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MOUNT MILLIGAN (PHIL-HEIDI) © MINFILE 093N 194

By E.L. Faulknet, V.A, Preto, G.M. Rebagliati* and T.G. Schroeter

R Iédalfﬁsb?%gi M& ; %ﬁgl%‘;fao;'hggggﬁﬁ} is located on the
southeast flank of Mourit Milligan, approximately 95 idlometres north

of|Fort St, Jarnes,

CLAIMS: Pn-iHII.). 1, 8-12, 2126, 29 HEIDI 1.4 aud one fractional claim (275
units ;

ACCESS:  Approximatel A 145 kilometres northwest of Prince George via
Iﬁgmy 97, Windy, Philips Mainline and Rainbow Creegk logging
roads.

OWNER OPB} TOR: Joint Venture betwsen CONTINENTAL GOLD CORP.
. g%.%%) and BP RESOURCES CANADA LIMITED (30.2%).
ontinental Gold Corp. is the operator |

COMMODITIES: Gold, copper
DESCRIPTION: .
INTRODUCTION:

This report is an update of previoys regorts by Faulkner (1988, 1986). A major
exgloration program, with yser-round drilling by as many as seven drills since late
1988, has outlined two large tonnage low grade open pittable cofper-sold deposis,
the Mt, Milligan and Southern Star deposits, The total mineral inventory currently
exceeds 400 million tonnes, with grades ranging from 0.15 to 07 per cent copper and
0.17 to 2,78 grams per tonne gulf h7

A Prospectus Has been filed with the British Columbia Mine Development Review
Committes, with a production declsion expected late in 1990,

*Rebagliati Geological Congulting Ltd,
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HISTORY:

|
The earliest recd‘rd of exploration activity in the area s by prospector George Snell,
who found gold-bearing float on the western flank of Mount Milligan kn 1937, In
1945 Mr, Snell retursied to the srea and staked ten 2-Post claims west of Mitzi Lake.
Five pyritic andesite float yamples returned asssys ranging from "trace” to 4.34
ounces per ton gold. The soutce of the float was not found, and no other gold-
bearing minerallzation was found in place.

In 1972 Pechiney Development Ltd. staked ten 2-Post claims on the western flank of
Mount Milligan and the following year drilled five holes to test induced polarization
and copper soil geochemical targets for porphyry copper mineralization, without
success,

In 1982 and 1983, Selco Inc, staked the Phil claims encompassing the former
Pechiney claims, as an alkali-porphyry copper-gold prospect. In 1984 prospector
Richard Haslinger staked the Heidi claims, after discovering copper-gold
mineralization in what is now the Creek zone, He later optioned these claims to BP

Seleo Ltd. In 1984 and 1985, following geochemical and geophysical surveys, BP
Selco Ltd, trenched a number of targets that appeared to be fracture-related, with
mixed to good results in four arees - the Creek, Bsker, Boundary and South

In 1986 United Lincoln Resources Inc,, a subsidiary of Continental Gold Corp,,
acqmred & 70 per cent interest in the property and resumed exploration with &
drilling program that resulted in the discovery of the MBX zone, a part of the Mt
Milligan deposit, late in 1987, In 1988, following an amalgamation and
reorganization, the project was transferred to Continental Gold Corp,

WORK DONE:!
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had been compldted. More than 120 line kilometres of induced polarization surveys
and 240 line kilometres of magnetometer and multi-element soil geochemical
surveys have also been completed, and drilling, base-line environmental studies,
metallurgical and pre-feasibility studies are in progress,

GEOLOGY:
REGIONAL GEQLOGY SETTING:

The property is located in the central core of the Quesnel trough, a northwest
trending allocthonous terrane conslsting of mixed cale-alkaline, high potassium calc-
alkaline and shoshonitic voleanie guites belonging to the Takla group or the
equivalent Nicola group of late Triassic to early Jurassic age.

The volcanic sultes are intruded by largely coeval alkaline stocks of monzonite,
syenite and diorite composition, In the southern part of the Quesnel trough, many
of these stocks have & northwest inear alignment, suggesting a strong fault control
of intrusions and assoclated voleanic rocks, In the Mount Milligan area however,

the igﬁﬁs’ ons appear to be more scattersd, Throughout the trough, several of these

intrusions v the 51183 of significant alkallsporphyry copper-gold mineralization.

In the Mount Milligan ares, the Takla group is dominated by a thick sequence of

subaqueous augite porphyry and hornblende porphyry flows and releted pyroclastics

of andesite, latite and trachyte composltlon These form a homoclinal succession . b
which strikes generally northwest with Jh&‘ﬂ% to moderate easterly dips. o, 7 o
Metamorphism {8 of reglonal greenschist grade, with some local skarnelike ‘] el o g ela)
development vffyrite, magnetite and potash fely) teration that pmb:j;y ::; t:: "
result of hydrothermal alteration, weo Skovn = ponTS/P |
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The Mount Miuigin intrusions (Figure 1) are multisphased and have & strong
magnetic signature (Figure 2), Discrete magnetic highs reflect the composite nafure
of the intrusion. The contact of the leucogabbro, where observed, is strongly

sheeted, probably by block faulting. Qther contacts have not been observed.

1
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A,W On the eastern flank of Mount Milligan, igure 1) Is an

ansive complax of quartz monzonite to quartz diorite composition,
The rocks are medium to very coarsely porphyritic, fresh and unaltered and eppear

to be of later, possibly Cretaceous age,
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STRUCTURAL SETTING

The Mount Milligan area is dominated by a strong niorthwest and a lesser northeast
trending structural grain. The ares of the Mt. Milligan and Southetn Star deposits
appears to be a zone of extension characterized by northwest and northeast trending
fault and fracture systems.

The plutons of the Mt, Milligan suite are aligned in a northwesterly direction
(Figure 1) as are the main body of the Southern Star stock, dyke-like offshoots of
. the MBX stock, both orebodies, and a number of steeply dipping faults, the
— —prominent-ofwhich, Hartis Fault, separates the Mt. Milligan and Southern Star
orebodies (Figure 3). A number of pre- and post-mineral dykes amt ¥oTHe
¢ polymetallic sulphide velnyweiDatMBX Hockaso trend in 8 northwesterly
,J,j‘}s direction, Two east-dipping low angle faults, the Rainbow and Grear Bestera faults,
trend northerly to northwesterly and controlled the emplacement of dyke-like
offshoots of the MBX stock. Recent drilling east of this stock ha indicated the 4/ & " /
presence of a north or northwesterly trending graben filled with yOungeHGlﬂ‘ ,,,w A 1%
~bepring sediments, ao-r’ i 7 ; Y L
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The northeasterly trend is marked by dyke-like offshoots of the Southern Star stock
and by prominent polymetaliic sulphide veins, the Esker and Creek veins north of
this stock (Figure 3), The northesst trending Oliver Faul@hb MBX stock

Approlrmitas

to the north amd-marks the northern boundary of the Mt. Milligan orebody.
PROPERTY GEOLOGY:

Figure 3 shows the property geology. There is little outcrop in the area of current
exploration, and none in the area of the Mt Milligan deposit. The geology has been
inferred largely from drill hole information, and the degree of geological detall
therefore largely reflects the density of drilling, Consequently the Mt Milligan
deposit is defined in some detail, the Southern Star deposit is less well defined, and
other areas are poorly defined, Arsasbetween drill targets are largely unexplored.
~  CouTerops s88Ye n Worrh S6o0E)
Figure 4 shows the geology of the Mt, Milligan deposit infetred at the 1030 metre
elevation. Figures 5 and 6 are east-west ¢ross sections of this deposit.

ahit pyrovend “M'HJ
The host rocks hrc o thick east-dipping seqylonce of massive, pals to dark greenish-
grey pyroxene porphyties of andesite and latite composition, with lesser
heterolithic agglomerates, some discontinuous pale bedded tuffs and rare tuffaceous
argillites. This sequencs has baen intruded by a number of small stocks and dykes
of menzomite, porphyritic monzonite and lesser syenite. Similar rocks have been
intersected at depth in several drill holes, and it is probable that many of these
plutons are continuous below the level of current drilling, rather than discrete
intrusions or discrete phases of  single intrusive event, The overall structure

?
therefore appears to be an irregular intrusive surface blanketed by the voleanic
soquence, Volcaniy oma gut by banTrusive momtonily evel oo mot gt lle

The monzonite is typleally fine to medium grained, and consists of approximately 20
per cent plagioclase laths in an aphanitic groundmass of potash feldspar, with minor

14
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mafie minerals, A prominent porphyritlc dyke, 10 to 45 metres thick, trends south
from the MBX stock and several smaller dykes have been intersected. IntrusiSé T T
breccias, omposed of monzonite with scattersd voleanic fragments, and fractured to
brecciated mOMé‘nite occur around the margis of the MBX stock. Pink secondaty
potash feldspar i§ pervasive throughout this contact zone,
grocM
S S°m° dmmﬂi@s. not shown on the cross sections, are unaltered and sparsely
wwj;;? miﬂefalmd or umineralized and appear to be the youngest rocks in the area of
o’ exploration,

ALTERATION:

Alteration {s widespread and generally pervasive, with subordinate fracture-
controlled-ateration, Weak pervasive propylitic alteration characterized by epidote,
pyrite and carbonates, extends outward from the MBX and Southern Star stocks up
to 2 500 metres, 'The propylitic alteration is overprinted by strong potassium silicate
slteration extending cutward up to 300 metres. In the volcanic rocks the potassic
alzeration assembl e cornprises from 10 to 35 per cent of early fine-grained biotite
e and up tofSO pet c’?é of later grey potassium feldspar, Pyroxene phenocrysts:(w}ere
present, are replaced by actinolite and calelte. In the stocks, pink potassium silicate
Is common, particularly in the marginal zones, and the mafie minerals are partially
replaced by sericite, Some late magnetite-chalcopytite veinlets are also present,
Two pipes of elbite alteration are known to oceur in the MBX zone, Gold values

are low In the centres of these zones of albitization, with higher valuoa in the outer
parts, OnL G W N

MINERALIZATION

Economic mineralization oceurs in both intrusive and voleanie rocks and is of two
types - disseminated and vein, Widespread disseminated sulphide mineralization
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accompanied by ld‘sscr veinlet and fracture-fllling mineralization oceurs in two
deposits - the Mt. Milligan and Southern Star deposits - and in a number of smaller
zones. Disseminated grains and grain aggregates of pyrite and chaloopyrite are the
most common form of sulphides. Pyrite and chaleopyrite veinlet and fracture-filling
mineralization 18 less common but locally important, and sulphides assoclated with
quartz veining are rare. Bornite {s present in minor amounts, generally confined to
& number of small zone within the disssxinated sulphides which contain very little

Or no pyrite.
v
abe"
Native gold is assoclated with both) pyrite and chaloopyrite, typically as small
pasticles up to 100 micrometres in diameter, located along tulphide graln

rekracl » b Dom Harrle &S
boundaries”? Some gold 15 2180 aagociated with magnetite{ﬂ—ﬂm*émﬂmﬁ&

-Gold-Corprpemorml EomMmtTivation), Silver 1y uniformly distributed throughout

the mineralized zones in small amounts, typlcally of the order of 1.5 grams per
tonne,

The Mt. Milligan depeosit consists of three gradational zones; the West Breccia zone

(WBX), the Magnetite Breccia zone (MBX) and the 66 zone (See Figure 4), The

sulphides are irregularly zoned, with pyrite to chalcopyrite ratios varylng from 1:1

north of the MBX zone, increasing to the west and south to 20:1, Within the Mt.

Milligan deposit there Is a relative enrichment of gold with increasing pyrite to

chalcopyrite tatio, This enrichment reacheés a maximum at the potassic alteration

front, were the gold content locally approaches 2.75 grams per tonne. As a

consequence of this irregular zoning, the 66 zone Is gold-rich, and the WBX and

northern part of the MBX 20nes are copper-rich.( 74e 4 covws o ths wersmutitih porit
1y cut Agﬁgald-c S ppe hmmf g:m-.ﬁ b i)

The Mt, Milligen deposit ii bounded d on tf the north and west by steeply dipping fauits,
w ploative

and 1s eut by two ﬁm—m eralization shallow east-dipping thedst zones.

Mineralization d open both to the east and southeast, below economic mining

depths,
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The Southern Star deposit is qualitatively similar to the Mt, Milligan deposit, but to
15 b mang mally
date grades app a:;\lc’)@er,ﬂad-meremabte. Two reasons may account for this.
The predominaﬁt host rocks in the former deposit are andesites, compared to latites
and trachytes that may be more favorable hosts in the Mt, Milligan deposit. Also,
the Southern Star stock lacks the well-mineralized intrusive breccias and 3:«:3‘&1;&4 s onil
* contast zone of the Mt, Milligan stock, / MosT o .7k Seuthe Vi-;: .{.,f:; ¢ 0 st

brecetiled fslockiol manromit 2304 tn veleanics » / @Zﬁﬂ&mﬁ.‘ :

Polymetallic aulphldo veln mineralizatlon occurs within the zone of propylitie
alteration north and northwest of the Mt, Milligan and Southern Star deposits, e
mostly within 500 metres of the main stocks (Figure 3). At least seven zones have
been identified which appear to radiate outward from the MBX stock. Most of
these, such as the prominent Creek and Esker zones, strike northeast and dip
steeply northwest, Each zone consists of three to five veins of semi-massive to
massive pyrite and chalcopyrite 0.3 to 3,0 metres in thickness which have ylelded
assays of 3 to 100 grams per tonne gold and 0.2 to 10 percent copper. A typical vein

IEAIT e

e iRy o 4 . K Ll £ AG SR T * s e hd
- 9% fena .
d traces of arsenopyrite anq‘f;;fxaﬁrite‘."ﬁe host rocks within
and adjacent to one of these zones are propylitically altered and contain anomalous
gold and silver concentrations,

conttim

ECONOMIC POTENTIAL

The total mineral inventory of the Mt. Milligan deposit and Southern Star deposit
currently exceeds 400 million tonnes at grades from 0.4 to 0.8 per cent copper
equivalent, with gold contributing approximately 70 per cent of the value, Current
preliminary ¢alculations by Continental Gold Corporation indicate that 265.5
million tonnes of probable ore grading 0.19 per cont copper and 0,56 grams per
tonne gold arc contained in the Mt, Milligan deposit, and 145.8 million tonnes of
possible ore grading 0.23 per cent copper and 0.34 grams per tonne gold are
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contained in the Southern Star deposit. To date there has been Insufficient
explotation to d¢velop mineable reserves In any of the vein zones.

Preliminary rmn# planning has been based on a milling rate of 50 600 tonnes per
day, with producftlan coming initielly from a starter pit in the southern past of the
MBX zone, where higher grade ore at a low stripping ratio s available, Stripping
ratios are oxpectbd to be between 1,1;1 and 1.3:1 and recoveries, based on
preliminary metallurgical testing, are approximately 80 per cent for gold and 88 per
cent for copper,

SHOSHONITIC ASSOCIATION

Spence (1989) has discussed the chemical compositions of voleanie rocks from the
Quesnel trough in some detall and has demonstrated the shoshonitic nature of the

alkaline potassic sujtes of the trough. Whols rock enalyses were made of 12 drill
core samples from the area of current exploration, Appendix 1 gives details of the
samples and the analytical results, Figures 7 and 8 show these results plotted on
various oxide ratlo diagrams, with the flelds obtained by Spence for the majority of
the samples in her study,

As can be seen, both intrusive and extrusive samples, with the exception of the post-
ore dykes in some plots, fall within the shoshonite fields. Similarities include $102
rangs of 49.7 to 56.8 per cent, high KoO:NapO ratios (average = 1.94 per cent), low
TiO2 (average = 0.59 per cent) and high Al;03 (average - 14.65 per cent), The
miost notable differences are that the samples are not as high in CaO and MgO as
most of the samples reported by Spence, and the total iron relative to S103 is lower,
It is possible that during mineralization, calclum was remobilized into the alteration
zones, and some of the iron may have formed sulphides, wo e w7 W coNeR

AGE DATING

P.10

14
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Two samples were submitted to the University of British Columbia in early 1989 by
two of the authors (R, M. Rebagliati and T.G, Schroeter) for whole rock K-Ar age
dating. One sample was from a dyke of porphyritic monzonite intruding%
pyrociastics and the other was from altered :’rﬁgﬁﬂe pyroclastic rocks, Both were
from drill core from two separate holes drilled along the southern contact of the
MBX stock (Figure 4). results from these two samples were highly discordant and
inconclusive with the altered wﬁc pyroclastic rock giving an Albian age of
10944 Ma and the monzonite glving a late Cretaceous to early Tertiary age of
66.3£2.3 Ma. As a result, two additional samples of monzonite from near the core
of the MBX stocks were collected and submitted to T, Krogh &t the Royal Ontario
Museum in Toronto for further dating utilizing either zizcons or titanlum bearing
minerals, Results from these samples are not yet avallable.

DISCUSSION

The Mt. Milligan deposit {s clearly past of the alkaline-suite porphyry deposits
(Barr, et.al, 1976) which occur in the Intermontane Zone from the stikine region to
the International Boundary (Figure & ) and are associated with the Upper Triassic
to Lower Jurassic Nicola-Takla-Stukine voleanie assemblages and connagmatic
alkaline plutons. As such it displays meny features common to other deposits of this
type, but also some significant differences,

Akaline-suite deposits are subvolcanic porphyry systems that are localized along
fault, fracture or rift zones of reglonal extent and are invariably associated with
small, complex, alkaline plutons that are coevel and comagmatic with the
surrounding voleanic rocks (Barr, et.al, 1976, p.359). The deposits are generally
low-sulphut copper systems with abundant magnetite in which molybdenite s rare
but gold and silver are usually present in sufficient quantities to constitute a

P.1l

1.5
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significant credit, In some eases, such as Q.R., gold is the only economically |
recoverable pmdug: QR (s hiyh P7ﬂﬁ o like boTont ok My O1il)G0n

Hydrothermal alteration in alkaline-suite deposits is dominated by extensive biotlts,
potassium feldspar and albite closer to the mineralizing stocks, with a broad fringe
of propylitic alteration. Quartz velning is very rare or absent. Some deposits, such
as Ingerbells exhibit considornble scapolite velning and occasional garnets
indicating the tendency of these high lavel systems to grade towards skarn
assemblages. Ins Goret cases, such as at Mt, Milligan (Figure 3) skarn deposits
fringe the porphyry systems, Massive to semi-massive sulphide veins, usually
containing some lead and zine mineralization and radiating outward from the
mineralizing stocks are another common feature of alkaline-suite porphyry systems,
#s well as of calc-alkaline porphyries.

The mineralizing porphyry stocks are generally of monzonite to diorite composition,
with phases or offshoots grading to syenite, They are invariably related to larger,
deeper seated intrusions of diorite and gabbro composition in which the earlier ar
border phases may contain considerable amounts of hybridized country rock. Field,
chemical, petrogenetle and structural relationghips are such that productive
alkaline-suite porphyry systems invariabls appear to have been emplaced in active
structural zones and to have evolved in an active structural regime progressing from
an earlier meso-eplthermal structural level of several kilometres depth to a
subvolcanic level of only several hundred metres depth in the final stages, The
porphyry stocks of alkalinessulte systems invariable contain bodies of explosion
breccla which commonly exhibit evidencs of multiple stages of brecelation and
mineralization, Fragmenis of the porphyry stocks are also commonly found in the
voleanic rocks hosting or surrounding the porphyry deposits indicating that the
intrusive system vented and invaded its own earlier voleanie products during its

evolution, \ a( " Mﬁ W-{‘ 7‘5' Cc-m'fa:m #&M y r'o/cowt:;
a¥s M
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Most alkaline-guite porphyry deposits are in the 25 to 35 million tonne class and
have tenors that rangs from B#1014 percentcopperand & /7 to O 56
grams of gold per tonne (0.005 to 0.025 az/t). Until Mt. Milligan was discovered the
largest known deposit of this type was Galore Creek with indicated and inferred
reserves of 125 million tonnes grading 1.06 per cent copper, _£. 4445 grams per
torme gold and _§. 5°7 prams per tonne silver (Bazr, et.al, 1976, p.363).

Although present knowledge of the Mt, Milligan deposit is based almost entirely on
examination of drill core and on geophysical data, the system appears to exhibit all
of the fundamental ¢haracteristics of alkaline-suite porphyrles, It s, however,
significantly above normal in its size and gold grade, while being well below average
in copper grade, In short, Mt. Milligan Is & large, bulk-mineable gold deposit.

The Mt. Milligan deposit is also well above normal in respect of the size of the area
affected by hydrothermal alteration and mineralization. Most porphysy systems of
this type are confined to an area of less than five square kilometres (Barr, et.al,
1976, p.365) whereas at Mt. Milligan porphyty stocks and anomalous sulphides are
known to oceur over an aren well in excess of ten square kilometres (Figure 3) thus
suggesting that the MBX and Southern Star stocks and the several small stocks
found us far west as Heldi Luke (Figure 3) are continuous below the level of current

drilling,
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