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Photo 2.  Close-up view of part of Photo 1 (arrow shows same place in each 
photo).  Unaltered footwall turbidites (unit 2b) grade abruptly (<0.5 m) into 
weakly altered (unit 4a) to more highly altered (unit 4c) sedimentary and minor 
baritic (unit 7a) rocks of the NEASZ.  Hammer is 39 cm long.  Lithologic codes 
as per legend.  View facing east.

Photo 3.  Unaltered footwall turbidites (unit 2b) grade abruptly (<0.5 m) into 
weakly altered (unit 4a) and more highly altered (unit 4c) sedimentary rocks and 
baritic (unit 7a) rocks of the NEASZ, all of which are deformed by a sinistral 
sense "F " kink fold.  Hammer is 39 cm long.  Orange flagging indicates location 4

of Photo 18.  qv = quartz vein.  Lithologic codes as per legend.  View facing 
west.
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Photo 20.  Pronounced "L " elongation and intersection lineation in barite-rich 2

rocks.  Plunge is moderately steep toward the west-southwest.  Hammer is 39 
cm long.  View facing north.

Photo 21.  Transposed polymictic muddy conglomerate (unit 3d) and mudstone 
(unit 3c), which is locally altered based on presence of green muscovite (unit 6c).  
Approximate "contacts" between "altered" and "unaltered" mudstone shown as 
dashed black lines.  Hammer on plagioclase-phyric dike (unit 8b) is 39 cm long.  
Dike contacts in yellow.  Lithologic codes as per legend.  View facing north.

Overview Images

Photo 6.  Inferred turbidites showing bedding with repeated fine 
sandstone–siltstone couplets and a bed of coarser sandstone (between white 
arrows) containing interpreted rip-up clasts (examples shown by black arrows).  
Grading in sandstone, from coarser (c) to finer (f) is toward the north (example 
shown).  Beds dip steeply to the south and, hence, are overturned, at least 
locally.  Possible cross-bedding (cb) is indicated.  View facing north.

Photo 7.  Narrow zone of "mudstone" (less altered) grades abruptly into 
feldspathized-pyritized rocks (unit 4b) within the NEASZ.  The "mudstone" 
contains possible rip-up clasts (white arrows show some examples).  Black 
arrows indicate attenuated and dismembered beds or a different type of rip-up 
clast.  Coin is 26 mm diameter.  View facing north.

Primary Features

Photo 15.  Minor, open "F " fold with S-asymmetry in feldspathized rock (unit 2

4b) of the NEASZ.  Axial planar cleavage is the predominant ("S ") fabric.  Coin 2

is 26 mm diameter.  View facing north.

Structural Features

Baritic and Associated Rocks

Photo 22.  This plagioclase-phyric felsic dike (unit 8b) has partly peeled off a 
slab of green-muscovite schist (unit 6b) (see also Detailed Sketches C  and 
"D").  Collectively, these examples indicate that the dike postdated alteration 
and development of much of the fabric.  However, plagioclase-phyric dikes 
collectively display the following: a weak schistosity-parallel foliation; inclusions 
aligned parallel to schistosity; and locally developed "D " boudinage. These 2

features indicate the dikes preceded termination of “D ” deformation.  Coin is 26 2

mm diameter.  View facing north.

" "

Miscellaneous Features

Figure 1.  Location of Northern Eagle barite occurrence with respect to the Hemlo greenstone belt (light green) 
and major intrusions (light pink: older Neoarchean batholiths; dark “pink”: younger Neoarchean granitoids; 
purple: Mesoproterozoic alkalic and related rocks).
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L = light-coloured layer
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see Legend and Symbols
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of unit numbers and rock fabric generations

Photo 8.  Main barite-rich (unit 7c) and barite-pyrite-rich (unit 7b) rocks.  
Variably disseminated pyrite results in considerable oxidation on all exposed 
surfaces.  Hammer (arrow) is 39 cm long.  View facing west.

Photo 9.  Main barite-quartz-feldspar-rich rock (unit 7c) adjacent to green 
muscovite schist (unit 6c).  Weakly disseminated pyrite results in oxidation of 
exposed surface.  Cleavage is more evident than elsewhere in barite-rich part of 
unit 7.  Rock here shows more local textural and compositional variation (see 
Photo 11).  Hammer (arrow) is 39 cm long.  View facing west.

Photo 10.  Fresh outcrop surface shows variably disseminated, abundant, 
sugary-textured pyrite (right part of photo; unit 7b) with weakly laminated 
(greyish streaks parallel to cleavage planes, see left part of photo).  Coin is 26 
mm diameter.  View facing east.

Photo 11.  Barite-feldspar-quartz-rich rock with mica-tremolite(?)-rich zones 
(darker colour) (unit 7ce overall).  These mica-tremolite(?)-rich zones could 
represent primary depositional features of a sedimentary barite-rich rock or part 
of the incomplete replacement of a protolith.  Hammer is 39 cm long.  View 
facing north.

Photo 12.  Quartz-feldspar-barite-rich rock (unit 7d) with contorted laminations. 
This part of unit 7 is in contact with moderately altered rocks (unit 4c; beyond 
photo view).  Scale on card in centimetres.  View facing north.

Photo 13.  Green-muscovite-rich feldspathic schist.  The east-southeast 
orientation of the cleavage is due to the adjacent boudin neck of a plagioclase-
phyric dike (beyond upper part of photo).  Coin is 26 mm diameter.  View facing 
north.

Photo 14.  Tight to isoclinal "F " fold in footwall sedimentary rocks.  Inset photo 2

shows, in more detail, a biotite-rich layer that contains a few small clasts (rip-
up?) (e.g., arrow), and displays axial planar "S " and overprinting "S " fabrics 2 3

(see also detailed sketch "A").  Fabric symbols as per legend.  Glacial striae 
also shown.  Hammer is 39 cm long.  Coin is 26 mm diameter and in same 
location in both main and inset photos.  View facing north.

Photo 16.  Zone of feldspathized rocks (unit 4b) with distinctive "S " spaced 2

cleavage (between arrows) has undergone boudinage ("D " extension), followed 2

by "D " shortening to produce "F " folds with Z-shaped asymmetry (layering and 3 3

"S " fabric are folded).  Hammer is 39 cm long.  Inset shows detail of boudin 2

neck and "F " fold.  The "×" indicates the same location in both the main and 3

inset photos.  Width of hammer head in inset is 43 mm.  View facing north.

Photo 17.  "F " fold with Z-shaped asymmetry in feldspathized rocks (layering 3

and fabric are folded).  Adjacent to this fold is an irregular zone of cataclastic 
breccia, considered late "D " (but not demonstrable at the Northern Eagle barite 3

occurrence).  Coin is 26 mm diameter.   View facing north.

Photo 18.  Footwall sedimentary rocks ("S " bedding outlined by green line) 0

display an "F " fold with Z-shaped asymmetry, which has been overprinted by a 2

sinistral sense "F " kink fold.  Post-"F " quartz veins (qv) are folded by "F ".  4 2 4

Small-scale sinistral faults outlined by dashed lines (upper right quadrant of 
photo).  Lithologic codes as per legend.  Dike contact in yellow.  Hammer is 39 
cm long.  View facing north.

Photo 19.  An example of cleavage discordancy resulting from curvilinear 
planes of dislocation (outlined in dashed line).  Planes of discordancy are 
collectively numerous and occur most commonly in the NEASZ.  The distinctive 
spaced cleavage "unit" (between arrows) is the same as shown in Photo 16.  
Hammer is 39 cm long.  View facing north.

Photo 5.  Central part of the NEASZ with the widest part of baritic and related 
rocks (units 7c, 7ce).  Also shows tabular zone of barite-rich rock (unit 7c) in 
background.  Hammer in midground (arrow) is 34 cm long.  Lithologic codes as 
per legend.  View facing west.

Photo 1.  Unaltered footwall turbidites (unit 2b) grade into weakly altered (unit 
4a) to more highly altered (units 4b, 4c) sedimentary rocks and baritic rocks 
(unit 7c) of the Northern Eagle alteration shear zone (NEASZ).  Hammer (see 
arrow, just above label "4c") is 34 cm long.  See Photo 2 for close-up of arrowed 
location.  Lithologic codes as per legend.  View facing east.

Photo 4.  Central and widest part of the NEASZ with feldspar-pyrite schists (unit 
4b), likely derived from sedimentary rocks.  This photo shows a relatively 
unaltered, "F " fold-terminated (arrow) lozenge of grey mudstone (unit 2b).  2

Sites for Photos 7 and 16 are shown by numbers in circles.  Hammer is 39 cm 
long.  Lithologic codes as per legend.  View facing west.

Marginal Notes

INTRODUCTION

The Hemlo gold deposit (HGD) is spatially associated, in places, with 
considerable barite. The “rediscovery” of this deposit in the early 1980s 
resulted in widespread exploration in the Hemlo greenstone belt (Figure 
1), which led to the discovery of several other barite occurrences, 
namely the Northern Eagle barite occurrence (NEBO) and, west of this, 
the Padre occurrence (1.25 km) and Kadrey occurrence (4.25 km), 
respectively (Patterson 1984; see also Muir 2000 for a regional 
context). By far the best exposed of these occurrences, particularly after 
stripping and hydraulic outcrop cleaning, is the NEBO, which lies about 
21 km west of the HGD and 14 km east-southeast of the town of 
Marathon, Ontario.

Initial examination of the barite led to interpretations of bedded barite 
87 86 34

(Patterson 1984). This, and Sr/ Sr and dS isotopic results similar to 
the HGD, resulted in the initial conclusion that the barite at the HGD 
was sedimentary in origin (Cameron and Hattori 1985; Thode, Ding and 
Crocket 1991a). Detailed mapping of the surface environs at the HGD 
and the NEBO, along with other features, may be permissive of 
hydrothermal, syntectonic (epigenetic) barite. There currently is no 
consensus. The purpose of this map is to make the interpretation of the 
surface geology more readily available, particularly in light of a renewal 
in exploration interest in the area of the NEBO, and to rekindle interest 
in the question as to the origin of the barite. Mapping was previously 
published (Muir 1991, 1999) and has recently been updated (summer 
2010). This work was not accompanied by petrologic or geochemical 
evaluations. Key geological relationships are noted on the map as a 
letter or number within a circle.

BACKGROUND

The NEBO was initially staked circa 1981 and a few small areas of 
outcrop were exposed in which some barite mineralization was 
revealed. Follow-up work (mechanical and hydraulic stripping, drilling) 
by Noranda Inc. in 1994 improved the exposure of the hanging-wall and 
footwall rocks to the barite zone—the area on which this map is based. 
The occurrence is currently (as of February 2011) held by Beaufield 
Resources Inc. with a 50% option to Jiminex Inc.  A Titan 24 
geophysical survey was conducted (2010) and a diamond-drilling 
program is currently being undertaken.

ROCK UNITS

Most rock units display considerable deformation and, locally, alteration. 
All units dip steeply to the south and are metamorphosed (the prefix 
“meta” for rock names is omitted for brevity). Central to the outcrop area 
is a zone of altered rocks, up to 20 m thick: here termed the Northern 
Eagle alteration shear zone (NEASZ). The baritic rocks form tabular 
bodies within the structurally lowermost quarter of this zone and, 
although they appear to terminate at the eastern end of the exposed 
area, altered rocks are poorly exposed for about 100 m to the east 
along a vegetated “ridge”. The strike of the baritic units ranges from 
about 085° (NEBO) to 110° (Kadrey occurrence) (Patterson 1984). The 
altered rocks are inferred to be derived largely or solely from sandstone, 
siltstone and mudstone as indicated by preserved layering and possible 
clasts (see map). The baritic rocks are of uncertain origin, perhaps 
either original subaqueous deposits or hydrothermal products of 
replacement and/or dilation infilling. To the north, in the footwall, lie 
turbidites and, to the south, in the hanging wall, lie amphibolitic rocks 
and turbidites. A swarm of plagioclase-phyric dikes occurs within the 
NEASZ at the east end of the exposure and within mostly unaltered 
rocks at the west end.

Amphibolite Rocks (Unit 1)

These mafic rocks may be volcanic. However, at this outcrop area, 
primary volcanic features are absent; hence, they were mapped as 
amphibolite. Metamorphism and deformation have resulted in a locally 
developed, gneissic appearance. The fine- to medium-grained foliated 
amphibolite consists mostly of hornblende and plagioclase, with minor 
biotite, quartz, titanite and pyrrhotite (Roach 1987). Along the southern 
boundary of the NEASZ, the amphibolite becomes more schistose, and 
contains more biotite, quartz, ankerite and pyrrhotite (Roach 1987).

Sandstone–Siltstone (Unit 2)

At the north end of the exposed area, in the footwall to the NEASZ, the 
sedimentary rocks consist mostly of variably alternating, fine-grained 
sandstone–siltstone couplets (turbidites); some layers of coarser 
grained sandstone containing siltstone lenses (interpreted as rip-up 
clasts); locally preserved graded crystal detritus; and semblances of 
crossbedding in some of the finer sandstone layers. The grading, if 
normal, indicates that the south-dipping units at the north end of the 
exposure are overturned (i.e., tops facing north). This is consistent with 
reported north-facing tops in the Kadrey and Padre barite occurrences 
(Patterson 1984). Note that the presence of isoclinal folds at the NEBO 
(see “Deformation”) indicates that the overall structural facing of the 
Hemlo greenstone belt at this locality is unknown.

Black Mudstone and Conglomerate (Unit 3)

These rocks are very fine grained, thinly cleaved and consist mostly of 
carbonaceous matter and quartz with minor pyrite and muscovite 
(Roach 1987). Locally, pyrite nodules are irregularly distributed. 
Bedding is folded, disrupted and considerably transposed. Very locally, 
there is minor, interbedded, polymictic, granule to pebble conglomerate 
with a dark grey muddy matrix.

Pyrite-Muscovite Schist (Unit 4)

These rocks are well foliated, cleaved and relatively fine grained (finer 
grained than pyrite-muscovite schists spatially associated with the 
HGD, which reflects a higher metamorphic grade to the east of this 
occurrence). The schists appear felsic because of alteration and 
typically consist mainly of feldspar (orthoclase – celsian) (Pan and Fleet 
1991), quartz and muscovite along with pyrite (<10%), tremolite (<10%), 
ankerite (<5%) and minor chlorite (Roach 1987). During mapping, 
distinctions between 3 variants were made: 1) a slightly schistose 
variety that forms the footwall to the NEASZ and is derived from the 
structurally underlying sedimentary rocks; 2) a schist with minor pyrite 
and some remnant layering interpreted as sedimentary layering, at least 
in part; and 3) a schist with more pyrite and an unclear protolith 
(possibly sedimentary). Compositional variations in the main mineral 
species are largely related to cleavage and/or foliation. Locally, these 
rocks are phyllitic. “Slivers” of rocks displaying remnant sedimentary 
bedding occur locally within this unit (see map).

Feldspathic Cleaved Rock (Unit 5)

These rocks are insufficiently exposed to allow for better 
characterization. They are variably cleaved, laminated, locally lenticular 
and altered. In the eastern part of the exposure, the rocks are 
brecciated and deformed about the main foliation. These rocks are 
possibly derived from siltstone and/or mudstone.

Green Muscovite Schist (Unit 6)

Spatial association indicates that much of the green muscovite schist 
was derived from black mudstone. The mineralogy of these rocks is a 
product of alteration and presently consists mainly of feldspar, quartz, 
green muscovite and various amounts of pyrite. Pan and Fleet (1991) 
report that much of the feldspar lacks twinning and is of a potassium-
barium series, including both “orthoclase” and “celsian” end members. 
The green muscovite has been shown to be a barian-chromian 
muscovite, typically with considerable titanium (Roach 1987; Pan and 
Fleet 1991). This contrasts with green muscovite at the HGD, which is 
typically a vanadian muscovite, locally with appreciable barium or 
chromium (Pan and Fleet 1992)). The barian-chromian muscovite at the 
NEBO is commonly, but inconsistently, concentrated along cleavage 
planes. The green colour is generally dissimilar to that of the green 
(vanadian) muscovite at the HGD.

Baritic Units (Unit 7)

The baritic “unit” is inferred to be up to 4 m thick. The baritic rocks range 
from massive to weakly and thinly “layered”, as evident from variations 
in colour enhanced by cleavage. Examination by Roach (1987) shows 
that the main baritic unit consists of barite (<70%), quartz (<30%), 
disseminated pyrite (<10%), ankerite (<5%) and minor celsian, 
tremolite, sphalerite and galena. As a large proportion of the feldspar in 
the green muscovite schist lacks twinning (Pan and Fleet 1991), there 
may be more “celsian” than reported. Whole rock BaO values, up to 
37%, have been reported (Patterson 1984; Roach 1987). Barite crystals 
display triple-point junctions among crystals (Roach 1987), similar to 
microcline at the HGD (Harris 1989), which is inferred to indicate 
recrystallization due to metamorphism (Muir and Elliott 1987). The 
baritic unit typically displays a variably spaced cleavage (up to 50 mm 
apart), which also separates mineralogical zones with predominant 
barite, quartz or pyrite. For the purpose of mapping, the rocks have 
been subdivided into a variety of mineralogically related units (see 
“Legend”) based on visual appearance.

Dikes (Unit 8)

There are 4 types of dikes that have intruded rocks in this exposure 
(see “Legend”). The most abundant are plagioclase-phyric dikes that, 
within the eastern part of the exposure, occur as a swarm in the NEASZ 
and display considerable variation in thickness. Many of the dikes 
contain sparse to numerous inclusions of country rock, collectively 
consisting of black mudstone, green-muscovite schist, and unidentified 
fine-grained, light to medium grey (sedimentary?) rocks.

DEFORMATION

Many of the structural features evident in this exposure are similar to 
those documented for the HGD area (see Muir 1997, 2003; Lin 2001). 
The features and their relationships to other geological events are 
sufficiently similar that the chronology of events for the HGD area (Muir 
2003) is applied here. The main differences are the following: 
1.  There are no D  features identified at the NEBO exposure; hence, 1

     structural generation designations are enclosed in quotation marks 
     (e.g., “F ”).2

2.  The units dip to the south as opposed to the north or north-northeast 
     in the HGD area.
3.  The maximum intensity of strain and metamorphic grade is 
     somewhat lower at the NEBO compared to the maximum intensity at 
     the HGD.
In the NEBO exposure, the NEASZ visibly contains the most deformed 
rocks (i.e., based on transposition, greatest degree of fabric 
development, disruption of layering along juxtaposed wedges of 
cleaved rocks). Strain appears to increase in intensity rather abruptly 
(<5 m) from the footwall toward the NEASZ. As exposed, the hanging-
wall rocks are more deformed than the footwall rocks.

“D ” Features2

Tight to isoclinal “F ” folds (“S”, “Z”, “U” and “M” asymmetry) are present 2

in the NEASZ and in the hanging-wall and footwall rocks, but were not 
identified in the baritic rocks. The predominant planar fabric in various 
units is considered an “S ” fabric and is axial planar to “F ” folds. An “S ” 2 2 2

spaced cleavage is locally present. Pronounced intersection and 
elongation lineations (“L ”) plunge moderately to the west-southwest 2

and are inferred to be equivalent to prominent L  lineations in the HGD 2

area. The plunges decrease slightly and “progressively” toward the west 
as observed on the Padre and Kadrey occurrences (Roach 1987). 
Plunges of similar lineations in the vicinity of the HGD to the east are 
steeper, and because of the northerly dip of units, toward the northwest.

“D ” Features3

Relatively open, small-scale, “F ” folds with “Z” asymmetry have locally 3

deformed the feldspathic-pyritic schists of the NEASZ, locally in 
proximity to quartz veins. A minor east-northeast-striking “S ” fabric 3

overprints the “S ” fabric within the footwall turbidites. The “schists” are 2

too quartzofeldspathic to have developed a crenulation cleavage due to 
“D ” (as is the case for feldspathic units in the HGD area). Layer-parallel 3

cataclastic breccias similar to late-“D ” breccias in the HGD area are 3

sparse, but are present in the more competent quartzofeldspathic schist 
at the NEBO (and in the HGD area).

“D ” Features4

A sinistral sense “F ” kink fold with northwest-striking kink planes has 4

deformed altered and unaltered rocks, quartz veins and an Archean 
lamprophyre dike. A few small-displacement, dextral-sense, northwest-
striking faults are locally present (possibly “D ” faults?). The orientations 5

and sense of movement of the “D ” features are consistent with those in 4

the HGD area.

Miscellaneous

Quartz veins are of more than one generation, based on style (irregular 
elongate masses or northeast- to east-northeast-striking tabular veins). A 
notable strain gradient is evident in the footwall rocks from well-defined 
bedding with preserved primary features to isoclinally folded, transposed 
layering within less than 10 m across strike. Bedding in the less 
competent black mudstone is locally highly transposed and it is somewhat 
transposed in the hanging-wall sedimentary rocks. The plagioclase-phyric 
dikes postdate alteration and development of well-defined schistosity, but 
have undergone progressive strain as indicated by the “S ”-parallel 2

foliation, preferred alignment of inclusions and locally developed 
boudinage. Many of the plagioclase-phyric dikes in the HGD area have 
similar relationships to foliation and alteration.

ALTERATION

The overall appearance of the feldspathized and pyritized rocks at the 
NEBO is similar to the feldspathized and pyritized rocks associated with 
other mineralized (Heritage zone: spatially associated with the HGD) and 
unmineralized (Barren Sulphide zone: structurally above the HGD) rocks 
(Muir 1997). Other similarities include the presence of green muscovite 
(differing in the trace element that results in the colouration). 
Dissimilarities include the relative lack of gold and molybdenum at the 
NEBO at the level exposed and to the depth drilled in the past (~<300 m).

The initial timing of the alteration is not well established, although it may 
have occurred after development of “F ” folds in that isoclinal to tight folds 2

are found in the NEASZ and its hanging-wall and footwall rocks, yet the 
zone of alteration does not appear to be folded at this outcrop scale. It 
would seem that alteration occurred after “F ” folding, synchronous with 2

“D ” deformation and prior to intrusion of the plagioclase-phyric dike 2

swarm, which has been subjected to the latter stages of “D ”.2

DISCUSSION

Distinguishing between synsedimentary, stratiform, bedded barite and 
shear zone-hosted, magmatic-hydrothermal barite is fraught with 
ambiguities resulting from 1) sparse and irregularly distributed outcrops; 
2) deformation and alteration superposed on primary features and 
relationships; and 3) lack of sufficiently detailed petrographic and 
geochemical studies in the context of evolving interpretations of these 
deposits and occurrences. Gliddon (1985) noted a spatial association of 
barite with a shear zone at the NEBO and Roach (1987) concluded a) 
barite at the NEBO showed no primary sedimentary features; and b) the 
presence of a shear zone made determination of the origin equivocal. 
Much of the dilemma in making the distinction is limited to interpreted map 
patterns and rock associations versus interpretation of strontium and 
sulphur isotopes. The issue from the perspective of the interpretation of 
these isotopes is not clear as is evident from a review of work by 
Cameron and Hattori (1985, 1987), Hattori and Cameron (1987), Roach 
(1987), Thode, Ding and Crocket (1991a, 1991b), and Michibayashi and 
Jaireth (1991). Even relatively recently, the consensus from a CAMIRO 
(Canadian Mining Industry Research Organization) study of the HGD 
considered the barite at the HGD to be sedimentary (e.g., Bodycomb, 
Williams-Jones and Clark 2000; Lin 2001). For a brief overview of the 
issues presented, refer to Muir (2002).

In general, 1) to the author's knowledge, there are no known bedded 
barite deposits of Neoarchean age; 2) the few Paleoarchean to 
Mesoarchean examples (Australia, South Africa and India) tend to be 
spatially associated with quartzites or cherts and not “black shales”; 3) the 
Archean deposits are commonly (but not solely) associated with an 
inferred evaporitic environment; and 4) there has been a degree of 
associated controversy regarding formation (diagenetic replacement 
versus biologic precipitation versus exhalative deposition) (e.g., Jewell 
2000; Thorpe et al. 1992; Strauss 2003; Harris et al. 2009). However, 
there are also few, if any, records of Archean hydrothermal stratiform-like 
barite deposits emplaced within high-strain zones.

From this mapping study, the following conclusions and inferences are 
made for the NEBO.
1.  The baritic rocks are constrained to, and enveloped within, a zone of 
     alteration and relatively high strain (NEASZ).
2.  The presence of bedding at the NEBO is equivocal and better 
     described as compositional layering, enhanced visually by cleavage.
3.  The compositional layering in the barite, where present, does not
     display “F ” folds, whereas “F ” folds in bedding and layering are 2 2

     present collectively in a) unaltered sedimentary rocks structurally 
     above and below the baritic units and b) in altered rocks (that locally 
     display relict sedimentary layering), adjacent to the baritic units.
4.  Based on generalized maps (Roach 1987) at the Northern Eagle, 
     Padre and Kadrey occurrences, the baritic rocks and adjacent pyrite-
     quartzofeldspathic schists appear to be discordant to the green 
     muscovite–carbonaceous mudstone unit, much the same as parts of 
     the ore at the HGD are discordant to mappable highly strained units 
     (see Muir 2002, Figure 4).
5.  The relative timing and style of alteration, deformation and intrusion of 
     plagioclase-phyric dikes is very similar to that in the HGD area.

From studies of the HGD and its environs (e.g., Muir 1997, 2002 and 
references therein), the following conclusions and inferences are made.
1.  Barite, spatially associated with parts of the HGD, ranges from 
     massive to compositionally layered and/or laminated and occurs 
     variably in notable quantities as well as disseminations, veins and as 
     the matrix to brecciated ore-grade rocks.
2.  Barite commonly dilutes mineralization and locally is part of the “ore” in 
     that it is the matrix to an auriferous breccia.
3.  Barite is not a protolith to the ore (cf. Lin 2001).
4.  No barite has been reported to occur as a bedded unit within any 
     sedimentary packages (all packages display F  folds) that lie outside 2

     of the highly altered and deformed zone within which the HGD occurs 
     (e.g., mainly the Lake Superior shear zone).
5.  No recognizable or mappable barite unit occurs on surface at or in the 
     vicinity of the HGD nor are baritic rocks traceable around the nose of 
     any of the megascopic-scale F  folds.2

6.  Barite occurs within the main high-strain zone (Lake Superior shear 
     zone) and is most voluminous where spatially associated with the 
     thickest part of the Main Segment of the HGD at depth (see Harris 
     1989).
7.  Notable amounts of barite crystals are found in other units such as 
     altered fragmental rocks of the HGD (e.g., Davis and Lin 2003).
8.  Barium is present in pervasively altered rocks and in rocks displaying 
     fracture-controlled alteration, and occurs as a constituent element 
     particularly within potassium feldspar, and several other minerals, 
     associated with the HGD (Harris 1989).

In light of the above conclusions and inferences, it would not be 
unreasonable to consider that the barium deposits are related to 
magmatic-hydrothermal systems, controlled in part by zones of high-
strain, which notably postdated deposition of the volcano-sedimentary 
material.

There is an “unusual frequency” of reports of barite and/or anhydrite in 
Neoarchean gold deposits, particularly in Canada and Australia (Cameron 
and Hattori 1985), although in lower amounts than that reported in the 
HGD. It may be that during the Neoarchean, hydrothermal systems, under 
the appropriate conditions of oxygen fugacity, temperature and mixed 
sulphide and sulphate species, were capable of transporting gold and 
barium (among many other elements) in various complex ways during 
evolving systems. The presence of green vanadian-barian muscovite at 
the HGD versus barian-chromian muscovite at the NEBO and related 
occurrences may simply reflect the rock types through which the fluids 
passed at some point. Not currently understood is why gold is not 
particularly evident in the latter occurrences to date (current exploration is 
ongoing). The possible aspects of magmatic systems presented above 
provide an opportunity to re-examine concepts and collect new data for 
directed studies in the Hemlo greenstone belt.

RECOMMENDATIONS FOR EXPLORATION

As there is much information that can be gleaned from surface exposures, 
as illustrated by the NEBO outcrops, stripping the relatively thin 
overburden along the ridge extending east of the NEBO likely could prove 
fruitful for confirming relationships or testing alternative ones, including the 
possibility that the barite “zone” may be folded by “F ”. In light of the fact 2

that a substantial part of the HGD occurs about 300 m below surface and, 
in part, is subparallel to L  lineations, diamond drilling that tests depths at 2

least below this level, taking into account the “L ” lineation, is paramount. 2

The configuration of the main HGD orebody allows for the possibility of 
near-surface fertile ground occurring east of the NEBO (see Figure 3B in 
Muir 2002).

Also, assuming there is some validity in inferring a) a similarity of spatial 
association of alteration, high strain and barite, and b) these and other 
geological relationships have a comparable temporal association with 
events in the HGD and its environs, there is every reason to suspect that 
this area of the Hemlo greenstone belt could prove fertile for gold 
mineralization. Whether a “Hemlo-style” deposit may be found or a 
deposit with notably different characteristics is unclear. Jackson (1998) 
suggested that the higher metamorphic grade and degree of deformation 
in the eastern half of the Hemlo greenstone belt, coupled with a typically 
westerly plunging lineation in much of the Hemlo greenstone belt, could 
reflect a higher structural level of exposure in the western part. This may 
be represented by a change in style from predominantly ductile strain with 
disseminated mineralization in the east to predominantly brittle-ductile 
strain and vein style in the west (Jackson 1998).

The importance of quartz-plagioclase-phyric felsic volcanic rocks should 
also not be underappreciated. Gold mineralization in the HGD and in the 
Heron Bay area is spatially associated with these volcanic rocks. To the 
northeast of the HGD, on the north side of the Musher Lake pluton (see 
Figure 1), the rocks have a similar strike to the HGD area. In that area, 
there are massive and fragmental varieties of felsic, quartz-plagioclase-
phyric rocks, green muscovite, a well-developed schistosity, locally 
anomalous barium values (up to ~0.2% Ba) and interesting gold grades 
ranging from several grams per tonne up to a few tens of grams per tonne 
(see data in Muir 2000; derived from Mineral Deposit Inventory files). 
These are important aspects that should not be ignored.
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SOURCES OF INFORMATION

This map is based on field mapping at a scale of 1:200 which was 
undertaken in 1990 and 1998, with some updating in 2010. A 2 × 2 m 
grid was laid out on the outcrop area (1998), using a measuring tape 
and sighting by eye. Outcrops were drawn based on the grid. 

Universal Transverse Mercator (UTM) co-ordinates for reference points 
were captured by a recreational global positioning system (GPS) unit, 
using North American Datum 1983 (NAD83), Zone 16, with a precision 
of approximately ±5 m.

In 2011, magnetic north was 6°34′ W of True North in the study area.

Metric Conversion Factor:  1 foot = 0.3048 m.

Users of OGS products are encouraged to contact those Aboriginal 
communities whose traditional territories may be located in the mineral 
exploration area to discuss their project.
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            phyllitic schist (derived, in part, from unit 3d)
 
    6c  Cleaved, green-mica-pyrite-bearing phyllitic schist (likely 
            derived from units 2, 3, 4 and/or 5)

 
Feldspathic Cleaved Rocks
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    4a  Cleaved, layered, partly altered (bleached, pyrite)
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Sandstone–Siltstone

    2a  Turbiditic, fine sandstone–siltstone couplets ± grading 
            ± rip-up clasts ± cross-bedding

    2b  Layered ± cleaved, fine sandstone–siltstone 
             sedimentary rock (likely turbidites)

    2c  Coarse sandstone with intermediate to mafic matrix
       

Amphibolite

    1a  Gneissic amphibolite

    1b  Altered, moderately schistose amphibolite (derived  
            from unit 1a)
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     ± quartz ± feldspar
Refers to possible dilational infilling of, and/or replacement by, barite 
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