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MARGINAL NOTES

INTRODUCTION

This map is the culmination of an investigation which involved 
analysis of carbonate and related metasediments in the Central 
Metasedimentary Belt of the Grenville Province. The objectives of 
the study were to better understand the depositional environments 
associated with the metasediments, and to establish regional 
stratigraphic subdivisions. The latter objective was, for the most 
part, not realized, due to structural complexities in many parts of 
the study area. Analysis of depositional environments was, in 
general, successful, aided in large part by the delineation of 
widespread biosedimentary structures which, to the time of this 
study, had remained largely unrecognized.

The bulk of the field work was carried out by M.S. Bourque in 
1981 and 1982. J.R. Bartlett and E.A. DeKemp assimilated her 
data, together with data from previously published reports and 
their own unpublished material, to produce this map.

GENERAL GEOLOGY

Carbonate metasediments are common throughout the Central 
Metasedimentary Belt (Bartlett et al. 1984), however are best 
preserved in the Elzevir terrane (Moore 1982; Bartlett ei al. 1984), 
a function of the generally lower metamorphic grade (greenschist 
facies metamorphism is restricted to the Elzevir Terrane). The 
Burleigh Falls-Bancroft-Madoc area represents the western par! of 
the Elzevir terrane; thus only aBsegment of the Central 
Metasedimentary Belt appears on this map.

The map area is underlain by a variety of Precambrian rocks, 
which, exclusive of the carbonate metasediments, are unsub- 
divided on the map face. The map area, as with the Elzevir terrane 
in general, contains a significant proportion of metabasalt and 
metarhyolite, commonly associated with metaplutonic rocks of 
tonalitic affinity (Bartlett et al. 1984). This volcanic-plutonic associ 
ation distinguishes the Elzevir from other terranes of the Central 
Metasedimentary Belt.

CARBONATE LITHOFACIES

Carbonate metasediments in the map area include both calcitic 
and dolomitic types. Calcitic marble is commonly white to light 
grey, light to dark grey weathering, massive to moderately foliated, 
and layered on the scale of millimetres to decimetres. Dolomitic 
marble is generally white, buff weathering, massive to weakly 
foliated, but only locally exhibits well defined layering; quartzose 
segregations are common. The grain size of both types ot marble 
is generally fine to medium in the southeastern part of the map 
area, where greenschist facies rocks prevail. The remainder of the 
map area was metamorphosed to amphibolite facies, resulting in 
recrystallization of carbonate rocks to a medium to coarse grain 
size.

The transition from calcitic to dolomitic facies is commonly 
relatively abrupt in the latera! and vertical sense. Interbedding of 
calcitic and dolomitic marble is rare.

Facies transitions between relatively pure carbonate rocks and 
siliceous clastic metasediments are commonly abrupt where the 
carbonate rock is dolomitic and gradational where calcitic marbles 
are involved. In the latter case, the gradational transition is gen 
erally manifested as microscopic- to macroscopic-scale intercala 
tion of calcitic marble with carbonate-bearing and/or 
noncarbonate-bearing metasandstone or metamudstone. Because 
of this gradational facies transition, some calcitic marble units on 
the map face (eg. north of the town of Marmora) contain a 
significant proportion of noncarbonate rocks. As a whole, these 
units may be considered to be "impure marbles", as the calcitic 
component is volumetrically dominant.

BIOSEDIMENTARY STRUCTURES

The recognition of possible fossilized lifeforms in carbonate rocks 
of the Grenville Province dates back to 1865. when Dawson 
proclaimed an organic origin for the puzzling "Eozoon canadense" 
forms found by Sir William Logan in 1858 (Wilson 1957). "Eozoon 
canadense" comprises several similar, but distinct morphologies 
(cf. Logan 1867). A biogenic origin for one of these forms, the 
"huntingdon" type, has recently gained general acceptance, large 
ly due to the contribution of M.S. Bourque to the present study. 
This does not, however, imply an organic origin for the other 
Eozoon canadense forms, as there may be no genetic relationship 
between them and the huntingdon form (Hofmann 1971).

Biosedimentary structures preserved in rocks of the map area 
and other parts of the Central Metasedimentary Belt are 
stromatolites, among the most common and long-ranging fossils in 
the geologic record. Their widespread occurrence in the Precam 
brian, their extensive geographic distribution, and the existence of 
a variety of living modern analogues make them valuable indica 
tors of paleogeography and paleoenvironment, and thus, important 
to stratigraphic analysis and mineral exploration.

Stromatolites in the Burleigh Falls-Bancroft-Madoc area com 
prise five main types, distinguished by variations in morphology. 
In ascending order of morphologic complexity these are: (1) algal 
laminites (mats); (2) domal stromatolites; (3) columnar 
stromatolites; (4) conophyton forms; and (5) jacutophyton forms. 
Figure 1 illustrates idealized examples of these types. They typi 
cally occur as laminated silicified forms in siliceous dolomitic 
marble; rarely are they hosted by calcitic marble. Optimum con 
ditions for preservation of primary depositional fabrics include 
greenschist facies recrystallization, such as prevails in the ex 
treme southern part of the map area, and low tectonic stress 
regimes. The latter occur sporadically throughout the area, particu 
larly in the south. Dilation zones in mesoscopic folds commonly 
provide low strain conditions necessary for good preservation. In 
general, mid-amphibolite facies recrystallization is not, without 
moderate to strong deformation, sufficient to prohibit recognition 
of stromatolitic structures.

Algal laminites are the most common form of stromatolite 
occurring in the map area, followed by columnar and domal types. 

- Locality 1 is a type locality for the algal laminite known as 
"Eozoon canadense huntington''. Locality 2 is another, and is, in 
addition, the type locality for domal stromatolites. Columnar 
stromatolites are best represented at locality 3, where they are 
discontinuously exposed in a zone about 30 m thick by 3 km long 
Conophyton and jacutophyton forms only occur at localities 4 and 
5. At locality 4, the five types of stromatolites occur within a 
restricted stratigraphic interval of about 100m. Associated with 
jacutophyton forms at locality 4 are botryoidal cavity-fill carbonate

Cents, known informally as "stylofibrous" cements (J.A. Donald- 
Professor, Ottawa-Carlton Centre for Geoscience Studies. 

Ottawa, personal communication, 1985); which occupy primary 
porosity and void spaces in the jacutophyton structure.

PALEOENVIRONMENTAL INTERPRETATIONS

The ubiquity of stromatolites in the map area provides well con 
strained evidence that the prevailing depositional setting consisted 
of one or more relatively extensive carbonate platforms. The 
organisms responsible for growth of the stromatolites were prob 
ably mainly blue-green algae and bacteria restricted to the photic 
zone (water depth to 200 m). Playford et al. (1976) suggested that 
the maximum depth at which Precambrian stromatolites formed 
was about 100 m.

It is the opinion of these authors that caution should be 
exercised in drawing direct, quantitative comparisons between the 
depositional environments of Precambrian stromatolites, and those 
of Phanerozoic (including modern) analogues. As an example, 
modern algal mats commonly grow in the intertidal and supratidal 
zones (in marine systems), whereas their Precambrian counter 
parts, unrestricted by grazing invertebrate organisms, may have

had a broader range of environments. However, qualitative, even 
semi-quantitative, conclusions can be drawn. Almost assuredly, all 
types of stromatolites in the map area formed in shallow marine to 
emergent environments, probably at water depths on the order of 
tens of metres or less.

Variations in stromatolite morphology are determined not only 
by water depth but by prevailing energy systems (eg. tidal and 
current scour), by growth mechanisms (eg. sediment entrapmeni 
and carbonate precipitation), and by biotic processes of the algae. 
By comparison with environments of modern stromatolites, such 
as those formed at Shark Bay, Western Australia (cf. Hoffman 
1976), the energy .conditions under which stromatolites in the map 
area formed varied from low, through moderate, to high stress 
regimes, resulting in algal laminates, domal forms, and columnar 
forms, respectively.

The strong correlation between dolomitic marble and occur 
rences of stromatolites in the map area leads to the inference that 
the dolomitic facies represents the shallow marine environment. 
Presumably this is also true for calcitic marble that hosts 
stromatolites, for example in the northern part of the map area. 
Calcitic marbles that do not contain stromatolites are generally 
interpreted to represent a deeper water facies consistent with the 
less restricted parts of the carbonate platform (cf. Maclntyre and 
Milliman 1971). Where siliceous clastic metasediments are inter- 
layered with calcitic marble, and where carbonate-rich turbidite 
sequences occur (as in the area north of the town of Marmora), 
the environment was probably a shelf-slope transition (Bartlett et 
al. 1984).

Care should be taken not to generalize that all of the car 
bonate metasediments in the map area represent a single time- 
stratigraphic unit deposited in a uniform environment. Physical 
volcanologic and stratigraphic evidence from the southwestern 
part of the map area (cf. Bartlett 1983; Bartlett and Moore 1985) 
indicates that carbonate deposition occurred intermittently over a 
protracted period of time, in restricted basins as well as in open 
shelf-type settings. Volcanoes, both submarine and subaerial, ex 
isted throughout the region. Carbonate deposition occurred mainly 
during hiatuses in volcanic activity, with deposition in shallow 
water taking place on the flanks of volcanoes. Some stromatolites, 
such as the columnar forms in the vicinity of locality 3, may have 
built extensive reefs offshore of the volcanoes.

Although in a local sense the volcanoes generally dictated the 
conditions under which the carbonates were deposited, it would 
be restrictive to consider that they alone determined the geometry 
of the carbonate platform(s) on the regional scale. A common 
interpretation of the early history of the Central Metasedimentary 
Belt is that it represents a carbonate platform deposited at a 
cratonic margin (Bartlett et al. 1984).

More complete, detailed basin analyses will have to await 
further, intensive studies concentrating on deciphering structural 
and stratigraphic complications. Ultra-detailed stratigraphic analy 
sis of stromatolite-bearing rocks, particularly along strike, will be a 
necessary step towards understanding the intricacies of the depo 
sitional environment, and the biota that flourished therein.

as fragment 
in dolomite breccia

mmm?
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Figure 1: Idealized schematic representation of stromatolites in the 
Burleigh Falls-Bancroft-Madoc area.
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METALLIC MINERAL OCCURRENCES AND 
GEOCHEMICAL ANOMALIES

Shown on the map are selected metallic mineral occurrences 
(represented as closed triangles) related to carbonate and asso 
ciated siliceous metasediments. Only those believed to be of a 
syngenetic or diagenetic origin (cf. Carter 1984; Malczak et s!. 
1985) are included, as they are more directly a function of prevail 
ing conditions in the depositional environment.

In addition, the authors have assimilated data compiled by 
Grant and Kingston (1984) and Papertzian and Kingston (1982) to 
delineate selected geochemical anomalies related tc carbonate 
and associated siliceous metasediments. These are represented 
as closed diamonds for anomalies in carbonate rocks, and open 
diamonds for anomalies in siliceous metasediments. From the map

area more than 500 samples, mainly of marble, were analyzed as 
part of the work done by the authors cited above. A moderate to 
strong correlation exists between anomalous Zn, Pb, Cu, and Ba 
values 1 and the occurrence of dolomitic marble, in particular.

Exploitation of mineral resources within carbonate metasedi 
ments of the Burleigh Falls-Bancroft-Madoc area has traditionally 
been restricted to quarrying for local dimension and decorative 
stone, mining for talc in thermally altered siliceous dolomitic mar 
ble (eg Madoc talc mine), and open pit mining of iron-rich skarn 
deposits (Marmoraton iron mine) (Carter 1984) No mineable de 
posits of zinc have yet been discovered in the map area.

1 Although the absolute values of Zn Pb, Cu, and Ba were gen 
erally not high, a value was considered anomalous if it was 
outside the standard deviation and at least ten times the mean for 
the particular element in marbles of the map area Anomalous 
values were thus determined to be >^00 ppm for Zn Pb and Cu 

> 1000 ppm for Ba.

Other areas in the Central Metasedimentary Belt, notably the 
Balmat-Edwards area in New York State, the Mont-Laurier Basin in 
Quebec, and the Long Lake region to the east of the map area 
contain carbonate and siliceous clastic metasediments hosting 
metallic mineral (principally zinc) deposits. These are divisible into 
two main types: (1) stratiform zinc deposits, essentially mon 
ometallic, that commonly occur at or near the transition between 
dolomitic marble and metadastic rocks, and have no apparent 
association with volcanic rocks; and (2) polymetallic (Zn. Pb. Cu. 
Ag. and Au) deposits that are related to volcanic rocks in that they 
are proximal to possible volcanic centres (Gauthier and Brown 
1980).

Mineralogical^ and lithologically, syngenetic/diagenetic base 
metal deposits and geochemical anomalies in the map area are 
more similar to the polymetallic type deposits found elsewhere. 
They typically contain Cu and/or Pb in addition to Zn, are com 
monly associated with iron sulphides, and are proximal to major 
sequences of volcanic rocks. Isolated stratiform zinc occurrences 
may exist in areas underlain by dolomitic marble, but would 
probably be insignificant relative to their counterparts far removed 
from volcanic sources.

Although syngenetic/diagenetic base metal occurrences asso 
ciated with carbonate and siliceous metasediments in the map 
area are not directly analogous to many others in the Grenville 
Province, on a global scale there are notable similarities to major 
deposits elsewhere. At Mount Isa, Australia, Middle Proterozoic 
dolomitic and siliciclastic rocks host pyritic lead-zinc and copper 
deposits (Mendelsohn 1976). Lead-zinc (barite-copper) Mississippi 
Valley type deposits of Phanerozoic age are widespread in the 
Mississippi Valley of the United States (Mendelsohn 1976). One 
striking characteristic shared by these and many other syngenetic 
lead, zinc and/or copper, iron sulphide and barite deposits 
(including those of the map area), is their intimate association with 
carbonate rocks; typically dolomitic rocks that contain 
stromatolites (Mendelsohn 1976).

For the majority of stratiform mineral deposits in sedimentary 
rocks the favoured sedimentary environment is the barred basin- 
lagoon-tidal flat-evaporite-sabkha group of ocean-edge environ 
ments of which stromatolites form an integral part (Mendelsohn 
1976). The source of the valuable elements could be any or all of: 
hinterland erosion, the ocean itself, or volcanic exhalations. Where 
mineral deposits are formed, the contribution of the microorgan 
isms could be indirect, helping to create a favourable physical

and chemical environment: or more direct, in trapping enriched 
material, helping to precipitate the valuable elements organically, 
or by supplying other necessary elements such as sulphur 
(MendelsohR 1976).

It is interesting to note that stromatolites have been discov 
ered in the Upper Marble Formation in the Balmat-Edwards mining 
district in Grenville age rocks of New York (Isachsen and Landing 
1983). both in the lower part of the section and in the hanging 
wall of the deposit (R.M. Easton, Geologist, Ontario Geological 
Survey, personnel communication. 1986). Evaporites have also 
been reported from the stratigraphic section at Balmat-Edwards 
(oeLorraine and Dill 1982). consistent with the environmental set 
ting outlined above.

The salient aspect to be derived from the foregoing discus 
sion is that the strong association of syngenetic base metal 
deposits with dolomitic, and especially stromatolitic sediments 
emphasizes the need to conduct further exploration in and adja 

cent to dolomitic units where stromatolites occur. Undoubtedly 
there are as-yet-undiscovered stromatolite occurrences in the Bur 
leigh Falls-Bancroft-Madoc area; their delineation could prov* to 
be significant to an exploration program.
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