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FOREWORD

Prior to 1985, the geology of Venturi Township, the southern 
half of Tofflemire Township, and the northern half of Vernon 
Township has not been mapped. The detailed investigations 
reported here were undertaken to provide a mineral potential 
evaluation and to encourage mineral exploration interest.

The project was instituted in order to ascertain the 
distribution of rocks of the Huronian Supergroup in the area 
and to investigate all exposures of the Spanish River 
Carbonatite Complex.

The carbonatite complex has potential for vermiculite, mobium, 
rare earth elements and possibly residual apatite. Several 
minor metallic mineral occurrences containing iron and copper 
were discovered in the course of the investigations.

V.G. Milne
Director
Ontario Geological Survey
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ABSTRACT

Tofflemire, Venturi and Vernon Townships are located in the 
District of Sudbury, between 12 and 30 km west of the Sudbury 
Structure. The area was previously unmapped and occupies some 
200 square kilometres. All bedrock is of Precambrian age and 
is covered by a discontinuous mantle of Pleistocene and Recent 
deposits. The oldest rocks are Late Archean massive, felsic 
intrusive rocks which underlie more than 803S of the map area. 
They are mainly granitic in composition but include quartz- 
monzonite, granodiorite, and syenite. They have been intruded 
by Late Archean diabase dikes.

Several synclinally-folded, fault bounded outliers of 
metasediments of the Huronian Supergroup occur in the 
northeastern and southern parts of the area. They include 
representatives of the Mississagi, Bruce, Espanola, Gowganda 
and Lorrain Formations. Bodies of Nipissing diabase and gabbro 
are distributed throughout the area, and locally have contact 
metamorphosed carbonate rocks of the Espanola Formation.

The Spanish River Carbonatite Complex has intruded the Archean 
felsic rocks in southern Tofflemire and northern Venturi 
Townships. It is surrounded by a fenite halo up to two 
kilometres wide, and associated carbonatite and lamprophyre 
dikes extend as far as twelve kilometres distant.

Bodies of Sudbury Breccia are scattered throughout the area. 
These are pseudotachylites believed to have formed as a result 
of the forces generated during the Sudbury Event.

Middle Proterozoic olivine diabase dikes have exploited 
northwest-trending fault zones.

Pleistocene fluvio-glacial terraces occupy large areas along 
the Agnes and Spanish Rivers in Tofflemire Township and in 
north Vernon Township. Esker deposits occur along, and extend 
southward from, Fox Lake.

The main structural feature of the area is a series of faults 
which have been active over an extended period of time and 
which have been instrumental in preserving outliers of 
Huronian metasediments and emplacement of the Spanish River 
Carbonatite Complex, Sudbury Breccias and olivine diabase. 
Three periods of metamorphism have been recognised, the main 
one being associated with the Penokean Event, which produced 
middle greenschist facies assemblages in the Nipissing 
Intrusives and older rocks.

The Spanish River Carbonatite Complex has been partially 
tested for vermiculite, niobium, rare earth elements, and 
residual apatite. Although results obtained to date have not 
been encouraging, pyrochlore, apatite and the rare earth 
carbonate burbankite have been identified in drill core. Four 
minor metallic mineral occurrences were discovered in the
course of mapping, all apparently related to the carbonatite. 
No anomalous values of gold were obtained from pyritic and 
hematitic members of the Lorrain Formation.

xxi
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INTRODUCTION

The geology of Venturi Township, the southern half of 
Tofflemire Township, and the northern half of Vernon Township 
has not previously been mapped. The results of earlier mapping 
programmes to the north, east and south of the current project 
area indicate a predominantly granitic terrain containing a 
series of outliers of Huronian metasedimentary rocks which 
form an arcuate belt concentric about the North Range of the 
Sudbury Structure (Card, 1978; Card and Innes,1981; 
Choudhry,1984). The belt may represent a graben which 
controlled the deposition of, or simply preserved, the 
Huronian metasediments (Fig.2).

The current programme was instituted in order to ascertain the 
distribution of Huronian rocks in the remaining unmapped 
portion of this belt of outliers. Such outliers would be 
expected to include rocks of the Lorrain Formation which is 
thought to have the potential to contain sedimentary gold 
mineralisation similar to that contained in the Witwatersrand 
Basin in South Africa (Colvine,1981), and rocks of the 
Espanola Formation which locally contains skarn deposits of 
magnetite, zinc (with minor copper, lead, cobalt and nickel) 
and tungsten. The Spanish River Carbonatite Complex is located 
in northeastern Venturi and southeastern Tofflemire Township, 
and has been prospected in the past for vermiculite, apatite, 
rare earth elements and niobium (Sage,1983). The current 
programme also addresses the possible genetic relationships 
between the belt of Huronian metasedimentary outliers and the 
Spanish River Carbonatite Complex with the Sudbury Structure.

LOCATION AND ACCESS

Tofflemire (formerly Tp 108), Venturi (formerly Tp 107) and 
Vernon Townships are located between 52 and 66 km west- 
northwest of the City of Sudbury (Figure I.). The map area 
covers approximately 200 sq. km and is bounded by Latitudes 46 
30* N and 46 42' N and by Longitudes 81 41'38" and 81 49'12". 
The Town of Levack is located some 23 km to the east of the 
map area. Maintained gravel roads from Cartier and Windy Lake 
on Highway 144 provide access to Fox Lake Lodge, located at 
the north end of Fox (formerly Macauley) Lake. A network of 
old logging roads permits access by four-wheel drive and ATC 
vehicles to most parts of the area lying south and east of the 
Spanish River (Figure 2.). Secondary and logging roads leading 
northward from Webbwood on Highway 17 provide access to those 
parts of Tofflemire Township which lie north and west of the 
Spanish River. Alternatively, camping equipment and ATCs can 
be readily ferried by boat across Spanish River in western 
Tofflemire Township.



PHYSIOGRAPHY

Relief is moderate in the map area. The highest land is in 
northeast Tofflemire Township where large exposures of Lorrain 
Formation quartz arenite reach an elevation of 470m, 140m 
above the valley of the Spanish River. In Tofflemire and 
northern Venturi Townships relief is moderately rugged, 
commonly with northwest-trending gullies overlooked by south- 
facing granite cliffs ranging from a few metres to 60m above 
the gullies. In the southern part of the map area the 
topography is gently rolling with only occasional granite 
ridges.

Outcrop is moderate in the more elevated parts of northern 
Venturi and southern Tofflemire Townships, but is poor in the 
southern half of the map area where deposits of glacial till 
and fluvioglacial terraces are extensive.

Terraces of fluvioglacial sand and gravel, and eskerine 
deposits occupy a tract of low ground extending southward from 
the Spanish River in eastern Tofflemire Township, through Fox 
Lake, and into east - central Vernon Township. Another large 
area of sand and gravel terraces occurs in western Tofflemire 
Township along the Agnes River.

The terrain is generally dry, but a large swamp occurs in 
western Vernon Township, and smaller swamps occur along a 
number of low-lying areas throughout Venturi Township.

MAPPING METHODS

In the course of preliminary orientation traverses, it was 
noticed that almost all outcrop occurred on south facing 
slopes. Traverses were therefore planned to intersect the 
southern slopes of elevated areas and any other relatively 
steep gradient or topographic irregularity. Traverses were 
planned following interpretation of l inch to 1/4 mile 
(1:15,840) aerial photographs supplied by the Aerial 
Photograph Library, Ministry of Natural Resources, and 
attempted to maintain a traverse spacing interval of no more 
than 1/4 mile. In areas of terraced fluvioglacial deposits 
only bluffs or knolls rising above the plains were visited.

Field data were plotted on the aerial photographs and 
transferred to 1:15,840 scale base maps enlarged from 1:20,000 
scale Ontario Basic Mapping (OBM) sheets.

A base was maintained at Fox Lake Lodge throughout the field 
season, but fly camps were used to expedite work in the more 
distant parts of the map area. Titmouse Lake provides a 
central location for mapping in Vernon Township, and is a 45 
minute drive from Fox Lake Lodge. A 14' aluminum boat was used 
to ferry ATCs and camping equipment across the Spanish River 
in western Tofflemire Township. This permitted easy access to 
the west half of Tofflemire Township north of Spanish River.

PREVIOUS GEOLOGICAL WORK

The geology of Venturi Township, the southern half of 
Tofflemire Township, and the northern half of Vernon Township



has not previously been mapped. The northern part of 
Tofflemire Township has been mapped by Card and Innes (1981) 
, the southern part of Vernon Township by Card (1978), and the 
area to the east by Choudhry(1984). The area to the west 
remains unmapped. The only other geological information on the 
area comes from a number of assessment file reports on work 
conducted on the Spanish River Carbonatite Complex (Assessment 
Files Research Office, Ontario Geological Survey, Toronto, 
Ontario (AFRO)). This complex has also been described by 
Guillet (1962), Proudfoot (1971) and Sage (1983).
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GENERAL GEOLOGY

The regional setting of the current map area is shown on 
Figure 3. The area is part of the Abitibi Subprovince of the 
Superior Province of the Canadian Shield and is largely 
underlain by felsic intrusive rocks. The western edge of the 
Sudbury Structure is twelve kilometres to the east of the map 
area, the Benny Lake Greenstone Belt lies some twelve 
kilometres to the north, and the Murray Fault Zone, which 
approximates the southern limit of the Superior Province south 
of the present map area, passes twenty kilometres south of the 
map area.

The present map area is situated within a predominantly 
granitic terrain which contains a series of outliers of 
Huronian metasedimentary rocks which form an arcuate belt 
concentric about the North Range of the Sudbury Structure 
(Card, 1978; Card and Innes,1981; Choudhry,1984). The belt may 
represent a graben which controlled the deposition of, or 
simply preserved, the Huronian metasediments. It might also 
represent ring fractures genetically related to the Sudbury 
event. The Spanish River Carbonatite Complex is located in 
southeastern Tofflemire and northeastern Venturi Townships.

The current study revealed only minor remnants of Huronian 
metasediments and concludes that several periods of faulting, 
intrusion of the Spanish River Carbonatite Complex, and the 
effects of the Sudbury event combined to preserve only 
isolated outliers of Huronian rocks which once had a much 
wider distribution.

The geology of Tofflemire, Venturi and Vernon Townships is 
shown on the attached map P.2960 at a scale of 1:15,840 or l 
inch to 1/4 mile; a simplified geological map of the area is
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shown in Figure 4. Most of the map area is underlain by felsic 
intrusive rocks of Late Archean age. These granitic rocks have 
been intruded by three suites of diabase believed to be of 
Late Archean, Early Proterozoic (Nipissing type) and Middle 
Proterozoic age (olivine diabase). Six small outliers of Early 
Proterozoic clastic sediments and carbonates occur in the 
eastern and southern parts of the map area. They belong to the 
Matinenda, Bruce, Espanola, Gowganda, and Lorrain formations 
of the Huronian Supergroup and form part of the belt of 
outliers described above. Sudbury Breccias are common and have 
been observed cutting granitic rocks, the Gowganda Formation 
and diabase. Small lamprophyre dikes are relatively common in 
northern Venturi and southern Tofflemire Townships. The 
Spanish River Carbonatite Complex is represented by two minor 
outcrops and several trenches in northeastern Venturi 
Township, and by numerous carbonatitic dikes up to ten 
kilometres from the main intrusion.

GNEISSIC AND SUPRACRUSTAL ROCKS

No mappable zones of this unit were found in the project area, 
occurrences being limited to inclusions in Archean felsic 
rocks of Unit 2. The inclusions are small (the largest by far 
being some 20 m across) and only ten have been recorded. Their 
locations are shown on Figure 5.

Two categories have been distinguished on the 
map that accompanies the present report:

Unit la: Quartz-feldspar-biotite gneiss. 
Unit lb: Fine-grained, mafic metavolcanics and/or 

metasediments.

Petrographic studies were made on two samples.

The best example of inclusions in felsic intrusive rocks is at 
Crazy Lake. Photograph l shows these inclusions of gneiss 
within massive, coarse-grained, porphyritic, pink granite. 
The inclusions are of hornblende-biotite gneiss 
which occurs as inclusions up to 3 m across within the 
granite. The inclusions have rounded, sharp contacts with the 
enclosing granite, consist of alternating coarse and fine 
grained layers, and contain ptygmatic quartz veins. The 
granite is pegmatitic over a distance of a few centimetres 
adjacent to the contact. In thin section, albite is found to 
be the major constituent (509S), accompanied by biotite(20^), 
quartz(10%), hornblende(10%), epidote(5%), calcite(2-3%), and 
minor titanite. Biotite is evenly distributed and anhedral. 
Hornblende occurs in scattered knots and is highly embayed and 
corroded.

A similar inclusion was located l km west of Crazy Lake, and 
inclusions of a sheared amphibolitic gneiss occur l km 
northeast of Crazy Lake.

Another group of inclusions up to l metre long extending 
over some 10-15 metres occurs in an area of altered granitic 
rocks east of Fox Lake. In outcrop they resemble fine-grained



diabase or mafic volcanic rock and have sharp contacts with 
the enclosing granite. In thin section the rock has a 
trachytic, spherulitic texture and consists mainly of epidote 
(3035) and potassium felspar (4026), with S-5% lath-like 
phenocrysts of plagioclase up to 1mm long. Quartz and 
plagioclase make up most of the groundmass, accompanied by 
chlorite, opaque minerals and minor calcite and titanite. It 
is probably an intermediate potassic rock.

In south central Tofflemire Township, fine-grained, dark 
green, sheared mafic volcanic rock or metawacke is exposed in 
a cliff section in association with feldspar-phyric diabase, 
lamprophyre and quartz veining in massive granite. The 
inclusion is exposed on either side of an east-west trending 
gully some 20 m wide, and appears to have become the locus of 
later faulting and intrusion. The remaining two locations in 
Tofflemire Township shown on Figure 5 are of very small 
inclusions a few centimetres long. These inclusions appear to 
be mafic metavolcanics.

FELSIC INTRUSIVE ROCKS

The felsic intrusive rocks which underlie most of the map area 
form part of the Cartier Batholith and represent magmatic 
intrusions emplaced some 2500 million years or more ago at 
intermediate crustal levels following the major deformation 
and regional metamorphism of the Kenoran Orogeny (Van Schmus 
1965, Stockwell et al., 1970). They are essentially the same 
as the felsic intrusive rocks described by Card and 
Innes(l981) in the area immediately to the north.

The predominant rock type is a massive, pink coloured, medium- 
to coarse-grained, equigranular granite composed of potassium 
felspar, plagioclase and 20-303S quartz with 1-23S biotite or, 
less frequently, hornblende. Phenocrysts of potassium felspar 
are common and may reach several centimetres in length. 
Accessory minerals observed in thin section are chlorite, 
phlogopite, pyrite, magnetite, epidote, titanite, hematite, 
muscovite, zircon and calcite. Several of these mineral 
species are probably of secondary origin, since these rocks 
have undergone Middle Proterozoic metamorphism, and locally 
have been affected by carbonatitic fluids (see later section 
on the Spanish Rive Carbonatite Complex) and major faulting.

Several other varieties of felsic intrusive rocks were 
observed, characterised by variations in colour, grain size, 
the amount of mafic minerals present, the proportions of 
felspars and quartz, the presence or absence of porphyritic 
textures and the presence of local alteration or deformation 
features. Petrographic examination indicates that some of 
these should be classified as granodiorite, quartz monzonite, 
and a few as quartz monzo-diorite and syenite, although in the 
field such differentiation is difficult. The distribution of 
various phases of granite is complex, often gradational and 
apparently random. However, in part of southeastern Venturi 
Township, a fine- to medium-grained, salmon pink coloured, 
biotitic granite is the dominant granitic phase.
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In thin section, the plagioclase is found to be dusty and 
usually contains specks of muscovite. Quartz is strained and 
the felspars are commonly bent or fractured. Micrographic 
textures were observed in a few samples and very coarse- 
grained micrographic textures were seen in a fenitised 
pegmatite east of the Spanish River Carbonatite Complex. The 
potassium felspar occurs as ribbon perthite and as microcline, 
and many larger crystals contain inclusions of plagioclase 
and lesser quartz. This texture has been described by Sage 
(1983) who attributed it to cataclasis and recrystallisation 
of granite associated with emplacement of the Spanish River 
Carbonatite Complex. However, the texture has been observed 
in two samples from northern Vernon Township and in another in 
western Tofflemire Township where the carbonatite complex has 
had no obvious influence. In these instances, cataclasis 
associated with nearby fault zones may account for the 
textures in the potassium felspar.

Several granitic samples from widely dispersed locations 
failed to take a stain when tested for potassium felspar, and 
yet in thin section very fine perthitic textures in many 
felspars suggests its presence in addition to plagioclase. 
These may therefore be antiperthite, although no difference in 
relief could be distinguished between the two phases. It is 
possible that they represent exsolution of albite from less 
sodic plagioclase - a coarse form of peristerite. The location 
of samples containing "antiperthite" or peristerite are 
indicated on Figure 6; they occur close to the Spanish River 
Carbonatite Complex or close to major faults.

An unusual coarse-grained, melanocratic syenitic phase was 
seen in western Tofflemire Township. It consists of about 75% 
potassium felspar, and contains rounded and tadpole-shaped 
xenocrysts of quartz and plagioclase up to 6mm in size.

Pegmatitic phases are common, and occur as irregularly shaped 
bodies with up to a few metres in length, with sharp or 
gradational contacts with the enclosing granite. They are 
composed of quartz, plagioclase, microcline and ribbon 
perthite with minor biotite or muscovite. Felspar crystals up 
to 40cm long were observed.

Aplitic phases are far less common than pegmatites, generally 
forming narrow, fine-grained, pink dikes. Both aplites and 
pegmatites represent rest differentiates of the enclosing 
granitic rocks.

Inclusions of biotite gneiss were observed near Crazy Lake, of 
mafic volcanic or metasedimentary material in southern 
Tofflemire Township, and of amphibolite east of Fox Lake. 
These are discussed in the proceeding section of this report.

A non-penetrative cataclastic foliation is locally present in 
some massive granitic rocks. Such granites commonly contain 
chlorite along fracture planes; and quartz veins up to two 
metres in width are commonly found in these areas. These are



later structural features and are discussed in more detail 
under the heading of "Structure".

Between 500 and 1000 metres east of the central part of Fox 
Lake many granite outcrops display degrees of deuteric 
alteration. In thin section, one sample of highly fractured 
and quartz-veined granite was found to contain 7026 quartz, 15% 
sericite, and 159& epidote. Many small Sudbury Breccias occur 
through the area, reflecting local intense fracturing of the 
country rocks.

MAFIC INTRUSIVE ROCKS

Mafic intrusive rocks believed to be of Late Archean age are 
widely distributed throughout the map area, occurring as small 
dikes. They are not abundant. Their locations are shown on 
Figure 7. They intrude the felsic plutonic rocks described in 
the previous section, but not the Huronian Metasediments. Many 
of the Archean diabase dikes are oriented approximately east- 
west. Card and Innes (1981) believe that they are 
approximately 2500 -i-/- 100 my old. On the preliminary map of 
Tofflemire, Vernon and Venturi Townships three categories have 
been distinguished:

3a Fine- to medium-grained diabase.
3b Amphibolite.
3c Fedlspar-phyric diabase.



Fine- to Medium-Grained Diabase

Most diabase dikes are small - less than five metres wide - 
are fine-grained, and green to dark green in colour. They may 
contain scattered cubes of pyrite and magnetite. Their 
contacts with the enclosing granitic rocks are often sheared 
and are locally calcareous. In thin section they are seen to 
be composed of saussuritised plagioclase (albite), epidote, 
actinolite, quartz, biotite, chlorite, titanite, leucoxene, 
calcite, pyrite and ilmenite. Hornblende occurs only as 
remnant crystals, and is usually strongly uralitised. Opaque 
minerals are anhedral and some are severely embayed or 
poikiloblastic. Modal analyses of Archean diabase dikes are 
shown in Table 3.

Amphibolite (Altered Diabase)

Rocks referred to as "amphibolites" in the field occur as 
contorted, narrow dikes intruding massive granitic rocks. They 
are fine-grained and usually have a fine foliation, apparently 
produced by shearing. They are dark green to black, commonly 
contain disseminated pyrite and may contain minor magnetite 
and calcite. In thin section their sheared nature is 
confirmed and they are found to be composed primarily of 
biotite and chlorite (up to 50% combined). The balance is 
mainly feldspar, with quartz, hornblende, calcite and opaque 
minerals. These rocks are interpreted as sheared and altered 
diabase dikes.

Feldspar-phyric Diabase

A second type of diabase thought to be of Archean age is very 
fine-grained to aphanitic, grey-green in colour and contains 
plagioclase phenocrysts up to four centimetres in length. It 
is not a common rock type and is usually found in dikes less 
than one metre wide. In thin section the plagioclase 
phenocrysts are seen to be highly altered to muscovite, 
sericite and epidote. The groundmass consists of variably 
uralitised hornblende(509O and albite (35%), with lesser 
epidote, potassium feldspar, skeletal ilmenite and 
intergranular micrographic or myrmekitic material.

HURONIAN SUPERGROUP

On the basis of earlier work (Card, 1978; Card and Innes, 
1981; Choudhry, 1983) it was expected that outliers of 
Huronian metasedimentary rocks similar to those found to the 
north, east and south, would be present in the map area. In 
fact only three minor outliers were found which were not 
previously known. These consist of a single outcrop of 
conglomerate and wacke of the Bruce Formation in eastern 
Venturi Township; an outcrop of conglomerate of the Gowganda 
Formation which lies one kilometre west of the tip of the 
Vernon Syncline in Vernon Township; and several small outcrops 
of the Espanola and Bruce Formations south of Titmouse Lake. A 
small outcrop of sediments of the Espanola and Bruce 
Formations has been recorded previously (AFRO). In Tofflemire 
Township, outcrops of the Lorrain and Gowganda Formations were
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mapped. They are extensions of previously recognised 
outliers. The reasons for the paucity of Huronian rocks in the 
map area are discussed in the section on structural geology 
later in this report. Figure 8 shows the distribution of 
Huronian metasediments in the map area; Table 5 shows the 
modal composition of representative Huronian metasedimentary 
rocks.

ELLIOT LAKE GROUP

MATINENDA FORMATION

The Matinenda Formation was seen in only one outcrop at the 
central southern boundary of the map area, where it forms the 
lowest Huronian formation exposed at the northern tip of the 
Vernon Syncline, previously mapped by Card (1978). It rests 
unconformably on granitic rocks of Unit 2, described above. 
The outcrop consists of steeply dipping, alternating fine- and 
coarse-grained arkosic wacke, striking north-south. Some 
graded bedding is visible. A thin section of this arkosic 
wacke reveals a poorly sorted rock which consists of about 70% 
angular to sub-round quartz and feldspar grains from 0.1 to 
0.2 mm in diameter, with scattered larger grains from 1.0 to 
2.0 mm; and 30S6 matrix consisting of clay minerals and very 
fine-grained quartz and feldspar. The feldspars comprise both 
plagioclase and potassium feldspars. These are accompanied by 
minor muscovite, biotite and opaque minerals. Pyrrhotite is 
visible in small fractures.

HOUGH LAKE GROUP

Rocks of the Ramsay Lake and Mississagi Formations of the 
Hough Lake Group were not encountered in the current mapping 
programme. Both units have previously been mapped by Card 
(1978) in the Vernon Syncline in central and southern Vernon 
Township. The geology of the northern tip of the syncline is 
summarised in Figures 4 and 8.

QUIRKE LAKE GROUP

BRUCE FORMATION

Rocks of the Bruce Formation occur in three outliers in the 
map area and in the Vernon Syncline immediately to the south 
(see Figure 8). The Bruce Formation is also recorded in north- 
central Ermatinger Township, 8 km east of Fox Lake Lodge. 
Unlike the other occurrences, the outcrop of Bruce Formation 
in Venturi Township is not associated with rocks of the 
Espanola Formation. Consequently its stratigraphic position, 
and consequently its classification as Bruce is somewhat 
uncertain: it could equally well be a part of a number of 
other Huronian formations, particularly the Gowganda. However, 
its location towards the southeast edge of the belt of 
Huronian outliers, a slightly different suite of clasts, and 
possible detrital pyrite suggest that it is more likely Bruce 
than Gowganda.



The conglomerate has well rounded clasts, ranging up to 50 cm 
in diameter but mostly between 2 and 8 cm, consisting mainly 
of pale pinkish-grey granite and granodiorite, with lesser 
diabase, mafic metavolcanics, conglomerate, wacke, arkose and 
sheared cataclasite. Some beds are almost oligomictic, with 
well rounded granite clasts between 5 and 8 cm in diameter. 
The matrix material is grey to dark grey and weathers to a 
buff-brown colour. It is composed of fine sand- and silt-sized 
chlorite, biotite, quartz and feldspar, with occasional 
pyrite. Locally the matrix contains up to 10& euhedral 
sulphide minerals.

The rocks have been slightly sheared, as indicated by a weak 
foliation in the matrix phyllosilicates.

ESPANOLA FORMATION

Rocks of the Espanola Formation occur in only two outliers in 
the map area: one between 1000 and 1500m southeast, and the 
other immediately west, of Titmouse Lake in Vernon Township 
(Figure 8). The Formation also occurs in the Vernon Syncline 
immediately to the south, and is well exposed immediately east 
of the map area in Hart Township (Choudhry, 1984).

In Vernon Township the Espanola Formation consists of numerous 
small outcrops of massive grey siltstone, thinly bedded 
calcareous green and white siltstone, and buff coloured, fine- 
to medium-grained feldspathic arenite. The siltstones consist 
of very fine-grained ^0.05mm) quartz and feldspar, clay 
minerals, actinolite, biotite, epidote, muscovite, chlorite 
and minor titanite, zircon, apatite and opaque minerals.

One outcrop contains alternating beds some thirty centimetres 
thick of laminated siltstone and tremolite hornfels which is 
composed of a felted mass of fine acicular tremolite crystals 
up to 2.5mm long (75%), with intergranular quartz (1536), and 
calcite (10%). This probably represents a recrystallised 
calcareous siliceous siltstone which is inferred to have 
suffered contact metamorphism, possibly produced by a nearby, 
albeit unexposed, Nipissing Diabase dike.

In Hart Township, some 200m east of the Tofflemire-Hart 
Township boundary a large outcrop exposes a sequence of 
interbedded limestones, lithic arkosic calcarenite and 
calcareous siltstone. Petrographic study of the calcareous 
siltstone reveals parallel bedding lamination indicated by 
flattened, recrystallised calcite grains about 0.4 mm long. 
Calcite constitutes 80 to 85% of the rock, the balance being a 
pale biotite (10-15%) and detrital quartz and feldspar grains. 
The lithic arkosic calcarenite forms the basal part of upward 
fining beds about 30 cm thick. Granite clasts, quartz, 
plagioclase and potash feldspar grains are concentrated at the 
base of the bed and range up to 10 mm in diameter. The matrix 
consists mainly of calcite, with 5* each of biotite and 
muscovite. At the base of the bed the ratio of clasts to 
matrix is about 3:2 but decreases upward into an equigranular 
biotite calcarenite.
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SERPENT FORMATION

The Serpent Formation was not encountered in the map area. 
The closest outcrops occur in central Hart Township and 
northern Ermatinger Township some 3-5 km east of the map area 
(Choudhry, 1984).

COBALT GROUP

GOWGANDA FORMATION

Rocks of the Gowganda Formation outcrop in two parts of the 
map area: in the extreme southern part of the area they occur 
in a small, partly fault-bounded outlier one kilometer west of 
the Vernon Syncline; and in central eastern Tofflemire 
Township an area of some two square kilometers contains a 
number of outcrops of the Gowganda Formation on both sides of 
the Spanish River.

The outlier in Vernon Township consists of steeply westward- 
dipping, polymictic paraconglomerate and arkose. The arkose is 
moderately sorted, composed of subangular grains of quartz, 
plagioclase and potassium feldspar from ^.1 to ^.5 mm in 
diameter, which account for 90% of the rock by volume. The 
balance is matrix material composed of very fine-grained 
quartz, feldspar and clay minerals. The rock contains some 3% 
biotite and about 1^ each of calcite, chlorite and pyrite.

The conglomerate (see Photograph 2) consists of 5036 rounded to 
angular clasts of conglomerate, arkose, siltstone, perthitic 
granite and recrystallised quartz mosaics; and 50% matrix 
composed mainly of sand-sized quartz and feldspar grains, 7K 
biotite and minor calcite, chlorite and pyrite.

In Tofflemire Township the Gowganda Formation is exposed in 
the southeast limb of a southwest-plunging syncline. Both the 
southwest and southeast limits of the syncline are fault 
bounded. Dips range from 35 degrees to the northwest 
immediately east of Spanish River to almost vertical just 
below the contact with the Lorrain Formation opposite Geneva 
Creek. A pronounced cleavage foliation is developed in 
paraconglomerates in the latter area.

On the eastern shore of the Spanish River in Tofflemire 
Township is a narrow belt of sediments dominated by thinly 
bedded and laminated siltstone and wacke, massive blue-grey 
and pink, fine-grained arkosic wacke containing rare 
dropstones, and minor conglomerate. Some of the siltstone is 
slightly calcareous. Bedding dips mainly to the northwest but 
locally bedding and facing directions are to the southeast. 
The outcrops lie along the Spanish River Fault, and are 
intruded by Sudbury Breccias and interspersed with fault 
slivers of granite.
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The wacke in this area is a poorly sorted, fine-grained rock 
consisting of 75% silt ^0.02mm) within which are abundant 
evenly dispersed angular grains of quartz and feldspar about 
0.06mm in diameter, and fewer grains from 1.0-1.5 mm. In few 
outcrops granite dropstones occur. They are well rounded and 
about 20cm in diameter.

The arkoses are relatively well sorted, massive to medium 
bedded, and consist mainly of subround to subangular grains of 
quartz and feldspar from 0.1 to 0.6 mm in diameter, with minor 
opaque minerals, zircon, titanite, biotite, chlorite and rarer 
lithic fragments. In places bands of scattered coarser grains, 
or silty layers define the bedding, and in one exposure on the 
Spanish River small ripples and ball and pillow structures can 
be seen.

Another small outcrop of paraconglomerate of the Gowganda 
Formation is located near the eastern boundary of Tofflemire 
Township. This forms the southwestern limit of a separate 
metasedimentary outlier mapped in Hart Township by Choudhry 
(1984).

West of the Spanish River in Tofflemire Township, the Gowganda 
Formation is exposed in several large outcrops consisting 
mainly of polymictic paraconglomerate, with lesser arkose and 
siltstone, and minor black fine-grained wacke. The 
conglomerate consists of between 15 and 6096 clasts and 40 to 
85% matrix. The clasts vary from round to angular in the same 
bed, and are commonly between 2 and 10 cm in diameter, but 
range from 2mm to 20 cm. They consist mainly of granite and 
wacke, with lesser conglomerate, diabase, mafic and felsic 
metavolcanics and cataclasite. The clasts of sedimentary rock 
resemble lithologies seen locally in the Gowganda Formation, 
but the presence of the metavolcanic clasts suggests a more 
distant source for some material, most probably the Benny 
Belt.

The composition of the matrix resembles that of the 
interbedded arkosic wackes, comprising quartz, plagioclase, 
microcline, ribbon perthite, pyrite, chlorite, sericite and 
biotite. Minor amounts of opaque minerals with alteration rims 
occur in some samples; these may be ilmenite with iron-stained 
leucoxene rims or oxidized pyrite. The margins of quartz and 
feldspar grains are commonly corroded and mantled by chlorite 
or sericite. Biotite flakes are commonly found where the 
chlorite is most strongly developed. Very fine-grained 
crystallites of chlorite or amphibole are commonly dispersed 
through the matrix which commonly displays a distinct 
foliation.

There are notable gaps in the stratigraphic sequence of the 
Gowganda Formation in the Tofflemire Syncline, but if 
continuity is assumed, its total thickness is probably in 
excess of 500 metres.

LORRAIN FORMATION
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In the map area, the Lorrain Formation outcrops only in 
northeastern Tofflemire Township where it forms prominant 
white cliffs overlooking the Spanish River. The Lorrain 
Formation occupies the core and northwestern limb of a 
northeast-striking, southwest-plunging syncline which is 
truncated to the southwest by a major northwest-southeast 
fault. The base of the Lorrain Formation in the northwest limb 
of the syncline, was mapped by Card and Innes (1981) and rests 
unconformably on granitic basement rocks, equivalent to Unit 2 
in the present map area. In the southeastern limb, the Lorrain 
Formation is underlain by rocks of the Gowganda Formation 
discussed in the proceeding section of this report; but the 
contact is not exposed in the current map area. The thickness 
of the Lorrain Formation in Tofflemire Township is estimated 
as approximately 400 metres. Dips are generally steep to the 
northwest except in the axial zone of the syncline where they 
are less than 200 . A non-penetrative cleavage striking 
northeast is commonly developed and locally the rocks are 
sheared.

The predominant lithologies in the Lorrain Formation in the 
Tofflemire Syncline are sericitic arenites, pebbly arenites 
and quartz pebble conglomerates. These are all very "clean- 
looking" rocks, coloured white or slightly tinged green or 
pink as a result of abundant sericite or minor hematite 
respectively. They are generally massive and bedding is 
commonly only indicated by occasional bands of quartz pebbles. 
Higher in the sequence, in the axial zone of the syncline, 
festoon bedding is locally well developed in less sericitic 
arenites. The quartz pebble conglomerates form thin beds and 
lenses, generally less than one meter thick within the 
sericitic arenites. They are usually matrix supported, well 
sorted and have well rounded pebbles about 2-5 cm in diameter 
composed mainly of quartz and metaquartzarenite, with minor 
chert, jasper and occasional silicate iron formation 
containing minnesotaite and stilpnomelane. The matrix of the 
conglomerates has the same composition as the enclosing 
arenites, consisting of quartz grains from 0.3 to 1.5 mm in 
diameter and interstitial sericite and minor muscovite flakes 
up to l mm long.

The sequence also contains minor wackes. These are more of a 
buff to off-white colour and appear slightly more sericitic 
than the predominant arenites, and are composed of about 75% 
clasts and 2596 matrix. The clasts are mainly quartz grains 
ranging from 0.2 to 0.4 mm in diameter, with minor rock 
fragments and feldspar grains. The matrix consists of fine 
grained sericite and clay minerals with a few percent 
muscovite and chlorite. In places the clay minerals form 
pinkish coloured clots, up to 5mm in diameter - possibly 
kaolin (pyrophyllite?). Pyrite occurs as scattered dodecahedra 
and appears to be a secondary product rather than a detrital 
mineral. A planar foliation is visible in the matrix and 
muscovite flakes are developed in pressure shadows adjacent to 
partially dissolved quartz grains.

MAFIC INTRUSIVE ROCK
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NIPISSING INTRUSIVE ROCKS

Nipissing intrusive rocks are common in this part of the 
Superior Province and adjacent parts of the Southern Province, 
and have been dated radiometrically as 2150 +X- 50 m.y. old 
(Van Schmus, 1965). They intrude metasediments of the Huronian 
Supergroup and older rocks, but commonly display a spacial 
association with the former; for example in the belt of 
Huronian metasediments which parallels the North Range of the 
Sudbury Structure.

Nipissing diabase and gabbro intrusions form dikes and sills 
throughout the map area (Figure 9). They range in size from 
dikes a few metres wide to bodies of unknown form having 
outcrop areas of over one square kilometer. Only one small 
dike was observed intruding the Lorrain Formation; the rest 
were seen only in contact with granitic rocks of Unit 2. Large 
bodies of coarse-grained diabase and gabbro strike 
northeastward in Tofflemire and Venturi Townships, but smaller 
dikes may strike northeast or northwest, commonly influenced 
by pre-existing fault structures. Later faults have displaced 
some bodies: for example west of the Spanish River in 
Tofflemire Township, two northwesterly-trending faults have 
been eroded, exposing a north-dipping contact between diabase 
and underlying granite. Deformation of the diabase is 
negligible, although it has been altered by low grade 
metamorphism during the Middle Proterozoic. It is massive and 
unfoliated, and usually displays well developed rectangular 
joint sets.

Widely distributed outcrops of diabase in Vernon Township may 
represent parts of relatively large bodies but correlation is 
hampered by extensive overburden in this area.

The Nipissing intrusive rocks vary from fine-grained diabase 
to coarse-grained gabbro and are dark grey on fresh surfaces, 
appearing less altered than the Archean diabase dikes. They 
are usually only weakly or non-magnetic and occasionally 
contain pyrite.

The diabase consists predominantly of hornblende (30-40%) and 
labradorite (40-60?O. The plagioclase forms euhedral to 
subhedral laths showing albite, Carlsbad and pericline 
twinning. The hornblende is blue-green in colour and also may 
have simple twins. Quartz and micrographic quartz-feldspar 
intergrowths occur as intergranular wedges up to l-2mm in 
size. Accessory minerals are calcite, magnetite-ilmenite, 
actinolite and biotite. Modal analyses of Nipissing diabase 
dikes are shown in Table 3.

Although very fresh-looking in hand specimen many diabases are 
altered. Hornblende is commonly uralitised to varying degrees, 
commonly rimmed by chlorite. In one instance a core of 
pyroxene was observed within a uralitised hornblende crystal. 
Fine needles of hornblende or actinolite can be seen within 
quartz or granophyric material surrounding hornblende 
crystals. Some labradorite is altered to albite, but more
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commonly is dusty or contains small flakes of chlorite, 
sericite or even biotite.

ALKALINE INTRUSIVE ROCKS

SPANISH RIVER CARBONATITE COMPLEX

The geology of the Spanish River Carbonatite Complex has been 
described in detail by Sage (1983). As no additional work has 
been performed on the complex subsequently, the reader is 
referred to Sage's report for detailed descriptions of the 
petrography and major and minor element geochemistry. Further 
comments on the economic geology of the complex are to be 
found in a later section of this report. The following text 
summarises the major features of the Spanish River Carbonatite 
Complex described by previous workers, and provides additional 
information on the regional aspects of the fenite and 
associated carbonatitic dikes investigated during the current 
mapping programme.

The Spanish River Carbonatite Complex is located in northeast 
Venturi and southeast Tofflemire Townships (Figure 10), at the 
intersection of a number of faults and lineaments visible on 
aerial and satellite photographs. The most prominant strikes 
at 020o, passing from Spanish River to Fox Lake. Another 
distinct fault strikes at 120o, and extends from west of 
Tofflemire Township to the northwest, through to Ministic Lake 
in the southeast. On satellite photographs, a lineament 
striking north-northwest from the complex is visible.

The age of the carbonatite has been determined by Rb-Sr 
isotope methods as 1838V-95my (Bell, K. and Blenkinsop, J., 
1980).

The main carbonatite intrusion is poorly exposed in two areas 
(Figures 11 and 12), where crumbly outcrops of sovite, ijolite 
and silicocarbonatite can be seen. Most of the complex is 
covered by fluvioglacial sand and gravel to depths of up to 
78m (256 feet). Results from an inclined drill hole completed 
to a depth of 529m (1736 feet) by Union Carbide Canada Limited 
in 1968 indicates that the intrusion consists of an outer 
margin of pyroxenite and ijolite and a core of 
silicocarbonatite and sovite. The intrusion is oval in shape, 
with its long axis oriented along the Spanish River Fault; its 
eastern contact appears to be vertical. The intrusion is 
surrounded by an envelope of fenitised granitic rocks up to 
two kilometres wide, and by carbonatite and lamprophyre dikes 
which extend as far as twelve kilometres away (see figure 
10).

MAIN SPANISH RIVER CARBONATITE INTRUSION

During the 1985 mapping programme the area of the main 
intrusion was systemmatically traversed and old trenches 
reviewed. Samples were taken from the poorly exposed 
carbonatite outcrops in Quillet's Zone A (Figure 12). These 
were mainly sovite and ijolite.
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The sovite is a massive or crudely banded, white or slightly 
iron-stained rock consisting of 93-9826 calcite which occurs as 
a recrystallised mosaic of grains some 0.5-1.5mm in diameter. 
The balance is made up of scattered phenocrysts of 
arfvedsonite and biotite up to 3mm in cross section, apatite, 
magnetite, albite; minor richterite?, sodalite?, and trace 
pyrochlore and nepheline. The rock has a crude foliation 
indicated by lenticular zones of coarse- and fine-grained 
calcite and lenses of silicate minerals.

The ijolite is a massive, medium to dark grey, coarse-grained, 
equigranular rock. Nepheline and cancrinite make up some 503^ 
of the rock, aegirine-augite 25-30%, biotite up to 1056 and 
albite and ribbon perthite up to 10%. These are accompanied by 
pyrrhotite (minor to a few percent), ilmenite, titanite, 
calcite and apatite. Most of the cancrinite occurs as fine 
grained, equigranular mosaics which have probably formed as an 
alteration product of nepheline, but some large crystals 
appear to be primary. The overall texture is cataclastic and 
suggests a degree of shearing and recrystallisation. Modal 
analyses of carbonatites and associated dikes are shown in 
Table 4.

CARBONATITE DIKES

A variety of dikes of carbonatitic affiliation was encountered 
in the course of mapping (Figure 10). Most occur within two 
kilometers of the main intrusion but may be as much as ten 
kilometers distant. They increase in abundance toward the 
Spanish River Carbonatite Complex. The dikes are small, most 
being in the range of 0.5 to 1.0 metre wide. The most common 
type is a sovite, composed of 50 to 100% calcite, with 
biotite, magnetite and sodic amphibole. ( i) Each of which may 
be present in amounts up to 20%, apatite and pyrite. Some 
contain up to 2% of very fine-grained zircon. With increasing 
amounts of silicate minerals the dikes grade into 
silicocarbonatites, but are still readily recognisable in the 
field by their weathering characteristics which are typical of 
carbonate rocks. Silicocarbonatites may contain 
albite, perthite, aegirine, muscovite, leucoxene and titanite 
in addition to the above-mentioned minerals. Both sovite and 
silicocarbonatite dikes show signs of shearing, brecciation 
and recrystallisation. Commonly the adjacent country rocks 
assume a shear-foliation parallel to the dike for a distance 
of up to 0.5m., and may be carbonatised and weakly fenitised.

i) Proudfoot, 1971, identified sodic amphiboles in the Union 
Carbide diamond drill hole as arfvedsonite. On the basis of 
colour, pleochroism and extinction angles of sodic amphiboles 
encountered in dike rocks outside the main intrusion, the 
current author considers that both arfvedsonite and riebeckite 
may be present, but their differentiation is difficult in thin 
section. In addition, a pale blue, weakly pleochroic amphibole 
occurs in a few lamprophyre and carbonatitic dikes. This 
appears to be yet another species of sodic amphibole, possibly 
richterite. Therefore in the text the term "sodic amphibole" 
is used to describe minerals which are riebeckite, 
arfvedsonite or another sodic amphibole.
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In general the silicate component of these carbonatitic dikes 
increases with distance from the main intrusion. An unusual 
dike located four kilometers northwest of the Spanish River 
Carbonatite Complex contained some 20?6 euhedral quartz 
crystals up to 3 cm long in a calcite matrix.

SODIC AMPHIBOLE BEARING DIKES

As mentioned above, sodic amphibole occurs in many sovite and 
silicocarbonatite dikes. However, some dikes consist of 50% or 
more sodic amphibole which occurs as a mass of randomly 
oriented crystals from ^.03 to 1.0mm. The larger crystals 
commonly occur towards the margin of the dike. Some dikes 
display banding due to variable grain size or proportions of 
sodic amphibole to other component minerals, which include 
calcite (up to 3036), albite (up to 50%), biotite, phlogopite, 
nepheline, titanite and leucoxene. Most of these dikes appear 
to be primary, but one at least may be a thoroughly fenitised 
Archean diabase dike which it resembles texturally. This 
latter type contains two types of phenocryst, one of which 
has been entirely replaced by a very fine-grained mass of 
sodic amphibole, apparently having replaced hornblende. The 
second type of phenocryst is composed of almost amorphous 
material but within which much of the original mineral 
remains, as the grains extinguish uniformly under crossed 
polarizers. Some grains have outlines which suggest an 
original pyroxene composition while others look like titanite. 
The rock consists of over 7036 sodic amphibole, with 
phlogopite(10%), intergranular nepheline and feldspar (6-896), 
calcite d-2%), with the balance being the "pyroxene" 
pseudomorphs.

This type of dike has been observed only within the fenite 
halo of the Spanish River Carbonatite Complex. The granite 
wall rock is usually fractured or brecciated, and more 
strongly fenitised than the surrounding country rock.

South of Titmouse Lake a shear zone consisting mainly of talc 
contains S-8% of a pale blue sodic amphibole-bearing and 
albite. It is associated with a banded calcite rock which 
contains trace amounts of chalcopyrite, and with vein quartz. 
This unusual occurrence may have an affinity with the Spanish 
River Carbonatite Complex which lies some twelve kilometres to 
the north.

There is no preferred orientation of the amphibole dikes which 
appear to have largely exploited pre-existing fault zones. A 
narrow vein of hematite - calcite - sodic amphibole rock is 
shown in Photograph 3.

FENITE

Sage (1983) has described the effects of fenitisation on the 
granitic rocks immediately surrounding the Spanish River 
Carbonatite Complex. The reader is referred to Sage's report 
for a detailed description of the mineralogy of the fenite, 
which in essence involves the addition of sodium, iron and 
lesser potassium to the granitic country rocks, and the

17



removal of silica. This can be seen clearly in hand specimen, 
as quartz is replaced to varying degrees by sodic amphibole 
and aegirine.

The current mapping programme has shown that the fenite halo 
extends up to two kilometers from the main intrusion. In fact, 
the most distant systematic effects of the carbonatite 
intrusion (excluding the few carbonatite dikes described 
above, and lamprophyre and sodic amphibole-bearing dikes) 
appear to be quartz-magnetite veins. These are usually only a 
few millimetres wide but range up to 20 cm thick. They occur 
in arcuate zones east and west of, and concentric to the main 
intrusion, at a distance of about 2.5 km. The local granitic 
country rocks display no sign of alteration. As one 
approaches the Spanish River Carbonatite Complex, a narrow 
zone containing small, irregular veins of smokey quartz 
occurs in the granitic rocks, and a few randomly oriented, 
partings coated with dark green sodic amphiboles appear. 
Gradually the frequency of partings increases and primary 
quartz in the granitic rocks becomes smokey. Then needles of 
sodic amphibole in quartz become visible under the hand lens, 
partings contain recognisable fibrous sodic amphibole and may 
have slickensides on their surfaces. Sodic amphibole 
progressively replaces quartz, and the granite assumes a 
mottled green to dark green and pink colour. In addition, the 
granitic rock becomes weakly at first, and then increasingly 
disaggregated and sheared. Closer to the main intrusion no 
quartz remains in the granitic rock, and the amount of 
aegirine relative to sodic amphibole is higher and is 
reflected by the increasingly green rather than black colour 
of the alteration. At its extreme the fenite consists almost 
entirely of sodic amphibole and soda pyroxene within which are 
scattered, granulated fragments of feldspar. Calcite is 
present usually only in minor amounts.

The degree of fenitisation within the halo shown on the 
accompanying map (P.2960) generally follows the scheme 
outlined above, but there are areas of intense fenitisation at 
the outer limits of this zone, notably northwest of the 
complex on the north bank of Spanish River, immediately east 
of the Nipissing diabase body.

As might be expected, the more fenitised rocks in any given 
area are closest to fault zones which fenitising solutions 
have exploited preferentially.

No primary syenite was observed in the vicinity of the main 
intrusion: rocks which, technically, might be classified as 
syenite according to Streckeisen, (1976) are clearly fenitised 
granite, granodiorite or quartz monzonite which are composed 
of appropriate proportions of plagioclase and potassium 
feldspar and in which quartz has been replaced by sodic 
amphibole or aegirine.

A number of alkaline and lamprophyric dikes found in the map 
area may also be associated with The Spanish River Carbonatite 
Complex. These are discussed in a following section of the 
report.
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AGE OF THE SPANISH RIVER CARBONATITE COMPLEX

As was mentioned at the beginning of this section, the age of 
the carbonatite has been determined by Rb-Sr isotope methods 
as 1838 95my (Bell, K. and Blenkinsop, J., 1980). During the 
present mapping programme, clasts of sovite and lamprophyre 
were found in Sudbury Breccias indicating that the 
carbonatite pre-dates the Sudbury Event, which has been dated 
at 1850 lmy by U-Pb methods (Krogh, T.E., et al., 1984). 
However, some other Sudbury Breccias are fenitised. This may 
suggest an overlapping in the timing of emplacement of the 
Spanish River Carbonatite Complex and the Sudbury Event. There 
is evidence from carbonatitic breccias (see section on 
Breccias, this report) that several periods of movement 
(emplacement) and fenitisation occurred. The presence of 
significant amounts of calcite in many of the Sudbury Breccias 
in the map area suggests that carbonatite sources were 
available prior to the Sudbury Event in order to be 
incorporated into the Sudbury Breccias; there is no evidence 
to suspect that the Espanola Formation was the source of 
carbonate for many of these breccias. In fact, Sudbury 
Breccias would be expected to exploit pre-existing fractures 
such as those occupied by earlier carbonatite dikes. Thus it 
may be concluded that the Spanish River Carbonatite Complex is 
probably slightly older than indicated by the Rb-Sr 
radiometric date obtained by Bell and Blenkinsop, but falls 
well within their error envelope. It is therefore, likely that 
carbonatitic activity began before the Sudbury Event and 
continued afterward.

LAMPROPHYRE DIKES

Figure 13 shows the distribution of rocks classified as 
lamprophyres in the Tofflemire, Venturi and Vernon map area. 
There is a marked spatial association with the Spanish River 
Carbonatite Complex, and on the basis of mineralogy it is 
commonly difficult to draw the line between "typical" 
lamprophyre and calcite-biotite silicocarbonatite. It seems 
quite likely that the emplacement of lamprophyre dikes was 
closely associated with the intrusion of the Spanish River 
Carbonatite Complex.

"Typical" lamprophyres in the map area have a fine-grained, 
grey to dark grey matrix, commonly with a purplish tinge, with 
streaks, blebs and irregularly shaped inclusions of 
carbonate(sovite?) and phenocrysts of biotite up to lcm 
across; many are moderately to strongly magnetic. They have a 
deeply pitted, blackened weathering surface. Most are 
irregularly shaped, can rarely be traced for more than a few 
metres and are generally less than one metre thick. Some 
display folding outlined by S- or Z-shaped inclusions of 
carbonate and the enclosing granitic rocks are slightly warped 
and sheared for a short distance away from the dike. These 
"typical" lamprophyres would be classified as minette. A good 
example occurs at the entrance to Fox Lake Lodge: it consists
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of a fine grained matrix of calcite, plagioclase, biotite, and 
minor potassium feldspar with lenticular or elongate 
inclusions of recrystallised calcite containing laths of 
plagioclase and apatite. Another example, this one an augite- 
minette, occurs on the north side of the Spanish River two 
kilometres northwest of The Elbow. It contains phenocrysts of 
augite, biotite, magnetite and apatite. Sodic amphibole is 
intergrown with biotite and augite. The augite and large 
magnetite grains are partly resorbed, embayed and poikilitic; 
small magnetite grains are euhedral. The groundmass consists 
of plagioclase, potassium feldspar, calcite and apatite.

A white coloured, fine-grained dike located near the damsite 
on Fox Lake contains no potassium feldspar. It is an augite- 
biotite-magnetite-kersantite composed mainly of plagioclase 
(70%) and calcite (25%) with small phenocrysts of augite, 
biotite, magnetite and minor pyrrhotite.

Other sodic dikes included in this map unit contain only minor 
mafic phenocryst phases and little or no calcite. The best 
examples occur on the east side of the Spanish River in 
eastern Tofflemire Township (marked "c", Figure 13). They have 
a spherulitic texture, contain 40 to 60 % albite, 5-2096 
quartz, minor to 5096 biotite, 596 calcite, 1-296 magnetite, 
apatite xenocrysts up to 0.8mm long with corroded edges, and 
some 1596 round to subround inclusions of magnetite - muscovite 
rock and quartz - plagioclase - calcite - magnetite - apatite 
rock. In the field, these had been suspected as skarn rocks 
produced by heat generated from a nearby Nipissing diabase 
dike. However petrographic study indicates that this is a dike 
rock of alkalic affinity. Similar fine-grained, hematite- 
stained dikes occur south of the Agnes River (see Figure 13), 
except that they consist of 80-8596 feldspar of which at least 
one half is potassium feldspar.

AGE OF LAMPROPHYRE

As noted above, there is a distinct spatial association of 
lamprophyre dikes with the Spanish River Carbonatite Complex, 
from which one might infer a genetic link between the two. 
Furthermore, lamprophyre clasts have been found in Sudbury 
Breccias which appear to be of similar age to the carbonatite. 
Near Cartier, Card and Innes (1981, p.67) record a lamprophyre 
intruding a Sudbury Breccia. Two kilometres west of the 
Spanish River Carbonatite Complex, immediately south of 
Spanish River, an apparent inclusion of lamprophyre was seen 
in a cliff face of Nipissing Diabase. These observations 
indicate that intrusion of lamprophyre took place over an 
extended period of time. Rb-Sr age determinations by Van 
Schmus (1971) indicate that lamprophyre dikes in the Blind 
River area are 1415 */- 40my old.

BRECCIA
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In the course of mapping, numerous occurrences of breccia were 
recorded. Most are believed to be Sudbury Breccias; but a 
second, distinctive, group of breccias appears to be related 
to the Spanish River Carbonatite Complex. A third group has 
characteristics intermediate between these two groups. In the 
accompanying geological map (No. .back pocket) the breccias 
have been designated according to the following categories:

15a Unsubdivided heterolithic breccias.
15b Sudbury Breccia.
15c Carbonatite Breccia.
15d Breccias of uncertain origin.

Field evidence and petrographic study indicate that members of 
the two main subdivisions, 15b and 15c, have undergone several 
stages of brecciation (2) The following text describes the 
macroscopic and microscopic characteristics of Units 15b and 
15c. Figure 14 shows the location of breccia bodies in the 
Tofflemire, Venturi and Vernon Townships map area. Breccias 
of map unit 15a have not been studied in detail and may belong 
to units 15b, c or d.

SUDBURY BRECCIA - Unit 15b.

Sudbury Breccias are pseudotachylites believed to have formed 
by brittle fracture, comminution and, in places, melting of 
footwall rocks during the explosive event which gave rise to 
the Sudbury Structure, and by later readjustments of the 
earth's crust (Dressler 1984a). This event has been dated by 
U-Pb isotopic methods as 1850 lmy (Krogh, T.E. et al., 1984). 
In the area under investigation the bodies, ranging up to 60 
metres long and 15 metres wide. Most breccias consist of an 
aphanitic, siliceous, medium to dark grey coloured matrix 
which may be massive, flow banded or vesicular. Clasts are 
usually rounded, range in size from less than one centimetre 
up to four metres and include representatives of most rock 
types mapped in the area except olivine diabase.

DISTRIBUTION: These breccia bodies occur throughout the map 
area, although there is a slight concentration along zones 
oriented at about 020-200 and 120-300 , originating at the 
Spanish River Carbonatite Complex. The relative paucity of 
breccias in Vernon Township and in western Venturi Township 
may be a function of poor outcrop.

STRUCTURE: The breccia bodies vary from small rootless dikes 
a few centimetres wide and a few metres long or high, up to

2) Twenty-three thin sections were amde from 15 different 
breccia bodies. Samples number 85 CCM 004, 0010, 0011, 0012, 
and 85 BOD 2101, 2102 and 2105 are typical of Unit 15b, while 
samples number 85 CCM 0001, 0004 and 0008 are typical of unit 
15c. The remaining thirteen samples represent breccia bodies 
which are of intermediate character between the two end 
members, Units 15b and 15c.
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masses some 15 metres wide and 60 metres long. The small 
bodies have sharp but irregular outlines and are erratically 
distributed across individual outcrops. The larger bodies 
usually occupy the eastern or southern edges of granite 
outcrops which are apparently controlled by faults trending 
approximately 010-030 degrees, and 120-135 degrees 
respectively. Small apophyses splay off at random into the 
country rock from the margins of the main body. Several 
breccia bodies were found intruding conglomerates of the 
Gowganda Formation along the banks of Spanish River in eastern 
Tofflemire Township (see Photographs 4 and 5).

TEXTURE: The breccias are usually matrix supported and 
consist of clasts of variable composition set in a finely- 
laminated to massive, very fine-grained matrix. The ratio of 
clasts to matrix is quite variable, although the smaller 
bodies tend to be matrix rich, since large clasts cannot fit 
into the small openings in the country rock. Some medium sized 
bodies are clast supported and consist of well rounded granite 
boulders up to two metres in diameter and enveloped in a 
matrix whose flow banding is concentric to the margins of the 
clasts. Clasts are approximately equidimensional, and the 
degree of rounding increases with the size of the clasts.

The matrix is generally medium to dark grey in colour, and may 
be massive, weakly or distinctly flow banded. The flow banding 
is concentric to the larger clasts so that a sense of the 
direction of flow cannot generally be gained. However, at one 
locality, 2 km south of the mouth of Sucker Creek, a vortex 
structure in a vertical pipe-shaped body implies a vertical 
sense of flow (Photograph 6). The matrices of some breccias 
are vesicular.

In thin section it is seen that the flow banding consists of 
extremely fine-grained ^0.04mm), turbid bands alternating 
with coarser-grained (~ 0.05mm) clear bands. In spite of the 
flow banding, the texture is that of a typical breccia whose 
components appear to have been deposited rapidly. Some 
sections are vesicular, containing many spindle-shaped 
inclusions up to 10mm long and between 0.1-0.6mm in an almost 
perfectly round cross section. Texturally they resemble larger 
clasts which have irregular outlines and are interpreted as 
cataclasites or recrystallised granitic material. The larger 
clasts are composite rock fragments which tend to be well 
rounded, while smaller fragments are angular mineral grains 
greater than 0.05mm in size. Many of the rock fragments appear 
strained and fractured. The clasts have sharp contacts with 
the matrix.

COMPOSITION:
Clasts Clasts are predominantly of granite, with

lesser diabase, lamprophyre and carbonate rock 
(sovite?), fine-grained, quartz-feldspar 
mosaics interpreted as cataclasites or 
recrystallised granite melted in the 
brecciation process. Photograph 7 shows a 
Sudbury Breccia in west Venturi Township which
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contains clasts of granite and diabase. 
Individual mineral grains consist predominantly 
of quartz, plagioclase and potassium feldspar, 
with minor pyrite, calcite, epidote, ilmenite 
and zircon. The breccias which intrude the 
Gowganda Formation in Tofflemire Township 
contain mainly clasts of wacke and conglomerate 
derived from the local Huronian succession.

Matrix The matrix is too fine-grained to distinguish
its components in hand sample. Some are 
calcareous, some contain disseminated euhedral 
pyrite, while weathered surfaces commonly 
indicate a high feldspar content. Thin section 
study shows that when the grain size is coarser 
than about 0.04mm, the matrix consists of 
quartz, plagioclase and potassium feldspar, 
with minor muscovite, biotite, opaque minerals, 
calcite and very fine-grained chlorite or 
amphibole. The composition of finer-grained 
matrices is difficult to determine, but the 
turbidity of the finer material appears to be 
caused by a higher proportion of biotite and 
amphibole or chlorite.

Vesicles Vesicles are composed mainly of quartz, with
lesser calcite, chlorite and occasional pyrite.

CARBONATITE BRECCIA - Unit 15c.

DISTRIBUTION: All occur within 1.5 km of the Spanish River 
Carbonatite Complex, some spectacular bodies being readily 
accessible 200m west of, and 2000m northeast of "The Elbow".

STRUCTURE: The bodies vary from small rootless dikes a few 
centimetres wide and a few metres long or high, up to masses 
some 15 metres wide and 60 metres long. They are generally 
steeply dipping with sharp, straight margins.

TEXTURE: The breccias are matrix-supported and consist of 
clasts of variable composition set in a coarsely banded, very 
fine-grained matrix. The ratio of clasts to matrix in the 
larger bodies is about 1:1, but is lower in the smaller 
bodies. The clasts range from sand-sized to two metres in 
diameter and are generally elliptical or disc-shaped. The 
larger clasts are mainly granitic and have been stretched and 
sheared. Their contacts with the enclosing matrix may be 
sharp, but many clasts are sheared, and towards their contacts 
with the matrix become progressively disaggregated. The long 
axes of the clasts are vertical, the intermediate axes 
horizontal and parallel to the strike of the body, and the 
short axes are horizontal, perpendicular to strike. The ratio 
of these axes is in the order of 20:7:1 respectively. The 
smaller fragments are angular mineral grains greater than 
0.02mm in size which are randomly scattered through the 
matrix. Some smaller rock fragments show signs of rotation.
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The most severely sheared and disaggregated body is the one 
closest to the Spanish River Carbonatite Complex, just south 
of The Elbow.

The matrix commonly displays strongly developed banding, which 
may be lenticular and contorted. The bands are usually almost 
black and pale blue-green (see Photograph 8). Occasionally, 
fragments of green matrix material occur within the black 
bands. The black bands consist of extremely fine-grained 
^0.01mm), turbid material alternating with the coarser 
grained (~ 0.02mm) green bands which are somewhat clearer. 
Lenticular calcite inclusions conform to the banding and could 
represent sovite clasts or intruded carbonatite.

Both rock fragments and matrix are fenitised. Remobilisation 
and recrystallisation have occurred in the matrix as indicated 
by late, euhedral sodic amphibole crystals and earlier broken 
sodic amphibole crystals.

COMPOSITION: 

Clasts

Matrix

Clasts are predominantly fenitised granite, 
with lesser diabase, lamprophyre, sovite, 
alkaline intrusive rock and mylonite; as well 
as individual mineral grains of quartz, 
feldspar, calcite, epidote, sodic amphibole, 
aegirine, titanite, apatite and opaque 
minerals.

The matrix is too fine-grained to distinguish 
its composition in hand samples. The matrix 
consists of feldspar, quartz (in spite of the 
high degree of fenitisation), calcite, sodic 
amphibole, aegirine and opaque minerals. Sand- 
sized grains of quartz and feldspar, and 
euhedra of magnetite or pyrite up to 2-3mm in 
diameter occur in some bodies.

Aegirine commonly imparts a green hue to these 
rocks and the sodic amphiboles a darker blue to 
black colour. Several generations of sodic 
amphibole occur, the latest forming euhedral 
crystals up to 0.15mm across, some of which 
transect matrix-clast contacts. Extremely fine 
grained sodic amphibole occurs in the black 
matrix, while larger, broken fragments are 
scattered through the green matrix.

In one sample, (No.85 CCM-0008), several 
crystals of a brown, columnar mineral with high 
relief, parallel extinction, no cleavage, and 
moderate birefringence occur; this is thought 
to be anatase.

BRECCIAS OF UNCERTAIN ORIGIN - Unit 15c.
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Several thin sections of breccias display features 
intermediate between those of the two end members described 
above:-

Fenitised Breccia.

Several samples (Samples numbers 85 CCM-0013, 0014, 0018, 0019 
and 0033) were collected from a series of breccia bodies which 
lie along a fault zone trending 120 -300 degrees, some 1000- 
1600m west of the Spanish River Carbonatite Complex (see 
Figure 14). The easternmost breccia is a typical carbonatitic 
type (Unit 15b) as described above. Further west they resemble 
typical Sudbury Breccias (Unit 15b) except that the matrix has 
a slight bluish tinge and is found in thin section to be 
strongly fenitised. The clast:matrix ratio is about 1:6. The 
matrix is flow banded, highlighted by streaks of calcite. 
Clasts are mainly of weakly fenitised granite, and also 
strongly fenitised diabase, lamprophyre and sovite. In the 
diabase clasts sodic amphibole has completely replaced the 
original mafic mineral. The country rock is a pink granite 
which is only weakly fenitised.

At one location the breccia shows evidence of more than one 
phase of brecciation. An inverted funnel-shaped breccia body 
containing angular granitic clasts contains a five metre-long 
clast of the breccia type described in the proceeding 
paragraph (Photograph 9). The funnel-shaped structure is about 
20m long at its base and has sharp contacts with the enclosing 
granite. At its east end it is cut by a narrow sovite vein. In 
addition to granite, it also contains clasts of fenitised 
diabase. The matrix is rich in sodic amphibole, aegirine and 
calcite. Texturally, the body has the appearance of a fissure- 
fill breccia, containing poorly sorted, angular clasts of 
fenitised granite and diabase. Some fenitisation post-dates 
the formation of the breccia as indicated by aegirine veinlets 
cross-cutting clasts and matrix, and by clasts whose margins 
are more strongly fenitised than their cores, indicating 
movement of fenitising fluids through the matrix after 
deposition.

A breccia body which occurs near the western end of this 
string of breccias is from a narrow vertical body striking 
northeast across the granite (sample 85 CCM-0033). It consists 
almost entirely of black matrix material which displays a 
fracture cleavage not seen in any other breccia, and contains 
disseminated euhedra of magnetite up to 2mm in diameter. The 
matrix contains very fine-grained strained quartz and 
feldspar, sodic amphibole, calcite and biotite. The fracture 
cleavage must have been induced by a relatively late event, 
but was still succeeded by an event which introduced quartz, 
calcite, magnetite and sodic amphibole.

The mineralogical relationships observed in these occurrences 
indicate that fenitisation proceeded the earlier phase of 
brecciation and post-dated the latest phase. Carbonatite 
emplacement (at least at this level and at this distance from 
the main body of the Spanish River Carbonatite Complex) 
coincided with, and also post-dated, all phases of
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brecciation, but it appears to have been more significant 
during the later stages of brecciation.

Altered or Atypical Sudbury Breccia.

This category includes breccia bodies which generally resemble 
typical Sudbury Breccias in morphology and texture, but differ 
slightly in some aspects of their mineralogy. One small body 
(Sample 85 CCM-0127) intrudes a sheared and extremely 
uralitised and saussuritised diabase dike, just south of 
Titmouse Lake. Its composition reflects that of the host 
diabase. However, uralitised fractures emanating from the 
diabase penetrate the breccia, cross-cutting both matrix and 
clasts. In the present area the Sudbury Breccia itself is not 
sheared or retrogressively altered. This degree of alteration 
was not seen in other diabases with the exception of those 
fenitised in the area of the Spanish River Carbonatite 
Complex. This occurrence is located close to the trace of the 
major 020 -200 degree fault which contains the Spanish River 
Carbonatite Complex. It is possible that distal fluids 
associated with emplacement of the Spanish River Carbonatite 
Complex produced the deuteric alteration seen in the diabase 
and perhaps slightly overlapped the period of breccia 
formation.

Many Sudbury Breccias in the map area are significantly 
calcareous: a charactistic unusual for such breccias. One 
example(Sample 85 CCM-0009) is a body located a few metres 
from the breccia which displays the vortex structure shown in 
Photograph 6. It resembles Sudbury Breccias in every way 
except for its calcite content - some 15-20& - which occurs in 
the matrix, in vesicles and in recrystallised quartz-feldspar- 
calcite clasts. The calcite could be derived either from the 
Spanish River Carbonatite Complex or the Espanola Formation; 
but recognisable clasts from either source were not 
identified. As the breccia occurs only a few hundred metres 
west of the trace of the major 020 -200 degree fault which 
contains the Spanish River Carbonatite Complex (and which 
carbonatite-related dikes might be expected to exploit), the 
fault is considered the most likely source for the calcite 
content of the breccia.

Several other Sudbury Breccias were found to be calcareous, 
but no systematic variation could be recognised, nor any 
obvious association found with either the Spanish River 
Carbonatite Complex or calcareous rocks of the Espanola 
Formation. The locations of calcareous Sudbury Breccias are 
noted on Figure 14 and on map that accompanies the present 
report (No.P296Q back pocket).

In Tofflemire Township some 400m south of the mouth of Agnes 
River is a breccia which also resembles typical Sudbury 
Breccias except that it is pink (Sample 85 CCM-0003). This is 
attributed to hematitisation related to a nearby fault which 
is occupied by a later olivine diabase. The breccia also 
contains clasts of sheared, partially recrystallised granite, 
and drawn-out inclusions of quartz-plagioclase-epidote 
material.
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Immature Breccias

Two breccias were seen which contain a high proportion of 
angular clasts, with minor rounded clasts typical of Sudbury 
Breccias.

One body, (85 CCM-0002), consists of pale pink and almost 
black domains. The pink areas contain granite clasts, 
granulated granitic material, chlorite and calcite. These are 
set in a matrix of black material consisting predominantly of 
fine-grained ^0.1mm) biotite with, commonly rounded, 
inclusions of calcite,fine- grained fragments of 
recrystallised quartz and feldspar, and biotite flakes up to 
0.8mm. However, some of the matrix material itself seems to 
form clasts and so two stages of brecciation are inferred. The 
presence of biotite and calcite as grains (as well as 
occurring as a microcrystalline component of the matrix), 
suggests a derivation from, or an affinity to the Spanish 
River Carbonatite Complex. The texture is not that of a 
typical Sudbury Breccia.

The second "immature" breccia is a small, irregular body 
intruding a narrow Archean diabase in granitic terrain in east 
Venturi Township(Samples 85 CCM-0005 and 0006). Again, the 
breccia contains calcite and biotite and has very little of 
the floury matrix seen in a typical Sudbury Breccia; in 
texture more resembling a collapse- or fissure-fill type of 
breccia. Clasts are of granite and diabase and their component 
minerals, quartz-calcite-magnetite rock, calcite and ilmenite.

Both of the above bodies are interpreted to have formed as the 
result of brecciation associated with emplacement of the 
Spanish River Carbonatite Complex, accompanied by the 
introduction of distal fluids, and perhaps the reworking of 
minor early carbonatitic dikes.

MIDDLE PROTEROZOIC 

OLIVINE DIABASE

Scattered outcrops of olivine diabase were encountered 
throughout the project area (Figure 15). They weather easily 
and consequently are poorly exposed, commonly occupying 
topographic depressions. In such situations the dark green 
chilled margin often remains as isolated slabs adhering to the 
faces of granitic country rocks while the coarser grained core 
of the dike is recessive in northwesterly trending gullies. 
The rock commonly has a red-brown spheroidal weathered 
surface. The diabase is usually medium- to coarse-grained, 
with subophitic textures, and is magnetic; several outcrops 
correspond to linear aeromagnetic anomalies (ODM-GSC Map 
1524G). A well developed joint set commonly parallels the 
trend of individual dikes. Similar dikes described by Card and 
Innes (1981) are thought to be approximately 1250 m.y.old. 
They are the youngest rocks in the area.
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The dikes examined from the map area consist of up to 
olivine, 45-50% labradorite and 30-45?6 augite, with 536 
magnetite and 2% biotite. The olivine forms equant grains 
about 0.5mm in diameter which, with laths of labradorite up to 
2mm long, are partially enveloped in larger anhedral crystals 
of augite which reach 5mm in size. The biotite occurs as 
alteration rims around olivine grains. The plagioclase also is 
sometimes slightly altered, and contains fine fibres of 
actinolite. Magnetite occurs as irregularly shaped blebs up to 
2.5mm in diameter. Modal analyses of olivine diabase dikes are 
shown in Table 3.

PHANEROZOIC 

CENOZOIC 

Quaternary 

Pleistocene

The surficial geology of the Cartier Area, including 
Tofflemire, Venturii and northern Vernon Township, has been 
described by Gartner (1980). Most of the area is covered by a 
thin veneer of bouldery till. In the northern part of the area 
many bedrock knobs protrude through this cover, but in 
southern Venturi and Vernon Townships the till appears to be 
thicker, and outcrop more sparse. In the latter area the land 
is fairly level except for scattered knobs and hummocks up to 
fifteen metres high. Rarely do these knobs exhibit outcrop, 
but usually consist of masses of large boulders. These are 
probably kame deposits. It is not uncommon to find angular 
granite blocks up to six metres in size in the southern half 
of the map area. Boulders of metaquartzarenite from the 
Lorrain Formation have been found in north central Venturi 
Township, some six kilometres southwest of the nearest 
outcrops. Glacial striations are rare in the granitic rocks 
which predominate in the area; they, and roches moutonnees, 
indicate a direction of ice movement towards the south- 
southwest.

Two major glacial and fluvio-glacial meltwater channels cross 
the map area from north to south. The first follows the Agnes 
River to its mouth and then swings southwest along the Spanish 
River; the second follows the Spanish River to "The Elbow" and 
continues south through Fox Lake and into eastern Vernon 
Township. Eskerine sand ridges can be seen in west Tofflemire 
Township, along Fox Lake, and in east Vernon Township where a 
number of kettle holes and sand ridges form a distinct 
negative topographic feature. The negative relief of the esker 
is probably the result of rapid partial burial of the esker by 
fluvio-glacial sand and gravel very shortly after retreat of 
the ice sheet. Subsequent melting of ice blocks entrapped in 
the esker system produced the present negative topography 
within an extensive series of fluviatile terraces. The 
terraces in south Venturi and north Vernon Townships must have 
been formed while the Spanish River drained southward through 
Fox Lake. The Spanish River system originally emptied into
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Crazy Creek in west, Vernon Township, and into John Creek in 
Totten Township just to the east. After the ice retreated from 
lower ground in north Venturi Township the drainage from the 
Fox Lake cut through to the northeast into John Creek, whereas 
the Spanish River switched back to the northwest, joining the 
Agnes River in its current configuration.

Recent

Bog and swamp deposits consisting of accumulations of 
inorganic and organic detritus occur in low-lying depressions, 
usually along drainage channels between lakes. Extensive 
wetlands occur in northern Vernon Township.

STRUCTURE

In the Tofflemire, Venturi and Vernon Township map area, 
faults constitute the most important structural feature, and 
appear to control the distribution of the Spanish River 
Carbonatite Complex, Huronian metasedimentary outliers, 
Nipissing Diabase and olivine diabase dikes. Fractures and 
shears are common around the Spanish River Carbonatite Complex 
and have been described above in sections covering the Spanish 
River Carbonatite Complex and Breccias. The area has been 
fractured and brecciated by forces associated with the Sudbury 
Event, but many features related to this event probably 
exploited pre-existing planes of weakness. Jointing is common 
throughout the area, particularly in the granitic rocks and 
Nipissing Diabase; the main directions generally conforming to 
the directions of the dominant faults in a given area. On a 
large scale, synclinal folds are characteristic of the 
Huronian metasedimentary outliers, while small scale folds, 
probably associated with shearing, are seen in lamprophyre and 
carbonatite dikes. The predominance of massive Late Archean 
granite, and the paucity of other mappable units in the map 
area, makes difficult the interpretation of structural 
features.

FAULTS

In the course of mapping it was observed that most outcrops in 
the area are linear and are controlled by faults trending at 
120 +J- 15 degrees and 030 */- 15 degrees. Many joints strike 
parallel to these directions. Figure 16 shows the major faults 
and simplified plots of the prevalent joint directions in the 
map area. Stereographic plots of poles to joint planes are 
shown in Figures 18-26.

The absence of Archean supracrustal rocks and the paucity of 
Proterozoic supracrustal sequences in the map area make 
difficult the reconstruction of the relative timing of various 
fault systems, but many appear to have been active since the 
Late Archean and until the Middle Proterozoic. Many fault 
systems correlate with those previously mapped in surrounding 
areas.
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The largest fault in the area strikes at 020 degrees, which is 
an unusual direction in a regional context. It extends under 
Fox Lake, and to the north is exploited by Spanish River. 
South of Fox Lake it is inferred to pass just to the west of 
Titmouse Lake in a topographic depression. Satellite imagery 
suggests the presence of an extension of this fault in 
southern Vernon Township along Crazy Creek. Alternatively its 
southern extension may form the western edge of the Vernon 
Syncline (Card, 1978). Granite outcrops along Fox Lake are 
commonly strongly fractured, and many bodies of Sudbury 
Breccia occur within a few hundred metres of the fault 
throughout the map area. It appears to post-date the Nipissing 
Diabase, which it transects in eastern Tofflemire Township, 
but it is not known whether it was active prior to this. In 
northern Tofflemire Township the fault swings to the north- 
northwest (The Spanish River Fault, Card and Innes, 1981) 
parallel to faults of the Onaping System.

The Spanish River Carbonatite Complex occurs along the trace 
of this fault; the carbonatite, associated carbonatite 
breccias, and the enclosing fenite halo are elongated in the 
same direction. The carbonatite is located at the intersection 
of this fault and a fault which strikes at 120 degrees. The 
latter fault has a weaker topographic expression, but can be 
traced on air photographs eastward to Ministic Lake where it 
may coincide with the Ministic Lake Offset of the Sudbury 
Igneous Complex.

Faults trending at 120 -130 degrees are parallel to the 
regional faults of the Timiskaming System which often display 
right-lateral displacement. Such is indicated in southern 
Tofflemire Township where Nipissing Diabase bodies are offset. 
Faults of this system also appear to exert an important 
control on the distribution of outliers of Huronian 
metasediments. In Tofflemire Township, the southwest - 
plunging syncline of Lorrain Formation sediments is truncated 
by one such fault. In other areas, it has been observed that 
the Nipissing Diabase intrudes previously folded sediments of 
the Cobalt Group. Consequently this set of faults has at least 
been active after deposition of the Huronian sediments, but 
whether it was active during their deposition cannot be 
established in Tofflemire Township. However, in the southern 
part of the map area, a fault striking at 120 degrees 
separates the Vernon Syncline from the outlier of Espanola and 
Bruce Formations south of Titmouse Lake. It would appear that 
the fault was active during Huronian times, since, although 
exposure is incomplete, none of the formations older than the 
Bruce occur north of it, and yet the Matinenda Formation 
outcrops immediately to the south. Further movement occurred 
after folding of the sediments.

It is also notable that rocks of the Cobalt Group are absent 
between the Vernon Syncline and the Tofflemire Syncline in the 
current map area; but in northern Ermatinger and southern Hart 
Townships to the east, an assymmetrical synclinal outlier 
contains representatives of the Mississagi, Bruce, Espanola, 
Serpent, Gowganda and Lorrain Formations. It is possible that
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similar sedimentation occurred further west but has 
subsequently been eroded; and that the large north - south 
fault in western Hart Township (which is probably a splay from 
the Spanish River Fault, and may extend southward along John 
Creek) has down-faulted this outlier and caused its 
preservation. Uplift of the area between the Vernon and 
Tofflemire synclines may have accompanied emplacement of the 
Spanish River Carbonatite Complex, by reactivating pre 
existing faults such as those trending at 120 degrees and the 
John Creek fault.

Olivine diabase dikes, estimated to be 1250 million years old 
(Card and Innes, 1981), also appear to have exploited faults 
of the Timiskaming System.

In western Tofflemire Township the dominant fault direction is 
about 150-160 degrees. This is reflected by the pattern of 
joint directions (see Figure 16). One of these faults can be 
traced southeastward from Gilbert Township (20km northwest of 
the map area) through Fox Lake, and into Totten Township. 
Faults of this orientation are part of the Onaping system. In 
the Benny Belt they are generally vertical and have a small 
right-lateral displacement (Card and Innes, 1981). It is 
likely that this relationship obtains in the current map area 
but no mappable units were intersected by faults of the 
Onaping system and so no direct observation on relative fault 
displacement could be made.

A suite of faults trending at 050 -070 degrees is conspicuous 
in the northern half of the map area, and is even more 
prominent on air photographs to the west. Similarly, joints of 
this orientation are more prevalent in Tofflemire Township 
than further south. One of these faults truncates the southern 
end of a large Nipissing Diabase body in north-central Venturi 
Township. A string of Sudbury Breccias is aligned in this 
direction in western Tofflemire Township.

Locally the granitic rocks display a non- penetrative 
cataclastic foliation accompanied by quartz and/or chlorite 
veining. These zones are best developed near major fault 
zones. In places this foliation has developed into small scale 
shear planes a few millimetres thick.

Slickensides are rare in the predominantly granitic rocks of 
the map area, but a few were observed on chloritic joint 
planes, shear zones and the contacts of dikes and Sudbury 
Breccias, and particularly on fenitised fractures in the 
granite. The slickensides were almost invariably vertical or 
very steeply plunging, indicating a vertical sense of 
movement.

JOINTS

Figure 16 shows simplified plots of the prevalent joint 
directions in the map area and major faults. Stereographic 
plots of poles to joint planes are shown in Figures 18-26. A 
total of 1165 measurements of joints was collected. Most 
joints are nearly vertical and the dominant strike directions
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are approximately 030 degrees and 120 degrees which are 
parallel to the main fault directions. However, as indicated 
in Figure 16, the joint pattern varies in different parts of 
the map area but generally reflects the dominant local fault 
pattern. In northern Venturi Township the pattern is almost 
random: this part of the map area is dissected by major faults 
oriented at 020 degrees, 060 degrees, 120 degrees, and 150 
degrees. Many moderately dipping joints in this area may be 
related to intrusion of the Spanish River Carbonatite Complex. 
In many areas gently dipping or sub-horizontal joints are 
conspicuous. They are commonly expressed as ledges or eroded 
notches at the base of cliffs and outcrops. Photograph 3 shows 
a horizontal shear zone which parallels a series of flat-lying 
joints and which has been exploited by a carbonatite dike.

FOLDING

The outliers of Huronian sediments occur as assymmetrical 
synclines plunging to the southwest or as southeast - facing 
homoclines. No basal contacts were seen in the map area but in 
Tofflemire Township, an unconformable sedimentary contact has 
been reported between the Lorrain Formation and Archean felsic 
intrusive rocks (Card and Innes, 1981). Usually only the upper 
units contained in a given outlier are exposed in the 
northwestern limb, while the southeastern limb exposes 
underlying units as well. This suggests an onlapping 
relationship towards the northwest. This is illustrated in 
Hart Township (Choudhry, 1983), and in the Tofflemire 
Syncline. Similarly, outliers of younger formations occur to 
the northwest of outliers of older formations; for example in 
Vernon Township an outlier of Gowganda Formation lies one 
kilometre to the northwest of the Vernon Syncline. The 
northwest limbs of the synclines commonly dip more steeply 
than do the southeastern limbs. In other areas it has been 
observed that folding occurred prior to intrusion of the 
Nipissing Diabase (Card and Innes, 1981).

Primary sedimentary structures are generally well preserved in 
the Huronian Metasediments, but a weak, near-vertical cleavage 
striking northeastward is distinct in Tofflemire Township. In 
the gently dipping arenites in the core of the Tofflemire 
Syncline, these planes are exploited by narrow quartz veins.

With one exception, no structural fabric was noticed imposed 
on Sudbury Breccias. The exception has been described in the 
section on Breccias where one fenitised breccia displays a 
good fracture cleavage, presumably produced during the late 
phases of emplacement of the Spanish River Carbonatite 
Complex.

METAMORPHISM AND ALTERATION 

Regional Metamorphism

Three metamorphic events have affected rocks in the 
Tofflemire, Venturi and Vernon Township map area: a Late
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Archean or Early Proterozoic event, and two later Early 
Proterozoic events.

The earliest metamorphic event is witnessed by the Late 
Archean diabase dikes which are distinctly more altered than 
are the Nipissing diabase dikes. The plagioclase is now 
entirely albite, and epidote is common; pyroxene is absent and 
hornblende rare, the dominant mafic phase being chlorite, with 
lesser actinolite. The dikes commonly have a weak foliation, 
unlike the Nipissing diabase. The Late Archean felsic rocks 
have retained their massive texture, but display alteration of 
plagioclase to sericite, and, to a lesser extent epidote and 
calcite. Plagioclase crystals are commonly bent and quartz is 
strained. Chlorite occurs on many joints and partings in 
granite throughout the area. This event pre-dated deposition 
of Huronian sediments.

The main metamorphic event in the map area occurred after 
intrusion of the Nipissing Diabase and before the emplacement 
of Sudbury Breccias (Card and Innes,1981). This event is 
associated with the Penokean Orogeny and occurred about 1900- 
1950 m.y. ago (Van Schmus, 1976; Dressler, 1984b). It affected 
the granites, Huronian metasediments, Nipissing and earlier 
diabase in the project area. The metamorphic grade is low- to 
middle-greenschist facies.

The Nipissing Diabase displays alteration of plagioclase to 
sericite, calcite and epidote, of pyroxene to hornblende, and 
of hornblende to actinolite and biotite. In some cases 
labradorite has been altered to albite.

Arenites of the Lorrain Formation in Tofflemire Township have 
a weakly foliated matrix of sericite, muscovite, chlorite and 
minor biotite. Card and Innes (1981) also report the presence 
of pyrophyllite and andalusite. In the wackes and 
conglomerates, chlorite is the dominant metamorphic mineral, 
with biotite occurring in shadow zones adjacent to detrital 
grains and clasts.

Dressler (1984b) also records a later period of metamorphism 
corresponding to the Hudsonian Orogeny, at about 1700-1800my. 
In the current map area its effects are limited to minor 
recrystallisation of Sudbury Breccias.

Contact Metamorphism

In Vernon Township a tremolite hornfels in the Espanola 
Formation may indicate local thermal metamorphism possibly 
caused by Nipissing Diabase, several outcrops of which occur 
in the area. The rock originally was a calcareous siliceous 
siltstone. Nearby outcrops of siltstone contain epidote and 
actinolite dispersed through their matrices.

Fenitisation of granite and diabase dikes surrounding the 
Spanish River Carbonatite Complex has been described 
previously.
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Shock Metamorphism

No shock metamorphic features such as occur around the Sudbury 
Structure up to a distance of up to approximately 8 Rm away 
from it (Dressler 1984a) were observed in the map area 
although granitic rocks marginal to bodies of Sudbury Breccia 
are commonly well fractured.

GEOPHYSICAL CHARACTERISTICS OF THE AREA

Examination of aeromagnetic map 1524G (ODM-GSC, 1965) and 
magnetic map NL-16-17-M (in: Pye et al., 1984) reveals that 
the northern half of Venturi Township and most of Tofflemire 
Township have a broad, moderately high magnetic response - 
2400 to 2800 nT. This area has sharply defined linear margins 
which probably reflect regional faults trending at 150 
degrees, 120 degrees and 050 degrees. Within the broad 
magnetic high area the Spanish River Carbonatite Complex 
stands out as an anomaly reaching over 3000nT. Diamond 
drilling of the carbonatite has shown that magnetite 
disseminated in sovite probably accounts for this magnetic 
response (AFRO). Card and Innes (1981) had speculated that 
similar magnetic anomalies northwest of the Spanish River 
Carbonatite Complex might represent additional carbonatite 
bodies, but the present mapping programme produced no 
supporting evidence for this idea: the area is underlain 
mainly by granite and lesser Nipissing Diabase, neither of 
which are fenitised. Several minor quartz-magnetite veins 
occur in the area but are far too small to contribute to the 
aeromagnetic anomaly.Northwest-trending linear magnetic highs 
in the southern part of the map area are attributed to olivine 
diabase dikes. There is no correlation between aeromagnetic 
patterns and the distribution of outliers of Huronian 
metasediments.

Charts A and C (Pye et al., 1984) show the Bouguer gravity 
maps of the Sudbury area. The map area occupies a broad 
gravity low zone flanking the Sudbury Structure.

SYNOPSIS OF GEOLOGICAL HISTORY

The following geological history is inferred from the results 
of mapping in the Tofflemire, Venturi and Vernon Township map 
area:
- Emplacement of felsic plutons of the Cartier Batholith 
(~2500my).

- Intrusion of Late Archean diabase dikes.

- Low grade metamorphism, minor shearing; displayed by Late 
Archean mafic dikes.

- Deposition of Huronian sediments, with sedimentary onlap 
possibly to the northwest. Absence of onlaps to the southeast 
suggests that a pre-existing trough did not exist to control 
the Huronian sedimentation; or, if such a trough did exist,
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its southeastern margin lay somewhat further to the southeast, 
beyond the current distribution of the Huronian outliers. 
Furthermore, the facies distribution of the Huronian sediments 
from Vernon through to the western edge of the Cobalt 
Embayment is very consistent, with no indication of a 
different sedimentary environment in the "graben" area. 
Therefore there was probably a complete cover of platformal 
sediments over the area of the Sudbury Structure and the 
footwall rocks to the north. This interpretation is supported 
by the presence of blocks of metaquartzarenite, probably from 
the Mississagi Formation, in the lower parts of the Onaping 
Formation of the Whitewater Group within the Sudbury Basin.

- Folding of Huronian metasediments; initial adjustments of 
fault blocks.

- Intrusion of Nipissing Diabase (2150my); tensional regime, 
further differential adjustments of fault blocks.

- Low grade metamorphism of Huronian, Nipissing and earlier 
rocks (1950-1900my).

- Emplacement of Spanish River Carbonatite Complex - uplift of 
local pre-existing fault blocks; erosion of local Huronian 
metasediments; floundering (possibly related to the Sudbury 
Event) of adjacent blocks preserving Huronian outliers to the 
northeast, southeast and south.

- Sudbury Event (1850my); uplift of footwall rocks surrounding 
Sudbury Structure - erosion of much of the remaining Huronian 
rocks resulting in the absence of sediments between Hart 
Township and Sudbury.

- Low grade metamorphism (1700-1800); recrystallisation of 
Sudbury Breccias.

- Intrusion of Olivine Diabase along northwest trending faults 
(1250my); tensional regime - further adjustments of fault 
blocks.

ECONOMIC GEOLOGY 

INTRODUCTION

There is only one mineral property in the map area upon which 
mineral exploration has been recorded: that of Ike Burns 
Exploration Corporation, whose six leased claims cover part of 
the Spanish River Carbonatite Complex. This has been 
prospected for tin, vermiculite, niobium, rare earth elements, 
copper, cobalt, nickel, vanadium and residual apatite 
(Assessment Files Research Office, Ontario Geological Survey, 
Toronto (AFRO)).

Four minor metallic mineral occurrences were found in the 
course of the current mapping programme. Their locations are 
shown on Figure 17. All appear to be related to the Spanish 
River Carbonatite Complex. Quartz veins occur sparingly
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throughout the area. They were routinely sampled and analysed 
for gold but all proved to be barren.

Geological environments exist in the map area which are 
potentially favourable for the occurrence of stratabound gold 
and skarn-type base metal deposits.

DESCRIPTION OF PROPERTIES

Ike Burns Exploration Corporation [1]

History of Exploration.

The history of exploration of the Spanish River Carbonatite 
Complex has been documented by Guillet (1962), and by Sage 
(1983). Guillet reports that,

"Original prospecting in the area dates from 1896 
when Didone De Carufel is said to have got low 
assays for tin in the vicinity of the vermiculite A- 
zone. The property apparently lay dormant for more 
than half a century when a newly-announced federal 
assistance plan to stimulate prospecting for tin 
prompted the elderly De Carufel to stake 6 claims in 
1953. Harvey O. Larsen staked a further 9 claims in 
the area. Samples did not confirm the presence of 
tin, but vermiculite was recognized and reported to 
the prospectors. The two groups were combined and 
the number of claims increased to 26. In 1955 the 
Johns-Manville Company performed a ground 
magnetometer survey, and pitted areas showing 
vermiculite mineralization; the results of sampling 
are unknown. In 1957 a syndicate headed by E. Eaton 
of Sudbury took an option and put in a number of 
bulldozer trenches. The present owners, Jenmac 
Company Limited, optioned the property in 1960 and 
subsequently added a further 12 claims. Under the 
supervision of G.C. Campbell further bulldozer 
trenching was done and an extensive sampling program 
was carried out. In the fall of 1961 bulk samples 
were tested at the exfoliating plant of Vermiculite 
Insulating Limited of Toronto."

At some time between Quillet's visit and 1968, the carbonate 
rocks were recognised as carbonatites, but there is no record 
of how this conclusion was reached.

In 1968, Union Carbide Canada Limited drilled a single 
inclined diamond drill hole to a depth of 529.3 m (1736 feet) 
in a search for pyrochlore. The hole tested a magnetic anomaly 
which proved to be caused by disseminated magnetite in 
carbonatite. Minor pyrochlore, chalcopyrite, pyrite and 
pyrrhotite were observed. The core was tested for copper, 
cobalt, nickel, vanadium and niobium but no significant 
results were obtained (AFRO). Proudfoot(1971) and Sage(1983) 
report on major and trace element lithogeochemistry of 
additional samples taken from this drill hole and from
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outcrop, noting that the complex contained lower than usual 
amounts of niobium, rare earths, Ba, Th and Zr when compared 
with other carbonatites. For example, the maximum values (in 
ppm) obtained for some selected elements are as follows:-

Ba Ga Nb Rb Sr ~Th Y Zr La Nd Ce 
2600 20 600 160 8000 nd 80 1500 500 300 960

In 1975, the International Mineral and Chemical Corporation 
(IMC) conducted a seismic survey over the complex in an 
attempt to determine the depth to bedrock in a search for 
residual apatite. The company also performed magnetometer and 
radiometric surveys and completed four vertical reverse 
circulation drill holes for a total of 250.6m (822 feet) of 
which 146m (480 feet) were in overburden and 104m (342 feet) 
in bedrock. The depth to bedrock ranged up to 78m (256 feet). 
Tests were made for niobium, rare earth elements, copper and 
titanium but no significant values were obtained (AFRO). The 
rare earth carbonate burbankite, (Na,Ca,Sr,Ba,Ce)e (C03 )s , 
was reported from one sample.

Diamond Drill Hole Summary

Depth
metres feet

IMC Hole No. TP-l 67 220
IMC Hole No. TP-2 52 170
IMC Hole No. TP-3 53 174
IMC Hole No. TP-4 12 258

IMC total: 251 822

Union Carbide Hole UC-3 529 
total: 780

GEOLOGY.

At the time of Quillet's visit trenching had been performed in 
two parts of the complex; Zone "A" and Zone "B" (see Figure 11 
). Quillet's trench plans are reproduced in Figure 12. Poorly 
exposed bedrock is still visible in both areas. At the time of 
Quillet's visit the carbonate rocks had not been recognised as 
carbonatites but were thought to be metamorphosed limestones. 
Guillet reported that vermiculite, the commodity under 
investigation at the time, occurred as a residual deposit in 
association with marble and metadiorite dykes. His "marble" is 
now known to be a sovite (calcitic carbonatite) and his 
"metadiorite" is probably ijolite (nepheline-pyroxene rock) 
and pyroxenite. Quillet's (1962) desription of the geology 
exposed in the trenches is as follows:

"A deeply weathered, cream-coloured, marble band at 
least 137 m (450)(3) feet wide contains disseminated 
flakes of dark brown vermiculite. Trenching has 
revealed up to 5 feet of a buff or brown residual 
marble sand overlying less weathered rock and 
underlying 2 to 4 feet of yellow sand and pebbles.

3 ) Original imperial measurements in brackets
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The marble strikes N.35 E. and has a moderate dip to 
the southeast. It is cut by swarms of metadiorite 
dikes that are responsible for the distribution of 
vermiculite. Because of the scarcity of outcrop it 
is not possible to determine the extent of the 
marble band."

"Vermiculite occurs in the residual limestone soil 
and crumbly metadiorite gravel. Hard, more resistant 
dikes are generally barren. Vermiculite from the 
marble is a resinous dark brown alteration of 
phlogopite that yields a light brown granule with a 
pearly lustre on cleavage surfaces after 
exfoliation. Vermiculite from weathered metadiorite 
inclines to a resinous black, and yields a dark 
brown granule with a bright copper lustre. The 
latter has a higher bulk density than the former. 
The tenor varies up to 30 percent over a few feet 
but may be higher in small local pockets. However 
the values are erratically distributed, dependent 
largely on the frequency of dikes, and an average 
across the marble band would not exceed 10 percent. 
Flake size on the average is somewhat coarser than 
most of the other occurrences studied. An average of 
the vermiculite portions of samples from both dikes 
and marble grade as follows after exfoliation:

Screen Analysis Bulk Density 
Mesh size Percent weight Ibs. per cu.ft.

plus 8 10.3 15.2
minus 8 plus 14 34.2 17.4
minus 14 plus 28 28.2 20.6
minus 28 27.3 33

Zone A constitutes the original vermiculite 
discovery and lies almost on the township boundary 
in claim S.104813.( *)

It is a roadcut that exposes a 75m (250-foot) length of 
residual sand and poorly consolidated marble. The cut has 
been considerably enlarged and deepened by bulldozing, 
but it closely parallels the general strike of the 
formation. At the southern end a shallow cut crosses the 
formation for about 15m (50 feet). In the deeper 
excavations the marble is a friable, poorly silicated, 
coarse cream-coloured rock. Only in the vicinity of dike 
contacts is the content of brown mica appreciable. 
Several of these dikes up to 6m (20 feet) thick cut the 
marble in various directions with steep dip. They are 
medium- to coarse- grained metamorphosed diorites now of 
amphibolitic composition. Some are decomposed to a 
residual gravel and contain low to moderate amounts of 
vermiculite, generally less than in the adjacent marble. 
Others are hard and unweathered, and are virtually barren 
of mica minerals. A chip sample across 3m (10 feet) of a

Now claim S. 359399.
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decomposed dike near the centre of the cut yielded 7 
percent vermiculite. A 1.5m (5 foot) contact zone 
adjacent to this dike contains coarse magnetite and books 
of dark brown vermiculite to 2.5 cm (l inch).

On the top of the knoll above the cut there are four 
bulldozer trenches from 1.2m to 4m (4 to 12 feet) wide, 
1.2m to 2.1m (4 to 7 feet) deep, and 9m to 36m (30 to 120 
feet) long. Only one is recent enough to expose bedrock; 
the others are badly caved. The trench angles across the 
formation in a north-south direction for a distance of 
21m (70 feet). A 6m (20-foot) section near the centre is 
a limestone tectonic breccia in a yellow-buff medium- 
grained, sugary textured limestone soil. Flow lines in 
the marble are traced by brown vermiculite flakes, and 
some included fragments of dark paragneiss are now 
represented by vermiculite-rich aggregates. Harder, more 
resistant fragments are dolomitic. Tenor of vermiculite 
throughout the trench is low.

Zone B is 610m (2,000 feet) southwesterly from zone A and 
is in claim S.67916.( g ) Here there are 13 trenches in a 
4-acre area covering a cross-strike width of 137m (450 
feet). They are from 10.7m to 61m (35 to 200 feet) long, 
2.4m to 3.7m (8 to 12 feet) wide, and 0.9m to 2.4m (3 to 
8 feet) deep. Dip of the marble is somewhat flatter than 
in zone A. Swarms of narrow dikes cut the marble in all 
directions. Statistically there is some preference for a 
strike direction of N.60 W., at right angles to the 
marble bedding, and a moderate southerly dip. There is no 
obvious difference between hard undecomposed metadiorite 
and the softer disintegrated dikes except that a small 
percentage of hornblende in the latter has been altered 
to biotite and subsequently vermiculitized. The 
development of mica in the contacting marble is always 
greatest adjacent to the softer, vermiculitized, dikes. 
One such contact zone is intersected by a small pit 
between trenches 9 and 10, and a grab sample yielded 47 
percent vermiculite that was largely coarser than 28 mesh 
after exfoliation. Average tenor in all trenches would be 
in the order of 10 percent."

Subsurface geological information has been provided by the 
International Mineral and Chemical Corporation and Union 
Carbide diamond drill programmes(AFRO) and has been described 
by Proudfoot(l971), Thurston et al.(1974), and Sage(1983). The 
results are summarised briefly below.

The Union Carbide hole was collared in fenitised granite near 
the eastern boundary of the carbonatite (the drill timbers are 
still visible some twenty metres east of the road as shown on 
Figure 11). The marginal phases of the carbonatite contain a 
high content of silicate minerals constituting 
silicocarbonatite, nepheline syenite, ijolite and pyroxenite, 
whereas the core of the body is composed mainly of sovite (a 
calcite-rich carbonatite). Sage(1983) observes that, "Magnetic

5) Now claim S. 377231.
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anomalies over the complex appear to be related to a variation 
in magnetite content. The more mafic phases of the complex may 
be mafic-rich phases of the carbonatite, or mafic dikes, or 
altered blocks from the wall rock. The carbonate-rich rocks 
appear to intrude and enclose the more mafic phases."

In the IMC holes the predominant rock type intersected was 
sovite, containing biotite, alkaline pyroxene, magnetite, 
pyrite and apatite; and lesser pyroxenite and biotitite. The 
overburden consisted of sand and gravel with minor silt and 
clay.

Tofflemire Hematite Occurrence [2].

Six kilometres north of "The Elbow" a 50 cm thick, 
subhorizontal shear in massive granite contains two to three 
percent of disseminated dull grey metallic hematite 
(Photograph 3). It is associated with quartz, calcite and a 
fibrous amphibole and is believed to be related to the Spanish 
River Carbonatite Complex. A Sudbury Breccia occurs a few 
metres to the south and appears to strike at about 330 
degrees.

Spanish River Magnetite Occurrence [3].

On the eastern shore of Spanish River is a narrow belt of 
thinly bedded and laminated siltstone and sandstone, massive 
blue-grey and pink fine-grained sandstone, and minor 
conglomerate. Some of the siltstone is calcareous. These 
sediments are thought to be a part of the Gowganda Formation.

One outcrop in this area contains clots and clasts of 
magnetite-calcite material. The host rock is very fine 
grained, dark grey and slightly calcareous and is cut by 
veinlets of magnetite, quartz and biotite. Another small 
outcrop located a few metres to the south displayed 
pseudomorphs of quartz up to fifteen millimetres long in an 
apparently recrystallised siltstone. These outcrops were 
thought to be a possible skarn. However, petrographic study 
has shown that they are of igneous origin and are most likely 
alkaline dikes related to the Spanish River Carbonatite 
Complex.

Fox Lake Sulphide-Magnetite-Carbonate Occurrence [4].

A one metre wide shear zone cutting granite was found four 
hundred metres east of Fox Lake, l.5 km due south of Fox Lake 
Lodge. The granite is massive, pink, coarse-grained and is not 
fenitised. The shear consisted of calcareous quartzose rock 
containing disseminated pyrite, pyrrhotite, galena, magnetite 
and siderite. It is most likely a silico-carbonatite dike 
related to the Spanish River Carbonatite Complex. The shear is 
also exploited by a small lamprophyre dike.

Titmouse Lake Chalcopyrite Occurrence [5].

In Vernon Township, about two kilometres south of Titmouse 
Lake, minor chalcopyrite was discovered during the course of
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mapping in a carbonate rock within a shear zone of talc- 
albite-sodic amphibole (possibly richterite) schist and vein 
quartz. The shear zone strikes at 080 degrees and lies close 
to the (faulted?) contact of the Espanola Formation with 
granitic rocks. This appears to be a carbonatite-related 
occurrence.

150 metres further east there is an outcrop of tremolite 
hornfels indicating local thermal metamorphism. Several 
Nipissing diabase dikes occur in the vicinity and raise the 
possibility of skarn-type mineralisation occurring in the 
local Espanola sequence. This occurrence lies within an 
outlier of Espanola Formation approximately 800 by 400 metres 
which contains numerous small outcrops of massive, grey 
siltstone, thinly bedded calcareous green and white siltstone, 
and buff coloured, fine to medium grained arenite. The 
siltstones have also been slightly metamorphosed and contain 
tremolite and epidote. Another small outlier of Bruce and 
Espanola Formations has been recorded immediately west of 
Titmouse Lake (see Figure 8). Skarn-type base metal 
mineralisation occurs in northern Hart Township (Card and 
Innes, 1981, p99-100). Jedburgh Resources Limited has 
conducted diamond drilling at this property during 1985 
(Northern Miner, Aug 15, 1985). In Hart Township sphalerite, 
pyrite, chalcopyrite, galena, magnetite and cobalt 
mineralisation occurs within metamorphosed calcareous rocks of 
the Espanola Formation in association with a Nipissing Diabase 
dike which is thought to be the source of the heat responsible 
for the skarnification of the Espanola Formation.

Immediately south of the current map area minor galena, 
sphalerite, arsenopyrite, pyrrhotite and pyrite have been 
observed in limey argillites in diamond drill core from the 
Espanola Formation in the Vernon Syncline (AFRO).

SAND AND GRAVEL

There are abundant deposits of sand and gravel in the map 
area. Most are gravel-rich, fluvio-glacial terrace deposits 
located along the Spanish River in eastern Tofflemire 
Township, along the Agnes River, along Fox Lake and across 
much of northern Vernon Township (see map back pocket). A belt 
of sandy eskerine ridges occurs along Fox Lake and extends 
southward through Vernon Township, east of Titmouse Lake.

RECOMMENDATIONS FOR FUTURE EXPLORATION

To date no mineral occurrences of economic significance have 
been located in the map area, and the only exploration work 
reported has focussed on the Spanish River Carbonatite 
Complex. However, three geological environments exist in the 
map area which have mineralised counterparts elsewhere and 
should be considered for exploration work.

The Spanish River Carbonatite Complex.
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As discussed above, the complex has been tested by pitting and 
by five diamond drill holes. Minor vermiculite occurs at 
surface, and apatite, pyrochlore and the rare earth carbonate 
burbankite have been identified in drill core.

Core has been analysed for Cu, Co, Ni, V, Nb, rare earths and 
platinoids but no significant results have been obtained. 
Sage(1983) noted that the complex appeared to contain lower 
than usual amounts of niobium and other elements.

The IMC drill program (see above) was directed towards the 
occurrence of residual minerals and by no means adequately 
evaluated the bedrock geology of the complex. Consequently, 
only the Union Carbide diamond drill hole has tested the 
complex to any depth, and the surface has only been scratched 
in the northern half. Thus additional bedrock drilling may be 
warranted.

The author believes, however, that the potential for residual 
deposits is more limited since the overburden includes a large 
amount of fluvio-glacial sand and gravel rather than residual 
material as previously reported. It is likely that a major 
spillway crossed the complex southward from the Spanish River 
to Fox Lake. Consequently any residual minerals of economic 
potential may well have been eroded; although bedrock 
topography is very irregular and local pockets of residual 
minerals may remain.

The most constructive course of exploration would appear to be 
diamond drilling of the western part of the complex in order 
to complete the section partially tested by Union Carbide's 
deep drill hole; and drilling of the southern portion of the 
body, since it is well established from other carbonatites 
that mineralisation is generally not uniformly distributed, 
but is localised in relatively discrete shoots. Parsons(1961) 
has noted a correlation between magnetite and pyrochlore. 
Magnetic anomalies were used by IMC as an aid in siting their 
drill holes. However, the holes were short and vertical. 
Inclined holes designed to section the magnetic anomalies 
would better evaluate the presence of pyrochlore.

Skarn-Type Mineralisation in the Espanola Formation.

The extent of the Espanola Formation in the map area is very 
limited. However, additional prospecting in the area west and 
south of Titmouse Lake, and in western Hart Township may be 
warranted. Magnetometer surveys would assist directly in 
locating skarn-type deposits which usually contain magnetite 
and/or pyrrhotite. They might also detect the diabase dikes 
with which known deposits are associated (although many 
Nipissing Diabases are not especially magnetic).

Stratabound Gold Mineralisation in Huronian Sediments
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Over the years, many workers have pointed out similarities 
between the Huronian Supergroup and the Witwatersrand Basin in 
South Africa. Recently, anomalous values of gold have been 
obtained from hematitic quartz pebble conglomerates of the 
Lorrain Formation and from fluviatile units of some of the 
underlying formations (Long and Colvine, 1984). The newly 
mapped areas of Lorrain and Gowganda Formations in Tofflemire 
Township, whilst of limited extent, may warrant investigation 
as part of a regional exploration programme directed towards 
the occurrence of sedimentary gold in Huronian strata (see 
Figure 8). However, limited sampling of hematitic and pyritic 
arenites from the map area yielded disappointingly low values 
of gold, with a maximum of only 3 ppb. Petrographic study of 
these samples indicates that the pyrite is euhedral and is 
probably not detrital: it probably formed during post-Huronian 
low grade metamorphism. More detailed sampling and 
sedimentological study would be necessary to appraise the area 
thoroughly.
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TABLE 1. - LITHOLOGIC UNITS FOR TOFFLEMIRE, VENTURI AND VERNON 
TOWNSHIPS.

PHANEROZOIC 

CENOZOIC 

RECENT

Swamp, bog, sand, and gravel. 

PLEISTOCENE

Glaciofluvial sand and gravel terraces, 
plains.

Eskerine deposits, till, bouldery sand; 
knobby, hummocky terrain.

Unconformity 

PRECAMBRIAN 

PROTEROZOIC

MIDDLE PROTEROZOIC

MAFIC INTRUSIVE ROCKS

Olivine Diabase.

Intrusive Contact 

EARLY PROTEROZOIC 

BRECCIA

Sudbury Breccia - heterolithic breccias, 
pseudotachylites.

Carbonatitic Breccia - sheared, calcareous 
breccia.

Intrusive contact. 

Sudbury Event 

LAMPROPHYRE

Biotite-rich, calcareous lamprophyre; 
lamprophyre breccia; felsic, biotite-poor 
lamprophyre.
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Intrusive Contact 

SPANISH RIVER CARBONATITE COMPLEX

Carbonatite (sovite and 
silicocarbonatite),

ijolite series, syenite and related 
rocks.

Intrusive Contact 

MAFIC INTRUSIVE ROCKS

Nipissing Intrusive Rocks (diabase and gabbro) 

Intrusive Contact

HURONIAN SUPERGROUP 

COBALT GROUP

LORRAIN FORMATION

Feldspathic arenite; green, micaceous, 
pebbly arenite; buff and red, hematitic 
arenite; white

quartz arenite; quartz and jasper pebble 
conglomerate.

GOWGANDA FORMATION

Polymictic paraconglomerate; quartz - 
feldspar arenite; wacke, siltstone.

Local Disconformity 

QUIRKE LAKE GROUP 

SERPENT FORMATION

Quartz-feldspar arenite, calcareous 
arenite.

ESPANOLA FORMATION

Siltstone, greywacke, arenite, 
limestone, hornfels, skarn.

BRUCE FORMATION

Polymictic paraconglomerate, quartz 
arenite, arkose, wacke, siltstone.
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Local Disconformity 

HOUGH LAKE GROUP

MISSISSAGI FORMATION

Quartz-feldspar arenite, quartz arenite 

RAMSAY LAKE FORMATION 

Conglomerate

Local Disconformity 

ELLIOT LAKE GROUP 

MATINENDA FORMATION

Arenite, wacke. 

Unconformity 

ARCHEAN

MAFIC INTRUSIVE ROCKS

Fine- to medium-grained diabase, 
amphibolite, feldspar phyric diabase.

Intrusive Contact 

FELSIC INTRUSIVE ROCKS

Granite, granodiorite, quartz - 
monzonite, quartz

- monzodiorite.

GNEISSIC AND SUPRACRUSTAL ROCKS

Quartz-feldspar-biotite gneiss; fine 
grained mafic

metavolcanics and/or metasediments.
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LOCATION MAP Scale : 1 : 1 548 000 
or 1 inch to 25 miles

Figure 1: Location Map for Tofflemire, Venturi and Vernon 
Townships.
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N
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LEGEND(i)
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Rock contact; 
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Trench 

Road cut

(i) Legend originally designed by Guillet(1962) to fit model of metamorphosed Huronian limestone, 
it has been adopted to the carbonatite model in 1977.

FIGURE 12: Trench Map of Vermiculite Occurrence*, Spanish River Carbonatite Complee (after Quillet, 
1962).

Taken from Sage (1983) 66
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Stereographic Projection

of 
Poles to Joints

Western Tofflemire Township 
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Stereographic Projection
of 

Poles to Joints
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Stereographic Projection
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FIG. 20
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Stereographic Projection
of 

Poles to Joints

FIQ. 21

Eastern Venturi Township
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Stereographic Projection ' Fl@- 22
of 
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North-central Venturi and South-central Tofflemire Townships
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Stereographic Projection
of

Polos to Joint*
Venturi and Southwest Tofflemire Townships 
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Stereographic Projection
of

Poles to Joints
West-central Venturi Township 
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FIG. 24
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Stereographic Projection
of 

Poles to Joints

Northwest Vernon and Southwest Venturi Townships
N

FIG. 25

77 points
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Stereographic Projection

of 
Poles to Joints

Northeast Vernon Township 
N

FIG. 26

84 points
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Photo 1: Inclusion of gneiss in granite, Crazy Lake, Venturi 
Township. Note pegmatic phase surrounding inclusion

Photo 2: Polymictic paraconglomerate, Gowganda Formation, Vernon 
Township.
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Photo 3: Horizontal shear in massive granite, exploited by 
hematite-bearing carbonatite vein; north-central 
Tofflemire Township.

Photo 4: Apophysis of Sudbury Breccia intruding conglomerate of the 
Gowganda Formation, west bank of Spanish River, east 
Tofflemire Township.
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Photo 5: Irregular Sudbury Breccia apophyses in massive and 
pegmatitic granite. Southwest Tofflemire Township.

'V*-; 'V--.- -i
iaaL*rA

Photo 6: Vortex structure in vertical pipe of Sudbury Breccia, with 
apophyses into surrounding fractured granite. (Photo is 
looking vertically upwards). South-central Venturi Twp.
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Photo 7: Sudbury Breccia, west Venturi Township. Note rounded 
granite clasts and smaller, angular diabase clasts.

Photo 8: Carbonatite breccia, 800 m NW of Fox Lake Lodge, Venturi Twp 
Note stretched fenitised granite clasts enveloped in 
banded pale green and very dark green-blue mylonitic matrix. 
Dark matrix contains 60% sodic amphibole.
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Photo 9: Clast of fenitised Sudbury Breccia (waist height, centre) 
enclosed in unsorted breccia composed of angular fragments 
of fenitised granite and diabase. Central north Venturi Twp.

Photo 10: Unusually gently dipping and close-spaced joints in massive 
granite, west Tofflemire Township.
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MARGINAL NOTES

INTRODUCTION
This project was funded by the Special Projects to Assist Resource 
CommunitiesTSPARC) program of the Ontario Ministry of Northern 
Development and Mines.

Tofflemire, Venturi, and Vernon Townships are located be 
tween 52'and 66 km west-northwest of the City of Sudbury. The 
map area covers approximately 200 km 2and is bounded by 
Latitudes 46C 30'N and 46C42'N and by Longitudes 81 041'38"and 
81^49'12" The Town of Levack is located some 23 km to the east 
ol the map area. Maintained gravel roads from Cartier and Windy 
Lake on Highway 144 provide access to Fox Lake Lodge, located 
at the north end of Fox (formerly Macauley) Lake. A network of 
old logging roads permits access by four-wheel drive and ATC 
vehicles to most parts ol the area. Secondary and logging roads 
leading northward from Webbwood on Highway 17 provide access 
to areas wesl of the Spanish River.

The geology ol Venturi Township, the southern half of Tof 
flemire Township, and the northern half of Vernon Township have 
previously been mapped by Card and Innes (1981), the southern 
part of Vernon Township by Card (1978), and the area to the easl 
by Choudhry (1984) The area to me west remains unmapped.

MINERAL EXPLORATION

Mineral exploration has been restricted to the Spanish River Car 
bonatite Complex which has been prospected for tin, vermiculite, 
niobium, rare earth elements, copper, cobalt, nickel, vanadium, 
and residual apatite (Assessment Files Research Office, Ontario 
Geological Survey. Toronto. AFRO).

In 1955, Canadian Johns Manville Company Limited per 
formed magnetometer and geological surveys directed towards the 
occurrence of vermiculite. In 1957, the E. Eaton Syndicate of 
Sudbury completed a number of bufldozer irenches. In 1960. 
Jenmac Company Limited performed furiher bulldozer trenching 
and sampling for vermiculite. Guillet (1962) reported that the best 
concentrations of vermiculite occurred in marble adjacent to am 
phibolite dikes. Grab samples of up to 47"Vo vermiculile were 
obtained and an average tenor of 10^0 was estimated in one 
group of Irenches. and of 7V0 over a width of 10 feet in another 
trench; the presence of tin was not substantiated. In 1968, Union 
Carbide Canada Limited drilled an inclined diamond drill hole to a 
depth of 529.3 m (1736 feet); only minor pyrochlore, chalco 
pyrite, pyrite and pyrrhotile were observed The core was tested 
for Cu, Co. Ni, V, and Mb but no significant results were obtained, 

p In 1975, the International Mineral and Chemical Corporation con 
ducted magnetomeier. seismic and radiometric surveys and com 
pleted four reverse circulation drill holes for a total of 250.6 m 
(822 feet) to test for rare earth elements, Nb. Cu and Ti. No 
significanl values were obtained, *

GENERAL GEOLOGY
The area is par! o! Ihe Abitibi Subprovince of the Superior Prov 
ince of the Canadian Shield. The western edge of the Sudbury 
Structure is twelve kilometres to the east of the map area, the 
Benny Lake "Greensione Belt" lies some twelve kilometres to the 
north, and the Murray Fault Zone, which approximates the South 
ern limit of the Superior Province, passes twenty kilometres south 
of the map area.

The area is underlain predominantly by felsic intrusive rocks 
of Archean age. Several small outliers of Huronian meiasediments 
unconformably overlie the Archean rocks. Widespread Nipissing- 
type diabase and younger olivine diabase bodies intrude the 
Archean and Huronian sequences. The Spanish River Carbonatite 
Complex has intruded Archean granites in northeastern Venturi 
Township, Sudbury Breccias occur throughout the area. Extensive 
fluvioglacial terraces and eskerine deposits cover much of the 
area

Felsic intrusive rocks are typically massive, pink coloured, 
medium- to coarse-grained granites or quartz monzoniles, contain 
ing pegmatitic and aplitic phases. Inclusions of biolite gneiss and 
amphibolite occur locally, Minor diabase dikes of Late Archean 
age are widely distributed throughout the map area.

Several small outliers of Early Prolerozoic metasediments of 
the Huronian Supergroup occur in the map area Near the southern 
boundary, an outcrop of arkosic wacke and paraconglomerate of 
the Matinenda Formalion represents the northern tip of the Vernon 
Syncline previously mapped by ^ard (1978).

Approximately two kilometres east of the central part of Fox 
Lake is an isolated outcrop of interbedded polymictic para- and 
orthoconglomerate, feldspathic arenite and minor black argillite 
assigned to the Bruce Formation.

One kilometre north of the Vernon Syncline, a polymictic 
paraconglomerate of the Bruce Formation underlies the Espanola, 
Formalion which consists of massive and laminated siltslones. 
fine- to medium-grained arkose and recrystallized tremolitic 
limestone. An outcrop containing rocks of the Bruce and Espanola 
Formations has previously been recorded immediately west of 
Titmouse Lake (AFRO). A small outcrop of a calcite- 
magnetite-titanile breccia east of the Spanish River in Tofflemire 
Township may represent skarnified rocks of the Espanola Forma 
tion

Large outcrops of the Gowganda Formation occur in easi- 
central Tofflemire Township on the southeastern limb of an asym 
metrical syncline whose axis trends northeast-south west. They 
consist of polymictic paraconglomerate, arkose, and siltstone, East 
of Spanish River is a narrow belt of thinly bedded and laminated 
siltstone and sandstone, massive siltstone containing dropstones 
and minor conglomerate. The Gowganda Formation is approxi 
mately 700 m thick A separate outcrop of paraconglomerate of 
Ihe Gowganda Formation is located near the eastern boundary of 
Tofflemire Township whilsl another outlier of arkosic wacke and 
paraconglomerate occurs west of the Vernon Syncline.

The Lorrain Formation occurs in the core and northwestern 
limb of Ihe syncline m Tofflemire Township and is some 400-500 
metres thick It consists of arkose sericitic and feldspathic ar 
enite pebbly arenite and conglomerate.

Nipissing Diabase dikes and sills are widely distributed 
o :'. 'jQnout ihe map area and form bodies ranging from a few 

CO Tieres ic several hundred metres wide The Nipissing Diabase is 
O fine -gramed to gabbroic, is usually only weakly or non-magnelic 

ana occasionally contains pyrite The dikes commonly strike north 
west or northeast.

The Spanish River Carbonatite Complex forms a small poorly 
exposed plug in northern Venturi Township The complex contains 
siltcocarbonatite. sovite ijolite, pyroxenite and cancrinite- 
nephelme syenite (Sage. 1983) Intrusion of the carbonatite was 
accompanied by fenitisation of the surrounding granitic rocks for 
distances of up lo iwo kilometres Related carbonatite dikes occur 
up to M least 10 km from the main body. The Complex has been 
dated by rubidium-strontium isotopic techniques as 1838±95 Ma 
Its emplacement therefore has been considered penecontempora 
neous with the formation of the Sudbury Structure

Numerous small lamprophyre dikes have been observed m 
the northern part of the project area. Most occur within about 3 km 
of the Spanish River Carbonatite Complex and probably are re 
lated to it

Sudbury Breccias are pseudotachyhies believed to have for 
med by brittle fracture, comminution and. in places, melting of 
footwall rocks during the explosive event which gave rise to the 
Sudbury Structure, and by later readjustments of the earth's crust. 
T he bodies are generally small, ranging up to 60 metres long and 
'S metres wide Most breccias consist of an aphanitic, siliceous. 
Tiedium jjrey coloured matrix which may be massive flow banded
•)' vesicular Ciasts are usually rounded, range in size from less
•nan one centimetre up to four metres and include all rock types
•napped tn the area except olivine diabase.

Small outcrops of olivine diabase o( Middle Proterozoic age 
found throughout the area The rock is usually medium to 

grained and is magnetic; several outcrops correspond to 
mear aeromagnetic anomalies (ODM-GSC Map 1524G).

STRUCTURAL GEOLOGY
f he outliers of Huronian rocks are part of a belt of similar outliers 
which is roughly concentric with the Sudbury Structure. It is 
unclear whether this belt represents a post-depositional graben 
;ring fractures related to the "Sudbury Event") which has pre 
served only parts of a more extensive sheet of Huronian metasedi- 
Tients or if the sediments were originally deposited in a graben 
structure In Tofflemire Township the Lorrain Formation rests un- 
conlormably on granitic basement (Card and Innes. 1981). The 
eastern and southweslern edges of the syncline are fault- boun 
ded as are other outliers No contacts between basement granites 
and Huronian outliers were observed elsewhere.

Most outcrops in the area are linear and controlled by faults 
trending at 120-135 and 010-030 degrees. The Spanish River 
Carbonatite Complex is located at the intersection of two such 
faults Many joints also strike parallel to Ihese directions but the 
overall pattern of joint orientation is random. Near many major 
faults the granitic rocks develop a non-penetrative cataclastic 
foliation accompanied by quartz and/or chlorite veining

ECONOMIC GEOLOGY
Three geological environments exisl in the map area which have 
mineralized counterparts elsewhere and could be considered for 
exploration work

1. The Spanish River Carbonatite Complex: as discussed 
above, results obtained to date have not been encouraging. How 
ever, much of the complex remains untested and additional drilling 
may be warranted Minor pyrite, pyrrhotite, galena, magnetite, and
•idenie were observed in a small carbonatite vein in a one 
^etre-wide shear located lour hundred metres east of Fox Lake 
jje south of Fox Lake Lodge.

2 Skarn Deposits: replacement type skarn deposits containing 
Zn. Cu Pb, and Co occur in Hart Township in Ihe Espanola 
Formalion Prospecting for similar mineralization may be warranted 
in Vernon Township where minor chalcopyrite, accompanied by 
talc and quartz veining. was discovered during the course of 
mapping in carbonate rock within a shear zone at or close to the 
{faulted?) contact of the Espanola Formation with granitic rocks. A 
small outcrop of calcite-magnetite-titanite oreccia in Tofflemire 
Township may represent skarnified rocks of Ihe Espanola Forma 
tion and so this area might also warrant prospecting. However, the 
geological relationships in this area*are not exposed and it is 
possible that the outcrop is a type of carbonatite dike.

3. Sedimentary Gold Mineralization the Huronian Supergroup 
is geologically similar to the rocks of the Witwatersrand Basin in 
South Africa. Recently, anomalous gold values have been ob 
tained from hematitic quartz pebble conglomerates of the Lorrain 
'ormation and from fluviatile units of some of the underlying 
^"nations (Long and Colvine. 1984). The Lorrain and Gowganda 
rormaiions in Tofflemire Township contain similar lithologies and 
may warrant investigation for such mineralization

Extensive sand and gravel deposits occur along tno Agnes 
liver and along Spanish River, through Fox Lake, and southward 
into east-central Vernon Township.
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UNCONFORMITY

PRECAMBRIAN 
PROTEROZOIC

MIDDLE PROTEROZOIC 
MAFIC INTRUSIVE ROCKS
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15c Carbonatite Breccia
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INTRUSIVE CONTACT 
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13

14 Unsubdivided lamprophyre
Ha Biolite-rich. calcareous lamprophyre
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INTRUSIVE CONTACT 

SPANISH RIVER CARBONATITE COMPLEX^
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related rocks

T3a Calcite bearing sovite 
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13d Amphibole-nch sovite/silicocarbonatite 
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13f Olivine - magnetite - phlogopite sovite 
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rock)
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INTRUSIVE CONTACT
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Lorrain Formation
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Gowganda Formation
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QUIRKE LAKE GROUPd 
Serpent Formation

9 : 9 Unsubdivided
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Espanola Formation

8 8 Unsubdivided
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8b Arenite
8c Limestone
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Bruce Formation

7 7 Unsubdivided
7a Polymictic paraconglomerate
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7c Siltstone

LOCAL DISCONFORMITY

HOUGH LAKE GROUP0 
Mississagi Formation

6 6 Unsubdivided
6a Quartz-feldspar arenite, quartz arenite

Ramsay Lake Formation

5 5a Conglomerate

LOCAL DISCONFORMITY

ELLIOT LAKE GROUP 
Matinenda Formation

4 4 Unsubdivided 
4a Arenite, wacke

UNCONFORMITY

ARCHEAN
MAFIC INTRUSIVE ROCKS

3 3a Fine- to medium-grained diabase
3b Amphibolite
3c Feldspar-phync diabase

INTRUSIVE CONTACT 
t

FELSIC INTRUSIVE ROCKS

2 2 Unsubdivided
2a Granite: fine- to medium-grained, massive
2b Granite: medium lo coarse grained, massive
2c Granodiorite
2d Quartz monzonite
2e Quartz monzodiorite
2f foliated granitic rock
2m biotitic granitic rock

GNEISSIC AND SUPRACRUSTAL ROCKS6

la Quarlz-feldspar-biotite gneiss 
1b Fine-grained mafic metavolcanics and/or 

metasediments

Breccia

Notes
a. This is a field legend and may be changed as a result of
subsequent laboratory investigations
b May be used in conjuction with bedrock units: eg. 173/13
indicates terraced fluvio-glacial deposits overlying inferred
carbonate
c. Includes data from Guillet (1962), and Sage (1983)
d. Occurs only in Vernon Syncline; south of area mapped (Card
1978)
e, Occurs only as inclusions in Archean felsic intrusive rocks

Notes
a. This is'a field legend and may be changed as a result of
subsequent laboratory investigations
b. May be used in conjuctjon with bedrock units; eg. 173/13
indicates terraced fluvio-glacial deposits overlying inferred
carbonatite
c. Includes data from Guillet (1962), and Sage (1983)
d. Occurs only in Vernon Syncline: south of area mapped (Card
1978)
e. Occurs only as inclusions m Archean felsic intrusive rocks
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ABBREVIATIONS

cp ......... ................................................ Chalcopyrite
gn ............................................... ..................... Galena
hem .,...................,...................,..............,....... Hematite
mag ......,....................................................... Magnetite
py ,..,.....,.,,,,....... r............................................. Pyrite
qv .............,................. ........................ .... Quartz vein
sid ........................................,.......-...,-............. Siderite
Calc ................................. Calcareous, carbonatized
Fen .......,...........................,....................,..,......... Fenite
Fr Fractured, cataclastic, non-penetrative foliation 
Myl ..........,......................,..,.'........,..,........... .. Mylonite
SH ................................................................... Sheared
Sil ..........................,.................................. Silicification

SYMBOLS

y/

Small bedrock 
outcrop

Area of bedrock 
outcrop

Bedding, top
unknown; inclined, 
vertical

Bedding, top (arrow) 
from gram gradation; 
inclined, vertical

Shearing: inclined, 
vertical

Dike, vein; inclined, 
vertical

Geological boundary

Geological 
boundary, 
interpreted

Fault; observed, 
assumed Spot 
indicales down 
throw side

Lineament

Limit of fenitization

Escarpment

Jointing; inclined, 
vertical

Syncline, with 
plunge

Drillhole, inclined, 
vertical

Trench 

Glacial striation

Esker; direction of 
flow known or 
assumed

h
Kettle holes (small, 
large)

Magnetic anomalies 
in Spanish River 
Carbonatite Complex
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