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THE RELATIONSHIP OF MINERAL DEPOSITS TO INTRUSIVE ROCKS AND 

METAMORPHISM IN PART OF THE GRENVILLE PROVINCE OF 

SOUTHEASTERN ONTARIO

By 

S.B. Lumbers

INTRODUCTION

In an 8,400 square mile area of Precambrian rocks that underlie 

northern Peterborough, southeastern Haliburton, Hastings, much of 

Lennox and Addington, the northern two-thirds of Frontenac, 

southern Renfrew, northwestern Leeds, and western Lanark counties 

in southeastern Ontario, gold, arsenic, iron, nickel, copper, and 

some industrially useful rock and nonmetallic mineral occurrences 

display well-defined mineralization patterns which are directly 

related to regional metamorphism and to intrusive rocks. This 

region, which is outlined in Figure l, is part of the Grenville 

province of eastern North America, and it has undergone geological 

mapping by the Geological Survey of Canada, the Ontario Bureau of 

Mines, and the Ontario Department of Mines for more than 100 years. 

An established mineral producing area for more than 130 years, 

this region is well serviced by highways and railways, and it is 

close to highly indutrialiced parts of eastern North America.

A large variety of metallic mineral occurrences have long 

been known to occur in this region. Gold, arsenic, iron, lead, 

zinc, molybdenum, and rare earth minerals have been mined, but,

Geologist, Ontario Department of Mines, Toronto.
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at the present time, the Marmoraton iron mine of Bethlehem Mines 

Corporation at Marmora and the Faraday uranium mine near Bancroft 

(scheduled to close in June, 1964), are the only metallic mineral 

producers in the region. Possible commercial grade nickel-copper 

deposits have been recently discovered, and much attention is 

presently focused upon gold occurrences. Three gold deposits, the 

old Cordova mine in Belmont township and the Weber and Boeth 

properties in Clarendon township, are currently being examined by 

diamond-drilling.

Industrially useful rocks and non-metallic minerals currently 

being mined or quarried in the region are talc, marble, nepheline 

syenite, and trap rock. Fluorite, graphite, apatite, mica, 

feldspar, corundum, garnet, slate, and actinolite have been mined 

or quarried in the past, and it is possible that some of these 

minerals and rocks will be utilized again. Sulphur has been 

produced from small pyrite deposits; numerous areas of rusty- 

weathering pyrite- and pyrrhotite-bearing schists are known, and 

it is possible that some of these may be found to be suitable for 

the production of sulphur.

REGIONAL GEOLOGICAL SETTING

Mapping in the Grenville province in Ontario, Quebec, and 

New York, and in the New Jersey highlands of New Jersey, 

Pennsylvania, and New York, has shown that it is underlain by a 

large variety of plutonic rocks, including widespread anorthosite, 

mixed gneisses of igneous and metamorphic origin, and numerous
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remnants of rocks of superficial origin. These remanent 

superficial rocks and some mixed gneisses are commonly referred 

to as the Grenville series or as Grenville-type. Although a wide 

lithologic range is displayed by these remanent superficial rocks, 

they differ markedly in many respects, including their associated 

mineral deposits, from remanent superficial rocks found in the 

Superior province north of the Grenville province (Figure 1). 

Some of these major differences are listed in Table 1. Osborne 

(1956), Osborne and Morin (1962), Grant (1964), and others suggest 

that locally along the junction between these two provinces, 

remanent superficial rocks originally deposited in the Superior 

province have been incorporated in the Grenville orogeny and are 

now in the Grenville province.

Figure l, a sketch map of most of the Grenville province of 

eastern North America, shows the main areas of remanent superficial 

rocks, the main anorthosite bodies, the only region of 

unequivocal metavolcanics, and the only area of greenschist facies 

regional metamorphism. The area of remanent superficial rocks 

which contains unequivocal metavolcanics and the only area of 

greenschist facies regional metamorphism is one df the largest 

remnants in the Grenville province: it constitutes most of the

Rocks of superficial origin are defined as metasediments, 
amphibolites of unknown origin, and metavolcanics. The 
amphibolites may be of sedimentary, of volcanic, of metasomatic, 
or of intrusive origin, and they have been the subject of 
numerous scientific investigations (see for example Engel and 
Engel, 1962). Areas of remanent superficial rocks contain 
plutonic rocks whose exposed area is generally less than 
batholithic dimensions.
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Table l

Some major differences between remanent superficial rocks 

and associated mineral deposits in the Grenville and Superior 

provinces.

Grenville Province Superior Province

Metavolcanics of unequivocal 
origin known in only one 
area (see Figure l).

Grade of regional metamor 
phism is commonly inter 
mediate or highj low grade 
regional metamorphism is 
confined to the area of 
unequivocal metavolcanics.

Marble is abundant in 
remanent superficial rock 
areas in the southwest part 
of the province; elsewhere 
paragneiss and amphibolite 
of unknown origin predominate 
in remanent superficial rock 
areas.

Iron formation, and gold, 
silver and arsenic minerali 
zation are rare and are 
confined mainly to the area 
of unequivocal metavolcanics. 
Contact metamorphic iron 
deposits are common. 
Sulphide replacement deposits 
are commonly rich in zinc and 
lead, and poor in copper. 
Traces of other elements are 
found.

Metavolcanics abundant.

Low grade regional metamorphism 
common; intermediate and high 
grades of regional metamorphism 
are found mainly in areas rich 
in metasediments and near borders 
of remanent superficial rock 
areas.

Marble is rare.

Iron formation, and gold, 
silver, and arsenic minerali 
zation are common. Contact 
metamorphic iron deposits are 
rare. Sulphide replacement 
deposits are rich in copper and 
commonly in a large variety of 
other elements, particularly 
zinc, lead, nickel, and precious 
metals.
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Precambrian of the eastern Ontario mining division; and it 

includes Logan*s (1863) type Grenville series in southwestern 

Quebec.

Mapping within this remnant shows that there are two 

distinctive lithologic sections (l) near the type area of the 

Grenville series; and (2) in the Bancroft-Madoc area (Figure 7). 

Superficial rocks in the type area of the Grenville series are 

predominantly marble and potassic paragneiss with some quartzite 

and amphibolite of unknown origin. The grade of metamorphism 

is high. Superficial rocks of the Bancroft-Madoc area (Figure 7) 

are predominantly metavolcanics and associated conglomerate 

paragneiss, and marble. A regional metamorphic zoning is present 

(Figure 2); a central core of greenschist facies rocks, 

predominantly underlain by mafic metavolcanics, is surrounded by 

zones of progressively higher metamorphic grade which contain 

subordinate metavolcanics.

GENERAL GEOLOGY

Introduction

Figure 2, a simplified map of the general geology of the 

region, includes all the unequivocal metavolcanics and the only 

area of regional greenschist facies metamorphism known in the 

Grenville province. The Bancroft-Madoc area shown in Figure 7 

comprises all but the eastern and western extremities of Figure 2, 

and it gives most of the detailed geology pertinent to this report. 

Figures 2 and 7 were compiled from published maps and reports of 

the Ontario Department of Mines and the Geological Survey of





- 8 -

Canada, from data and maps contained in theses, and from work by

the author in the region. Much of the region is covered by one

inch to two miles compilation sheets published by the Ontario

Department of Mines (Hewitt and Satterly, 1957; Hewitt, 1964a) and

by one inch to one mile compilation sheets published by the Geological

Survey of Canada (Quinn et al, 1956; Wynne-Edwards, 1959; Dugas

and Wilson, 1961).

Mineral occurrences are shown on previously published 

compilation sheets; general summaries of mineral occurrences in 

parts of the region have been compiled by Vennor (1870), Ells 

(1904), Adams and Barlow (1910), Miller and Knight (1914), Uglow 

(1916), Hurst (1927), Osborne (1931), Thomson (1943), and Satterly 

(1943, 1945)- Data concerning mineral occurrences dealt with in 

this report were obtained mainly from published provincial and 

federal government reports; some data were collected by the author.

Stratigraphy

The distribution, structure, and lithology of the major rock 

types are shown in Figure 7; Figure 2 illustrates only the 

principal geological features of the region. About fifty percent 

of the exposed Precambrian rocks are metasediments; half is marble 

and the remainder consists of about equal amounts of amphibole- 

poor and amphibole—rich metasediments. Amphibole—poor 

metasediments are derived mainly from feldspathic greywacke ,

Amphibole-poor metasediments are classified according to 
Pettijohn (1957).
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but some are derived from arkose and subarkose* Metasediments 

derived from shale and orthoquartzite are rare; orthoquartzite 

is best exposed in the east part of the region. Amphibole-rich 

metasediments mark a facies change from predominantly carbonate-rich 

deposits to quartzo-feldspathic deposits. Most of the amphibole- 

rich metasediments are derived from calcareous, quartzo-feldspathic 

sandstone and siltstone, and they are common only in intermediate 

and high grades of regional metamorphism.

Numerous metavolcanic belts are intercalated with the 

metasediments, particularly with metaconglomerate and amphibole- 

poor metasediments. The Tudor Metavolcanics which may be the 

oldest rocks exposed form a large, domal mass in the central part 

of the region and they appear to underlie most of the metasediments 

in the Bancroft-Madoc area (Figure 7). The upper part of the Tudor 

Metavolcanics interfingers with metaconglomerate and other meta 

sediments. Other metavolcanic belts may be either younger or 

partly equivalent in age to the Tudor Metavolcanics) structural 

complexities do not permit an exact definition of the place of the 

metavolcanics in the Bancroft-Madoc lithologic section. As shown 

in Figure 7* the metavolcanics are predominantly composed of mafic 

metavolcanics derived from basalt and andesite. Felsic metavolcanics 

derived from felsic flow and pyroclastic rocks are uncommon in the 

Tudor Metavolcanics, but they are common in metavolcanic belts 

intercalated with metasediments. Siliceous, layered iron formation

is found in some of the metavolcanic belts.
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Areas of possible metavolcanics, which are shown in Figure 2, 

are predominantly underlain by amphibolite of unknown origin, and 

they are confined to intermediate and high grade areas of regional 

metamorphism. Some areas of possible metavolcanics are underlain 

by quartzo—feldspathic schist and gneiss that contain narrow layers 

of mafic metavolcanicsj these schists and gneisses ar*e possibly 

derived from felsic metavolcanics and pyroclastic rocks.

Pebbles, cobbles, and boulders in metaconglomerate which is 

best developed in the upper part of the Tudor Metavolcanics are 

predominantly derived from sedimentary rocks; felsic metavolcanic 

fragments are found, but mafic metavolcanic fragments are rare. 

Smith (1958) reported granitic boulders in conglomerate south of 

Plevna Lake in Clarendon township (Figure 7). Possible granitic 

fragments are found in high grade metamorphosed conglomerate north 

of the village of Kaladar in Kaladar township (Figure 7)j Walton 

et al (1964) have recently published a detailed study of this 

conglomerate.

A large variety of plutonic rocks intrude and replace the 

metasediments and metavolcanics. In general, five major plutonic 

groups can be distinguished: a diorite-gabbro group; a sodic 

granitic group, a nepheline syenite group, a syenitic group, and 

a potassic granitic group. The distribution of the various groups 

are shown in Figure 7; in Figure 2 the plutonic rocks are subdivided 

into gabbroic and dioritic rocks, granitic and syenitic rocks, and 

hybrid granitic rocks. The sodic granitic group is commonly 

spatially associated with the diorite-gabbro group and with 

metavolcanics; together, these two groups and some syenite appear
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to form a biotite diorite series of rock which is typically found 

in most orogenic belts throughout the world. Age relationships 

between the five plutonic groups are not well known, but the 

biotite diorite series may be the oldest plutonic rocks in the 

region. Radioactive age dating is in progress to aid in the 

interpretation of the plutonic rocks.

Metagabbro and metadiorite sills and dikes are locally abundant 

in the Bancroft-Madoc area (Figure 7) j they intrude the biotite 

diorite series of rock, but they do not intrude the other plutonic 

rock groups. Late, unaltered diabase dikes, some of which are 

intruded by porphyritic andesite dikes, are rarely found, but they 

are common to the southeast of Westport (Figure 2) in the 

Gananoque map area (Wynne-Edwards, 1962).

Gabbroic anorthosite, pyroxenite, peridotite, and olivine gabbro 

are minor phases of diorite-gabbro bodies in the region; small 

anorthosite masses are in the northwest and southeast parts of the 

region. Nepheline syenite intrudes gabbro and diorite, but is 

commonly intruded and replaced by potassic granitic and syenitic 

rocks. Hybrid granitic rocks shown in Figure 2 consist of 

intermixed potassic granitic rocks and metasedimentsj some of these 

rocks are of metasomatic origin, and near Bancroft they include 

some syenite and nepheline syenite.

The Precambrian part of the region is highly faulted and 

folded, and it displays a complex tectonic pattern that was formed 

over a long period of time and at different depth zones within 

the crust of the earth. Only a few major faults are shown in 

Figure 2; most of the faults and major folds in the Bancroft-Madoc 

area are shown in Figure 7.
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Middle Ordovician rocks that are part of the Simcoe Group are 

exposed along the south and east margins of the region. The 

Paleozoic rocks are intruded by fluorite-bearing carbonate veins 

near Madoc (Figure 7)* Carbonate-galena veins and associated 

sulphide-bearing, quartz-carbonate veins intrude the Precambrian 

rocks in many parts of the region. These veins are particularly 

common in the low grade zone of regional metamorphism, and they 

may be post-Precambrian in age.

Metamorphism

Metamorphic zoning in the region (Figure 2) is based upon 

mapping to the end of 1963. Only a short summary of the 

metamorphism is possible in this report. Details of metamorphism 

in intermediate and high grade zones in the central and western 

parts of the region are contained in reports by Hewitt and James 

(1956), Hewitt (1954, 1955, 1961, 1962), Shaw (1962), Evans (in 

press), and in theses by James (1957), Giblin (i960), and 

Heidecker (1963). Details of metamorphism in parts of the low 

grade zone and adjacent parts of the intermediate grade zone have 

been studied by Bain (i960), Burns (1951), Pearson (1958), and the 

author (Lumbers, in preparation A,B.). Reports by Meen (1944), 

Harding (1944, 1951), Peach (1958), and Smith (1958) contain some 

data on metamorphism in central and eastern parts of the region. 

Works by Wynne-Edwards (I959a, 1959b, 1962), Wynne-Edwards and 

Hay (1963), and Dugas (1952) contain data on metamorphism in the 

southeast corner of the region.

Major faults are commonly found near the various metamorphic 

boundaries (Figures 2 and 7). Further studies will alter some of
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the zone boundaries; the low grade zone boundary is the most 

reliable. According to the facies classification of metamorphism 

(Fyfe et al, 1958), the low grade zone is in the greenschist 

facies, the intermediate grade zone is mainly in the lower and 

middle almandine amphibolite facies, and the high grade zone is in 

the upper almandine amphibolite facies and locally the granulite 

facies. Contact metamorphic aureoles which are developed in 

country rocks about plutonic masses in the low grade zone are in 

the albite-epidote and hornblende hornfels facies; contact aureoles 

in country rocks next to plutonic masses in the intermediate grade 

zone are in the hornblende and pyroxene hornfels facies.

Hewitt (1956) has presented a generalized structural and 

metamorphic diagram of much of the region, and, in many respects, 

Figure 2 is a refinement of the metamorphic part of Hewitt*s 

diagram. The low grade zone and much of the intermediate grade 

zone lie within Hewitt's Hastings basin structural unit. Recent 

mapping by the Ontario Department of Mines shows that, as defined 

by Hewitt, the Hastings basin is not of basin shape with respect 

to structure, to stratigraphy, or to topography. Indeed, the 

only feature of the region suggestive of a basin is the dis 

tribution of the metamorphic zones. The author, therefore, does 

not use the term Hastings basin in this report; its place is 

taken by reference to metamorphic zones. Stress is placed on the 

metamorphism because it has an important bearing on mineral 

exploration.

The low grade zone closely coincides with the maximum 

development of metavolcanics; the intermediate grade zone contains 

some metavolcanics, and the high grade zone rarely contains
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metavolcanics. Regional development of pegmatites and of hybrid 

granitic rocks are confined to the high grade zone and to adjacent 

parts of the intermediate grade zone; anorthosite bodies are found 

only in the high grade zone. Contact metamorphic aureoles are 

easily mapped in country rocks about plutonic masses in the low 

grade zone; they are mapped with difficulty in the intermediate 

grade zone; and they are apparently absent or their recognition 

requires much detailed petrologic study in the high grade zone. 

Locally the low grade zone contains more intrusive rocks than the 

intermediate grade zone; in the high grade zone intrusive rocks and 

hybrid granitic rocks predominate over metasediments and 

metavolcanics. The Tudor Metavolcanics which are probably the 

oldest rocks exposed in the area underlie much of the low grade 

zone.

The presence of contact metamorphic aureoles about many 

intrusive rocks in the intermediate and low grade zones, evidence 

(Lumbers, in preparation B) obtained from mapping the Weslemkoon 

intrusion (Figure 7) which intrudes both the low grade and 

intermediate grade zones, and other evidence (Lumbers, in preparation 

A) obtained from study of biotite diorite series intrusions suggest 

that when the biotite diorite series, apparently the oldest 

plutonic rocks in the region, were emplaced, the metamorphic 

zones had approximately the same distribution as they have at the 

present time.

Some of the metasediments, including much of the conglomerate, 

within the low grade metamorphic zone were, in the past, assumed 

to be younger than higher metamorphic grade metasediments and,
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although stratigraphically undefined, were named the Hastings 

series . Adams and Barlow (1910) and an international committee 

from Canada and the United States (Adams et al, 1907) concluded 

that the term should be abandoned since the rocks referred to this 

series are only a less altered form of the surrounding intermediate 

and high grade metasediments. The work of the author supports 

this conclusion.

RELATIONSHIP OF SOME MINERAL DEPOSITS 

TO THE GENERAL GEOLOGY

Introduction

The distribution of gold, arsenic, some industrially useful 

rocks and non—metallic minerals, iron, nickel, and some copper 

deposits is directly related to the general geology. In addition, 

other types of deposits such as those of rare earth minerals and 

of molybdenum can be related to broad geological environments 

within the region. The generalizations to be discussed below are 

based upon incomplete data, and, although some major revisions will 

be needed, the author presents this summary in the hope that it may 

be of some assistance to those who are actively engaged in the 

development of this regions* mineral resources.

The history of this term can be traced by reading general 
summaries by Logan (1863), Selwyn (1879)* Bell (1890), 
Dawson (1897), Adams and Barlow (1897, 1910) , Miller and 
Knight (1914), Wilson (1925), and Hewitt (1956).
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Gold and Arsenic

Gold occurrences (Figure 3) which commonly contain some 

arsenopyrite mineralization are found mainly within the low grade 

zone of regional metamorphism, and the majority of the occurrences 

show a marked spatial relationship to intrusive rocks and to 

contact metamorphic aureoles developed in metavolcanics. In 

addition, high gold assays have been obtained from quartz veins in 

intermediate grade metasediments west of Ompah (Figure 3) near 

the Fernleigh-Clyde fault (Smith, 1958) which is just east of the 

low grade zone, and traces of gold have been reported in two 

arsenopyrite-bearing quartz veins between Coe Hill and Bancroft 

(Figure 3) in the intermediate grade zone. Elsewhere arsenic 

mineralization is rare although traces of gold have been reported, 

but the occurrences do not appear to be of economic interest. It 

was within the low grade zone near Eldorado, about ten miles north 

west of Tweed (Figure 3)* that gold was first discovered in Ontario 

in 1866j the Deloro mine, a few miles east of Marmora (Figure 3)9 

was the first major producer of white arsenic in North America. 

About 38,000 ounces of gold have been produced from the low grade 

zonej a small production of gold has been reported from the 

intermediate grade zone west of Ompah.

The gold and arsenic mineralization occurs in quartz-rich 

fissure veins that commonly display some metasomatic replacement 

of wall rocks. Simple, dilated, composite, linked, and sheeted 

fissure veins are present} most veins curve both along strike and 

down dip, and they are irregular in width. Vein walls commonly 

have a chloritic selvage which was formed by movement of one wall
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against the other and by subsequent alteration. The fissure 

veins range in length from a few inches to about 1,100 feet and 

in width from less than l inch to about 10 feet. Some veins are 

almost horizontal, others are nearly vertical, but most have a 

dip between 40 and 70 degrees. The size of the veins generally 

depends upon the competency of the host rock: the smallest and 

least persistent veins are in marble where they are generally 

arranged in an en echelon pattern^ the largest and most persistent 

veins are found in contact metamorphic aureoles developed in 

metavolcanics and most of the reported gold production comes from 

this latter type.

Although most veins are within contact zones of intrusions, 

some occur in sheared zones within other metavolcanics, and a few, 

such as those west of Ompah (Figure 3)j appear to be related to 

major sheared zones in metasediments. Potassic, felsic meta 

volcanics within the Tudor Metavolcanics commonly contain 

accessory arsenopyrite and a trace of gold. Traces of gold have 

also been reported from a few quartz-rich carbonate veins found in 

association with late calcite-galena veins.

Some of the gold occurrences contain no associated arsenic 

mineralization, some contain minor arsenic, and some are rich in 

arsenic. Arsenic is most abundant in veins in the west contact 

zone of the Deloro Granite (Figures 3 and 7)* Arsenic is present 

as arsenopyrite, which commonly forms massive streaks and lenses 

within veins and euhedral, disseminated crystals in wall rocks 

adjacent to veins. Gold appears to be present only in the native 

state, and it is only rarely visible in the auriferous veins.
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Non-silicate minerals commonly found in the veins are pyrite, 

pyrrhotite, chalcopyrite, sphalerite, ankerite, calcite, and 

galena. Magnetite, scheelite, meneghinite, tetrahedrite, siderite, 

and fluorite are found in some veins. Chlorite, biotite, 

tourmaline, and amphibole are common silicate accessory minerals 

in the veins. Pyritization of wall rocks is common, and 

epidotization, carbonatization, silicification, and sericitization 

are widespread in mafic metavolcanic wall rocks, Metasediments 

west of Ompah (Figure 3) that contain auriferous fissure veins are 

highly tourmalinized adjacent to the veins.

Silver has been reported in assays from some of the gold 

occurrences^ grab samples collected by the author from gold 

occurrences in which silver had not been previously reported gave 

silver upon assay. Silver is probably present in the majority 

of the occurrences, but further work is required to prove its 

abundance and to obtain information concerning gold/silver ratios. 

Gold/silver ratios may be important in determining the genesis 

of gold deposits; Gallagher (1940) and others have demonstrated 

that potassic granitic rocks commonly produce deposits with low 

gold/silver ratios whereas sodic granitic rocks produce deposits 

with high gold/silver ratios. The gold occurrences shown in 

Figure 3 are associated with both potassic and sodic granitic rocks.

There are many similarities between the occurrence of gold 

in this region and in most of the major gold-producing camps in 

Ontario: (l) the grade of metamorphism is lowj (2) most of the 

occurrences are in fissure veins in metavolcanics; (3) small 

felsic intrusions that display some chemical variation are present]
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(4) the veins occupy fracture systems which are related to local 

structures in the enclosing rocks; (5) the vein mineralogy is 

similar; and (6) wall rock alteration is present. There is no 

data to indicate that the gold mineralization shown in Figure 3* 

which has been explored mainly at or close to the surface, does 

not continue to depths comparable to those found in other gold 

camps of the Canadian Shield. Much more data is desirable to find 

structural controls and other factors which could lead to an 

accurate assessment of the economic worth of these deposits.

A large part of the low grade zone underlain by metavolcanics, 

particularly that part in Anglesea, Grimsthorpe, northern Elzevir, 

and southeast Effingham townships (Figure 7) 9 has never been 

carefully prospected for gold. Meen (1944) has pointed out that 

much of the prospecting for gold was done about 1900 before modern 

methods made possible the profitable operation of low-grade 

deposits* Only a few past producers have been examined by modern 

exploration techniques.

Talc, Marble and Trap Rock

Occurrences of talc, marble, and trap rock (Figure 4) suitable 

for industrial purposes are directly related to the regional 

metamorphism and to intrusive rocks. The talc and marble 

industries in this region have been summarized by Wilson (1926) 

and by Hewitt (i960, 1964b). Massive, mafic metavolcanics west 

of Marmora (Figure 4) are quarried for roofing granules by 

Minnesota Minerals Limited.
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Talc deposits are found mainly in contact aureoles formed by 

intrusion of silicic rocks into mafic metavolcanics and dolomitic 

marble (Figure 4)* Although most of the talc deposits are in 

mafic metavolcanics, the best grade deposits found to date are in 

dolomitic marble. Tremolite and other amphiboles are present in all 

the talc occurrences; in most occurrences in the intermediate and 

high grade zones, talc is markedly less abundant than amphibole* 

Within the contact zone of the Weslemkoon intrusion (Figure 7) in 

the intermediate grade zone in Cashel township, talc-rich deposits 

are found (Figure 4) that contain much chlorite and some 

anthophyllite (Lumbers, in preparation B). Most of the reported 

occurrences of talc in the higher grade zones are predominantly a 

mixture of amphibole, serpentine, and chlorite. Talc is rare in 

contact metamorphic aureoles of mafic intrusions in all the 

metamorphic zones.

Various types of marble are quarried for the production of 

chips, powder, and dimension stone. Most of the quarries are in 

the low grade zone between Marmora and Tweed (Figure 4)* White, 

grey, pink, red, yellow, buff, green, blue, and black, fine- to 

coarse-grained marble is found. The colour and grain size are 

largely controlled by metamorphism. Fine-grained, grey, bluish- 

grey, and black marbles that contain much disseminated, dusty 

graphite are found only in the low grade zone. In the intermediate 

and high grade zones marble is generally medium— to coarse-grained,

Grain size of marbles is defined as follows: fine-grained, less 
than 2 mm.j medium-grained, 2 to 5 mm.; coarse—grained, greater 
than 5 nun.
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and light grey to white; fine- to medium-grained, grey marble is 

found near the low grade metamorphic zone boundary in Lake, 

Wollaston, Limerick, and Cashel townships (Figure 7). White, 

coarse-grained marble is most common in the nose portion of folds 

in the intermediate and high grade zones where it has undergone 

large-scale flowage. Variable amounts of silicate minerals are 

present in the marbles; phlogopite, biotite, amphibole, quartz, 

and feldspar are common. Silicate minerals are segregated into 

irregular layers in marbles that have undergone intense flowage. 

Pink, red, yellow, buff, and green marbles in the low grade zone 

are confined to contact metamorphic aureoles, and they generally 

contain some calc-silicate minerals. Dolomitic marble in the low 

grade zone generally shows a brownish weathered surface, and in 

contact metamorphic aureoles it is commonly white, buff, or green 

(where serpentine and epidote have formed).

Massive, fine-grained metavolcanics are abundant in three main 

areas within the low grade zone (Figure 4)* Most of these areas 

are underlain by mafic metavolcanics, but felsic metavolcanic 

flows are locally abundant in the western and northern areas shown 

in Figure 4. The mafic metavolcanics are dense, even-grained, 

poorly foliated, dark green to black rocks, and they have primary 

microtextures and a subconchoidal fracture. Felsic metavolcanic 

flows near Jordan Lake in Tudor township (Figure 7) weather light 

grey and are grey to black on an unweathered surface; they have 

primary, felty or trachytic microtextures, and a conchoidal 

fracture. Similar felsic metavolcanics are present in Madoc 

township north of the town of Madoc (Figure 7). The petrographic
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characteristics of the metavolcanics, especially the felsic flow 

rocks, suggest that they are adaptable to colouring.

Iron

Iron deposits (Figure 5) have been worked in this region 

since the early settlement days near the beginning of the 19th 

century. Most of the iron deposits are described by Ingall 

(1901), Lindeman (1913, 1914), Lindeman and Bolton (1917), and 

Rose (1958); their origin is discussed by Rose (1958) and 

Giblin (i960). The author recognizes five major types of iron 

deposits: (1) low titanium, contact metasomatic deposits from 

which the bulk of the iron ore has been obtained; (2) hematite 

deposits which are probably supergene in origin; (3) hydrothermal 

replacement magnetite deposits; (4) high titanium, magmatic 

segregation deposits; and (5) siliceous iron formation associated 

with metavolcanics. Nearly all of the contact metasomatic 

deposits, all of the magmatic segregation deposits, and probably 

most of the replacement deposits are spatially related to the 

biotite diorite series of rock; most of the iron deposits are 

in the central part of the region (Figure 5) where small bodies 

of the biotite diorite rock series are particularly abundant. 

Only a few contact metasomatic deposits, such as those within 

the contact aureole of the Deloro Granite (Figure 7) y appear to 

be spatially related to potassic granitic rocks.

Contact metasomatic deposits (Figure 5) are the most abundant 

and the largest of the various types of iron deposits. All the 

contact metasomatic deposits are in marble-rich metasediments 

which are locally intercalated with metavolcanics. Many of
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these deposits have formed in local structures along intrusive 

rock contacts such as short re—entrant screens of marble in the 

intrusive rock. Prominent skarn zones are commonly present 

adjacent to syenitic or sodic granitic rocks, but calc-silicate 

marble predominates over skarn adjacent to diorite, gabbro, and 

potassic granitic rocks. The deposits are commonly tabular, 

they generally strike parallel to the adjacent intrurive contact, 

and they are generally developed adjacent to the intrusion rather 

than in the outer part of the contact metamorphic aureole. 

Magnetite is the chief iron-bearing mineral, but pyrite, 

pyrrhotite, and some chalcopyrite are generally present. The 

grade of iron is low, and it generally averages about 25 percent 

(Rose, 1958, p. 100). In a few contact metasomatic deposits 

adjacent to potassic granitic rocks, iron-rich carbonate and 

minor magnetite are the chief iron—bearing minerals.

Hematite deposits (Figure 5) form narrow veins which are 

known to cut both Precambrian and Paleozoic rocks. Some hematite 

deposits form thin cappings to small sulphide mineral 

concentrations^ an excellent example is found near Eldorado in 

Madoc township (Figure 7) J where disseminated chalcopyrite, pyrite, 

and chalcocite at the contact between marble and the Deloro 

Granite is covered by a hematite-rich capping which developed 

below overlying Paleozoic rocks. In several places in the southern 

and eastern parts of i?he region small concentrations of hematite 

and minor magnetite are present at the base of Paleozoic 

sedimentary rocks.
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Replacement deposits (Figure 5) are not spatially associated 

with plutonic rocks. These deposits are small and commonly 

consist of disseminated magnetite and minor sulphide minerals 

in marble-poor metasediments and amphibolite of both volcanic 

and unspecified origin* Some rusty schists (Figure 7) contain 

irregular concentrations of disseminated magnetite. Magmatic 

segregation deposits which generally contain from one to ten 

percent titanium are found as irregular to tabular bodies within 

gabbroic intrusions^ pyroxenite is commonly interlayered with 

these deposits. Magnetite, ilmenite, and magnetite with exsolved 

ilmenite are the principal iron oxide minerals. Ilmenite with 

exsolved hematite is found in some of these deposits* All of the 

known magmatic segregation deposits are too small to be of 

current economic interest.

Siliceous iron formation (Figure 5) is intercalated with the 

Belmont Metavolcanics in Belmont township, the Tudor 

Metavolcanics in Tudor township, the Turriff Metavolcanics in 

Limerick township, and metavolcanics in contact with the northeast 

part of the Thanet Complex in Limerick township (Figure 7)* All 

of these occurrences except that in the Belmont Metavolcanics, 

consist of magnetite-rich layers from a fraction of an inch to one 

inch thick in a granular quartz matrix. Accessory pyrite is 

common, and small amounts of amphibole and chlorite are generally 

present; marble layers less than one foot thick are locally 

interbedded with iron formation in the Turriff Metavolcanics. 

Iron formation in the Belmont Metavolcanics differs from that 

found elsewhere in the region in that the iron oxide is



- 28 -

predominantly specular hematite. The iron oxide content of the 

various iron formation layers does not exceed thirty percent, and 

the layers are generally less than 100 feet thick. A few layers 

can be traced for more than 1,000 feet.

Nickel and Copper

Although traces of nickel are found in rusty schists (Figure 

7) and in sheared, mineralized zones in metavolcanics, the only 

known concentrations of this element are in ultrabasic phases of 

gabbroic and dioritic intrusions that form part of the biotite 

diorite series of rock (Figure 6). Copper mineralization 

invariably accompanies the nickel mineralization, but minor 

copper mineralization is also present in most of the geological 

environments of the region and no distinct patterns of its 

mineralization have been established. Copper mineralization 

commonly accompanies the gold and arsenic mineralization, and 

traces of copper are present in mineralized sheared zones in 

metavolcanics. Chalcopyrite which is the chief copper-bearing 

mineral, is a common accessory constituent in metasediments and 

metavolcanics in the intermediate and high grade zones, and it is 

particularly common in contact metamorphic aureoles about intrusive 

bodies in metavolcanics in the low grade zone.

The nickel occurrences appear to be magmatic segregations in 

dikes and irregular-shaped bodies of pyroxenite and rare 

peridotite. The mineralization, which commonly consists of pyrite, 

chalcopyrite, and pyrrhotite with exsolved pentlandite, is 

disseminated in the ultramafic rock, and massive zones of sulphide



- 29 -

O 
Q.

CO

CO

toj* o o 
o:
o

(D

CO



- 30 -

minerals are commonly present. Silicification, carbonatization, 

and alteration of the host ultramafic rock to serpentine-and talc- 

rich rocks is common.

The Jocko Lake, Umfraville, Thanet, Tudor, and Lingham Lake 

intrusions (Figure 7) have been studied in detail by the author 

(Lumbers, in preparation A)j some mafic intrusions in the south- 

east part of the region have been studied by Harrison (1944) and 

Krogh (1961), and some gabbroic intrusions in the northeast part 

of the region, southeast of Haliburton (Figure 6) have been 

studied petrographically by Harrison (1953)* From these studies 

it appears that nickeliferous ultramafic phases are common only in 

bodies that contain (l) a high proportion of tonalite and quartz- 

bearing diorite, (2) widespread deuteric alteration that has 

caused almost complete uralitization of pyroxene and some alteration 

of plagioclase, (3) no magmatic segregation deposits of iron, and 

(4) an average ferromagnesian mineral content greater than forty 

percent in gabbro and diorite phases. Magnetic opaque fractions 

from gabbroic and dioritic phases of the Thanet Complex, which 

contains the largest nickel deposit found to date, have greater 

trace amounts of nickel than magnetic opaque fractions from mafic 

phases in the Tudor Gabbro, the Jocko Lake Complex, ard the 

Umfraville Gabbro in which no concentrations of nickel have been 

found. Much more work is needed on the mafic intrusions, for it is 

likely that other nickel deposits are present. Additional work will 

probably alter some of these tentative generalizations, and it may 

lead to the development of methods that could be of use in the 

search for new nickel deposits.
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Unmapped areas or areas covered only by reconnaissance 

mapping may contain undiscovered mafic intrusions even where these 

areas are covered by airborne magnetic surveys. Many of the 

mafic intrusions, particularly those that contain nickeliferous, 

ultramafic phases, contain a high proportion of ilmenite and 

ilmenite with exsolved hematite relative to magnetite, and they 

do not produce prominent aeromagnetic anomalies.

Other Mineral Occurrences

Various other mineral occurrences not described in this report 

are also restricted to specific geological environments within the 

region. Occurrences of corundum, radioactive minerals, and 

molybdenum display well-defined patterns which are directly 

related to specific intrusive and metamorphic rocks in the high 

grade zone. Occurrences of nepheline syenite are confined to the 

high grade zone.

CONCLUSIONS

Geological research and compilation within a region can lead 

to a pin-pointing of highly favourable parts of the region for 

specific types of mineralization. In order to obtain useful 

generalizations concerning the mineralization patterns in a region, 

and particularly in this part of the Grenville province, three 

major aspects of the geology should be considered in detail; (l) 

the composition and evolution of plutonic rocks; (2) the lithology, 

stratigraphy, and structure of the country rocks, and (3) the 

regional and local variations in metamorphic grade. Detailed study 

of these three aspects, when combined with geophysical and
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geochemical data, are now and will continue to be an invaluable 

part of the search for mineral deposits. Much more geological data 

is needed from all regions, for it is not enough to simply out 

line mineralization patterns; we must try to determine the 

origin of these patterns in order to place the search for mineral 

deposits on a firm, scientific basis.
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