885486

NG=Aorfso
PACIFIC BOOKER MINERALS INC. (?*"'\“‘33 )

10th Floor, Princess Building * 609 West Hastings Street « Vancouver, BC V6B 4W4
Telephone: (604) 681-8556 - Facsimile: (604) 687-5995 - Toll Free:1-800-747-9911 - Symbol: bkm-cdnx - Email: mfo(‘lpacuﬁcbooker bc.ca

PROJECT SUMMARY-JUNE 16, 2000

. .
E SR

The following report summarizes the Phase 1 drilling of the northwestern area of the Morrison porphyry
copper/gold deposit. The property lies approximately 15 kilometres north of power lines placed for the past
producing Bell and Granisle porphyry copper/gold mines. Access is excellent with year round logging roads.
The village of Granisle, BC is within 48 kilometres of the property. The deposit lies on a broad valley floor well
distanced from surrounding hills and mountains The current drilling has established higher than historical
grades with remarkable grade continuity both laterally and vertically.

Pacific Booker’s drill hole MO-00-6 completes Phase 1 drilling in the northwestern area of the Morrison

porphyry copper/gold deposit. This drill hole extends and confirms northemn extensions of the deposit and
leaves the deposit open to the north.

Drill hole MO-00-7 has been completed 600 metres southeast of drill hole MO-99-4 in the southeastern area of
the deposit and MO-00-8 is currently in progress.

The six holes drilled in the northwest area are summarized below. Locations are shown on the attached plan.

The six holes have very successfully fulfilled the aims of the Phase 1 programme, which are:

1) To establish grade and continuity of copper and gold values using state of the art thin-wall NQ,
hydraulically driven drill equipment, which achieves essentially 100% recovery. Pacific Booker

considers that overall copper grade is considerably higher than that intersected by previous
drilling in the northwest area at Morrison. Most previous drilling dates from 1967-1969.

2) To establish gold and silver grades. (Few of the original drill holes were assayed for these metals.)

3) Explore the depth of the copper/gold/silver bearing system. Histotic drilling was by 45-degree
angle, short holes, which had explored the system to a maximum depth of 500 vertical feet. Pacific

Booker holes-particularly MO-99-4-have shown that the mineral resource extends to depths 2 to 3
times those originally explored. The mineralization is still open at depth.

Phase 1 drilling on the southeastern area will consist of 4 or 5 diamond drill holes as shown on the attached
map.

Phase 2 drilling will consist g

mineraliza.tiqn laterally to
drilling that the Morrison depositeant

odianond drill holes located in order to extend the copper gold
cth and northeast. There are several indications from the original
tpanded in these directions.

Phase 3 drilling and testing will follow as results warrant. This phase will consist of metallurgical studies and
infill drilling for pre-feasibility and feasibility reports.
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MORRISON DEPOSIT
SUMMARY OF PHASE 1 DIAMOND DRILLING: NORTHWEST AREA

4+ -

Drill Hole Azimuth Dip Hole Length Intercepts Interval (m) Length Copper Golci " silver
Angle {metres) From To metres feet %  gramsftonne grams/tonne
MO-98-1 90 -70 239.8 3.10 23980 236.70 780.00 0.41 0.29 1.40

3.10 9660 93.50 31000 0.72 0.53 2.25
. 28.50 34.60 8.10  30.00 1.03 0.96 3.47

MO-98-2 90 -50 388.7 3.90 37840 37450 1230.00 0.50 0.24 1.62
86.90 .285.10 198.20 650.00 0.61 0.29 1.91
23920 28510 4590 15000 0.81 0.48 2.27

MO-98-3 90 -50 101.8 3.00 101.80 98.80 325.00 0.60 0.27 1.73
96.00 10180 580  20.00 0.70 0.36 216

MO-99-4 -90 466.56 0.00 466.56 466.56 1493.00 0.70 0.40
85.06 17043 8537 27300 097 053
20046 22835 2789 89.25 0.99 0.49

MO-00-5 92 -75 293.75 0.00 293.75 293.75 940.00 0.50 045 285
20000 26500 65.00 21000 0.65 0.79
21200 24000 28.00 90.00 0.80 1.02

MO-006 90 -78 380.62 0.00 38062 380.62 1218.00 0.50 0.26 3.00

55.60 133.70 7810 250.00 0.60 0.26
307.80 34300 3520 113.00 0.70 0.36

COMPLETE ASSAY INFORMATION IS AVAILABLE ON OUR WEBSITE

www.pacifichooker.bc.ca


http://www.pacificbooker.bc.ca
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NEWS RELEASE - JUNE 27, 2000 -
Canadian Venture Exchange Symbol - BKM
CUSIP #69403 R 10 8

Pacific Booker Minerals Inc. is pleased to announce assays from diamond drilling on its
Morrison/Hearne Hill copper gold porphyry project located 65 ki NE of Smithers, BC.
Drill hole MO-00-07 was collared approximately 750 metres southeast of M0O-00-06 and
drilled at a 77 degree angle bearing 270 degrees (west). Drill hole locations can be
found on a map at the company’s website www.pacifichooker.bc.ca The gold assays
and copper geochem indicate consistent grade throughout the mineralized section

The hole averages 0.44% copper, 0.20 grams/tonne gold, 1.52 grams/tonne silver from
surface to 346.25 metres (1108 feet). Including the following intersections:

174.4 metres (558 feet) to 340 metres (1088 feet) an intercept of 165.63 metres (530 feet)
0.56% copper, 0.25 grams/tonne gold

Includes the final 28 metres (90 feet) which average 0.64% copper,

.25 grams/tonne gold

Drilling is continuing and assays will be released when available.

The drill holes are drilled on section; the sections are 60 metres apart. Geology
intersected in diamond drill hole MO-00-7 is very similar to that found in diamond drill
hole MO-00-06, 750 metres to the northwest. There has been no indication of major post-
mineral intrusions. A summary of drilling in the northwestern area of the deposit, dated
June 16, 2000 can be found on our website: pacificbooker.bc.ca under the heading
corporate update. ‘

J. Paul Stevenson, CEO
Pacific Booker Minerals Inc.

This news release was prepared by Pacific Booker Mnerals Inc. The Canadian Venture
Exchange has not reviewed and does not accept rcsponsﬂnhty for the adequacy or

“accuracy of the content of this news release.
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PART B — Porphyry Copper (+ Au:t Mo) Deposits of the Calc-Alkalic Sulte — PAPER 15

‘Morrison - Hearne Hill copper-gold deposits
Babine region, west-central British Columbia

P.L. OGRYZLO
Consulting Geologist, Vancouver, British Columbia

G.E. DIROM S

Consulting Geological Engineer, North Vancouver, British Columbia

P.G. STOTHART
Brunswick Mining and Smelting Corp., Bathurst, New Brunswick

ABSTRACT

Morrison and Hearne Hill are classic porphyry copper-gold
deposits associated with a Tertiary continental magmatic arc in west-
central British Columbia. The deposits are located within and around
dikes and plugs of an Eocene high-potassium calc-alkaline suite,
the Babine Igneous Suite. Despite the calc-alkaline major element
geochemistry, rocks of the Babine Igneous Suite possess immobile
trace element ratios typical of alkaline rocks and may have been
dmvedfmmanalkalmprecwmrorpwaztalmagnw. Sulphide
mineralization in both deposits occurs as disseminations, fracture
Jillings and quarty stockwork veinlets. Hearne Hill also hosts a
deposit of chalcopyrite-cemented breccia which has characteristics
that are unique among the Babine deposits.

Stockwork mineralization on Hearne Hill formed at a minimum
depth of 4 + 1 km from highly saline hydrothermal brines. Tem-
peratures of homogenization in complex fluid inclusions range from
164.5°C to >600°C, with salinities of 40% to 60%. The Hearne
Hill breccia pipe formed at a minimum depth of <100 m from
dilute epithermal fluids. Temperatures of homogenization average
172.5°C, with salinities of 2% to 10%.

The Morrison and Hearne Hill deposits are separated by a major
regional structure, the Morrison Fault. Reconstruction of the
Mesozoic-Eocene stratigraphic sequence suggests that Hearne Hill
Jormed the root and that Morrison formed the upper slice of an
by extensional faulting and dextral shear. Faulting occurred before
the cessation of magmatic and hydrothermal activity on the exposed
root of the deposit. The dirculation of highly corrosive kydrothermal
brines resulted in solution, withdrawal of support and subsequent
collapse to form the Hearne Hill breccia pipe. 4

Indicated and inferred resources for the Morrison depostt, using
a 0.30% Cu cutoff grade, are estimated to total 190 million tonnes
grading 0.40% Cu and 0.2 g/t Au to a depth of 300 m. Inferred
" resources for the Hearne Hill stockwork and breccia pipe miner-
- alization, using a 0.10% Cu cutoff grade, are estimated at 60
million tonnes grading 0.16% Cu and 0.1 g/t Au to a depth of
100 m. Using a cutoff grade of 0.75% Cu, the Hearne Hill breccia
Pipe contains-an indicated resource of 143 000 tonnes grading 1.73%
Cu and 0.8 g/t Au to a depth of 100 m.

Introduction

Two porphyry copper-gold deposits, Morrison and Hearne Hill,
have been delineated just east of Morrison Lake in central British
Columbia. The deposits are some 2.2 km apart and are contained
within the Babine porphyry copper district which comprises two
past producers (the Bell and Granisle mines owned by Noranda Min-

ing and Exploration Inc.) together with a number of subeconomic
deposits. The deposits of this district are associated with a Tertiary
(circa 50 Ma) continental magmatic arc with intrusive and extru-
sive members collectively known as the Babine Igneous Suite.

As the senior author’s research (Ogryzio, in prep.) on the Hearne -
and Morrison deposits has yet to be finalized and active explora-
tion continues on the Hearne Hill deposit, the concepts and con-
clusions in this paper must be viewed as prefiminary.

Location

The Morrison and Hearne Hill deposits are Jocated in the Ba-
bine Lake region of the Intermontane Belt of central British Colum-
bia (Fig. 1). They are situated at latitude 55°11’N and longitude
126°18’W. Vehicle access is by logging road from the Bell mine
25 km to the south. The village of Granisle, built to service the
Granisle and Bell mines, is reached via a 4 km ferry crossing of
Babine Lake from the Bell mine and an additional 14 km of gravel
road.

The Granisle mine ceased production in 1982 and all surface
facilities have been removed. Production ceased at the Bell mine
in 1992 due to the exhaustion of ore reserves and the minesite is

Physiographic Setting

The Babine Lake region forms part of the rolling uplands of
the Nechako Plateau within the Intermontane Belt of central Brit-
ish Columbia (Fig. 1). Oligocene to Recent block faulting dissected
the region into a basin and range morphology consisting of north-
westerly trending ridges and valleys. The major trenches are filled
with long, narrow, and deep lakes, the largest of whichis Babine
Iake.MomsonLakelistothcnorthw&oantduyAmof
Babine Lake and occupies the same valley. Elevations range from
733 m on the shore of Morrison Lake to 1380 m on Hearne Hill.
’lheerodedmpofﬂnMomsonFanltformthemﬂank
of Hearne Hill.

Hlstory
TheMomsonLakcamwasﬁrste:q)loredmthcwly 1960s
during the initial rush of exploration to the Babine region. Regional
stréam sediment sampling in 1962 by the Norpex Group of Noranda
Exploration Company, Limited led to the discovery of the Morri-
son deposit in 1963 with critical early work by L. Saunders, R. Wool-
verton and D. A. Lowrie (Woolverton, 1964).- Delineation of the
deposit took place during the period 1963 to 1973 and induded soil
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geochemical, electromagnetic (JEM) and magnetic surveys together
with trenching, geological mapping, alteration studies and 13 890
m of diamond drilling in 95 drill holes (Carson and Jambor, 1976).

The discovery of the Bell deposit in 1963 and the opening of
the Granisle mine in 1965 further stimulated interest by others in
the arca. Acting on this interest, Tro-Buttle Exploration Limited
undertook a large-scale soil sampling survey and magnetometer sur-
vey to the east of Morrison Lake on Heamne Hill (Dirom, 1967).
While excavating a bulldozer trench on the most prominent anomaly
on the western flank of Hearne Hill, Peter Bland and George Bur-
dett unearthed a 1.5 m boulder of brecciated rock cemented with
chalcopyrite (P. Bland, pers. commun., 1991). On the strength of
this discovery, the property was optioned in 1967 to the Texas Gulf
Sulphur Company, which undertook a systematic geological assess-
ment of Hearne Hill (Newell, 1968). Their exploration culminated
in the boring of 12 diamond drill holes for a total of 1942 m.
Although drilling intersected only a small section of mineralized brec-
cia, a large low-grade porphyry copper deposit was partly deline-
ated. As the copper grades encountered were considered
subeconomic and confronted with a major option payment, Texas
Gulf returned the property to Tro-Buttle Exploration Limited in
the spring of 1968. Shortly thereafter, Canadian Superior Explora-
tion Limited acquired an option on the property and undertook
magnetometer, induced polarization, geological and geochemical sur-
veys (Kahlert, 1968) followed by a program of percussion drilling
in 1969 (Sampson, 1993). After this work, the property became dor-
mant and eventually reverted to the Crown.

In 1989, the Hearne Hill property was acquired by D. Chap-
man and P. Bland and was optioned the same year by Noranda
Minerals Inc. to evaluate the possibility of developing high-grade
feed for the Bell mill. Diamond drilling during 1989 and 1990
delineated a small, high-grade, breccia pipe (Ogryzlo, 1990, 1991),
but the identified resource did not meet the Bell mine requirements
and the property was retumed to the vendors. Subsequent drilling
of the breccia pipe was done in 1991 (Sampson, 1993) by the ven-

. dors and they were in the process of permitting the breccia deposit

for production when the Bell mill closed in April, 1992. In late 1992,
Booker Gold Exploration Ltd. acquired the property and in 1993
completed trenching, a magnetometer survey, geological mapping
and follow-up percussion drilling (Sampson, 1993; Schroeter, 1993).

Applied Exploration Techniques

Geochemistry was the most cost-effective exploration technique
used in the discovery of the Morrison and Heamne Hill deposits.
The distribution of copper in soils is shown in Figure 2. Babine
valley is notorious for its thick blanket of glaciolacustrine days which
can effectively mask residual anomalies (Okon, 1974; Levinson and
Carter, 1979). In the case of the Morrison deposit, however, homn-
more resistant than its enclosing rocks. Hence, although the deposit
is Iocated in a valley bottom where it normally would be blanketed
with clay, there is enough positive relief that the deposit protrudes
through the impervious cover. In the case of Hearne Hill, the deposit
is exposed on the eroded scarp of an uplifted fault block. Although
thick deposits of glacial outwash gravels are locally preserved in
ravines, most of the deposit is covered with only a thin layer of
glacial soils and is above the blanket of impervious days. Soil sam-
pling was effective in revealing the general outline of the stockwork
mineralization and was also effective in locating the Hearne Hill
breccia pipe- (Newell, 1968; Ogryzio, 1990).

Magnetic surveys were invaluable in defining the limits of the
host intrusions, zones of secondary biotite alteration and associ-
ated mineralization on the Morrison property (Woolverton, 1964;
Fountain, 1969; Carson and Jambor, 1976). Magnetics were also
used to focus exploration on the Hearne Hill property with the
Hearne Hill breccia pipe defined by a magnetic low, possibly be-
cause intense hydrothermal activity and consequent sulphidization
had reduced magnetite to pyrite.

FIGURE 1. Location of the Babine porphyry copper district. Morphogeo-
logical belts, major faults, and terrane boundaries modified after Gabrielse
and Yorath (1989). Only the major terranes are shown: AX (Alexander),
W (Wrangellia), OC (Cache Creek), Q (Quesnellia) and Stikine. Stikine ter-
rane Is shaded. 1. Mansondepoﬁl.z.ﬂeamﬂildepodt.lsdlmlne.
4. Granisle mine,

Induced polarization surveys on the Morrison property effec-
tively outlined the extent of the hydrothermal system as defined
by the pyrite halo. Induced polarization surveys were also effective
on Hearne Hill by delineating sulphides in the stockwork deposit
although the pyrite halo appears less well defined than at Morri-
son. The breccia pipe is defined by the induced polarization survey
and appears as a >20 millisecond chargeability anomaly.

Implicit in all techniques used in the delineation of the Morri-
son deposit was the use of geological modelling. Alteration miner-
alogy, particularly the hydrothermal biotite-magnetite assemblage,
was recognized early as a guide to mineralization (Woolverton,
1964). The pioneering concepts (for the Canadian Cordillera) of
symmetrical concentric zoning of alteration and mineralization devel-
oped by Carson and Jambor (Carson and Jambor, 1974) were used
to plan definition drilling and to define postmineral fault dis-
placements.

The use of angle diamond drill holes was essential in providing
information on the horizontal and vertical grade distributions at
Morrison and Hearne Hill Without detailed information on
horizontal grade distribution, vertical assay-wall boundaries would
only be poorly approximated by mathematical manipulation and
interpolation of assay data between vertical drill holes.

Despite the success in using simple geochemical techniques to
outline the Morrison and Heamne Hill deposits, their secondary geo--
chemical dispersion halos developed because thiey were exposed to
surficial processes and were not masked by the glaciolacustrine clay
and till that blanket much of the Babine region. Future explora-
tion in the area will need to consider more sophisticated geochemi-
cal techniques such as basal till sampling and biogeochemical and
lithogeochemical methods, and geophysical methods that are able
to detect and define “blind” deposits concealed beneath thick
blankets of till and clay.

Parnhvrv Dennsits of the Narthwestern Cordillera of North America - 291
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FIGURE 2. Soil geochemistry. Copper in sofls for Morrison from Carson and Jambor, 1976. Copper in soils for Hearne Hill from Dirom,

1967 and Ogryzio, 1990.

Regional Geology

The Intermontane Belt of central British Columbla ocomprises
a collage of accreted island arc and oceanic terranes (Gabrielse and
Yorath, 1989). The largest of these accreted terranes is the Stikine
terrane (Fig. 1), which covers a surface area of 120 000 km?
(Richards, 1988). The Stikine terrane is subdivided into four
assemblages: a late Palacozoic to Middle Jurassic island arc; a Mid-
dle Jurassic to early Late Cretaccous molasse assemblage; a Late
Cretaceous to Eocene transtensional continental magmatic arc; and
Eocene to Recent plateau basalts accompanied by uplift and erosion.

In the vicinity of Morrison Lake, the older island arc assem-
blage is exposed in the highlands surrounding the lak¢ as marine
volcanic rocks, tuffs and greywacke of the Lower Jurassic (Sinemu-
rian to Bajocian) Telkwa Formation (Fig. 3; Tipper and Richards,
1976). Post-Eocene block faulting has dissected the area, with
younger ‘molasse-type sedimentary rocks of the Midcle Jurassic
Bowser Lake Group preserved in the down-faulted blocks which
now occupy the lowlands. The Eocene continental magmatic arc
comprises hornblende + biotite + plagioclase + quartz phyric dikes
and plugs, felsic plugs and associated volcanic and epiclastic rocks,
all of which are collectively known as the 50 Ma (Carter, 1976) Ba-
bine Igneous Suite. The suite is bimodal, with compositions of ande-
site or rhyolite. Mafic end-members have not been identified. The
homblende-biotite-plagioclase phyric members of the suite are gener-
ally described as biotite feldspar porphyry (BFP).

Volcanic and epiclastic equivalents of the intrusions were
deposited in discrete, structurally controlled down-dropped volcanic
basins. The formation of the basins marks the end of the molasse
stage of sedimentation in the Stikine terrane. The contractional tec-
tonic regime that was marked by impingement of the Alexander
and Wrangell terranes in Late Cretaccous time changed in the Eo-
cene to one of extension east of the Insular Belt (Gabrielse and
Yorath, 1989). Extension was accompanied or followed by a com-

ponent of dextral shear, whidxoonnmlsatMabngtheme el

Charlotte Fault.

T‘heEocencvolcanmhasbemm’bmedtomagmancacuv
ity over a subduction zone that lay to the west (Richards, 1988),
wnhanamthatmayhmmdedthhthemsofthcptw
dayCoastPhxtomcComplaz.?SOkmtodwwstoftheBabme
valley. If this is the case, the Bocene magmatism in the Babine region
occurred a considerable distance above the subducted slab.

Locally, extensional and transtensional tectomcelanmtsare
rqxamtedbythcmagorblod:faultsthatdeﬁncﬂlebaﬂnandmngc
morphology of the region. The Morrison Fault and Graben are
among the most prominent structural features of the area and have
been traced for over 100 km. Intrusions hosting the major por-
phyry copper deposits in the region occur along or adjacent to the
Morrison Fault and the closely related Newman Fault. These in-
trusive centres appear to be localized by intersecting major and sub-
sidiary faults, or by dilatant mmsthathave developed between the
major transforms.
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Whole-rock Geochemistry of the Babme
Igneous Suite

. The Babine Igneous Suite is a high-K calc-alkaline magmatic
suite but has an alkaline trace element signature. Dikes, plugs and
coarse vent-breccias of intermediate to acidic composition

predominate. Extrusive and epiclastic equivalents consist of poorly
consolidated hornblende crystal tuffs with tree roots and carbonized
~wood fragments, debris flows with green and red clasts, ‘and colum-
nar flows. The intrusive rocks have a distinctive “‘crowded’’ por-
phyritic texture, with zoned plagioclase phenocrysts and *‘books”
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son deposit are to be further investigated. |

horizon soil samples were collected at 100m intervals in the area of

Zones of the Morrison deposit and over the Hearne Hill porphyry system. Copper and gold

the two deposits. Results from the survey delineate the location and approximate size of
ano nalies north and northeast of the Morri

both deposits. Strongly anomalous copper values were focused over the North and South

A total 0t 930 deep C
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TABLE 1. Major oxides and trace element analyses, Babine Igneous Suite

Specimen: I 1] i v v v vil wiii
SIO, 56.88 §0.73 60.95 61.40 68.68 7047 5128 56.73
TiO, 0.79 0.81 0.75 0.62 039 0.37 0.88 0.71
Al,O4 14.95 16.31 1544 1528 16.92 1746 1791 20.51
FeO* 497 427 497 453 225 043 6.06 545
MnO 0.11 0.04 0.14 0.09 0.05 0.01 0.03 0.02
Mgo 648 4.47 4.25 256 1.00 0.10 451 264
Ca0 532 427 5.44 5.14 0.75 0.08 225 3.99
Nay,O 3.77 3.71 403 351 554 252 2.94 1.81
Ky0 234 2.16 234 251 253 784 262 229
P,05 031 027 0.28 023 023 0.03 0.23 023
H 0.23 0.11 0.30 023 0.00 0.09 0I5 042
LOI 267 5.20 130 3.69 1.62 125 5.44 8.02
Total 97.8 1014 100.2 998 100.0 100.7 100.9 1028
Zn 65 40 63 73 61 6 37 62
Cu 13 234 21 15 9 tr 3023 400

v 131 128 132 12 97 10 127 107
Ba 1197 789 1140 1454 1100 654 1705 459
Nb 13 10 14 10 8 38 10 9
Zr 133 117 142 131 85 406 125 109

Y 16 10 17 14 11 32 12 10
Sr 1051 786 1062 763 419 65 392 224
Rb 54 68 46 62 65 129 59 41
ALT 0 1 0 0 0 0 2 3
Analysis by X-ray fluorescence Alteration coding: 0- unaltered; 1 - chlorite-carbonate; 2 - blotite; 3- sericite + carbonate + quartz.

spectrophotometry.
R MMM(OMWMMNWMMWMMMWWM
chiorite-carbonate

il. Slightly altered biotite plagiociase phyric dike,
fiil. Unaltered columnar biotite homblende

Heame Hill.

alteration,
phyric flow, Newman Peninsula, Babine Lake, south of Bell mine.

iv. Unaltered quartz hombiende biotite plaglociase phyric dike, Hatchery Arm, Babine Lake, north of Bell mine.

v. Unaltered quartz albite phyric dike, Morrison
vi. Unaltered plagiociase phyric rhyolite

vﬂ.Blotﬂealteredbbﬂlﬂoldspuphydc
viil. Leached, sericite altered blotite feldspar phyric dike, Heame Hill.

of black biotite set in a grey, fine-grained matrix of lath-like
plagioclase and quartz. Hornblende, where not obscured by

Selected whole-rock major oxide and trace element analyses are
reported in Table 1 with analyses () to (vi) ordered according to
increasing silica content. Major oxides reveal “normal” calc-alkaline
trends of increasing Na,0, K,O and AL,O, and decreasing C20,
FeO* and MgO. Relatively unaltered specimens yield a Peacock
alkali-lime index of 58.2 (Ogryzlo, in prep.) (calc-alkalic) and rev-
eal a calc-alkali diffaenﬁaﬁonuwdonanAFMdiagran(ﬁg.

4)1‘he values are widely dispersed, but K O-SiO, analyses of -

unalte:edmd:sspan&cﬁddsofh:gb-l(and&canddaatc
thmughto mdemc,dauteandrhyolitc,wnhmostmdm
relatively in potassium.

The effects of hydrotherinal alteration, with its attendant base
leaching, makes characterization of altered rocks using Na and K
meigums.!{owm,catainmdmtswiﬂ:highionicpotm-

tials, notably Zr, Ti, Nb and Y, are considered to be immobile un- -
der metasomatic conditions. By calculating ratios from analyses for

these immobile elements, the effects of hydrothermal fluids and
changes in mass may be minimized. Using Zr/Ti as an index of
differentiation and Nb/Y as an index of alkalinity, fresh and altered
rocks of the Babine Igneous Suite cluster mainly in the field of alkali
basalt (Fig. 5). The division between subalkaline and alkaline rocks
is placed at a Nb/Y ratio of 0.67 (Winchester and Floyd, 1977).
Hydrothermal alteration has not affected immobile element ratios,
as indicated by the dose clustering of data points in Figure 5.
The alkaline character revealed by the immobile element ratios
is at odds with the calc-alkaline major element trends of the Ba-
bine Igneous Suite. The immobile element ratios may reflect ratios
inherited from an alkaline precursor or parental magma which has
acquired its calc-alkaline major oxide chemistry by contamination.
Porphyry copper-gold deposits associated with alkaline rocks,
although of minor importance worldwide, are very important in
the Canadian Cordillera (McMillan, 1991). Deposits in alkaline

plug. Newman Peninsula, south of Bell mine. .
ike, stockwork zone, Hearne Hill.

rocks, on the whole, have significantly higher concentrations of cop-
per and somewhat higher concentrations of gold than deposits in
calc-alkaline rocks. Schroeter et al. (1989) have compared copper
and gold values for calc-alkaline and alkaline hosted deposits in
British Columbia. Of the 37 deposits considered, two of the Ba-
bine deposits, namely Bell and Morrison, contains copper and gold
conoentrations that are typical of both calc-alkaline and alkaline
hosted deposits. It is possible that these copper and gold concen-
uauonsalsoreﬂeaammedalkalm/aloalkakncpamtageforthc
BabmclgmousSune. :

Geology of the Momson Deposit

Momsonlsasu'onglyzomddmpomhy!ycoppa-gold
deposnasoaamdwnhanBoome“Babm-typc’ buxne-hmnbhnde-
plagioclase phyric intrusion.

Geology, akuanonandmmaaﬁmtonofﬂwMormondepom
have been well described by Carson and Jambor (1974, 1976). Zon-
mgxssymmeuml.w:thshdlsot‘coppermlphxdsandpynted:s-
tributed concentrically within and around a zone of intense
-hydrothermal biotite alteration. The symmetry of the deposit has
beendimmdbydamﬂmmmm&unknownvaucal
displacement and some 330 m of horizontal translation so that the
mfaoeuaoeofthemmﬁzedmlsﬂxatofandongm“S"
(Fig.3mset).Pre-fmltsymnwtrysshownmthcmtomdm
sectional view of the Morrison deposit (Big. 6).

Of note is the presence of marcasite, sphalerite and arsenopyrite
in quartz-carbonate veinléts and vugs in the intensely clay-carbonate
altaedMomsonshears(rwuneandmomermmpost-stockwork
faults on the Morrison property. This suggests late-stage hydrother-
mal activity followed stockwork copper mineralization at Morri-
son. Elevated arsenic values, as indicated by drill hole composite
analyses, also clearly map the Morrison shear structure and other
post-stockwork structures. Gold appears to be primarily associated
with the stockwork copper mineralization and to a much lesser ex-
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e Unaltered rocks
FIGURE 4. AFM diagram, Babine Igneous Suite, Only those rocks show-

ing fitle or no siteraton are plotied. Tholelitic - calc-alkaline fields are from
Irvine and Bamagar, 197L

tent with arsenic and late stage sulphide quartz-carbonate miner-
alization along the Morrison shear.

Alteration zoning is simple, consisting of a central core of
hydrothermal biotite, with a peripheral zone of chlorite-carbonate
(propylitic) alteration. Hydrothermal biotite is particularly well devel-
oped at Morrison, with mafic minerals in the core zone being
replaced by sugary brown masses of biotite.

‘The Morrison deposit differs from the two economic deposits
of the region (Bell and Granisle) in that it lacks the extensive phyl-
Iic alteration overprinting of pre-existing bictite and propylitic alter-
ation zones.

Magmatic waters appear to have been involved in the forma-
tion of hydrothermal biotite and chlorite, with the possible addi-
~ tion of an evolved metedric water component. Fluids in equilibrium

with hydrothermal biotite in the potassic zone at Morrison have
calculated 8Dy, values at 541°C of -75 and —70 and
cn]mlatedsﬂoupof& (Zahsh.l992).mdimnngamagmanc
source. Fluids from the propylitic alteration zone at Morrison had
similar at 350°C, but had slightly lower & Evolved
mdeoncwaterswaealsomvolwdmaxgilhcalteranonalongone
ofthcmagorslm:s. S

Geology of the Heame_ Hill Deposit

Marine volcanic rocks and volcaniclastics of the Lower Juras-
snc(Smumman)TelkwaFomaﬁonoftheHazckonGmupm
exposed on Hearne Hill (Richards, 1980). The volcanic rocks have
been tentatively correlated with_ the submarine Kotsine Facies of
the Telkwa Formation (Tipper and Richards, 1976). Fine-grained

- grcytomaroonvoleamcmcks(andpow’blysynvohmcmmmons)

of intermediate composition predominate. The volcanic rocks are
characterized by grey arystal-lapilli tuffs and grey andesite. Buff
to brownish silty tuffaceous rocks, green siltstone and greywacke
~ are also present. .
: 'IheLowchuramcrockshavebeeumuudedbydlke-hkebod-
ies of biotite-plagioclase porphyry (BFP) of the 50 Ma Eocene
Babine Igneous Suite. The largest mass of BFP on Hearne Hill is
approximately 750 m long and reaches a maximum width of 250
m with its long axis oriented to the northeast. A number of smaller
bodies of BFP also are oriented with their long axes to the north-
east. Where intersected by boreholes, contacts of the intrusive bodies
appear to be vertical.

A Unshered
<+ Modersle sl
3 Stongak.

Zr/TIO2

oot |-

0.001 L 1

0.01 0.1 NbrY 1.0

10.0

FIGURE 5. Zt/Ti0, versus Nb/Y dassification diagram for fresh and.
hydrothermally siteved rocks of the Babine Igneous Suite. Classification fidds
and boundaries from Winchester and Floyd, 1977.

Both the BFP bodies and the country rocks adjacent to the in-
trusions have been intensely fractured. Fracturing appears in the
intrusive bodies as widely spaced planar joints giving subcrops of
BFP a blocky appearance. Fracturing is more intense in the vol-
canic wallrocks, occurring as closely spaced hairline fractures.

A younger phase of the Babine Igneous Suite intrudes both the
BFP and the volcanic sequence. It is a buff to white plagioclase-
biotite phyric massive rock with rare quartz phenocrysts. Plagioclase
is invariably altered to sericite, and biotite occurs as pale brownish
relics. Fracturing and fracture filling are virtually absent and there
is no stockwork development. Where present, fracturing occurs
peimarily as shear zones enveloped with greenish swelling-clay miner-
als. This younger phase on Hearne Hill is nearly identical in appear-
ance to the post-stockwork quartz biotite feldspar porphyry (QBFP)
that intruded the southeastern quadrant of the Bell orebody. The
QBFP at Bell, however, has more prominent quartz phenocrysts
(Dirom et al., this volume).

Hypogene Sulphide Mineralization

Stockwork

Chaloopyrite, pyrite, bornite and minor molybdenite occur as
disseminations, as fracture fillings and in quartz veinlets on Hearne
Hill. The limit of copper mineralization (as defined by the 0.10%
Cu isopleth) delineates a zone 600 m long by 400 m wide (Fig. 3).
The long axis of the zone is oricnted northeasterly and appears to
parallel the trend of the intrusive bodies. Copper concentrations
in the stockwork zone range up to a maximum of 0.5% Cu and
average 0.16% Cu. They are highest in the volcanic and sedimen-
tary rocks, with somewhat lesser concentrations in the BFP intru-
sions. The preferential deposition of copper sulphides in the country
rocks appears to be related to the greater density of fractures in
the volcanic rocks and volcaniclastics. Symmetrical zoning of cop-
per values is not as apparent as at Morrison, but this may be a
function of the lower density of sampling on Heamne Hill.

Fluids responsible for hypogene stockwork mineralization at
Hearne Hill appear to have been highly saline chloride brines. Inclu-
sions of fluids trapped in stockwork quarfz veins commeonly are
multisolid (one.or more solid phases) multiphase (one or more of
liquid, vapour, or solid phases) inclusions which may contain ha-
lite, sylvite, an orange-coloured Fe-chloride phase, gypsum, and/or
rare chaloopyrite tetrahedra. Temperatures of homogenization (Th) -
range between 164.5°C and 550°C (Fig. 7), with a mean Th of
346.5°C (Ogryzlo, in prep.). Homogenization was generally by
vapour disappearance before halite dissolution. Salinities range from
40% to 60% NaCl equivalent (Fig. 8). Salinity was probably

Ealal~
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FIGURE 7. Fluid indusion (FT) geothermometry, Heame Hill. Tempers-  FIGURE 8. Salinity versus of Hearne Hill
tures of homogenization for quartz stockwork and for the breodis pipe. The

upper temperature Emit for the instrument wsed was 581°C, A number of
indusions in the quartz stockwork did not homogenize by 581°C, but ap-
peared dose to homogenization, and are displayed s the group of >575°
indusions. Indusions not dose to bomogenization by 581°C represent a higher
temperature population.

increased by repeated boiling, with the evolution of a vapour phase.
Several pulses.or generations of fluids, with overlapping tempera-
ture ranges, may have generated the stockwork mineralization on
Heame Hill. Peaks oocur at temperatures of 262.5°C, 337.5°C, and
412.5°C. A number of fluid inclusions failed to homogenize by
600°C and represent some higher temperature pulses.

A precise estimate of the pressure and depth at which fluids -

were trapped in the quartz stockwork is not possible because of
the complex fiuid chemistry. A rough estimate obtained from the
curves of Gunter et al. (1983) using the system H,0-NaCl indicates

a minimum pressure of approximately 1000 bars for fluids trapped

w homogenizstion,
Liquid (L), Liquid + Vapour (L+V), and Liquid + Vapour + nSolid
(L+V+QML+VMMMMMMM
mamm

mﬂnmmnzstockworkonﬂdmtﬁﬂ.Amngﬁthombad,

thxsynddsamnnmumdepthofemplacamntoﬂ approximately 4
km + 1km.

HeameHﬂlBreoaaHpe "
thmﬂnaockwukpaplwryooppa&pomonﬂeamemll,
there is a pipedike body of clast supported breccia. The breccia pipe
is ovoid in plan, with a length of 68 m and a width of 26 m (Fig-
9),and|tnendsmanoxﬁulydmecuonthhasteq)eastd1pand
a southeast plunge. Vertical extent of the breccia pipe is 130 m.
Clasts are angular, with the brecciated rocks having the texture of
cemented rubble or talus. Textures are best displayed in the dis-
covery boulder which exhibits a crude stratification imparted by
oriented slabs of rock and by crude sorting of ¢lasts (Figs. 10 and

~iee . e s ar
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11). Thepaoatyoftheﬁewabefmaﬂpb:deandwbonate

ounmmumwwldhavebemdosetothetheawcalmanmumof‘.,

aroundzs%.(lxaloopymc,pmandmamﬁnang\ﬂarm
stices between the breccia clasts, with later cementation provided
by calcite, dolomite and minor chalcedony (Fig. 12). Porosity re-
mains between 5% and 8%. There is little evidence of milling or

aftrition of dlasts. Rock flour is present between ciasts but is a minor
constituent. r

Elunentaleonemn'auonsdlsplayad:suncme,mnanmmtlnn»

thcplpe.Virtuanyallmetalhccauonshavebeensmppedﬁomthc

footwall of the pipe and from the clasts lying against the footwall. .

More specifically, Na, Ca, St, Fe, Mg and Ba are depleted in the |

Cu and averaging approximately 1.7% Cu.
- Fluids associated with the breccia mineralization were dilute

. qnthamaldﬂondebtm.lnthcbreouaplpe,ﬂmdmdumons

uappedin‘hedolomﬁeounmthomogmmatamnwnpera
- ture of l72.5°C('marangeofbetween83‘Cand?A0°C)thhsa-
Einities ranging from 2% to 10% NaCl equivalent (Orgyzlo, in prep.;

Figs. 7 and 8). Inclusions in dolomite are simple two-phase liquid
or liquid plus vapour types (L, L+ V). No evidence of boiling is
present;. therefore an accurate dete mination of the depth of em-
placement is not possible. However, :stimates of the minimum depth
_of formation for the dolomite. cement, using the curves of Haas
_{1971) and as outlined in Shepherd et al. (1985), average 66 m in

footwall becda (Ogrydo, in prep.). Elements such as Mo, Au, Ag, -a range from 50 m to 220 m. .

andAsadﬁbnlowcomﬂahommthecomﬁrymckandmthe
dq)letedfootwallbrma.b\nmmmg!yenmhedwwardﬂ:ehan--
gmgwall.'lheonlydmtsmnchedmthefootwallbrwaam
MnandK,althougthmnchmm:sprobablydmtosupagenc
prom.Commomofcoppadeawe&omtheavaagele
Ppm to 2000-ppm in the footwall stockwork to below detection.
limits (by atomic absorption) in the footwall breccia, then increase
sxgmﬁwntlytowardﬂwhangmgwan,rmdnngamammmnof 16%

~ . - B Y N N Y R,

~bevm Pacdiftaca ~f NMArth Amaricra

G:venthetanpa'anmofhomogmmuonandmmnnumdcpth
. of emplacement, the potential for epithermal precious metal deposits
in a porphyry or transitional setting should be considered on Heamne
Hill. Gold is enriched in the breccia pipe relative to the stockwork
mineralization and averages 0.8 g/t. However, higher values (13.75
-8/t over 3 m) have been obtained. Such values are rare in the stock-
work deposits of the Babine region and indicate that suitable con-
ditions for an epithermal precious metal deposit may be present.
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FIGURE 11. Close-up of discovery houlder showing fragment shape and
- :

FIGURE 12. Typical drill core, Heamne Hill breccia pipe.

Supergene Enrichment

Oxidation in the breccia pipe extends to a depth of 30 m. The
high degree of porosity and permeability in the pipe appear to have
facilitated the infiltration of surface waters. Malachite is common
in surface exposures and in the oxidized zone. Ovetlapping the zone
of oxidation, a zone of supergene enrichment has enhanced the dis-
tribution of copper in the upper portions of the breccia pipe. To

the unaided eye, chalcocite appears as a black, sooty coating on

chalcopyrite and pyrite. Under magnification, chalcocite and covellite
were observed as thin (1-3 y) rinds on the grains of chalcopyrite
and pyrite which fill the angular interstices between breccia clasts.

Alteration
Geochemical Considerations

The sin iplest geochemical index of alteration is Loss on Igni-
tion (LOI, Table 1). As intensity of hydrolysis increases, so does
the volatile content. Intense hydrolysis also yields an apparent in-
crease in al imina: this increase results from depletion of other ele-
ments, with Al,O, remaining relatively immobile during
hydrothermal base leaching.

Hydrothermal Biotite Alteration

Analysis VII (Table 1) is of a biotite-altered BFP dike with stock-
work mineralization from Hearne Hill. In general, balancing differ-
ences in mass between unaltered BFP protolith and BFP exhibiting
hydrothermal biotite alteration indicates that Al, Si and Ti are im-
mobile. E'ements that are mildly depleted are Na, Nb, Y and Zr.
Elements hat are strongly depleted include Ca and Sr whereas K

and Rb are somewhat enriched and Cu and Ba are strongly en-
riched. Volatile content of altered BFP, as demonstrated by loss
on ignition, is indistinguishable from that of unaltered BFP.

Bleaching

Bleaching is volumetrically of minor importance on Hearne Hill.
It is observed mainly in the clasts of the collapse breccia and in
the late-stage post-stockwork dikes. Mineralogically, the bleached
rocks are composed of pale ghosts of bleached biotite, sericite, day
minerals, quartz, carbonate and pyrite. Pervasive bleaching is accom-
panied by intense base leaching and hydrolysis. Elements strongly
depleted are Na, K, Sr, Rb, Ba and Mg, occasionally to the point
where Na is completely removed (Ogryzlo, in prep.). Elements such
as Al, Zr and Nb are immobile and Si may show a gain or a loss.
Additions occur principally in LOI and may occur in Ca. Copper
may be strongly depleted in bleached rocks. Strongly acidic reduc-
ing conditions are inferred for this type of alteration.

Genesis of the Hearne Hill Breccia

Several observations must be reconciled in proposing a mechan-
ism for the formation of the Hearne Hill breccia pipe. These in-
clude: the angular shape of the clasts, crude sorting and stratification
of the clasts, clast support, abundant open space, depletion of ele-
ments in the footwall of the pipe and cementation by dilute (2%
to 10% salinity) epithermal solutions at a minimum depth of less
than 100 m.

The significant depletion of metallic cations including Na and
Ca from the breccia clasts Iying against the footwall suggests the
circulation of strongly corrosive hydrothermal fluids. No estimate
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of pH has been made for the hydrothermal solutions at Hearne
Hill but waters in equilibrium with the phyllic alteration assemblage
at the Bell mine had a calculated maximum pH of 3.8 (Zaluski,
1992). It is possible that the circulation of corrosive hydrothermal
fluids led to the loss of volume and to the depletion of elements
in the footwall. Loss of volume was accomplished by dissolution
of the rocks along the BFP/volcanic contact, with the resultant for-
mation of a void. Removal of support led to brittle failure of the
roof and wallrocks, with the broken fragments collecting in the void
as subterranean talus or rubble. Clasts were crudely sorted as they
tumbled down the footwall in much the same way that talus is sorted
on an open slope. The solution void may possibly have broken
through to surface: a single, well rounded cobble is visible, cemented-
in the breccia of the discovery boulder. Continued circulation of
corrosive fluids led to bleaching, leaching of clasts and depletion
of metallic elements. Copper was transported and deposited #s chal-
copyrite, together with pyrite and marcasite, against the h: nging-
wall. Neutralization of the fluids, possibly by carbnate/
bicarbonate-rich alkaline groundwaters, resulted in deposition of
calcite and dolomite. ' :

Resource Estimations
Morrison

During the period 1963 to 1973, 13 893 m of drilling was com- -
pleted in 95 diamond drill holes on the Morrison property. Most
of these holes were BQ angle holes and were directed east or west
on section lines approximately 60 m (200 ft) apart. The holes test
the Morrison deposit to a maximum depth of 250 m. :

Since 1968, several reserve estimates have been generated for
the Morrison deposit, with the most recent published geological
reserve being 86 million tonnes averaging 0.42% Cu calculated at
a cutoff grade of 0.3% Cu (Carson and Jambor, 1976).

In 1992, a new inverse distance block model for copper was
generated for the Morrison deposit using methods and experiences
developed at the Bell mine (Dirom et al., this volume). These
methods require evaluation of geological controls and grade distri-
bution to establish appropriate constraints and search radii to
interpolate individual block values within a block model. In the case
of Morrison, four interpolation zones designated core, northwest,
southeast and fault zone were used to screen assay data and to orient
ellipsoid search directions to minimize adverse effects across geo-
logical and grade boundaries. Using the resultant Morrison block
model file, grade and tonnage curves were generated to predict
mineral resource parameters for copper at various cutoff grades and
confidence levels (Fig. 13). The new Morrison model is preliminary
and requires further work to bring confidence levels to those
achieved for the Bell deposit.

Gold grades were estimated using a gold-copper regression equa-
tion developed on the basis of 477 composite gold samples assayed
in 1988. The 1988 composite gold grades were significantly lower
than composite gold grades obtained in 1967 (0.21 g/t gold versus
0.35 g/t Au at the 0.40% Cu level). Variances of this magnitude,
which can be attributed to factors such as laboratory bias, sample
size, sample bias, nugget effect and analytical sensitivity at or near
detection limits are not uncommon in the Babine porphyry copper-
gold camp. This emphasizes the need for careful and sufficient sam-
pling and assaying for gold. Three metallurgical tests-completed in

Porphyry Deposits of the Northwestern Cordillera of North America ) 299



1973 returned gold grades approximately mid-range between the
1967 and 1988 values.

Indicated and inferred resources for the Morrison deposit as
of December 31, 1993 total 190 million tonnes grading 0.40% Cu
and 0.21 g/t Au to a depth of 300 m using a cutoff grade of 0.30%
Cu. An open pit resource developed on the basis of a 0.75:1 waste
to ore strip ratio and the same cutoff grade is estimated at 58 mil-
lion tonnes grading 0.41% Cu and 0.21 g/t Au. The interpolation
run-numbers in Figure 13 reflect the major axis search radius of
the ellipsoids used to interpolate block model grades and provide
a measure of the resource confidence.

Hearne Hill

The level of sampling information at Hearne Hill as of Decem-
ber 31, 1992 was much lower than for the Morrison deposit and
rigorous resource calculations were not appropriate. The resource
estimates for stockwork mineralization at Hearne Hill were per-
formed by first calculating 12.5 m bench composites from the dia-
mond drill data. The diamond drill composites were then kriged
and contoured, and volumes calculated within each contour to a
depth of approximately 100 m. Resource estimates for breocia miner-
alization were calculated by constructing polygons oan-section to the
confines of the breccia pipe.

The resultant inferred resource for the Hearne Hill porphyry
deposit was estimated to be 60 million tonnes at an average grade
of 0.16% Cu and 0.1 g/t Au using a cutoff grade of 0.10% Cu
(Ogryzlo, 1993). The breccia pipe within the Hearne Hill porphyry
deposit was estimated to contain an indicated resource of 143 000
tonnes at an average grade of 1.73% Cu and 0.8 g/t Au using a
cutoff grade of 0.75% Cu (Ogryzlo, 1993).

Environmental Considerations

Babine Lake lies within the watershed of the Skeena River. Ba-
bine is the longest natural lake in British Columbia and hosts one
of the largest runs of Sockeye salmon in the world. Morrison Creek,
which drains Morrison Lake, also hosts a major salmoa run. Fore-
stry, recreational and wildlife values in the region are high and pro-
vide sustained employment for many residents of the district. Mining
operations in the region must protect these resources.

Revegetation and restoration of disturbed sites in the region is
relatively simple due to good soils and a humid climate. The im-
pervious glaciolacustrine clays which so effectively mask residual
geochemical anomalies are an asset in site rehabilitation. Acid gener-
ation potential of the stockwork mineralization at Morrison and
Hearne Hill deposits is not known and would require rigorous sam-
pling and evaluation before mining operations could be contem-
plated. Rocks from the breccia pipe are acid consuming with a net
neutralization potential (NP) of 119 (L'Orsa, 1991), which represents
119 tonnes CaCO, per 1000 tonnes rock. The acid consumption
potential is due to the dolomite and calcite breccia cement.

On Hearne Hill, antimony and uranium values in soils are near
the lower limits of detection. Arsenic values in soils are close to
background values of 20 ppm to 30 ppm, although a single sample
reported at 313 ppm (Ogryzlo, 1990). Within the breocia pipe, arsenic
and lead have mean concentrations of 88 ppm and 40 ppm, respec-
tively. Arsenic values obtained on 477 selected Morrison drill core
composite samples range to 2000 ppm and average 89 ppm.

Postulated Synthesis of the Morrison -
Hearne Hill Deposits

The Morrison and Heamne Hill deposits may be dismembered
portions of an originally contiguous classic porphyry copper-gold
deposit. In this interpretation, the Morrison deposit would represent
the upper slice and Hearne Hill would represent the root of the
system. The following sequence of events is proposed for the for-
mation of the two deposits.

belalal

Genesis of the Babine Igneous Suite:
Subduction/Underplating

Following Mid-Cretaceous docking of the Insular Superterrane,
Late Cretaceous to Paleocene oblique convergence of the Farallon
plate with the western margin of the continent (Gabrielse and
Yorath, 1989) led to the development of an easterly dipping sub-
duction zone. Cretaceous to Bocene magmatism in the western Cor-
dillera occurred in north to northwesterly trending belts (Carter,
1982), culminating in intense and widespread magmatism from 55
Ma to 45 Ma subsequent to the last major episode of contraction
(Gabriclse and Yorath, 1989). The Babine Intrusions are in the
mnnmstofﬂwmmancbdtsandwaeanplaeedataeon—
siderable distance above the subduction zone (Carter, 1982). It is
proposed that alkaline melts, which formed at depth in or above
the subducted slab, rose to underplate the island arc assemblage
of the Stikine terrane, which by Eocene time, had been welded to
the craton. Partial melting and assimilation of former island arc
rocks produced a calc-alkaline magma that inherited the immobile
trace element characteristics of the parental alkaline melts. As dex-
tral shear bécame paramount in Paleocene and Eocene time, an
extensional/transtensional tectonic regime began to affect the Ba-
bine region. Transtensional faulting tapped bodies of the contami-
nated alkaline magma which were subsequently emplaced in dilatant
mtmalongmayorstru&uald:seonhnmusasaconnnmmlmag
matic arc.

Emplacement of Babine Igneous Suite
Intrusions

Disruption of the Mesozoic island arc/molasse sequence along
the Morrison Fault was followed by the emplacement of a
homblende-biotite-plagioclase phyric intrusion of the Babine Igne-
ous Suite (Fig. 14). Brittle failure during faulting and intrusion led
to intense crackling of the wallrocks, and the development of high
permeability and moderate porosity. Copper-gold enriched mag-
throughout the crackled wallrocks and to a lesser extent through-
out the less fractured intrusion. The drculating fluids led to the
development of hydrothermal convection cells and the formation
of a symmetrically zoned porphyry copper deposit. Copper and iron
jons in the highly saline magmatic waters were deposited as sul-
phides. Deposition of copper was associated with intense secondary
biotite and magnetite which formed at the expense of hornblende,
and rarely, magmatic biotite.

Dismemberment by Extensional Faulting

Before the cessation of magmatic and hydrothermal activity,
the deposit may have been truncated by further movement along
the Morrison Fault (Fig. 14). Extensional movement may have been
accompanied or followed by several hundred metres of dextral shear.
It is proposed that the younger molasse sedimentary sequence (ac-
companied by the contained BFP intrusions) was down-faulted into
the Morrison Graben, with the Hearne Hill portion being exposed
along the scarp of the Morrison Fault, effectively dismembering
the originally continuous porphyry copper-gold system. Dextral shear
along a subsidiary fault caused displacement of the western half
of the Morrison deposit 330 m to the north.

Formation of the Hearne Hill Breccia Pipe:
Leaching, Collapse and Cementation with
Chalcopyrite

It is further proposed that a renewed magmatic pulse in the ex-
posed root of the deposit on Hearne Hill led to the emplacement
of white, massive, unjointed biotite-plagioclase phyric dikes con-
taining sparse phenocrysts of ‘partially resorbed quartz (QBFP?).
The magmatic activity preceded or accompanied phyllic alteration
and a pulse of strongly corrosive hydrothermal fluids. Solution of
rocks along the BFP/volcanic contact led to collapse brecciation
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and subsequent cementation with dolomite and chalcopyrite. Car-
son et al. (1976) attributed copper mineralization in the phyllic zone
atBelltoaproosswberebycopperwaledwd&omﬂnundaiy
ing biotite-chalcopyrite ore and redeposited in the quartz-sericite
stockwork. The mechanics of the process were possibly similar for
the Hearne Hill breceia pipe; hydrothermal activity, however, was
mtensdyfoamedamxdﬂlepost-stockworkimrmns,mlung
in leaching, solution, collapse, and cementation with chalcopyrite.
‘The Morrison deposit, possibly separated from its igneous roots,
cooled quickly and failed to develop a phyllic overprint from the
mixing of magmatic and meteocic fluids as seen at Bell and Granisle.
Meteoric fluids appear to have been involved in the argillic altera-
tion observed around the post-stockwork faulting at Morrison, and
may also have accompanied the deposition of marcasite and car-
bonate in these late-stage faults.

Unresolved questions for this proposed structural model include
the angle of dip on the Morrison Fault, the extent of erosion on
the uplifted fault block and the depth of emplacement of the Mor-
rison deposit. Support for a relatively shallow depth of emplace-
ment may be derived from several outcrops of quartz pebble
conglomerate and thinly laminated shales and greywacke immedi-
ately south of the deposit. These sedimentary rocks, cut by feld-
spar porphyry sill-like bodies, are similar to rocks exposed farther
north on Morrison Lake (Carter, 1967) and may belong to the
Skeena Group of Early Cretaceous age. This would place the present
depth of the Morrison Graben in the area of the Morrison deposit
at or above the Jurassic/Cretaceous boundary. The depth of
emplacement of the Morrison deposit therefore depends on the
thickness of Cretaceous sedimentation and the degree of pre-Eocene
erosion. The deposit was nonetheless emplaced into rocks relatively
high in the stratigraphic sequence in the Babine region. Restora-
tion of the pre-Morrison Fault stratigraphic sequence using strati-
graphic thicknesses from Tipper and Richards (1976) and assuming
an angle of 50° to represent a high-angle normal fault as shown
in Figure 14, indicates that erosion must have removed several
hundred metres from the fault scarp. The implication is either that
the breccia pipe formed at a greater depth than indicated by fluid
inclusion evidence or that it post-dates the Morrison Fault by a suffi-
cient length of time to account for erosion.
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Morrison: Geology and Evolution of A
Bisected Annular Porphyry Copper Deposit

D.J.T. Carson,
Noranda Exploration Co. Ltd.,
Toronto ;

J.L. Jambor,

Geological Survey of Canada,
Ottawa

Abstract

; Mm_-rison is a strongly zoned, annular porphyry copper
deposit that is largely within a multi-phase Eocene
“Babine-type” Qioﬁu-xomblende-plaaioclqae porphyry
pl::g. The deposit contains about 86 million tonnes of
rock averaging 0.42 per cent copper, Chalcopyrite, pyrite
and minor bornite occur in the copper zone; pyrite forms

- a large halo, with three very strong segments peripheral

to the copper zome.

Hydrothermal alteration is characterized by biotite-
chlorite zoning. Biotitization is directly related to copper
grades; chloritization is strongest in peripheral, pyritized
rocks. The git is bisected by a fault that has a
korizontal displacement of about 300 meters. In the fault
zone, and along subsidiary shears, late-stage clay-carbonate
alteration and associated lead and zinc sulphides are
superimpoged on the earlier biotite and chlorite alterations.

The Morrison deposit and its concentric sulphide-silicate
alteration zones were formed during a single hydrothermal
episode that d{:uowcd the emplacement and crystallization
of most of phases of the BFP plug.
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Location, Topography and History

THE MORRISON DEPOSIT is at latitude §5°12'N,
longitude 126°20'W (NTS, 98M/1W), 22 km north-
west of Bell Copper (Fig. 1). The deposit, owned by
Noranda Mines Limited, has geological reserves of
approximately 86 million tonnes averaging 0.42 per
cent copper, calenlated at a cutoff of 0.3 per cent
copper. Morrison is one of several porphyry copper
deposits of both economic and sub-economic grades
that are related to the Eocene Babine intrusions —
small dykes and plugs of biotite-hornblende-plagio-
clase porphyry known as “BFP” (Figs. 1, 4). The
first unpublished and published descriptions of Mor-

. rison geology were by Woolverton (1964) and Carter

(1967), respectively. Detailed geological and hydro-
thermal alteration studies were done by Carson (1970),
and Carson and Jambor (1974).

During the follow-up in 1963 of copper-anomalous
stream sediments that were collected in 1962, copper-
bearing BFP float and exposures were found by
employees of Noranda Exploration Company, Limited
in the stream that flows over the copper zone (Figs. 2,
3). Trenching of the thin overburden uncovered re-
latively unweathered chalcopyrite-bearing bedrock in
large areas on both sides of the stream, where soil
samples were anomalous.

Ninety-five diamond drill holes, most of which bear
east or west and dip at 45 degrees, were bored from
1963 to 1973. Induced polarization surveys were not
very definitive, because of very widespread pyrite
(Fig. 5). However, the BFP intrusions, including
portions of the BFP plug (Fig. 8), were known to
contain abundant magnetite; therefore, magnetic sur-
veys (Fig. 5) were used as a guide in the early drilling.
By 1968, a sub-economic deposit had been outlined
that consisted of two zones totalling about 55 million
tonnes averaging 0.42 per cent copper. The zones are

" immediately northwest and southeast of the small

central lake (Fig. 8), and their positions correspond

closely to strong geochemical and magnetic anomalies
(Figs. 2, ). - s :

Geological mapping done in 1963 and 1967 had in-
dicated the possibility that the two zonmes might be
parts of a single faulted deposit. Hydrothermal altera-
tion studies initiated in 1967 showed that the deposit
had well-defined biotite-chlorite zoning, and that bio-
titization was very closely related to. copper grades.

_Although data were sparse, biotitization in the large,

poorly tested area between the two known zones ap-
peared to be widespread and strong (Table 2), indicat-
ing that this area was probably underlain by addi-
tional + 0.4 per cent copper mineralization. Drilling
to test the central area resumed in 1970. It succeeded
in delimiting the central, linking portions of the
faulted copper zone and increased the known tonnage
of the deposit from about 55 to 86 million tonnes.

The Morrison copper zone and peripheral hydro-
“hermally altered rocks have resisted erosion and


http://plagiocla.se

glac:atmn more than the uurtoundmg unaltered rocks
The altered rocks occur in‘an elevated, thinly mantled.
roughly elliptical plateau 60-90 meters above the level
of Morrison Lake. This plateau is bisected by a north-
south gully carved along & fault, the Morrison fault,
and is surrounded by areas of shallow to very deep
glacial overburden (Figs. 2, 38).

Geology
JURASSIC SEDIMENTARY ROCKS

Host rocks for the BFP .intrusions at Morrison are
siltstones, silty argillites and minor conglomerates
which are believed by T. A. Richards (personal com-
munication) to be part of the upper portion of the
Hazelton Group*.

In  most localities on the Morrison property, the
Hazelton sedimentary rocks are massive and strongly
altered, and bedding is not visible. Where observable,
bedding generally strikes northerly to northwesterly
and dips steeply.

The Morrison siltstones and silty argillites are very
fine to medium grained and consist largely of a hetero-
geneous mixture of detrital quartz, feldspars, and

- volcanic and sedimentary rock fragments. The over-all
appearance and mineralogy of these rocks depend
largely on their location in the Morrison alteration
zones (Fig. 6). Fawn or medium grey colours and
observable clastic textures are characteristic of rocks
with considerable introduced carbonate in the outer
portions of the property. Some silistones are poorly
indurated; some are shaly. The rocks become darker
greyish-green and fawn, indurated, chlorite-carbonate-
rich greywackes and argillites as the copper zone is
approached, and are dark grey and jet-black biotitized
varieties in the copper zonme.

Conglomerates have been observed at a few localities
distant from the BFP plug and copper zone. These
. conglomerates are light grey to fawn-coloured rocks
that contain rounded pebbles of cherty, dacitic and
andesitic rocks.

Throughout the entire property, the Hazelbon aedx-
mentary rocks are cut by abundant BFP dykes -and
gills. ‘Only the largest’ of these intrusive bodies are
shown on Fxgure 3

EOCENE {?] HHYODACITE
Wzdespread rhyodacite dykw in the Babme area.

intrusions (pers. comm., T. A. Richards). At: Mor-
. rison, light tan—ooloured medium- to - fine-grained

) rhyodacxte dykes with aplitic textures occur-at a few
' ' “localities. The two largest bodies are shown on Figure
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(Fig. 1) are believed to be co-magmatic with the BFP- rh;ﬁzr fn;;vection, with, a. diameter of -about. 50
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"—'K-feldspar Apatite and magnetite are common™ac-"-:

early Upper Jurassxc “Bowser Lake Group" (personal

> $00 PRM

200 PP,
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FIGURE 2 — Topography and soil géochemistry at the Morri- .
son deposit. The map shows roads and trenches, constructed .
in 196263, and the results of a 1967 soil survey. Glaclal -
movement was from the NNW.

EOCENE BIOTITE-HORNBLENDE
- PLAGIOCLASE PORPHYRY (BFP])

Morrison BFP is similar to BFP at other Babine
porphyry copper  deposits. A complete description of
this rock, including chemical and microprobe analyses.
is given by Carson and Jambor (1974). )

The main BFP pluton at Morrison is a faulted plug, -
with nearly vertical contacts, which occupies a north-.. .-
westerly oriented elliptical area of 900 by 150-300 ~ .
meters (Flg. 8). Before faulting, the plug was roughly ..

Numérous offshoots of the plug, many of -
“which “are northerly trending dykes or sills, occur
‘everywhere in the Hazelton sedimentary rocks.. The i
offshoots .vary in width from less than .1 meter to. !

‘are. shai'pb Angular inclusions ;of‘:ailts_tdn “thave  beer
ﬁbsefved ‘in only & few localltlos :

an(lesme), biotite and hornblende in’ a fme-gramed.-

essory minerals. At Morrison, all rock exposures are.

e R fl?o?eytofﬁ Canada.t};R:tcks in t{xece}éabmti ares, mcl:zginé'; -altered, and hornblende phenocrysts in particular. have -
Sen e at Morrison, were placed-in ‘the upper pa
gayn she Hazelton Group will be assigned-to the late M!I:ldle to been“largely replaced by hydrothermal chlorite. or

. biotite., Rare phenocrysts of K-feldspar- and quartz.- .
“have been noted ‘in some “Babine porphyry deposits, -~ -
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" but not at Morrison;-Compositionally, Morrison BFP

is equivalent to quartz diorite porphyry (dacite por-
plpey). TR

At Granisle (Kir! ham, 1971), many phases of BFP
intrusion are evident from cross-cutting relationships
among slightly different-appearing types of BFP and
from the occurrence of fragments of one type in
another in breccia pipes(?) and intrusive breccias.
Such features are seen most clearly during close
examination of rock faces in the pit. Although breccias
have not been identified at Morrison, the plug is known

_to contain a large number of phases of BFP. Their

presence is indicated by the occurrence of varieties
of BFP that have contrasting abundances of pheno-
crysts and of groundmass grain sizes. Some of these
BFP variations occur over distances of only a few
meters, and in a few cases intrusive contacts have
been observed in drill cores.

As is the case with the Hazelton rocks, part of the
variation in appearance of BFP is due to superimposed
hydrothermal alte -ation (Fig. 4). BFP in the chlorite-
carbonate zone (Fig. 6) is typically a greenish grey
speckled rock with phenocrysts of pale grey plagio-
clase, pale green chloritized hornblende and books of
unaltered brown biotite. In the weak, outer part of the
biotite zone, the rock is darker greyish green. In the
inner, strongly biotitized part of the copper zone, BFP
is dark grey to black, and speckled with distinct un-
altered white plagioclase phenocrysts and books of
black biotite.

POST-MINERAL ANDESITE DYKES

Light green, very fine grained to aphanitic, weakly
altered dykes ranging in width from ¥4 to 2 meters
have been encountered in a few drill holes. The dykes
are andesitic and contain widely scattered %4- to 1-mm
phenocrysts of plagioclase, hornblende and biotite.
These intrusions, possibly a late-stage, relatively mafic
type of BFP, are barren of copper.

St_ructures

The Morrison deposit occupies the central part of
a major graben that is a component of the regional
northwesterly trending block-fault system -of the Ba-
bine area (Carter, 1973; Richards, 1974). The western
bounding fault is believed to be along Morrison Lake,
and the eastern fault is about 0.8 km east of the
property. Within this graben, the upper part of the

-Hazelton Group, and the Cretaceous Sustut Group

which crops out 8 km to the northwest of the Morrison
deposit (Fig. 1), have been down-faulted and preserved
from erosion. ° : :

The most prominent structure at Morrison is the
north-northwesterly trending Morrison fault, which
bisects the BFP plug and copper zone (Fig. 3). The
fault is apparently vertical and has a right-hand heave
of approximatcly 300 meters. The vertical displace-
ment, although unknown, is believed.to be considerable,
because the offset segments of the copper zone do
not fit wel in detail, suggesting that they represent

di_ffe_rent levels of erosion (Figs. 8, 6). Rather than

FIGURE 4 — Morrison Drill Core.

(a) BFP from the chlorite-carbonate zone; (b) BFP from the
weak, outer part of the biotite zone; (c) BFP with moderately
intense Dbiotitization; (d) intensely biotitized BFP from the
high-grade part of the copper zone—the stringers are
quartz and sulphides; (e) BFP from near the Morrison fault,
showing strong clay-carbonate-chlorite alteration that accen-
tuates plagioclase and masks mafic phenocrysts; -(f) argilla-
ceous siltstone, from the outer chlorite-carbonate zone,
showing fine bedding and slump features; (g) argillaceous
siltstone from the pyrite halo, with pyritechlorite-carbonate
stringers; (h) breccia, from the Morrison fault zone, with
fragments of dark argillite and light grey, clay-carbonate-
altered BFP. Fragments are cemented by carbonates and
Pb-Zn-Fe sulphides.

a single break, the Morrison fault is a linear zone of
parallel shears and fractures. The zone averages about
25 meters in width, but ranges from 50 meters in its
central portion to only a few meters at its extremities.

Along its entire length, the Morrison fault is marked
by intense clay-carbonate alteration (Fig. 6) and well-
defined zones of carbonate-cemented gouge and breccia
(Fig. 4h). North-northwesterly trending streaks and
patches of clay-carbonate alteration found elsewhere
in the BFP plug and surrounding rocks (Fig. 6) are
believed to have developed along minor shears and
fractures that formed along contacts and bedding
planes during movements on the Morrison fault.

Mineralized fractures, 2 to 10 cm apart, are exposed
in trenches and outcrops. The fractures have a great
variety of orientations, but tend to dip steeply and
trend northerly, parallel to the strike of the Hazelton
sedimentary rocks, the copper zone and the Morrison
fault (Fig. 8). However, at the northern end of the
deposit, the strikes of both the copper zone and the
more prominent fractures swing to the northeast and
east.

Major fold structures have not been observed at
Morrison. Although the strike of the sedimentary rocks
appears to be mainly north-northwesterly, some argil-
laceous siltstones and conglomerates at the southern
end of the property strike east-northeast to east-south-

Fig. 3 (left) — The main map shows the relationship between the BFP plug and the -+ 0.3 per cent copper zone. The Hazel-
ton Group is cut by abundant BFP dykes and sills, only the largest of which are shown. The shape of the large southernmost
dyke is highly interpretive because of sparse data. Pyrite is present in anomalous quantities (> 1%]) in all rocks, but the seg-
mented halo shown contains 5 to 15 per cent.

The inset illustrates the copper grade-zones, which extend vertically. All grade data are based on vertically projected
drill-hole assays. Also shown are occurrences of appreclable megascopic primary bornite in the internal high-grade streaks.
As is shown in this diagram, the Morrison fault is a composite of parallel shears and it contains two large- slices of

+ 0.4 per cent copper that are believed to be partly offset remnants of the high-grade portion of the copper zone (inset).
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" COPPER ZONE.

The Morrison copper zone is a vertical annular
cylinder that conforms to the shape of the BFP plug
and is disrupted by the Morrison fault (Fig. 8). The
copper . zone is defined by external and internal bound-
aries that mark the limits of rock which consistently
grades greater than 0.8 per cent copper. In most places,
the external boundary is relatively sharp and copper
content declines outward to less than 0.1 per cent
within about 40 meters. However, along the western
and northwestern edges, of the copper gzone, sporadic
areas of < 0.8 per cent copper occur for several hun-
dred meters beyond the 0.8 per cent copper boundary.
The low-grade core averages between 0.15 and 0.2 per
cent copper. Between the internal and external 0.3

. per cent isopleths, copper increases fairly regularly

to form a higher-grade annulus. In the annulus, which
is 15 to 150 meters wide, copper exceeds 0.5 per cent.

Maximum - grades over appreciable widths are about

:~0% per cent copper, and the average:grade of the
‘entire #4 0.8 per cent zone {8 0.42 per- cent copper.

Molybdenum averages approximately 0.01 per cent and
gold and silver 0.8 gram per tonne and 8 grams per
tonne respectively (Table 1). Spotty occurrences of
galena and sphalerite, in carbonate-cemented brecciated
veins within and near the Morrison fault and in smaller
parallel shears, contribute to relatively high, but un-
commercial, values of lead and zine (Table 1). XRF
analyses by G. R. Lachance of the Geological Survey of
Canada indicate that nickel in the 4 0.4 per cent
copper zone averages 96 ppm. - -

At Morrison, all copper sulphides are primary.
Chalcopyrite is the main copper-bearing mineral. It is
distributed chiefly in fracture stockworks with or
without quartz, but about 20 to 80 per cent of the
mineral is disseminated in the BFP matrix and in
peripheral sedimentary rocks.

The Morrison fault has bisected the copper zone
along its Jow-grade core (Fig. 8), but certain features
show that the two segments are not mirror images
of one another. For example, in the “stronger” north-
western segment, 4 0.8 per cent copper is common
in siltstones and argillites outside the BFP plug, and
the +4 0.5 per cent copper zone is large. In contrast,
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~~and biotite, but hotablé amquits of the sulphide are

the southeastern segment has 10 +1/0.8 per.cent copper -

- mineralization outside :the plug, and -+ 0.5 .per ycentt.
copper occurs only in narrow streaks (Figs. 8, 6). Be- =

cause the two segments. with -+ 0.8 per. cent copper
show a good fit when reconstructed (Fig. 6, inset A),
but the internal higher-grade zones do mnot, the two
halves may have been eroded to different.levels. This
is also indicated by the great differemce in pyrite
haloes; the southeastern segment, which has 5 to 10
per cent pyrite, is stronger, wider and more continuous
than the segments to the west and northwest (Fig. 3).

 Along the Morrison fault is a linear zone, 5 to 20
meters wide, in which 'downgrading to about 0.2 to
0.25 per cent copper has occurred due to mixing and
dilution of sheared rock during fault movements, and
due to leaching by late hydrothermal solutions and
possibly by ground water. Irregularly distributed
quartz-chalcopyrite veinlets and small blobs of chalco-
pyrite occurring along the fault zone may have orig-
inated by redeposition of copper leached by such
solutions. Because of the destruction of nearly all
biotite, chlorite, hornblende and magnetite, this leached
zone is expressed as a distinct magnetic low (Fig. §).

Several pieces of the original copper deposit were

" incorporated as slices along the fault zone and only

partly leached of copper. Two of the largest of these,
about 15 by 60 to 100 meters in plan, are shown in
the inset of Figure 3. They have been moved only a
part of the total offset distance of 300 meters.

" Sporadic 0.1 to 0.3 per cent copper occurs at a few
localities in association with the large northerly trend-
ing BFP dykes in the northwestern part of the prop-
erty, but most outlying areas average less than 0.05
per cent copper

PYRITE HALO

All rocks at Morrison contain anomalous quantities
of pyrite (> 1 per cent) that contribute to an over-all
high induced polarization response (Fig. 5). Coarsely
disseminated ;- to 5-mm crystals of pyrite are com-
mon in the inner parts of the halo, whereas 0.1- to
0.5-cm-wide stringers predominate in the outer por-
tions (Fig. 4g). -

The most pronounced concentrations of pyrite (5-15

per cent by volume) occur in three segments that.

surround the copper zome (Fig. 8): The outer: two-
thirds of the segments average only about 0.05 per
cent copper. The eastern pyrite segment is very large.
Pyrite content at its outer margin decreases abruptly
to 1 to 2 per cent. However, in the smaller western
segments, pyrite abundances:decrease more gradually
and zones of 8 to 5§ per cent pyrite are common in the
‘area that includes the large northerly. trending BFP
and rhyodacite dykes. This latter area has a falrly
strong mduced polarization - response (Fig.-6).

SULPHIDE MINERALOGY AND ZONING -~

Chalcopynte and pyrite are the main sulphides at
Morrison. Minor to moderate .amounts of bornite st
a few places in the copper zone ‘(Fig: 3, inset) con-
tribute significantly to copper grades. However, most
of the high-grade sections owe their copper content
solely to chalcopyrite, Most of the chalcopyrite occurs
along thin seams and 'veinlets with or ‘without quartz

«. 8180+ finely disseminated in’the BFP* “atrix and in
sediments.
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r-pynte *8eams and as* mmute‘ ;dxssemmated flakes”in

,,Porptx_yxy Deposits of the Canadian Cordillera

.+ Very. mmor molybdemte occurs in some ehaleopynte-'

. u 4».6 \\-b“l ﬂ.«h
TABI.E l of composlte me the
1 4 04-Per Cent per Part of the M copper Zone
_ . A B c
Cu(sulphide). % 52 88 1
Cu ioxlgg) ) . ?" 02. 02 04
Mo........... ' 010 008 16
33 36 24
45 54
024 074
004 064
08 05 .
~02 016
1.02 39
5.15 5.65
40 382
2.52 .2.09
60.4 595
1274 1215
275 2.72
Analysts: Noranda Ore Dressing Laboratory, Noranda, Quebec.

Sample A = 160-kg composite consisting of about a thousand meters of
spllt drillmfromZSd l\g?.gof olit deil (88 3 from  hol
B = approximately S| core (83 meters) from a hole
lntheh -grade northwestern copper 0
= approximately 27 kg of splttdril m(so meters) from a hole
mtheeentral Mnnoftheeopgermealongthemtunsideoﬂheuor
rison fault. The relatively high but sub-commercial contents of Zn and Pb
in this sample are related to the proximity of the hole to the fault.

the copper zone, which averages about 0.01 per cent
molybdenum (Table 1). Sporadic values, the best of
which was 0.07 per cent molybdenum over 20 meters,

.o

were encountered in drill holes which penetrated the -

southern end of the large rhyodacite dyke (Fig. 3).

Though pyrrhotite and marcasite occur in only minor
quantities at Morrison, these minerals are more abun-
dant than in other porphyry copper deposits. Pyrrhotite
is almost exclusively in the pyrite halo, but the quantity
present is unrelated to the percentage of pyrite
present. Marcasite is most commonly associated with
pyrite, arsenopyrite, galena, sphalerite, geocronite and
boulangerite. These minerals occur with -quartz and
carbonate in small vuggy veinlets and pockets in minor
faults .and in the clay-carbonate-altered rocks of the

‘Morrison fault zone.

Detailed polished-section studies indicate that pyrite
and chalcopyrite have a well-defined - zonal relation-
ship. Although pyrite predominates in .the pyrite halo,

. the 0.8 per cent copper grade-line precisely marks

a change in pyrite-to—chaleopynte ratios; chalecopyrite
consistently exceeds’ pyrite in samples only from the

““inside of this boundary. Aithough the absoluté abund-

ance of ‘pyrite decreases toward the center of the

. Morrison deposit, disseminated grains of the mineral
-persist throughout the copper zone and in the low-

grade core. Thus, pyrite-chalcopyrite zoning, though
well developed, is not as sharp as at the higher-grade
Granisle deposit (Carson and Jambor, 1974), swhere

disseminated pyrite disappears in the central portlon .

of the copper zome. . !

The polished-section studxes have shown also that
in addition to chalcopynte and pyrite, magnetite and

... minor bornite are present in-the low-grade-core-of the

deposit. . Magnetite is confined.to .the low-grade core
and the copper zone; that is, the area enclosed by the

.-outer 0.8 per-cent copper grade-line: sliown" -on Figure

8. The minerdl is a: finely disseminated o 1 con-

. stituent " of ‘thé BFP, and -the; siltstones and: is most
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.. .abundant in the western aegment "of }he  copper zone. *ﬂ‘omr‘et Granlsle, luve Tk been’o "'ed. ll’roeeedmg
© % Many: ‘magnet:te grains are partly ‘altered to‘hematite,‘ ou&vuﬂ from the edge of the copper zone through the

e v ——— -

: *:” which ‘seems -to“be most abundant “at the “outer 0.8 "_‘iy‘ﬁte‘hnlo,thel:'oﬁte changes from moderate quality

"o per cent boundary. No iron’ oxides have been observed
5 in: the pynte halo :
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HYDROTHERMAL ALTERATION

Hydrothermal alteration at Mornson (Fig. 6) is -

_ smular to that at Granisle and other Babine porphyry

" “copper deposits (Carson and Jambor, 1974). The copper
deposit is within a centrally located biotite zone, the
quality of which decreases outward. Surrounding the
biotite zone is a chlorite-carbonate zone. Intense
clay-carbonate alteration is associated predominantly
with the Morrison fault and related shears.

Table 2 sets forth the character of hydrothermal
biotite at Morrison, and its relationship to copper min-
eralization. In the higher-grade (copper) parts of the
property, ‘good quality’ hydrothermal biotite (Fig. 11)
predominates (Fig. 6). However, very coarse veinlets
or pockets of hydrothermal biotite, such as those that

#to" poor quality ( Figs. 9,"10); in.accord with Table 2.

" Minor amounts :of well-crystallized chlorite (Fig.
“16) -oceur in the biotite zone, mainly as veinlets and

" crystal clusters. Finer, less strongly crystallized chlor-

ite is common in the weak outer part of the biotite

zone, and abundant chlorite that occurs mainly as
" pseudomorphs affer hornblende (Fig. 7) characterizes

the chlorite-carbonate zone. Chlorites with brown and

‘blue interference colours occur side-by-side throughout

the property, but browns are most common in the cop-
" per zone, with greyishblues in outlying areas.

As is evident from the above, the biotite-to-chlorite
ratio increases as the copper zone is approached ex-
ternally, and the crystallinity of hoth minerals also
increases. This is characteristic of all Babine porphyry
copper deposits.

The three t;pes of phenocrysts in BFP — biotite,
hornblende and plagioclase — possessed distinctly dif-
ferent susceptibilities to alteration. Biotite phenocrysts
were relatively stable and remained largély unaltered,
both in the chlorite-carbonate and biotite zones (Figs.
7-11). Only in the most intensely biotitized rocks are
phenocrysts partly réplaced on their rims by finer
hydrothermal biotite (Fig. 12). In contrast to biotite,
hornblende phenocrysts were very sensitive to hydro-
thermal alteration. Their replacement in the central,
copper-bearing area by hydrothermal biotite (Fig. 11),
and in the peripheral areas by chlorite and carbonates
(Figs. 7, 8), is the most diagnostic and useful feature -
of hydrothermal alteration at Morrison and all Babine
deposits. At the relatively high grade and carbonate-
rich Bell and Granisle deposits, almost all hornblende
is completely altered, even in the chlorite-carbonate
zones. However, within the biotite zone of the lower-
grade Morrison deposit, residual primary hornblende
as well as hydrothermal amphibole (Fig. 18) of the
tremolite-actinolite series are common. Residual and
hydrothermal amphiboles are even more abundant at

£ - the very low _gre.de and distinc_tly _carbonate—deficient
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deposit Icaraon and .Tambor. 1974)
'probava dndicates that in environménts -where CO,
activity was low, such as parts of the Moirison biotite

simihr trend and are shown a3
Disseminated fine-grained\

abundant in the BFP plug

kes.

zone, amphiboles were relativly stable (Carson and Veinlets and pockets of coarse atite-biotite-bomite-

Jambor, 1974).

P
Plagioclase phenocrysts are flecked only wemy@en
with kaolin, sericite and carbonate in the outermost
part of the chlorite-carbonate zone. However, this
feldspar-destructive alteration increases in intensity
inward to the inner chlorite-carbonate zone, where

some crystals are completely replaced; others are partly

replaced in irregular patches or along cleavages and

compositional zones. In the carbonate-deficient parts
of the inner biotite zone, most plagioclase is clear
and unaltered (Fig. 11). However, in some cases, un-
altered phenocrysts occur adjacent to totally altered

(sericite-kaolin-carbonate) phenocrysts.

K-feldspar has been observed in very minor amounts
in quartz-chalcopyrite = biotite veinlets in the inner

<+ 0.8 per cent copper portion of the copper zone. Its

distribution coincides with the inner, stronger part
of the biotite zone, which therefore corresponds to the
classical potassic zones of other porphyry copper de-

posits.

Along faults and shears clay-carbonate salteration

is superimposed on the earlier biotitic’ and chloritic

alterations. In the Morrison fault zone and at other
localities-of intense clay-carbonate alteration, biotite,
hornblende and plagioclase phenocrysts and BFP
matrix have been almost totally altered to kaolinite =
montmorillonite, chlorite and mixtures of calcite, dolo-
mite and, rarely, siderite (Fig. 14). Pyrite is an
addxtlonal alteration product of the mafic phenocrysts.
At several localities where the streaks and patches of
moderately intense clay-carbonate alteration shown in
Figure 6 are exposed in trenches, many can be seen
to be parallel to the Morrison fault, to most BFP
dyke contacts and to the over-all strike of the Hazelton
sedimentary rocks. The remainder of these streaks and
patches, most of which represent vertical projections

of drill-hole intersections, are beliéved to

. have 2

yrite, such as those that occur at Granisle, have
found at Morrison. Gypsum has been observed

places in the copper zone. Very minor amounts
of tourmaline were observed in thin sections of BFP
and siltstone: at four localities near the western edge
of the copper zome. Minor epidote is found in all
parts of the property, but is most common in the outer
chlorite-carbonate zone. Minor amounts of sericite
are also present in most localities. Moderate amounts
of sericite, accompanied by carbonates, occur in the
southern third of the large rhyodacite dyke and in
some siliceous sedimentary rocks in the southeastern

part of the pyrite halo.

As is evident from the a.bove, hydrothermal zoning
at Morrison, like copper zoning, is relatively uniform.
Except for superimposed, structurally controlled clay-
carbonate alteration, there are no significant reversals
in the mineralogy, or in the quality of hydrothermal
biotite, as described in Table 2.

Geological Evolution

Evolution of the Morrison porphyry coppei- deposit

seems to have occurred in the following stages. .

1. Emplacement of BFP — During Eocene block-

faulting,. the multi-phase

BFP plug and peripheral

dykes and sills were intruded into steeply dipping

Jurassic sedimentary rocks. The emplacement occurred
in a graben bounded by a northwesterly trendmg cross-

fault, the Morrison fault.

2. Magmatnc Crystallization and
Effects — Sharp contacts between different varieties
of BFP within the plug indicate partial or complete
solidification of one phase prior to injection of an-
other. The survival of the distinctly annular shape and’
‘regular grade-zoning show that the copper deposit

Hydrothermal
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fABLE 2 'f'(:harac_:terization of Morrison ,Hyd'rothennal Biotites lin Terms of Quality (modified after Carson and Jambor, 1974) .

ed to the central -+ 0.49%
Cu zone

cite dykes within these + .29 Cu
zones

1 ~ Good Quality Moderate Quality Poor Quality
-Colour ‘-  deep brown brown e brown o yellowish, pale red,
Relative grain sizes (Fig. 9-12) - | coarse. -~ _ medium o coarse | fine
Pseudomrphismofmaﬁes mainly . | coarse grained, sugary textured medium to coarse, sugary textured | fine grained, commont mul
: amph’bolephenoerysts ) v “ ey 10 coarse, sigay. mtlm‘;t‘ei matedfzwemmed
i : ' chiorite
Prsenee in matnxof BFP - well dispersed generally absent | absent ,.
Distribution in thin sectnns of BF P vabundant ‘most amphibole re- abundant; most amphibole replaced, | variable; if abundant, 'mo'stof ahove
-} placed dapetsed in-matrix - but matrix biotite minor or absent | features are present; in
localities amph:bole la'gely
e s : . ‘ _ unaltered
| Effect on biotite phenocrysts in BFP g.ﬁf:g to replacqnei:f of pheno- | no effect no effect
Svmnyms intense biotitization, strong moderately intense biatitization weak biotitization
biotitization
Areal abundance and general rela- abundant in both BFP and silt- common within 0.2%-0.4 rare in the +0.3 Cu z00e;
tionship to Cu grades stones throughout the 4- 0.3% Cu | zones; minor or absent i |ﬁlhceous eommon where Cu = 0.195 —
zone, -quality biotite largely mafic- -poor sediments and rhyoda-

z’ whereCu< 015 % nearly
all ydrotl\ermal biotite is of this




did not undergo repeated and disruptive pulses, of
intrusion-and must, therefore, have formed after’ most
. BFP had been emplaced. In rare cases, adjacent phases

of BFP exhibit differeat intensities of biotitization-

or chloritization, so ihat hydrothermal alteration
began, at least locally, before intrusion of all BFP
ceased. Nevertheless, the zonally arranged, pervasive
replacement of magmatic minerals, and the equally
widespread occurrences of sulphide and alteration min-
erals in fractures, show that solidification of nearly
all BFP. had occurred before crystallization of the
hydrothermal minerals, and-before the emergence of
the sulphide-silicate mnal patterns. Within the altera-
tion halo, specific sulphide-mineral assemblages are
inextricably allied with specific silicate alteration
assemblages; thus, the sulphide zones and the silicate
zones are most likely related genetically and tem-
porally. Development of the entire porphyry system
is considered to have taken place as a single episode,
during which the sulphide and silicate zones formed
contemporaneously. ‘The biotite-copper zone was the
focal part of the system. This concept of a static devel-
opment of the major zones does not exclude the in-
cursion of retrograde effects on the already established
gross zonal pattern. Examples of such retrograde
effects are the very minor chloritization of hydro-
thermal biotite and the occurrence of minor quartz-
gericite veinlets in the biotite zone. These incursion
phenomena can be attributed to residual fluids reacting
on the préviously altered, but otherwise dormant, host
rocks.

8. Initial Offset of the Copper Zone and Late Hydro-
thermal Activity — Repeated movements along the
Morrison fault, possibly as a consequence of continued
regional block-faulting, caused noticeable separation
of the two halves of the copper zone and pyrite halo.
The absence of significant distortion in the zonal pat-
terns of the sulphides and principal hydrothermal
alteration assemblages indicates that these formed
prior to major displacement along the fault. However,
clay-carbonate alteration and associated pyrite-arseno-
pyrite-marcasite-galena-sphalerite = chalcopyrite vein-
lets and masses were superimposed on the earlier
assemblages along the Morrison fault zone and in
numerous small subsidiary shears throughout the cop-
per zone and pyrite halo. The widespread distribution
of this distinct sulphide-silicate assemblage suggests
strongly that it is a late-stage derivative of the por-
phyry copper system. If so, an undetermined increment

_ of movement along the Morrison fault occurred prior
to the complete cessation ‘'of hydrothermal activity.

4. Post-Mineral Faultmg—lt is probable that move-
ment on the Morrison fault continued after late-
sulphide’ ‘deposition, and ‘that some ‘of the carbonate-
cemented breccias represent fragments healed by
carbonate-laden ground waters. The cumulative effect
of the fault movements is-a right-lateral displacement :
of .approximately 300 meters and a substantial vertical
offset of ;unkn wm magni;:ude. The. .character of the .
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pyrite halo and of sulphide zoning, as discussed pre-
viously, and the greater abundance of magnetite in
the western half of the deposit suggest that this seg-
ment was eroded more deeply, Thus, the vertical effect
of fault movement was a relative uplift of the western
side.

6. Erosion and Weathering — If post-Eocene super-
gene enrichment occurred at Morrison (as occurred
at nearby Bell Copper), its effects have been removed
by later erosion and glaciation. Tertiary erosion and
Pleistocene glacial scouring exposed the copper zone
and surrounding hydrothermally altered rocks, and
carved a gully along the Morrison fault. Post-glacial
weathering was very minor. In a few places, exposed
copper minerals were altered to malachite, brochantite
and small amounts of an unidentified pale blue copper
silicate. Some iron-bearing sulphides were altered
to iron oxides and minor jarosite.
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