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ABSTRACT

The Aucoin gold prospect is located 70 km west of the community of Hopedale in the southwest Archean Nain Province
of Labrador (NTS 13N/6), near the southern extremity of the Torngat orogen. Mineralization consists of anastamosing, dis-
continuous, northeast- and northwest-trending orogenic quartz veins (typically <60 cm wide) proximal to, and within, a <5-
m-thick, southeast-trending shear zone associated with chlorite—ankerite—epidote—talctphengite alteration. Elevated gold
correlates with silver and tellurium, reflected by argentiferous electrum and petzite (Ag;AuTe,) inclusions in sulphides and in
rutile replacing ilmenite. Alteration and mineralization are hosted in _four rock types. The oldest is massive to weakly foliat-
ed, medium-grained, alkali clinopyroxene—hornblende syenite that is strongly enriched in incompatible elements. The syenite
is intruded by sinuous, non-chilled dykes of medium-grained, silica-undersaturated, clinopyroxene—hornblende monzodiorite
that has ocean island basalt (OIB) affinity. These rocks are intruded by a <50-m-thick, irregular sill of medium-grained, sili-
ca-undersaturated, hornblende—porphyritic monzogabbro sharing an affinity with alkaline lamprophyres. The youngest rocks
are thin (<5 m), epidote-altered and quartz-veined, northwest-trending diabase dykes tentatively assigned to the 2235 Ma
Kikkertavak (dyke) swarm.

U-Pb SHRIMP II zircon geochronology indicates that the syenite intruded the Mesoarchean Maggo gneiss at <2567 + 4
Ma. This is contemporaneous with granulite-facies metamorphism and granitic magmatism reported in the Hopedale block,
corresponding with an interval interpreted to record late Archean reworking along the Saglek—Hopedale boundary zone sub-
sequent to amalgamation of the Nain Province. The *“Ar/*Ar step-heating analysis of phengite from altered syenite yielded a
plateau age of 1873 = 6 Ma, broadly corresponding with early events in the Torngat orogen and collision of the southeast
Churchill Province core zone with the Nain Province (ca. 1870-1850 Ma). This Paleoproterozoic interval is widely recognized
as a global, ‘gold fertile’ metallogenetic time and highlights the potential for comparable mineralization along the Torngat
orogenic front.

INTRODUCTION et al. (1993) noted a number of gold-in-lake sediment anom-
alies in the region, and publication of this report was fol-
lowed by mineral claims staking by Ascot Resources Ltd.
(Sandberg, 1995). Prior to these regional surveys, the only
mineral exploration work comprised the Labrador-wide,
reconnaissance work of Brinex and Kennco on vast mineral

concessions during the 1950 to 1970s (see Ryan, 1984).

The Aucoin prospect (UTM 602424E 6136064N:
NAD?27, zone 20) is located in a remote area of Labrador,
~70 km west of the community of Hopedale (NTS 13N/6;
Figure 1). This part of Labrador has been mapped only at a
regional scale (1:250 000 or 1:100 000: Taylor, 1977; Hill,

1982; Thomas and Morrison, 1991; Ermanovics, 1993) and
modern and detailed regional geochemical and potential
field data are largely lacking. The area is covered by a
regional National Reconnaissance Program lake-sediment
survey (one sample per 13 km’: Hornbrook and Lund, 1978;
Friske et al., 1993) and regional, 800-m-line spacing aero-
magnetic data are also available (Teskey ef al., 1982). Friske

Since then, mineral exploration in the NTS map area 13N/6
has been more vigorous, and sporadic investigations on the
Aucoin prospect have continued. Work by mineral explo-
ration companies on the prospect has generated new infor-
mation about the geology of the area (Sandberg, 1995;
Lehtinen and Weber, 1996; Lehtinen, 1997; Dyke and
Hussey, 2003; Dyke, 2004; Hussey and Moore, 2005,
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Figure 1. A) Simplified, compiled geological map of the area around the Aucoin prospect. Data sources include: Hill (1982);
Thomas and Morrison (1991); Ermanovics (1993); Sandberg (1995); Lehtinen and Weber (1996),; Lehtinen (1997); Hussey
and Moore (2005, 2006a), and B) Simplified lithotectonic map of Labrador showing the location of the Aucoin prospect with
respect to major geological terranes and tectonic boundaries (after Wardle et al., 2002).
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2006a, b). This industry-generated information, along with
field, petrographic and electron microprobe imagery con-
ducted in 2010 by the author was summarized and discussed
by Sandeman and Rafuse (2011). That investigation con-
firmed the alkaline character of the host rocks and it was
hypothesized that these rocks might form part of the Nain or
Harp Lake plutonic complexes. It was tentatively suggested
that gold mineralization might also be petrogenetically asso-
ciated with the alkaline rocks. Altius Resources Incorporat-
ed has since conducted a reconnaissance exploration pro-
gram over the prospect area, the results of which are not yet
publicly available.

A preliminary U-Pb SHRIMP II age for zircon from the
Aucoin syenite and a “Ar/*Ar step-heating age date for ran-
domly oriented phengite alteration of mineralized syenite
are presented. The report also provides robust lithogeo-
chemical data, including precious metals, for the alkaline
intrusive rocks. The lithogeochemical data are available in
an affiliated open file report (Sandeman, in press). The rocks
that host the Aucoin prospect are petrochemically unusual,
late Archean alkaline plutonic rocks that are, to the best of
our knowledge, the first of their kind documented in
Labrador. The mineralization is, however, significantly
younger than the alkaline hosts and the spatial relationship
is either entirely fortuitous or is a function of the relative
competency of the host rocks. Further documentation of the
Aucoin mineralization may help to provide alternative
exploration targets for potential discovery of comparable,
precious-metal mineralized systems in vastly under-
explored Labrador. Examination of the regional structural
controls on shear zone development and vein emplacement
would be an important future avenue of research, in partic-
ular, for Paleoproterozoic, Torngat orogen-related mineral-
izing systems along the western margin of the Nain
Province.

REGIONAL SETTING

The Nain Province of Labrador consists of two major
Archean crustal fragments, the Saglek and Hopedale blocks,
which are inferred to have been juxtaposed in the late
Archean, along a poorly defined, north-northeast-trending
high-strain corridor termed the Saglek—Hopedale boundary
zone (Figure 1: Connelly and Ryan, 1996; Wasteneys et al.,
1996; James et al., 2002). The Aucoin prospect lies in the
westernmost Hopedale block, ~10 km southeast of the
Saglek—Hopedale boundary zone, but also approximately 12
km east of the north—south-oriented, tectonic boundary
between the Nain craton, Torngat orogen and the southeast-
ern Churchill Province (Figure 1, inset). The study area lies
near the intersection of regional, 1:250 000 scale and 1:100
000 scale maps of Ermanovics (1993) and Thomas and Mor-
rison (1991), respectively. The rocks around the Aucoin

prospect were described as lithologically diverse, retrograde
metamorphosed, relict granulite-facies granitoid rocks
flanked on all sides by the heterogeneous Maggo tonalite
orthogneiss (Ermanovics, 1993). The latter included a num-
ber of well preserved and reworked variants. Amphibolite
units were interpreted as remnant rafts (Weekes amphibo-
lite), inferred to represent dismembered components of the
ca. 3000 Ma, Hunt River belt (Ermanovics, op. cit.; James
et al., 2002). Near Hopedale, these Mesoarchean rocks are
crosscut by the northeast-trending, 2235 + 2 Ma Kikker-
tavak dyke swarm (Ermanovics, 1993; Cadman et al.,
1993). In the area of the Aucoin prospect, an array of
north-northwest-trending, subvertical diabase dykes were
interpreted by Ermanovics (1993) as possibly representing a
second, roughly orthogonal set assigned to this suite. This
hypothesis, however, requires confirmation via U-Pb
geochronology.

Twelve kilometres southwest of the Aucoin prospect,
the boundary between the southeast Churchill and Nain
provinces and the Torngat orogen is stitched by the
anorthosite-mangerite—charnockite—granite  association
(AMCG) rocks of the ca. 1460 Ma Harp Lake intrusion
(Emslie, 1980). Along the northern portion of the boundary
between the Saglek and Hopedale blocks, Archean gneisses
are intruded by similar rocks of the long-lived, ca.
1351-1292 Ma Nain Plutonic Suite (Hill, 1982; Ryan et al.,
1991; Thomas and Morrison, 1991) and by the ca.
1293-1271 Ma Flowers River intrusive complex (Hill,
1982; Brooks, 1982, 1983; Krogh, 1993; Thomas and Mor-
rison, 1991) to the north of the Aucoin prospect. All rocks of
the region, with the apparent exception of the Flowers River
intrusive complex, are cut by the northeast-trending, tholei-
itic Harp dykes (Hill, 1982) dated at ca. 1273 Ma (Cadman
et al., 1993).

GEOLOGY OF THE AUCOIN PROSPECT

The hills immediately surrounding the Aucoin prospect
(Figures 1 and 2) are underlain by five distinct rock types.
The oldest rocks are grey, heterogeneous hornblende+
clinopyroxene+ biotite-bearing tonalitic Maggo orthogneiss
containing centimetre- to decametre-scale screens and
schlieren of fine- to medium-grained amphibolite inferred to
represent dismembered Weekes amphibolite (Ermanovics,
1993; Finn, 1989; Sandeman and Rafuse, 2011). The Maggo
gneiss is intruded by pink-buff coloured, generally medium-
grained, massive to weakly foliated or lineated, biotite+
magnetite—ilmenite+clinopyroxene+hornblende syenite
(Plate 1A). The syenite contains relatively common, irregu-
lar lenses or magmatic enclaves of fine- to medium-grained
monzodiorite, and locally varies on the outcrop-scale to
quartz syenite or patches and veins of syenogranite peg-
matite (see Hussey and Moore, 2005). The syenite contains
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Figure 2. Detailed geology of the Aucoin prospect showing
the locations of industry drill collars and lithogeochemical
samples from this investigation.

abundant, large anhedral grains of perthite and very minor
quartz. Accessory phases include: common anhedral grains
of ilmenite and magnetite, locally mantled by anhedral sec-
ondary titanite and uncommon, subhedral blocky apatite and
zircon.

Syenite is commonly crosscut by generally thin (<2 m)
sinuous, anastamosing dykes of fine-grained biotite+mag-
netite—ilmenite+hornblende+clinopyroxene monzodiorite.
These lack chill margins, but have relatively abrupt, locally
scalloped and/or gradational contacts with the host syenite.
The monzodiorite comprises: ~45% feldspar consisting of
abundant untwinned or simply twinned orthoclase with less
common lamellar twinned plagioclase; ~20% elongate,
euhedral, dark-green to pale-green pleochroic Ferroan horn-
blende; ~20% prismatic, pale-green to yellow titaniferous
clinopyroxene; ~10% anhedral grains of integrown mag-
netite-ilmenite and; <5% small anhedral biotite (Plate 1B).

88

Short stubby apatite grains are the only noted accessory
mineral.

Immediately north and east of the Aucoin prospect is an
irregular, <50-m-thick, southeast-trending sill or sheet of
green-black, medium- to coarse-grained, hornblende—por-
phyritic magnetite—ilmenite+clinopyroxene monzogabbro
(Plate 1C). This rock type contains euhedral, poikilitic (<6
mm) phenocrysts of brown-green Ferroan hornblende
(Barkevikite?) having green mantles, euhedral, pink to pale-
orange titaniferous clinopyroxene (<2 mm) and, abundant,
subhedral magnetite and ilmenite and intergrown
ilmenite—magnetite (<2 mm). These are all surrounded by a
matrix consisting of oikocrystic, lamellar-twinned plagio-
clase, with less common potassium feldspar and rare
anhedral pyrite and chalcopyrite. Abundant euhedral apatite
and rare zircon are the only other notable accessory phases.
Outcrop exposures and drillcore suggest that the monzogab-
bro sill trends southeast, dips moderately southwest and
passes relatively abruptly upward into syenite.

All of these rocks are crosscut by two sets of green-
black, subvertical mafic dykes that have prominent chill
margins. The most common variety of dyke trends
north-northwest (ca. 150-120°/90°) and comprises weakly
plagioclase—porphyritic, —ilmenite-magnetite+actinolite
(clinopyroxene)-bearing diabase (Plate 1D). These were ten-
tatively interpreted as a second, orthogonal set of dykes cor-
related with the Kikkertavak (dyke) swarm (Ermanovics,
1993). A single, southwest-trending (230°/80°NW) green
dyke (<25 cm wide) was noted by Hussey and Moore
(2005), but not during this investigation. Whether the south-
west-trending dyke is contemporaneous with the northwest-
trending set is unknown, but its orientation resembles that of
the younger Harp dykes.

The undulated upper contact zone between the syenite
and the monzogabbro sill comprises a sheared, quartz-
veined and phengite+chlorite+ankeritetepidote+talc-altered
zone that hosts much of the gold mineralization and is
termed the Aucoin shear zone (ASZ). In contrast to the
coarse-grained igneous rocks and diabase dykes, the ASZ is
moderate to strongly schistose. The orientation of the ASZ,
as determined from drillhole intersections (Sandberg, 1995)
is ~158/44°SW, however, a similar, strongly schistose zone
with abundant sigmoidal quartz veinlets was noted at sur-
face (location HS10-178: Figure 2) and trends ~288/76°NE.
Quartz veins, proximal to the shear zones, exhibit two dis-
tinct orientations. Deformed, thin (<20 cm), discontinuous,
ribboned and sigmoidal, white quartz veins generally paral-
lel the northwest-trending fabric in the shear zones (see Fig-
ure 6A; Sandeman and Rafuse, 2011). In contrast, wider
(typically <60 cm) white and massive, north-northeast-
trending quartz veins occur in syenite and monzodiorite in
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Plate 1. Photomicrographs of representative fresh rock-types that host the Aucoin prospect. A) Weakly foliated, medium-
grained clinopyroxene—hornblende syenite (HS10-1804); B) Medium-grained hornblende—clinopyroxene monzodiorite dyke
cuts syenite (HS10-180B); C) Medium-grained hornblende porphyritic monzogabbro intersected in drillhole AR96-04 (AR96-
04_25.3 m); and D) Fine-grained, green, diabase dyke with chill margins (HS10-180C). Mineral abbreviations after Kretz
(1983).

the hanging wall of the shear zones (southwest). The veins
and their adjacent altered wallrock locally contain up to 10-
15% disseminated euhedral pyrite along with minor chal-
copyrite and rare galena. Visible gold has been reported
from the sulphidic margins of some of these veins (Sand-
berg, 1995; Dyke, 2004) and grab samples have yielded up
to 477 g/t Au and >100 g/t Ag (Hussey and Moore, 2005).

U-Pb GEOCHRONOLOGY

ANALYTICAL METHODS

Sensitive High Resolution Ion MicroProbe (SHRIMP
IT) analyses were conducted at the Geological Survey of
Canada using analytical and data reduction procedures
described by Stern (1997) and Stern and Amelin (2003).

Zircons from the Aucoin syenite sample (GSC lab number
z10413) and fragments of the GSC laboratory zircon stan-
dard (z6266 zircon, with **Pb/?*U age = 559 Ma ) were cast
in an epoxy grain mount (GSC mount IP587), polished with
diamond compound to reveal the grain centres, and pho-
tographed in transmitted light. The mount was evaporative-
ly coated with 10 nm of high purity Au, and the internal fea-
tures of the zircons were characterized with backscattered
electrons (BSE) and cathodoluminescence (CL) utilizing a
scanning electron microscope (SEM). Analyses were con-
ducted using a primary beam projected onto the zircons with
an elliptical spot size of 13 x 16 um (K100). The count rates
of ten isotopes of Zr", U’, Th', and Pb" in zircon were
sequentially measured with a single electron multiplier. Off-
line data processing was accomplished using customized in-
house software. The SHRIMP II analytical data are present-
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ed in Table 1. Common-Pb-corrected ratios and ages are
reported with lo analytical errors, which incorporate an
external uncertainty of 1.0% in calibrating the standard zir-
con (see Stern and Amelin, 2003). Analyses of a secondary
zircon standard (Temora 2) were interspersed between the
sample analyses to verify the accuracy of the U-Pb calibra-
tion. Using the calibration defined by the z6266 standard,
the weighted mean **Pb/>*U age of the analyses of Temora
2 zircon on the grain mount was determined to be 415.2 +
3.4 Ma. The accepted **Pb/**U age of Temora 2 is 416.5 =
0.22 Ma, based on 21 isotope dilution fractions (Black et al.,
2005). Isoplot v. 3.00 (Ludwig, 2003) was used to generate
the concordia and cumulative probability plots (Figure 3).
The error ellipses on the concordia diagram are displayed at
2c.

RESULTS FOR SAMPLE AR96-01-65M (Z10413)

A sample of clinopyroxene—hornblende syenite (AR96-
01-65m (z10413): UTM NAD 27 zone 20 602400E -
6136000N) was collected for U-Pb geochronology and lith-
ogeochemistry from diamond-drill core, 30 m down-hole
from the contact between carbonate-altered hornblende—
porphyritic monzogabbro and medium-grained horn-
blende—clinopyroxene syenite. This fresh syenite is petro-
graphically and geochemically similar to the mineralized
syenite.

Abundant zircon grains of variable morphology were
retrieved from the sample including euhedral prismatic and
stubby prismatic grains, equant multifaceted crystals, as
well as subrounded grains. The BSE-SEM images reveal
faint growth zoning in many of the zircon grains (Figure
3A). The U-Pb SHRIMP II analyses yield a wide range of
Archean data (2.74-2.54 Ga: n=49, Table 1, Figure 3). A
weighted average of the *’Pb/**Pb ages of the youngest clus-
ter of concordant, overlapping data is calculated to be 2567
+4 (MSWD = 1.1, probability of fit = 0.38, n=11). It is pos-
sible that this represents the age of the syenite, however, as
there is a large range in the determined ages, it is possible
that all of the zircons analyzed are inherited in origin. The
resultant age of 2567 + 4 Ma is, therefore, interpreted to rep-
resent a maximum age for the Aucoin syenite.

“Ar/*Ar THERMOCHRONOLOGY

The “Ar/*Ar age was obtained at Queen’s University
“Ar/*Ar Thermochronology Laboratory. Mineral separates
and flux-monitors (standards) are wrapped in Al-foil,
stacked sequentially into an 8.5-cm-long and 2.0-cm-diam-
eter Al irradiation capsule, and then irradiated with fast neu-
trons in position 8D of the McMaster Nuclear Reactor
(Hamilton, Ontario) for a duration of 72 h (at 3 MWH).
Packets of flux monitors are located at ~0.5 cm intervals
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along the irradiation container and the J-value for an indi-
vidual sample is determined by least-squares, second-order
polynomial interpolation using replicate analyses of splits
for each monitor position in the capsule.

The samples are loaded into flat-bottomed pits in a cop-
per sample-holder and placed beneath the ZnS view-port of
a small, bakeable, stainless-steel chamber connected to an
ultra-high vacuum purification system. Following bake out
at 100°C, a 30 watt New Wave Research MIR 10-30 CO,
laser with a faceted lens is used to heat samples for ~3 min-
utes at increasing percent power settings (2 to 45%; beam
diameter 3 mm). After purification using hot and cold SAES
C50 getters (for ~5 minutes), the evolved gas is admitted to
an MAP 216 mass spectrometer, with a Baur Signer source
and an analog electron multiplier (set to a gain of 100 over
the Faraday detector).

Measured argon-isotope peak heights are extrapolated
to zero-time and corrected for discrimination using a
“Ar/**Ar atmospheric ratio of 295.5 and measured ratios of
atmospheric argon. Blanks, measured routinely, are sub-
tracted from the subsequent sample gas-fractions. The
extraction blanks are typically <10 x 10%, <0.5 x 10", <0.5
x 105, and <0.5 x 10® cm™ STP for masses 40, 39, 37, and
36, respectively. The *Ar and *’Ar are corrected for radioac-
tive decay during and after irradiation. Corrections are made
for neutron-induced “Ar from potassium, *Ar and **Ar from
calcium, and **Ar from chlorine (Roddick, 1983; Onstott et
al., 1991). Dates and errors are calculated using the proce-
dure of Dalrymple ef al. (1981) and the constants of Steiger
and Jager (1977). Plateau and inverse isotope correlation
dates are calculated using ISOPLOT v. 3.60 (Ludwig, 2008).
A plateau is herein defined as 3 or more contiguous steps
containing >50% of the *Ar released, with a probability of
fit >0.01 and MSWD <2.

Errors shown in Table 2 and in Figure 4B represent the
analytical precision at 2o, assuming that the errors in the
ages of the flux monitors are zero. This is suitable for com-
paring within-spectrum variation and determining which
steps form a plateau (e.g., McDougall and Harrison, 1988,
page 89). The dates and J-values are referenced to GA1550
biotite (98.5 Ma; Spell and McDougall, 2003) and Hb3Gr
hornblende (PP-20; 1073.6 Ma; Jourdan et al., 2006). The
gas steps 4 to 21 were used in the calculation of the plateau
age and are marked by bold type in Table 2 and by shaded
boxes in Figure 4B.

The “Ar/*Ar laser step-heating age was determined for
a white mica grain separate (175-250 um) extracted from
sample HS10-177B, a medium-grained, altered syenite that
occurs in the structural hanging wall of the Aucoin prospect
(Figure 2). This sample, which yielded 102 ppb Au, is dom-
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U-Pb SHRIMP data
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Figure 3. 4) BSE-SEM images of representative zircons
from the Aucoin syenite (AR96-01-65 m: z10413), scale
bars are 20 um; B) U-Pb concordia diagram of zircon
analyses from the syenite; and C) Cumulative probability
plot of zircon ages from the syenite. Only analyses that are
<5% discordant are included in this plot.
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inated by very-fine-grained, randomly oriented white mica
(Figure 4A) that has been demonstrated using visible/infra-
red spectrometric analysis to be phengite (Sandeman and
Rafuse, 2011). The phengite is typically <400 pm in long
dimension, of suitable size to ensure a relatively pure min-
eral separate. The grain separate, therefore, represents a
phengite concentrate and contains a small volume of other
fine-grained mineral phases. These consist dominantly of
albite and minor quartz and contain no appreciable K,O and
will not contribute radiogenic *Ar to the step-heating age.

The criteria for a plateau were fully satisfied by the gas-
release spectra for sample HS10-177B (Table 2; Figure 4).
The phengite separate yielded a hump-shaped, somewhat
irregular argon release spectrum (Figure 4B). The low
apparent ages for the first three gas steps abruptly rise to a
rough plateau for the remainder of the fractions. Each indi-
vidual gas fraction is characterized by a relatively large
error, thus the plateau age has a correspondingly large error.
Gas release steps 4 through 21 yield a plateau age of 1873 +
6 Ma, representing 86.9% of the *Ar released (MSWD =
0.85: POF = 0.63), overlapping, within error, the total gas
integrated age of 1862 + 12 Ma. This is interpreted as the
time at which the phengite cooled through ~300°C
(McDougall and Harrison, 1988; Reynolds, 1992) and hence
the time of hydrothermal alteration of the syenite. The prox-
imity of the sample of altered syenite to the Aucoin shear
zone and its accompanying array of weakly sulphidic, aurif-
erous quartz veins suggest that the alteration was synchro-
nous with deposition of gold, silver and tellurium.

PETROCHEMISTRY

ANALYTICAL METHODS

Thirty seven lithogeochemical samples were obtained
from rocks exposed at the Aucoin prospect. These include:
eleven sulphide-poor and sulphide-bearing quartz veins; ten
altered and fresh syenites; ten altered and fresh monzogab-
bros; one fine- to medium-grained monzodiorite that
intrudes the syenite and; five northwest-trending diabase
dykes. All specimens were submitted for determination of
their major-, trace-, rare-carth eclement (REE) and gold
pathfinder-element contents. Complete analytical methods
are given in Sandeman (in press).

These data are supplemented by four relatively com-
plete, lithogeochemical analyses published in mineral explo-
ration assessment reports (Lehtinen and Weber, 1996;
Hussey and Moore, 2005), as well as partial ICP-OES and
Au fire assay results (Sandberg, 1995; Dyke and Hussey,
2003; Dyke, 2004; Hussey and Moore, 2006a, b). Samples
of the diabase dykes are compared, where data is available,
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Figure 4. A) Photomicrograph of syenite HS10-177B show-
ing the extensive replacement of the matrix by intimately
intergrown phengite (high birefringent laths), albite, quartz
and magnetite-ilmenite. Note the quartz vein at lefi; and B)
“Ar/°Ar age spectrum for a phengite grain separate from
syenite sample HS10-177B.

to the KK subgroup of the Kikkertavak (dyke) swarm of
Cadman et al. (1993). Dykes belonging to the CR subgroup
of the Kikkertavak (dyke) swarm are lithogeochemically
distinct from the diabase dykes in this investigation (Cad-
man et al., op. cit.). The entire dataset is available in Sande-
man (in press).

COMMENTS ON ELEMENT MOBILITY
AND ALTERATION

Alteration at the Aucoin prospect is typically restricted
to rocks proximal to and structurally overlying the Aucoin
shear zone. The shear zone and much of the structurally
overlying syenite are typically characterized by abundant,
northeast- and northwest-trending, locally sulphidic quartz
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veins and associated alteration (e.g., Turpin showing and
veins to southeast of Aucoin: Figure 2). Strong, chlorite—
ankerite—epidote—talctphengite alteration of the upper por-
tions of the monzogabbro sill, and extensive phengite—car-
bonate alteration of the overlying syenite indicate that cau-
tion must be employed in the interpretation of the petro-
chemistry of these rocks. Altered examples show more vari-
ability in their SiO,, Al,O,, CaO, K,0, Na,O and large ion
lithophile element (LILE: Rb, Sr, Ba, Cs) abundances than
fresh rocks (Sandeman, in press). Fresh samples preserve
less variable abundances of the major elements and LILE
and appear to represent primary magmatic compositions.
The immobile major and trace elements, along with the
high-field strength (HFSE) and rare-earth elements (REE),
show more systematic behaviour for all samples and these
provide the firmest basis for petrogenetic interpretation of
the rocks.

COMMENTS ON ELEMENT ASSOCIA-
TIONS IN MINERALIZATION

Whole-rock lithogeochemical sulphide-rich and sul-
phide-poor quartz vein samples, along with industry ICP and
fire assay rock data from the Aucoin prospect and the affili-
ated Turpin showing are plotted in log-log plots (Figure 5).
The data indicate that only the elements silver (Ag) and less
so tellurium (Te) are correlated with gold (Au) at Aucoin
(Figure 5). The extensive replacement of the ferromagnesian
silicates as well as feldspars in the altered rocks by hydrous
phases such as phengite, chlorite and talc, the elevated LOI
(loss-on-ignition) contents of these rocks and relatively
abundant secondary calcite indicate that an increase in
volatile constituents is also a characteristic feature of the
Aucoin alteration.

ROCK CLASSIFICATION AND MAJOR-
AND TRACE-ELEMENT VARIATIONS

Most of the fresh rocks, with the exception of the dia-
base dykes, are alkaline, quartz-poor to absent syenite, mon-
zonite, monzodiorite/gabbro and feldspathoid-bearing mon-
zodiorite/gabbro (ijolite or essexite: Figure 6A). Two sam-
ples of felsic rocks analyzed by Ascot Resources (Lehtinen
and Weber, 1996) and Cornerstone Resources (Hussey and
Moore, 2005) are alkali-feldspar granite and alkali-feldspar
granite pegmatite, respectively. The monzogabbro exhibit
elevated Nb/Y characteristic of alkali basalt, whereas the
monzodiorite has lower Nb/Y. The syenite samples also
have low Nb/Y but exhibit elevated Zr/TiO, typical of
andesite and dacite (Figure 6B: Pearce, 1996). The five dia-
base dykes are basalts or gabbro (Figure 6A, B) and exhibit
strong FeO" and TiO, enrichment with low Nb/Y ratios indi-
cating that they are subalkaline, tholeiitic basalts (Pearce,
1996).
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Figure 5. Log-log plots for samples collected during this
investigation compared to industry data. A) Ag vs Au; and
B) Te vs Au.

The paleotectonic setting of the rocks are tested using
major- and trace-element discrimination diagrams. The
monzogabbro, monzodiorite and syenite fall within the alka-
line field in Figure 7A. The syenites plot in the calc-alkaline
fields in Figure 7B and C, whereas the monzogabbros and
monzodiorite are OIB to E-MORB in the Th-Zr-Nb dia-
gram of Wood ef al. (1979) and intercontinental rift to con-
tinental basalts in the La—Y-Nb diagram of Cabanis and
Lecolle (1989). The diabase dykes fall within the MORB-
continental tholeiite field in the V-Ti plot (Figure 7A: Sher-
vais, 1982), are N-MORB-E-MORB varying to volcanic arc
basalts in the Th—Zr—Nb diagram (Figure 7B: Wood et al.,
1979), whereas they are dominantly continental basalts
ranging to volcanic arc basalts in the La—Y—Nb tectonic dis-
crimination diagram (Figure 7C: Cabanis and Lecolle,
1989).

Selected major, compatible and incompatible trace ele-
ments for all Aucoin samples are plotted (Figure 8) against
MgO wt.%. The fresh rocks define restricted clusters or
arrays in major- and trace-element space. Fresh syenite has
elevated SiO, (57.5-62.8 wt.%), Al,O; (14.63-15.04 wt.%),
Na,O (3.06-3.95 wt.%), K,O (6.43-7.56 wt.%) and P,O;
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Figure 6. Chemical classification of rocks hosting the
Aucoin gold prospect. A) Total alkalies versus SiO, (wt. %)
plutonic rock classification diagram (Wilson, 1989) and; B)
TiO,/Zr vs Nb/Y immobile element classification plot
(Pearce, 1996). A field for, or alternatively where data is
limited, individual samples of the KK dykes of Cadman et al.
(1993) are shown for comparison.

(0.48-1.10 wt.%) but lower concentrations of the other
major elements relative to the monzodiorite/gabbro. Syenite
exhibits linear negative correlation with MgO for most
major and trace elements with the exception of SiO,, Na,O,
K,0, and Rb. Monzogabbro has low SiO, (33.2-41.8 wt.%)
and Al,O, (2.9-10.6 wt.%), variable MgO (5.2-19.7 wt.%),
high FeO" (12.1-22.8 wt.%), strongly elevated TiO, (1.89-
8.17 wt.%) and variable Na,0O/K,O (0.02-2.19) and LOI
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Kikkertavak dykes (Cadman, et al., 1993).

(0.39-12.5 wt.%). Altered monzogabbro is characterized by
lower TiO, (1.38-5.98 wt.%: mean = 3.57 wt. %), FeO"
(12.05-16.90 wt.%) and Na,O/K,O (0.02-1.38: mean=0.84)
but elevated volatiles (LOI = 1.41-12.5 wt.%: mean = 9.32
wt.%) whereas other major elements are at similar abun-
dances to the fresh samples. The sample of medium-grained
clinopyroxene—hornblende monzodiorite is distinct from
monzogabbro in having higher SiO,, Al,0; and Na,O, but
lower MgO, CaO, FeO" and TiO,.
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The rare-earth element (REE) and incompatible trace-
element abundances of the rocks are displayed as chondrite-
normalized REE (Sun and McDonough, 1989: Figure 9A, C
and E) and primitive mantle-normalized multi-element plots
(Sun and McDonough, 1989: Figure 9B, D and F). All sam-
ples of each rock-type are mutually similar, defining closely
grouped patterns (see Sandeman, in press; Figure 9). Altered
specimens are, however, characterized by more variability
in the large ion lithophile elements (LILE: Rb, Ba, Sr) as
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Figure 8. Selected major and trace elements versus MgO wt. % for rocks of the Aucoin prospect. Symbols as in Figure 7.

well as the high-field strength elements (HFSE) and, in par-
ticular, TiO,.

The REE and multi-element patterns of the syenites,
including altered samples, are also generally subparallel and
define a tight field (see Sandeman, in press; Figure 9A, B).
They have multi-element profiles that peak at La, and have
very prominent Nb, P, Zr-Hf and Ti troughs. The rocks are
strongly light-REE enriched ([La/Yb]cy = 63.50-108.83
denotes chondrite normalized after Sun and McDonough,
1989) and have a steep negative slope from the middle- to
the heavy-REE ([Gd/YDb]cy = 8.30-11.91). The syenite has
negligible to very modest negative Eu anomalies (Eu/Eu* =
0.88-1.00, mean = 0.92 :Ew/Eu* = Eucy /VSmey* Gdcy). The
monzogranite and monzogranite pegmatite have similar
shaped REE and multi-element patterns, but have prominent
positive Eu anomalies and also have the lowest incompati-
ble trace-element contents of all of the silicic rocks.

With the exception of Y and the HREE, monzogabbro
has incompatible trace-element concentrations significantly
higher than average, normal mid-ocean ridge basalt (N-
MORB: Sun and McDonough, 1989). They have convex

upward multi-element profiles with peaks at Nb, steep neg-
ative slopes from Nb-Lu, notable P and minor Zr—Hf
troughs and typically, enrichment of Nb and the LREE rela-
tive to Th (Figure 9C, D). Fresh samples have variably
developed Ti spikes whereas altered rocks have variably
developed troughs. The rocks are light-REE enriched
([La/Yb]ey = 13.07 to 20.42) and have a steep, negative
slope from the middle- to the heavy-REE ([Gd/Yb]qy
3.60-4.04). They exhibit very modest, positive and negative
Eu anomalies (Ew/Eu* = 0.88-1.09, mean = 0.96).

The lone specimen of monzodiorite (HS10-188B) has a
multi-element pattern generally similar to the monzogabbro
(Figure 9C, D), however, it shows less light-REE enrich-
ment ([La/Yb].y = 7.84) and exhibits a more modest nega-
tive slope from the middle- to the heavy-REE ([Gd/Yb]\ =
2.88). The monzodiorite has a very minor negative Eu
anomaly (Eu/Eu* = 0.96).

The northwest-trending diabase dykes appear to consti-
tute 2 distinct petrochemical varieties on the basis of their
REE and multi-element patterns (Figure 9E, F). Three of the
five samples have inclined, modestly light-REE enriched

97



CURRENT RESEARCH, REPORT 15-1

= 1000
1000 | -HE =
[ 1F E
8 - i £
= | — r - )
-g 100§ E C ] §
s F 1 =10 3
8 I 1 E = 3
74 o 1k m 5-
L i 3
10E =
= J = 1
=
= 1000
1000 |— -HE =
- N = — 100
- 1E R
3 = =
£ o0 +f 1 2
o — — =
5 E - 3
2 F 1F EREE
3 i JE Vi 3 3
'g B 1k HS?O—1SOB - g
10 — —] I~ H — =
g JL|o oB —1
- JF |=— lamproite =
B 1E % alkaline lamprophyre ]
1 | | | | | | | | | | | | | | | | |
100 - = T T T LI S B B B B B T
C 311 NW-trending diabase dykes (F) _] o,
L 1 i . x
g | 1F 1 &
= | . )
© - H - A
5 3
g 10 — 3 " A_A 3
e 1 VA e N - —10 B
L 4 FE \id s 7\ A“A-QA ____________ = =
B 1F NS IS = o e
C WNLIN - At
B 1F qﬂifgggse@msf i
i i & NMORB
B % EMORB 7
1 | | | | | | | | | | | | | | | | i | | | | i | | | | i | | | | | 1
Ce Nd Sm Gd Dy Er Yb Nb Ce P Zr Sm_ Gd Tb Ho Yb
La Pr Pm Eu Tb Ho Tm Lu Th La Pr Nd Hf Eu Ti Dy Y Lu
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([La/Yb]cy = 2.64-5.09) profiles with variable negative Nb middle- to heavy-REE ([Gd/Yb]qy = 1.18-1.21) enrichment,
and P anomalies; one of these has a modest TiO, trough. The depletion in Th, Nb and P and very minor negative Eu
remaining two samples have generally flat multi-element anomalies (Euw/Eu* = 0.88-0.94, mean = 0.92).

profiles, with weak light-REE ([La/Yb]qy = 1.60-2.39) and
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(2002).

DISCUSSION

Field relationships at the Aucoin prospect indicate that
the Au—-Ag-Te mineralized quartz veins and associated
alteration are hosted by four distinct rock types: i.e., syen-
ite-monzogranite, monzodiorite, monzogabbro and north-
west—southeast-trending diabase dykes. All of these rocks
have been altered and locally veined and mineralized. Vari-
ably altered syenite that co-hosts the Aucoin mineralization
and alteration, cuts the Mesoarchean Maggo gneiss and
yielded a maximum SHRIMP II U-PDb zircon age of 2567 +
4 Ma. A specimen of phengite-altered syenite, obtained

from the structural hanging wall of the prospect yielded a 14
step, “Ar/®Ar step-heating plateau age of 1873 + 6 Ma,
overlapping, within error, with the total gas integrated age of
1862 + 12 Ma. This is interpreted as the time at which the
phengite cooled through ~300°C (McDougall and Harrison,
1988; Reynolds, 1992), and hence the time of hydrothermal
alteration and deposition of precious-metal mineralization.
Significantly, these new data indicate that the alkaline intru-
sive rocks exposed at the Aucoin prospect are not related to
the mineralizing event as hypothesized by Hussey and
Moore (2005) and Sandeman and Rafuse (2011). Instead,
the precious-metal mineralization appears to represent a
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structurally controlled, orogenic-type system of Paleopro-
terozoic age that is fortuitously hosted by these unusual, late
Archean alkaline intrusive rocks. The Paleoproterozoic, in
particular the interval from 1900-1750 Ma is well recog-
nized as a period of major orogenic gold mineralization
(Groves et al., 2003). The Paleoproterozoic, ca. 1870 Ma
age for Aucoin alteration and mineralization suggests the
potential for the discovery of similar orogenic precious-
metal systems along the western margin of the Nain craton,
proximal to the Torngat orogenic front.

The Aucoin syenite is weakly silica-saturated, alkaline,
strongly enriched in the highly incompatible and rare-earth
elements and has prominent HFSE troughs. It is comparable
to syenites generated in rift-related, intracontinental settings
(e.g., Riishuus et al., 2005). Its mineralogy, LILE and
LREE-enriched character and prominent HFSE troughs in
multi-element plots indicate that the syenite is most similar
to hydrous lamprophyric rocks such as lamproite and
minette (Rock, 1991).

The monzodiorite dyke and monzogabbro sill at the
Aucoin prospect are silica under saturated, alkalic, ocean-
island-basalt-like, porphyritic mafic intrusive rocks that are
slightly younger than the ca. 2567 Ma, cospatial syenite.
Their hydrous modal mineralogy (abundant hornblende and
less common biotite) indicates that they are not simple
petrochemical equivalents of ocean island type basalt. Such
hydrous-phase-rich, silica-poor mafic rocks are more typical
of alkaline lamprophyres (Rock, 1991), rocks which are
widely considered to be derived through low-degrees of par-
tial melting of a volatile-rich (CO,>H,0), fertile, deep
asthenospheric source. Less hydrous fertile mantle at simi-
lar depths, and slightly greater degrees of melting, will gen-
erate alkaline ocean island basalt in the Earth’s ocean basins
(Pearce, 2008; Presnall and Gudfinnsson, 2011). These
points all suggest that at ca. 2570 Ma, a modestly hydrated,
deep (=90 km) mantle beneath the Hopedale block under-
went partial melting to produce the primary magmas that
ultimately yielded the Aucoin monzodiorite and monzogab-
bro. The syenite retains a distinct lithogeochemistry from
the mafic alkaline rocks, and their full petrogenesis and rel-
ative association await further mineral, chemical and iso-
topic studies. Although not examined in detail, monzogran-
ite and monzogranite pegmatite samples collected by indus-
try appear to represent late-stage melts associated with the
syenite and these have undergone feldspar accumulation.

Late Neoarchean ages are not common for rocks of the
Nain Province. The few such determined ages (Schiotte et
al., 1992; Connelly and Ryan, 1996; Wasteneys et al., 1996),
ranging from 2578-2510 Ma are considered to record an
interval of regional, granulite-facies-grade metamorphism
and the coincident emplacement of small granitoid intru-
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sions (Ermanovics and Ryan, 1990; Ermanovics, 1993;
James et al., 2002; Connelly and Ryan, 1996; Wasteneys et
al., 1996). This interval of metamorphism and plutonism
was inferred to correspond to the time of late reworking of
the Saglek—Hopedale boundary zone. If the Aucoin alkaline
rocks were emplaced at ca. 2570 Ma, then this suggests that
at that time, tectonic processes along the Saglek—Hopedale
boundary zone may have involved transtension—transpres-
sion, enabling the local tapping of deep asthenospheric man-
tle below the western Hopedale block.
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