H. MM-19 a t 1082 feet 
la 
lb 
2 
3a, b 

4 

basal section, part of sucrose pseudomorph 
moderately dark brown lath, 0. 02 by 0. 04 mm; 0. 15 mm from la 
phe nocryst, 0. 5 by 0. 5 mm 
la th, 0. 06 by 0. 17 mm , part of coarse sucrose pseudomorph; grain 3b similar, 
0. 3 mm away 
lath in matrix, 0. 04 by 0. 07 mm 

D. D. H. MM-19 at 1673 feet 
la, b adjace nt moderate ly dark brown laths , 0. 25 mm apart, in sucrose pseudomorph ; 

each lat h about 0. 05 by 0. 10 mm 
2 fr esh a r ea in 0. 25 by 0. 35 mm phenocryst, chloritized along cleavages, with 

residual rutile needles 
3 
4a, b, c: 

5, 6, 7 : 

lath, 0. 03 by 0. 05 mm , in su crose pse udomorph ; not as dark brown as area 1 
dark brown la th, 0. 08 by 0. 15 mm , probably part of pseudomorph ; grain 4b 
similar, 0. 3 mm from above; grain 4c is 0. 04 by 0. 14 mm lath in contact with 4b 
phenocrysts 

D. D. H. MM-19 at 2345 feet 
1 phenocryst , 1 by 1. 3 mm 
2 la th in matrix 
3a, b both medium brown, 0. 07 by 0. 02 mm, part of sucrose pseudomorph 
4 O. 06 by 0. 08 mm la th, part of pseudomorph 
5 0. 06 by 0. 2 mm lath in matrix 

D. D. H. MM-2 0 at 772 feet 
la 
lb 

2 
3 

4 
5 

6a, b 

7a, b 

phenocryst, 0. 7 by 1. 3 mm , partly rutilated 
medium brown lat h, 0. 06 by 0. 2 mm , probably hydrothermal, in contact with 
phenocryst la 
medium brown lath, 0. 05 by 0. 1 mm ; part of pseudomorph 
lath, 0. 05 by 0. 17 mm, part of coarse sucrose pseudomorph; slightly darker 
brown than 2 
phenocryst, 1. 7 by 2. 0 mm 
light brown lat h, 0. 06 by 0. 15 mm; part of compact biotite mass forming 1/ 3 of 
thin section (biotitized inclusion ?) 
in biotitized mass with 5, but grain 6a is a darker lath 0. 09 by 0. 23 mm; grain 
b is a basal section in contact with 6a 
phenocryst , 1 by 1. 2 mm, in biotitized mass; 7b is in contact with 7a, but is a 
la th 0. 04 by 0. 15 mm; colour similar to that of grain 5 



Descriptive Notes (cont' d . ) 

D. D. H. MM-21 at 471 feet 
1 lath 0. 08 by 0. 17 mm, part of pseudomorph 
2 small dark brown lath, 0. 02 by 0. 10 mm, in matrix 
3,4 
5a, b 

phenocrysts 
phenocryst (a), and grain 0. 06 by 0. 09 mm in contact, possibly pseudomorph 

D. D. H. MM- 24 at 817 feet 
1 coarse lath 0. 07 by 0. 4 mm, adjacent to a phenocryst; probably hydrothermal 
2, 3 phenocrysts at opposite sides of the thin section 
4a, b lath (a) 0. 05 by 0. 17 mm, probably pseudomorph; grain 4b seems to be a small 

phenocryst, 0. 3 by 0. 4 mm, surrounded by hydrothermal biotite 
5a, b pale green grain, 0. 05 by 0. 05 mm, in matrix; grain 5b is si milar, but a basal 

section 0. 06 by 0. 12 mm, and 0. 3 mm from 5a 
6a lath 0. 05 by 0. 05 mm, in matrix; light brownish green 
6b brown lath, 0. 03 by 0. 07 mm, in matrix; 0. 6 mm from 6a 

D. D. H. MM - 28 at 548 feet 
1 
2 
3a, b 

4 

lath 0. 05 by 0. 1 mm; probably part of pseudomorph 
similar, 1 mm from above and probably part of same pseudomorph 
anomalously large grain; 0. 1 by 0. 2 mm, probably part of pseudomorph; 
grain 3b is 0. 1 mm from 3a and is l/ 3 the size of 3a 
lath 0. 07 by 0. 15 mm, part of pseudomorph 

D. D. H. MM-28 at 895 feet 
1, 2 pale to medium brown laths in two pseudomorphs 

D. D. H. MM - 28 at 1219 feet 
1 pale brown lath, probably part of a pseudomorph 
2 phenocryst, 1 by 1 mm 
3a, b two coarse laths, 0. 07 by 0. 12 mm, part of a large pseudomorph 

D. D. H. MM - 28 at 1844 feet 
l, 2 large phenocryst, 2. 4 by 3. 6 mm; areas 1 and 2 at opposite sides of the grain 
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