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Abstract

The Pants Lake Intrusion (PLI), located in northern Labrador, represents an early
phase of the 1.34 to 1.29 billion-year Nain Plutonic Suite that is located amongst the 1.45 to
1.46 billion-year old Harp Lake Intrusive Suite, the 1.85 billion-year Nain-Churchill Province
suture zone, and the 2.78 to 1.74 billion-year Churchill Province which actually hosts the
intrusion. The early evolution of the Pants Lake Intrusion is similar to that described for the
Voisey’s Bay Intrusion.

The PLI is composed of two separate intrusions termed the North and South Pants
Lake Intrusion. A U/Pb zircon and baddeleyite igneous crystallization age of 1322.2 + 2
million years was derived from the north intrusion, whereas a U/Pb baddeleyite igneous
crystallization age of 1337 +4/-2 million years was derived from the south intrusion. Apart
from geographical proximity, and common origin and host, the north and south intrusions do
not share many characteristics; in fact, the north intrusion intrudes the south intrusion.

The South Pants Lake Intrusion, located in the southern part of the study area, is a
weakly layered mafic body that intrudes the Harp Lake Intrusive Suite. The south intrusion
is characterized by olivine cumulate-textured peridotite and troctolite compositions, high
MgO abundances (up to 21 wt %), elevated light rare earth elements, positive Eu anomalies
(Ew/Eu* = 1.19), and Ce/Yb ratios that resembles the range reported for the troctolites of the
Voisey’s Bay Intrusion (Ce/Yb =26-31).

Disseminated, blotchy, net, and les abundant massive textured sulphides are
widespread in the south intrusion and are dominated by pyrrhotite with lesser chalcopyrite
and pentlandite. Nickel tenors of the sulphide minerals are slightly elevated compared to
those in the north intrusion due to the greater percentage of nickel available to partition into
the localized sulphide liquid (as indicated by the elevated modal olivine). Sulphur isotopic
ratios of sulphide mineral separates from the south intrusion range from -5.25 to -1.99 %eo,
indicating the influence of the local sedimentary sulphide source. Partially digested gneissic
inclusions are widespread and closely resemble inclusions present in the north intrusion, as
well as inclusions described from the Voisey’s Bay Intrusion.

The North Pants Lake Intrusion is spatially much larger (up to 60 km?) than the south
intrusion (10 to 15 km?). The north intrusion is a layered, horizontal to sub-horizontal, mafic
sill-like body that is divided into the Upper and Basal Gabbro Subdivisions. These two
subdivisions are present only in the north intrusion. Collectively the two subdivisions range
from 100 to 400 meters thick, with the thickest parts present in the north part of the intrusion.
The footwall contact of the intrusion is undulating and locally brecciated which aided the
deposition of semi-massive to massive sulphide. Not much is known about the upper contact
of the north intrusion, only that there was very little assimilation with the country rock
gneiss.

Unlike the south intrusion, the north intrusion pooled in a secondary magma chamber
located in the upper crust prior to its final ascension and lateral emplacement. While in the
secondary magma chamber, the magma fractionated, producing a plagioclase and olivine
cumulate silicate liquid. With increasing assimilation of the surrounding sulphide-bearing
Tasiuyak paragneiss, as indicated by sulphur isotopic ratios of -3.33 to -1.99 %o, sulphide
saturation and subsequent production of an immiscible sulphide liquid was induced within
the silicate liquid. This was followed by partitioning of nickel from the silicate magma into
the available immiscible sulphide liquid (< 650 ppm Ni in olivines of the north intrusion).
The first pulses of fractionated silicate liquid to enter the sill chamber formed the Upper
Gabbro, followed by the denser olivine-rich liquid that formed the Basal Gabbro. The point
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of entry for the silicate liquid feeding the Upper and Basal Gabbro as it entered the sill was
near the northwest mapped boundary of the north intrusion. Magma injection into the
northern part of the intrusion continued well after the main volume of Basal Gabbro had
flowed into the sill.

As the name implies, the Upper Gabbro forms the uppermost part of the north
intrusion and is the more voluminous of the two subdivisions. Variations in the mineralogy
and texture of the Upper Gabbro allow for the designation of four primary subunits. These
are the Altered Gabbro, Coarse- to Medium-Grained Gabbro, Pegmatitic Gabbro, and Olivine
Gabbro. These subunits constitute variations in a medium- to coarse-grained gabbro,
containing cumulate plagioclase with intercumulate olivine and clinopyroxene, which are
typically void of visible foreign contaminants and sulphides. Chemically, the Upper Gabbro
is less varied than its basal counterpart. The Upper Gabbro has slightly elevated SiO,, NayO,
Al;O3, CaO, Rb, and Sr contents, but much lower FeO, MgO, Ni, Cu, and S concentrations
compared to the Basal Gabbro. Rare earth element patterns exhibit slightly decreasing light
to heavy rare earth element patterns and an average Europium anomaly of 1.24 which is
comparable to the Basal Gabbro.

The Basal Gabbro, present at the base of the North Pants Lake Intrusion, is
approximately 27 meters thick and is distinguished primarily by the presence of partially
digested gneissic inclusions coupled with the occurrence of magmatic-textured sulphides
similar to the varied textured troctolites and basal breccia sequences described from the
Voisey’s Bay deposits. The Basal Gabbro is further subdivided into four primary subunits.
These constitute the Transition Gabbro, Gabbro Hybrid, Olivine Gabbro, and Leopard
Gabbro that collectively forms a recurring sequence present throughout the entire north
intrusion. Overall, the major, trace, and rare earth element chemistry of the Basal Gabbro
subunits mimics the chemistry of the Upper Gabbro, and where variations are present, they
are most typically a direct consequence of gneissic and sulphide influences.

Magmatic sulphide textures observed in the Basal Gabbro vary from disseminated,
blotchy, leopard, to semi-massive and massive. The leopard texture, not present in the
northern part of the intrusion, indicates areas of less turbulent flow. The largest massive
sulphide intersections discovered to date is 15.7 meters of 1.13 % Ni, 0.78 % Cu and 0.20 %
Co. Typical massive sulphide intersections are much smaller (< 1 meter) but have similar to
slightly higher grades. Pyrrhotite is the most common sulphide present in the intrusion
followed by chalcopyrite and pentlandite. Pentlandite is present as small (< 1 cm) inclusions
and exsolutions within the pyrrhotite. Sulphides observed in the footwall are of two types,
that is, sulphides remobilized from the main sulphide mass in the Basal Gabbro and unrelated
sedimentary sulphides. One remobilized footwall sulphide intersection assayed 11.75 % Ni,
9.70 % Cu and 0.43 % Co over 1.1 meters.

The North Pants Lake Intrusion is the closest analogue to intrusive rocks at the
Voisey’s Bay deposits recognized to date in Labrador. The present lack of identification of
Voisey’s Bay-like mineralization may be a function of observation level within the magmatic
system. The northwestern margin of the intrusion offers the best exploration potential due to
the recognition of new magma pulses, the potential feeder entry-point, and of course, spatial
proximity to the most significant sulphide intersections encountered to date.
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samples analyzed using the XRF method on fused disks (red outline) clearly plotted in the subalkaline
field. This suggest that SiO2 values are substantially lower using pressed pellets compared to fused
disks, however Na20 and K20 concentrations remain relatively equal regardless of method. The

pl(l)lt in the lower right corner of the larger plot further illustrates the deviation of SiO2 using pressed
pellet 4-42

...................

Figure 4.3. MgO versus major element plots of the Upper Gabbro subdivision including (a) Si02,
(b) FeO*, (c) Na20, (d) TiO2, (e) CaO, (f) AI203, (g) MnO, and (h) K20 4-44
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Figure 4.4. MgO versus trace element plots of the Upper Gabbro including (a) Cr, (b) Ga, (c) Sr,

Figure 4.5. Discrimination diagrams for rocks belonging to the subunits of the Basal Gabbro,
Churchill Province gneiss, and footwall anorthosite, (a) Winchester and Floyd (1977), (b) Irvine
and Baragar and, (c) Jensen (1976). The Upper Gabbro field is plotted on each diagram for
reference. Individual samples are outlined with a small circle of the same field color (see Figure

4.5¢ for example) 4-47

Figure 4.6. MgO versus major element plots of rocks belonging to the subunits of the Basal Gabbro
including (a) SiO2, (b) FeO*, (c) Na20, (d) TiO2, (e) CaO, (f) Al203, (g) MnO and, (h) K20. The
Upper Gabbro field is included in each plot 4-48

Figure 4.7. MgO versus trace element plots of rocks belonging to the subunits of the Basal Gabbro
including (a) Cr, (b) Ga, (c) Sr, (d) Rb, (¢) V, (f) log Cu, (g) log Ni and, (h) log S. The Upper
Gabbro field is included in each plot 4-51

Figure 4.8 Discrimination diagrams for footwall mafic diabase dikes including (a) Winchester and
Floyd (1977), Irvine and Baragar (1971) and, (c) Jensen (1976) 4-54

Figure 4.9. MgO versus major element plots of mafic diabase dikes including (a) SiO2, (b) FeO*,
(c) Na20, (d) TiO2, (e) CaO, (f) A1203, (g) MnO and, (h) K20 4-55

Figure 4.10. MgO versus trace element plots of mafic diabase dikes including (a) Cr, (b) Ga,
(©) Sr, (d) Rb, (e) V, () Cu, (g) Niand, (h) S 4-57

Figure 4.11. Calculated mean concentrations, presented as histograms, of major and trace element
chemistry of Upper Gabbro (undifferentiated), Basal Gabbro (subunits defined), Churchill Province,
and mafic dike samples. The placement of the sample categories is based on their relative location

in the PLI stratigraphy defined in Chapter 3 (see Table 3.2 and Figure 3.5) 4-58

Figure 4.12. (A) Average major element abundances for the Upper Gabbro sample suite. (B) Average
trace element abundances for the Upper Gabbro sample suite. (C) Average major element abundances
for the Transition Gabbro sample suite. (D) Average trace element abundances for the Transition
Gabbro sample suite. (E) Average major element abundances for the Gabbro Hybrid sample suite.

(F) Average trace element abundances for the Gabbro Hybrid sample suite. (G) Average major
element abundances for the Olivine Gabbro sample suite. (H) Average trace element abundances for
the Olivine Gabbro sample suite. (I) Average major element abundances for the Leopard Gabbro
sample suite. (J) Average trace element abundances for the Leopard Gabbro sample suite. (K) Average
major element abundances for the Medium-grained Gabbro sample suite. (L) Average trace element
abundances for the Medium-grained Gabbro sample suite. (M) Average major element abundances

for the Churchill Province sample suite. (N) Average trace element abundances for the Churchill
Province sample suite 4-59

Figure 4.13. Primitive mantle normalized REE diagrams for rocks belonging to the (a) Upper Gabbro
subdivision, (b) Basal Gabbro subdivision, and (c) Churchill Province (CP) gneiss, Mafic dikes, and
Semi-massive (SM) sulphide. The legend for the symbols utilized in each diagram is illustrated in
Figure 4.14. Figure 4.13d illustrates the fields from each REE plot for comparative reasons.
Normalizing values from Sun and McDonough (1989) 4-73

Figure 4.14. Primitive mantle normalized extended trace element plots after Sun and McDonough
(1989) for rocks belonging to the (a) Upper Gabbro subdivision, PLI, (b) Basal Gabbro subdivision,
PLI (c) Churchill Province (CP) gneiss, and (d) Voisey’s Bay Intrusion and Mushuau Intrusion (after
Lightfoot et.al, 2000), = L , _.4-74
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Figure 4.15. Selected major and trace element plots for samples of the Churchill Province, PLI, and
mafic dikes. These plots illustrate the effects of gneissic contamination. (a) [CaO wt% + (Sr x 10
ppm)] versus [Log K20 wt% + (Rb x 10 ppm)], (b) [Log Zr ppm] versus [K20 wt%], (c) [Log Cr
ppm] versus[ Log Rb ppm], and (d)[ Log Rb ppm] versus[ Log (Y + Nb ppm)] 4-76

Figure 4.16. Variations in Ce versus Yb illustrating compositional differences in magmas and the
extent of crustal contamination. See text for explanation of abbreviations. The Ce and Yb data
from Voisey’s Bay is taken from Li et al. (2000) 4-77

Figure 4.17. Plot of Th/Nb versus La / Sm ratios for rocks of the Pants Lake Intrusion, country rocks,
and footwall mafic dikes. The trend of troctolitic rocks of the Voisey’s Bay intrusion are included in
the diagram (after Li ez. al., 2000) 4-77

Figure 4.18. Outline of the Pants Lake Intrusion showing the collar location of the diamond drill
holes (DDH) utilized for the olivine study 4-78

Figure 4.19. Diamond drill hole profiles with sample locations and names, and the number of
olivine grains ablated for study 4-78

Figure 4.20. Depth profiles of diamond drill holes (DDH’s) SVB-96-04, SVB-96-09, SVB-98-102,
and SVB-97-91 plotted against average Forsterite (Fo) and Ni in olivines from the Pants Lake Intrusion.
Refer to Figure 4.19 for sample names and Table 4.11 for average values 4-80

Figure 4.21. Mole percent Forsterite (Fo) and Ni contents of olivine grains from the Pants Lake
Intrusion (this study; Naldrett, 1999) along with data for olivines collected within the Voisey’s Bay
and Mushuau Intrusions (after Li et al., 2000). See Table 4.11 for a summary of the average element
and mole % Fo abundances of olivines used in this study. The fractionation curves were modeled by
Naldrett (op cit) in his study of olivine grains in the South Voisey Bay area and are utilized in this
diagram as a means of comparison with data from this study 4-81

Figure 4.22. Metal contents (Ni and Cu) of rocks belonging to the Pants Lake Intrusion. (A) Log

plot of Ni (ppm) versus Cu (ppm) of Upper Gabbro (green circles) and Basal Gabbro (red squares).

(B) Log plots of Ni (ppm) versus Cu (ppm) of Basal Gabbro samples from the mineralized regions
throughout the PLI (refer to Figure 3.1). Both plots show a general trend of Ni:Cu=1________ . .4-82
Figure 4.23. Dot plot graphs depicting Ni and Cu distribution throughout the Upper and Basal

Gabbro subdivisions within the Pants Lake Intrusion. (A) Dot plot of Ni in Upper Gabbro rocks.

(B) Dot plot of Cu in Upper Gabbro rocks. (C) Dot plot of Ni in Basal Gabbro rocks. (D) Dot plot

of Cu in Basal Gabbro. See text for explanation of population intervals, 4-84

Figure 5.2. Sulphur isotope ranges of sulphide separates from the Basal Gabbro Subdivision (BGS)
of the Pants Lake Intrusion, potential sulphur contaminants, and magmatic Ni-Cu prospects located
throughout the Nain Plutonic Suite and the Harp Lake Intrusive Suite. Isotope ranges are expressed
as per mil. Refer to Table 5.1 and Table B.4 for isotope data and sources 5-7

Figure 5.3. Geology of northern Labrador (modified after Kerr and Smith, 1997) (see Figure 2.3)
with locations of regional sulphur isotope data reported in this study. The majority of the prospects
shown in this figure are detailed in Section 2.3. The NBK and Ed prospects, not included in Section
2.3, are detailed by Piercey (1988) and Kerr and Smith (2000), respectively, 5-9

Figure 6.1. Proposed model developed by the author for the formation of the Basal Gabbro
Subdivision of the Pants Lake Intrusion, Labrador. Many components of this model are adopted
from studies by MacDonald (1999), Kerr (1998, 2003), and Barnes and Maier (1999)
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List of Plates

Frontispiece: Exploration camp located on the southwestern shore of Pants Lake, Labrador. Picture,
viewing east from a helicopter, photographed during late August 1998 I

Plate 3.1. Outcrop exposure near the Major General sulphide occurrence. This plate shows the

typical weathered surface of a coarse-grained, leucocratic gabbro subunit. A small patch of the
pegmatitic gabbro subunit is located near the lower edge of the photo. Both subunits belong to the
Upper Gabbro. The contact between the two subunits is subtle. The cumulate plagioclase grains

are tan to buff white. The interstitial clinopyroxene (% olivine) grains are dark green to black.

The scale bar is in centimeters 3-60

Plate 3.2. Drill core segments from drill hole, SVB-96-16. Core segment A, taken at 3.6m, is a

typical example of the coarse-grained, cumulate textured leucocratic gabbro belonging to the Coarse

to Medium-grained Gabbro Subunit. Core segment B, taken at 8.9m, is a typical example of a
pegmatitic gabbro belonging to the Pegmatitic Gabbro subunit. Core segment C, taken at 35.2m,

is a typical example of the medium-grained, cumulate textured gabbro belonging to the Coarse to
Medium-grained Gabbro Subunit. Plagioclase grains are dull white and clinopyroxene grains are
black. The scale bar is in centimeters 3-60

Plate 3.3. Petrographic section from drill hole SVB-97-27 at 1.3m (magnification = 1.5x, cross
polarized light). Leucocratic, coarse to medium-grained gabbro belonging to the Coarse to Medium-
grained subunit (Upper Gabbro subdivision). Euhedral, cumulate plagioclase grains with subophitic
clinopyroxene grains. Intercumulate olivine grains are rimmed with iddingsite 3-60

Plate 3.4. Petrographic section from drill hole SVB-98-102 at 32.5m (magnification = 1.5x, cross
polarized light). Melacratic, coarse to medium-grained gabbro belonging to the Coarse to Medium-
grained subunit (Upper Gabbro subdivision). Euhedral, cumulate plagioclase grains with intercumulate
clinopyroxene and lesser olivine grains . 3-60

Plate 3.5. Dirill core segments from drill hole, SVB-96-27. Core segment A, taken at 1.3 m, isa
coarse-grained, cumulate textured gabbro belonging to the Coarse to Medium-grained Gabbro

Subunit. Core segment B, taken at 4.7 m, is a medium to fine-grained, ophitic to cumulate textured
olivine gabbro belonging to the Olivine Gabbro Subunit. Core segment C, taken at 8.9 m, is an
ophitic textured olivine gabbro belonging to the Olivine Gabbro Subunit. Plagioclase grains are

white, clinopyroxene grains are dark grey to black, and olivine grains are forest green. The scale bar

is in centimeters 3-61

Plate 3.6. Petrographic section from drill hole SVB-96-04 at 4.15 m (magnification = 1.5x, cross
polarized light). Medium-grained olivine gabbro belonging to the Olivine Gabbro subunit (Upper
Gabbro). Cumulate, euhedral plagioclase with ophitic clinopyroxene containing granular olivine and
lesser euhedral plagioclase grains 3-61

Plate 3.7. Drill core from drill hole SVB-96-36 centered at ~ 78.0 m. The darker core is unaltered,
coarse-grained gabbro. The lighter core is altered gabbro belonging to the Altered Gabbro Subunit.
The altered gabbro contains milky white, saussertized plagioclase grains with intercumulate green
hornblende grains. The contact between altered and unaltered gabbro (at 79.2 m) is relatively sharp.
The scale bar is in centimeters o

Plate 3.8. Petrographic section from drill hole SVB-96-36 at 14.1 m (magnification = 1.5x, crossed
polarized light). Altered, coarse-grained gabbro belonging to the Altered Gabbro subunit (Upper
Gabbro). Large pyroxene grain altered to fine-grained hornblende engulfed by finer grained

subhedral to anhedral plagioclase grains : 3-61
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Plate 3.9. Outcrop exposure adjacent to the Mineral Hill sulphide occurrence. This plate shows the
weathered contact between the Upper Gabbro and Basal Gabbro. The upper portion of the plate is a
medium-grained cumulate textured leucocratic gabbro. The lower portion of the photo is a typical
example of the Transition Gabbro subunit. The thin, lighter coloured bands are coarse to medium-
grained plagioclase with lesser clinopyroxene. The finer-grained, brownish weathered material is
cumulate olivine with lesser plagioclase and clinopyroxene. The scale bar is in centimeters__________
Plate 3.10. Drill core segments from drill hole, SVB-97-77 at 412.3 m (top) and drill hole,
SVB-98-116 at 107.4 m (bottom). Both drill core segments are examples of the Transition Gabbro
subunit. The upper drill segment was derived from a leucocratic gabbro (plagioclase grains are
white). The lower drill segment was derived from a melanocratic gabbro (plagioclase grains are
purplish-grey). Both core segments illustrate the coarser-grained banding in the finer-grained
olivine gabbro. Disseminated sulphides and sulphide blotches are closely associated with the

coarser bands, 3-62

Plate 3.11. Petrographic section from drill hole SVB-98-111 at 107.5 m (magnification = 1.5x, cross
polarized light). Transition Gabbro subunit (Basal Gabbro subdivision) with coarse-grained plagioclase
and ophitic clinopyroxene band (center), in a fine-grained olivine gabbro matrix. A small sulphide
blotch is in the center of the coarser band 3-62

Plate 3.12. Petrographic section from drill hole SVB-98-111 at 107.5 m (magnification = 1.5x, plane
polarized light). Refer to Plate 3.11 for caption description 3-62

Plate 3.13. Outcrop exposure near the NDT sulphide occurrences. This plate shows the weathered
surface of the Gabbro Hybrid / Olivine Gabbro subunit (Basal Gabbro). In the center of the plate
is a partially digested melanocratic gneissic inclusion. Pocketknife (~ 8 cm) used for scale 3-63

Plate 3.14. Drill core segments from drill hole, SVB-96-10 at 12.3 m. Drill core segments of the
Gabbro Hybrid subunit (Basal Gabbro) with multiple, semi-rounded melanocratic inclusions in a
fine-grained olivine gabbro matrix. Disseminated and blotchy sulphides (pyrrhotite + chalcopyrite,
pentlandite) are present within the matrix. The scale bar is in centimeters 3-63

Plate 3.15. Drill core segment from drill hole, SVB-96-02 at 6.2 m. Drill core segment of the

Gabbro Hybrid subunit (Basal Gabbro) with several partially digested, melanocratic, gneissic

inclusions in a fine-grained olivine gabbro. Blotchy textured sulphide is also present. The scale bar

is in centimeters 3-63

Plate 3.16. Dirill core segments from drill hole, SVB-98-102 at 173.5 m (top) and 194.0m (bottom).
Drill core segments of the Gabbro Hybrid subunit (Basal Gabbro) with several partially digested,
leucocratic, gneissic inclusions. Blotchy and disseminated textured sulphides are also present.

The scale bar is in centimeters 3-63

Plate 3.17. Petrographic section from drill hole SVB-96-09 at 54.45 m (magnification = 1.5x, cross
polarized light). Leucocratic gneissic inclusion (only the edge is shown) in gabbro. The rim of the
inclusion composed of spinel and fine-grained plagioclase. The center of the inclusion comprised of
acicular corundum grains and plagioclase grains______ . 3-64

Plate 3.18. Petrographic section from drill hole SVB-96-09 at 54.45 m (magnification = 1.5x, plane
polarized light). Refer to Plate 3.17 for caption description. Disseminated sulphide (black) is
Present 3-64

Plate 3.19. Petrographic section from drill hole SVB-96-36 at 165.3 m (magnification = 2.5x,
plﬁ__nf polarized light). Center of a leucocratic inclusion comprised of plagioclase, corundum and

3-64
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Plate 3.20. Petrographic section from drill hole SVB-96-09 at 58.1 m (magnification = 1.5x, plane

Plate 3.21. Dirill core from drill hole SVB-96-02 centered at ~ 71.8 m. Fine-grained, melanocratic
olivine gabbro of the Olivine Gabbro subunit (Basal Gabbro). A group of pyrrhotite blotches are
located in the center of the photograph. The scale bar is in centimeters 3-65

Plate 3.22. Dirill core from drill hole SVB-97-92 at 247.0 m. Fine-grained olivine gabbro of the
Olivine Gabbro subunit (Basal Gabbro) with 4-5% fine-grained disseminated sulphide. The scale

bar is in centimeters 3-65

Plate 3.23. Petrographic section from drill hole SVB-96-02 at 71.8 m (magnification = 2.5x, cross
polarized light). Fine-grained olivine gabbro with granular olivines, plagioclase and lesser ophitic

elinopyroxene S

Plate 3.24. Petrographic section from drill hole SVB-97-79 at ~ 504 m (magnification =1.5x, cross
polarized light). Fine-grained olivine gabbro with granular olivines, plagioclase and lesser ophitic
clinopyroxene. Plagioclase grains are aligned parallel to layering 3-65

Plate 3.25. Outcrop exposure within the Happy Face Lake sulphide occurrence. Photograph shows

the typical weathered surface of the Leopard Textured Gabbro subunit (Basal Gabbro).

Clinopyroxene oikiocrysts are present within a recessive weathered olivine, plagioclase, sulphide
matrix. The pencil is used for scale 3-66

Plate 3.26. Drill core segment from drill hole SVB-96-02 at 20.1 m. Typical appearance of the
Leopard Textured gabbro subunit (Basal Gabbro) with clinopyroxene oikiocrysts (dark spots) set in
a fine-grained olivine gabbro matrix with 10% fine-grained, disseminated sulphide. Scale bar is in

centimeters, 3-66

Plate 3.27. Petrographic section from drill hole SVB-96-02 at 24.6 m (magnification = 1.5x, cross
polarized light). Clinopyroxene oikiocryst (center of plate) surrounded by plagioclase, olivine,
disseminated sulphide (opaque), and lesser clinopyroxene 3-66

Plate 3.28. Petrographic section from drill hole SVB-96-02 at 24.6 m (magnification = 1.5x, plane
polarized light). Refer to Plate 3.27 for caption description 3-66

Plate 3.29. Drill core segment from drill hole SVB-97-79 at 691.3 m. Medium-grained gabbro of
the Medium-grained Gabbro subunit (Basal Gabbro). Interstitial plagioclase grains are white, olivine
grains and clinopyroxene grains are dark coloured. The scale bar is in centimeters 3-67

Plate 3.30. Dirill core segment from drill hole SVB-97-79 at 738.1 m. Medium-grained gabbro of
Fhe Medium-grained Gabbro subunit (Basal Gabbro) with large sulphide blotches. The scale bar is
in gentimeters 3-67

Plate .3.31. Petrographic section from drill hole SVB-97-79 at 691.3 m (magnification = 1.5x, cross
polaflzed light). Cumulate olivine and lesser cumulate clinopyroxene with altered, intercumulate
plagioclase and biotite . 3-67

-------------

Plate .3.32. Petrographic section from drill hole SVB-97-79 at 691.3 m (magnification = 1.5x, plane
polarized light). Refer to Plate 3.31 for caption description 3-67

Plate ‘3.33. Petrographic section from drill hole SVB-97-92 at 246.7 m (magnification = 1.5x, plane
polarized light). Disseminated sulphide (opaque) grown between plagioclase and olivine grains____3-68
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Plate 3.34. Petrographic section from drill hole SVB-97-92 at 246.7m (magnification = 2.5x,
reflecting light). Disseminated sulphide grains between silicate grains. Disseminated sulphide
grains comprised of pyrrhotite (Po) with small chalcopyrite (Cpy), pentlandite (Pn), and magnetite

(Mag) exSOIULIONS . e.eeeeeeeeemce e e ..3-68

Plate 3.35. Outcrop exposure at the Major General sulphide occurrence. Oxidized sulphide blotches
in fine-grained olivine gabbro. The geological hammer is for scale 3-69

Plate 3.36. Drill core segments from drill hole SVB-96-10 at ~ 24.6 m. Dominantly pyrrhotite
blotches with plagioclase intergrowths hosted in a fine-grained olivine gabbro. Segments also host
several melanocratic gneissic inclusions. The scale bar is in centimeters__________ ... .. ... 3-69

Plate 3.37. Drill core segment from drill hole SVB-96-04 at 51.3 m. Large sulphide blotch hosted
in a fine-grained olivine gabbro. Sulphide blotch has an upper portion of magnetite (Mag) and
chalcopyrite (Cpy). The scale bar is in centimeters 3-69

Plate 3.38. Dirill core segment from drill hole SVB-96-04 at 58.6 m. Large pyrrhotite (Po) blotch
in center of photo, hosted in a fine-grained olivine gabbro, has an upper chalcopyrite (cpy) rim. The
scale bar is in centimeters 3-69

Plate 3.39. Petrographic section from drill hole SVB-96-10 at 24.6 m (magnification = 2.5x,
reflecting light). Pyrrhotite (Po) blotch with small chalcopyrite (Cpy) exsolutions present

Plate 3.40. Petrographic section from drill hole SVB-97-79 at 729.4 m (magnification = 2.5x,
reflecting light). Edge of a pyrrhotite (Po) blotch with pentlandite (Pn) originating internally and
grown outwards to the edge. Chalcopyrite (Cpy) and magnetite (Mag) are also adjacent to the

sulphide boundary: d A ; _ 3-70

Plate 3.41. Petrographic section from drill hole SVB-97-57 at 165.3 m (magnification = 2.5x,
reflecting light). Chalcopyrite (Cpy) and pentlandite (Pn) exsolutions formed on the pyrrhotite (Po)

/ silicate (dark grey) boundary. Magnetite (Mag) formed in the cracks of the pentlandite______________ 3-70
Plate 3.42. Petrographic section from drill hole SVB-96-02 at 69.15 m (magnification = 2.5x,
reflecting light). Pentlandite (Pn) and chalcopyrite (Cpy) formed at the edge of pyrrhotite (Po).
Magnetite (Mag) is present within cracks in the pentlandite and chalcopyrite 3-70

Plate 3.43. Dirill core from drill hole SVB-98-116 at 123.1 m. Semi-massive sulphide located above
footwall contact. Sulphide comprised of mainly pyrrhotite with minor (< 2%) chalcopyrite. Sulphide
is hosted in a fine-grained olivine gabbro with minor gneissic contamination. The scale bar is in
I e L o L T e Ao A L ) N oo (IR 5 4
Plate 3.44. Dirill core from drill hole SVB-98-113 centered at 100 m. Massive sulphide intervals
located just above the basement contact. Massive sulphide interval, comprised of pyrrhotite and

Plate 3.45. Drill core segment from drill hole SVB-98-113 at 100.4 m. Massive pyrrhotite (Po)

with lesser chalcopyrite and pentlandite. The darker spots are gneissic inclusions. Note the sharp
rounded contacts between the sulphide and the inclusions. The scale bar is in centimeters____________ 3-71
Plate 3.46. Drill core segments from drill hole SVB-97-75 at ~ 175 m. High grade, coarsely
crystalline massive sulphide from a sulphide interval 13 meters below the footwall contact. Photo
courtesy of Dr. Andrew Kerr e e . e v ‘ 3-71




Plate 3.47. Petrographic section from drill hole SVB-98-102 at 183 m (magnification = 10x,
reflecting light). Massive pyrrhotite (Po) with exsolution lamellae of pentlandite flames_______________ 3-72
Plate 3.48. Petrographic section from drill hole SVB-97-61 at 123.2 m (magnification = 2.5x,
reflecting light). Massive pyrrhotite with small exsolution grains of pentlandite (Pn) and chalcopyrite
(Cpy) located adjacent to silicate inclusions 3.72

Plate 3.49. Petrographic section from drill hole SVB-97-75 at ~ 175 m (magnification = 2.5x,
reflecting light). Massive sulphide with large crystalline pentlandite (Pn) grain located between
pyrrhotite (Po) and chalcopyrite (Cpy). Magnetite (Mag) is present within cracks of the
pentlandite___.. 3.72

Plate 3.50. Petrographic section from drill hole SVB-97-75 at ~ 175 m (magnification = 2.5x,
reflecting light). Massive sulphide comprised of chalcopyrite (Cpy) and pentlandite (Pn). Pyrrhotite
(Po) is present as rims around the pentlandite grains 3-72

Plate 3.51. Petrographic section from drill hole SVB-97-75 at ~175 m (magnification = 10x,
reflecting light). Massive sulphide comprised of pyrrhotite (Po), chalcopyrite (Cpy) and lesser
pentlandite (Pn). Note the exsolution lamellae of cubanite in chalcopyrite 3-73

Plate 3.52. Petrographic section from drill hole SVB-97-75 at ~ 175 m (magnification = 10x,
reflecting light). Massive chalcopyrite (Cpy) with pyrrhotite (Po) formed at the chalcopyrite grain
boundaries s b’ 3-73

Plate 3.53. Petrographic section from drill hole SVB-97-58 at 163.5 m (magnification = 10x,
reflecting light). Silicate grains in massive sulphide. Chalcopyrite (Cpy) located in the center of
the plate is remobilized into the cracks developed into the silicate minerals 3-73

Plate 3.54. Petrographic section from drill hole SVB-97-75 at ~ 175 m (magnification = 2.5x,
reflecting light). Edge of massive sulphide with chalcopyrite (Cpy) remobilized between the silicate
grain boundaries ___ , .3-73

Plate 3.55. Photograph looking east of the NDT sulphide occurrences/gossans (seen in the back-
ground). The North Gossan is separated from the South Gossan by a v-shaped wedge of Churchill
Province gneiss (seen in the foreground) : : 3-74

Plate 3.56. Photograph looking northeast at the Happy Face Lake sulphide occurrence (seen in

the middle of the photograph). Three Basal Gabbro subunits are observed here. The lower Basal
Gabbro contact was not observed here. The upper contact is shown in the insetplate_______________ . 3-75
Plate 3.57. Photograph looking northeast at the GG sulphide occurrence (seen in Center of the
photograph). The Leopard Textured Gabbro subunit is between the Fine-Grained Gabbro subunit.

The lower Basal Gabbro subdivision contact is scree covered - 3-76

Plate 3.58. Photograph looking northwest at the Mineral Hill sulphide occurrence. This location
1s an excellent example of igneous layering. The inset plate shows a close-up view of the contact
between the Upper and Basal Gabbro subdivisions 3-77
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Chapter 1: Introduction
1.1 Preamble

The discovery of the Voisey’s Bay nickel-copper-cobalt deposits by Archean
Resources Limited (with the financial support of Diamond Field Resources Incorporated)
in November 1993 caused a staking frenzy unprecedented in the history of Newfoundland
and Labrador. The intense geological exploration that soon followed this world-class
mineral discovery had one common goal; that is, to find other deposits of the same
grandeur as the deposits at Voisey’s Bay.

Explorationists soon discovered that finding the next “Voisey’s Bay” was not a
simple endeavor. The initial hindrance to exploration (not considering that large tracts of
ground had already been claimed by Archean Resources Ltd.) was the scarcity of
information pertaining to the geological context of the deposit within the Labrador
setting. Prior to this period, the federal and provincial geological surveys had only
vaguely described parameters for potential magmatic nickel-copper sulphide ore bodies
that might exist in Labrador (Swinden et al., 1991). Consequently, most of the property
acquisition that followed the announcement of the Voisey’s discovery was governed
more by geographic proximity to the deposit, rather than rational geological reasoning.
Fewer properties were acquired by utilizing the limited regional geological and
geochemical surveys that existed at the time (eg. Ryan and Lee, 1989; Ryan, 1990).

At the end of the staking frenzy, a large corridor containing several thousand
mineral claims (one mineral claim equals a % km %, 500 m x 500m area) blanketed most
of north and central Labrador. These mineral claims covered the majority of rocks

belonging to the Nain Plutonic Suite (NPS), Harp Lake Intrusive Suite (HLIS), and a
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small group of rocks belonging to the Nain and Churchill structural provinces. One
sizeable cluster of claims, located to the south of the NPS (Figure 1.1), covered a
relatively unknown, layered, mafic intrusion (later termed the Pants Lake Intrusion or
PLI). Coincident with this intrusion is a cluster of high nickel values in lake-sediments
(Davenport et al., 1999) as well as previously noted pyrrhotite mineralization (Thomas
and Morrison, 1991). All of these factors made the PLI a viable target.

Donner Minerals Ltd., a Vancouver-based junior exploration company, conducted
initial field-based work in the area of the PLI during the 1995 and 1996 field seasons on
several claim blocks. Furnished with published information that promptly followed the
Voisey’s Bay discovery (eg. Ryan et al., 1995; Naldrett et al., 1996), Donner Minerals
Ltd. believed that the PLI had similar geological attributes as the host rocks of the
Voisey’s Bay deposits (Donner Minerals Ltd., company and property portfolio, 1997). In
conjunction with the ongoing field-based work, Donner Minerals Ltd. established a
consortium involving thirteen claim holders located in the PLI vicinity, eventually
merging the divided claim blocks that covered the PLI. With this consortium in place,
the South Voisey’s Bay (SVB) project was conceived. In September 1996, Teck
Exploration Ltd. obtained a vested interest in the project and acted as the consortium’s
general contractor during the 1997 and 1998 field seasons. Teck Exploration Ltd. opted
out of the project in 1999. In 2001, the South Voisey’s Bay Nickel Company was formed
to simplify the consortium and shortly thereafter, Falconbridge Ltd. joined the project to
earn a 50% interest. Falconbridge Ltd. explored the PLI during 2002 and 2003; however

in 2004 Falconbridge too opted out of the project.
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Presently, Donner Minerals Ltd. (and its affiliates) have achieved some of the
more promising results of any exploration company working in Labrador (outside of the
Voisey’s Bay deposits) in exploring for “Voisey’s Bay-type” magmatic nickel-copper
sulphide mineralization. Kerr (1999) stated, “The PLI is the closest analogue to the
Voisey’s Bay [deposits] host rocks recognized to date in Labrador...”. Apart from
favorable geology, a number of significant, and potentially economic sulphide
intersections were obtained during the SVB drilling programs. For example, drill hole
98-075 intersected a 1.1 m massive sulphide interval averaging 11.75 % nickel, 9.70 %
copper, and 0.43 % cobalt, and drill hole 97-096 intersected a 15.7 m massive sulphide
interval containing 1.13 % nickel, 0.78 % copper, and 0.20 % cobalt (Donner Minerals
Ltd. web site). The results of the exploration conducted thus far by Donner Minerals Ltd.
with previous support from Teck Exploration Ltd. and Falconbridge Ltd. strongly
suggests the presence of economic grades of sulphide mineralization hosted by the PLI.
The implications of these results are that potential economic accumulations of sulphides
can be found elsewhere in Labrador and are not confined only to the area encompassing
the Voisey’s Bay deposits.

It is with that premise that this M.Sc study was initiated by Donner Minerals Ltd.
and Memorial University of Newfoundland. The focus of this study is the magmatic
sulphide mineralization and the Basal Gabbro subdivision of the Pants Lake Intrusion that
is host to this mineralization. The purpose and scope of this study is elaborated at the end
of this chapter (Section 1.6). The remainder of this chapter, as well as chapter two,

contains information regarding the context of this study.
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1.2 Location and Access

The SVB project is located geographically in the remote interior of north central
Labrador, Canada (Figure 1.1). The nearest community is the isolated, coastal village of
Natuashish located approximately 70 km to the northeast. The town of Happy Valley-
Goose Bay lies approximately 260 km to the south-southeast of the project area, and the
Voisey’s Bay Ni-Cu-Co deposit is approximately 90 km due north of the SVB project
area. The entire project area encompasses roughly 1200 km? and includes portions of
NTS map sheets 13M/08, 13M/09, 13N/05 and 13N/12 (see inset, Figure 1.1). The
approximate geographic center of the project is located at the UTM coordinate 573700 E,
6150600 N in UTM Zone 20, North America Datum 27 projection for Canada.

Personnel required for the exploration programs reside in the exploration camp
situated on the southwestern shore of a large northwest-trending lake informally named
Pants Lake (camp location; UTM coordinate 559250 E, 6145450 N) (see geological map,
inside back cover). The drill core-logging facility and the core storage site are located
adjacent to the exploration camp.

Access to the project area can be gained via helicopter and fixed wing aircraft
stationed in the communities of Nain or Happy Valley-Goose Bay. During favorable
weather conditions, fixed wing aircraft equipped with floats are able to land on Pants
Lake. Alternatively, fixed wing aircraft can utilize a temporary gravel airstrip established
23 km to the southeast of the exploration camp. From this airstrip location, personnel
and supplies can be transported to the camp by helicopter. The interior of the project area

is best accessed by helicopter and/or by traverse on foot.
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1.3  Physiography and Glaciation

The topographic features in this particular region, composed of rugged undulating
hills and valleys, are typical of the Labrador plateau highland. Topographic relief within
the entire project area ranges from 150 to 500 m above mean sea level. Hilltops are
frequently smooth and rounded due to glaciation, notably during the Pleistocene (Thomas
and Morrison, 1991). Numerous glacial striae, chattermarks, and roches moutonée have
been noted on hilltops on the SVB property. In many cases, the slopes of hills are gentle
and terminate at the base as broad, flat lying plains and valleys. In fewer cases, the
slopes of hills are terminated by steep cliffs. Broad U-shaped valleys, common in this
region, are often filled with deep accumulations of terraced alluvium and glacial erratics.
These U-shaped valleys serve as pathways for small streams, ponds, and rivers. Although
less common and much narrower, V-shaped valleys tend to be northwest orientated and
are continuous over further distances than the more common U-shaped valleys. Larger
lakes in the region, such as Pants Lake and Sarah Lake, are located in flat, low-lying
depressions between hills of low to moderate elevation. Drainage entering and exiting
these lakes typically flows through the valleys. The Adlatok River, located to the south of
the PLI, flows from west to east and is connected to several tributaries along its route.

Vegetation is scarce in this region due to the severe climate and poor soil
development. Most hilltops are devoid of vegetation with the exception of moss, lichen
and low-lying shrubs. This lack of vegetation on hilltops provides excellent outcrop
exposure. The lower slopes of hills and valley floors, where protected by the winds, have
a significant increase in vegetation. The vegetation on the leeward side of hills consists of

stunted black spruce, grasses and wind-deformed tamarack.
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14 Previous and Present Geological Investigations

Prior to the discovery of the Voisey’s Bay deposits, geological interest within the
project area was minimal. Portions of the project area were previously included in 1:50
000 to 1:250 000 scale regional mapping and lake sediment sampling projects conducted
by provincial and federal geological surveys. Emslie (1980) included a small southern
section of the SVB project area in a major 1:250 000 scale regional study of the Harp
Lake Intrusive Suite. Hill (1982) included the northern half of the SVB project area
during a regional 1:100 000 scale mapping project of selected areas along the central part
of the Ugjoktok River. Likewise, Thomas and Morrison (1991) included the southern
half of the project area during a mapping project in the Flowers River area. Other studies
focused on supracrustal rocks of the Ingrid Group in the southeastern corner of the
project area (eg. Ermanovics and Korstgaard, 1981; Ermanovics, 1993). Government
geochemical surveys, completed during the mid-1970’s, were limited to reconnaissance-
style lake sediment geochemistry which included a number of lakes within the interior of
the SVB project (Davenport et al., 1999).

Since the conception of the SVB project in 1995, numerous geological,
geochemical and geophysical surveys have been conducted within the project area. The
majority of work conducted thus far has focused on locating economic concentrations of
nickel-copper-cobalt sulphide mineralization within the PLI. Donner Minerals with aid
from both Teck and Falconbridge has by far completed the most work within the area.

At the conclusion of the 2003 field season, there are over 140 diamond drill holes, the
entire project area was mapped on both a reconnaissance and detailed scale (1:10 000),

and numerous airborne, ground and down-hole geophysical surveys have been conducted.
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Donner Minerals Ltd. has also contributed to several university and government studies.
These studies include B.Sc thesis work by Hodder (1998), Twyne (1999), and Hearn
(2001), M.Sc thesis work by MacDonald (1999), as well as work conducted by the
author. Studies by Kerr and Smith (1997), Kerr (1998, 1999, 2003), Kerr and Ryan
(2000), Kerr et al. (2001), and Li et al. (2001) have all benefited from the support
extended by Donner Minerals Ltd. as well.

McConnell (1998 & 2000) completed a lake-sediment and stream-water survey
over known areas of mineralization within the SVB project area as a follow-up from the
lake sediment survey conducted during the 1970’s. The results of McConnell’s survey
further illustrates that metal concentrations, including nickel, are elevated in lake

sediments near known surface mineralization.

1.5  Field Work

The field component of this study was completed from early July to mid-
September, 1998. During this period, the author resided at the exploration camp. Field-
work pertaining to this study was divided into two components. The first component
focused on the re-logging and sampling of representative diamond drill cores from the
entire PLI that were obtained during the 1996, 1997 and 1998 drilling programs. Refer to
the geological map of the PLI (inside back cover) for drill hole locations and Table A.1
for DDH information. The second component of this study involved mapping of several
sulphide occurrences throughout the project area (refer to the geological map of the PLI,
inside back cover, for locations of sulphide occurrences). In both components, the focus

was to describe and sample lithologies that host the sulphide mineralization.
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Thirty-four diamond drill cores were re-logged (Appendix C) and selectively
sampled as part of this thesis study (refer to Table A.2 and A.3 for sample locations).
Drill cores from other parts of the PLI were briefly observed, and as such their data have
only a minor role in this study. Approximately 180 core samples, averaging 30 cm in
length, were collected from these representative drill holes. Samples were cut in two
equal lengthwise portions using a water-cooled diamond blade saw located on site. One
portion of the sample was placed back into the core box for later reference whereas the
opposite portion was described, photographed, properly labeled, bagged and shipped to
the Department of Earth Sciences at Memorial University of Newfoundland.

The mapping component was completed in the later part of the field season after
the core re-logging was completed. Seven sulphide surface showings were visited,
photographed, and mapped at a scale of 1: 5000 for this study. During each visit, several
reference samples were collected, however, due to the deeply weathered and sometimes
gossanous state of the outcrops, no samples were selected for geochemistry or
petrography. Lithological variations and sulphide textures noted in drill core were
commonly observed at the sulphide showings. The relative position above the basement
contact, the thickness, and the lateral continuity of the lithological variations and sulphide
textures was especially noted. In a few cases, however, the basement contact was
covered by scree. Rocks above and below the sulphide mineralization were observed and

described, but in lesser detail.
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1.6  Purpose and Scope of Present Study

Recent mineral exploration in the southern periphery of the NPS has revealed a
relatively unknown gabbroic intrusion containing genetically associated magmatic
sulphide mineralization. Previous studies have provided petrological and geochemical
information on select portions of the intrusion, predominantly in its upper, unmineralized
layers. Apart from the limited work conducted by MacDonald (200) and Kerr (1998,
1999, 2003), a complete, in depth study of the sulphide mineralization, host lithologies,
and metallogenic history, has yet to be completed. Therefore, the objective of this study
is three fold:

The first objective is to define the regional context and morphology of the Pants
Lake Intrusion. A compilation of previous studies (e.g. MacDonald, 2000; Kerr, 1998,
1999, 2003; Fitzpatrick et al., 1998, 1999; Thomas and Morrison, 1991; Hill, 1982),
combined with current information and drill hole data, will achieve this objective.

The second objective is to document, locate and characterize the sulphide
mineralization and the host lithologies within the Pants Lake Intrusion. This objective
will be achieved by utilizing observations gathered during field work (e.g. drill core and
outcrop observations) along with observations from petrographic sections.

The third objective is directly linked with the second objective. That is, to
provide a comprehensive geochemical evaluation of the described sulphide
mineralization as well as, gabbroic rocks in the Pants Lake Intrusion, in particular, the
Basal Gabbro Subdivision that is host to the sulphide mineralization. This objective is
accomplished using major, trace, and rare-earth element geochemistry, in combination

with stable isotope geochemistry.
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Figure 1.1. Locations of the South Voisey’s Bay Project and Voisey’s Bay deposits compared to the
Precambrian structural provinces of Labrador (after Greene, 1972), the Nain Plutonic Suite (NPS),
the Harp Lake Intrusive Suite (HLIS), and the Michikamau Intrusion (MI) (shown as dotted outlines).
The inset box (upper right corner) illustrates the outline of the South Voisey’s Bay Project boundary
(as of January 30, 1999). The area inside the dashed line of the inset box represents the coverage of
the Pants Lake Intrusion geological map (see inside back cover).

Chapter 1 - Page 10



Chapter 2: Geological Overview of Labrador and Associated Magmatic
Nickel-Copper Sulphide Mineralization

2.1 Introduction

The geology of Labrador represents a diverse collage of five structural provinces
(Nain, Superior, Churchill, Makkovik, and Grenville), merged together during several
episodes of orogenesis active over hundreds of millions of years. Anorgenic intrusions,
emplaced into the structural provinces during the Mesoproterozic Era, are another
prominent component of Labrador’s geological landscape. The Nain Plutonic Suite,
Harp Lake Intrusive Suite, Mistastin Batholith, and Michikamau Intrusion are examples
of anorogenic plutonism in Labrador. Labrador’s geology has also generated numerous
diverse metallogenic environments. One metal-bearing environment is magmatic nickel-
copper sulphide. This environment is the focus of this study.

The first part of this chapter will briefly describe the five structural provinces and
three plutonic suites (Nain Plutonic Suite, Harp Lake Intrusive Suite, and Michikamau
Intrusion). The goal of the first part of this chapter is to introduce the broad geological
setting of the Pants Lake Intrusion. Therefore, a few of the geological elements described
in this chapter will be further elaborated upon in the section entitled ‘Regional Geological
Setting of the Pants Lake Intrusion’ (Section 3.2).

The second part of this chapter will describe several examples of magmatic
nickel-copper sulphide mineralization located in Labrador outside of the Pants Lake
Intrusion (e.g. the Voisey’s Bay deposits, the Cirque prospect, the Krinor prospect, ezc.).
The local geology, host lithologies, sulphide mineralogy, and sulphide textures of each

example will be included in the descriptions. Descriptions of these other magmatic
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nickel-copper occurrences provided in this chapter are compared and/or contrasted with

descriptions of the same from the Pants Lake Intrusion in the final chapter of this thesis.

2.2 Geological Overview of Labrador

Labrador is composed mainly of five structural provinces, namely the Nain, the
Superior, the Churchill, the Makkovik, and the Grenville Province, and four anorogenic
Mid to Late Proterozoic plutonic intrusions, namely the Nain Plutonic Suite, Harp Lake
Intrusive Suite, Mistastin Batholith, and Michikamau Intrusion. The combined surface
area of each province covers only a minute fraction (250 000 km?) of the much larger
Precambrian North American Shield (located on the eastern edge of the Canadian Shield)
and North Atlantic Craton (Hoffman, 1988; Swinden et al., 1991) (Figure 2.1).

The geological evolution of Labrador spans a period that began sometime during
the Archean (>3.9 Ga) and ended during the Cretaceous (Wilton, 1996); through this
period, Labrador experienced at least five separate orogenies. These orogenic events lead
to the merger and structural deformation of different structural provinces. Two orogens,
the Torngat and the New Quebec, are shown in Figure 2.2. The Nain Plutonic Suite, the
Harp Lake Intrusive Suite, and the Churchill Province are the three main geological
elements that encompass the known boundaries of the Pants Lake Intrusion (Figure 1.1

and Figure 2.3).
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2.2.1 The Nain Province

The Archean Nain Province forms the western terminus of the North Atlantic
Craton (Figure 1.1 and Figure 2.3), and is geographically located along the northeastern
edge of Labrador (Bridgewater et al., 1973; Hoffman, 1988). The Nain Province is
divided into two distinct blocks, the northern Saglek block and the southern Hopedale
block (Figure 1.1 and Figure 2.3). The Nain Plutonic Suite separates these two blocks.
Geological mapping and chronological investigations suggest that the Hopedale and the
Saglek blocks represent two distinct Archean terranes juxtaposed during circa 2.57 to
2.55 Ga continental accretion (Ryan, 1991; Connelly and Ryan, 1992, 1993). The Saglek
block contains high-grade tonalitic gneiss, and narrow suprcrustal belts metamorphosed
to granulite facies (Wardle et al., 1997). The oldest rocks in the Saglek block, also the
oldest rocks known in Labrador, are the pre-3.9 Ga Nanok gneisses (Collerson, 1991).
These rocks are overlain uncomformably by Paleoproterozoic sedimentary-mafic
volcanic sequences of the Ramah and Mugford groups (Wardle et al., 1997). The
Hopedale Block is dominated by 3100 Ma gneisses, linear volcanic greenstone belts (ca.
3000 Ma) (e.g. Florence Lake and Hunt River), and 2800 Ma tonalite-trondhjemite-
granite intrusions (op cit.). The Florence Lake Greenstone Belt is also mentioned in the

section entitled ‘The Baikie Prospect’ (Section 2.3.8).
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2.2.2 The Superior Province

The Archean Superior Province is located in a small segment of western Labrador
(Figure 1.1 and Figure 2.2). The Superior Province in Labrador is underlain by
Neoarchean (ca. 2700 to 2650 Ma) granulite-facies gneisses and associated tonalite to
granite plutons of the Ashuanipi Complex (Wardle et al., 1997). Paleoproterozoic rocks

of the Knob Lake Group overlie rocks in the eastern portion of the Superior Province.

2.2.3 The Churchill Province

The Churchill Province comprises a large area in northwestern Labrador (Figure
1.1) and was developed by oblique collision of the Nain and Superior Provinces between
1860 and 1740 Ma. The Churchill Province contains a central Archean core termed the
‘Rae Craton’.. (Figure 2.1) (Hoffman, 1988; Wardle and Wilton, 1995; Wardle et al.,
1997). The Churchill Province is bounded on the western and eastern flanks by the New
Quebec Orogen and the Torngat Orogen, respectively. The New Quebec Orogen forms
the boundary between the Rae Craton and Superior Province, whereas the Torngat
Orogen developed between the Nain and Rae Craton (Hoffman, 1988). Sedimentary
margins of the Rae Craton were thrust upon the Nain and Superior Provinces during these
orogenic events (ca. 1.86 Ga) (Ryan et al., 1995). Metasedimentary Tasiuyak gneisses,
derived from the Nain and Churchill provinces, and the Abloviak shear zone mark the
collisional suture between the Nain and Churchill Provinces (op cit.). The Churchill and
Nain Provinces were both intruded by Mesoproterozoic anorthosite-monzonite-
charnockite-granite (AMCG) associations of the Nain Plutonic Suite and the Harp,

Mistastin, and Michikamau intrusions.
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2.2.4 The Makkovik Province

The Makkovik Province, located along the southern margin of the Nain Province
(Figure 1.1 and Figure 2.2), is divided into three domains, namely the Kaipokok, Aillik
and Cape Harrison domains (Wardle et al., 1997). Archean gneisses, and
Paleoproterozoic sedimentary and mafic volcanic rocks underlie the Kaipokok domain,
located to the northwest of the Makkovik Province. The Aillik domain, located in the
center of the Makkovik Province, consists of Paleoproterozoic sedimentary, mafic and
felsic volcanic rocks. The Cape Harrison Domain contains (ca.1840 to 1720 Ma)
granitoid plutons, minor volcanic rocks, and older gneissic rocks. The Aillik and Cape
Harrison Domains were accreted to the Nain Province margin (Gower ef al., 1982; Ryan,

1984; Ketchum et al., 2002).

2.2.5 The Grenville Province

The Grenville Province, located in southern Labrador (Figure 1.1 and Figure 2.2),
is subdivided into two components; a northern exterior thrust belt and a southern interior
magmatic belt (Wardle et al., 1997). The exterior thrust belt is composed of juvenile
crust formed during the Labrador orogeny (ca. 1710 to 1620 Ma) and is further divided
into a number of thrust-bounded terranes (op cit.). The interior magmatic belt contains an
abundance of Grenvillian magmatic intrusions (ca. 1080 to 960 Ma) intruded into the
Labradorian crust. There are also numerous post-tectonic granite plutons of ca. 970 to

900 Ma age (op cit.).
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2.2.6 Anorogenic Plutonic Suites

The volumetrically significant 1350 to 1290 Ma Nain Plutonic Suite (NPS), 1450
Ma Harp Lake Intrusive Suite (HLIS), and 1460 Ma Michikamau Intrusion (MI) are
classic examples of anorgenic plutonic suites. Both the NPS and HLIS were emplaced
across the Nain / Churchill Province boundaries (Emslie, 1980; Emslie et al., 1994; Ryan,
1997), whereas the MI was emplaced within the southeastern terminus of the Churchill
Province where it meets the Grenville Front (Figure 1.1).

The Nain Plutonic Suite (NPS) covers some 20 000 km” between Okak Bay and
Hunt Lake (Figure 1.1 and Figure 2.2). The NPS is a multicompositional igneous
batholith containing aggregated, unsynchronous plutons of anorthositic, granitic,
troctolitic and dioritic compositions (Ryan, 1997). On surface, anorthositic and granitoid
rocks constitute over 80 % of the NPS (Kerr and Ryan, 2000). Additional descriptions of
the NPS are given by Ryan (1990 & 1997), and the reader is encouraged to refer to these
articles. One model explaining the formation of the NPS was proposed by Emslie et al.
(1984) who suggested that the compositional ranges of the NPS could be accommodated
by processes associated with mantle plumes or hot-spot activity at the base of the crust,
and subsequent emplacements of large intrusions arising therefrom.

The Harp Lake Intrusive Suite (HLIS) is located in central Labrador, north of the
Grenville Front (Figure 1.1 and Figure 2.2). This oval-shaped plutonic suite is
surrounded by orthogneiss and paragneiss assigned to the Churchill Province, and
Archean orthogneiss of the Nain Province. The HLIS is dominated by anorthosite and

granitoid rocks with lesser amounts of mafic and Fe-rich intermediate plutonic rocks.
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The HLIS consists of a core of anorthositic rocks surrounded by a rim of granitoid rocks.
East-northeast-trending diabase dikes (ca. 1274 Ma) are common in the HLIS.

The Michikamau Intrusion (MI) straddles the Labrador-Québec border in west
central Labrador (Figure 1.1 and Figure 2.2) and much of the intrusion currently lies
beneath the Smallwood hydroelectric reservoir. The surrounding country rocks to the
intrusion include Archean orthogneiss of the Sail Lake Intrusive Suite, Paleoproterozoic
supracrustal rocks of the Petscapiskau Group, and low-grade Paleoproterozoic volcanic
and sedimentary rocks of the Mackenzie Lake Group (Nunn, 1993). The MI was
originally lopolithic in shape and is presently dissected by numerous fault-bounded
blocks. The MI is unmetamorphosed and undeformed, and comprises five discrete
layered mafic units namely (from youngest to oldest) the Marginal Zone, the Layered
Series, the Anorthosite Zone, the Upper Border Zone, and the Transgressive Group

(Emslie, 1970).

23 Magmatic Nickel-Copper Sulphide Mineralization in Labrador

There are numerous examples of magmatic nickel-copper sulphide mineralization
in Labrador. Descriptions of each sulphide example mentioned in this section will be
utilized in the discussion in the final chapter of this thesis. Magmatic nickel-copper
sulphide mineralization was known to exist in Labrador prior to the discovery of the
Voisey’s Bay deposits (Swinden et al., 1991). Of the pre-Voisey’s Bay era, the most
widely known nickel-copper occurrences were hosted by the Harp Lake Intrusive Suite
(e.g. the Dart prospect, the Collette II prospect, efc.), occurrences in the Florence Lake

Greenstone Belt (e.g. the Baikie prospect), and the lesser known occurrences associated
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with the Marginal Zone of the Michikamau Intrusion (e.g. the Fraser Lake prospect). The
potential of Nain Plutonic Suite to host magmatic sulphide mineralization was not fully
appreciated until the discovery of the Voisey’s Bay deposits in 1993. Many of the
examples of magmatic nickel-copper sulphide mineralization discussed in this section
resulted from exploratory work carried out after the Voisey’s Bay discovery. The
locations of the magmatic sulphide examples are shown in Figure 2.3. Table 2.1

summarizes the main points of each prospect/deposit.

2.3.1 Introduction: The Voisey’s Bay Nickel-Copper-Cobalt Deposits

The Voisey’s Bay deposits are located in northeastern Labrador, approximately
20 km southwest of the coastal community of Nain (Figure 1.1 and Figure 2.3). The
original indications of sulphide mineralization in the Voisey’s Bay area (ultimately
leading to the Voisey’s Bay discovery) were found during a grass-roots exploration
program in 1993. Following the success of the initial exploration program, a second
exploration program was undertaken in 1994, consisting of a horizontal loop
electromagnetic survey and a four-hole drilling program (Evans-Lamswood et al., 2000).
The results of the original drilling were so impressive that a second phase of drilling was
begun in January 1995 and by July of the same year; the Ovoid deposit had been
delineated. Later that same year the Eastern Deeps deposit was discovered and in early
1997, the Reid Brook zone was discovered. The current estimate of cumulative reserves
and resources of all deposits in the Voisey’s Bay area stands at 141 x 10° tonnes, grading

1.63 wt. % Ni, 0.85 wt. % Cu and 0.09 wt. % Co (Inco Ltd. web site, 2003). To date, the

Chapter 2 — Page 8



Voisey’s Bay deposits remain the most significant accumulation of magma associated

nickel-copper-cobalt sulphide mineralization discovered in Labrador.

2.3.1.1 Regional Setting of the Voisey’s Bay Deposits

The Voisey’s Bay deposits are hosted by the Voisey’s Bay Intrusion (Figure 2.4).
The Voisey’s Bay Intrusion, formally part of the Reid Brook Igneous Complex (Ryan and
Lee, 1989), is one of several distinct troctolitic-gabbroic intrusions in the Voisey’s Bay
area. A second intrusion, the Mushuau Intrusion, is located to the north of the Voisey’s
Bay Intrusion. The Voisey’s Bay Intrusion and the Mushuau Intrusion are both assigned
to the Mesoproterozoic Nain Plutonic Suite. Troctolitic rocks from the Voisey’s Bay
Intrusion have yielded maximum U-Pb zircon ages of 1330 Ma (Amelin et al., 1999) and
1338 Ma (Ryan et al, 1995), whereas the Mushuau Intrusion has yielded an age of 1314
Ma (Evans-Lamswood et al., 2000).

Troctolitic and gabbroic rocks assigned to the Voisey’s Bay Intrusion and the
Mushuau Intrusion (between Annakhtalak Bay and Voisey’s Bay) intrude
quartzofeldspathic to mafic gneisses of the Nain Province, as well as garnet-bearing
paragneisses and enderbitic orthogneisses of the Churchill Province (Figure 2.4). The
boundary between the Nain and Churchill petro-tectonic province is adjacent to these
troctolitic and gabbroic intrusions.

The relationship between anorthosites and the Voisey’s Bay Intrusion is unclear.
The relationship of the granites with the Voisey’s Bay Intrusion is such that the Voisey’s
Bay Intrusion is cut by sub-horizontal granitic sheets that may be temporally and

compositionally related to the granitoid complexes in the area.
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The Mushuau Intrusion is located within quartzofeldspathic to mafic gneisses
belonging to the Nain Province (Figure 2.4). The Mushuau Intrusion has a steep contact
and basinal shape, and contains metatroctolites, leucotroctolites and olivine gabbros. At
the base of the Mushuau Intrusion are small accumulations of magmatic textured
chalcopyrite, pyrite, pyrrhotite and pentlandite associated with a basal unit of variable

textured troctolite containing paragneiss fragments.

2.3.1.2 Geology and Mineralization of the Voisey’s Bay Intrusion

The largest portion of the Voisey’s Bay Intrusion, referred to as the Eastern Deeps
Chamber, consists of troctolite-gabbro and extends to the west as a subvertical conduit
(feeder dike) of ferrodiorite, ferrogabbro, olivine gabbro and troctolitic rocks (Figure 2.5
and Figure 2.6). Further to the west, troctolitic and gabbroic rocks are dissected by the
Makhavinekh Pluton.

The Eastern Deeps chamber has a sub-vertical wall and near the base of the wall,
it is connected to a gabbroic-troctolite sheet. The Eastern Deeps mineralization is located
where the thin sheet intersects the large chamber and is associated with a breccia
sequence. The Eastern Deeps sheet contains basal accumulations of magmatic sulphides
at the entry point of an east-west, sub-horizontal sheet (Lightfoot and Naldrett, 1999).
The Eastern Deep segment is hosted by the Nain Gneiss and cut by 1306-1307 Ma felsic
sheets. The Eastern Deeps stratigraphy consists of a lower sequence of fine-grained
gabbro and breccia with igneous-texture matrix (BBS) containing disseminated to semi-
massive sulphide mineralization cross-cut by massive sulphide mineralization. On top of

this unit is inclusion-bearing and inclusion-free leopard textured troctolite with
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interstitual sulphides. This unit is in turn overlain by variable textured troctolite (VTT)
containing coarse-grained patches of silicate and sulphide in finer-grained, less
mineralized troctolite. Above this is a normal textured troctolite (NTT). The uppermost
rocks are leucotroctolite and olivine gabbro. The roof rocks are generally Nain
orthogneiss.

The Ovoid Deposit, located west of the Eastern Deeps (Figure 2.5), is a 500 meter
wide and 150 meter deep, bowl-shaped depression surrounded by enderbitic orthogneiss.
The Ovoid is linked at the northern margin to a north-dipping sheet of troctolite, that
appears to rollover and dip towards the south. There is speculation that the Ovoid may be
a bulge located within a conduit or feeder dike, possibly close to the entry point of a large
chamber (Evans-Lamswood et al., 2000). The Ovoid deposit narrows to the west into a
dike-like conduit to form the Mini-Ovoid. It is apparent that mineralization is commonly
associated with thicker domains of the conduit. The Ovoid deposit is a thick lens of
massive sulphide overlying inclusion-rich gabbroic and troctolitic rocks (termed the
Basal Breccia Sequence-BBS). Troctolitic rocks below the Ovoid are approximately 50
m thick and contain only disseminated sulphides. The massive sulphides of the deposit
are coarse-grained and contain resorbed magnetite in pyrrhotite and chalcopyrite.
Pentlandite occurs as large eyes within the chalcopyrite at the margins of pyrrhotite
grains, and within the pyrrhotite as exsolution lamellae. Pyrrhotite is hexagonal and
contains exsolved triolite. Other minerals present include cubanite, argentopentlandite
and galena.

Towards the west, the conduit links at depth into a large troctolite-olivine

subchamber termed the Western Subchamber. Mineralization, although not exclusively,
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is associated with the Reid Brook Zone, located 200 meters up-dip of point of entry of the
conduit into the Western Subchamber. The Western Extension sheet, or dike, has been
traced west from the Ovoid for 2.5 km to a depth of approximately 4 km. The sheet is
constantly changing in its orientation. The dike has a fine-grained chilled margin
whereas the core is typically medium-grained troctolite containing leopard-textured
sulphides and a distinctive breccia sequence. In addition to the typical BBS, another
breccia sequence hosts troctolitic and melatroctolitic fragments. This other breccia
sequence is spatially associated with massive sulphides that commonly cross-cut the
BBS. To the east, the sheet widens into a lens of massive sulphide termed the mini-

ovoid.

2.3.2 The Cirque Prospect

The Cirque prospect, discovered in 1995, was explored by Cartaway Resources.
This prospect is located approximately 40 km south of Okak Bay in northern Labrador
(Figure 2.3). The surrounding area is underlain by anorthosite-norite-gabbro-
leucotroctolite rocks of the Nain Plutonic Suite (Dwyer, 1999 and 2001). The Cirque
prospect is an extensive, yet discontinuous, gossan zone exposed in the cliff walls of a
glacial cirque. The main host rock to the sulphides is a varied textured leucoanorthosite
with well-preserved grey material having net-like adcumulate growth, to fine-grained,
pale-green material that seems entirely recrystallized (Kerr and Smith, 1997). Sulphide
mineralization is clearly magmatic, consisting of massive, net, and disseminated textured
pyrrhotite, with lesser chalcopyrite. Mineralization is typically irregular to chaotic. Local

sulphide zones range in thickness of a few centimeters to thickness greater that 1m (op
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cit.). Massive sulphides are in places pod-like with an associated halo of disseminated
sulphides (Dwyer, 1999 and 2001). The highest assay derived from surface grab samples
yielded 0.36 % Ni, 0.61 % copper and 0.12 % Co (Cartaway Resources, PR, August 31,
1995). The best assay results obtained during drilling included a 5 m interval containing
0.44 % Ni and 0.27 % Cu (Cartaway Resources, PR, May 17, 1996). When present, the
massive sulphide contains silicate inclusions and aggregates of plagioclase. Dwyer
(2001) provided evidence for remobilization of the sulphides, especially with
chalcopyrite. Finer-grained pyrrhotite is present in crosscutting fract}1re systems. The
sulphides typically consist of coarsely crystalline pyrrhotite, with minor chalcopyrite
concentrations at the margins of sulphide zones. Pseudo-network-textured zones
developed within the anorthosites marginal to the massive sulphide zones indicate
thermal erosion and disaggregation of the anorthosite by the sulphide liquid (op cit.). The
contacts from sulphide to anorthosite are generally sharp to gradual while plagioclase

grains typically show signs of thermal erosion and alteration.

2.3.3 The Krinor Prospect

The Krinor prospect, discovered in 1995, is located in the Alliger Lake map area
immediately south of the Puttuaalu Brook valley (Figure 2.3) and was formally owned by
Castle Rock Exploration (now called Castle Metals Exploration). The Krinor prospect is
actually a cluster of prospects and is underlain by a series of layered norite and
leuconorite of the Nain Plutonic Suite (Kerr and Smith, 1997). The main prospect,
named the Krinor prospect, is an extensively rusty zone situated through a steep gully at

the edge of a 300 m high shear cliff. Assays from the prospect yielded on average 0.56 to
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0.82 % Ni, 0.16 to 0.6 % Cu and 0.1 to 0.13 % Co (op cit.). The most significant result
of the exploration program was a grab sample containing 1.31 % Ni, 0.52 % Cu and 0.21
% Co (Castle Rock Exploration Corp., PR, October 4, 1995). One drill hole intersected
sulphide mineralization up to 14 m thick, predominantly of disseminated pyrrhotite.
Massive sulphide is rare and where present, is typically coarse-grained, crystalline
pyrrotite with lesser amounts of chalcopyrite (Kerr and Smith, 1997). Disseminated
sulphides were found on the fringes of the massive sulphide. The contact between noritic

host rock and massive sulphide varies from sharp to gradational (op cit.).

2.3.4 The OKG Prospect

The OKG prospect is located in the Umiakoviarusek Lake region, approximately
90 km to the northeast of the community of Nain, and less than 10 km south of Okak Bay
(Figure 2.3). Castle Rock Exploration initially discovered the OKG prospect during a
routine exploration program conducted in 1995. The majority of the information
presented in this section is the work of Piercey (1998) and Piercy and Wilton (1999). The
OKG prospect is geologically situated in the northern extreme of the NPS and contains
pyroxenite-hosted magmatic Ni-Cu-Co sulphide mineralization. Mineralized pyroxenites
are post Torngat deformation, which defines the age of mineralization as being
Mesoproterzoic. Ryan et al. (1998), however, suggested that the anorthosites are
Paleoproterozic. Anorthositic wall rocks exhibit ductile shearing, intense
recrystallization, and secondary replacement of the original igneous minerals. The
exposed mineralization at the OKG prospect is restricted to a 450 x 40 m wide region

containing two zones; the Main Zone and the North Zone. Both zones contain podiform
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massive sulphides located proximal to both pyroxenitic-leucotroctolitic intrusive rocks
and mylonitic shear zones. Normal grading process was observed, with approximately 5
% sulphide at the top, grading to massive sulphide near the base. Sulphide mineral
assemblages are dominated by pyrrhotite which host the other sulphide/oxide phases
including magnetite, pyrite, chalcopyrite, and pentlandite. Massive sulphides collected
from surface showings assayed up to 1.78 % Ni, 1.41 % Cu, and 0.21 % Co (Wilton and
Baker, 1996). At the Main Zone, the sulphide mineralogy is dominated by pyrrhotite and
chalcopyrite, whereby pyrrhotite forms large grains and chalcopyrite is present as thin
stringers along pyrrhotite boundaries or is associated with fragments of anorthositic wall
rock. Disseminated sulphide is also present within the pyroxenite. The North Zone
mineralization is spatially associated with a ductile shear zone and is dominantly
disseminated sulphide with lesser massive sulphide. Blebs and stringers of chalcopyrite
are also present. Within the massive sulphide, chalcopyrite and pentlandite are

proportional, though pyrrhotite remains the dominant sulphide mineral.

2.3.5 The Nain Hill Prospects

The Nain Hill prospects are located approximately 3 km outside of the community
of Nain, and are part of the former NDT/Takla Star Resources Joint Venture, Project 44
(Figure 2.3). The prospects are magmatic Ni-Cu-Co sulphide-oxide occurrences hosted
by variably foliated anorthosite of the Nain Plutonic Suite (Hinchey, 1999). Nain Hill is
dominated by anorthosite and gabbronorite of the NPS. The sulphide and oxide
mineralization is commonly spatially associated with a finer grained, mafic, gabbronorite

to proxenite that intrudes the anorthosite that contains the disseminated sulphides and
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magnetite (Kerr, 1998). Sulphide mineralization contains less than 0.6 % Ni, and 0.4 %
Cu, but grades locally range up to 1.6 % Ni (Hinchey et al., 1999). There are three main
sulphide zones present, namely the Valley, Unity East, and Unity West. The Valley Zone
had a drill interval of 6.94 m assaying 0.51 % Ni, 0.37 % Cu, and 0.04 % Co (NDT, PR,
July 30, 1996). In the Valley Zone, mineralization is exposed as extensive, deeply
weathered gossans that are rich in magnetite, and contain fewer sulphides than the other
zones. The mineralization is associated with a finer grained melanocratic rock type,
possibly gabbronorite (Kerr and Smith, 1997). The host rock for the Unity Zone (Unity
East and Unity West) consists of variably recrystallized white-grey anorthosite.
Mineralization comprises minor disseminated sulphide in the anorthosite, massive to
semi-massive veins (also associated with magnetite), disseminated sulphides and
magnetite hosted by a fine- to medium-grained gabbronorite to pyroxenite. Unity East
Zone had a drill interval of 6.28 m assaying 0.4 % Ni, 0.35 % Cu, and 0.15 % Co with
smaller intervals containing 1.33 % Ni. The gabbronorite apparently has intruded the
anorthosite. Sulphides are dominantly pyrrhotite with lesser chalcopyrite. Magnetite
often forms beads in massive sulphide. Pentlandite occurs as small exsolutions in
pyrhotite generally around grain boundaries. The massive oxide and sulphide
mineralization in both zones is gradational with the gabbronorite to pyroxenite intervals,
and semi-massive to massive mineralization is gradational with the gabbronorite and

pyroxenite.
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2.3.6 The Franco Prospect

Archean Resources Ltd. discovered the Franco prospect in 1995 using standard
airborne geophysical techniques in an attempt to uncover additional Ni-Cu-Co
mineralization outside of the Voisey’s Bay deposit. The prospect is located near the
coast of northern Labrador, approximately 35 km north of the community of Nain (Figure
2.3). The information presented in this section is based on the work of Wells (1997) on
two drill holes and limited geological mapping. Sulphide mineralization within this
prospect is hosted by a Fe-rich variety of leucotroctolite belonging to the Hettasch
Intrusion. The Hettash Intrusion is a layered intrusion containing troctolite, anorthosite,
and olivine leucogabbronorite. This intrusion is structurally exposed as an asymmetrical
syncline (Berg, 1973) that is intruded by the Kiglipait Intrusion. Both the Hettasch and
Kiglipait intrusions are part of the NPS. Leucotroctolitic rocks of the Hettasch Intrusion
consist of cumulate plagioclase, intercumulus olivine/orthopyroxene, and varying
amounts of oxides and sulphide. Sulphide textures observed in drill holes range between
disseminated and massive. Typically, the drill holes display disseminated sulphide
textures near the top, coarse, blotchy sulphides in the middle and narrow, semi-massive to
massive intervals near the bottom. Sulphides are typically pyrrhotite with minor
exsolutions of chalcopyrite and lesser pentlandite. Pyroxenite inclusions are abundant
near the base of the main host rock (leucotroctolite). One reported assay from drill core
included a small interval of massive sulphide containing 0.37 % Ni, 0.21 % Cu, and
0.062 % Co. Disseminated sulphide typically has more pentlandite than does the massive

sulphide in this prospect.
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2.3.7 Prospects within the Harp Lake Intrusive Suite

Kerr and Smith (2000) summarized the magmatic Ni-Cu sulphide mineralization
in the Harp Lake Intrusive Suite and much of the information presented in this section
was derived from that report. Although Kerr and Smith provided an overview of over ten
sulphide prospects, only four will be discussed in this section. The four prospects were
selected because of their spatial distribution in the Harp Lake Intrusive Suite and the
varying lithologies that host the sulphides. The Harp Lake Intrusive Suite is largely an
anorgenic, anorthosite to granitic pluton. Mineral exploration in the Harp Lake Intrusive
Suite occurred as early as the 1970’s (e.g. Kennco Exploration Ltd.) and continued
throughout the Voisey’s Bay exploration era. Most sulphide mineralization in the Harp
Lake Intrusive Suite consists of disseminated, interstitial sulphides in leucotroctolite and
anorthosite, which form concordant, stratiform, zones of syngenetic character (Kerr and
Smith, 2000). There are more than 100 mineralized gossan zones reported within the

Harp Lake Intrusive Suite.

2.3.7.1 The A-1 Prospect

A-1 prospect (also known as Gossan 37) is located near the southern boundary of
the Harp Lake Intrusive Suite, north of Shipiskan Lake (Figure 2.3). Sulphides are
hosted in a medium- to coarse-grained olivine-norite to leucotroctolite with well-defined
igneous textures; the sulphides have patchy appearances in outcrop. Trench samples
exhibit interstitial patches of pyrrhotite and lesser chalcopyrite. Sulphide proportions are
typically small (<5%) and minor disseminated sulphide was observed in a nearby

pyroxenite. Kennco’s rock samples assayed an average 0.12 % Cu and 0.13 % Ni
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(McAuslan, 1973b). The best drill hole assay results were from a 1.3 interval with 0.17

% Ni and 0.14 % Cu.

2.3.7.2 The Colette II Prospect

Colette II prospect (also known as gossan 44) is located southeast of Harp Lake
(Figure 2.3). It is the single largest sulphide-bearing gossan known in the Harp Lake
Intrusive Suite with a strike length of 1.4 km. The showing is hosted by massive
anorthositic rocks between noritic anorthosite in the south and olivine-bearing anorthosite
to leucotroctolite to the north. The mineralization is contained within dark-grey
pyroxene-bearing anorthosite. Sulphides are part of a large stratiform zone containing
interstitial pyrrhotite and chalcopyrite with low total sulphides (<5%). Assays from grab

samples range from 0.1 to 0.28 % Ni, 0.09 to 0.13 % Cu (Kerr and Smith, 2000).

2.3.7.3 The Dart Prospect

The Dart prospect (also known as gossans 17 and 18), which was discovered
(Figure 2.3) and worked by Kennco (McAuslan, 1973a, b), contains massive and
disseminated sulphide. The main Dart showing is a thin massive sulphide layer
developed at the base of a thicker unit containing disseminated sulphide mineralization
(op cit). The host rocks were described as gabbroic, leucogabbro, and troctolitic. The
contacts between the sulphides and the mafic rocks are sharp but irregular. The sulphide
layers are approximately 2 m thick. Ni and Cu contents range from 0.32 % Ni and 0.8 %
Cu with elevated Cu at 1.2 %. Pyrrhotite is the dominate sulphide. A grab sample of
semi-massive sulphide assayed 0.53 % Ni and 0.2 % Cu. Disseminated sulphides are

apparently enriched in cobalt.
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2.3.7.4 The Ninety-Nine Prospect

Ninety-Nine prospect (gossan 99), discovered in 1973, is located northwest of
Cleaver Lake, on the edge of the mappable exposure for the HLIS (Figure 2.3). No
relationship is apparent between the mineralization and the margin of the Harp Lake
Intrusive Suite. The sulphide gossan covers an area greater than 150 x 150 m, and
typically consists of massive pyrrhotite and chalcopyrite mineralization. The country
rock surrounding the mineralization is fresh, leucocratic, monomineralic anorthosite that
is somewhat recrystallized. Sharp contacts exist between mineralized and unmineralized
anorthosite. Anorthosite is commonly cut by thin sulphide veins and minor disseminated
mineralization. Massive sulphides are dominated by pyrrhotite containing irregular
chalcopyrite segregations. A number of sulphide zones that cut through the anorthosite
assayed 0.44 % Ni and 0.62 % Cu (McAuslan, 1973b) and 0.51 % Ni and 1.27 % Cu
(Osmand, 1992; Olshefsky, 1996). Disseminated sulphide have a tendency to contain

more chalcopyrite. Cobalt assayed up to 0.18 % in massive sulphide.

2.3.8 The Fraser Lake Prospects

The Fraser Lake prospects collectively refer to a series of gossanous Ni-Cu
bearing occurrences (i.e. Loon Lake, Main, and Hook Lake) located north of the
Smallwood hydroelectric reservoir near Fraser Lake (Figure 2.3). Emslie (1970)
originally described the gossans as occurring along the eastern margin of the Michikamau
Intrusion hosted in what he termed the Marginal Zone. The Marginal Zone occurs on the
outer edge of the intrusion and includes a contact chill zone that is about 30 cm in

thickness. Inwards from this chilled margin is a fine to medium-grained, thickly banded
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olivine gabbro that is approximately 250 m thick which grades into a medium and coarse-
grained gabbro and troctolite (Dyke et al., 2004). Sulphide mineralization occurs in
troctolite, melatroctolite, and norite of the Marginal Zone and is typically disseminated to
blotchy, with lesser “vein-like” or massive occurrences (op cif). The partially digested
gneissic inclusions occurring within the Marginal Zone are akin to inclusions observed at
Voisey’s Bay and Pants Lake (Kerr, 1999, 2003). Noranda Exploration Company Ltd.
and Kennecott Canada Inc. explored the gossans for base and precious metals in 1991-
1993 (prior to the discovery of the Voisey’s Bay deposits), and consequently drilled
seven shallow holes to test AEM conductors and surface mineralization. Drilling
intersected some minor disseminated and massive sulphide mineralization, but assays
indicated that the mineralization was sub-economic (e.g. DDH FL93-02 contained 5 m
averaging 0.31% Ni and 0.18% Cu, DDH FL93-04 contained 3 m averaging 0.34% Ni
and 0.20 % Cu) (Kerr, 1999). Drilling did not intersect the basal contact to the intrusion.
A surface channel measuring 3 m of gossanous rock assayed 0.30 % Cu, 0.90 % Ni, and

0.15 % Co.
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2.3.9 The Baikie Prospect

The Baikie prospect, located approximately 80 km to the southwest of the coastal
community of Hopedale (Figure 2.3), represents one of the few known examples of
Archean, komatiite-related sulphide mineralization in Labrador. The showing,
discovered in 1960 by BRINEX personnel, is hosted by one of two mappable greenstone
belts within the 3.3 to 2.8 Ga Hopedale Block (Ermanovics, 1993), namely the Florence
Lake greenstone belt. The Florence Lake greenstone belt consists of mafic and ultramafic
flows, pillow lavas, mafic subvolcanic intrusive rocks, and minor felsic metasedimentary
rocks, all of which were metamorphosed to greenschist to amphibolite facies (Swinden et
al., 1991). The Florence Lake greenstone belt is further divided into sub-belts defined by
structural and intrusive contacts (Miller, 1996). The Baikie prospect is part of the Baikie
sub-belt. There are a number of Ni-Cu occurrences known within the Baikie sub-belt (e.g.
Boomerang Showing and DCP showing; op cit), the most economically significant being
the Baikie prospect.

The Baike prospect comprises locally massive and disseminated pentlandite,
pyrrhotite, pyrite, and minor chalcopyrite and magnetite. Typical assay values from grab
samples were 0.84 to 2.65 % Ni and 0.01 to 0.07 % Cu (Sutton, 1970; Brace and Wilton,
1990). Diamond drill core assayed 2.19 % Ni, 0.22 % Cu, and 0.16 % Co over 11.32 m
(McLean et al., 1992). Sulphides are enriched in PGE’s and when chondrite normalized,
the PGE profiles are similar to those for Archean, komatiite-related mineralization (Brace
and Wilton, 1990). The sulphide mineralization, confined to xenoliths, is hosted by
meta-ultramafic and actinolite schist enclaves in the Kanairiktok Intrusive Suite.

Ultramafic rocks have been replaced by an alteration mineral assemblage consisting of
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talc + carbonate + chlorite (op cit.). Ultramafic units mapped in the Baikie sub-belt are
relatively thin, distal, sheet flow units with associated thin sulphidic sediment units
(Miller, 1996). Ni-Cu mineralization is syngenetic to the intrusion of ultramafic bodies.
The ultramafic volcanic rocks and associated Ni-Cu mineralization in the Florence Lake
Belt exhibit many of the characteristics of the Kambalda-type or peridotite-hosted model

(Lesher, 1989; Lesher and Arndt, 1995).
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Table 2.1. Summary table of selected magmatic Ni-Cu sulphide prospects/deposits located in Labrador. See Figure 2.3 for the
location of each prospect. Refer to Section 2.3 for a condensed description of each prospect named below.

Prospect Geological setting / Inferred age of | Major sulphide | Sulphide textures | Best reported assay Selected references
name sulphide host rock mineralization minerals results
(Ma)
Voiseys Bay Voiseys Bay Intrusion (Nain ca. 1330 Pyrrhotite, Massive, semi-massive, Cumulative reserves and | Li and Naldrett (1999)
Plutonic Suite) / troctolite and chalcopyrite and clots/blotches, resources of all deposits: | Evans-Lamswood et al.(2000)
olivine gabbro pentlandite disseminated, re- 124.4 x 106 tonnes @ Lightfoot and Naldrett (1999)
mobilized, net. 1.66 wt % Ni, 0.88 wt % | Naldrett et al. (1996)
Cu, 0.09 wt % Co.
Cirque Nain Plutonic Suite / ca. 1350-1290 Pyrrhotite, lesser Massive pods, net, 0.44 % Ni, 0.27 % Cu Dwyer (1999)
leucoanorthosite chalcopyrite & disseminations, Kerr and Smith (1997)
pentlandite remobilized Cartaway, PR (08/31/95)
Kerr, 1998
Krinor Nain Plutonic Suite / norite ca. 1350-1290 Pyrrhotite and Disseminations, lesser 1.31 % Ni, 0.52 % Cu, Castle rock, PR (04/10/95)
and leuconorite chalcopyrite massive 0.21 % Co Kerr and Smith (1997)
Kerr (1998)
OKG Nain Plutonic Suite / ca. 1350-1290 Pyrrhotite, Massive pods, blebs, 1.78 % Ni, 1.42 % Cu, Piercey (1998)
pyroxenite, leucotroctolite and chalcopyrite, disseminations and re- 0.21 % Co Piercey and Wilton (1999)
anorthosite pentlandite and mobilized Kerr and Smith (1997)
pyrite Wilton and Baker (1996)
Nain Hill: Nain Plutonic Suite / ca. 1350-1290 Pyrrhotite, Disseminated, massive to | 0.51 % Ni, 0.37 % Cu, Hinchey (1999)
Three sulphide Gabbronorite, pyroxenite and chalcopyrite and semi-massive veins 0.04 % Co Hinchey et al. (1999)
zones; Valley, anorthosite pentlandite NDT, PR (07/30/96)
Unity East and Kerr (1998)
Unity West Kerr and Smith (1997)
Franco Hettash Intrusion (Nain Older than 1306 Pyrrhotite, lesser Disseminations, massive 0.37 % Ni, 0.21 % Cu, Wells (1997)
Plutonic Suite) / chalcopyrite and and blotchy 0.062 Co
Fe-rich leucotroctolite pentlandite
A-1 Harp Lake Intrusive Suite / ca. 1450-1460 Pyrrhotite and Disseminations; 0.17 % Ni, 0.14 % Cu; Kerr and Smith (2000)
Dart norite to leucotroctolite, chalcopyrite disseminations; massive 0.28 % Ni, 0.13 % Cu; McAuglan (1973, a, b)
Ninety-nine anorthosite; gabbro and (pod-like), 0.53 % Ni, 0.2 % Cu; Osmand (1992)
Colette I1 troctolite; anorthosite disseminations; massive 0.44 % Ni, 0.62 % Cu Olshenfsky (1996)
respectively and disseminations respectively
respectively
Baikie Florence Lake Greenstone Belt | ca.3.3-2.8 Ga Pentlandite, Massive and 2.19 % Ni, 0.22 % Cu, Miller (1996)
(Hopedale block, Nain pyrrhotite, pyrite and | disseminations 0.16 % Co, enriched in James et al. (1996)
Province) / meta-volcanics chalcopyrite PGEs Brace and Wilton (1990)
McLean et al. (1992)
Fraser Lake: Michikamau Intrusion / ca. 1460 Pyrrhotite, Semi-massive to massive, | 0.90 % Ni, 0.30 % Cu, Dyke et al. (2004)
Loon, Main, Marginal Zone gabbros, chalcopyrite, disseminated, and blotchy | 0.15% Co Nunn (1993)
Hook troctolites and norites pentlandite Emslie (1970)
Kerr (1999a)
South Voiseys Pants Lake Intrusion (Nain ca. 1322 Pyrrhotite, Massive, semi-massive, 11.75 % Ni, 9.70 % Cu, Smith et al. (1999)
Bay Plutonic Suite) / olivine gabbro chalcopyrite and clots/blotches, 0.43 % Co Smith (this study)
and gabbro pentlandite disseminated, re- Kerr (1999)

mobilized, net.
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(Lightfoot and Naldrett, 1999). The conduit assemblage shown is this figure is equivalent to the
Feeder Troctolite shown in Figure 2.5.
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Chapter 3: Regional Setting, Morphology, Geology, Petrography and
Mineralization of the Pants Lake Intrusion

3.1 Introduction

The Pants Lake Intrusion (PLI) is one of several layered, mafic intrusions exposed
in north-central Labrador (e.g. Kiglapait Intrusion, Mushua Intrusion, Hettash Intrusion,
Barth Island Intrusion, efc.). The geological attributes common to these Labrador
intrusions also appear in layered, mafic intrusions worldwide (e.g. Skaergaard Intrusion,
Greenland; Stillwater Intrusion, Montana; Duluth Complex, Minnesota; Bushveld
Intrusion, South Africa, erc.).

The primary purpose of chapter three is to document the geological characteristics
of the PLI, emphasizing the unique sulphide-bearing and contaminated basal subdivision
of the intrusion referred to by the author as the ‘Basal Gabbro subdivision’. The
secondary purpose of this chapter is to provide a foundation from which data in
subsequent chapters concerning trace, major, rare earth element, and stable isotope
geochemistry can be interpreted.

This chapter will include a compilation of the regional geological setting as
reported by Hill (1982), Thomas and Morrison (1991), and Fitzpatrick et al. (1998, 1999).
The morphology and broad-scale geology of the PLI is summarized from the author’s
own observations, combined with drill hole information and observations of Fitzpatrick et
al. (1998, 1999), MacDonald (1999), and Kerr (1999). The centerpiece of chapter three
are the descriptions and petrography of the subunits, sulphides, and xenoliths recognized
within the Basal Gabbro subdivision, and to a lesser extent, the Upper Gabbro

subdivision. All of the subunits are named according to the IUGS classification of mafic
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rocks (Streckeisen, 1975). The final section of this chapter describes four surface

occurrences located within the interior and flanks of the PLI.

3.2 Regional Geological Setting of the Pants Lake Intrusion

The regional geology encompassing the Pants Lake Intrusion (PLI) is illustrated
on the geological map located in the inside, back pocket. This geology map, derived from
the work of Donner Minerals Ltd and Teck Exploration Ltd personnel, represents a
surface area of 25 x 35 km (the enclosed map location and map coverage is illustrated in
Figure 1.1 and on the enclosed map).

The PLI is one among five prominent geological elements within the study area.
These five geological elements include: 1) metamorphic rocks of the Archean Nain
Province; 2) metamorphic rocks of the lower Proterozoic Churchill Province; 3) the
north-south trending suture zone between the Nain and Churchill Provinces; 4)
anorogenic plutonic rocks of the mid-Proterozoic Harp Lake Intrusive Suite; and 5)
anorogenic plutonic rocks of the mid-Proterozoic Nain Plutonic Suite (Fitzpatrick et al.,
1998, 1999). Diabase and pegmatite dikes (not shown of the enclosed map) are also
present in the map area. Ages for most of these geological elements are summarized in

Table 3.1.
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3.2.1 Nain Province

Gneissic rocks belonging to the ca. 3002-2500 Ma Hopedale Block (Ryan, 1991)
of the Nain Province are located adjacent to the eastern border of the enclosed map.
These rocks are the oldest lithologies mapped on the property, but do not appear to have
any relationship with the PLI (Fitzpatrick et al., 1998, 1999). There are two units present
in the map area that belong to the Nain Province; an orthogneiss unit and a paragneiss
unit.

The orthogneiss unit is typically white-weathered, fine- to coarse-grained, and
granoblastic. Compositional banding is common with 1 to 50 cm wide, alternating bands
of biotite (+ hornblende) granodiorite to tonalite (Fitzpatrick et al., 1998, 1999). The
paragneiss unit is typically rusty-brown weathered, fine- to medium-grained, and
composed of biotite-rich, tonalitic gneiss (op cit.). There is no apparent relationship
between the paragneiss unit of the Nain Province and the paragneiss unit belonging to the

Churchill Province (op cit).

3.2.2 Churchill Province

Supracrustal gneisses of the 2780 to 1740 Ma (Swinden et al., 1991) Churchill
Province are intruded by the PLI. The Churchill Province gneisses in the area comprise:
1) pelitic and psammitic paragneiss, 2) leucocratic granitic orthogneiss, and 3) lesser
amounts of mafic and granitoid gneiss. The paragneiss and orthogneiss units underlie
approximately 50 % of the total surface area shown on the PLI geology map.

The paragneiss unit in the map area is typically white weathered with local linear

rusty zones that contain between 5 to 10 % disseminated pyrrhotite (+ pyrite), with a
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similar amount of disseminated to foliated graphite. Alternating regular and contorted
leucocratic and melanocratic mineralogical banding, ranging from 2 cm wide, upwards to
2 m, is typically observed in the unit. Paragneiss contains a range of minerals including
garnet, quartz, feldspar, corderite, biotite, muscovite, with subordinate hypersthene,
magnetite, ilmenite, + sillimanite (Thomas and Morrison, 1991; Fitzpatrick et al., 1998,
1999). The paragneiss unit described above is analogous to the Churchill Province
Tasiuyak Gneiss that crops out along the length of the Nain-Churchill Province boundary
(Thomas and Morrison, 1991; Kerr, 1999). The orthogneiss unit in this area intrudes the
paragneiss unit and is a typically medium to coarse-grained, white to pink weathered, well
foliated to augen gneiss. Coarse-grained garnet (+ pyroxene) porphyroblasts are
common, as well as large (up to 5 cm), elongated potassium feldspar grains. The matrix
around these porphyroblasts contains quartz, plagioclase, orthopyroxene, and amphibole.
All gneissic units of the Churchill Province exhibit signs of polydeformation with
a north-trending and east to west steeply dipping gneissic banding. Mylonitic zones
developed in the paragneiss have a northwest-southeast trend (Fitzpatrick et al., 1998,
1999). Inclusions observed in the Basal Gabbro subdivision of the PLI appear to have
been derived from these Churchill Province gneisses. This topic will be elaborated in

Section 3.5.2.

3.2.3 Nain-Churchill Province Boundary
The ca. 1850 Ma (Ryan et al., 1995) Nain-Churchill boundary, shown as a

dashed line on the enclosed geological map, represents a major Paleoproterozoic strike-

slip crustal suture between two cratons (Ryan, 1996). This north-south trending, eastward
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dipping mylonitic suture zone is located approximately 7 km east from the easternmost
surface expression of the PLI. Although not shown on the enclosed map, the northern
and southern continuations of this suture are obscured by the Nain Plutonic Suite and
Harp Lake Intrusive Suite, respectively. The location of the Nain-Churchill Province
suture within the map area was defined by the eastern termination of the paragneiss unit
(described above) belonging to the Churchill Province. This correlation is also noted

elsewhere in Labrador (Ryan, 1996).

3.2.4 Harp Lake Intrusive Suite

Located to the south and covering approximately 20 % of the map area is the 1460
to 1450 Ma (Emslie, 1980) Harp Lake Intrusive Suite. This anorogenic plutonic suite,
superimposed over the Nain/Churchill province boundary, intrudes gneisses from both the
Churchill and Nain Provinces within the map area. Rocks belonging to the PLI intrude
phases of the Harp Lake Intrusive Suite (Fitzpatrick ef al., 1999).

This relatively undeformed and unmetamorphosed suite comprises a broad range
of rock types, including anorthosite, leucogabbro, leuconorite, and granitoid. Outcrops of
anorthosite, leucogabbro, and leuconorites have beige to rusty weathered surfaces, and are
typically medium- to coarse-grained with cumulate texture. Rocks are comprised of
plagioclase with intercumulate pyroxene, hornblende, and Fe-Ti oxides (op cit.).
Granitoid rocks, the most abundant lithologies in the Harp Lake Intrusive Suite, are white
to rusty-weathered, and include monzonite, granite, and syenite. These rocks are
megacrystic with a distinctive rapikivi texture, containing potassium feldspar,

plagioclase, hornblende, quartz, and lesser pyroxene (op cit.).
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3.2.5 Nain Plutonic Suite

Rocks of the 1350 to 1290 Ma (Ryan, 1998) Nain Plutonic Suite, located on the
northern corners of the enclosed map, represent less than 10 % of the surface area. The
main rock types include: 1) anorthosite, 2) a variety of diorite, and 3) granitoid.

The anorthositic association is typically rusty-white weathered and composed of
anorthosite, norite, and gabbro. Overall, this unit has cumulate and subophitic to
porphyritic texture, defined by the minerals of plagioclase, olivine, orthopyroxene,
clinopyroxene, magnetite and minor hornblende. Xenoliths of very coarse-grained
anorthosite and Churchill Province rocks are present locally in the anorthosite (Fitzpatrick
et al., 1999). Dioritic rocks are rusty-white weathered consisting mainly of diorite, and
quartz monzonite to quartz diorite. These units contain hornblende, clinopyroxene, and
quartz, interstitual to plagioclase phenocrysts, and rare xenoliths of anorthosite -
leuconorite and Churchill Province gneiss (op cit.). Granitoid rocks, composed of
syenite, quartz syenite, and minor granite, are typically rusty-pink weathered. Their
composition is variable, containing potassium feldspar as phenocrysts with interstitual

hornblende, Fe-Ti oxides, clinopyroxene, quartz, and feldspar (op cit.).

3.2.6 Mafic Dikes

Mafic dikes intrude rocks of the Nain Plutonic Suite and Harp Lake Intrusive
Suite, as well as Churchill Province gneiss. Mafic dikes, however, have not been
observed to intrude the PLI, or vice versa. The mafic dikes present in the Nain Plutonic
Suite and Harp Lake Intrusive Suite have ages of 1280 (Ryan et al., 1995) and 1274 + 2

Ma (Cadman et al., 1993), respectively. The age of the diabase dikes that intrude
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Churchill Province gneisses, as seen from drill core within the map area, are at present
time unknown. An estimate of somewhere between 1280 and 1274 Ma, however, is
probable. These northeast-trending dikes are typically dark green to dark grey, fine- to
medium-grained, and comprised of olivine gabbro with a distinctive diabasic texture.
Dikes observed in drill core range from 0.5 to 5.0 m, have aphanatic chill margins, and
locally contain small (0.5 to 2 cm), partially digested, gabbroic/anorthositic xenoliths.
Selected dikes have been sampled and will be discussed in a future section with respect to

their geochemistry and relationship to the PLI.

3.2.7 Age of the Pants Lake Intrusion

It is imperative to state at this point that the PLI is in all likelihood a member of
the Nain Plutonic Suite. This conclusion is based on three pieces of evidence. Firstly,
the PLI is mineralogically similar and proximal to the NPS. Secondly, the PLI intrudes
rocks belonging to the northern margin of the Harp Lake Intrusive Suite (see enclosed
map). The final evidence is U-Pb baddeleyite and zircon crystallization ages from an
olivine gabbro located in the Northern Gabbro (Hole SVB-97-67) of 1322.2 + 2 Ma
(Dunning, 1998; Appendix D). A second U-Pb baddeleyite crystallization age was
determined from an olivine gabbro located in the Southern Gabbro (Hole SVB-97-79) of
1337 + 4/-2 Ma (Connelly, 2001; Appendix D). These ages place the PLI within the age
range established for the Nain Plutonic Suite (stated at the beginning of this section) and
outside of the range for the HLIS (ca. 1460-1450 Ma). Refer to Table 3.1. The second
crystallization age, 1337 + 4/-2 Ma, is similar to the age reported from the Voisey’s Bay

Intrusion (1338 Ma; Ryan et al, 1995).
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33 Morphology of the Pants Lake Intrusion
3.3.1 Surface Distribution and Dimensions of the Pants Lake Intrusion

Intrusive rocks belonging to the PLI were initially investigated by Hill (1982) and
Thomas and Morrison (1991) during large-scale regional mapping surveys (refer to
Previous and Present Geological Surveys, Section 1.4). These initial surveys roughly
outlined the geographic distribution of the PLI, but it was not until recent geological
mapping and diamond drilling was completed that the surface and subsurface extent of
the PLI was first documented. The enclosed geological map (inside pocket) shows the
present-day surface exposure of the PLI. To aid in describing the distribution of the PLI,
the PLI is subdivided into three geographic components: 1) the North Gabbro, 2) the
Central Gabbro (or Worm Gabbro), and 3) the South Gabbro. These geographic
components are shown in Figure 3.1.

The largest exposed component of the PLI is the North Gabbro, which is
composed of one large body with several smaller, satellite bodies. The North Gabbro has
a crude, triangular shape, measuring 16 km along the southern base, and 8 km from the
southern base to the northern apex. The Central Gabbro forms a linear link between the
North and South Gabbro, measuring approximately 7 km from north to south, and less
than 1 km wide. The South Gabbro comprises a package of large and small, isolated,
north-trending bodies. The length of the South Gabbro package is approximately 12 km
and the width ranges from 2 to 5 km. A few isolated, small (< 0.5 km?), gabbroic
outcrops were reported outside of the aforementioned components. These isolated
outcrops are present to the east of the South Gabbro, approximately 1 km west of the

projected Nain/Churchill Province boundary (see enclosed map). Overall, the PLI is
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orientated northeast and southwest. The distance from the northern mapped boundary to
the southern mapped boundary of the PLI exceeds 20 km. An estimate of the exposed

surface area covered by the PLI is 70 km®.

3.3.2 Subsurface Geometry of the Pants Lake Intrusion

The full subsurface extent of the PLI is presently unknown. Diamond drilling
collared on, and adjacent to the intrusion, (see enclosed map for drill collar locations) has
roughly defined the subsurface morphology of the intrusion, but not the subsurface limits.
The PLI is a horizontal to sub-horizontal, sheet-like body. The thickness of this body is
quite variable in places. For example, in the North Gabbro, the maximum vertical
thickness intersected by drilling is approximately 400 m, whereas in the Worm Gabbro,
the maximum vertical thickness is approximately 150 m. Diamond drilling conducted
approximately 5 km to the east of the eastern margin of the PLI has intersected a thin,
shallow dipping, layer of gabbroic rocks of probable PLI affinity beneath gneisses of the
Chuchill Province. These observations suggest that the intrusion is much more extensive
to the east than is exposed on surface. Only one or two drill holes have been collared to
the west of the intrusion and these holes indicate that the PLI may have pinched out
below the gneisses. Until further drilling is conducted outside of the mapped boundary of
the PLI, the true extent of the PLI will remain unknown.

The footwall contact of the PLI with the surrounding country rocks appears to be
broadly undulating with localized depressions. This pattern probably reflects magma
emplacement and lateral propagation of the PLI into the surrounding country rock. The

geometry of the PLI, although complex, can be simplified by utilizing drill hole data
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projected to vertical longitudinal sections, or drill hole data used to create isopach maps
of different features (e.g. the basal contact, Figure 3.2). The vertical longitudinal sections
(see enclosed map) of the PLI illustrate a number of interesting features.

The North Gabbro plunges beneath Churchill Province gneisses to the north-
northwest and east-northeast from a centralized, elevated core (refer to sections A-Al, B-
B!, C-C', D-D! and F-F"). This characteristic is further portrayed in Figure 3.2 of the
contoured basal contact topography of the North and Central Gabbro (relative to sea
level) map. In addition to the above observations, a trough-like structure, plunging to the
north-northwest and localized to the center of the North Gabbro is apparent. The Central
Gabbro plunges slightly beneath Churchill Province gneiss to the east and northeast.

The South Gabbro is distinct from its northern correlatives. The South Gabbro
exhibits evidence of multiple layers in the country rock that may, or may not, thicken at
depth (refer to sections F-F! and E-E"). Due to the lack of sufficient drilling over the
entire South Gabbro, it is difficult to ascertain its true geometry and plunging directions,
that is, if plunging exists.

Figure 3.3 illustrates a combined three-dimensional perspective of the three
components showing the complex geometry of the PLI (the sections in this Figure 3.3 are
taken from the sections plotted on the bottom of the enclosed map). Figure 3.3 also
shows the variable thickness of the PLI. The South Gabbro and the western portion of the
North Gabbro are the thickest, ranging somewhere between a maximum of 750 to 400 m,
while the minimum thickness of the PLI is approximately 30 to 40 meters. It is difficult
to predict the true thickness of the PLI because the amount of material that was removed

during erosion and glaciation is uncertain.
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34 Geology of the Pants Lake Intrusion: Previous Interpretation

The geology of the PLI as shown on the enclosed map represents the interpretation
of the geology as mapped by Donner Minerals Ltd. and Teck Exploration Ltd. personnel
who subdivided the PLI into three primary subunits. These primary subunits, separated
largely on grain size and composition, are; 1) black gabbro, 2) olivine gabbro, and 3)
upper olivine gabbro to gabbro. Two secondary subunits, including a contact breccia
subunit and a contaminated olivine gabbro subunit, were also delineated. Brief
lithological descriptions and comments on the spatial distribution of the primary subunits,
simplified from information provided by Fitzpatrick et al. (1998, 1999) and MacDonald
(1999), are presented in this section. The nomenclature applied to the primary subunits is
largely derived by Fitzpatrick et al. (1998, 1999), and MacDonald (1999). Although
these names are appropriate, it is more convenient to incorporate the primary and
secondary subunits to conform to the author’s descriptions and interpretations of the PLI
subsurface geology. Therefore, descriptions of the primary and secondary subunits
presented in the following text will be elaborated on in a later section. Table 3.2

summarizes the nomenclature used to describe the geology of the PLL

3.4.1 Black Gabbro

Black gabbro is located primarily at the northern apex of the North Gabbro. This
subunit is so named because of the distinctive dark-grey to violet-grey weathered and
fresh surfaces. The dark color was determined optically to be due to an abundance of
fine-grained, opaque, oxide inclusions, likely ilmenite and hematite, in the plagioclase

and pyroxene grains (Fitzpatrick et al., 1999; MacDonald, 1999). The black gabbro
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includes medium- to coarse-grained gabbro to olivine gabbro, and a finer-grained olivine
gabbro variety. The essential minerals and modal abundances of the coarser black gabbro
include 60 to 65 % cumulate plagioclase, with 25 to 30 % and 10 to 20 % intercumulate
olivine and clinopyroxene, respectively. Biotite, phlogopite, and magnetite are the chief
accessory minerals. The finer grained, black gabbro has increased olivine and pyroxene
contents, and lesser plagioclase than the coarser grained black gabbro. The coarser
grained black gabbro usually overlies the much thinner, finer grained black gabbro. The
contact between the Black Gabbro subunit and other subunits of the PLI was reported as
being very gradational (op cit.). MacDonald (1999) suggested, however, that the black

gabbro is intrusive into the olivine gabbro.

3.4.2 Olivine Gabbro

Olivine gabbro has a distinctive reddish-brown weathered surface. This subunit was
mapped mainly on the flanks of the North and Central Gabbro, generally in topographic
lows, corresponding to the lower layers of the intrusion. The South Gabbro on the other
hand is dominated by this subunit. Olivine gabbro is mainly medium- to fine-grained,
with local coarse-grained intervals. This subunit also well developed, 10 to 30 cm wide.
The main minerals and modal abundances in this subunit are 20 to 40 % cumulus olivine,
with 60 to 75 % intercumulus plagioclase, and 1 to 5 % clinopyroxene. Secondary

minerals include biotite, magnetite, ilmenite, and apatite (MacDonald, 1999).
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3.4.3 Upper Olivine Gabbro/Gabbro

Upper olivine gabbro to gabbro overlies most other subunits predominantly in the
North and Central Gabbro, and to a lesser extent, in the South Gabbro. This subunit
typically weathers grey to beige-brown with a mainly coarse to medium-grain size with
widespread, isolated, thin pegmatitic intervals. The upper gabbro is typically massive and
layering is not common. The main minerals and modal abundances of this subunit are 70
to 80 % cumulus plagioclase, with 10 to 20 % intercumulus clinopyroxene and olivine.
Secondary minerals, magnetite and ilmenite are also present (MacDonald, 1999).
Hornblende occurs in altered examples of this unit, predominantly in the situation where

the unit is capped by gneiss.

35 Geological Subdivisions and Petrography of the Pants Lake Intrusion

The geology of the PLI is more complex than what the enclosed geological map
can portray. This geological complexity is best observed in drill core and in cases where
deep valleys penetrate to the base of the intrusion. Beneath the surface of the PLI, the
previously mentioned primary subunits, among others, are recognized as an integral part
of an internal, layered stratigraphy, representing not just one intrusion, but rather multiple
intrusions. Each subunit layer typically resides in a fixed stratigraphic elevation, relative
to the footwall contact. Therefore, in order to satisfy the purpose of this study, the author
has divided the PLI into two major subdivisions. These subdivisions, based largely on
drill core observations, are presented such that the reader may have a clearer
understanding of both the lateral and vertical extents of the various lithologies. It is then

necessary that the primary subunits presented in an earlier section (Section 3.4) be
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incorporated into these subdivisions. The first major subdivision includes rocks in the
upper layers of the PLI, henceforth referred to as the Upper Gabbro subdivision. The
second major subdivision, and focus of this study, includes rocks from the basal layer of
the intrusion, henceforth referred to as the Basal Gabbro subdivision.

The most simplistic perception of these two subdivisions is that the Basal Gabbro
contains greater than trace amounts of magmatic sulphide and/or, partially digested,
xenoliths, whereas the Upper Gabbro is relatively barren of sulphides and xenoliths. The
relationship between the two subdivisions, and surrounding country rocks, is illustrated in
the vertical longitudinal sections located on the enclosed map. The Upper Gabbro
everywhere, without exception, stratigraphically overlies the Basal Gabbro, and in turn,
the Basal Gabbro everywhere overlies the country rock. Outcrop and drill core evidence
indicates that the Basal Gabbro intruded into the country rock prior to the emplacement of
the Upper Gabbro (Fitzpatrick ef al., 1999). On the periphery of the intrusion, the Upper
Gabbro sometimes pinches into or underplates the country rock. The contacts between
the two subdivisions are normally gradational, although examples of sharp contacts do
exist. The contact between the Basal Gabbro and the country rock is extremely variable.
The Upper Gabbro is the volumetrically dominant phase of the two major PLI
subdivisions with ratios of Upper Gabbro to Basal Gabbro of approximately 5:1 in places
where the PLI is thickest and 4:1 where the PLI is thinnest. Both subdivisions are
spatially distributed throughout the entire PLI, whereas in some rare localities, the Basal
Gabbro may be absent. The Upper Gabbro is easily recognized on surface, predominantly

on hilltops. Observations of the Basal Gabbro, outside of those from drill core, are
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confined to outcrops located on the flanks of the intrusion, or in places where erosion has
provided a penetrative valley downwards to the base of the intrusion.

The author’s complete descriptions of the two subdivisions are presented in the
following sections. It should be emphasized that rock descriptions are based mainly on
observations derived from a spatial distribution of thirty-four drill cores concentrated on
the mineralized regions throughout the PLI (Figure 3.1 and Appendix A). Outcrop
observations are also used in the many rock descriptions. The location and source of all

observations will be clearly stated and referenced in the text.

3.5.1 The Upper Gabbro Subdivision of the Pants Lake Intrusion

The Upper Gabbro subdivision of the PLI does not represent a single rock unit,
but rather comprises multiple subunits. The differences between the various subunits are
based largely on grain size, texture, and mineralogy. Petrographic descriptions of the
subunits in the Upper Gabbro succeed each subunit description. In most cases, the
textural and mineralogical variations distinguish the subunits. However, variations in
grain size and colour are generally the most pronounced feature of a particular subunit
when observed in outcrop or in drill core.

The Upper Gabbro is broadly subdivided into: 1) coarse- to medium-grained
gabbro, 2) fine to medium-grained olivine gabbro, 3) pegmatic gabbro, and 4) altered
gabbro. The third and fourth subunits are likely a derivative from the coarse- to medium-
grained gabbro. The previously defined Black Gabbro and Upper Olivine Gabbro
(Sections 3.4.1 and 3.4.2 respectively) are analogous to the first subunit presented in this

section (Table 3.2). The olivine gabbro subunit described below is correlative with the
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primary subunit with the same name (Table 3.2). During the course of core re-logging,
the author utilized the subunit names listed above. Figure 3.4 shows the relevant vertical
location of the subunits within the Upper Gabbro. Figure 3.4 however, is an idealized
section constructed primarily on drill core observations and should be used only as a

cursory guide to accompany the following subunit descriptions.

3.5.1.1 Coarse- to Medium-Grained Gabbro

Coarse- to medium-grained gabbro is found throughout the entire PLI, and is
commonly observed on hilltops (Plate 3.1) and from the upper intervals of drill core
intersections where drill holes collared in the Upper Gabbro (Plate 3.2). Coarse-grained
gabbro dominates the upper layers of the Upper Gabbro, whereas medium-grained gabbro
is dominant in the middle to lower layers (refer to Figure 3.4). However, several
examples were observed in drill cores whereby drill core intervals alternated between
coarse- and medium-grained gabbros (e.g. SVB-96-52, SVB-97-57, SVB-97-59, etc.).
Fine-grained gabbro is locally present, although subordinate to the coarser grained
gabbros. Grain size fluctuations are normally gradational between coarse- and medium-
grained gabbro. Two distinct colour varieties of the coarse- and medium-grained subunit
are leucogabbro and melagabbro.

The primary Black Gabbro, described previously in Section 3.4.1, is amalgamated
under the melagabbro variety for two main reasons. Firstly, there is no defined chemical
or textural trait that can distinguish the Black Gabbro from other gabbros in the PLI

(Fitzpatrick et al., 1999), and secondly, the Black Gabbro has the dark appearance
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prevalent in a melagabbro. Apart from colour, the leucogabbro and melagabbro are
relatively the same rock type, and will be referred to as gabbro unless otherwise stated.

Both the medium-grained gabbro and coarse-grained gabbro are composed of
cumulate plagioclase, with lesser interstitial clinopyroxe and olivine. Magnetite and
ilmenite ( pyrrhotite) are the main secondary minerals. Seriated, euhedral plagioclase
grains range from 0.5 to 2 cm in length. Plagioclase grains from the leucogabbro are
dominantly white in drill core and beige in outcrop. In drill core and outcrop examples of
the melagabbro, plagioclase grains have a deep grey to greyish-purple colour. The
smaller pyroxene and olivine grains generally have dark grey to dark green colour as seen
in drill core and outcrops from both the leuco and melagabbros. Sulphide minerals are
rare in this subunit, and if present, they are normally comprised of fine-grained,
disseminated pyrrhotite typically associated with interstitial magnetite.

Petrographic observations of leuco and melagabbro from this subunit show that
they are similar in texture and composition (Plate 3.3 and Plate 3.4). All rocks belonging
to this subunit are cumulate. The main silicate minerals are plagioclase (70-80%) and
clinopyroxene (10-15%), with minor olivine (3-5%). Secondary minerals include biotite,
rutile, actinolite, sericite, and serpentine (< 5% total), and trace pyrrhotite and magnetite (
* ilmenite). The orthocumulate plagioclase grains are bladed, euhedral, and range in size
between 1-8 mm, typically 4-5 mm in length. Some plagioclase grains are weakly to
moderately sericitized, whereas a few plagioclase grains are zoned. Clinopyroxene is
typically intercumulate and locally subophitic. Clinopyroxene grains range in size,
between 0.5 to 6 mm, and in places encloses several smaller plagioclase and olivine

grains. Reaction rims of actinolite or amphibole are common on clinopyroxene grains.
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Olivine grains are typically intercumulate, euhedral, small (<2 mm), and commonly have
iddingsite alteration rims or are weakly altered to serpentine (Plate 3.3). Trace,
disseminated, intercumulate sulphides and oxides are rare, and where present are typically

fine grained. Biotite and rutile typically partially surround sulphide and oxide grains.

3.5.1.2 Olivine Gabbro

The Olivine Gabbro subunit of the Upper Gabbro is not as common as the gabbro
subunit described above, but is present in several drill cores examined for this study (e.g.
SVB-96-04, SVB-96-17, SVB-96-29, etc.). Olivine gabbro is found predominantly in the
lower layers of the Upper Gabbro, normally just above the upper Basal Gabbro contact
(refer to Figure 3.4). Thin, diffuse layers of olivine gabbro also occur between layers of
medium- to coarse-grained gabbro. Olivine gabbro is typically fine- to medium-grained.

Outcrops of this subunit typically have a reddish-brown weathered surfaces, but
grey or beige weathered surfaces of this subunit were also observed. In drill core, this
subunit has a greenish-grey appearance (Plate 3.5). Textures in this subunit are quite
variable (ophitic to cumulate), but normally contain cumulate, fine-grained, greenish-grey
plagioclase with interstitial olivine and pyroxene. In other examples of this subunit,
granular olivine is the main cumulate phase, giving the core a patchy appearance (Plate
3.5). Interstitial, trace, disseminated pyrrhotite is present, but uncommon. In rare
examples, lone, partially digested, leucocratic inclusions were observed.

Petrographic observations of this illustrate that the texture is ophitic to subophitic
(Plate 3.6). This texture is defined by 60 to 65% seriated, 0.4 to 3.0 mm, euhedral to

subhedral plagioclase grains partially enclosing small (0.2 to 0.5 mm), granular olivine
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grains that normally comprise 20 to 25% of this subunit. Large (0.5 to 5.0 mm)
clinopyroxene grains contain several plagioclase and olivine grains. It is probable that the
early-formed olivine grains were followed by the crystallization of olivine and plagioclase
and then succeeded by clinopyroxene. Sulphide and oxide minerals are rare in this
subunit; however, magnetite appears to be the most abundant. Both sulphides and oxides
are fine-grained, disseminated, and appear interstitial to the olivine and plagioclase
minerals. In most cases, magnetite grains are isolated; however, pyrrhotite is closely

associated with magnetite.

3.5.1.3 Pegmatitic Gabbro

Pegmatitic gabbro occurs dominantly within the leucogabbro (and melagabbro)
subunit described above, but was also observed in the olivine gabbro (refer to Figure 3.4).
This subunit is the least voluminous of the lithological subunits in the Upper Gabbro
subdivision, but is commonly observed throughout the entire PLI where coarse- to
medium-grained gabbro exists. Due to the very large grain size, petrographic
information is difficult to obtain.

Pegmatitic gabbro normally forms thin (10 to 30 cm), horizontal to subhorizontal,
discontinuous layers in the host rock. It is common to observe multiple layers of
pegmatic gabbro, separated by coarse-grained gabbro, within outcrops or drill core. In
lesser examples, patches of pegmatitic gabbro, rather than layers are observed on outcrop
surfaces (Plate 3.1). Cumulate plagioclase and interstitial clinopyroxene minerals
comprise the major mineralogy at 65 % and 30 % respectively, with minor interstitial

magnetite (+ ilmenite). In rare examples, trace amounts of interstitial, fine-grained
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pyrrhotite are present. Plagioclase grains are cloudy white to beige in outcrop (white in
drill core), very coarse-grained, ranging from 1 to 4 cm, and are randomly orientated
(Plate 3.2). Clinopyroxene grains are very dark green in outcrop (black in drill core), and
have smaller grain sizes (0.5 to 3 cm) than the larger plagioclase grains. The upper and
lower contacts are quite visible, and are noted for the extreme change in grain size. Ina

few examples, pegmatitic gabbro appear to blend gradationally into the host rock.

3.5.1.4 Altered Coarse-Grained Gabbro

The altered coarse-grained gabbro was initially recognized by MacDonald (1999)
and Fitzpatrick et al. (1999), who referred to this subunit as “Upper Sequence Gabbro”.
However, so as not to confuse this name with terminology used by the author, the subunit
heading will be used in this and subsequent sections. The author did not observe this
subunit in the field; however, MacDonald (1999) reported that outcrops of this subunit
have a distinctive bright-green colour. Drill core examples of this subunit are typically
coarse-grained, composed mainly of altered, cloudy white plagioclase and forest green
hornblende (Plate 3.7). Hornblende grains usually have thin (< 2 mm), dark green rims.
Plagioclase grains are cumulate, whereas hornblende grains are normally interstitial to the
plagioclase grains. The grain sizes of the seriated, subhedral plagioclase grains range
from 0.5 to 2 cm. Subhedral to anhedral hornblende grains are somewhat smaller than
the plagioclase grains, typically 0.25 to 1 cm. The author did not observe sulphides in
this subunit.

The intensity of alteration varies in core intersections. Altered gabbro normally

occurs predominantly within the upper level of the Upper Gabbro (although, not observed
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in all drill holes) and is closely associated with unaltered coarse-grained gabbros whereby
contacts are gradational to relatively sharp (Figure 3.7). This subunit was also found
adjacent to, or in contact with, overlying gneiss. Kerr (1999) also noted this relationship
in drill core. The normal thickness of this subunit, based on the average intersection in
drill core, is approximately 10 to 15 m.

Petrographic observations of this subunit indicate silicate textures similar to those
observed in the Coarse- to Medium-grained Gabbro subunit. This subunit was originally
a cumulate gabbro but was altered to amphibole, and less abundant serpentine, chlorite
and sericite. Plate 3.8 illustrates the degree of alteration in this subunit. The large grain
to the left on this plate contains very fine-grained hornblende grains rimmed by coarser
grained amphibole. The finer-grained cumulate groundmass is comprised of fine to
medium-grained (lesser coarse-grained), subhedral to anhedral plagioclase grains, and

minor fine-grained hornblende, chlorite, and serpentine.

3.5.2 The Basal Gabbro Subdivision of the Pants Lake Intrusion

The Basal Gabbro subdivision of the PLI refers to the diverse assemblage of
layered, gabbroic rocks, located exclusively beneath Upper Gabbro rocks of the PLI, and
Churchill Province gneissic rocks. Outcrop exposure of the Basal Gabbro is infrequent,
and as stated in section 3.5 entitled ‘Subdivisions within the Pants Lake Intrusion’, crops
out where the base of the intrusion is exposed. Similar to the Upper Gabbro, the Basal
Gabbro comprises multiple subunits. These subunits represent a repetitive sequence of
layers, residing above the basement contact in a semi-fixed position. The main visual

criteria for recognizing the Basal Gabbro are the presence of partially digested xenoliths
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and/or sulphides. Fine-grained (lesser medium-grained) olivine gabbro and/or troctolite
are the typical host rocks for both the sulphides and xenoliths. Unlike rocks in the Upper
Gabbro, olivine is in many cases a cumulate phase in the Basal Gabbro. These criteria,
among others, will be discussed in the context of the subunit variations described below,
and in subsequent sections.

The Basal Gabbro appears to parallel the basement contact (refer to the vertical
longitudinal sections on the enclosed map), and varies moderately in thickness from drill
hole location to the next. Thickness variations may be the result of the local basal
topography whereby thicker Basal Gabbro intersections are apparently associated with
localized footwall depressions. The maximum thickness of the Basal Gabbro intersected
in drill core exceeded 100 m (drill hole SVB-97-79, South Gabbro), whereas the smallest
intersection was approximately 6m (drill hole SVB-97-81, North Gabbro). The average
true thickness of the Basal Gabbro, based on the visual observation of 32 drill holes, is 27
m. The upper and lower contacts of the Basal Gabbro have a broad range from sharp to
gradational to diffuse. The footwall contact is commonly engulfed by graphite and
sulphide minerals, which ultimately make determination of the precise contact difficult.
Aphanitic chill margins, although less common, have also been observed throughout the
PLI. Internal contacts between subunits are normally diffuse. The contact between the
Upper Gabbro and Basal Gabbro subdivisions is not as difficult to determine and is
relatively sharp, or is marked by the Transition Gabbro subunit.

As was mentioned previously, the Basal Gabbro comprises several subunits.
Subunit descriptions are derived from detailed drill core observations, and to a lesser

extent, outcrop observations. The main subunits of the Basal Gabbro are: 1) Transition
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Gabbro, 2) Gabbro Hybrid, 3) Olivine Gabbro, 4) Leopard Textured Gabbro, and 5)
Medium-Grained Gabbro. A sixth subunit, although not directly related to the PLI, is the
Contact Gneiss subunit. The relative position of each subunit is shown in Figure 3.5.
Other subunits have been recognized in the BGS (e.g. Peridotite), but are not as common
as those listed above. The petrography of these subunits will be described in Section 3.5
following the subunit descriptions. Sulphide textures and sulphide mineralogy will be
briefly introduced in the context of the Basal Gabbro subunit descriptions. A full account
of the sulphide textural variations, distribution, and petrography is given in Section 3.7.
Descriptions, distribution, and petrography of foreign xenoliths is included in Section

3.5.2.2 (Gabbro Hybrid).

3.5.2.1 Transition Gabbro

The Transition Gabbro subunit is one of the most recurrent and widespread
subunits observed within the Basal Gabbro (refer to Figure 3.6a). This subunit occurs
between the upper contact of the Basal Gabbro and the lower contact of the Upper
Gabbro (Figure 3.5). In one drill hole (SVB-96-29), however, this subunit was present 5
to 10 m above the Basal Gabbro contact. The thickness of this subunit ranges between
0.5 to 15 meters (refer to Figure 3.5). The weathered surface is typically tan to orange-
brown, depending on the sulphide content (Plate 3.9). Originally, this subunit was termed
“gabbroic pseudo-breccia” (Smith et al., 1998) but this terminology was discontinued.

This subunit has a unique brecciated appearance defined by thin, medium- to
coarse-grained, leucocratic bands (melacratic bands in the Black Gabbro) intergrown

within fine-grained, forest green to greyish-green olivine gabbro (Plate 3.9 and Plate
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3.10). Banding constitutes 5 to 15 % (up to 40 % locally) of this subunit. These
leucocratic bands are typically perpendicular to the core axis, and in outcrop exposures,
these coarser grained bands often parallel the contact (Plate 3.9). In local examples, the
bands are randomly orientated yielding a core interval with a weak pseudo-breccia
appearance. The thickness of these bands range from 0.3 to 2 cm (up to 5 cm locally).
The composition of the bands includes cloudy white plagioclase (purplish-grey in the
Black Gabbro) and black clinopyroxene (+ olivine). Plagioclase grains are weakly
orientated perpendicular to the bands and appear to grow inwards from the rim of these
bands. The dark pyroxene grains are normally ophitic and form in the center of the band.
In a few examples, the inner pyroxene core is not as noticeable, and plagioclase appears
as the dominant phase. The finer grained olivine gabbro constituent of this subunit is
compositionally and texturally homogeneous, and is akin to the Olivine Gabbro subunit.

The sulphide content in this unit is consistent, usually <1% but can reach as high
as 5% locally. Locally, some intervals are barren of visible sulphides. Pyrrhotite is the
dominant sulphide mineral with minor chalcopyrite and lesser pentlandite. Sulphides are
commonly fine grained and disseminated within the fine-grained olivine gabbro and
coarser bands. Sulphide clots are common as well, and appear to be closely associated
with the coarser bands (Plate 3.10).

Petrographic observations of rocks from this subunit indicate two distinct textures.
The majority of samples display subophitic texture defined by fine-grained (0.2 to
0.5mm), subhedral, granular, isolated to connected olivine grains within a plagioclase and
clinopyroxene matrix (Plate 3.11 and Plate 3.12). The coarser bands are ophitic defined

by coarse-grained (2.0 to 5.0 mm) clinopyroxene grains and less abundant medium- to
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coarse-grained plagioclase grains. Sulphides and oxides are typically disseminated and
fine-grained (<1 mm). Some disseminated sulphide grains are much larger (0.5 mm).
Larger sulphide grains or blotches are closely associated with the coarser grained bands

(Plate 3.11 and Plate 3.12).

3.5.2.2 Gabbro Hybrid

The Gabbro Hybrid subunit is typically a combination of two subunits, namely the
Transition Gabbro and the fine-grained Olivine Gabbro subunits (although not
exclusively) and is widely distributed throughout the entire Pants Lake Intrusion (refer to
Figure 3.6b). The position of the Gabbro Hybrid subunit within the Basal Gabbro is
variable and is not confined to a single position (Figure 3.5). Contacts between this and
the surrounding subunits of the Basal Gabbro are frequently quite diffuse, ranging from
20 to 50 cm, and are often difficult to determine accurately. Based on xenolith content,
the Gabbro Hybrid subunit is clearly the most contaminated subunit of the Basal Gabbro.

Outcrop exposures of this subunit are typically greyish-brown to orange-brown
(Plate 3.13). In drill core, the color variation of this subunit ranges from various shades
and tints of green to deep purple or a combination of the two colours (Plates 3.14, 3.15,
and 3.16). This subunit is typically fine-grained and composed of variable amounts of
olivine, pyroxene, and plagioclase with minor to moderate chlorite and serpentine
alteration. In a few examples of this subunit, the core has a fragmental appearance
defined by dark green, fine-grained “clasts” within a lighter, fine-grained matrix (possibly

a relict of the Transition Gabbro texture).
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This subunit contains a higher percentage of xenoliths than the other subunits
(approximately 5-15 % but as high as 25 % of the rock locally). Depending on the
degree of digestion, xenoliths can be clearly recognized with distinct boundaries.
Locally, some xenoliths are not as well defined, and they appear to melt or fade into the
surrounding matrix. All xenoliths appear to be derived from gneisses. The size of the
gneissic xenoliths ranges from 2 to 4 cm (measured on the long axis). Some xenoliths
have dark-grey inner cores with a fine-grained (2-3 mm) white rim, whereas other
inclusions have a light inner core and dark rim (Plates 3.14, 3.15, and 3.16). Xenoliths
with light or dark cores are localized, however, in some examples of drill cores, the
different xenolith types exist in the same drill hole (Plate 3.16).

The sulphide content of this subunit ranges between 1 to 5 %, but on average is
2%. Sulphides consist of fine- to medium-grained disseminations, as well as blotches of
pyrrhotite. Generally, the blotches of pyrrhotite are 0.5 to 2.5 cm (measured on the long
axis) with an irregular boundary defined by inward growths of plagioclase and other
mafic minerals (e.g. olivine and pyroxene). The occurrence of chalcopyrite is minor to
trace, and is commonly observed near the rim of the pyrrhotite blotches or contained
internally as thin wisps. It is also common to find short intervals (<10 cm) of semi-
massive sulphide near the lower contact of this subunit.

Petrographic observations of samples from this subunit indicate that fine-grained,
subophitic to ophitic olivine gabbro to gabbro, akin to the fine-grained phase of the
Transition Gabbro subunit, hosts the majority of gneissic xenoliths observed in this
subunit. It is apparent that the xenoliths originated from the same source (quartz-

feldspar-garnet-sillimanite paragneiss) and the colour variations noted above are the
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result of a reaction continuum. The original sillimanite and garnet mineralogy of the
gneissic inclusions have been totally replaced with spinel and corundum. The xenoliths
with the leucocratic cores are the least reacted, whereas the xenoliths with the
melanocratic inner cores are the most reacted. The leucocratic xenoliths are comprised of
medium- to fine-grained, acicular corundum and strained plagioclase enclosed by a thin
(<2 mm) rim of brownish, granular spinel and/or plagioclase (Plate 3.17 and Plate 3.18).
The core also contains minor amounts of quartz in a few examples of these xenolithic
types. In Plate 3.19, corundum is beginning to be replaced by a dark green, fine-grained
spinel. The melanocratic xenoliths are comprised of 60 to 70 %, dark green spinel, with
lesser plagioclase and biotite (Plate 3.20). Minor amounts of magnetite are present is
some local samples. The thin leucocratic rims commonly associated with these
melanocratic xenoliths is comprised of fine to medium-grained plagioclase formed

subperpendicular to the xenolith boundary.
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3.5.2.3 Olivine Gabbro

The Olivine Gabbro subunit is widespread in the Basal Gabbro subdivision
(Figure 3.6¢). This subunit is commonly located adjacent to the lower Basal Gabbro
contact, but is not exclusive to this location. The textural and mineralogical traits of this
subunit are shared among other subunits (e.g. Transition Gabbro and Gabbro Hybrid)
therefore; the contacts between subunits adjacent to this subunit are notably diffuse. In
several drill holes (e.g. SVB-96-04, SVB-97-27, SVB-97-27, etc.), a sharp chilled contact
was observed adjacent to the basement contact. The weathered surface is typically tan or
slightly orange-brown, similar to the Gabbro Hybrid depicted in Plate 3.13.

The Olivine Gabbro subunit is typically dark grey in colour (melanocratic),
whereas in some locations, the colour fs masked by a slight greenish hue. This subunit is
everywhere fine-grained (Plate 3.21 and Plate 3.22). The main silicate constituents of
this subunit include plagioclase, olivine, and lesser pyroxene. Modal abundances are
difficult to determine in drill core because of the dark colour and the fine-grained
composition, however, olivine does appear to be the dominant mineral phase. In some
local examples, the olivine gabbro is actually troctolite where olivine content is elevated
(15 to 20%), and clinopyroxene content decreases (<5%).

Partially digested gneissic inclusions (described in Section 3.5.2.2) are frequently
present but, unlike the Gabbro Hybrid subunit, gneissic inclusions are typically isolated
and in lower concentrations. Gneissic inclusions within this subunit are often highly
digested and widely spaced, and constitute < 5% of the subunit over 0.5 to 1.0 m
intervals. The sulphide content is generally between 2 to 4 %, containing disseminated

sulphides and lesser sulphide blotches (Plate 3.21 and Plate 3.22). Sulphide blotches are
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normally comprised of pyrrhotite with trace amounts of chalcopyrite (+ pentlandite)
partially surrounding the sulphide periphry. Disseminated sulphides may reach as high as
5-10 % in short intervals of 10 to 20 cm

The Olivine Gabbro subunit is texturally and mineralogically homogeneous.
Rocks belonging to this subunit are ophitic to subophitic. It is characterized by 20 to 25%
cumulate, fine-grained (0.2 to 0.5 mm), granular, subhedral olivine grains and 65 to 70%
fine-grained (0.2 to 4.0 mm), euhedral plagioclase laths (Plate 3.23 and Plate 3.24).
Subophitic, medium-grained (0.5 to 3.0 mm) clinopyroxene grains are localized and
constitute 5-10% of the modal mineralogy. Biotite, chlorite, serpentine, and sericite are
the normal secondary and accessory minerals. Biotite is often associated with sulphide
grains. Chlorite and serpentine are the alteration products of olivine. Plagioclase grains

are weakly sericitized.

3.5.2.4 Leopard-Textured Gabbro

The Leopard-Textured Gabbro subunit is one of the least abundant subunits in the
Basal Gabbro subdivision (refer to Figure 3.6d). This subunit is typically located within
the center of the Basal Gabbro subdivision (Figure 3.7), and contacts between adjacent
subunits are typically diffuse. The weathered surface of this subunit is easily
recognizable in the field, defined by small (<1 cm), purple spheres surrounded by a
recessively weathered, orange-brown, fine-grained, sulphide-bearing matrix (Plate 3.25).
Leopard- Textured Gabbros normally do not form in laterally continuous layers, but in

several small pods confined to a stratigraphic layer.
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The Leopard-Textured Gabbro subunit comprises 30 to 40 % isolated, rounded,
coarse grained (<1 cm) oikiocrysts of deep purple to black clinopyroxene surrounded by
a dark grey to green, fine-grained matrix of granular olivine and minor plagioclase (Plate
3.26). Disseminated and/or net textured sulphides encompass the poikiolitic
clinopyroxenes. Sulphide composition is dominately pyrrhotite (10 — 20 %) with trace
chalcopyrite. Minor, small (0.5 cm) blotches of pyrrhotite also occur in this unit but are
quite rare (Plate 3.26). In a number of drill holes (e.g. SVB-96-09, SVB-96-15, SVB-96-
36, etc.) there is a faint texture that resembles the leopard texture described above.
However in these examples, the poikiolitic clinopyroxenes are not as well defined and the
sulphide content is much lower. The texture of the sulphides common is this subunit is
elaborated in Section 3.6.3.

The poikiocrysts of the Leopard-Textured Gabbro subunit comprises 25 to 30%,
seriated, fine-grained (0.2 to 0.5 mm), euhedral to subhedral plagioclase laths enclosed by
large (up to 1 cm) clinopyroxene grains (Plate 3.27 and Plate 3.28). Fine-grained,
granular olivine grains are subordinate (<5%) and are normally absent. Surrounding the
clinopyroxene dominant poikiocrysts is a fine-grained, ophitic to subophitic textured
olivine gabbro. Olivine grains constitute 25 to 30% of the matrix, plagioclase constitutes
40 to 50%, clinopyroxene constitutes 10%, and disseminated or weakly formed net-

texture sulphide minerals constitute the remaining mineralogy.
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3.5.2.5 Medium-Grained Gabbro

This subunit is the least common of the subunits recognized in the Basal Gabbro
subdivision (refer to Figure 3.6€) and was observed in only one re-logged drill hole
(SVB-97-79). Drill hole SVB-97-86, located 850 m to the south-southwest of SVB-97-
79 did contain this subunit, but was not re-logged or sampled for this study. This subunit
has not been observed on surface, and therefore field relationships and weathering
properties are not reported here. Peridotite is commonly associated with this subunit.

The Medium-Grained Gabbro subunit is typically medium-grained, dark-grey to
black, and commonly has a distinctive salt-and-pepper appearance (Plate 3.29).
Subhedral to anhedral, intercumulate, cloudy-white plagioclase grains constitute 20 to
30% of this subunit. Dark green to dark grey, granular olivine grains are the dominant
phase of this subunit (40 to 50%), whereas intercumulate clinopyroxene is subordinate
(trace to < 5% of the rock). Disseminated to blotchy sulphides comprised of pyrrhotite,
with lesser chalcopyrite and pentlandite, are common (Plate 3.29 and Plate 3.30).
Locally, sulphides constitute 5 to 10% of this subunit over 10 to 15 m intervals. Isolated,
well-digested, 2-3 cm, melanocratic xenoliths (described in Section 3.5.2.2) are present
locally, commonly associated with intervals bearing 5 to 10 % sulphide.

Petrographic observations of this subunit are limited to samples from this drill
hole (SVB-97-79). All samples of this subunit are comprised of 40 to 50%, medium-
grained, subhedral, cumulate olivine grains (Plate 3.31 and Plate 3.32). Peridotite
samples have a higher percentage of olivine (50 to 65%). Rims and cracks of olivine

grains are weakly altered to serpentine. The intercumulate mineralogy is typically fine-
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grained comprised of serictized plagioclase (20 to 30%) with lesser clinopyroxene (<5%).

Accessory biotite and chlorite is also intercumulate.

3.5.2.6 Contact gneiss

This subunit does not appear to be a magmatic product but rather the result of the
interaction between the magma and the basement gneiss, and is commonly found at the
base of the Pants Lake Intrusion. This subunit is notable because of the relatively high
sulphide content and diffuse contacts with the overlying intrusive rocks of the Basal
Gabbro. This subunit is normally melanocratic with an associated graphite content that
ranges from 20 to 40 %, and a sulphide content that ranges from 10 to 20 % comprised of
pyrrhotite with minor chalcopyrite (<1%). Typically, this subunit is extremely foliated
and/or crenulated with pyrrhotite stringers and elongated pyrrhotite clots parallel to the
foliation. The gneissic host is difficult to distinguish within this zone due to the graphite
and sulphide contents. This unit appears to have been extensively melted and has a very
diffuse upper and lower contact which makes it difficult to determine the exact position

of the gabbro / gneiss contact.
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3.6 Mineralogy, Textural Variations, Distribution and Petrography of Sulphide
Minerals from the Pants Lake Intrusion and Surrounding Country Rocks

Sulphide mineralization within the map area was originally reported by Hill
(1982) who briefly déScribed the presence of disseminated pyrrhotite and pyrite
associated with coarse-grained, cumulate anorthosite and leucogabbro. The sulphide
minerals, chiefly pyrrhotite, chalcopyrite, and pentlandite (+ cubanite), are associated
with the Basal Gabbro of the Pant Lake Intrusion, and to a lesser extent, paragneiss and
orthogneiss of the Churchill Province (Smith et al., 1998 and 1999; Fitzpatrick et al.,
1999; Kerr, 1999). Only minor to trace amounts (<1%) of sulphide have as yet been
observed in the Upper Gabbro.

Six predominant sulphide textures occur in the Basal Gabbro. The nomenclature
of the various sulphide textures presented in this section has been commonly utilized in
other studies describing magmatic sulphide deposits (e.g. Voisey’s Bay, Sudbury,
Jinchuan, Noril’sk-Talnakh, Duluth, efc.). The various sulphide textures recognized in
the Pants Lake Intrusion include: 1) disseminated sulphide, 2) blotchy (or clot) sulphide,
3) leopard or net-textured sulphide, 4) semi-massive sulphide, 5) massive sulphide, and 6)
remobilized sulphide. Apart from petrographic examinations, all descriptions of
sulphides within the map area are based on observations from a representative suite of 34
re-logged drill holes (see Appendix C) spatially distributed throughout the entire Pants
Lake Intrusion. Figure 3.7 illustrates the relative vertical position of each sulphide
textural variation recognized in the Basal Gabbro. Figure 3.8 depicts the spatial

distribution of each sulphide texture observed in the 34 re-logged drill holes.
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3.6.1 Disseminated Sulphide

Disseminated sulphide is the most common and widely distributed textural form
of sulphide in the Basal Gabbro (Figure 3.8a). It is common to observe gabbro and
olivine gabbro containing disseminated sulphides in the field where the Basal Gabbro
crops out at surface. Rocks exposed at surface with >10 % disseminated sulphides are
highly weathered and are normally oxidized with a reddish-orange stain. The re-logged
drill cores that interested the Basal Gabbro all contain disseminated sulphides. Churchill
Province paragneiss and orthogneiss also contain examples of this sulphide texture.
Locally, disseminated sulphides occur in the Upper Gabbro subdivision. The descriptions
provided in this section are based on observations of the re-logged drill cores and
petrographic sections. Figure 3.7 illustrates the idealized vertical distribution of the
disseminated sulphide through the Basal Gabbro.

Disseminated sulphides in the Basal Gabbro are normally interstitial, fine to
medium (1 to 5 mm) polygonal grains, consisting mainly of pyrrhotite (Plate 3.22). In
rare examples, chalcopyrite is the main disseminated sulphide mineral. Disseminated
pyrrhotite grains frequently include small grains or rims of chalcopyrite and/or
pentlandite. Disseminated sulphide grains are usually interstitial to the cumulate silicate
minerals (e.g. plagioclase, clinopyroxene, olivine), therefore the shape and size of the
sulphide grain is dictated by the orientation and shape of the silicate mineralogy (Plate
3.33). Because disseminated sulphide grains are interstitial, they are isolated from similar
grains, but generally occur in ‘clouds or clusters’ of grains dispersed throughout a core
interval. Disseminated sulphide grains comprise only a minor constituent (<1 %) of the

rock over a core interval. However, in some drill cores, the disseminated sulphide
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content can reach as high as 20 % over a core interval of 4 to 5 m (e.g. drill hole SVB-96-
09). In a few drill cores (e.g. drill hole SVB-97-92), the disseminated sulphide content
increased down-hole (< 1% to 20 %).

It appears that the disseminated sulphides have no particular preference for either
subunit of the Basal Gabbro (Figure 3.7). However, there does appear to be a correlation
between rocks containing blotchy, leopard or net-textured sulphides. Disseminated
sulphides also occur in the Churchill Province basement gneisses where the sulphide
content can reach as much as 10 to 15 % over 1 to 2 meter intervals. Sulphide textures of
any type are rare in the Upper Gabbro. However, disseminated sulphides have been
observed just above the lower contact of the Upper Gabbro and are generally associated
with medium to fine-grained gabbro containing small concentrations (<1 %) of interstitial
magnetite and/or ilmenite.

Reflecting light microscopy reveals that the sulphide (and oxide) compositions of
the disseminated sulphide grains can be quite variable between drill holes, or for that
matter, between individual grains. Typically, disseminated sulphide grains are
comprised of 70 to 80% (up to 95%) pyrrhotite with lesser chalcopyrite and pentlandite
(+ magnetite) (Plate 3.34). The chalcopyrite content of the disseminated sulphide grains
typically exceeds the pentlandite content. Small (< 0.5 mm) inclusions of chalcopyrite
and pentlandite are commonly adjacent to the sulphide/silicate boundary, and in lesser
cases, internally. Magnetite grains are subordinate and are less common than the

chalcopyrite and pentlandite grains.
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3.6.2 Blotchy Sulphide

Blotchy sulphide is the second most common and widely distributed textural form
of sulphide in the Basal Gabbro (Figure 3.8b). Basal Gabbro outcrops containing blotchy
sulphides are widespread, and usually contain isolated, semi-circular, 1 to 3 cm, rust
coloured patches (Plate 3.35). All of the re-logged drill holes that intersected the Basal
Gabbro contain blotchy textured sulphides (see Appendix C). It is also common to
observe sulphide blotches in the Churchill Province gneisses that are dominantly
chalcopyrite rich. Figure 3.7 illustrates the idealized vertical distribution of the blotchy
textured sulphide throughout the Basal Gabbro.

Blotchy sulphides, as the name suggests, appear as blotches of sulphide. Some
authors also refer to this texture as clot or bleb sulphides (e.g. Lightfoot and Naldrett,
1999). Sulphide blotches are typically discrete, isolated, semi-rounded to irregular
shaped, and range in size from 0.5 to 3.0 cm (measured on the longest axis) (Plates 3.36,
3.37, and 3.38). The boundary of a sulphide blotch is normally irregular, marked by
projections of plagioclase grains (lesser clinopyroxene and olivine grains) into the
sulphide (Plate 3.36). A sulphide blotch is normally comprised of pyrrhotite,
chalcopyrite, and pentlandite. The ratio of each sulphide mineral is variable from blotch
to blotch; however, pyrrhotite generally constitutes over 85 % of the sulphide
composition. Chalcopyrite and pentlandite commonly form partial rims or inclusions in
the pyrrhotite blotch. In several examples, chalcopyrite forms the upper rim of the
pyrrhotite blotch (Plate 3.38).

Similar to the disseminated textured sulphide, sulphide blotches typically occur in

close proximity to each other; however, it is also common to find single blotches
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separated by meters of barren or weakly mineralized gabbros. Sulphide blotches often
reside near the upper contact of the Basal Gabbro with the Transition Gabbro subunit;
however, they are not confined to that position (Figure 3.7). There also appears to be a
moderate correlation between sulphide blotches and gneissic inclusions.

Reflected light microscopy of sulphide blotches illustrates that the composition of
individual sulphide blotches can be quite variable. Smaller, discrete chalcopyrite and
pentlandite grains are commonly formed on blotch boundaries (Plate 3.39, 3.40, 3.41 and
3.42). In lesser examples of sulphide blotches, chalcopyrite and pentlandite grains are
present internally, or penetrate inwards within the sulphide blotch from the
sulphide/silicate boundary (Plate 3.40). Magnetite is commonly observed in cracks of

pentlandite grains (Plate 3.41 and Plate 3.42).

3.6.3 Leopard-Textured Sulphide

Leopard-textured sulphide, or net-textured as it is sometimes referred to, is
directly related to the Leopard-Textured Gabbro subunit discussed in Section 3.5.2.4, and
is less common than the disseminated and blotchy textured sulphide (Figure 3.8c).
Outcrops with leopard textured sulphides are normally well oxidized to a deep red-
orange/purple colour and have unique recessive-weathering pattern (Plate 3.25).
Leopard-textured sulphides are present in several re-logged drill holes that have
intersected the Basal Gabbro (e.g. drill holes SVB-96-09, SVB-96-15, SVB-96-48). This
sulphide texture has not been observed in rocks belonging to the Upper Gabbro or
Churchill Province gneisses. Leopard-textured sulphide is always present in the center of

the Basal Gabbro, normally with olivine gabbro layers above and below that is relatively
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barren of sulphide mineralization apart for the occasional sulphide blotch or trace
amounts of disseminated sulphide. Figure 3.7 illustrates the idealized vertical distribution
of the leopard- and net-textured sulphide throughout the Basal Gabbro.

Rock samples containing leopard-textured sulphides are easily recognizable due to
the unique spotted appearance, defined by a matrix of disseminated to heavily
disseminated sulphide surrounding semi-rounded (<1 cm), violet to black, oikiocrysts of
clinopyroxene (+ olivine and plagioclase) (Plate 3.26). Sulphide grains are normally
interstitial in the silicate minerals where sulphide content is relatively low (<15 %
sulphide) (Plate 3.27). As the sulphide content increases (>15 % sulphide), sulphide
grain boundaries overlap, giving the rock a ‘net-like’ appearance (Plate 3.28). Pyrrhotite
is the main sulphide mineral and both chalcopyrite and pentlandite are the secondary
sulphide minerals. The relationship of the differing sulphide minerals is similar to the
disseminated sulphide textures whereby chalcopyrite and pentlandite grains form as
inclusions or partial rims on the larger pyrrhotite grain. The normal ratio of pyrrhotite to
pentlandite to chalcopyrite is 8:1:1, whereas in some local examples, the ratio is 7:1.5:1.5

where the pentlandite and chalcopyrite concentration increases.

3.6.4 Semi-Massive Sulphide

Semi-massive sulphide is uncommon within the Basal Gabbro (Figure 3.8d).
Outcrop exposures containing this sulphide texture, although rare, are deeply weathered
and oxidized to a bright reddish-orange or reddish-purple colour, and are often
accompanied by yellow sulphur staining. Semi-massive sulphide is more easily

recognized in the re-logged drill cores and is exclusive to the Basal Gabbro and Churchill
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Province gneisses. Semi-massive sulphide normally occurs adjacent to the footwall
contact, often preceding massive textured sulphide (Figure 3.7).

Semi-massive textured sulphide represents a sulphide texture whereby the
sulphide content of a rock is between 40 to 60 %. Typical drill core intervals bearing
semi-massive textured sulphide are short (5 to 20 cm), but can be as thick as 1 m (Plate
3.43). Smaller intervals of semi-massive sulphide are present locally throughout Basal
Gabbro as thin 2 to 4 cm wide bands, frequently accompanied by graphite. These small
intervals have a melted appearance, with discrete, well-defined, rounded, silicate
inclusions. Similar to the previously described sulphide textures, semi-massive
sulphides is comprised of pyrrhotite with minor chalcopyrite, and lesser pentlandite (<

5%).

3.6.5 Massive Sulphide

Massive sulphide is one of the least commonly observed sulphide textures within
the map area (Figure 3.8¢) and is not commonly observed in outcrops because of the
intense oxidation and weathering of the sulphide. Massive sulphides are located
predominantly, although not exclusively, in the North Gabbro. Figure 3.7 illustrates the
vertical location of the massive sulphide in the Basal Gabbro.

Massive sulphides are similar to the semi-massive sulphide texture, although the
sulphide content exceeds 60% of the rock, and both typically occur proximal to each
other (Plate 3.44, 3.45, and 3.46). Massive sulphide, where present, occurs adjacent to or
masks the footwall contact, and occurs as isolated lens, possible lying in footwall

depressions (Figure 3.7). Drill core intersections are quite variable in thickness. In the
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re-logged drill holes SVB-98-102 and SVB-98-113 (Plate 3.44), the thickness of the
massive sulphide interval was < 1 m thick. In the drill hole, SVB-97-67,a 15.7 m
massive sulphide interval was intersected.

In all examples of this sulphide texture, pyrrhotite is the main sulphide mineral
with lesser chalcopyrite and pentlandite. Typically, sulphide engulfs gabbro or gneiss
inclusions (Plate 3.45). Most frequently, the upper and lower contacts of the massive
sulphide interval are quite variable and it is possible to begin with semi-massive sulphide,
which becomes upgraded to massive sulphide down hole. In many examples, the lower
contacts are sharp.

Reflected light microscopy of samples containing massive textured sulphide
further illustrate that the sulphide comprises 70 to 80% pyrrhotite with lesser chalcopyrite
and pentlandite (+ magnetite and cubanite) (Plate 3.47 and Plate 3.48). It is common to
find exsolution lamellae of pentlandite flames within pyrrhotite (Plate 3.47) or small
inclusions of both chalcopyrite and pentlandite grains adjacent to silicate inclusions (Plate
3.48). Magnetite, although not common, is present within cracks developed within the

pentlandite grains (Plate 3.49) or as discrete grains within the host rock.

3.6.6 Remobilized Sulphides

Remobilized sulphides are not common and are frequently difficult to distinguish
from the blotchy, the semi-massive or the massive textured sulphides. Remobilized
sulphides are normally hosted in the Churchill Province basement gneisses but likely
originated from the main sulphide mass of Basal Gabbro. Remobilized sulphides are

common in magmatic systems and often form high-grade footwall deposits (e.g. the
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footwall deposits at Sudbury; Morrison ef al., 1996). Remobilized sulphides typically
have higher than average nickel and copper tenors. The best example of this textural
type is from drill hole SVB-97-75, where a 1.1 m interval of massive sulphide was
intersected 13 m below the base of the intrusion in Churchill Province gneisses (Plate
3.46). In this example, chalcopyrite is the main sulphide constituent and the pentlandite
concentration is increased significantly. In other examples, chalcopyrite-rich blotches
are often located in the footwall gneisses approximately 1 to 2 m below the basal contact
with the intrusion.

Reflected light microscopy of samples with this textural type is chalcopyrite-rich
with lesser pentlandite and pyrrhotite. The presence of cubanite is local and mainly
associated with chalcopyrite as exsolution lamellae (Plate 3.51). Chalcopyrite grains are
significantly larger (3-5 mm) and pyrrhotite locally rims the chalcopyrite and pentlandite
grains (Plate 3.50, 3.51 and 3.52). In small-scale examples of this texture, chalcopyrite
grains that formed from the larger pyrrhotite grains were remobilized into small cracks

developed with the silicate host rock (Plate 3.53 and Plate 3.54).

3.7  Surface Sulphide Occurrences Associated with the Pants Lake Intrusion
Sulphide mineralization is present in many locations throughout the South
Voisey’s Bay Project area in two chief associations: sulphide in Churchill Province
paragneisses, and sulphide in the Basal Gabbro of the Pants Lake Intrusion. The latter
association is the more significant because of the economic mineral assemblage
(pyrrhotite, chalcopyrite, and pentlandite) whereas the former association contains only

minor disseminated pyrrhotite and pyrite mineralization.
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Ninety percent of the sulphide occurrences observed in the South Voisey’s Bay
Project area are located on the boundary between the Pants Lake Intrusion and gneiss
(typically paragneiss) of the Churchill Province. Sulphide mineralizaton is confined,
although not exclusively, to the subunits of the Basal Gabbro.

Seven main sulphide occurrences are known on the property (refer to the enclosed
geology map), four of which are described below (NDT, Happy Face Lake, GG, and
Mineral Hill). These occurrences exhibit similar characteristics and where possible, the
host subunits, the sulphide textures and mineralogy, and the internal and external contacts
between subunits and subdivisions are described. Only brief descriptions of the outlying

rocks are included in each section.

3.7.1 NDT Sulphide Occurrences

The NDT sulphide occurrences are located approximately 1 km north of Pants
Lake on the southwestern mapped boundary of the North Gabbro (UTM coordinate for
the center of the NDT sulphide occurrences is 558500mE, 6149300mN; approximate
elevation 490 to 495m ASL) (see enclosed geology map and Figure 3.9). Outcrop
exposure in the area is greater than 70 percent. A valley plunging to the southeast
crosscuts the map area exposing a cross-section through the PLI and Churchill Province
gneisses (Figure 3.9) which accounts for the numerous exposed sulphide occurrences
(gossans) located on the slopes of the valley.

Two principal gossanous zones are in the NDT area, namely the North Gossan
and the South Gossan (Plate 3.55). Each gossan comprises several large, isolated

mineralized outcrops akin to the Basal Gabbro subdivision (BGS). Mineralized outcrops
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containing 3-5% sulphide are extremely oxidized and weathered, and are heavily Fe-
stained locally. The top of the North Gossan appears to be stratigraphically higher than
the top of the South Gossan by about 6 to 8 m, although there appears to be some minor
overlap in between. Mapping indicates that the upper subunits of the BGS are prevalent
in the North Gossan, whereas the lower subunits of the BGS are prevalent in the South
Gossan. The gossans exhibit similar silicate and sulphide textures and mineralogy;
however, there are some differences. The average thickness of each gossan ranges
between 4 to 6 m.

The upper contact between the BGS and Upper Gabbro subdivision (UGS) was
not observed in this area; however, rocks akin to the Transition Gabbro subunit were
observed on top of the North Gossan in some localities (Figure 3.9). This subunit
weathers tan to beige, and is composed of fine-grained, olivine gabbro with minor
(<10%) randomly orientated, medium-grained, thinly (< 1.0 cm) banded cloudy white
plagioclase and black pyroxene grains. Disseminated to blotchy sulphides are scarce
(<1%). Below the Transition Gabbro is a tan to beige weathered, locally heavily Fe-
stained, fine-grained olivine gabbro with 2-5 %, blotchy and disseminated pyrrhotite (+
chalcopyrite); this rock is akin to the Olivine Gabbro subunit. Sulphide blotches are
isolated and range in size from 1 to 2 cm.

The South Gossan extends along a ridge orientated northwest-southeast. It is
quite gossanous, with a rusty brown-purple color and minor, local pale yellow sulphur
staining. The South Gossan appears to be zoned with respect to sulphide concentration
and mineralogical textures. The Olivine Gabbro subunit described above resides in the

west to central portion of the South Gossan. Olivine gabbro outcrops in the western part
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of the South Gossan contain several small (2-4 cm) irregular to rounded partially digested
inclusions, with dark-grey centers and thin white rims (refer to Plate 3.13). In the eastern
portion of the South Gabbro is a 2 to 3 m thick Leopard Textured Gabbro (Figure 3.9).
The Leopard Textured Gabbro is extremely oxidized and weathered, with the unique
knobby weathering associated with this subunit. This subunit contains 10 to 20%
disseminated pyrrhotite and trace chalcopyrite. Below the Leopard Textured Gabbro, and
in contact with the paragneiss locally, is fine-grained Olivine Gabbro containing < 5%
sulphide.

Rocks belonging to the Upper Gabbro are stratigraphically above the two gossans
and sulphides were not observed in these rocks. In elevated areas, especially towards the
west where the paragneiss becomes pinched, there is a large sequence of massive, fine-
grained, grey weathered olivine gabbro (Olivine Gabbro subunit). In the east and north of
the North Gossan, coarse- to medium-grained gabbroic rocks (Coarse- to Medium-
grained Gabbro subunit), weathered to a brownish-grey colour, are present. In several
outcrops, parallel layering is evident comprised of medium- and coarse-grained gabbro
intruded by small (10-15 cm) intervals of brownish weathered pegmatite (Pegmatitic

Gabbro subunit). No mapping was conducted beyond the property boundary.

3.7.2 Happy Face Lake Sulphide Occurrence

The Happy Face Lake (HFL) sulphide occurrence is located near the northwest
shoreline of a small lake (informally named Happy Face Lake) in the center of the North
Gabbro (UTM coordinate for the HFL sulphide occurrence is 561900mE, 6152600mN;

approximate elevation is 410m ASL) (see enclosed geology map and Figure 3.10).
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Outcrop exposure in the area is moderate (60-70%). The topography in the area is
somewhat hilly.

The Happy Face Lake sulphide occurrence (gossan) is a maximum of 4.5 m thick
in the center of the gossan (from the top of the gossan to the water level), and pinches into
the lake on both sides (Plate 3.56). The gossan appears to dip approximately 5° towards
the north-northeast, and is locally moderately fractured. The gossan is highly weathered
and oxidized with a brown-reddish colour near the shoreline, which dissipates slightly
towards the upper contact of the gossan. The lower contact of the gossan was not
observed owing to the location of the lake. Mapping in this area indicates that the
subunits of the Basal Gabbro host the sulphide mineralization that is approximately 5% to
10% locally.

The contact between rocks belonging to the Upper and Basal Gabbro subdivisions
is quite sharp, less than 2 cm thick and is denoted by a thin (4 cm), medium- to coarse-
grained plagioclase and pyroxene (+ magnetite) layer parallel to horizontal (see inset
photo, Plate 3.56). Rocks akin to the Transition Gabbro immediately follow this. The
Transition Gabbro is approximately 1 to 1.5 m thick, tan to beige-orange weathered, with
< 10% thin (< 1 cm) randomly orientated bands (weakly parallel to the upper contact) of
medium-grained plagioclase and pyroxene grains in fine-grained olivine gabbro. Small
(1-2 cm) rusty pyrrhotite blotches are commonly observed near the upper contact.

Below the Transition Gabbro is the Olivine Gabbro, which dominates the center
of the gossan, and is present near the water line (Plate 3.56). The Olivine Gabbro
weathers to orange-beige where sulphide content is low (< 2%). Fresh surfaces are

greyish to greyish-green. Sulphide mineralization comprises 4 to 5% disseminated
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pyrrhotite that appears evenly dispersed throughout the Olivine Gabbro, and minor (<
1%) blotches of pyrrhotite ( chalcopyrite) occurs locally.

The Leopard-Textured Gabbro occurs in a number of small (1 x 2 m) discrete
zones near the water line. This subunit produces a distinctive knobby weathering with 25
to 30% dark rounded, small (0.5 to 1.0 cm) pyroxene (+ plagioclase, olivine) oikiocrysts
separated by a recessive weathered, fine-grained matrix composed of plagioclase,
pyroxene and 10% disseminated sulphide (Plate 3.25).

Rocks stratigraphically above and on the northern outlier of the Happy Face Lake
sulphide occurrence belong to the Upper Gabbro (Figure 3.10 and Plate 3.56). Massive
to weakly layered, coarse-grained, lesser medium-grained, gabbro (Coarse- to Medium-
grained Gabbro subunit) are typically weathered beige-brown, and composed of seriated,
cumulate cloudy white to beige plagioclase grains with intercumulate black pyroxene +
olivine grains. Rocks in the southern outlier of the Happy Face Lake occurrence are
typically leucocratic, medium- to coarse-grained, well foliated, quartzo-feldspathic

paragneisses with 40 to 50 % quartz, feldspar and small (>1 cm) retrogressed garnets.

3.7.3 GG Sulphide Occurrence

The GG sulphide occurrence is located on the southeastern boundary of the North
Gabbro (UTM coordinate for the GG sulphide occurrence is 564200mE, 6150500mN;
approximate elevation 470m ASL) (see enclosed geology map and Figure 3.11). Outcrop
exposure in the area is greater than 70 percent. The topography in the area is slightly

hilly.
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The GG sulphide occurrence (gossan) is exposed on the western, northern and
southern slopes of a small, isolated hill (Plate 3.57). The approximate thickness of the
gossan is 25 m, and it dips slightly (5°) to the east-northeast. The upper contact of the
gossan is eroded away, and the lower contact is scree covered. The gossan is highly
weathered and oxidized with an orange-brown, locally purplish colour. Mapping in this
area indicates that rocks belonging to the Basal Gabbro host the gossan. The GG gossan
comprises three distinct subunit layers. Layering appears to parallel the contours of the
hill. Internal contacts are diffuse and are locally undulating.

The upper 2-3 m of the gossan comprises fine-grained Olivine Gabbro with local
areas of the Transition Gabbro (Plate 3.57). Both subunits are weathered beige to tan,
locally orange-brown, containing local minor (> 2%) disseminated and blotchy pyrrhotite
(£ chalcopyrite). At the top of the hill, several, small (3-4 cm), leucocratic, fine to
medium-grained, partially digested inclusions were observed in the Olivine Gabbro.

The middle layer is dominated by the Leopard-Textured Gabbro (Plate 3.57), and
is the most oxidized and weathered of the three layers with a reddish-purple colour and
local pale yellow sulphur staining. This subunit is approximately 7-8 m thick and is
defined by distinctive rubbly weathering of dark rounded pyroxene oikiocrysts enclosed
by a matrix of recessively weathered, fine-grained plagioclase and olivine grains with 10-
15 % disseminated pyrrhotite. In this interval, the Olivine Gabbro is present in several
small localities suggesting that the leopard-textured gabbro is not a continuous layer.

The lower layer is similar to the Olivine Gabbro described above containing local
disseminated and blotchy sulphides. Few partially digested inclusions (gneissic?) are also

present in this layer.
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East of the GG sulphide occurrence are several outcrops of well-foliated,
leucocratic, medium-grained, rust coloured paragneiss (Plate 3.57). Approximately 2-4%
disseminated pyrrhotite (£ pyrite) is commonly observed in these paragneiss. Mapping

was not conducted west of the GG gossan.

3.7.4 Mineral Hill Sulphide Occurrence

The Mineral Hill sulphide occurrence is located on the northwest side of the South
Gabbro (UTM coordinate for the Mineral Hill sulphide occurrence is 569300mE,
6143700mN; approximate elevation is 450m ASL) (see enclosed geology map and Figure
3.12). Outcrop exposure in the area is moderate, approximately 60%. The topography in
the area is moderately hilly.

The Mineral Hill sulphide occurrence (gossan) is 4 to 5 m, locally 7 m, thick and
dips slightly (5-6°) towards the north-northeast. The gossan is distinctly layered and
continues on the northern slope of the hill upon which it is located (Plate 3.58). Several
smaller gossans are present in the immediate area (northeast) that exhibit similar
characteristics to the gossan on Mineral Hill (Figure 3.12). The Mineral Hill gossan is
highly weathered and oxidized with an orange-brown, locally reddish-purple, colour, and
the contact between the Upper and Basal Gabbro is well defined. The lower contact was
not observed in this area. Mapping indicates that the subunits of the Basal Gabbro host
the sulphide mineralization.

The upper contact of the Basal Gabbro is locally defined by a 30 to 40 cm,
recessively weathered, unmineralized, medium-grained gabbro (olivine gabbro) layer (see

inset photo, Plate 3.58). Immediately above the contact is a coarse-grained, grey to beige
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weathered cummulate gabbro belonging to the Upper Gabbro. Locally, this medium-
grained layer is not present, and is replaced by the Transition Gabbro. Above the
Transition Gabbro is a small (2 cm) pegmatitic gabbro interval of pale-white plagioclase
and black pyroxene grains (similar as the upper contact of the Happy Face Lake sulphide
occurrence). The Transition Gabbro, if present, is normally > 1m thick and has a tan to
slightly orange-brown weatherd surface. The Transition Gabbro is defined by an erratic
(brick-like) medium-grained banding in a finer-grained, olivine gabbro matrix. Sulphide
content is variable, between 1-3%, normally disseminated to blotchy. Below the
Transition Gabbro is a 3-4 m layer of orange-brown weathered (fresh surface is grey),
fine-grained, olivine gabbro containing 3to 5% disseminated pyrrhotite and 1-2%, small
(2 cm) pyrrhotite (+ chalcopyrite) blotches.

A gneissic outlier surrounds the Mineral Hill gossan and is typically coarse to
medium-grained, with local rusty staining. These gneisses contain numerous rounded
garnet grains, between 0.2 to 1.5 cm, within a matrix of medium-grained quartz and
feldspar. Minor (<2%) disseminated pyrrhotite and pyrite is present locally with the

gneiss.
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Table 3.1. Summary table of ages reported for selected mafic intrusions of the Nain
Plutonic Suite. Included with this table are ages reported in the section entitled ‘Regional
Geological Setting of the Pants Lake Intrusion’ (Section 3.2) for the various geological
elements surrounding the Pants Lake Intrusion.

Mafic Intrusions of the Age (Ma) References
Nain Plutonic Suite
Pants Lake Intrusion - North Gabbro 1322 Dunning (1998)
Pants Lake Intrusion - South Gabbro 1337 Connelly (2001)
Voisey’s Bay Intrusion 1333 Amelin et al. (1999)
1338 Ryan et al. (1995)

Mushuau Intrusion 1313 Li et al. (2000)
Jonathon Intrusion 1312 Hamilton et al. (1994)
Kiglapait Intrusion 1306 Morse (1996)

Newark Island Intrusion 1305 Simmons et al. (1986)
Barth Island Intrusion 1322 Hamilton et al. (1994)
Geological elements surrounding Age (Ma) References

the Pants Lake Intrusion
Nain Plutonic Suite 1350 - 1290 | Ryan (1996)
Harp Lake Intrusive Suite 1460 - 1450 | Emslie (1980)
Churchill Province 2780 - 1740 | Swinden et al. (1991)
Nain-Churchill suture 1850 Ryan et al. (1995)
Diabase dikes (Harp) 1280 Ryan et al. (1995)
Diabase dikes (Nain) 1274 Cadman et al. (1993)
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Figure 3.1. Principle geographic components of the Pants Lake Intrusion (outlined by a black, dashed line). The mineralized regions
(outlined by a black, dotted line) are areas where diamond drilling has been concentrated and where sulphide occurrences crop out at

surface. These mineralized regions are the primary focus of this study. See geological map (inside, back cover) for an explanation of the
geological units.




Pants Lake Intrusion
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Figure 3.2. Basal contact topography, relative to sea level, of the North and Central gabbros.
All contours constructed using drill hole information from Fitzpatrick et al. (1999).

View Looking North

Figure 3.3. Three dimensional view of the Pants Lake Intrusion. See Pants Lake Intrusion
geological map for section locations and unit explanations (inside, back cover).
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Table 3.2. Geographic components of the Pants Lake Intrusion. Different parts of the Pants Lake
Intrusion were originally mapped by Hill (1982) and Thomas and Morrison (1991). The entire Pants
Lake Intrusion was mapped by Donner Minerals Ltd. and Teck Exploration Ltd. Descriptions and

nomenclature of the various subunits of the Pants Lake Intrusion are reported by Fitzpatrick et al.

(1999) and MacDonald (1999). The nomenclature used by Smith (this study) is analogous to the
nomenclature utilized by Fitzpatrick et al. (1999) and Macdonald (1999). The flow chart at the
bottom of this table summarizes the components, the subdivisions, and the subunits of the Pants
Lake Intrusion utilized by Smith (this study).

----------

‘qng 0iqqeo [eseg

Pants Lake Intrusion
(nomenclature utilized

in this study)

s

Central Gabbro

{ North Gabbro

South Gabbro

" : Surface mapping and relationships
Geographic e gk e o established, mapped as a member
Components AW, It (RPN S W WYY of the Nain Plutonic Suite
of the PLI Hill (1982) Thomas & Morrison Fitzpatrick et al. (1999)
(1991) MacDonald (1999)
Upper sequence gabbro Altered gabbro
Black Gabbro C to mg gabbro %
B
gz Pegmalitic gabbro |
Included as Nt sovarad Upper Olivine Gabbro g
North part of the during regional Olivine gabbro | &
Gabbro Nain Plutonic mapping 3
Suite @
Olivine Gabbro Olivine gabbro i
il Fg contaminated gabbro Basal Gabbro
Upper Olivine
gabbro
Same as the
Central Not covered Included as North Gabbro
Gabbro during regional part of the {no black gabbro
mapping Harp Lake Olivine gabbro present)
Intrusive Suite
Fg contaminated gabbro Basal Gabbro
South Not covered Incrltugai :S Same as
Gabbro during regional aa Lok central Gabbro
mapping Sy S
Intrusive Suite
Fg contaminated gabbro |
Upper Gabbro Subdivision|

Coarse to Medium-Grained Gabbro Subunit

Olivine Gabbro Subunit

Pegmatitic Gabbro Subunit

Altered Gabbro Subunit

i--- Contact Gneiss Subunit

Basal Gabbro Subdivision

Transition Gabbro Subunit

Gabbro Hybrid Subunit
Olivine Gabbro Subunit

Leopard Textured Gabbro Subunit
Mg Gabbro/Peridotite Subunit (South Gabbro only)
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Upper Gabbro

50 to 400 meter thickness range

Surface

- Medium to coarse-grained
- Cumulate plagioclase
-10to 15 % olivine

_—— e
—— —— e -

Olivine Gabbro / Gabbro
- Medium to fine-grained

- Cumulate plagioclase or olivine

- 15 to 20 % olivine

LA S

Churchill Province gneiss

——— i - —— ———

Basal Gabbro
(see Figure 3.5)

vV ¥ v

Figure 3.4. Idealized cross-section through the Upper Gabbro subdivision of the Pants Lake
Intrusion. The subunits belonging to the Upper Gabbro are shown in their relative positions as they
would occur in drill core or outcrop. These subunits are not present in all drill cores or in outcrops.

Hanging
Wall

Basal Gabbro subdivision
( average DDH intersection is 27.0 m )

Footwall

Upper Gabbro subdivision
(See figure above)

= == = = Upper Contact ( shamp to diffuse )

Transition Gabbro
Gabbro Hybrid
Olivine Gabbro

Gabbro Hybrid
Olivine Gabbro
Leopard Textured Gabbro

Olivine Gabbro
Gabbro Hybrid

Massive / Semi-Massive Sulphide
Olivine Gabbro
Gabbro Hybnd

weens”

=mmm=m= | ower Contact ( sharp to diffuse )

Graphitic Gneiss / Brecciated Gneiss /
Normal Gneiss / Gabbro

Paragneiss, Orthogneiss, Gabbro

Figure 3.5. Idealized drill log through the Basal
Gabbro subdivision of the Pants Lake Intrusion.
The subunits are shown in their relative position

as they would normally appear in core or outcrop.
The dashed lines represent the contacts between
the subunits and also serve to illustrate the general
thickness of each subunit layer. Note the repetitive
nature of the subunits although they are not always
present in drill cores or outcrops. The massive /
semi-massive sulphide texture is added to this
figure because it is normally located adjacent

to the footwall contact. Other sulphide textural
variations do not have the same consistency. The
average DDH intersection of 27.0 m is based on the
average of 32 drill holes.
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5 kilometers

[E] Pants Lake Intrusion

@® DDH location
K Re-logged DDH location
¥ Unit Present in DDH

& Unit present in outcrop Transition Gabbro

5 kilometers

D Pants Lake Intrusion

@ DDH location
* Re-logged DDH location
# Unit Present in DDH

@ Unit present in outcrop Gabbro Hybrid

Figure
3.6a

Figure
3.6b

Figure 3.6. Outline of the Pants Lake Intrusion with the locations of diamond drill holes (DDH)
and re-logged diamond drill hole used for this study. The # indicates the presence of each Basal
Gabbro subunit in the re-logged diamond drill holes. Figure 3.6a indicates the location of the
Transition Gabbro subunit, Figure 3.6b indicates the location of the Gabbro Hybrid subunit,
Figure 3.6¢ indicates the location of the Fine-Grained Olivine / Troctolite subunit, Figure 3.6d
indicates the location of the Leopard Textured Gabbro subunit, and Figure 3.6e indicates the

location of the Medium-Grained Gabbro & Peridotite subunit.
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@ DDH location

* Re-logged DDH location
#  Unit Present in DDH
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5 kilometers

Medium-Grain
Gabbro & Peridotite

Figure 3.6 (continued)
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Variations Clot / Blotch Sulphide Sulphide

Figure 3.7. Sulphide textural variations observed in the Basal Gabbro subdivision of the Pants Lake
Intrusion, Labrador. The numbered columns represent a select range of variations that exist through-
out the intrusion. The most consistent sulphide textures, with respect to relative position above the
basement contact, are the leopard / net-textured sulphide and the massive to semi-massive textured
sulphide. The leopard / net-textured sulphide is consistently situated near the center of the Basal
Gabbro subdivision. The massive to semi-massive textured sulphide is consistently situated adjacent
to, or just above, the basement contact. The subunits of the Basal Gabbro subdivision, depicted in
Figure 3.5, are presented in this figure to illustrate the association between sulphide texture and host.
The locations of the different sulphide textures observed in the re-logged drill holes are noted in
figures 3.8 a,b, c,d, eand f..
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[ S

[:] Pants Lake Intrusion
® DDH location
X Re-logged DDH location
% Unit Present in DDH Disseminated Texturéd | Figure
@& Unit present in outcrop Sulphide 3 8a

5 kilometers

Pants Lake Intrusion

@ DDH location
% Re-logged DDH location

# Unit Present in DDH 2
@ Unit present in outcrop Blotchy Textured Sulphide glggr »
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Pants Lake Intrusion

® DDH location

% Re-logged DDH location .

¥ Unit Present in DDH Leopard / Net Texturéd | Figure
® Unit present in outcrop Sulphide 3.8¢c

Figure 3.8. Outline of the Pants Lake Intrusion with the locations of diamond drill holes (DDH)
and re-logged DDH used for this study. The # indicates the presence of each sulphide textural
variation in the re-logged DDH. Figure 3.8a indicates the presence of disseminated textured
sulphide, Figure 3.8b indicates the presence of blotchy textured sulphide, Figure 3.8c indicates
the presence of leopard / net textured sulphide...(see next page).
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Figure 3.8 (continued) Figure3.8d indicates the presence of semi-massive textured sulphide,
Figure 3.8e indicates the presence of massive textured sulphide, and Figure 3.8e indicates the

presence of remobilized sulphide.
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Plate 3.1, Outcrop exposure near the Mejor General slphide ocourenc, This plate
showsth typical weathered surfae of a coare-grained, leucoeratic gabbro subunit, A
smal patch of the pegmatiic gabbro subunit s located near the lower ¢dge of the photo.
Both subunits belong to the Upper Gabbo, The contact between the two subuits is
subtl. The cumulate plagioclase grains aretan to buff white, The intertiial
clinopyroxene (¢ olvine) gains aredark green to black. The scale bar is in cntimeters

Plate 3.2. Dl ore segments from drill hoe, SVB-96-16, Coresegment A, taken a
3.6m, s  typical example of the coarse-grained, cumulate textured leucocratic gabbro
belongingto the Coarse to Medium-grained Gabbro Subuit, Core segment B, taken a
8 9m, i typical example of a pegmatiic gabbro belonging to the Pegmatitic Gabbro
subunit. Core segment C, taken at 35.2m, isa typical example of the medium-greined,
cumulate textured gaboro belonging tothe Coarse to Medium-graied Gabbro Subunit,

Plagioclase grains ar dull white and clinopyroxene grains ae black. The seale baris in
centimeters

Plate 3. Petrographic secton fom dell hole SVB-97-27 at | 3m (magnification =
15, ross polarized lght. Leucocratic,coarse to medium-graned gabbro belonging to
the Corse to Medium-grained subut (Upper Gabbro subdivision). Eubedral, cunmlate
Plagioclase grains with suboptitc clinopyroxene grins. Lntercumulate olivine graing are
rimmed with iddingsite,

Plate 3.4, Petrographic section from deill hole SVB-98-102 at 32.5m (magnification =

13, cross poarizd lght). Melacratic,coarseto medium-rained gabbro belonging to

the Coarse to Medium-grained subunit (Upper Gabbro subdivision). Euhedral, cumulte
Plagioclase grains with intercumulae linopyroxene and leser olvine rains,

Floate 3 _4d

Plate 3.1

Pliate 3.30 __ SS=

"

[
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Plate 3.5, Drill core segments from drill hole, SVB-96-27. Core segment A, takenat 1.}
I, 5. coarse-grained, cumulate extured gabbro belonging to the Coatse to Medium-
grained Gabbro Subunit, Core segment B, taken at 4.7 m, is a medium o fine-grained,
ophitie to cumulate textured ofvie gabbro elonging o the Olivine Gabbeo Subuit.
Coresegment C, taken at § 9 m s an ophifc textured olivine gabbro belonging to the
Olvine Gabbro Suburit. Plagioease grins are white,cinopytovene gains ek gey
10 black, and offvine grans ae forest green. The scale bar s in centimeters

Plate 36. Petrographic secton from el e SVB-96-4 at4.15 m (magniicaion =
15, ross polaized i), Medium-grained ofvine gabbro belonging to the Olivine
Cabbro subuit (Upper Gabbro), Cumulate, eubedralplaioclase with ophitic
clinopyroxene contining granular olvine and eser cuhedra plagioclase grains

Plate 3.7, Drill corefrom ceill hole $VB-96.3 centeredat~78.0m. The darker core s
unaltered, coase-rained abbro, The lghter core i alered gabbro belonging to the
Altered Gabbro Subut, The altered abbro contains milky white, saussertized
Plagioclase grains with infercumulae green hormblende grains. The contact between

altered and wnaltred gabbro (379 m) i relativly sharp, The sele bar is i
centimeters

Plate 38, Petographic scton from il hle SVB-96-36 ot 14.1 m (nagnifcaion =
13, crosed polarizedligh), Alerd, coarsc-grained gabbro belonging o the Alered
Gabbro subunt (Upper Gabbro) Large pyrovene grain alfeed to fine-graineq
bommblendeengulfed by fner grained subbeie o e lagioclase grains,
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Plate 39, Outcrop exposure acjacent o the Mineral Hill suphide occurrence, Thisplate
shovis the weathred contac between the Upper Gabbro and Basal Gabbro. The upper
portion of theplteis a medium-grained cumulatetextued leweoratic gabbvo. The
Lower portion of the photo is & typical example of the Transition Gabbeo subunit, The
thin,lghter coloured bands are coarse to medium-grained plagioclase withleser
clinopyrosene, The finer-gained, brownish weathered materia s cumulate offvine with
lesser plagioclase and clinopyroxene. The scale bar i i centimeters,

Plate 310, Dril core segmentsfrom drill hoe, SVB-97-17 at 412.3 m (top) and drl
hole, SVB-98-116 2 107.4 m (bottom). Both il core segmens are example of the
Transition Gabbro subunit, The upper dril segment ws derived fom 2 eucocratic
gabbro (plagioclase grains are white). The Jower il seqment was derived from 3
melanocratc gabbro (plagioclase grains are purplishvgrey). Both core segments
llutatethe coarsr-grained banding inthe finr-grained oivine gabbro, Disseminated
sulphides and sulphide blotches areclosely associated with the coarser bands,

Plate 3,11, Petrographic sction from il hole SVB-98-111 t 107.5 m (mageification
=1.5x,ctoss polrized lght). Transiion Gabbro subunit (Basal Gabbro subdivisin)
With coarse-greined plagioclase and ophitc linopyronene band (enter),ina fin-
grained oliving gabbro matrx. A small sulphide blotch s in the center of the coarser
band.

Plate3.12. Petrographic seeton from dilhole SVB-98-L11 at107,5 m (magnificaton
= 1.5x, plane polaized ight), Referto Plate 311 for caption deseripton,
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Plte 3.3 Outorop exposurenearthe NDT sulphid oceurences, This plte shows the
weathered surfae ofthe Gabbro Hybrid / Olivine Gabbro subunit (Basal Gabbro). [nthe

centeroftheplat s a partially digested melanocratic gneissc ncluston, Pocketknif (~
8 em) used for scale.

Plate 3,14, Drillcore segments from dril hole, SVB-96-10 123 m. Drillcore
segmentsof he Gabbro Hybrid subunit (Basal Gabbro) with multiple, semitounded
melanocratc nclusions in a fine-grained ofivine gabbro matri, Disseminated and

blotchy sulphices (pyrhoite + chalcopyrit, pentandie) are present within the matrix,
The scale bar is in centimeters.

Plate 3.15. Drillcore segment from drll hole, SVB-96-02 at 6.2 m. Diillcore segrment
of the Gabbro Hybrid subunit (Basel Gabbro) with severel partally digested,

melanocratc, gneissc nchsions ina ine-grined olivine abbro. Blochy textured
sulptide is also present, The scale bar s n centimeters

Plate 316, Drillcore segments from drll hole, SVB-98-102.¢ 1735 m (top) and
1940 (bottom). Drillcore segments of the Gabbro Hybrid sbunit (Basl Gabbro) with
Several partlly digsted, lewoocreti, gneisic inlusions, Blotchyand diseminated
textured sulphides are lso present, The scal bar s in centimeters

Plate 3_14
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Plate 3,17, Petrographic section from drill hole SVB-96-09 at 54.45 m (magnification =
1.5x, cross polarized light). Leucocratic gneisic inclusion (only the edge is shown) in
gabbro. The rim of the inclusion composed of spinel and fine-grained plagioclase. The
center of the inclusion comprised of acicular corundum graing and plagioclase gains.

Plate 3.18. Petrographic section from dril hole SVB-96-09 at $4.45 m (magnification =
1.5x, plane polarized light). Refer to Plate 3,17 for caption description. Disseminated
sulphide (black) is present,

Plate 3.19. Petrographic seeton from il hole SVB-96-36 at 165.3 m (magnification =
2.3, plane polarized light). Center of a leucocratic inclusion comprised of plagioclase,
corundum and Fe-spinel.

Plate 3.20.  Petrographic section from dril hole SVB-96-09 at 58,1 m (magnifcation =
1.5x, plane polarized fight). Melanocratic inclusion comprised of Fe-spinel, biotite and
plagioclase grains.

;
3
3
¢
g
W
v

Fe-Spirrel ! 8

Bl btites
Flate 3.20

Fnclusicon

Eneilssic

_,_..-"'"'-"".
\ M
_,.."'-

Foe-Spinal

"L
o
|'
. Y
-
K
-
a




Plate 321, Dl core from dril hole SVB-96-02 centered at ~ 71.8 m. Fine-grained,
melanocratic livine gabbro of the Olivine Gabbro subunit (Basal Gabbro). A group of
pyrthotte blotches are located inthe center of the photograph. The scale bar s in
centimeters.

Plate 322, Drill core from dril hole SVB-97-92 at 247.0m, Fine-grained olvine
gabbro ofthe Olvine Gabbro subunit (Basal Gabbro) with 4-5% fine-grained
disseminated sulphide. The scale bar is in centimeters.

Plate 3.23. Petrographic secton from drll hole SVB-96-02 at 71.8 m (magnification =
2.5, eross polarized ight). Fine-grained olivine gabbro with gramler olivines,
plagioclase and lesser ophitic clinopyroxene.

Plate 3.4, Petrographic section from drll hole SVB-97-19 at~ 504 m (magnificaton
=1 $x, cross polarized light). Fine-grained ofivine gabbro with granular olivine,
plagioclase and lesser ophitc clinopyroene. Plagioclase grains are algned paralll to
layering,
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Plate 3.25. Outcrop exposure within the Happy Face Lake sulphide oceurrence.
Photogsaph shows the typical weathered surface of the Leopard Textured Gabbro subunit
(Basal Gabbro). Clinopyroxene oikiocrysts are present within a ecessive Weathered
olivine, plagioclase, sulphide matrix, The pencil is used for seal.

Plate 3.26. Dl core segment from drill hole SVB-96-02 at 20.1 m. Typical appearance
of the Leopand Textured gabbro subunit (Basal Gabbro) with clinopyroxee oikiocrysts
(dark spots)set in afine-grained olivine gabbro matrix with 10% fine-grained,
disseminated sulphide. Scale bar is in centimeters.

Plate 3.27, Petrographic section from dril hole SVB-96-02 at 24.6 m (magnification =
1.5x, cross polarized light). Clinopyroxene oikiocryst (centerof plate) surrounded by
plagioclase, olivine, disseminated sulphide (opaque), and lesser clinopyroxene.

Plate 3.28, Petrographic stion from drll hole SVB-96-02 at 24.6 m (magnification =
1.3x, plane polarized lght). Refer to Plate 3.27 for caption deseription,
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Plate 3.29. Drillcore segment from dril hole SVB-97-79 at 691.3 m. Medium-grained
gabbro of the Medium-grained Gabbro subunit (Besal Gabbro). Intestitial plagioclase
grains are white, olivine grains and clinopyrovene grains are dark coloured. The scale
bar is in centimeters.

Plate 3.30. Drill ore segment from drill hole SVB-97-79 at 738.1 m, Medium-grained
gabbro of the Mediuen-grained Gabbro subunit (Basal Gabbro) with large sulphide
lotches. The scale bar is in centimeters

Plate 331, Petrographic seetion from drll hole SVB-97-19 at 6913 m (magnification =
1.5x, cross polarized light). Cumulate olivine and lesser cumulate clinopyroxene with
altered, intercumulate plagioclase and biotite.

Plate 3.32. Petrographic section from drill hole SVB-97-79 at €91.3 m (magnification =
1.3, plane polarized light). Refer to Plate 3.31 for caption description.
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Plate 333, Petrographic section from drill hole SVB-97-92 at 246.7 m (magnification =
1.5, plane polarized light). Disseminated sulphide (opaque) grown betwegn plagioclase
and olivine grains.

Plate 334, Petrographic section from drill hole SVB-97-92 at 246.Tm (magnification =
2.3x, reflecting light). Disseminated sulphide grains between silicate grains.
Disseminated sulphide grains comprised of pyrehotite (Po) with small chalcopyrite (Cpy),
pentlandite (Pn), and magnefite (Mag) exsolutions.
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Plate 3,35, Outcrop exposure at the Major General sulphide occurrence. Oxidized
sulphide blotches in fing-grained olivine gabbro. The geological hammer s for seal.

Plate 3,36, Drill core segments from dril hole SVB-96-10 at ~ 24.6 m. Dominantly
pyrrhorite blotches with plagioclase intergrowths hosted in a fine-grained olivine gabbro.
Segments also host several melanocratic gneissic inclusions. The scale bar s in
centimeters.

Gneissic

inclusions
Plate 3.36
Plate 3.38

Plate 3.37, Dl core segment from dell hole SVB-96-04 at 1.3 m. Large sulphide
blotch hosted in  fine-grained olivine gabbro. Sulphide blotch has an upper portion of
magmetite (Mag) and chalcopyrite (Cpy). The scale bar is in centimeters.

Plate 3.38. Dl core segment from drill hole SYB-96-04 at 38.6 m. Large pyrehotite
(Po) blotch in center of photo, hosted in a fine-grained olivine gabbro, has an upper
chalcopyrite (cpy) rim. The scale bar is in centimeters

Plate 3.37 |
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Plate 3.39. Petrographic section from drillhole SVB-96-10 at 24.6 m (magnification =
2.5x,teflectng light). Pyrrhotie (Po) blotch with small chalcopymte (Cpy) exsolutions
pesent predominantly near the contact, Plagioclase grains e grown into the sulphide

boundary.

Silicate

Plate 3.40. Petrographic section from dril hole SVB-97-19 at 729.4 m (magnification =
2.5x,teflectng light). Edge of a pymhotite (Po) blotch with pentlandite (Pn) originating
intemnally and grown outwards to the edge. Chalcopyrite (Cpy) and magnefite (Mag) are
also adjacent to the sulphide boundary.
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Plate 3.41, Petrographic section from dril hole SVB-97-57 at 165.3 m (magification =
2.5x, reflecting light). Chalcopyrite (Cpy) and pentlandite (Pn) exsolutions formed on
the pyrehotite (Po)/ slicate (dark grey) boundary. Magneite (Mag) formed in the cracks
of the pentlandite.

Plate 342, Petrographic secton from drill hole SVB-96-02 at 69.15 m (magnification =
2.5%,reflectng light). Pentlandite (Pn) and chalcopyrte (Cpy) formed at the edge of
pyrthotit (Po). Magnetite (Mag) is present within cracks in the pentlandite and
chalcopyrite,
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Plate 343, Drill core from drill hole SVB-98-116 at 123.] m. Semi-massive sulphide
located above footwall contact, Sulphide comprised of mainly pyrhotite with minor (>
2%) chalcopyrite. Sulphide i hosted in a fine-grained olivine gabbro with minor geissic
contamination. The scale bar is in centimeters.

Plate 3.4. Drill core from drill hole SVB-98-113 centered at 100 m. Massive sulphide
intervals located just above the basement contact. Massive sulphide interval, comprised
of pyrrhotite and lesser chalcopyrite and pentlandite, has several nclusions. The scale
bar s in cenfimeters.

Plate 3.45. Drill core segment from drill hole SVB-98-113 at 1004 m. Massive
pyrehotite (Po) with lesser chalcopyrite and pentlandite. The darker spots are geissic
inhusions. Note the sharp rounded contacts between the sulphide and the inclusions.
The scale bar is in centimeters.

Plate 3.46. Drill core segments from drll hole SVB-97-75at ~ 175 m. High grade,
coarsely crystalline massive sulphide from a sulphide interval 13 meters below the

footwall contact. Photo courtesy of Dr. Andrew Ker, Department of Natural Resources.
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Plate 347, Petrographic section from drill hole SVB-98-102 at 183 m (magnification =
10, eflcting light). Massive pymhotte (Po) with exsolution lamellae of pentlandite
flemes (Pn).

Plate 3.48. Petrographic secton from il hole SVB-9761 at 123.2 m (magnificaion =
2.5x, refecting light). Massive pyrhoie with small exsolution rainsof pentlandite
(Pn) and chalcopyrite (Cpy) located adjacent to silicate inclusions.

Plate 349, Petrographic secton from dill hole SVB-97-15 at~ 175 m (magnification =
2.5, reflecting light). Massive sulphide with arge crystaline pentiandite (Pu) grain
located beween pyrhotit (Po) and chalcopyrite (Cpy). Magnetite (Mag) is present
within cracks of the pentlandite.

Plate 3.50. Petrographic secton from il hole SVB-97-15 at~ 175 m (magnifieation =
2.5x,reflecting ight). Massive sulphide comprised of chalcopyrite (Cpy) and pentlandite
(Pn). Pymhotite (Po) is present as rims around the pentlandite grais
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Plate 3,51, Petrographic section from drill hole SVB-97-75 at ~175 m (magnification =
10x, reflecting light). Massive sulphide comprised of pyrrhotite (Po), chalcopyrite (Cpy)
and lesser pentlandite (Pn). Note the exsobution lamellae of cubanite in chalcopyrite

Plate 3.52. Petrographic section from drill hole SVB-37-75 at ~ 175 m (magnification =
10x, rflecting light). Massive chalcopyrite (Cpy) with pymhotte (Po) formed at the
chalcopyrte grain boundaries.

Plate 3.53. Petrographic section from drill hole SVB-97-58 at 163.5 m (magnification =
10x, reflecting light). Silicate grains in massive sulphide. Chalcopyrite (Cpy) located in
the center of the plate is remobilized into the cracks developed into the silicate minerals

Plate 3,54, Petrographic section from drill hole SVB-97-75 at ~ 175 m (magnification =
2.5x, reflecting light). Edge of massive sulphide with chalcopyrite (Cpy) remobilized
between the silicate grain boundarics.
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Figure 3.9. Local geology of the NDT sulphide occurrences. Refer to the enclosed
geology map for location of figure.
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Plate 3.55. Photograph looking east along the NDT sulphide occurrences/gossans (seen in the
background). The North Gossan is separated from the South Gossan by a v-shaped wedge
of Churchill Province gneiss (seen in the foreground).
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Figure 3.10. Local geology of the Happy Face Lake sulphide occurrence. Refer to the
enclosed geology map for location of figure.
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Plate 3.56. Photograph looking northeast at the Happy Face Lake sulphide occurrence (seen
in the middle of photograph). Three Basal Gabbro subunits are observed here. The lower
Basal Gabbro contact was not observed. The upper contact is shown in the inset plate.
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Figure 3.11. Local geology of the GG sulphide occurrence. Refer to the enclosed geology
map for location of figure.
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Plate 3.57. Photograph looking northeast at the GG sulphide occurrence (seen in center of
photograph). The Leopard Textured gabbro subunit is between the Fine-grained Olivine
Gabbro subunit. The lower Basal Gabbro subdivision contact is scree covered.
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Figure 3.12. Local geology of the Mineral Hill sulphide occurrence. Refer to the enclosed
geology map for location of figure.
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Plate 3.58. Photograph looking northwest at the Mineral Hill sulphide occurrence. This
location is an excellent example of igneous layering. Inset plate shows a close-up view of
the contact between the Upper and Basal Gabbro subdivisions
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Chapter 4: Major, Trace, and Rare Earth Element Geochemistry
4.1 Introduction

In this chapter, the subunits of the Pants Lake Intrusion, gneiss of the Churchill
Province, and mafic dikes are examined on the basis of their major, trace, and rare earth
element (REE) geochemistry. The role of the geochemical data in this chapter is as
follows: 1) to define the chemical composition of the subunits, gneiss, and mafic dikes
within the map area, 2) to access the role of cumulate and accessory mineralogy in the
subunits, 3) to determine if chemical trends exist laterally or vertically within, or
between, subunits, 4) to access the degree of crustal contamination in the subunits, and 5)
to decipher the petrogenetic and metallogenetic controls on the formation of the various
subunits.

This chapter is organized into four sections. The list of elements, analytical
results, analytical procedures, precision, and accuracy are presented in Appendix B. The
first section describes and evaluates major and trace element geochemical data for
samples from the Upper Gabbro, the Basal Gabbro, the Churchill Province, and the mafic
dikes (refer to Appendix B.1). Data for this component were derived via the X-Ray
Fluorescence (XRF) analytical method on 123 pressed pellets following the procedures
outlined by Longerich (1995).

The second section of this chapter describes and evaluates REE data for the same
geological units (refer to Appendix B.2). This component utilizes data derived by Na,O»
sinter inductively coupled plasma-mass spectrometry (ICP-MS) techniques (after Jenner

et al., 1990) and is based on 18 samples.
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The third section of this chapter describes and evaluates the major and trace
element geochemistry of multiple olivine grains present in lithologies from four diamond
drill holes (SVB-96-04, SVB-96-09, SVB-98-102, and SVB-97-91) (Refer to Appendix
B.3). Olivine grains are analyzed by the laser ablation microprobe-inductively coupled
plasma-mass spectrometry (LAM-ICP-MS) method at Memorial University of
Newfoundland following the similar procedure outlined by Longerich ez al. (1991).

The final section of this chapter describes the metal tenor and metal distribution
within the Pants Lake Intrusion. This component utilizes data from XRF pressed pellet

analyses.

4.2 Major and Trace Element Geochemistry

Major and trace element geochemistry is widely accepted as a useful approach to
understanding the chemistry and petrogenesis of igneous rocks. The major and trace
element geochemistry presented in the following sections is interpreted to reflect the
cumulate compositions (e.g. plagioclase, olivine, clinopyroxene, biotite, sulphide, ezc.) of
the rocks belonging to the PLI, and therefore, does not likely represent liquid
compositions.

In the following sections, the Upper Gabbro, Basal Gabbro, and mafic dikes will
be evaluated using major and trace element geochemical data. In the case of the
Churchill gneiss samples, only a reconnaissance examination of the major and trace
elements is reported in this section. All major element data are reported in oxide wt %,
normalized to 100%, and volatile free. Trace element data, constituting < 0.1% of the

sample, are reported in parts per million (ppm). Discrimination-type diagrams, although
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used primarily for volcanic rocks (e.g. basalts, rhyolites, andesites, komatiites, efc.), are
used in this section as a cursory means of visualizing chemical affinities and associations
within the PLI. Considering that the mineral assemblage of the PLI is dominantly mafic
(i.e. olivine, pyroxene, plagioclase, etc.), MgO is used as an index to measure
fractionation and the effects of cumulus and accessory mineralogical trends. For that
purpose, MgO is plotted against several major elements (SiO,, FeO*, Na,O, TiO,, CaO,

Al,O3, MnO, K;0) and several trace elements (Cr, Ga, Sr, Rb, V, Cu, Ni, S).

4.2.1 Upper Gabbro Subdivision
4.2.1.1 Discrimination-Type Diagrams for Upper Gabbro Samples

Samples of the Upper Gabbro are plotted on four discrimination-type diagrams; 1)
Irvine and Baragar’s (1971) TAS diagram (Figure 4.1), 2) the Winchester and Floyd
(1977) diagram (Figure 4.2a), 3) Irvine and Baragar’s AFM diagram (1971) (Figure 4.2b),
and 4) Jensen’s (1976) tholeiitic versus komatiitic diagram (Figure 4.2c).

On the TAS (total alkalies versus silica) diagram (Figure 4.1), Upper Gabbro
samples (denoted by red dots) plot in the alkaline field, as do the majority of Pants Lake
Intrusion samples. However, it is certain that the SiO; concentrations determined by the
XRF method on pressed pellets are approximately 4 to 6 % lower than the actual SiO;
concentrations of the sample; therefore Upper Gabbro samples would plot in the
subalkaline field if the SiO; concentrations were corrected (see Figure 4.1 for elaboration
of the SiO; problem).

On the Winchester and Floyd (1977) ratio diagram of immobile elements (Z1/TiO;

versus Nb/Y), the Upper Gabbro samples plot in the andesite/basalt field, above the field
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for subalkaline basalts. The Winchester and Floyd diagram correlates well with the
assumption that Upper Gabbro rocks are subalkaline rather than alkaline. In this
diagram, there are two noticeable sample clusters reflecting variations in the Nb/Y ratios.
Sample clustering is prominent in several major and trace element plots depicted in
sections 4.2.1.2 and 4.2.1.3.

On the AFM (Na;O + K;0-FeO*-MgO) diagram (Figure 4.2b), the Upper Gabbro
samples cluster between the total Fe (FeO*) and MgO apex, with a slight calc-alkaline
affinity or shift towards the Na,O + K,O apex. This trend correlates with the
crystallization of intercumulate olivine and clinopyroxene (higher MgO) and plagioclase
crystallization (higher Na,O). Samples with elevated total Fe (FeO*) contain trace
amounts of sulphide or oxides (e.g. elevated magnetite + ilmenite contents).

The Upper Gabbro samples plot in a broad cluster within the komatiitic field on
the Jensen (1976) diagram, between the MgO and Al,Os; apexes, with a slight shift
towards the Al,O3 apex (Figure 4.2¢). This pattern of samples corresponds to the
crystallization of olivine (high MgO) and plagioclase (high Al,0O3). The two samples
that plot outside of this field are samples of medium-grained olivine gabbro containing

trace amount of sulphides and oxides (e.g. magnetite + ilmenite).

4.2.1.2 MgO versus Major Element Plots for Upper Gabbro Samples

The major elements SiO,, FeO*, Na,O, TiO,, CaO, Al;03, MnO and K;0 of
Upper Gabbro rocks are plotted against MgO on Figures 4.3a, b, c,d, e, f, g, and h,
respectively. On all element versus element plots, arbitrary lines denoting sample trends

are added, as well as mineral references to justify the likely increasing or decreasing
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chemical behavior of the rocks (refer to Table 4.1 for the range, mean, and standard
deviation of the selected major elements).

The MgO values for samples of the Upper Gabbro range between 2.88 wt % for
the least mafic samples and 12.50 wt % for the most mafic samples. Samples do not plot
evenly over this range, but are weakly divided into two clusters. This feature is also
recognized in the MgO versus major and trace element plots of Figures 4.3, 4.4, 4.6, and
4.7. The Mg #’s (i.e. MgO / [MgO + FeO*] x 100) of Upper Gabbro rocks range between
39.97 and 65.50.

It is apparent that the elements SiO,, Na,O, CaO, and Al,O; are negatively
correlated with MgQO. This signifies enrichment of these elements in plagioclase (+
pyroxene), and their negative correlation to MgO reflects the crystallization of olivine
(higher MgO) at the expense of plagioclase. The elements FeO* and TiO, positively
correlate with MgO reflecting the enrichment of these elements in either sulphide or
oxide phases with elevated olivine abundances. The elements MnO and KO are also
positively correlated to increasing MgO; however, this may not be a result of primary

igneous fractionation.

4.2.1.3 MgO versus Trace Element Plots for Upper Gabbro Samples

The elements Cr, Ga, Sr, Rb, V, Cu, Ni, and S of the Upper Gabbro rocks are
plotted against MgO on Figures 4.4a, b, c, d, e, f, g, and h, respectively, to show the
effects of mineral phases on trace element geochemistry. The existence of plagioclase

and pyroxene at the expense of olivine (or vice versa) is undoubtedly the greatest factor in
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explaining the chemical trends observed in these plots (refer to Table 4.2 for the range,
mean, and standard deviation of the selected trace elements).

The elements Cr, V, and Ni are positively correlated with MgO. Cr and Ni are
likely elevated due to the presence of oxide and sulphide phases; in addition, Ni is also
likely affected by the presence of olivine. The presence of pyroxene could likely be
responsible for increased concentrations of V. The elements Ga and Sr show a negative
correlation with MgO. Ga is good a monitor for the behavior of Al>O3, and Sr is like-
wise for the behavior of CaO. The elements Cu, S and Rb are relatively unchanged with
increasing or decreasing MgO. It is likely that the increasing Cu and S result from the
changing sulphide content. Rb is akin to the behavior of K,O and is likely a response to

the presence of alkali feldspars introduced to the magma by country rock assimilation.

4.2.2 Basal Gabbro Subdivision
4.2.2.1 Discrimination-Type Diagrams for Basal Gabbro Samples

Rock samples of the Basal Gabbro subunits are plotted on four discrimination-
type diagrams: 1) Irvine and Baragar’s (1971) TAS diagram (Figure 4.1), 2) the
Winchester and Floyd (1977) diagram (Figure 4.5a), 3) Irvine and Baragar’s AFM
diagram (1971) (Figure 4.5b), and 4) Jensen’s (1976) tholeiitic versus komatiitic diagram
(Figure 4.5c). Unlike the diagrams for the Upper Gabbro rocks where individual samples
have been plotted, the following diagrams in Figure 4.5 show the fields for the Basal
Gabbro subunits. Peridotite and semi-massive sulphide samples are plotted as individual
samples. The Upper Gabbro field is included with each diagram for reference and

comparison to the Basal Gabbro fields.
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On the TAS (total alkalies versus silica) diagram (Figure 4.1), the majority of
Basal Gabbro samples (refer to legend, Figure 4.1) are clustered in the alkaline field and
overlap with the Upper Gabbro field. One sample of the Gabbro Hybrid does plot outside
of the alkaline field into the subalkaline field. Three Gabbro Hybrid samples and two
footwall anorthosite samples show elevated concentrations of Na;O + K,0 and SiO; and
are similar, but slightly lower than the three samples of Churchill Province gneiss. As
stated in Section 4.2.1.1, it is certain that the SiO, concentrations determined by the XRF
method on pressed pellets are 4 to 6 % lower than actual concentrations and should plot
in the subalkaline field with Upper Gabbro samples if the SiO> concentrations are
corrected (see Figure 4.1 for further explanation of problem).

On the Winchester and Floyd (1977) diagram of immobile elements (Zr/TiO;
versus Nb/Y) (Figure 4.5a) the majority of Basal Gabbro samples are concentrated across
the andesite/basalt field (similar to the Upper Gabbro), with a moderate shift into the
andesite and subalkaline Basalt fields. The Transition Gabbro field is tightly clustered
and overlaps well with the Upper Gabbro field suggesting that the two rock types are
chemically similar. The Gabbro Hybrid field shows the greatest deviation from the
andesite/basalt field, reflecting the probable assimilation of Churchiil Province gneiss
(The effect of gneissic assimilation will be elaborated upon in Section 4.3). The Olivine
Gabbro is divided into two fields, both similar to the Upper Gabbro. Unlike the Upper
Gabbro, however, the Olivine Gabbro shifts into the andesite and subalkaline basalt
fields. The Leopard-Textured Gabbro is also divided into two fields, overlapping well
with the Olivine Gabbro and Upper Gabbro fields. The Medium-grained Gabbro field is

spread between the andesite/basalt field and the subalkaline Basalt field. Samples of
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semi-massive sulphide plot in the rhyodacite/dacite field, as does one sample of the
Gabbro Hybrid. Peridotite samples are clustered in the center of the andesite/basalt field
and overlap with each of the Basal Gabbro subunit fields and Upper Gabbro field.

The Basal Gabbro subunits fields are spread between the total Fe (FeO*) and
MgO apex on the AFM (NaO + K;0-FeO*-MgO) diagram (Figure 4.5b), and are only
slightly shifted toward the alkali (Na,;O + K,0) apex. Samples which trend towards the
FeO* apex are affected by the presence of sulphides or oxides. Alternatively, samples
trending towards the MgO apex are affected by increasing modal percentages of olivine.
The Transition Gabbro is the most tightly clustered of all the subunit fields and overlaps
well with the Upper Gabbro field. The Gabbro Hybrid field is dispersed between the
FeO* and MgO apexes, with a bias towards the FeO* apex and a slight shift towards the
Alkali apex. The Olivine Gabbro field shows the greatest spread, and there is a
noticeable shift towards all three apexes, with a modest bias towards the FeO* apex. The
Leopard-Textured Gabbro field is roughly linear between the FeO* and MgO apexes,
with a bias towards the FeO* apex, probably reflecting the variable sulphide content.
The Medium-grained Gabbro is divided into two fields; one field overlaps with all
subunit fields, whereas the second field, closer to the MgO apex, overlaps only with the
Olivine Gabbro field. This isolated Medium-grained Gabbro field contains samples with
the highest MgO contents of all rock types, corresponding to the elevated modal
abundance of olivine described in Section 3.5.2.5. Apart from one sample, all semi-
massive sulphide samples plot towards the FeO* apex because of their high sulphide

contents. Two peridotite samples overlap with the majority of rock associations;
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however, one peridotite sample is adjacent to the MgO-rich Medium-Grained Gabbro
field.

On the Jensen (1976) discrimination diagram, the Basal Gabbro subunit samples
plot in the tholeiitic and komatiitic fields with trends towards all three apexes (Figure
4.5c). The Transition Gabbro field is tightly clustered in the center of the diagram
(komatiitic field), overlapping with the Upper Gabbro, Olivine Gabbro and Gabbro
Hybrid fields. However, one sample of the Transition Gabbro plots within the tholeiitic
field and is strongly biased towards the FeO + Fe;O3; + TiO; apex. The Gabbro Hybrid is
divided into two fields. The first field is strongly komatiitic the second field is tholeiitic.
The Olivine Gabbro field shows the greatest dispersion of any rock association. The
Leopard-Textured Gabbro is also divided into two fields. One field is clearly within the
tholeiitic field, whereas the other field straddles the boundary between the two fields. As
on the AFM diagram, the Medium-Grained Gabbro is divided into two fields; one field
overlaps with the majority of rock fields, while the second field is highly anomalous in

MgO.

4.2.2.2 MgO versus Major Element Plots for Basal Gabbro Samples

The major elements Si0;, FeO*, Na,O, TiO,, Ca0O, Al;O3, MnO and K;0 of
rocks belonging to subunits of the Basal Gabbro are plotted against MgO. These plots
are illustrated in Figures 4.6a, b, ¢, d, e, f, g, and h respectively. Similar to the
discrimination plots illustrated in Figures 4.5a, b and c, the Basal Gabbro subunits are

shown as fields in the following major element plots in order to avoid congestion on the
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diagrams. The Upper Gabbro field is included in each plot for reference and comparison
to the Basal Gabbro subunits.

The MgO values for samples of the Basal Gabbro (excluding the semi-massive
and peridotite samples) range between 1.60 wt % for the least mafic samples (e.g. Gabbro
Hybrid) to 21.92 wt % for the most mafic samples (e.g. Medium-Grained Gabbro). The
Mg #’s (i.e. MgO / [MgO + FeO#*] x 100) of Basal Gabbro subunits range from 21.81 to
98.50. Table 4.3 presents the range, sample mean, and standard deviation of the major
element values for each Basal Gabbro subunit, as well as the semi-massive and peridotite
samples.

On the SiO; versus MgO diagram (Figure 4.6a), the majority of Basal Gabbro
samples are chemically similar to samples of Upper Gabbro and are negatively correlated
with MgO. The greatest overlap of the Basal Gabbro fields occurs at approximately 5 to
6 wt % MgO, and 37 to 42 wt % SiO,. Although clustering around the Upper Gabbro is
prominent, several samples of semi-massive sulphide are depleted in SiO, and MgO, and
therefore plot outside of this cluster. Two samples of the Gabbro Hybrid have the highest
SiO; concentrations (up to 49.78 wt %) but are depleted in MgO. Two samples of the
Medium-Grained Gabbro and one sample of the Olivine Gabbro have the highest MgO
values in conjunction with average SiO, concentrations of approximately 33 wt %.

On the FeO* versus MgO diagram (Figure 4.6b), all of the Basal Gabbro fields
overlap with the Upper Gabbro field and a positive trend of increasing FeO* with
increasing MgO is evident. This feature coincides with the crystallization of cumulate
olivine. At approximately 6 wt % MgO, a second trend is defined by increased FeO*

concentrations. This FeO* enrichment reflects the sulphide content within the samples.
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Semi-massive sulphide samples are the most enriched in FeO* but are depleted in MgO.
The Upper Gabbro field has the lowest FeO* values, apart from one sample of Transition
Gabbro.

On the Na,O versus MgO diagram (Figure 4.6c¢), all of the Basal Gabbro fields
overlap with the Upper Gabbro field and a negative trend of decreasing Na,O with
increasing MgO is evident. This feature is correlative to the crystallization of cumulate
plagioclase (high Na;O) versus the crystallization of olivines (high MgO). Although
most Basal Gabbro samples cluster around the Upper Gabbro field, there is a significant
scatter array for samples with > 7 wt % MgO. Notably, individual Olivine Gabbro,
Gabbro Hybrid and Medium-Grained Gabbro samples are depleted in Na,O, but are
enriched in MgO. The sulphide samples are depleted in both Na;O and MgO.

On the TiO; versus MgO diagram (Figure 4.6d), the Basal Gabbro fields are
closely associated to the Upper Gabbro field with only slight deviations. The most
obvious deviation (enrichment or depletion) of this trend is individual samples of semi-
massive sulphide, Medium-grained Gabbro and Gabbro Hybrid subunits. There are also
several Olivine Gabbro samples that also plot outside of this trend. A plausible reason
for this deviation is the varying concentration of Ti-bearing ilmenite and/or biotite within
the samples.

On the CaO versus MgO diagram (Figure 4.6¢), the Basal Gabbro samples are
closely associated with the Upper Gabbro field and a negative correlation of CaO to MgO
is evident. This trend may reflect the crystallization of pyroxene or plagioclase (high

Ca0) versus the crystallization of olivine (high MgO). Semi-massive sulphide samples
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are clearly depleted in CaO. Upper Gabbro samples have the highest concentration of
CaO (up to 10.67 wt %).

On the Al,O3 versus MgO diagram (Figure 4.6f), the Basal Gabbro samples are
closely associated to the Upper Gabbro samples and a negative correlation of Al,O3 with
MgO is displayed. At approximately 6 wt % MgO, the Basal Gabbro samples deviate
from this trend, notably with a depletion of Al,0O3;. Semi-massive sulphides are depleted
in Al,O3 with respect to the other sample fields.

On the MnO versus MgO diagram (Figure 4.6g), the Basal Gabbro samples are
closely associated with the Upper Gabbro samples and a positive trend is defined. Semi-
massive sulphides are the most depleted in MnO compared to the other samples.

Atypical of the overall sample population is one sample of the Transition Gabbro which
contains 30.83 wt % MnO; however, the reason for this is yet to be determined.

On the K,0 versus MgO diagram (Figure 4.6h), the Basal Gabbro samples are
similar to the Upper Gabbro samples and have relatively constant K>O values with
increasing MgO. However, for samples between 5 to 7 wt % MgO, the K,O
concentration significantly increases. Semi-massive sulphides normally have the highest

KO, apart from several individual samples of Gabbro Hybrid and Olivine Gabbro.

4.2.2.3 MgO versus Trace Element Plots for Basal Gabbro Samples

The trace elements Cr, Ga, Sr, Rb, V, Cu, Ni, and S of the Basal Gabbro rocks are
plotted against MgO on Figures 4.7a, b, ¢, d, e, f, g, and h, respectively. Similar to the
discrimination plots illustrated in Figures 4.5a, b, ¢, and the previous major element plots,

the Basal Gabbro subunits are shown as fields in the following trace element plots. The
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Upper Gabbro field is included in each plot for reference and comparison to the Basal
Gabbro subunits. Table 4.4 presents the range, sample mean and standard deviation of
the trace element values for each Basal Gabbro subunit, as well as the semi-massive and
peridotite samples.

On the Cr versus MgO diagram (Figure 4.7a), many of Basal Gabbro samples
show a positive correlation with Cr to MgO, similar to the Upper Gabbro field. All of
the Basal Gabbro fields overlap between 5 to 6 wt % MgO and Cr values averaging
approximately 55 ppm. Semi-massive sulphide samples have high Cr values (up to 285
ppm), and stable MgO values (>0.5 to 5 wt %). Two samples of Medium-Grained
Gabbro have Cr values between 150-160 ppm with high MgO values. One sample from
each of the Olivine Gabbro and Gabbro Hybrid subunits shows the highest Cr
concentrations (> 290 ppm).

On the Ga versus MgO diagram (Figure 4.7b), the Ga concentrations of the Basal
Gabbro samples show a negative correlation with MgO. Overall, the Basal Gabbro
samples overlap well with Upper Gabbro samples. Semi-massive sulphide samples are
the most depleted in Ga (< 5 ppm) compared to the other samples. Several outlier
samples associated with high MgO values are also depleted in Ga. At approximately 5-6
wt % MgO, there is a noticeable increase or decrease of Ga in the Basal Gabbro samples.
Gabbro Hybrid samples appears to have the highest concentration of Ga (up to 48 ppm).

On the Sr versus MgO diagram (Figure 4.7c) the Sr values of the Basal Gabbro
samples show negative correlation with MgO. The majority of Basal Gabbro samples

cluster between 2 to 8 wt% MgO and between 250 to 410 ppm Sr. Semi-massive
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sulphide samples are depleted in Sr (<160 ppm). Samples of Medium-Grained gabbro
and Gabbro Hybrid have the highest Sr values (> 500 ppm).

On the Rb versus MgO diagram (Figure 4.7d), the Rb concentrations of the Basal
Gabbro samples remain relatively constant with increasing MgO. Rb values of the
Gabbro Hybrid and semi-massive sulphide samples however, show positive correlations
with MgO. The Gabbro Hybrid, semi-massive sulphide and Olivine Gabbro samples
have the highest concentration of Rb. The Medium-Grained Gabbro samples do not
show any significant increase in Rb.

On the V versus MgO diagram (Figure 4.7¢), the Basal Gabbro samples overlap
with the Upper Gabbro field. Most of the Basal Gabbro samples cluster at the 2 to 4 wt
% MgO range and between the 100 to 200 ppm V range. The two samples of peridotite
are slightly higher than the average sample group. Samples of Olivine Gabbro and
Gabbro Hybrid have the highest concentration of V.

On the Log Cu versus MgO diagram (Figure 4.7f), the Basal Gabbro samples
show significant increases in Cu at the 5 to 6 wt% MgO range. The semi-massive
sulphide samples have the highest concentration of Cu. There are two sample clusters, a
clustering of samples at 800 ppm Cu, and a clustering of samples at 30 ppm Cu (constant
Cu with increasing Mg0O). Medium-grained samples and Olivine Gabbro samples show
the greatest deviation, that is, low MgO with low Cu, low MgO with high Cu, and high
MgO with high Cu values.

On the Log Ni versus MgO diagram (Figure 4.7g), the Basal Gabbro samples

show positive correlation of Ni with MgO. This feature is similar to the pattern depicted
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in the Log Cu versus MgO plot and reflects the concentration of Ni in both olivine and
sulphide phases.

On the Log S versus MgO diagram (Figure 4.7h), the Basal Gabbro samples
overlap and are significantly higher than the Upper Gabbro field and there is an apparent
clustering around the 4 to 6 wt% MgO range. This plot is akin to the Log Cu plot. There
is also a large spread of Cu values for samples with > 4 wt % MgO.

4.2.3 Mafic Dikes
4.2.3.1 Discrimination-Type Diagrams for Mafic Dike Samples

Five samples collected from mafic dikes are plotted on four discrimination-type
diagrams: 1) Irvine and Baragar’s (1971) TAS diagram (Figure 4.1), 2) the Winchester
and Floyd (1977) diagram (Figure 4.8a), 3) Irvine and Baragar’s (1971) AFM diagram
(Figure 4.8b), and 4) the Jensen (1976) tholeiitic versus komatiitic diagram (Figure 4.8c).

On the TAS (total alkalies versus silica) diagram (Figure 4.1), the mafic dike
samples, symbolized by red triangles, plot in the alkaline field with the majority of the
Pants Lake Intrusion samples. However, if the actual SiO, content is corrected, the
mafic dike samples will plot in the sub-alkaline field, as does the Pants Lake Intrusion
samples (see Figure 4.1 for elaboration of the SiO, problem).

On the Winchester and Floyd (1977) immobile element diagram (Zr/TiO, versus
Nb/Y) (Figure 4.8a), two mafic dike samples straddle the boundary between the andesite
and the andesite/basalt fields, and the remaining three samples plot in the andesite field.
This is similar to the plot of the Basal Gabbro samples; in particular, the Olivine Gabbro
and Gabbro Hybrid samples, in that, samples in the andesite field correlate with a higher

Nb/Y ratio.
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On the AFM (Na,O + K20 - FeO* - MgO) diagram (Figure 4.8b), all of the mafic
dike samples plot in the Tholeiitic field, between the total Fe (FeO*) and MgO apex, with
a slight shift towards the FeO* apex. This is consistent with samples of the Upper and
Basal Gabbro subdivisions.

On the Jensen (1976) diagram (Figure 4.8c), three mafic dike samples plot in the
komatiitic field and two mafic dike samples plot in the tholeiitic field. This is consistent
with samples of the Upper and Basal Gabbro subdivisions. In the same diagram, Upper
Gabbro samples dominate the komatiitic field whereas Basal Gabbro samples plot in both
fields. Basal Gabbro samples that plot in the tholeiitic field have higher abundances of

Fe-sulphides, oxides (ilmenite and magnetite) and probable country-rock contamination.

4.2.3.2 MgO versus Major Element Plots for Mafic Dike Samples

The major elements Si0,, FeO*, Na>O, TiO,, CaO, Al;03, MnO, and K,O of
mafic dike samples are plotted against MgO on Figures 4.9a, b, c, d, e, f, g, and h,
respectively. The MgO values for mafic dike samples range between 5.19 wt % for the
least mafic sample, and 9.33 wt % for the most mafic sample. The Mg #’s (ie. MgO /
[MgO + FeO*] x 100) of mafic dike samples range between 45.01 and 63.36. Refer to
Table 4.5 for the range, mean, and standard deviation of the selected major elements.

It is difficult to predict trends in the major element plots of the mafic dikes due to
the paucity of samples. Compared to similar plots of the Upper and Basal Gabbro rocks,
however, the mafic dike samples are more closely related to samples of the Basal Gabbro.
In particular, there is a close affinity of mafic dike samples with the Basal Gabbro

samples when the Na,O, TiO,, Al,03 and K;O versus MgO plots are compared.
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4.2.3.3 MgO versus Trace Element Plots for Mafic Dike Samples

The trace elements Cr, Ga, Sr, Rb, V, Cu, Ni, and S of the mafic dike samples are
plotted against MgO on Figures 4.10a, b, c, d, e, f, g, and h, respectively. Refer to Table
4.6 for the range, mean, and standard deviation of the selected trace elements.

Similar to the major element plots for the mafic dike samples, it is difficult to
predict trends in the trace element plots for the mafic dikes due to the insufficient number
of samples. When compared to similar plots of the Upper and Basal Gabbro samples, the
mafic dike rocks are more closely related to samples of the Basal Gabbro. This is

particularly true for the Cr, Rb, V, and S versus MgO plots.

4.2.4 Churchill Province Gneiss
4.2.4.1 Discrimination-Type Diagrams for Churchill Province Gneiss Samples

The four samples of Churchill Province gneiss are plotted on four discrimination-
type diagrams; 1) Irvine and Baragar’s (1971) TAS diagram (Figure 4.1), 2) Winchester
and Floyd (1977) diagram (Figure 4.5a), 3) Irvine and Baragar’s AFM diagram (1971)
(Figure 4.5b), and 4) Jensen (1976) tholeiitic versus komatiitic diagram (Figure 4.5c¢).
Although the later three diagrams are more applicable for mafic rocks akin to the PLI, the
gneissic samples are plotted in these diagrams as a means of comparison with mafic
samples from the Pants Lake Intrusion. Sample 97-61-46 contains a significant
concentration of sulphur (130 524 ppm) that effectively masks the concentrations of the
major and traces.

On the TAS (total alkalies versus silica) diagram (Figure 4.1), three gneissic

samples plot in the subalkaline field (high Na>O + K,0O and high SiO,) located outside of
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the field for the Pants Lake Intrusive samples. However, if the actual SiO;
concentrations of the samples were corrected, then the majority of PLI samples would
plot in the subalkaline field (see Figure 4.1 for elaboration of the SiO; problem). Three
samples of the Gabbro Hybrid subunit plot between the gneissic end-member and the PLI
end-member. This was expected however, because the Gabbro Hybrid samples do
contain gneissic inclusions.

On the Winchester and Floyd (1977) diagram of immobile elements (Zr/TiO,
versus Nb/Y) (Figure 4.5a), three gneissic samples plot in the rhyodacite/dacite field and
one sample plots in the trachy-andesite field. This is similar with the semi-massive
sulphide samples and one sample from the Gabbro Hybrid subdivision.

On the AFM (Na,O + K20 - FeO* - MgO) diagram (Figure 4.5b), the gneissic
samples are widely spaced with two samples plotting in the tholeiitic field and two
samples plotting in the calc-alkaline field. Sample 97-61-46 plots near the FeO* apex
due to the high sulphide content. A second sample plots mid-way between the FeO* and
Na,O + K,0 apex. The remaining two gneiss samples plot in the middle of the diagram.

On the Jensen (1976) diagram (Figure 4.5c), the four gneiss samples do not have
any particular affinity for either field. Two samples plot in the komatiitic field with the
main cluster of PLI samples, whereas the remaining two samples are divided; one sample
plots close to the FeO + Fe;O5 + TiO, apex suggesting sulphide and/or oxide influence,

the other sample plots mid-way between the Al,O; and FeO + Fe;O3 + TiO, apex.
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4.2.5 Element Distribution and Contamination Effects

In the previous sections of this chapter, geochemical plots using major and trace
element data provided insight into the chemical and mineral behavior of the units
described in Chapter 3. In this section, the same geochemical data will be utilized for
slightly different purposes, that is: 1) to chemically characterize the internal Pants Lake
Intrusion sequence as defined in Chapter 3, 2) to document the major and trace element
abundances in each of the mineralized zones (i.e. NDT, NAI, HFL, ezc.), and 3) to
determine if country rock assimilation had any effect on the major and trace element

geochemistry of the PLI.

4.2.5.1 Internal Stratigraphic Variations in Element Abundances

On the histograms of Figure 4.11, rocks of the entire PLI sequence (refer to
Figures 3.4 and 3.5) are quantified using the calculated mean concentrations of major
element and trace element geochemical data as illustrated on Tables 4.1 to 4.6. These
histograms are similar to the plots used by Lightfoot and Naldrett (1999), Lesher (1989),
MacDonald (1999) efc., to effectively illustrate chemical trends versus depth within an
intrusion. The histograms representing the internal stratigraphic sequence of the PLI
illustrate a number of important general features. These features are discussed in the
following paragraphs.

It is apparent from the histograms of Figure 4.11 that the Basal Gabbro is slightly
more mafic than the Upper Gabbro, and the distinction between the two subdivisions is
gradational rather than definitive. This is inferred by the decreasing modal abundance of

plagioclase and pyroxene (as indicated by the histograms for SiO,, Na,O, Al,03, CaO,
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and Sr showing an abundance decrease), and is countered by the increasing modal
abundance of olivine (as indicated by the histograms for MgO, FeO*, and Ni showing an
abundance increase). .MgO is probably the best indicator of mafic affinity, and as the
histogram for MgO indicates, the Medium-Grained gabbro subunit is by far the most
mafic. These features are consistent with petrographic observations discussed in Section
3.5 (Geological Subdivisions and Petrography of the Pants Lake Intrusion).

As indicted by the histograms, the sulphur and metal contents (illustrated by the
elements S, Ni, Cu = FeO) of the Basal Gabbro are significantly greater than the Upper
Gabbro by at least 50%, and the Ni, Cu, and S ratios are similar among each rock type.
The highest metal and sulphur tenors are exhibited by the Leopard Gabbro, whereas the
second highest is the contributed to the Medium-grained subunit. Massive and semi-
massive sulphide samples, not shown on these diagrams, have the highest metal tenors.
The Churchill Province Gneiss shows slight enrichment in these elements, whereby the
mafic dikes are similar to Upper Gabbro abundances.

The chemical effects of country rock assimilation on the PLI are also noted in the
histograms of Figure 4.11. Relative to the PLI, the Churchill Province gneiss is elevated
in K»O, Si0,, Rb, and Cr. As expected, the Gabbro Hybrid, Medium-grained Gabbro,
and Mafic dike ( Olivine Gabbro) rock types are also elevated in this element suite due
to the assimilation from the Churchill Province in these elements. Cr and K,;O appear to
be the best indicators of contamination. Surprisingly, the Upper Gabbro is elevated in

Rb, comparable to the abundance in the Gabbro Hybrid subunit.
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4.2.5.2 Spatial Variations of Element Abundance

This section is based on a series of fourteen histograms (Figures 4.12a to 4.12n)
portraying the average element (MgO, Fe;03, TiO3, K>0, NayO, Zr, Rb, and Ga)
abundances in the units (namely Upper Gabbro, Basal Gabbro, Churchill Province)
sampled within the seven mineralized regions of the PLI (i.e. NDT, NAI, HFL, GG, MG,
WG, and MH; see Figure 3.1). Each histogram includes a vertical reference line that
represents the average major and trace element value for the entire geochemical data set
(excluding the data from Churchill Province gneiss). The purpose of these histograms is
to gauge the average element compositions for each of the mineralized regions described
in Chapter 3, and to determine if the PLI is chemically homogeneous or diverse. Table
4.7, 4.8, and 4.9 lists the average major element and trace element abundances for rocks
from the mineralized regions for the Upper Gabbro, Basal Gabbro, mafic dikes, and
Churchill Province gneiss. The following text summarizes the main points provided by
each histogram depicted in Figures 4.12a to 4.12n.

The MgO abundance of each region within the PLI is fairly constant, and in all but
a few cases, is close to the average wt% recorded for the PLI (i.e. 6.68%). The MgO
content of the Upper Gabbro, Transition Gabbro, and Gabbro Hybrid rocks for each
region is slightly below the average with few exceptions. The MgO contents of the
Olivine Gabbro, Leopard Gabbro, and Medium-Grained Gabbro show a slight to
significant increase compared to other rocks in the regions. Rocks of the Olivine Gabbro
in the NDT and Major General regions (Figure 4.12g), as well as rocks of the Mineral

Hill region (Figure 4.12k), are significantly higher than their counterparts.
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The Fe; O3 abundance of each region within the PLI is fairly homogeneous and in
many cases is close to the average wt% recorded for the PLI (i.e. 13.74 %). As expected,
the Fe,O; contents of the Upper Gabbro rocks for most regions are below average
whereas the Fe, O3 content of most rocks belonging to the Basal Gabbro subdivision are
close to, or exceed the average wt %. The regions containing the Leopard Gabbro
subdivision (excluding Mineral Hill; Figure 4.12i) have the highest average Fe,Os, as
does the Churchill Province gneiss sample from the Happy Face Lake region (Figure
4.12m). This is likely an effect of high sulphide content.

The TiO; abundance of each region within the PLI is fairly consistent and there is
not much deviation from the average wt% recorded for the PLI (i.e. 1.61 %). In the
majority of cases (PLI and Churchill Province rocks), the average wt% per region is
below the average wt% recorded for the PLI. However, the TiO, abundance of Gabbro
Hybrid rocks of the GG region (Figure 4.12¢) is well above the other rock-types for each
region resulting in a higher recorded average.

The K50 abundance of each region within the PLI is stable and in most cases,
deviates little from the recorded average wt% for the PLI (i.e. 2.38%). The K,O
abundances for Gabbro Hybrid rocks of the NAI and GG regions (Figure 4.12¢), as well
as Olivine Gabbro rocks of the NAI region (Figure 4.12g) exceed the average PLI
composition. This is also the case for the Churchill Province rocks (Figure 4.12m).

The Na»O abundance of each region in the PLI is very stable and there is not
much variation from the average wt % recorded for the PLI (i.e. 2.38 %). However,
rocks of the Churchill Province gneiss have a much broader range (Figure 4.12m) than

rocks of the PLI.
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The Zr abundance of each region shows a broad range as compared to the average
wt % recorded for the PLI (i.e. 75.73 ppm). The Upper Gabbro rocks for all regions are
below average (Figure 4.12b), as is the case for the Leopard-Textured Gabbro rocks
(Figure 4.12j). The Transition Gabbro, Gabbro Hybrid, and Olivine Gabbro rocks types
show much greater range of Zr abundances for each region (Figure 4.12d, 4.12f, 4.12h
respectively). The Gabbro Hybrid and Olivine Gabbro rock-types for the NAI region are
well above the other rock types for each region. The Churchill Province gneiss samples
far exceed the Zr abundances in the mafic rocks of the PLI (Figure 4.12n).

The Rb abundance of each region is comparable to the Zr abundance such that
both elements have a broad range compared to the average wt % recorded for the PLI (i.e.
12.74 ppm). The Upper Gabbro samples from each region are below average, with
exception of Upper Gabbro rocks of the Mineral Hill region that exceed the average
(Figure 4.12a). The Transition Gabbro, Leopard Gabbro, and Medium-grained Gabbro
rock-types for each region are consistently below average (Figure 4.12d, 4.12j, 4.121
respectively). Typically, the Gabbro Hybrid and Olivine Gabbro rock types are close to
the average (Figure 4.12f and 4.12h), however the NAI region is well above average for
these two rock types and the HFL region is above average for the Gabbro Hybrid rock-
type. The Churchill Province gneiss rocks far exceed the Rb abundances for the mafic
rocks of the PLI (Figure 4.12n).

The Ga abundance of each region within the PLI is very stable and there is not
much variation from the average wt % recorded for the PLI (i.e. 22.23 ppm). This feature

is similar to the Na,O abundance of the PLI and Churchill Province samples.
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4.3 Rare Earth Element Geochemistry

The rare earth elements (REE) comprise a series of isovalent (3+) high field
strength elements (HFSE) with atomic numbers 57 to 71 (Lanthanum to Lutetium)
(Rollinson, 1993). Elements with low atomic numbers (i.e. 57 to 60; La, Ce, Pr, Nd) are
referred to as the light rare earth elements (LREE), whereas elements with higher atomic
numbers (i.e. 68 to 71; Er, Tm, Yb, Lu) are referred to as the heavy rare earth elements
(HREE) (op cit). Rare earth elements have similar chemical and physical properties
arising from the common 3+ ions; however, it is the slight differences of the REE that
enable them to be used as good petrological indicators (Cerium and Europium exists in
oxidation states other than 3+, that is Ce** and Eu*") (op cif).

Rare earth element abundances in rocks are normalized to a common reference
standard (e.g. chrondritic meteorites, primitive mantle) and are presented on
concentration (logarithm to the base 10) versus increasing atomic number (Lanthanum to
Lutetium) diagrams. Trends on a REE diagram are referred to as REE patterns and the
shape of the REE pattern often reflects petrological processes (op cif). Another way of
presenting REE data is on a multi-element diagram based upon a grouping of elements
incompatible with respect to typical mantle mineralogy (op cir).

In many cases, Europium is outside of the general trend defined by the other REE.
This feature is referred to as a Europium anomaly. Europium anomalies may be
quantified by comparing the measured concentration (referred to as Eu) with an expected
concentration obtained by interpolating between the normalized values of Samarium (Sm)
and Gadolinium (Gd) (referred to as Eu*). The ratio of Eu/Eu* is a measure of the

Europium anomaly; a value greater than 1.0 indicates a positive anomaly, and a value less
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than 1.0 is a negative anomaly. Rollinson (1993) suggested using the geometric mean
and calculated the Europium anomaly by the following equation:
EwEu* = Eux/ V[(Smn)(Gdy)]

The degree of fractionation as detailed by Rollinson (1993) of a REE pattern can
be expressed by the ratio of the normalized LREE (eg. La or Ce) to the HREE (eg. Yb or
Y). The ratio (La/Yb)y is often plotted against either Cey or Yby on a bivariant graph
and is a measure of the degree of REE fractionation with changing REE content. Similar
diagrams may be constructed to measure LREE fractionation [(La/Sm)y versus Smy],
HREE fractionation [(Gd/Yb)n versus Ybn], and Eu anomaly [(La/Sm)n versus (EwWEu*)]

in individual REE patterns (op cif).

4.3.1 REE Geochemistry in this Study

REE geochemistry, like major and trace element geochemistry, is widely accepted
as a useful approach to understanding the chemistry and petrogenesis of igneous rocks.
As a reminder, in this study the REE geochemistry reflects the cumulate and lesser
intercumulate compositions of the rocks and therefore, does not represent parental magma
compositions.

In the following sections, the Upper Gabbro, Basal Gabbro, mafic dikes and
Churchill Province gneiss are evaluated using REE geochemical data. The REE data are
presented on REE diagrams (Figures 4.13a to 4.13c) and multi-element diagrams (Figures
4.14a to 4.14d) normalized to the primitive mantle values of Sun and McDonough
(1989). The complete REE data set is provided in Appendix B.2. Normalized REE

ratios and Europium anomalies are presented in Table 4.10.
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4.3.1.1 Primitive Mantle Normalized REE Diagrams

On the primitive mantle-normalized REE diagram of Figure 4.13a, the four
samples of the Upper Gabbro subdivision define a coherent geochemical suite that exhibit
REE patterns that decrease slightly from the LREE to the HREE. The LREE are 8.87-
7.03 times primitive mantle values [(La/Yb)y = 2.23-2.73; (Ce/Yb)n = 2.09-2.51;
(La/Sm)y = 1.42-1.61)] and the HREE are 4.10-3.55 times primitive mantle values
[(Gd/Yb)n = 1.42-1.47]. These samples have slightly positive Eu anomalies (Ew/Eu* =
1.15-1.36).

On the primitive mantle normalized REE diagram of Figure 4.13b, the eight
samples of the Basal Gabbro subunits (Transition Gabbro, Gabbro Hybrid, Leopard
Gabbro, Olivine Gabbro, Medium-Grained Gabbro) have similar REE patterns as
exhibited by the Upper Gabbro subdivision samples on Figure 4.13a. For the Transition
Gabbro samples, the LREE are 10.36-8.31 times primitive mantle values [(La/Yb)n =
2.27-2.46; (Ce/Yb)y = 2.11-2.26; (La/Sm)y = 1.44-1.52)], the HREE are 4.93-4.26 times
primitive mantle values [(Gd/Yb)n = 1.42-1.44], and the Eu anomalies (EwEu* = 1.12-
1.17) are just slightly positive. For the Gabbro Hybrid samples, the LREE are 7.31-5.36
times primitive mantle values [(La/Yb)n = 2.59-2.74; (Ce/Yb)n = 2.32-2.45; (La/Sm)y =
1.69-1.71)], the HREE are 2.94-2.70 times primitive mantle values [(Gd/Yb)y = 1.33-
1.38], and the Eu anomalies (Ew/Eu* = 1.20-1.53) are slightly positive. For the Leopard
Gabbro samples, the LREE are 7.80-5.61 times primitive mantle values [(La/Yb)y = 2.27;
(Ce/Yb)n =2.43; (La/Sm)n = 1.77)], the HREE are 3.13-2.84 times primitive mantle
values [(Gd/Yb)n = 1.37], and the Eu anomaly (Euw/Eu* = 1.35) is slightly positive. For

the Olivine Gabbro samples, the LREE are 14.23-8.98 times primitive mantle values
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[(La/Yb)n = 3.81-3.83; (Ce/Yb)n = 3.23-3.35; (La/Sm)y = 2.02-2.32)], the HREE are
4.10-3.72 times primitive mantle values [(Gd/Yb)n = 1.32-1.54], and the Eu anomalies
(EwWEu* = 1.11-1.25) are slightly positive. For the Medium-Grained Gabbro samples,
the LREE are 19.96-14.70 times primitive mantle values [(La/Yb)ny = 7.13; (Ce/Yb)n =
6.66; (La/Sm)y = 2.08)], the HREE are 3.42-2.70 times primitive mantle values
[(Gd/Yb)n = 2.37], and the Eu anomaly (Ew/Eu* = 1.19) is slightly positive.

On the primitive mantle normalized REE diagram of Figure 4.13c, three samples
of Churchill Province gneiss, two samples of mafic dikes, and one sample of semi-
massive sulphide are plotted together. For the single massive sulphide sample, the LREE
are 4.38-1.51 times primitive mantle values [(La/Yb)y = 11.37; (Ce/Yb)n = 8.22;
(La/Sm)y = 6.48)], the HREE are 0.33-0.41 times primitive mantle values [(Gd/Yb)y =
1.13], and the Eu anomaly (Ew/Eu* = 1.12) is slightly positive. For the Churchill
Province samples, the LREE are 59.56-23.84 times primitive mantle values [(La/Yb)n =
21.02-38.57; (Ce/Yb)n = 16.26-28.85; (La/Sm)n = 4.44-5.26)], the HREE are 2.49-2.43
times primitive mantle values [(Gd/Yb)n = 0.67-0.97], and the Eu anomalies (EwWEu* =
0.67-0.97) are slightly negative. For the mafic dike samples, the LREE are 20.58-12.06
times primitive mantle values [(La/Yb)y = 6.09-7.15; (Ce/Yb)n = 5.18-5.97; (La/Sm)n =
2.38-2.80)], the HREE are 3.42-3.11 times primitive mantle values [(Gd/Yb)n = 1.78-
1.81], and the Eu anomalies (Euw/Eu* = 1.01-1.03) are slightly positive.

It is apparent that the REE abundances, REE patterns, and magnitude of the Eu
anomalies of the samples utilized in this study are controlled by their modal mineralogy.
The Upper Gabbro, Basal Gabbro, and mafic dike samples exhibit slight to moderate

LREE enrichment, positive Eu anomalies, and overall low total REE enrichment with
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respect to primitive mantle (Figure 4.13d) indicative of a common source region. The
Churchill Province samples are unlike the other samples within this suite, exhibiting
significant total REE enrichment with respect to primitive mantle and corresponding
negative Eu anomalies. In general, there appears to be a REE transition developed
within this suite of samples from low total REE with positive Eu anomalies to a high total
REE with negative Eu anomalies, more precisely; Upper PLI <« Transition Gabbro,
Gabbro Hybrid, Leopard Gabbro « Olivine Gabbro, Medium-Grained Gabbro < mafic

dikes «» Churchill Province gneiss.

4.3.1.2 Multi-Element Normalized Diagrams

On the primitive mantle-normalized extended trace element diagram of Figure
4.14a, the four samples of the Upper Gabbro subdivision define a uniquely similar
geochemical suite with low total element abundances and a generally flat to slightly
negative slope from the least compatible to the more compatible elements (left to right).
The Upper Gabbro samples also have strong to weak positive Ba, Pb, Sr and Eu
anomalies, and pronounced negative Cs, U, Th, Nb, and Zr anomalies with respect to
primitive mantle.

The nine samples of the Basal Gabbro subunits (Transition Gabbro, Gabbro
Hybrid, Leopard Gabbro, Olivine Gabbro, Medium-Grained Gabbro, Semi-Massive
Slphide) are plotted on the primitive mantle normalized extended trace element diagram
of Figure 4.14b. The Transition Ge'lbbro, Gabbro Hybrid and Leopard Gabbro have
similar low to moderate total elemental abundances and a slightly negative slope from the

least compatible to the more compatible elements. These samples have positive Rb, Pb,
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Sr and Eu anomalies, negative U, Nb, and Zr anomalies, and variable Cs content with
respect to primitive mantle. The two Olivine Gabbro samples are similar to the patterns
of three previously discussed Basal Gabbro subunits but with a higher total elemental
abundance. For one of the Olivine Gabbro samples (sample 98-102-155) the
incompatible elements Cs, Rb, and Th are elevated compared to the other samples in this
plot (Note: sample 98-102-155 contains up to 5% digested gneissic fragments). The
single Medium-Grained Gabbro sample also has a similar pattern of the other Basal
Gabbro samples but with some minor differences. The Medium-Grained Gabbro has the
highest total element abundance from the entire Basal Gabbro sample suite; in addition, it
does not have such a pronounced negative Nb and Zr anomaly as pronounced as the other
samples. The single semi-massive sulphide sample has the lowest total element
abundance but shares a similar pattern to the other Basal Gabbro samples. The main
differences between the semi-massive sulphide samples and other samples from the Basal
Gabbro are the negative Ba and Sr, and flat Zr anomaly.

On the primitive mantle normalized REE diagram of Figure 4.14c, three samples
of Churchill Province gneiss and two samples of mafic dikes are plotted together. The
two samples of mafic dikes define a uniquely similar geochemical suite with high total
element abundances and a large negative slope from the least compatible to the more
compatible elements (left to right). The mafic dike samples also have strong to weak
positive Rb and Pb anomalies, and pronounced negative Nb and Zr anomalies with
respect to primitive mantle. The three samples of Churchill Province gneiss also define
a uniquely similar geochemical suite with high total element abundances and a large

negative slope from the least compatible to the more compatible elements. The
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Churchill Province samples also have weak to strong positive Th and Pb anomalies, and
negative Ba, Nb and Sr anomalies.

The remaining primitive mantle normalized REE diagram, Figure 4.14d, plots the
average Voisey’s Bay Intrusion and Mushuau Intrusion data from Li et al. (2000) for
comparative purposes in the final chapter of this study. In general, the total elemental
abundances and patterns exhibited by the Voisey’s Bay and Mushuau data are comparable

to the subunits of the Basal Gabbro.

4.4 Contamination Trends using Major, Trace and REE Geochemistry

The elements CaO, KO, Sr, Rb, Zr, Cr,Y, and Nb are utilized to illustrate the
effects of gneissic contamination on the geochemistry of rocks of the Pants Lake
Intrusion. The aforementioned elements were selected because of the contrast in
abundances reflecting the differing mineral compositions between PLI samples and
Churchill Province samples.

To illustrate contamination trends, all of the available XRF geochemical data are
plotted on bivariate plots, namely: 1) [CaO + (Sr x 10)] versus [K,0 + (Rb x 10)] (Figure
4.15a), 2) Zr versus K,O (Figure 4.15b), 3) Cr versus Rb (Figure 4.15¢), and 4) Rb versus
(Y + Nb) (Figure 4.15d). It is assumed that the chemistry of samples bearing gneissic
inclusions (e.g. Gabbro Hybrid) and samples in direct contact with the Churchill Province
(e.g. Semi-massive sulphide, mafic dike) should differ significantly from samples not
exhibiting country-rock contamination (e.g. Upper Gabbro).

On each of the four plots (Figures 4.15a to 4.15d), a general trend defining two

end members is observed; Churchill Province gneiss and Upper Gabbro (for clarity, the
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Churchill Province rocks are outlined and termed “CP Gneiss field”). In most instances,
the gap between the end members is bridged by samples of Basal Gabbro. A second
generalization pertaining to these diagrams is the Gabbro Hybrid, Semi-massive sulphide,
mafic dike, and a few Olivine Gabbro samples trend toward and commonly plot within
the “CP Gneiss field”. These two generalizations concur with the assumption stated in
the previous paragraphs regarding contamination. However, there are a small number of
Upper Gabbro samples that plot near the “CP Gneiss field”, and though this does not
conform to the general assumption, this variance may result from the same processes
experienced by the Basal Gabbro, but on a lesser scale. It is plausible that
contamination may occur at the uppermost interface between the magma and country-
rock, but is not as evident as in the Basal Subdivision due to the present-day erosion
level.

The effects of contamination are further illustrated in Figure 4.16 (Yb versus Ce
plot) and Figure 4.17 (La/Sm versus Th/Nb plot). For comparison, the Voisey’s Bay
Intrusion data (Li et al., 2000) are included on both figures. Figure 4.16 utilizes the ratio
of Ce (light rare earth element) and Yb (heavy rare earth element) to distinguish magma
types and trends. On Figure 4.16, PLI data from previous studies (MacDonald, 1999;
Wilson, 1998) are included to establish the ranges of the North Gabbro (Ce/Yb = 5 to 7.8)
and the South Gabbro (Ce/Yb = 20 to 28). Overlapping with the North Gabbro trend are
nine samples denoted as Upper Gabbro and Basal Gabbro (this study). However, not all
PLI rocks follow the North Gabbro path. Two Olivine Gabbro (BGS, North Gabbro)
samples plot outside of the North Gabbro, and two mafic dike samples and one Medium-

grained Gabbro (drill hole SVB-97-79) sample plot within the range of the South Gabbro.
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The South Gabbro also overlaps with the range of the Varied Textured Troctolites (VTIT)
(Ce/Yb =22 to 27) and Normal Textured Troctolites (NTT) (Ce/Yb =26 to 31) of the
Voisey’s Bay Intrusion. The single Churchill Province sample is outside of all ranges
(Ce/Yb ~ 65) described above. Based on the Ce to Yb ratios, samples of the Medium-
Grained Gabbro (South Gabbro) and mafic dikes show a closer affinity to the Churchill
Province sample, suggesting that there was significant interaction between these units.
On Figure 4.17, the North Gabbro samples cluster near the apex, equivalent to low
La/Sm and Th/Nb ratios. The Churchill Province samples however, have high La/Sm
and Th/Nb ratios, similar to the results reported by Li ez al. (2000) for Tasiuyak
paragneiss samples collected within the perimeter of the Voisey’s Bay Intrusion. Two
mafic dike samples and one Olivine Gabbro sample plot between the North Gabbro and
Churchill Province field. This is similar to the trend observed in the Yb versus Ce
diagram (Figure 4.16). The main difference between the trends of the two diagrams is
the affiliation of the South Gabbro sample with the trend of the Voisey’s Bay troctolitic
rocks (low Th/Nb ratios). The South Gabbro sample does not show closeness to the

contamination trend indicated on Figure 4.17.
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4.5 Olivine Geochemistry of the Pants Lake Intrusion
4.5.1 Introduction to LAM-ICP-MS Technique

Laser Ablation Microprobe - Inductively Coupled Plasma - Mass Spectrometry
(LAM-ICP-MS) has become more frequently utilized over the last decade to accurately
and precisely measure trace-element mineral concentrations in situ at very low limits of
detection when compared to other analytical techniques (e.g. electron microprobe,
solution ICP-MS, pressed pellet and fused disk XRF), LAM-ICP-MS has several distinct
advantages (Longerich et al., 1995).

In general, the LAM-ICP-MS technique uses a focused, pulsed laser beam
directed onto the surface of a solid whereby plasma is produced and the ablated material
is carried via an airtight, continuous gas flow chamber to the ICP-MS (the LAM-ICP-MS
technique will be elaborated on in Appendix B.3). Various minerals (silicates,
carbonates, phosphates, oxides, sulphides), silicate glasses, and materials ranging from
otoliths to metals have been studied using this method (web site: http://
www.esd.mun.ca/~ mpoujol/AGG/test/laser.htm; Longerich et al., 1995). The LAM-
ICP-MS technique has become the preferred method of choice for studies of partition
coefficients between minerals, and elemental concentrations and zoning within mineral
grains (e.g. Canil and Fedortchouk, 2001; Blundy e al., 2000; Brenan et al., 2003; Eggins
et al., 1998; Sylvester and Eggins, 1997).

For trace element determinations in olivine grains, the electron microprobe has
routinely been utilized (e.g. MacDonald, 1999; Naldrett, 1999; Li et al., 2000).
However, the LAM-ICP-MS method is equally effective and can also routinely achieve a

wider array of trace and REE elements at much lower detection limits.

Chapter 4 — Page 33



4.5.2 Olivine Geochemistry in this Study

In this study, the LAM-ICP-MS method was utilized to measure major (MgO,
FeO, Si0,) and trace (Ni, Cu, Co) element concentrations in olivine grains selected from
drill core samples of the PLI. The primary purpose is to determine the relationships of
Ni and forsterite (MgO and FeO) abundances in olivine grains collected from the PLI and
to make some inferences regarding magma processes.

The locations of the drill holes (SVB-96-04, SVB-96-09, SVB-97-91, SVB-98-
102) utilized for this study are shown in Figure 4.18, and the actual sample locations
within the drill holes where the grains were sampled are shown on Figure 4.19. Drill
holes were selected on the basis of spatial distribution throughout the PLI, whereas
samples were selected to obtain a representative sample suite within the Upper and Basal
Gabbro subdivisions.

In total, 124 euhedral olivine grains from 20 samples were ablated and analyzed
using the LAM-ICP-MS method (Table 4.11 provides the number of olivine’s ablated per
sample). Olivine grain compositions were found to be fairly homogeneous; however,
studies by MacDonald (1999) and Naldrett (1999) indicated that some olivine grains are
actually chemically zoned. Their interpretative approach was to derive average element
concentrations for olivine grains from a particular sample; this approach will also be used
by the author. The major and trace element LAM-ICP-MS data for this study are shown
in Table B.3. Data of average element and average forsterite values are presented in

Table 4.11.
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4.5.3 Results of Olivine Geochemistry Study

The maximum and minimum average ranges for the entire Pants Lake Intrusion
olivine sample suite determined in this study are 20.63-13.33 wt% MgO, 55.63-34.81
wt% FeO, 644.6-63.86 ppm Ni, 12.54 ppm to < detection limits for Cu, 296.6-166.7 ppm
Co, and 58.40-31.70 mole % forsterite (refer to Table 4.11). Due to their low values in
olivine, Cu data will not be discussed further. In addition, only the Ni and forsterite
contents will be described for the various subdivisions and accompanying diagrams.

The maximum and minimum average values for olivine samples classified as
Upper Gabbro are 644.6-63.86 ppm Ni and 58.40-31.70 mole % forsterite. For the Basal
Gabbro samples, the ranges are 560.1-76.70 ppm Ni and 56.70-33.20 mole % forsterite.
The maximum and minimum average values for olivine samples from each drill hole are
as follows; SVB-96-04: 644.7-188.8 ppm Ni and 58.40-42.20 mole % forsterite, SVB-96-
09: 545.6-95.57 ppm Ni and 56.70-37.20 mole % forsterite, SVB-98-102: 244.5-105.4
ppm Ni and 48.60-36.30 mole % forsterite, and SVB-97-91: 255.3-63.86 ppm Ni and
54.60-31.70 mole % forsterite. The Spearman ranked correlation coefficient (r’)
between Ni and forsterite for each drill hole is as follows; SVB-96-04 (r') = -0.54, SVB-
96-09 (r') = +0.53, SVB-98-102 (r') = +0.40, and SVB-97-91 (r') = +0.90.

The drill profiles of Figure 4.20 plot depth versus average mole % forsterite and
Ni. In the profile of SVB-96-04, the upper interval shows a reverse of the normal
differentiation trend, that is, decreasing Fo with increasing depth from Upper Gabbro to
the center of the Basal Gabbro. Naldrett (1999) suggested that such features result from
fluxes of hotter, new magma entering the sill. The fractionation trend observed in the

upper interval of SVB-96-04 is unlike what is observed in the other drill holes (SVB-96-
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09, SVB-98-102, SVB-97-91) in which normal fractionation trends of increasing Fo with
increasing depth are present, starting from the Upper Gabbro downwards to the center or
near center of the Basal Gabbro. For normal fractionation