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ABSTRACT

Iin—-Fb-Ag mineralization at Nanisivik, northwest
Raft+in Island, is hosted by Proterozoic, laminated dolostone
of the Society Cliffs Formation. Mineralization of the Main
Orebody is highly variable in terms of texture and mineralogy
exbibiting both replacement and open space filling textures.
Sulfides are generally coarsely crystalline and banding,
consisting of interlavered pyrite, sphalerite, galena and
sparry dolomite, is common along the margins of the Upper
Lens of the Main Orebody. The eastern and central portions
of the Upper Lens are characterized by 1laterally extensive
mine units, which are distinquished on the basis of texture
and mineralaogy. Contacts between units are generalily sharp.
The physical and chemical parameters responsible +for
the textural and mineralogical variations have been evaluated
through a study of fluid inclusions, sulfur isotopes and ore
mineralogy. Fluid inclusion homogenization temperatures from
simple, two-phase primary and pseudo—-secondary inclusions 1in
sphalerite and sparry dolaomite gangue indicate initial
temperatures of ore formation from 1S50-210°C in the eastern
Upper Lens when the estimated pressure of ore formation is
taken into consideration. The temperature of ore formation
decreased tao 100-150°C in the western portion of the Upper
Lens. Freezing studies indicate that the ore—forming fluid

®i



was a brine containing 20-37 equivalent weight percent CaCl).
The sulfur isotopic compositions of late and main stage
pyrite crystals range from 5345 = +27.4%. to + 28.0%4Z., sug-—
gesting relatively constant temperature, fluid source and
dominant sulfur species in the ore fluid during ore forma-—
tion, providing there has been no subsequent re-equilibria-—
tion of sulfur i1sotopes. The iron content of sphalerite
varies from 14 mole X to O mole %L from crystal centers to
rims respectively, corresponding to well developed colour
zonation. Sphalerite iron contents constrain the oxygen

activity of the ore fluid from 10 %% ta 107%1la

t 200°C during
sphalerite precipitation. The best developed zoning and,
thus, the highest oxygen activities occur within sphalerite
ad jacent to carbonate wall rock. Under high oxvagen
activities, conditions were favorable for the generation of
sul fanes considered necessary far precipitation of marcasite.
X—ray diffraction studies indicate that primary marcasite has
inverted completely to pyrite. The stability of the simplest
sul fane, HZSZ’ constrains the maximum allowable pH of the ore
fluid at the time of marcasite precipitation to 5.0. The
presence of interbanded marcasite psewudomorphs and sparry

dolomite indicate that the ore fiuid fluctuated around pH =

0.

t

Comparison of solid organics extracted from the
Society Cliffs dolostone to bitumen assaciated with minerali-—

»1iil



zation suggests that organics within the host tormation have
played a role in sulfate reduction. The model of ore forma-—
tion therefore proposed inveolves the Iin situ reduction of a
hot, saline, metal -bearing ore fluid by hydrocarbons
liberated by the replacement and dissolution of wall rock.
Sulfate reduction was probably concentrated at the wall rock
orebody interface along a replacement +ront that migrated
away from the orebaody. Banding was likely the result of
repetitive sulfate reduction, metal precipitation and wall
rock dissolution in response to the pulsatory influx of ore
+luid. Gross textuwral and mineralogical variations are
probably a result of sligbht variations in the oxidation state
aof the are +luid, the availability of HZS and, to a lesser

extent, temperature.
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CHAPTER 1: INTRODUCTION

1.1 Introductory Statement
Carbonate—hosted In—-Fb-Ag mineralization in the
Nanisivik area occurs 1in the northern portiaon of the

Churchill Structural Province (Figure 1.1). Massive sulfide
occurrences were first reparted at Strathcona Sound in 1910—
11 by a prospector on board a Canadian government survey
vessel. However, 1t was not until 1258 that the showings
were examined 1in detail by Texas Gulf Inc. Subsequent
drilling and gecophysical surveys outlined most of the major
sulfide bodies presently known in the area. In 1974 a
consortium of companies formed Nanisivik Mines Ltd. to
develop the property with Strathcona Mineral Services Ltd. as
aperators. Fublished ore grade resesrves are estimated at 6.5
million tonnes at 12.0%4 Zn, 1.4 Fb and SO g/tonne Ag
(Ciayton and Thorpe, 1982). Froduction from the Main UOrebaody

began in 1977.

1.2 Geology of the Nanisivik Area

The regional geology of the area has been most
recently discussed by Jackson and Iannelli (1%81) and forms
the basis for the description to follow. A thick middle—to-
late Proterozoic seqguence unconformably overiies early

Frecambrian basement in the Borden BRasin of northwest Baffin
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Isiand. Deposition within the basin took place 1n three west
to northwest tending fault-bounded troughs, which together
comprise the MNorth Baffin Ri+t Zone (Figures 1.2 and 1.3).
Sulfide mineralization in the Nanisivik reglion occurs within
the Miine Inlet Trough., which 1is the middie of the three.
The Miine Iniet Trough is centered on Strathcona Sound and
may extend as Ffar northwest as Somerset and Cornwallis
Islands. The North Baffin Rift Zone was considered to
regresent ann auloccogen by Ol=son (13773 and has been
correlated with a numosr of other ri+t basins within the
Canadian Arctic by Jackson and lanneii: (1981 . These ritt
masins are orientated at a2 high angle to the northwest edoce
of the +former Canadian—Greenlandic Shieid and are believed to
have formed during a period of rif+ting about 1,200 miliicn
¥YEars ago.

Jackson and Iannelli (1981 recognized three distinct

groups within the basin which coliectiveliy conprise th

i

[

Gywiot Supergroup (Tabie 1.1). The lowermost Egalulixz Group
cansists predominantly of terrigerous clastics with minor
continental tholeiitic basalts of the MNMauvat Formation.
These volcanics vyield an average E—f- age ot %46 m.v. and a
Ro—-5- age of 1,129 m.v. (Jackson and lamnnelli., 1781). The

—

tter age agrees weil with a paleomagnetic age of 1,230 m.v.

o)
]

v  the MNMauvat Formation {(Fahrig ¢t al., 179819 . S5haiiow

4
]

water carbonates and minor ciastics of the Ulukson Group over—
lie the Egalulik Group. A upper clastic unit, the Nanatsiac

Group in turn overliss the Ulukson GroubD. Svndepositional
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5.

TABLE 1.1 : FORMATIONS OF THE BYLOT SUPERGROUP (MODIFIED AFTER

JACKSON AMND IANELLI, 1981).

FRANKLIN INTRUSIVES: DIABASE

Intrusive Contact

ELWIN FORMATTION

Hadrynian

Gradational Contact

Group

STRATHCONA SOUND FORMATION

Gradational
Contact

Nunatsiaq

ATHIOLE POINT
FORMATION

Gradational to
Gradational Conformable

VICTOR BAY FORMATION

Group

Conformable, Abrupt

to Gradational

Uluksan

SOCIETY CLIFFS FORMATION

Unconformable (?) Gradational to
Unconformable
FABRICIUS FIORD

FORMATTIOLNT - ARCTIC BAY FORMATION

Neohelikian
Bylot Supergroup

Conformable, Abrupt
to Gradational

Group

ADAMS SOUID FORMATION

Conformable Contact

IAUYAT FORMATION

Egalulik

HNonconformaty

GRANITIC GQNEISS BASEMENT COMPLEX

Archean/
Aphebian
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faulting i1 Horden Basin has resulited 1o abrupt

nd thickness variat:ons.
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Jackson and ITamrneill {(1981) presented numeErous E—Ar
ages from wvarious northwest and north striking dirabase dikes
that range Ffrom J472x11 m.y. to 1,128x38 m.v. Christie and
Farmrig (1%983) argued that manvy of these ages ares too i1ow,
possibly because coarse—grained material more cusceptibie to
S gQon loss was analyzed. Christie and Fahrig {19335

recognlzed two distinct igneous events; a predominantly

northwest—-striking dike swarm, tihe Borden Dikes, having an

i

verage age of 7502 m.yv. and a north-striking dike =swarm, the

o]

T

rambkiin Dikes, that have an average sge of 730 m.v. andg
crosscut the older set. Although diabase dikes inv  the
Strathcona Sound regiron  usually strike northwest, they
consistentiy yield whoie rock E—A&r ages less than 800 m.v.

suggesting that there has been some argon loss, perhaps due

to subsegusnt regional reheating. Usimg the Rb-5r- and

a3

al@=omagne

AR
i

ic ages ot the Mauvat Formation =as a maximuam, and

rt
o

2 average FE—-Ar age +or the Borden Dikes as a minimum, 1t
can be estimated that the Bylot Supergroup was deposited
between 1,200 and 230 m.y. ago.

The Society Cliffs Formation of the Ulukson Group
hosts Zn—-Fbk—-Ag wmineralization in the Nasnisivik region.
Jackson and lannslli (17819 identified two members of the
formation, a laower clastic—ricih member and an upper clastic-—

ooor member . Four maicr doloston=s lithologiczal tvoes are

recognized by Jackson and Iannelli (1981 on a regional scale



e

i both members:
13 Thick bedded to massive dolostone.
21 Regulariy laminated algal dolostone to thin beddeo

doiostone.

i

3 NModular to elliptical, irregularly laminated delostone.

Doiostone conglomerate and breccia.

5o

Dolomitic shale and dolostone of the Yictor Bay
Formation overlie the Society Cliffs Formation. Generally
the two formations are in gradational contact, but localliy,
minor karsting ot the Society Cliffs Formation nas preceded
Yictor Hay dsposition.

In the immediate HMNanisivik area, dolostons of ths
Saciety Cliffs Formation is contormably overlain by delomitic
shales of the Victor Bay Formation. Although a complste
section is not exposed at Nanisivik, the thickpess of the
Yictor HBavy Formation is estimated to have been as much as 00
m, while the Society Ciif+s Formation 1s considered ta have a
tihrickness of bpetween S00 and 600 m (Claviton and Thoroe,
iF8325. Grbépper (1278) subdivided the Society Ciif+s Farma-—
tion in the immediate MNanisivik area into seven iithotacies
units deposited 1in intertidal to subtidal environments.
Socilution features such as collapse breccias and vugs are most
comman in the upper Society Cliffs Formation {(Oi=son, 1277
but nave been reported throughout the formatiorn 1in thes

Marnisivie area. Sul+ide mineralizatiorn i1s generallv restrict-—

i

=d to the upper Socistvy Ciliffs Formation or the overlying

contact with the Victor Bay Formation.



2.
Structure within the Nanisivik aresa i1s dominated by

biock faulting (Figure 1.4). Frotazrozoic strata dip sligntiy

0

s

northward near the Main Orebody (Clavion and Thorpe, 19825.
Two sets of normal faults predominate. One set strikes east
and parallels the main graben centered on Strathcona Sound,
deiineating a series of horst and graben that are proges-
sively down dropped towards the Sound. Ore mineralization of
the Main Orebody transects one of the east striking faults on
the north side of the kKeystone Graben with little apparent
offset. bWhether faulting accompanisd or followed deposition
o+ the Victor Havy shale i1s unclear, but  fTaulting brought the
shalis into abrupt lateral contact with the Sociesty Cliffs
Formation. Less common north striking faults otfset the east

striking series as well as the sulfide mineralization (Olson,

7

|

e
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Northwest striking gabbro dikes 20 — S0 m wide occur

1 the immnediate Nanisivik arex. Jlison (1977) observedg that
these dikes are offset by the east striking fault series.

Odison (1277) aisc reported K-Ar ages of S31X20 mov. arnd

et

457217 m.y. for dikes 1in the area, including a gabbro dike

which crosscuts the Main Orebody.

.: Geology of the Nanisivik Ore Deposits

[y

Figure 1.5 1llustrates the various sulfide bedies out-
iined to date 1in the Nanisivik area. The maiarity of these

sulfide bodies., and by far most of the sulfide mineraiization
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FIGURE 1.4 - BLOCK FAULTING OF THE NANISIVIK AREA.
(AFTER CLAYTON AND THORPE,I982).
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FIGURE |.5- SULFIDE MINERALIZATION AT NANISIVIK
(AFTER CLAYTON AND THORPE, 1982).




1a.
at mManisivik. consists of barren i1ron sulifide. Howewver . the
Main Orebody contains economic guantities of zinc, lesad and
s1iwver, as do a number of sateliite bodies, the mast
important of which is in Arsa 14 (Figure 1.57. Most of the
ore bhodies have lenticular cross sections and are eiangats in
plian view. Clavyton and Thorpe (1982) emphasized the nesarly
horizontal nature of individual sul+ide bodies, as well as an
ovirall drop in sulfide body =slevation above sea level to-
wards Strathcona Sound. They attributed this consistent drop
in sulfide body elevation to a paleckarstic controil of
sulfide mineralization in the area, an idea first proposed by
SBeldzsetzer {(1973) and later expanded by UOlson (1977, 1i584).
The Snouth Boundary Fault appears to have locaiized sultide
mineralization in the southern portion of the area, and the

Shale Hill Zone to the naorth of the Main Orebodvy alsc appears

to be fault-controlied {(Ron Sutherland, pers.comm., 12785).

1.34 Geacloqgy of the Main Orebady

The Main Orebody is hosted in an wupthrown bDlock ot
Societyvy Cliffs dolostone that is situated immediately north
of the kKeystone BGBraben, & praminent structural and topo—
graphical feature 1in the area (Figure 1.35). The ipper Lens
of the Main Orebody i1s an eslongate, nearly hnorizontal or e
zome approximately .0 kilometers long., 100 meters wide, and

10 meters thick (Figure 1.58). In cross—-section the Uoper



11.

N

Limit of Economic Mineralization 37 Crosscut T

Central Zone

Western Zone

Eastern Zone

Shale Zone Mafic Dike Keystone Fault
0O 200m

FIGURE 1.6 - NANISIVIK MAIN OREBODY, PLAN SECTION
(MODIFIED AFTER OLSON, 1984).
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FIGURE |.7- NANISIVIK MAIN OREBODY, CROSS SECTION
‘(COURTESY OF NANISIVIK MINE STAFF).



12,
Lens 1is rouaghly lenticular in shaps with "fins’ of wall rock
that rtend laterally for a considerablie distance 1ntc the
are. particulariy in the central and =sastern portions {(Figurs
1.7%. Mimeralization in the Lower Lens occurs 20 to 80 m
below the uUpper and is considerabliv more i1rreguliar. In
places lLowsr Lens mineralization is connected to the Upper bwv
a vertical zone of uneconomic sulfide mineralization Enown as
the rFKeel Zonz {(Figure 1.7). To date, no strict control on
Lower Lens mineralization has been identified (Doug Dumka,
pErs.commn. , 1734) aithough Clayvton and Thorpe (1782) report
that lLowsr Lens mimeralization conforms to bedoing in the

3

Soriety Ciiffs Formation north of the central porcion o+ T

1]

Main Greoody.

To avoid confusion in the discussion to follow. the
term deolomite will be recstricted to carbonate gangue associ-—
ated with mineralization and the *term deolostone will be used
to refer to the dolomitic host rock. The +footwall comtact of
the Upper Lens varies from gradational, whnere the wall rock
i= in contact with coarsely banded pyrite and white, Sparry
golomite, toc sharp, where the wall rock 1s i contact  with
massive sultide. Gradational contacts between sultide ore

and dolostone are characterized by a progressive increase 1n

r
or
fi

amourtt of +ine grainred pyrite present and by an increase
in recrystallization of dolostone to coarse doliomite rhombs
towards the ore zone. The +footwall cantact is otften
irregular and appears to dip  towards the cEnter of  the

orebndv., Sulfide banding in the west open pit is conformable



=
i

to the hanging wail, as is generally the case throughout maost
of the Upper Lens. Vertical wall rock contacts along the
sides of the orebody are generally abrupt and here banded
sulfides mayv be seen to dip away from the contact. As 1n the
case ot the footwall, the upper contact of the dolostone fins
may wvary from abrupt to gradational. Along the underside of
the +ins, dolostone 1s often separated from sulfides by a
band of sparry dolomite about S om thick. Contacts between
suitides and dolostone in the Lower Lens are usually sharp.
Ezneath the Lower Lens the doiostone 1is aoften fractured,
consisting of rubble to cracklie breccias. Crackle breccias
consist of fractured doiostone in which there has been littlie
relative movement between +fragments, while Ffragments in the
ruidbie breccia have been rotated and displaced. Breccisa
fragments generslly have a bleached appearances, relative tao
W Clit+fs dolostone, due to recrvstallization and
partial replacement. Soarry dpolomite is  the most common
breccia cement.

Ford {1781} suggested that the dolostones vins are
too largs +to hawve been unsupported in a cavern system and

estimated that as much as Sh of the Upper Lens volume was

)

ested during ore formation. Enlargement of an 1initial
Cavern system is supported by the observation of unsupported

= EI_F

[

]

aating” in ore fis=sin, 1983; Curtis, 1984 and by

i

BN

A

it

he occurrence of replacsment textures alorg the margins of

the Upper Lens (Curtis, 1984).
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Irreguliar stringers and patches of 3 white., highiv

1.

altered material, known informalliy at the min2 as "white
raock®, occur within approzimately &600 m of the gabbro dike
aiong the exploration ramp into the Lower Lens. The origin
of this material is uncertain but in its iess altered form
feldspar crystals have been observed, suggesting that the
represents A& highly altered igneous intrusivea
{Neumann . 17847 . in its most altered form the "white rock!
consists predaominantly of clay minerals (Curtis, 1584). &
samplie of white rock is reported to give a Rb-5r age o+ 485%7
mav. fCwrtis, 19845, suggesting that it is coeval with,., or
siightly vounger than, the gabbro dike that cuts the Main
OGrebody.
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