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INTRODUCTION

The Meliadine Gold District (MGD) research activity

represents one component of the Banded Iron

Formation (BIF)-hosted deposits subproject within the

Lode Gold project of the Targeted Geoscience

Initiative (TGI)-4 program (Dubé et al., 2011).

Research at the MGD is conducted in close collabora-

tion with Agnico-Eagle Mines Ltd. and focuses on fur-

ther defining the setting, age, and hydrothermal foot-

print at this emerging gold district (2.8 Moz contained

gold within an indicated and inferred resource of 5.8

Moz; www.agncioeagle.com). Prior to this study, the

metallogenic model at the MGD emphasized a rela-

tively late gold history (Carpenter and Duke, 2004;
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ABSTRACT

The Meliadine gold district comprises a combination of orogenic greenstone- and BIF-hosted gold miner-
alization. The largest gold deposits (Tiriganiaq, Wesmeg, Normeg, F Zone, Pump, Discovery, and Wolf) are
cospatial with the northwest-trending Pyke Fault and its inferred east-trending splays, which cut amphibo-
lite- to greenschist-facies rocks within the Rankin Inlet greenstone belt. New U-Pb detrital zircon ages sug-
gest that turbiditic and mafic volcanic host rocks at Tiriganiaq were deposited ≤2.66 Ga. In contrast, a
polymictic conglomerate south of the Pyke Fault, which is not known to host gold, yielded Paleoproterozoic
U-Pb detrital zircons and was deposited at ≤2.50 Ga. These new ages confirm that the Rankin Inlet green-
stone belt comprises intercalated Archean to Paleoproterozoic supracrustal successions. Deformed
Paleoproterozoic conglomerates suggest that the Archean to Proterozoic Rankin Inlet stratigraphy was
reworked during the Trans-Hudson Orogeny (1.9–1.8 Ga).

Gold in the district is associated with hydrothermally altered and sulphidized BIF and fault-fill quartz 
(± ankerite) veins. Hydrothermal alteration and pathfinder element enrichment (As-Te-Bi-Sb) can be
mapped following a multivariate and probabilistic approach for 10s to 100s of meters beyond BIF-hosted
replacement-style mineralization. Coarse-grained and idioblastic arsenopyrite crystals occur within and at
the margins of folded quartz (± ankerite) veins and are also a good visual gold indicator. Gold is paragenet-
ically late and occurs at arsenopyrite grain boundaries and/or as fracture fills. Clusters of gold inclusions
coincide with recrystallized and sieve-textured arsenopyrite domains. These microtextures suggest that sul-
phide recrystallization liberated gold that was redistributed, at least locally, into low-strain microtextural
sites along with other precious- and base-metals during a late fluid-assisted and deformation/metamorphic-
driven remobilization. We propose that remobilization was concurrent with the growth of xenotime at ca.
1.86 Ga (new U-Pb ages), which postdates arsenopyrite and occurs together with gold in low-strain micro
textural sites. New Re-Os arsenopyrite model ages range from 2.3 to 1.8 Ga and document a hitherto unrec-
ognized pre-1.86 Ga hydrothermal and sulphide history. The range of Re-Os model ages tends to support
partial open-system behaviour and/or mixing of disparate arsenopyrite generations that are evident from
microtextures and in situ element mapping. Replicate analyses of the two most Re-rich and homogeneous
arsenopyrite samples yield Re-Os model ages at ca. 2.27 and 1.90 Ga. We speculate that gold at the
Meliadine gold district was initially introduced at 2.27 Ga and/or 1.90 Ga along with arsenopyrite and was
subsequently remobilized, coupled with arsenopyrite recrystallization, during the Trans-Hudson Orogeny at
1.86–1.85 Ga.

Lawley, C.J.M., Dubé, B., Mercier-Langevin, P., McNicoll, V.J., Creaser, R.A., Pehrsson, S.J., Castonguay, S., Blais, J.-C., Simard, M.,
Davis, W.J., and Jackson, S.E., 2015. Setting, age, and hydrothermal footprint of the emerging Meliadine gold district, Nunavut, In:
Targeted Geoscience Initiative 4: Contributions to the Understanding of Precambrian Lode Gold Deposits and Implications for
Exploration, (ed.) B. Dubé and P. Mercier-Langevin; Geological Survey of Canada, Open File 7852, p. 99–111.
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Carpenter et al., 2005). The model was based, in large
part, on hydrothermal monazite U-Pb ages (1.85 Ga)
that were interpreted to be cogenetic with gold at the
Tiriganiaq deposit and correlative with the Trans-
Hudson Orogeny (THO; 1.9–1.8 Ga; Carpenter et al.,
2005). The apparent link between gold and late west-
trending shear zones was taken as further evidence of
late gold introduction at the MGD (Carpenter and
Duke, 2004). However, the gold fertility of pre-THO
structures was undocumented. Published geochronol-
ogy for the Rankin Inlet greenstone belt was also lim-
ited to U-Pb zircon dating of a felsic band (originally
interpreted as a porphyritic rhyolite) intercalated with
mafic volcanic rocks at ca. 2.66 Ga (Tella et al., 1996).
This sample was collected south of the major gold-
bearing structure in the MGD (i.e. the Pyke Fault; Fig
1) and thus the ages of the rocks hosting the gold
deposits remained speculative.

In this contribution, we briefly outline TGI-4 field
and laboratory results that further constrain the setting,
age, and hydrothermal footprint at the MGD. Critically,
we document a hitherto unrecognized pre-1.85 Ga
hydrothermal history at the MGD. The implications of
‘early’ auriferous hydrothermal activity to ongoing
mineral exploration are also briefly discussed.

RESULTS AND DATA ANALYSIS

Setting

Regional Setting
West of Hudson Bay, the Western Churchill Province
(WCP) is broadly divided into the Rae and Hearne cra-
tons separated by the cryptic and polyorogenic
Snowbird Tectonic Zone (Hoffman, 1988). However,
more recent work has further subdivided the WCP into
the Central Hearne subdomain and the Chesterfield
Block (Berman et al., 2007, 2013; Pehrsson et al.,
2013a, b). These authors placed the MGD at the bound-
ary between the Central Hearne and the Chesterfield
Block. Cratonic boundaries are widely recognized as
first-order controls on the distribution of gold deposits
and represent significant exploration targets. 

Host Rocks
The MGD host rocks were originally assigned to the
Rankin Inlet Group (Bannatyne, 1958) and later
referred to as the Rankin Inlet greenstone belt (e.g.
Aspler and Chiarenzelli, 1996). The district is domi-
nated by volcanic rocks (basalt, andesite, and rare rhy-
olite), interflow volcaniclastic rocks and, more rarely,
graded-bedded greywacke-siltstone-mudstone succes-
sions, quartzite and BIF. Metamorphosed and
deformed granitic to tonalitic intrusions are interca-
lated with these supracrustal rock packages. Mafic vol-
canic and volcaniclastic rocks, known locally as the

Wesmeg formation, represent the two main rock types
at Wesmeg, Normeg, F Zone, and Pump and constitute
the footwall at Tiriganiaq (Figs. 1–3). Graded-bedded
greywacke-siltstone-mudstone rock assemblages are
interpreted as turbidite sucessions and are known
locally as the Sam and Tiriganiaq formations (Fig. 3a,
b; Carpenter and Duke, 2004). Turbidite sequences
comprise the hanging wall at Tiriganiaq and represent
the dominant host rock at Discovery. Algoma-type BIF
is interbedded with mafic volcanic and volcaniclastic
rocks (i.e. oxide facies; Wesmeg, Pump, and F Zone
deposits) and a greywacke-siltstone-chloritic mudstone
rock assemblage (i.e. silicate facies; Tiriganiaq and
Discovery deposits). Oxide-facies BIF is significantly
more chert-rich than silicate-facies BIF.

Structure
The structural history of the MGD is broken into four
distinct phases of deformation (Fig. 3a; Carpenter and
Duke, 2004; Carpenter et al., 2005). The earliest rec-
ognizable deformation event (D1) lacks a clear cleav-
age although it is linked to bedding-parallel thrusting
and folding that may have resulted in the initial juxta-
position of volcanic-sedimentary packages (Tella et al.,
1992; Carpenter and Duke, 2004). The largest gold
deposits occur along the Pyke Fault and its associated
splays (e.g. Lower Fault at Tiriganiaq; Figs. 1, 2).
Carpenter and Duke (2004) have proposed that these
faults may have developed during this earliest defor-
mation event; however, the timing and nature of D1,
and especially its relationship to gold, remain poorly
constrained. 

A second deformation increment (D2) resulted in
bedding-parallel folding and thrusting and a penetra-
tive northwest-trending foliation (S2: 285/59;
Carpenter and Duke 2004). This deformation event was
likely coupled with shearing and reactivation of the
Pyke Fault and associated west-trending fault splays
(e.g. Lower Fault; Carpenter and Duke, 2004). TGI-4
fieldwork along the newly constructed all-season road
between the town of Rankin Inlet and the Meliadine
exploration camp identified that recumbent and isocli-
nals folds (F1?) were refolded during D2 to produce the
dominant map pattern south of the Pyke Fault (Fig. 1;
akin to Fig. 2 of Tella et al., 1992). 

The dominant regional foliation (S2) predates a
west-trending cleavage (S3) that is best developed
within turbidite and represents the dominant fabric
geometry at Tiriganiaq. Northeast-plunging regional- to
outcrop-scale Z-shaped folding may have developed
during this D3 event (Carpenter and Duke, 2004). The
relationship between asymmetric folding and D3 reacti-
vation of the Pyke and Lower faults and gold forms the
basis for the late gold metallogenic model at the MGD
(Carpenter and Duke, 2004; Carpenter et al., 2005).  
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At Tiriganiaq, auriferous quartz (± ankerite) veins
are tightly folded, boudinaged, and transposed parallel
to the main fabric (265/65N; Fig. 4a–d), which could
represent (1) a locally penetrative S3 fabric, developed
subparallel to the west-trending and steeply dipping
Lower Fault (Carpenter and Duke, 2004; Carpenter et
al., 2005); (2) the main regional foliation (S2) trans-
posed into a west-trending orientation by D3 strain
(Miller et al., 1995); or (3) a composite S2-S3 fabric.
The dearth of clear S2-S3 relationships underground at
Tiriganiaq makes distinguishing between these possi-
bilities equivocal. However, Smain is axial planar to
tight folds in turbidite (Fig. 3b) and BIF, which is
unlike S3-S0 relationships distal to D3 shear zones (Fig.
3a). This relationship likely reflects transposed bed-
ding adjacent to D3 shear zones (e.g. Lower Fault), but
could also suggest that the main deposit fabric at
Tiriganiaq represents the dominant regional foliation
(S2) transposed into a west-trending orientation.  

Asymmetric porphyroclasts and boudinaged quartz
veins, coupled with the geometry of en echelon exten-
sion quartz (± ankerite) veins in the Tiriganiaq deposit
structural hanging wall, suggests a component of
reverse sense of motion during the main phase of

deformation. This reverse component of motion post-
dates, or was synchronous with, auriferous quartz 
(± ankerite) veining (Fig. 4a–d). The main quartz vein
at Tiriganiaq occurs within the Lower Fault and is
interpreted as a fault-fill vein type (Fig. 4a, c; i.e., lam-
inated appearance; included slivers of mylonitized wall
rock; stylolites). Attendant flat-dipping extensional
veins are also tightly folded, transposed by the main
deposit fabric, and commonly occur as rootless folds
(Fig. 4a). This suggests that these fault-fill and exten-
sional quartz-ankerite veins were emplaced in an active
deformation zone and thus contrast with the post-defor-
mational vein timing (late D3) proposed by Carpenter
et al. (2005). 

The final phase of deformation, D4, is characterized
by a northwest- to north-trending crenulation cleavage
(S4) and kink bands, which are best developed in fissile
turbidite and mafic volcaniclastic successions (Fig. 3a).
The late crenulation cleavage is generally steeply dip-
ping and produces a strong vertical intersection lin-
eation on S2 foliation planes. This final phase of defor-
mation does not significantly modify earlier structures,
is not associated with mineralization, and likely post-
dates the introduction of gold (Carpenter and Duke,

650 lode

1000 lode 1100 lode

1150 lode

1250 lode

900 lode

1350 lode

Tiriganiaq
North Fault

Tiriganiaq
Lower Fault

Normeg depositWesmeg deposit Tiriganiaq deposit

Ore zones
Shear zones
Axial plane shears

Iron formation
Ultramafic units
Mafic intrusive units
Tiriganiaq formation
Upper Oxide formation
Sam formation
Wesmeg formation

Sam formation

Figure 2. Simplified cross section showing the Tiriganiaq, Normeg, and Wesmeg deposits (courtesy of Agnico-Eagles Mines
Ltd.). Section highlights folded BIF and turbidite (Sam and Upper Oxide formations) in the hanging wall at Tiriganiaq. Ore zones
and BIF are transposed and axial planar to folds and are also parallel to the Lower Fault. Gold-rich intervals at Wesmeg locally
occur along ultramafic and mafic volcanic (i.e. Wesmeg Formation) contacts.
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Tiriganiaq

Discovery

Discovery

1

2

3 4

Discovery Tiriganiaq
gabbro

plan view looking northeast section view looking west

volcanic
BIF

conglomerate

plan view looking northeast

plan view looking northeast

BIF

plan view looking north

plan view looking north

conglomerate

tubidite

turbidite

tubidite

plan view looking north

S4

S3

S0/ S2
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S2/ S3 (?)

S0
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F?

S2/S3(?)
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10 cm

10 cm 10 cm

5 cm10 cm

10 cm10 cm

2 cm1 cm

Figure 3. a) Turbidite showing three foliations (S2–S4) reported by Carpenter and Duke (2004). b) Turbidite bedding at
Tiriganiaq. The main deposit fabric (S2 or S3) is axial planar to folded turbidite bedding at Tiriganiaq. c) BIF intercalated with
mafic volcanic rock. d) Refolded BIF outcrop at Discovery. e) Polymictic conglomerate deposited ≤2.50 Ga. Conglomerate com-
prises muscovite schist, quartzite, metadiorite, and metabasalt clasts set in a siltstone matrix. f) Conglomerate deposited ≤2.66
Ga. The conglomerate comprises quartzite and tonalite/granodiorite clasts set in a siltstone matrix. g–h) A gabbroic dyke cut-
ting the turbiditic host rocks at Discovery. The dyke is folded and transposed parallel to the main deposit fabric (S2 or S3). A zir-
con age of ca. 1.81 Ga obtained from the dyke most likely records the timing of metamorphism, or a hydrothermal event, as
opposed to its emplacement age. i) Massive to foliated equigranular gabbroic dyke cutting turbiditic host rocks at Tiriganiaq. A
U-Pb zircon crystallization age of ca. 90 Ma was obtained from this sample, significantly younger than any known magmatic
activity in the Rankin Inlet region (Davis and Miller, 2001; N.B. veins were excluded prior to sample crushing).   
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2004). A deformed ≤2.155 Ga conglomeratic horizon
south of the Pyke Fault is transposed parallel to the
main regional foliation (S2) and suggests that the
Rankin Inlet Group was significantly reworked during
the THO (Davis et al. 2008). 

Structural Controls at the Tiriganiaq Deposit
Most of the mineralized zones (i.e. lodes) at the
Tiriganiaq deposit are oriented parallel to the west-
trending Lower Fault (Fig. 2), which is situated a few
hundred metres to the north of the Pyke Fault (Fig. 1).
These predominantly west-trending ore zones consist
of folded quartz-carbonate-sulphide veins that cut sul-
phidized BIF and intercalated turbiditic rocks (Figs. 2,
4g). The 1100–1350 lodes are type examples of this
mineralization style and extend into the Tiriganiaq
hanging wall (Fig. 2). Auriferous quartz (± ankerite)
veins within these lodes are predominately west- to
west-southwest-trending and subparallel to the main
deposit fabric at Tiriganiaq. The 1000 lode is hosted
within the Lower Fault and corresponds to a wide (1–2
m) fault-fill quartz vein (Fig. 4a) that is folded, boudi-
naged, and transposed parallel to the main deposit fab-
ric (Fig. 4a–d). Subordinate northwest- and north-
trending quartz veins also host gold and are also folded
by the main deposit fabric near the Lower Fault at
Tiriganiaq. Mineralized BIF is tightly S-folded, proba-
bly during D2, and further sheared especially along the
Lower Fault, either late during D2, and/or during D3
dextral shearing (Fig. 2). Late movement along the
Lower Fault cuts the southern limb of this S-shaped
fold (Fig. 2). Two high-grade ore shoots are recognized
at Tiriganiaq: (1) one ore trend plunges approximately
45º to the east and may correspond to the intersection
between the main west-trending shear fabric and the
axes of northeast-plunging folds (D3?), and (2) a sec-
ond ore trend plunges approximately 25º to the west,

which parallels the hinge zone of the tightly S-folded
BIF (Fig. 2).

Age

Regional U-Pb Zircon Geochronology
Six samples from the Rankin Inlet greenstone belt were
targeted for U-Pb zircon dating (Lawley et al., in prep).
Detrital zircons were analyzed from sedimentary and
volcaniclastic samples using the SHRIMP (Sensitive
High Resolution Ion Microprobe). Two of these sam-
ples (turbiditic hanging wall and mafic volcaniclastic
footwall) host the Tiriganiaq deposit and yield detrital
zircons with ages that range from 2.94 to 2.66 Ga,
which suggests that both host rocks at Tiriganiaq were
deposited ≤2.66 Ga (Lawley et al., in prep). A gabbroic
dyke that cuts meta-turbiditic rocks at the Discovery
deposit yield zircon crystals that were dated at ca. 1.81
Ga (U-Pb SHRIMP). This gabbroic dyke at Discovery
(Fig. 3h; ‘feather’ gabbro of Carpenter and Duke,
2004) is folded and transposed parallel to the main foli-
ation (Fig. 3g), which suggests that this fabric and the
main MGD map pattern is the result of
Paleoproterozoic reworking. However, zircons from
this folded dyke are clearly metamict and contain sig-
nificant common Pb. These zircon textures and compo-
sitions suggest that the zircon ages record the timing of
metamorphism, or a hydrothermal event, rather than
the crystallization age of the gabbroic dyke. A second
gabbroic dyke that cuts meta-turbiditic host rocks at the
Tiriganiaq deposit was dated at ca. 90 Ma (U-Pb ID-
TIMS; Isotope Dilution-Thermal Ionization Mass
Spectrometry; Fig. 3i). This crystallization age is sig-
nificantly younger than any known Phanerozoic mag-
matism in the Rankin Inlet region (e.g. ca. 214 Ma kim-
berlite; Davis and Miller, 2001).

Two conglomerates were also dated south of the
Pyke Fault. One of these samples is polymictic and

Figure 4 opposite. a) Underground photo of the 1000 lode at Tiriganiaq (photo credit to Agnico-Eagle Mines Ltd.). The main
quartz vein occurs at the Lower Fault and is interpreted as a fault-fill vein. Dragging of the main fabric in the hanging wall is
consistent with a reverse sense of motion postdating or synchronous with veining. Attendant extension veins are transposed
and folded by Smain (S2/S3?). b) Underground photo of the 1000 lode at Tiriganiaq (photo credit to Agnico-Eagle Mines Ltd.).
The main deposit fabric is parallel to transposed bedding. Auriferous quartz veins are folded and transposed. c) Underground
wall photo at Tiriganiaq showing the high-grade 1000 lode (Smain is dipping towards the viewer). The main quartz vein is trans-
posed, folded, and boudinaged parallel to Smain. d) Underground photo of transposed, folded, and boudinaged quartz 
(± ankerite) veins structurally above the 1000 lode at Tiriganiaq. e) Underground photo of lamprophyre dyke cutting mafic vol-
canic and quartz veins at Tiriganiaq. This dyke is apparently undeformed and clearly cuts Smain. Lamprophyre dykes in the MGD
may be correlative with the 1.833 Ga Christopher Island Formation (Rainbird et al., 2006) and could suggest that the main
regional foliation is ≥1.833 Ga. f) Core photo of a quartz vein and alteration halo at Pump. Arsenopyrite is concentrated within
the vein’s alteration halo along with chlorite-sericite-calcite. g) Core photo of a high-grade BIF interval at Tiriganiaq showing
folded quartz veins and associated idioblastic arsenopyrite. h) Core photo of a folded quartz (± ankerite) and gold vein at Wolf.
Smain appears axial planar to the fold. Idioblastic arsenopyrite crystals occur peripheral to the vein. i) Core photo of a folded
quartz vein at Wesmeg. Idioblastic is concentrated within folded chloritic bands. j) Core photo at Wolf that highlights the chal-
lenge of unravelling the gold history in metamorphosed deposits. Gold occurs within a tightly folded quartz (± ankerite) vein.
Smain is axial planar to the folded vein; however, a late pyrrhotite-quartz-calcite fracture cuts the folded quartz veins and could
be associated with the gold. k) Core photo of a deformed quartz-ankerite-gold vein cutting BIF at Tiriganiaq. A late pyrite-rich
fracture cuts the auriferous quartz vein (abbreviations: Ank = ankerite; Aspy = arsenopyrite; BIF = banded iron formation; Chl
= chlorite; lamp = lamprophyre; Po = pyrrhotite; Py = pyrite; Qtz = quartz).
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contains pebble- to boulder-sized clasts comprising
muscovite schist, quartzite, granodiorite/tonalite, and
metabasalt hosted by a metasiltstone matrix (Fig. 3e).
The polymictic conglomerate yields detrital zircon
ages that range from 3.37 to 2.50 Ga, suggesting that
this conglomerate was deposited ≤2.50 Ga and con-
firms that Paleoproterozoic, or younger, sedimentary

successions are intercalated and folded with
Neoarchean volcanic rocks comprising the Rankin
Inlet greenstone belt (Davis et al., 2008). The second
dated conglomerate comprises pebble- to cobble-sized
clasts of quartzite and granodiorite/tonalite (Fig. 3f)
and yields detrital zircon ages that range from 2.86 to
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2.66 Ga, which suggests that this conglomerate was
deposited at ≤2.66 Ga (Lawley et al., in prep). 

Deposit U-Pb Xenotime Geochronology
Two auriferous quartz (± ankerite) vein samples cutting
BIF and turbidite host rocks at Tiriganiaq were targeted
for in situ U-Pb xenotime dating. Both samples were
also dated via Re-Os arsenopyrite geochronology and
compliment previously reported U-Pb monazite ages for
the same deposit (Carpenter et al., 2005). Dated xeno-
time crystals postdate arsenopyrite (i.e. occur at
arsenopyrite grain boundaries and fill arsenopyrite frac-
tures) and yield a colinear array with an upper intercept
Concordia age at 1862 ± 29 Ma (lower intercept = 117
± 660 Ma; Mean Square Weighted Deviate, MSWD =
1.1; n = 15; 9 xenotime crystals). This upper intercept
age is in excellent agreement with a weighted average
207Pb/206Pb age for all analyses at 1858 ± 10 Ma
(MSWD = 1.1, n = 15; 9 xenotime crystals). Both age
determinations are also in broad agreement with the pre-
viously reported preferred weighted mean 207Pb/206Pb
monazite age at 1854 ± 6 Ma (MSWD = 1, n = 18;
Carpenter et al., 2005). Undated ultrafine xenotime
inclusions within arsenopyrite may represent an older,
but undefined hydrothermal phosphate event(s) or could
suggest that arsenopyrite crystals are locally ≤1.86 Ga.

Deposit Re-Os Arsenopyrite Geochronology
Arsenopyrite samples were collected from Tiriganiaq,
Pump, F Zone, and Discovery. These samples share a
similar paragenesis and occur with high-grade gold
intervals at each of the targeted deposits (Fig. 4d–i).
Gold fills arsenopyrite fractures and occurs at
arsenopyrite crystal boundaries that, coupled with LA-
ICP-MS in situ element mapping (Lawley et al., 2014a,
b), provides evidence for late gold mobility and possi-
ble gold remobilization into low-strain microtextural
sites. Arsenopyrite samples yield low Re-contents
(0.5–6 ppb, n = 15) and are generally highly radiogenic
(i.e. the Os isotopic composition is dominated by radi-
ogenic 187Os). Re-Os model ages range from 2.3 to1.8
Ga and point to complex Re-Os systematics that cannot
be interpreted within the context of a single and coge-
netic arsenopyrite sample suite. Replicate analyses of
the two most Re-enriched samples yield the most uni-
form Re-Os model ages at 1899 ± 6 Ma (MSWD = 0.5,
n =3) and 2269 ± 25 Ma (MSWD = 6, n = 5; Lawley et
al., submitted a), respectively, whereas replicate
analyses of Re-poor aliquots (≤1 ppb) yield variable
Re-Os model ages between these two end-members. 

We speculate that these homogeneous and repro-
ducible Re-Os arsenopyrite ages are geologically
meaningful and that arsenopyrite crystallization is sig-
nificantly older than hydrothermal xenotime at ca. 1.86
Ga. If correct, new Re-Os ages are broadly concurrent

with the Arrowsmith (2.4–2.3 Ga) and Snowbird (1.90
Ga) orogens (Berman et al., 2013) and record a hitherto
unrecognized pre-1.86 Ga hydrothermal history at the
MGD. Gold was likely introduced at ca. 2.27 and/or
1.90 Ga, whereas monazite and xenotime ages at ca.
1.86 Ga likely date phosphate and gold remobilization
concomitant with the THO. Heterogeneous Re-Os
arsenopyrite ages between 2.3 and 1.8 Ga could reflect
partial open-system behaviour or mixing of disparate
arsenopyrite generations that are evident from element
mapping (Lawley et al., 2014b). 

Hydrothermal Footprint

Fluid-rock interaction produces geochemical and min-
eralogical effects that can extend far beyond the eco-
nomically viable portions of a hydrothermal ore
deposit. This ‘hydrothermal footprint’ holds great
promise as an exploration tool to vector from barren
rock to high-grade gold ore and is a key tool in the
search for new BIF-hosted gold deposits in metamor-
phosed and complexly deformed environments. As part
of TGI-4 research at the MGD, we extended the prob-
abilistic mapping approach, initially developed for
geochemical survey studies, to hydrothermal footprint
vectoring in the subsurface (Lawley et al., submitted
b). Our conditional probability-based approach pro-
vides a framework to delineate domains of multivariate
pathfinder-element enrichment and hydrothermally
altered rock that extend 10s to 100s of meters beyond
the gold ore zones. These anomalous domains occur in
hanging wall and footwall rock devoid of gold (<5 ppb)
and thus provide a possible vector to high-grade ore. At
Tiriganiaq, hydrothermally altered and anomalous
pathfinder-element concentrations extend for at least
200 m beyond the gold ore zone (Lawley et al., sub-
mitted b). We demonstrate that the accuracy and preci-
sion of portable X-Ray Fluorescence (pXRF) spec-
trometry on drill-core surfaces is sufficient to map mul-
tivariate hydrothermal footprints from the rock record
in unprecedented detail and at a fraction of the cost and
time compared to whole-rock analyses (Lawley et al.,
submitted b).  

MULTISCALE IMPLICATIONS
FOR EXPLORATION

Gold typically occurs in late fractures and other late
and low-strain microtextural sites at orogenic deposits,
which are the end-product of repeated hydrothermal
stages linked to fluid-pressure cycling and episodic
fluid infiltration in an active deformation zone (e.g. the
fault-valve model; Sibson et al., 1988). Gold is
expected to precipitate in multiple stages throughout
this complex hydrothermal and deformation history
and yet it typically occurs as the latest mineral phase at
the microscale. This classic ore texture is the subject of
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continued controversy and has been taken as evidence
for (1) the relatively late timing for the bulk of the gold;
(2) remobilized gold that was liberated from early and
gold-rich sulphides and then redistributed during later
fluid-assisted metamorphic and/or structural events;
and/or (3) a mixture of these processes. Each scenario
requires a tailored mineral exploration strategy and
thus the absolute age of gold represents a key uncer-
tainty for mineral explorationists. In the case of meta-
morphosed deposits, the current textural setting of gold
is of great importance for defining deposit-scale ore
shoots, but it likely reveals very little on how gold was
initially introduced, which has major impacts on local-
to regional-scale exploration models.

The late gold paragenesis at the MGD, coupled with
U-Pb hydrothermal monazite ages at ca. 1.85 Ga, led to
an inferred late gold model and a genetic link with the
THO (1.9–1.8 Ga). Critically, the previous gold model
implied that (1) MGD auriferous quartz veins are rela-
tively undeformed; (2) idioblastic arsenopyrite crystals
associated with gold are late and largely postdate the
main regional foliation; and (3) late D3 structures are
prospective for gold, whereas D2 folding and thrusting
predate gold and thus were considered unprospective
(Carpenter and Duke, 2004; Carpenter et al., 2005).
Tiriganiaq and Pump are associated with D3 east-trend-
ing shearing and Z-folding, respectively, and thus rep-
resent type examples of the late gold model (Fig. 1).

The link between gold and late reworking at the
MGD is also supported by recent studies at other BIF-
hosted gold deposits within the WCP (e.g. Three
Bluffs, Davies et al., 2010; Meadowbank, Sherlock et
al., 2004). Each of these studies proposed a genetic link
between gold and the THO. This tectono-thermal event
represents the latest Paleoproterozoic orogenic phase
that is recorded across large swaths of the WCP.
Accordingly, the Trans-Hudson Paleoproterozoic
Metallotect has been tentatively correlated from north-
ern Nunavut to Saskatchewan and Manitoba (e.g.
Davies et al., 2010). In contrast, the gold fertility and
prospectivity of orogenic episodes and fault-networks
that predate the THO were undemonstrated. 

Reproducible replicate analyses of the two most Re-
rich samples yield the least evidence for disturbance
and potentially record a pre-1.86 Ga gold-bearing sul-
phide history. If correct, arsenopyrite crystals may have
initially crystallized concomitant with the Arrowsmith
and/or Snowbird orogenies along with early arsenopy-
rite (i.e. 2.27 and/or 1.90 Ga). Gold was likely intro-
duced along with early arsenopyrite and then remobi-
lized during the later stages of the THO (i.e. 1.86–1.85
Ga). Late gold enrichment is also demonstrated by in
situ LA-ICP-MS trace element mapping and spot
analyses (Lawley et al., 2014b).   

Idioblastic arsenopyrite crystals are also concen-
trated at the margins and within the halo of folded and
transposed auriferous quartz (± ankerite) veins at each
of the studied deposits. At Tiriganiaq, the main aurifer-
ous quartz vein, which occurs along the Lower Fault
and shares similarities with fault-fill veins, is folded,
boudinaged, and transposed subparallel to Smain (Fig.
4a, c). Smaller scale quartz (± ankerite) veins are also
tightly folded and transposed subparallel to Smain in
Tiriganiaq hanging wall and footwall rocks (Fig. 4b, d).
Dated arsenopyrite crystals within and at the margins
of these veins are wrapped by the bedding-parallel fab-
ric and locally contain quartz strain fringes that point to
post-crystallization strain across the MGD. These field
and core observations at Tiriganiaq and the other
deposits are at odds with the late gold metallogenic
model proposed by Carpenter et al. (2005). 

The ‘early’ gold model proposed here suggests that
the Proterozoic Gold Metallotect as defined by Miller
et al. (1994) in fact comprises several temporally dis-
tinct gold-bearing events. Differentiating between
these events represents a critical step for effective min-
eral exploration. For example, the geometry of gold
deposits is likely to have undergone variable degrees of
structural reworking dependent, in part, on their timing
relative to the WCP’s polyorogenic Paleoproterozoic
history and the extent of structural reactivation during
each orogenic phase. 

In the case of the MGD, the suggested pre-1.86 Ga
hydrothermal and deformation history likely represent
key factors in understanding the current geometry and
occurrence of gold at the MGD, but are obscured by
overprinting metamorphic/hydrothermal/deformation
events related to the later stages of the THO. A meta-
morphosed, folded, and transposed gabbroic dyke at
Discovery (Fig. 3h) contains metamict zircons that
have been dated at ca. 1.81 Ga, which likely record the
timing of metamorphism or a hydrothermal event, as
opposed to its emplacement age. Undeformed lampro-
phyre dykes cut the main deposit fabric and folded
quartz veining at Tiriganiaq (Fig. 4e) and, if correlative
with the ca. 1.833 Ga Christopher Island Formation
(Rainbird et al., 2006), provide a minimum age for the
main deposit fabric (Carpenter and Duke, 2004;
Carpenter et al., 2005). The deformed ≤2.155 Ga con-
glomerate south of the Pyke Fault further supports
reworking from 2.155 to 1.833 Ga (Davis et al., 2008). 

The MGD thus represents one of the few global
examples of Proterozoic gold hosted at a reworked
Archean cratonic margin. This geodynamic setting is
distinct from classic orogenic gold deposits, which are
hosted by Neoarchean granite-greenstone terranes that
are broadly coeval (e.g. 10s Myr; Dubé and Gosselin,
2007) with auriferous fluids and spatially associated
with terrane-bounding faults. At these deposits, gold is
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intricately linked to basin development and subsequent
reactivation during crustal shortening is linked to con-
vergent tectonics and consanguineous metamorphism.
An important corollary to this observation is that
Neoarchean greenstone belts are also favourable gold
exploration targets after reworking during much
younger and overprinting tectono-thermal events. We
consider that Archean basins, once formed, provide a
crustal architecture (ground preparation) that facilitates
subsequent reactivation and thus Archean fault net-
works represent zones of long-lived structural weak-
ness. Archean basins in the WCP also comprise
favourable host-rocks (e.g. mafic volcanic rocks, tur-
bidite sequences, and BIF) that differ from granitoids
and Proterozoic basins, which are comparatively gold-
poor in the WCP. Together these apparent structural
and lithostratigraphic gold controls likely contribute to
the similar setting of Paleoproterozoic WCP gold dis-
tricts to their Archean equivalents. 
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