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Marginal Notes
INTRODUCTION
Production of a compilation map of the East Bull Lake and Agnew intrusions
(PU07-002) was initiated because of exploration interest for nickel-copper-
platinum group element (PGE) mineralization along the margins of these
Paleoproterozoic mafic intrusions.  Existing mapping was either available only
for each separate intrusion as uncoloured maps (Chubb, Hannila and Peck 1994;
McCrank et al. 1982) or as back-pocket figures in theses (Born 1979; Chubb 1994;
Vogel 1996).  Furthermore, all these maps used different lithologic nomenclature
and stratigraphic subdivisions.  In addition, concurrent mapping of the Archean
and Proterozoic geology of areas to the east (PU04-016, 06-005) and to the west
(PU09-004) (Easton 2006, 2007, 2009, 2010) has led to an increased
understanding of the geological setting of these intrusions and their host rocks,
which is embodied in this compilation.

GEOLOGY
Neoarchean (units 1 to 4)
The oldest rocks in the map area consist of amphibolite-facies mafic metavolcanic
rocks that are the main component of the Whiskey Lake greenstone belt (unit 1a).
Minor intermediate metavolcanic rocks and metasedimentary rocks (unit 1b) are
present in the Whiskey Lake greenstone belt, along with metagabbroic sills (unit
1c).  The youngest metavolcanic rocks in the Whiskey Lake greenstone belt have
been recently constrained to be 2687±1 Ma (Easton 2010).  Geological structures
within the greenstone belt are generally east trending, but primary volcanic or
sedimentary textures are rarely preserved.  The latter is, in part, due to the fact
that the Whiskey Lake greenstone belt within the map area is extensively intruded
by Neoarchean intrusive rocks (units 2 to 4), in addition to later injection by rocks
of the Paleoproterozoic East Bull Lake intrusive suite (units 5 to 14).
Neoarchean intrusive rocks consist of foliated biotite and biotite-hornblende
tonalite to granodiorite (unit 2a), commonly incorporating partially digested blocks
of older greenstone material (unit 2b).  Rocks of unit 3 consist almost wholly of a
medium- to coarse-grained, pink weathering granite (units 3a and 3b), locally
potassium feldspar megacrystic (unit 3c).  In the western part of the map area,
these rocks (unit 3a) have been named the Birch Lake granite by Ginn (1960).
Along the southern margin of the East Bull Lake intrusion, the Parisien Lake
syenite consists of medium- to coarse-grained syenite (unit 4).  The syenite cuts
rocks of units 1 and 2; however, its relative age relationship to rocks of unit 3
is not known.
The greenstones and the intrusive rocks (units 2 to 4) were intruded by several
generations of mafic rocks.  Most abundant are mafic dikes, locally plagioclase
phyric, of the Paleoproterozoic Matachewan diabase dike swarm (units 15a
and 15b) or sills of the East Bull Lake intrusive suite (unit 8c).  Also present
are Paleoproterozoic Nipissing gabbro sills (unit 25), mafic dikes of unknown
affinity (unit 15d), and Mesoproterozoic olivine diabase dikes of the Sudbury
diabase dike swarm (unit 27).  The abundance of dikes in the Archean
basement is evident in the western half of the map area (e.g., Dunlop Township)
where previous detailed mapping allows for improved delineation of these
mafic dikes that, with the exception of dikes of unit 27, are typically nonmagnetic.

Paleoproterozoic (units 5 to 26)
EAST BULL LAKE INTRUSIVE SUITE (units 5 to 15)
The Paleoproterozoic East Bull Lake intrusive suite (Easton 1999; James,
Easton et al. 2002) consists of several bodies of dominantly gabbronorite to
gabbroic anorthosite that occur in the Southern and Grenville provinces between
Elliot Lake and the Ottawa River (Figure 1).  The 3 largest bodies are the East
Bull Lake and Agnew intrusions (Southern Province) and the River Valley intrusion
(Grenville Province).  All were emplaced between circa 2491 and 2475 Ma
(Easton, James and Jobin-Bevans 2010).  Smaller bodies in and around the map
area include the Gerow Township, Stone Ridge and Tennyson intrusions (Easton,
James and Jobin-Bevans 2010; Easton 2010).
Emplacement of the bodies of the East Bull Lake intrusive suite (units 5 to 14),
subsequent eruption of volcanic rocks of the Huronian Supergroup (unit 16), and
formation of the depositional basin filled by Huronian Supergroup sediments
(units 17 to 24) is attributed by most authors (see Easton, James and Jobin-
Bevans 2010 for references) to an intracontinental rifting event resulting from a
mantle-plume centred near Sudbury.  A suite of igneous rocks records the initial
trace of this plume-induced rifting event; from oldest to youngest, they include 
1.   the East Bull Lake intrusive suite (~2490 to 2470 Ma)
2.   Elliot Lake Group metavolcanic and minor plutonic rocks, for example, the
      Elsie Mountain, Stobie and Copper Cliff formations at Sudbury and the
      Thessalon Formation in the Elliot Lake area (~2470 to 2450 Ma).  Metavolcanic
      rocks of the Elliot Lake Group constitute the lowermost of 4 stratigraphic groups
      in the Huronian Supergroup (Figure 2).
3.   Matachewan (2473 Ma) and Hearst (2446 Ma) mafic dike swarms
      (Heaman 1997)
4.   granitic intrusions within the Elliot Lake Group and the Superior Province
      (~2385 to 2460 Ma), including the Creighton and Murray plutons and granitic
      plutons in Street Township east of Sudbury that may be coeval with Elliot Lake
      Group felsic volcanism
Current geochronological data suggest 2 main pulses in magmatism:
1.   a predominantly mafic pulse at circa 2475 Ma, represented by the East Bull
      Lake intrusive suite, Matachewan dikes, and the mafic part of the Elliot Lake
      Group (e.g., Elsie Mountain Formation, parts of the Thessalon Formation in the
      Elliot Lake area)
2.   a felsic-dominated pulse at circa 2450 Ma, represented by felsic metavolcanic
      rocks of the Elliot Lake Group, related granitic intrusions, and the Hearst dikes
The rifting event produced an east-trending, southward-deepening basin that likely
resulted in formation of oceanic crust.  Huronian Supergroup metavolcanic rocks
are subaerial in the Thessalon area, but transition to submarine in the Elliot Lake
area (Easton 2009).
The preserved size of the East Bull Lake intrusive suite intrusions varies from 1 to
approximately 100 km2 (Easton, James and Jobin-Bevans 2010).  The most
completely preserved body is the Agnew intrusion with approximately 2 km of
stratigraphic section (Figure 3).  The East Bull Lake, Agnew and River Valley
intrusions are sporadically layered at centimetre to decametre scale throughout
their stratigraphy (Photo 1).
The East Bull Lake intrusion consists of 2 interconnected magma chambers that
locally exceed 1 km in thickness.  The dike-like conduit that connects the eastern
and western lobes of the East Bull Lake intrusion consists of the lowermost
stratigraphic units of the intrusion (units 5 and 6) and may represent part of the
feeder dike to the magma chambers.  These stratigraphically lowest parts of the
intrusion are significant, as they are proximal to mineralized zones and feeder
dikes that are largely obscured elsewhere in the intrusion.  An unknown thickness
of the upper part of the intrusion apparently has been eroded away.  The eastern
end of the East Bull Lake intrusion is connected to the western end of the Agnew
intrusion by the Streich dike.  Igneous textures are typically well preserved
throughout the intrusion, although primary pyroxene and olivine are commonly
pseudomorphed by secondary amphiboles.  Primary mineralogy has been
deduced mainly from detailed textural and geochemical studies (e.g., James and
Born 1985; Chubb 1994).  In the upper series in both intrusions, large dendritic
clinopyroxene crystals are present (unit 12) (Photo 2).
The main mass of the Agnew intrusion is located on the west side of Agnew Lake
and, as previously noted, is linked to the East Bull Lake intrusion, on its northwest
side, by the Streich dike, a 200 to 300 m wide composite body with a strike length
of approximately 10 km.  Where the Streich dike enters the Agnew intrusion, large
plagioclase nodules are present (Photos 3a and 3b).  There are only rare
occurrences of footwall breccia zones (unit 6) (Photo 4) at the intrusion’s contact
with the granitic rocks that are equivalent to the Border Zone of the East Bull Lake
intrusion. More commonly, there is an abundance of felsic dikes (thermal aureole
partial melts) intruding older granitic basement rock, particularly where mafic
(feeder) dikes are abundant near the intrusion contact.  The east margin of the
intrusion is in fault contact with, or is apparently unconformably overlain by,
McKim Formation (unit 18) metasedimentary rocks.
The longitudinal axis of the Agnew intrusion is 290 to 300°, which is parallel to the
axis of the East Bull Lake intrusion, the Streich dike and many of the Matachewan
diabase dikes present in the southernmost Superior Province.  This trend is thought
to reflect the orientation of the rift structure that permitted magma intrusion.
Figure 3 presents a composite stratigraphic section for the Agnew intrusion.  It
consists of a Marginal, Lower and Upper Series that correlate, as illustrated, with
the Lower, Main and Upper Series of the East Bull Lake intrusion.  Mafic
mineralogy is replaced by calcic amphiboles formed during lower amphibolite-
facies, Penokean-age metamorphism.  Compositions of plagioclase cores
commonly appear to be near original magmatic values.  Primary igneous textures
are preserved, but less clearly than in the East Bull Lake intrusion.
Leucogabbronorite and gabbronorite (units 7, 8 and 9) are the dominant rock
types in the lower and middle parts of most bodies of the East Bull Lake intrusive
suite.  Olivine gabbronorite (unit 10) and leucogabbronorite (units 7, 8 and 9) are
common in the Main Series of the East Bull Lake intrusion and the Lower Series
of the Agnew intrusion.  Ferrogabbro, ferrosyenite and alkali granite (unit 14) form
the top 150 m of the Agnew intrusion.  The crystallization order of primocryst
phases in most of the intrusions is plagioclase, olivine, orthopyroxene,
clinopyroxene and titanomagnetite.  The attitude of metre-scale phase layering
and stratigraphic units in the East Bull Lake and Agnew intrusions suggest that
they represent lopoliths (James, Easton et al. 2002).
Contact relationships between rocks of the East Bull Lake intrusive suite and the
Huronian Supergroup are either faulted or equivocal.  Consequently, it is not
known for certain if the East Bull Lake intrusive suite intruded the Huronian
Supergroup, or was unconformably overlain by it, or both (e.g., McCrank et al.
1989; Peck, James and Chubb 1993).
Within the Southern Province, rocks of the East Bull Lake intrusive suite are
affected by folding and upper greenschist- to lower amphibolite-facies
metamorphism (Kamineni 1986; Chubb 1994) associated with the Penokean
orogeny, likely around 1835 Ma (see Easton, James and Jobin-Bevans 2010).
Without exception, breccias containing footwall and mafic cognate xenoliths in a
gabbronorite matrix (see Photo 4) occur at the base of all intrusions (unit 6) where
the footwall contact is preserved.  The thickness and abundance of these breccia
units varies considerably.  Also near the contact, footwall breccias and zones of
extensive footwall dikes may be present (unit 5).  Disseminated chalcopyrite and
pyrrhotite, typically in modal amounts from 0.5 to 2.0%, occur in the matrix of the
marginal and brecciated rocks.  This sulphide mineralization commonly contains
between 1 and 5 g/t of combined Pt+Pd+Au, and is the focus for current mineral
exploration (James, Easton et al. 2002; James, Jobin-Bevans et al. 2002).

HURONIAN SUPERGROUP (units 16 to 24)
Figure 2 schematically illustrates the stratigraphy of the Huronian Supergroup.
Rocks of the Huronian Supergroup are exposed mainly in the eastern half of the
map area.

OTHER UNITS (units 25 to 26)
Nipissing gabbro (unit 25) is present mainly in flat-topped hills north of the East
Bull Lake intrusion where it injected metasandstone of the Mississagi Formation
(unit 21) (see detail on map by McCrank et al. 1982).  Rocks of unit 26 consist of
areas of highly deformed rocks, including rocks of the Folson Lake deformation
zone which affects Archean rocks (unit 26b) and the East Bull Lake intrusion
(unit 26a), as well as the presence of Sudbury-type breccias (unit 26c) in the
Agnew Lake area.

Mesoproterozoic (unit 27)
The only known Mesoproterozoic rocks in the area are olivine diabase dikes of
the Sudbury diabase dike swarm (unit 27).

NOTES REGARDING TYPES OF DATA PRESENTED ON THE
MAP FACE
Geological Data
Geology of the East Bull Lake and Agnew intrusions is based on 1:20 000 scale
mapping of these bodies by Born (1979), McCrank et al. (1982), Chubb, Hannila
and Peck (1994) and Vogel (1996), but incorporating a common lithologic and
stratigraphic legend for the 2 intrusions.  Geology of the Archean basement rocks
to these intrusions in the east half of the map area is based on mapping by Card
and Palonen (1976) and Easton (2006, 2007).  In contrast, in the west half of the
map area, the geology of the Archean basement is based largely on the
interpretation of geophysical data for the area, supplemented by limited field work
related in part to mapping of the Pecors Lake–Whiskey Lake map area to the
east by Easton (2009, 2010).

Field Trip Stops
Field trip stops illustrating representative units in the East Bull Lake and Agnew
intrusions, as well as their country rocks, are shown on the map face.  These
stops are described in detail in Easton, James and Jobin-Bevans (2010).

Geochronological Data
Uranium-lead (U/Pb) zircon and baddeleyite geochronology data for the East
Bull Lake (unit 10), Agnew (unit 14) and the Parisien Lake intrusions (unit 4) from
Krogh, Davis and Corfu (1984) are indicated on the map face.  McCrank et al.
(1989) reported a Nd/Sm isochron age for the East Bull Lake intrusion of
2472±76 Ma, consistent with the U/Pb age of 2480±10 Ma, but with a larger
uncertainty.
The U/Pb zircon age of 2651±1 Ma from the Birch Lake granite (unit 3) in Porter
Township (Kamo 2006) is probably representative of the emplacement age for
most of the unit 3 granitic rocks within the map area.  The dominant detrital zircon
grain population (2677 to 2641 Ma) within a Matinenda Formation sandstone
(unit 17) sample in Baldwin Township also reflects the age of the basement rocks
within the map area (2641 to 2677 Ma) (Easton and Heaman 2008).  The 4
youngest detrital grains, 2455±9 Ma, in that sample provide an estimate of the
timing of Huronian Supergroup volcanism (unit 16) (Easton and Heaman 2008).
Potassium-argon (K/Ar) ages from the East Bull Lake intrusion (Kamineni 1986)
reflect metamorphic recrystallization of primary mineralogy in the intrusion during
the Penokean orogeny (1880 to 1700 Ma). A Sudbury swarm diabase dike (unit
27) on Highway 17, west of the junction with Highway 6. dates the emplacement
of the dike swarm at 1238±4 Ma (Krogh et al. 1987).  Numerous K/Ar and Rb/Sr
biotite ages at circa 1200 Ma in Baldwin and Porter townships (Ginn 1960;
Fairbairn, Hurley and Pinson 1960) likely reflect localized resetting due to
emplacement of the Sudbury diabase dike swarm.

Lake Sediment Geochemistry
The map area is covered by 2 lake sediment geochemical surveys (Geological
Survey of Canada 2010b; Dyer 2010).  The survey by Dyer (2010) covers only the
west half of the map area, whereas the survey by the Geological Survey of
Canada covers the entire map area, but at lower sample density and with fewer
elements analyzed.  No gold or base metal anomalies within the map area were
reported by either survey.
The survey by Dyer (2010) identified 2 nickel-copper anomalies over the East
Bull Lake intrusion, one at the south end of Moon Lake and the other in the border
zone of the intrusion south of field trip Stop 1-9.  Several nickel-copper anomalies
were also identified by the Geological Survey of Canada (2010b) lake sediment
survey.  Two anomalies are located over the East Bull Lake intrusion, and also
contain copper, with values of 28 to 64 ppm Cu, 13 to 28 ppm Ni and 2 to 6 ppm
Pb.  Three anomalies are present along the south margin of the Agnew intrusion,
and are also elevated in arsenic, cadmium and lead (2 to 5 ppm As, 1.3 to 1.9 Cd,
25 to 52 ppm Cu, 22 to 32 ppm Ni, 48 to 93 ppm Pb).  The reason for the
geochemical difference between the anomalies located over the East Bull Lake
and Agnew intrusions is unknown.  A nickel-copper anomaly (41 ppm Cu, 34 ppm
Ni, 54 ppm Pb) was also identified proximal to the current site of the Shakespeare
nickel-copper mine.
Dyer (2010) identified 3 uranium-thorium-rare earth element (REE) anomalies
(23 to 75 ppm U) immediately north of the map area in Lockeyer Township,
approximately 5 km north of Little Bull Lake.  These anomalies are hosted in
radiogenic granites of unit 3, similar to radiogenic granites north of Elliot Lake
that were described by Easton (2010).  Uranium anomalies (13 to 51 ppm U)
were also identified by the Geological Survey of Canada survey (2010b) in 2 other
areas underlain by radiogenic granites of unit 3.  These areas are located in west-
central Gough Township and in northern Dunlop Township, west and east of the
Spanish River, and are associated with uranium and thorium airborne gamma-ray
spectrometric highs (Geological Survey of Canada 2010d).

Whole Rock Geochemistry
A comprehensive geochemical database for the East Bull Lake intrusion was
extracted from Peck et al. (1995) and Chubb (1994) by Easton and Sykora (2007),
and includes several hundred, whole-rock major and minor element analyses and
selected trace and rare-earth element analyses.  Additional, relevant geochemical
data for the East Bull Lake intrusion are contained in several Atomic Energy of
Canada Ltd. publications (e.g., Ejeckam et al. 1990) and academic studies (Born
1979; James and Born 1985).  Geochemical data for the Agnew intrusion (Vogel
1996) were also included in Easton and Sykora (2007).
Selected representative and average geochemical compositions for the major
stratigraphic units in the East Bull Lake and Agnew intrusions are presented in
James, Easton et al. (2002) and Easton, James and Jobin-Bevans (2010).
Estimates of the bulk composition of the East Bull Lake intrusion, determined
using the calculated volumes of all of the major stratigraphic units and their

average chemical compositions, give an aluminum-rich, low-titanium
leucogabbroic magma composition (Chubb 1994).  Estimates of the parent
magma composition for all of the Agnew intrusion, except for the Olivine
Gabbronorite Zone, also give a high-aluminum, low-titanium, tholeiitic
composition (Vogel et al. 1999; James, Easton et al. 2002).
Detailed geochemical studies of surface and diamond-drill core samples from
both the eastern and western lobes of the intrusion (e.g., James and Born 1985;
Ejeckam et al. 1990; Chubb 1994; Peck et al. 1995) have shown that well-defined
chemical fractionation trends are absent through the East Bull Lake intrusion
stratigraphy.  This likely reflects the fact that 
1.   the early crystallization of the parent magmas was dominated by plagioclase
      with intermediate to calcic compositions that, as calculated by James, Easton
      et al. (2002), were near neutrally buoyant in their aluminum-rich parent magmas
2.   the chamber was fed by multiple injections of chemically similar magma that
      became mixed with the resident magma, thereby precluding the development
      of chemical fractionation trends

Magnetic Data
The majority of rock units within the map area, be they Archean or
Paleoproterozoic, including the mafic dikes (unit 15) that cut older rocks in the
area, give uniformly low magnetic susceptibility readings (0.10 to 0.80 ×10–3 SI)
(Easton 2006, 2010).  Exceptions are 
•    some of the Archean monzogranitic rocks (unit 3), which locally give magnetic
     susceptibility readings on the order of 1 to 8 ×10–3 SI units
•    the Parisien Lake syenite (unit 4), which typically has magnetic susceptibility
     readings on the order of 10 to 40 ×10–3 SI units
•    rocks of the Upper Gabbronorite Zone (unit 13) of the East Bull Lake intrusion
     and the Fe-Ti-Oxide Zone of the Agnew intrusion (unit 14), which typically give
     magnetic susceptibility readings on the order of 2 to 20 ×10–3 SI units
•    Sudbury swarm diabase dikes, which typically give magnetic susceptibility
     readings on the order of 20 to 50 ×10–3 SI units
Several individual features are visible in the total magnetic field data for the map
area (Geological Survey of Canada 2010a; Figure 4).  These include the following:
•    magnetic highs associated with Archean greenstone belt remnants (unit 1)
     present in granodioritic rocks (unit 2) in Gerow Township north of Renault Lake
•    a prominent magnetic high associated with radiogenic, high-thorium granitic
     rocks (unit 3) in northern Dunlop Township, north of the Agnew intrusion
•    a prominent magnetic high coincident with the surface outline of the Parisien
     Lake syenite (unit 4).  Two linear anomalies in Tennyson Township, trending
     320°, strike into the anomaly associated with the Parisien Lake syenite, and
     may be fault traces.
•    rocks of the Upper Gabbronorite Zone (unit 13) of the East Bull Lake intrusion,
     especially in the area north of Folson Lake
•    rocks of the Fe-Ti-Oxide Zone (unit 14) of the Agnew intrusion
•    diabase dikes trending 305° of the circa 1240 Ma Sudbury diabase dike swarm
Some additional features are visible in the first derivative of the gradient of the
total magnetic field, especially in the west part of the map area that is covered by
higher resolution data (Geological Survey of Canada 2010a; Figure 5).  These
include the following:
•    a linear, approximately 7 km, moderate magnetic high, trending 290 to 295°
     that is spatially associated with the surface outcrop exposure of the Tennyson
     sill (unit 5).  A second, 4 km long, moderate magnetic high, with a similar trend,
     lies approximately 3 km southwest of the Tennyson sill anomaly.
•    a linear magnetic high, trending 305°, extends from the potential feeder zone
     located at the northwest tip of the Agnew intrusion toward the south end of
     Savage Lake.  This anomaly lies approximately 1.5 km north of the Streich dike,
     and could represent the subsurface expression of the feeder system to the
     Agnew intrusion.
•    a prominent magnetic high associated with radiogenic granitic rocks (unit 3) in
     northern Dunlop Township, north of the Agnew intrusion

Gravity Data
Bouguer gravity highs, ranging from 5 to 11 mgal, underlie the Agnew and the
East Bull Lake intrusions (Figure 6).  The gravity anomaly associated with the
East Bull Lake intrusion is on the shoulder of a larger gravity anomaly present to
the west of the map area between Whiskey and Pecors lakes (Easton 2009,
2010).  Consequently, the 2 anomalies are difficult to separate from one another,
especially if viewing only the first derivative of the gradient of the Bouguer gravity
field.  The presence of gravity highs over the intrusions most likely reflects the
higher rock density present in the mafic rocks that comprise the intrusions.

Radiometric Data
The east half of the map area is covered by a high-resolution, airborne, gamma-
ray spectrometric survey (Geological Survey of Canada 2010d).  Elevated thorium
and potassium values are present in areas underlain by rocks of the Birch Lake
granite and its equivalents (unit 3).  Areas of elevated uranium contents in the
airborne gamma-ray spectrometric data are coincident with areas containing
elevated uranium contents in lake sediments (>15 ppm) (Figure 7).  Prominent
lows for potassium, uranium (see Figure 7) and thorium are present over both the
East Bull Lake and Agnew intrusions (units 5 to 13), consistent with the mafic
composition of these bodies.  An area of moderate potassium enrichment is
present over the Parisien Lake syenite (unit 4), again, consistent with the bulk
rock composition of this unit (average ground scintillometer contents: 5.3 weight %
K2O, 9 ppm U and 28 ppm Th (R.M. Easton, unpublished data, 2009, 2010)).
In addition to the airborne radiometric anomalies shown on the map face, ground
scintillometer data were collected along Highway 553 and the West Branch Road,
as well as in eastern Gerow Township, as part of the Pecors Lake–Whiskey Lake
compilation project.  These data will be released along with all of the scintillometer
data for the Pecors Lake–Whiskey Lake compilation project (PU09-004).
Preliminary interpretation of the ground scintillometer data can be found in Easton
(2009, 2010).

Mineral Deposit Data
Mineral deposit data shown on the map consist of occurrences and minor
prospects (not numbered) and producers, past-producers and major prospects
(numbered).  The only currently active metal producer in the area is Ursa Major’s
Shakespeare Mine, which is hosted in Nipissing gabbro (Sproule et al. 2005;
www.ursamajorminerals.com/s/Shakespeare.asp [accessed June 21, 2011]).
Data in Baldwin, Porter and Vernon townships are from Easton (2006, 2007);
data from Dunlop and Shakespeare townships are from Card and Palonen (1976).
In addition to historic mineral occurrences, PGE assay data for locations in the
contact margins of the East Bull Lake and Agnew intrusions, compiled from
Assessment File records, are also indicated on the map face (total combined
PGE in grams per tonne).  Data from the Tennyson sill (R.M. Easton, unpublished
data, 2010) indicate that it is slightly anomalous in total PGE (22 to 56 g/t)
compared to other mafic rock units in the area (units 1, 15 and 25), with the
exception of parts of the East Bull Lake and Agnew intrusions.
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                              LEGENDabc

   PHANEROZOIC
        CENOZOIC
            QUATERNARY
                   RECENT
                          Lake, stream and swamp deposits

                   PLEISTOCENE
                          Glacial deposits; sand and gravel, clay and till
                     Areas of extensive drift through which geological contacts
                     cannot be reliably extrapolated
                                            UNCONFORMITY

PRECAMBRIAN
   MESOPROTEROZOIC
                     Mafic Intrusive Rocks (Sudbury Diabase Dike Swarm)
                     (1238 Ma)
                                        INTRUSIVE CONTACT

   PALEOPROTEROZOIC
REGIONAL LOW- TO MODERATE-GRADE METAMORPHISM WITHIN
THE SOUTHERN PROVINCE
                     Deformed Rocks
                     26a  Deformed and sheared rocks of the East Bull Lake
                             intrusion, locally containing large quartz veins or quartz
                             vein stockworks
                     26b  Deformed and sheared rocks of the Parisien Lake
                             syenite (unit 4) or granodiorite (unit 2), locally containing
                             large quartz veins or quartz vein stockworks
                     26c  Veins, dikes or zones of randomly oriented blocks of
                             country rock (unit(s), if identifiable, included in
                             parentheses) in a fine-grained, pseudotachylite matrix
                             (Sudbury-type breccia, 1850 Ma)
                                        TECTONIC CONTACT
                     Mafic Intrusive Rocks (Nipissing Gabbro Suite)
                     (2219 to 2210 Ma): Gabbro, fine to medium grained
                                        INTRUSIVE CONTACT
                     HURONIAN SUPERGROUP (2450 to 2219 Ma)
                                          Quirke Lake Group
                     Serpent Formation: Sandstone, fine to medium grained,
                     locally may be slightly greenish weathering; thin to medium
                     bedded, bedding commonly indistinct
                     Espanola Formation
                     23a  Limestone and calcareous siltstone, thinly interbedded
                     23b  Calcareous siltstone and fine-grained sandstone,
                              generally grey weathering; indistinct bedding
                     23c  Calcareous sandstone, fine grained, generally pale
                              grey to chalky weathering
                     23d  Pyroxene skarn derived from unit 9
                     23e  Hornfels
 
                     Bruce Formation

                                          Hough Lake Group

                     Mississagi Formation: Sandstone, buff to pink
                     weathering, fine to medium grained, medium bedded
                     arenite
                     Pecors Formation: Mudstone and siltstone, thinly bedded

                     Ramsay Lake Formation
                     19a  Conglomerate, polymictic, matrix supported
                     19b  Sandstone
                        DISCONFORMITY OR UNCONFORMITY
                                Elliot Lake Group (2470 to 2450 Ma)
                     McKim Formation
                     18a  Mudstone, siltstone, very thin to thin bedded
                     18b  Impure sandstone, minor mudstone and siltstone
                             (turbidites), thin to medium bedded
                     Matinenda Formation
                     17a  Sandstone, buff to pale green weathering, medium to
                             coarse grained, medium bedded, locally cross-bedded
                     17b  Conglomerate, matrix supported
                     17g  Regional alteration of rocks of unit 17a resulting in
                             feather amphibolite texture in the rock
                        DISCONFORMITY OR UNCONFORMITY
                     Salmay Lake Volcanic Complex (2470 to 2450 Ma)
                     Metavolcanic and Metasedimentary Rocks and Related
                     Intrusive Rocks
                     16a  Mafic metavolcanic rocks, fine grained, massive thick
                             flows or sills
                     16b  Mafic metavolcanic rocks, fine grained, schistose
                     16c  Felsite and metasiltstone, fine grained, schistose,
                             commonly garnet bearing
                     16d  Conglomerate, mudstone, siltstone, composed
                             dominantly of volcanic material, generally green to
                             green-grey weathering
                     16e  Mafic dike, possible feeder to unit 16 flows based on
                             geochemistry
                     16f   Granite
                     16g  Regional alteration of rocks of unit 16 resulting in
                             feather amphibolite texture in the rock
                     INTRUSIVE CONTACT OR UNCONFORMITY

25

26

27

16

17

18

21

22

23

24

                     Mafic Intrusive Rocks
                     15a  Diabase, aphyric, fine to medium grained, greenish-
                             weathering, probably related to the Matachewan
                             diabase dike swarm (2473 to 2446 Ma)
                     15b  Diabase, plagioclase-phyric, fine to medium grained,
                             greenish-weathering, probably related to the
                             Matachewan diabase dike swarm (2473 to 2446 Ma)
                     15c  Gabbronorite, fine to medium grained, greenish-
                             weathering, unknown age and affinity
                     15d  Mafic dike, fine to medium grained, greenish-weathering,
                             unknown age and affinity
                     15e  Breccia dike, fine to medium grained, unknown age
                             and affinity
                     15f   Feather amphibolite-textured mafic rock, medium to
                             coarse grained, affinity to other regional mafic intrusive
                             suites unknown
                     15g  Alkalic intrusive rocks and breccia
                     15h  Ultramafic dike
                                        INTRUSIVE CONTACT
                     East Bull Lake Intrusive Suiteb (2490 to 2470 Ma)
                          Upper Series (units 11 to 14)
                     Fe-Ti-Oxide Zone
                     14a  Leucogabbro
                     14b  Ferrosyenite
                     Upper Gabbronorite Zone
                     13a  Gabbronorite, massive
                     13b  Mixed unit
                     13c  Porphyritic unit
                     13d  Pod-bearing unit
                     13e  Transition unit
                     Varitextured and Dendritic Gabbronorited
                     12a  Gabbronorite, varitextured
                     12b  Gabbronorite, dendritic texture, lower stratigraphic levels
                     12c  Gabbronorite, dendritic texture, upper stratigraphic levels
                     Layered Gabbronorite Zone
                     11a  Gabbronorite, eastern subzone, East Bull Lake intrusion
                     11b  Gabbronorite, western subzone, East Bull Lake intrusion
                     11c  Gabbronorite, layered, Agnew intrusion
                          Main Series (units 8 to 10)
                     Olivine Gabbronorite Zone
                               Lower Gabbronorite Zone
 
                     Layered Zone: Gabbronorite, rhythmically layered

                     Massive Zone
                     8a  Leucogabbronorite, massive, locally with minor rhythmic
                           layering
                     8b  Leucogabbronorite, massive
                     8c  Gabbronorite, massive; includes gabbronorite of the
                           Tennyson sill and its equivalents
                          Lower Series (units 6 and 7)
                     Anorthosite Zone
                     7a  Anorthosite, nodular
                     7b  Anorthosite, massive
                     7c  Anorthosite, mottled
                     7d  Anorthosite, leucogabbronorite, varitextured
                     Inclusion-bearing (Gabbronorite) Zoned
                     6a  Gabbronorite, inclusion bearing
                     6b  Leucogabbronorite, inclusion bearing
                     Marginal Zone
                     5a  Gabbronorite, massive
                     5b  Border zone, composed of a heterogeneous mixture of
                           rocks belonging to the Archean basement (units 1, 2
                           and 3) and rocks of the lower series of the East Bull
                           Lake intrusive suite
                     5c  Breccia unit
                        INTRUSIVE AND TECTONIC CONTACTS

   ARCHEAN
        NEOARCHEAN
                     Felsic Intrusive Rocks (Parisien Lake Syenite) (2665 Ma):
                     Syenite, fine to coarse grained
                     Felsic Intrusive Rocks (Ramsay–Algoma Granitoid Suite)
                     (2670 to 2650 Ma)
                     3a  Biotite monzogranite, massive to weakly foliated,
                           medium to coarse grained, Birch Lake intrusion
                     3b  Biotite monzogranite, massive to weakly foliated,
                           medium to coarse grained
                     3c  Biotite monzogranite, potassium feldspar megacrystic,
                           massive to weakly foliated, medium to coarse grained
                     Intermediate Intrusive Rocks (Ramsay–Algoma Granitoid
                     Suite) (2690 to 2670 Ma)
                     2a  Biotite granodiorite and tonalite
                     2b  Heterogeneous units, composed of partly digested,
                           mafic metavolcanic and intrusive rocks belonging to the
                           Whiskey Lake greenstone belt, variably invaded by
                           younger granitoid rocks of units 2 and 3
                     2c  Granodiorite to tonalite, foliated to gneissic, fine to
                           medium grained, buff to blue-green weathering
                                        INTRUSIVE CONTACT
                     Metavolcanic and Metagabbroic Rocks (Whiskey Lake
                     Greenstone Belt)
                     1a  Mafic metavolcanic rocks
                     1b  Intermediate metavolcanic rocks, minor metamudstone
                           and metasandstone
                     1c  Metagabbro, fine to medium grained
a  This legend is a field legend that incorporates the results of laboratory
     investigations, including petrography and geochemistry.
b  In 1990, the Geographical Names Board of Canada changed the name
     of East Bull Lake to Bull Lake.  However, according to the North
     American Stratigraphic Code, the original stratigraphic term remains
     unchanged, i.e., it is still the East Bull Lake intrusion and the East
     Bull Lake intrusive suite.
c  Subdivision of the East Bull Lake intrusive suite is based on both
     compositionally distinct stratigraphic layers as well as distinctive
     igneous textures.  Note that boundaries between compositional and
     textural variants do not necessarily follow the law of superposition.
d  These units may be discordant to stratigraphy within the intrusions,
     and may occur at more than one stratigraphic level in an individual
     intrusion, or at different stratigraphic levels between intrusions.
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                       AND PROSPECTS
  1  Andrews–Piispanen (Cu, Ni) MDI41I05SE00061
  2  Brunne quarry (stone-anorthosite) MDI41I05NW00021
  3  Carlyle construction quarry (stone-quartzite)
  4  East skarn (Ni, Cu)
  5  Hanover (Cu, Pb, Zn, Co) MDI41I05NW00026
  6  Jellicoe (U) MDI41I05SW00059
  7  Main (O’Brien) (Cu, Ni, Au) MDI41I05SW00019
  8  Owen quarry (stone-gabbro) MDI41I05SE00041
  9  Ridge (Swan) (Ni, Cu) MDI41I05NW00018
10  Shakespeare gold mine (Au, Cu) MDI41I05SW00015
11  Spanish River Mine (Cu, Ag, Au) MDI41I05SW00014
12  Springer Farm (Cu, sm, qv) MDI41I05SW00092
13  Springer Farm, flux vein (Cu, qv) MDI41I05SW00092
14  Springer Farm, north vein (Cu) MDI41I05SW00069
15  Tennyson quarry (stone-granite) MDI41J08SE00026
16  Ursa Major Minerals Incorporated, Shakespeare Mine
      (Ni, Cu, Co, PGE) MDI41I05SW00075, MDI41I05SW00076
17  Vernon quartz (silica)
18  Wilson (U) MDI41I05NE00037
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surrounding rocks
(trend only, interpreted)
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magnitude of vertical
displacement
unknown, 
unknown horizontal
displacement (trend
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side indicated,
interpreted)
Fault; now near-
vertical, possibly a
reactivated thrust fault
(trend only, hanging-
wall side indicated,
interpreted)
Lineament 
(trend only,
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Fold; anticline, 
first generation (trend
only, limbs dip in
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interpreted)
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second generation
(trend only, limbs dip
in opposite directions,
interpreted)
Fold; antiform,
unknown generation
(trend only, limbs dip
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second generation
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Fold; syncline, 
first generation 
(trend only, limbs dip
in opposite directions,
interpreted)
Fold; syncline, 
second generation
(trend only, limbs dip
in opposite directions,
interpreted)
Fold; synform,
unknown generation
(trend only, limbs dip
in opposite directions,
interpreted)
Fold; synform, 
second generation
(trend only, limbs dip
in opposite directions,
interpreted)

Bedding; sedimentary,
volcanic or other,
facing unknown
(inclined, vertical)
Bedding; sedimentary,
volcanic or other,
facing known (inclined)
Bedding; sedimentary,
volcanic or other,
graded with facing
known (inclined)
Bedding; sedimentary,
volcanic or other,
cross-bedded with
facing known (inclined,
overturned)
Foliation 
(inclined, vertical)
Igneous layering
(inclined)
Lineation, with plunge

Shearing in outcrop,
unknown displacement
(vertical)
Stratigraphic facing

Glacial striation

Mineral prospect, past-
producer or producer
(number corresponds
with “Producers, Past-
Producers and
Prospects” list)
Mineral occurrence,
prospect, past-producer
or producer with
commodity
Assay results for
platinum group
elements (PGEs) at
this location, in grams
per tonne (data
compiled from
assessment file records,
MNDMF)
Diamond-drill holea
and hole number, see
“Diamond-Drill Hole
Abbreviations” for
company name (data
from Ontario Geological
Survey 2005)
Location of lake
sediment and
significant nickel and
uranium contentb, in
ppm (data from
Geological Survey of
Canada 2010b)
Location of isotopic
age determination,
with age in Ma
Location of field trip
stop (day and stop
number) (from Easton,
James and Jobin-
Bevans 2010)
Roads (primary,
secondary, trails)
Railway

Utilities (transmission
line, unknown)

a Indicates location only, does not imply direction of drilling
b No value indicates location of lake sediment sample only, with no
     significant nickel or uranium content
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Figure 5.  First derivative of the total magnetic field for the map area (data from Geological Survey of Canada 2010a).
Outlines for the Agnew intrusion, the East Bull Lake intrusion, the Parisien Lake syenite and the Tennyson sill are shown for reference.
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Figure 4.  Total magnetic field for the map area (data from Geological Survey of Canada 2010a).
Outlines for the Agnew intrusion, the East Bull Lake intrusion, the Parisien Lake syenite and the Tennyson sill are shown for reference.
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Figure 6.  Bouguer gravity field for the map area (data from Geological Survey of Canada 2010c).
Outlines for the Agnew intrusion, the East Bull Lake intrusion, the Parisien Lake syenite and the Tennyson sill are shown for reference.
Small black dots indicate location of gravity measurements.
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Figure 7.  Airborne gamma-ray spectrometric data for equivalent uranium (eqU) for the map area (data from Geological Survey of Canada 2010d).
Outlines for the Agnew intrusion, the East Bull Lake intrusion, the Parisien Lake syenite and the Tennyson sill are shown for reference.

Figure 2.  Stratigraphy of the Huronian Supergroup.

Photo 1.  Centimetre- to decametre-scale igneous layering within rocks of the
Agnew intrusion. Figure 3.  Stratigraphic sections for the East Bull Lake and Agnew intrusions.  The Olivine-Gabbronorite Zone serves as

the basis for the correlation between the 2 intrusions.  Mineral distribution and plagioclase compositions are from Vogel
et al. (1999).

Photo 3. a) Stone quarry in Nodular Anorthosite unit.  Co-author R.S. James is standing on nodular anorthosite; dark rocks in foreground belong to a Matachewan
swarm diabase dike that intrudes the Nodular Anorthosite unit.  b) Close-up of nodular anorthosite, showing closely packed plagioclase glomerophenocrysts with
minor interstitial, altered, pyroxene.  Hammer handle is 55 cm long. Both photographs are taken at Stop 2-2 (Easton, James and Jobin-Bevans 2010, Day 2, Stop 2).

a b

Photo 4.  Nodular anorthosite from the Inclusion-Bearing Gabbronorite Zone,
Lower Series, of the Agnew intrusion, roughly 200 m south of the nodular
anorthosite quarry, in the vicinity of Stop 2-4. (Easton, James and Jobin-Bevans
2010, Day 2, Stop 4).  Note the pyroxenite fragment in the centre of the photograph.

Figure 1.  Distribution of U/Pb
zircon ages from Neoarchean
and Paleoproterozoic rocks in
the Sudbury area, as well as
the distribution of East Bull Lake
intrusive suite bodies.  Solid
heavy line indicates the eastern
boundary of the Grenville Front
tectonic zone.  See Easton,
James and Jobin-Bevans (2010)
for complete list of sources.
Intrusions 3, 14, 15 are
undated.  Age of Hearst and
Matachewan dikes from Heaman
(1997).
Abbreviations:
GFTZ = Grenville Front tectonic
              zone;
EBLI = East Bull Lake intrusive
            suite.
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hA........
bK........
hK........
kK........
mK.......
wK........
wN........
bR........
dU........
tU.........
zU........

hornblende Ar/Ar age determination, in Ma
biotite K/Ar age determination, in Ma
hornblende K/Ar age determination, in Ma
potassium feldspar K/Ar age determination, in Ma
muscovite K/Ar age determination, in Ma
whole-rock K/Ar age determination, in Ma
whole-rock Nd/Sm age determination, in Ma
biotite Rb/Sr model age, in Ma
baddeleyite U/Pb age determination, in Ma
titanite U/Pb age determination, in Ma
zircon U/Pb age determination, in Ma

 ABBREVIATIONS
Ag
Au
Co
cp
Cu
Ni
Pb
PGE

po
py
qv
sm
Th
U
Zn

.........................................silver
..........................................gold
.......................................cobalt
..............................chalcopyrite
......................................copper
.........................................nickel
..........................................lead
......platinum group elements

..................................pyrrhotite
.........................................pyrite
................................quartz vein
............sulphide mineralization
.....................................thorium
......................................uranium
...........................................zinc

                DIAMOND-DRILL HOLE
                       ABBREVIATIONS
A
AECL
B
BM
BR
CC
CM
D
DB
DG
E
F
FK
FN
G
GC
GM
H
HE
I
J
JG
JM
JR
KA
LP
MC
MCC
MM
MN
MU
N

ODM
P
PB
PC
PR
PU
Q
RA
RI
RU
S
SA
SC
SS
SU
TG
UC
V
VP
W

Amax Exploration Inc.
Atomic Energy of Canada Limited
Vincent Burns
Brismil Mines Limited
Broulan Reef Mines Limited
Cleveland Copper Corporation
Consolidated Morrison Exploration Limited
Denison Mines Limited
D. Bunne
Dominion Gulf Company
El Pen-Rey Oil and Mines Limited
Ferco Mines Limited
Federal Kirkland Mining Corporation
Falconbridge Nickel Mines Limited
Gallo Exploration Services Limited and
Inco Exploration and Technical Services Inc.
Glencair Mining Company Limited
Perron Gold Mines Limited and
Greenray Mines Limited
Hanson Mines Limited
Hanover Exploration Limited
Imperial Oil Limited
Jellicoe Mines
J. Galbraith
Canadian Johns-Manville Company Limited
E.J. Rivers
Kerr Addison Mines Limited
L. Phelan
Consolidated Montclerg Mines Limited
The Mining Corporation of Canada
Mattagami Lake Mines Limited
Mid-North Engineering Services Limited
Moncrieff Uranium Mines Limited
Noranda Mines and
Shakespeare Uranium Mines Limited
Ontario Department of Mines
Pennbec Mining Corporation
P.G. Blue
Prosco-Clarke
Peter Rock Mining Company
Plum Uranium and Metal Mining Limited
Quartec Mineral Development Inc.
Rio Algom
Rium Exploration Limited
Reactor Uranium Mines Limited
C. Springer
S.A. Genest
Silcross Copper Mines Limited
Shawinigan Mining and Smelting
Shakespeare Uranium Mines Limited
Texas Gulf and Sulphur Company
United Cobalt Mines Limited
Vermont Mines Limited
V. Piispanen
H. Weimer

zU 2491±5

Photo 2.  Dendrite texture developed with the Lower Gabbronorite Zone of the
Agnew intrusion.  Compare with Photos 3a and 3b.  Similar rocks are observed
at Stop 2-7. (Easton, James and Jobin-Bevans 2010, Day 2, Stop 7).




