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MOUNT MILUOAN (PHIL-HEIDI^ MINFDJB 093N194 

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

LOCATION: Lat 55° 08' 00" Long, 124° 04* 00" (93N/1E) m 

OMINECA MINING DIVISION. The property is located cm the 
southeast flank of Mount Milligan, approximately 95 kilometres north 
of Fort St James, 

CLAIMS: PHIL 1, 8-12,21-26,29 HEIDI 14 and one fractional claim (275 
units) 

ACCESS: Approximately 145 kilometres northwest of Prince George via 
Highway 97, Windy, Philips Mainline and Rainbow Creek logging 
roads. 

OWNER/OPERATOR: Joint Venture between CONTINENTAL GOLD CORP. 
09,8%) and BP RESOURCES CANADA LIMITED (30.2%). 
Continental Gold Corp. is the operator 

COMMODITIES: Gold, copper 

DESCRIPTION: 

INTRODUCTION; 

This report is an update of previous reports by Faulkner (1988,1986). A major 
exploration program, with year-round drilling by as many as seven drills since late 
1988, has outlined two large tonnage low grade open pittable copper-gold deposits, 
the M t Milligan and Sou&m Star deposits, The total mineral inventory currently 
exceeds 400 million tonnes, with grades ranging ftom 0,15 to Off per cent copper and 
0.17 to 2,75 grams per tonne goloi 

A Prospectus has been filed with the British Columbia Mine Development Review 
Committee, with a production decision expected late in 1990. 

*Rebagliati Geological Consulting Ltd. 

€#ittfif&#rt tfs&/* "Tissue* TZ^rr totfs *>#s<rre£±/ 
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HISTORY: 

The earliest record of exploration activity in the area is by prospector George Snell, 

who found gold-bearing float on the western flank of Mount Milligan in 1937. In 

1945 Mr. Snell returned to the area and staked ten 2-Post claims west of Mitarf Lake. 

Five pyritic andesite float samples returned assays ranging from "trace" to 4,34 

ounces per ton gold. The source of the float was not found, and no other gold-

bearing mineralisation 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 geochemicai 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 Hnftlinger staked the Heidi claims, after discovering copper-gold 
mineralization in what is now the Creek zone. He later optioned these claims to BP 
Selco Ltd. In 1984 and 1985, following geochemicai and geophysical surveys, BP 
Selco Ltd. trenched a number of targets that appeared to be fracture-related, with 
mixed to good results in four areas • the Creek, Esker, Boundary and South 

Boundary zones. 

I, ft*** 

n V In 1986 United Lincoln Resources Inc., a subsidiary of Continental Gold Corp 

' acquired a 70 per cent interest in the property and resumed exploration with a 

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 DONEi 



APR £6 ' 90 H i 36 BCGS EMPR VICTORIA P . 4 

To the end of 1989, approximately V$- kflometf e»of drilling to more thao-400 holes 

had been compleW More than 120 line kilometres of induced polarization surveys 

and 240 line kilometres of magnetometer and multi-element soil geochemicai 

surveys have also been completed, and drilling, base-line environmental studies, 

metallurgical and pre-feasibility studies are in progress. 

GEOLOGY: 

REGIONAL GEOLOGY SETTING: 

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

The volcanic suites are intruded by largely coeval alkaline stocks of monzonlte, 
syenite and diorite composition. In the southern part of the Quesnel trough, many 
of these stocks have a northwest linear alignment, suggesting a strong fault control 
of intrusions and associated volcanic rocks. In the Mount Milligan area however, 
the ftffrusions appear to bcliioreleatt^ the trough, several of these 

intrusionsire the slteiHSgnSficant alkali-porphyry copper-gold mineralization. 

In the Mount Milligan area, the Takla group is dominated by a thick sequence of 
subaqueous augite porphyry and hornblende porphyry flows and related pyroclastics 
of andesite, latite and trachyte composition. These form a homoclinal succession ^ 
which strikes generally northwest with jaaHow to moderate easterly dips. 
Metamorphism is ofrej^ujljreenschist grade, with some local skarn-like " * cuf) 

development offfyiltc, magnetite and potash S?par)alteration that probab\y is the 
result of hydrothermaJ alteration, ^ ™ s*<*~ WP*™* r 
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The Mount Mffligta intrusions (Figure 1) are multi-phased and have a strong 
magnetic signature (Figure 2). Discrete magnetic highs reflect the composite nature 
of the intrusion, the contact of the leucogabbro, where observed, is strongly 
sheeted, probably by block faulting. Other contacts have not been observed. 

$r On the eastern flank of Mount Milligan, m shown at ̂ M w l e ^ F l g u r c y is an 
itt tAa^^alntrutiv* complex of quartz; monzonite to quartz diorite composition. 
The rocks arc medium to very coarsely porphyritic, fresh and unaltered and appear 
to be of later, possibly Cretaceous age. 

STRUCTURAL SETTING 

The Mount Milligan area is dominated by a strong northwest and a lesser northeast 
trending structural grain. The area of the Mt Milligan and Southern 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-h'ke offshoots of 

^ the MBX stock, both orebodies, and a number of steeply dipping faults, themdt 

- -prominent of which, Harris Fault, separates the Mt. Milligan and Southern Star 

orebodies (Figure 3). A number of pre- and post-mineral dykes and"So*me 

direction, Two east-dipping low angle faults, the Rainbow and Great flatten faults, 
trend northerly to northwesterly and controlled the emplacement of dyke-like 
offshoots of the MBX stock. Recent drilling east of this stock has indicated ihty ^ 

presence of a north or northwesterly trending graben filled with younger-$enfr ^ If 

-beaflng sediments, c "J*? / "I*** 

tuu+j ft. C/jU * -u** ton L t**£mt 
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The northeasterly trend is marked by dyke-like offshoots of the Southern Star stock 
and by prominent nolymetallic sulphide veins, the Esker and Creek veins north of 
this stock (Figure13), The northeast trending Oliver Fault(6iSi^s)he MBX stock 
to the north and 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 detail 
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, Areas between drill targets are largely unexplored. 

Figure 4 shows the geology of the Mt. Milligan deposit inferred at the 1050 metre 

elevation. Figures 5 and 6 are east-west cross sections of this deposit. 

***** pr»— 
The host rocks fcrc a thick east-dipping sequence of massive, pale to dark greenish-
grey pyroxene porphyries of andesite^chyte)and latite composition, with lesser 
heterolithic agglomerates, some discontinuous pale bedded tuffs and rare tuffaceous 

j argillites. This sequence has been intruded by a number of small stocks and dykes 
of iwmOTnXporphyritic 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 Mllng, rather than discrete 
intrusions or discrete phases of a single intrusive event. The overall structure 
therefore appears to be an irregular intrusive surface blanketed by the volcanic 
sequence, tfplct^fa *l**r>**(,;.« >»ww&»sA •*-*/

 e 

The monzonite is typically fine to medium grained, and consists of approximately 20 
per cent plagiodase laths in an aphanitic groundmass of potash feldspar, with minor 
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mafic minerals. A prominent porphyritlc dyke, 10 to 45 metres thick, trends south 

from the MBX stock and several smaller dykes have been intersected. Intrusive 

breccias, composed of monzonite with scattered volcanic fragments, and fractured to 

brecciated monzonite occur around the margin of the MBX stock, Pink secondary 

potash feldspar is pervasive throughout this contact zone. 

— S o m e diorite dykes, not shown on the cross sections, are unaltered and sparsely 

^ f^mineralized or uhmineralized and appear to be the youngest rocks in the area of 

exploration. 

ALTERATION: 

Alteration is widespread and generally pervasive, with subordinate fracture-

controlled-altcration. 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 
alteration extending outward up to 300 metres. In the volcanic rocks the potassic 

alteration assemblage comprises from 10 to 35 per cent of early fine-grained biotite 
and up to 50 per cent of later grey potassium feldspar, Pyroxene phenocrysts, where 
present, are replaced by actlnolite and calcite. In the stocks, pink potassium silicate 
b cuALunoo, particularly in the marginal xoatc, and tha mafic minerals are partially 

replaced by sericite, Some late magnetite-chalcopyrite veinlets are also present. 
Two pipes of albite alteration are known to occur in the MBX zone. Gold values 
are low in the centres of these zones of albitizatton, withfnigher values in the outer ^ 
p a r t t i ^ - on* fa fltgx <ynt t^C L 

MINERALIZATION 

Economic mineralization occurs in both intrusive and volcanic rocks and is of two 
types - disseminated and vein. Widespread disseminated sulphide mineralization 
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accompanied by lesser veinlet and fracture-filling mineralization occur* 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 chalcopyrlte are the 

most common form of sulphides. Pyrite and chalcopyrite veinlet and fracture-filling 

mineralization is less common but locally important, and sulphides associated with 

quartz veining are rare. Bornite is present in minor amounts, generally confined to 

a number of small zones within tha disseminated sulphides which contain very little 

or no pyrite. 

Native gold is associated with botlj pyrite and chalcopyrite, typically as small 

particles up to 100 micrometres in diameter, located along sulphide grain , 

boundaries; Some gold is also associated with magnetite ffJwnw, Continental 

-GoUt-Corp.- pg«KWiaTc5Tmmiult.dUon)J Silver is uniformly distributed throughout 

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

tonne. 

The Mt. Milligan deposit consists of three gradational zonss; trie 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 varying 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 ratio, This enrichment reaches 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 zones are copper-rich.^*** *w 

The Mt. Milligan deposit is bounded on the north and west by steeply dipping faults, 
and is cut by twapost-mmcralizatlon shallow east-dippingjpnwt zones. 
Mineralization is open both to the east and southeast, below economic mining 
depths. 
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The Southern Star deposit is qualitatively similar to the M t Milligan deposit, but to 

date grades appeaTl^e^sd more variable. Two reasons may account tor this. 
The predominant host rocks in the former deposit are andesites, compared to latitcs 
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 brocdated , . ^ 
contact zone of the M t MiUigan stock. / rfotf <r* ^ u S o u ^ ^ f 

Polymetallic sulphide vein miiwraltatfcm occurs within the rone of propylitic 
alteration north and northwest of the Mt, Milligan and Southern Star deposits, 
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 yielded 
assays of 3 to 100 grams per tonne gold and 0.2 to 10 percent copper, A typical vein 
intercept is 4,0 UieU'es mk eumTtmTTOygTam to several-

iwceatcopper) and traces of arsenopyrite dnffifclftxiXsT^e host rocks within 
and adjacent to one of these zones are propylitically altered and contain anomalous 
gold and silver concentrations, 

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 calculations by Continental Gold Corporation indicate that 265.5 
million tonnes of probable ore grading 0,19 per cent 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 thejSouthern Star deposit. To date there has been Insufficient 

exploration to develop mineable reserves in any of the vein zones. 

i 
Preliminary min^ planning has been based on a milling rate of50 000 tonnes per 

day, with production coming initially from a starter pit in the southern part of the 

MBX zone, where higher grade ore at a low stripping ratio is available. Stripping 

ratios are expected 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 volcanic rocks from the 
Quesnel trough in some detail and has demonstrated the ghoshonitic nature of the 
alkaline potassic suites of the trough. Whole rock analyses 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 ratio diagrams, with the fields 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 5102 

range of 49.7 to 56.8 per cent, high K20:Na20 ratios (average « 1.94 per cent), low 

T1O2 (average « 0.59 per cent) and high AI2O3 (average -14.65 per cent). The 

most 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 $102 *s l o w « r -

It is possible thai during mineralization, calcium was remobilized into the alteration 

zones, and some of the iron may have formed sulphides, w "**t*r 

AGE DATING 
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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,Q* Schroeter) for whole rock K-Ar age 
dating. One sample was from a dyke ofporphyritlc monzonite totiudmgimdeBirte 
pyroclastics and the other was from altered « $ e * W 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 a&oes&c pyroclastic rock giving an Albian age of 
109 ±4 Ma and the monzonite giving 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 at the Royal Ontario 
Museum in Toronto for further dating utilizing either zircons or titanium bearing 
minerals, Results from these samples are not yet available. 

DISCUSSION 

The Mt. Milligan deposit Is clearly part 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 volcanic assemblages and connagmatic 
alkaline plutons. As such it displays many 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 regional extent and are invariably associated with 
small, complex, alkaline plutons that are coeval and comagmatic with the 
surrounding volcanic rocks (Barr, et.al, 1976, p,359). The deposits are generally 
low-sulphur copper systems with abundant magnetite in which molybdenite is rare 
but gold and silver are usually present in sufficient quantities to constitute a 
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significant credit. In some cases, such as Q.R., gold is the only economically 
recoverable product. * 

Hydrothermal alteration in alkaline-suite deposits is dominated by extensive biotite, 
potassium feldspar and albite closer to the mineralizing stocks, with a broad fringe 
of propylitic alteration. Quartz veining is very rare or absent, Some deposits, such 
as Ingerbelle exhibit considerable sc&polits veining and occasional garnets 
indicating the tendency of these high level systems to grade towards skam 
assemblages. InjjejwraTcases, such as at Mt. Milligan (Figure 3) skam deposits 
fringe the porphyry systems, Massive to semi-massive sulphide veins, usually 
containing some lead and zinc mineralization and radiating outward from the 
mineralizing stocks are another common feature of alkaline-suite porphyry systems, 
as 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 or 
border phases may contain considerable amounts of hybridized country rock. Field, 
chemical, petrogenatlc and structural relationships are such that productive 
alkaline-suite porphyry Systems invariable appear to have been emplaeed 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 alkaline-suite systems invariable contain bodies of explosion 
breccia which commonly exhibit evidence of multiple stages of brecciation and 
mineralization, Fragments of the porphyry stocks are also commonly found in the 
volcanic rocks hosting or surrounding the porphyry deposits indicating that the 
intrusive system vented and invaded its own earlier volcanic products during its 
evolution, \ ^ j / r c ^ f c ^ w t J ^ / c * > . / t J 

i 
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Most alkaline-sUite porphyry deposits are in the 25 to 35 million tonne class and 
have tenors that! range fromS&to 1.1 per cent copper and # / 7 to QsJ££_ 
grams of gold per tonnw (O.OQ5 to 0,025 na/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, O* #&6~gr&m& per 
tonne gold and £*£*7 grams per tonne silver (Baxr, etal, 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 characteristics of alkaline-suite porphyries. It is, however, 
significantly above normal in its size and gold grade, while being well below average 
in copper grade. In short, Mt. Milligan is a 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 porphyry 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 porphyry stocks and anomalous sulphides are 
known to occur over an area well in excess of ten square kilometres (Figure 3) thus 
suggesting that the MBX and Southern Star stocks and the several small stocks 
found as far west as Heidi Lake (Figure 3) are continuous below the level of current 
drilling. 
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