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ABSTRACT: Although Precambrian rocks represent 75% of the exposed surface area of the planet, the application of stratigraphic no-
menclature to Precambrian rocks units lags far behind that of younger rocks, even though it has been 25 years since the 1983 North Amer-
ican Stratigraphic Code introduced the concept of lithodemic units which were designed specifically for stratigraphic analysis of
intrusive and metamorphic rock bodies. This paper is a primer for the application of lithostratigraphic (sensu lato) nomenclature for Pre-
cambrian rocks, illustrated with examples from the literature. Examples of formal stratigraphic units include Formation, Group and
Supergroup (lithostratigraphic units, sensu stricto), which can be applied to rocks of low-metamorphic-grade where the law of superposi-
tion applies; and Lithodeme, Suite, Supersuite, Complex and Structural Complex, which can be applied to low- to high-metamor-
phic-grade intrusive and/or metamorphic rocks where the law of superposition cannot be demonstrated. Examples of informal
stratigraphic units can include all of the previous units where they are not formally defined, as well as units such as gneiss associations
and tectonic assemblages. With the availability of this wide range of tools, there is no reason why Precambrian stratigraphic nomencla-
ture cannot become both more widespread and formalized, regardless of the degree of metamorphism and deformation.

INTRODUCTION

Despite the fact that Precambrian rock represents 75% of the
exposed surface area of the planet, the application of strati-
graphic nomenclature to Precambrian rocks units lags far be-
hind that of younger rocks. This is especially true for
Precambrian rocks subjected to moderate to high degrees of
metamorphism. This discrepancy, in part historical, is due to
the fact that, until the mid-1960s, many Precambrian terrains
had yet to be mapped in even a reconnaissance fashion (i.e.,
scales less than 1:500 000). It also reflects the fact that many
Precambrian terrains contain mixtures of metamorphosed and
deformed supracrustal rocks, as well as a variety of intrusive
rocks, and it was not until the publication of the 1983 North
American Stratigraphic Code that procedures for defining for-
mal lithostratigraphic (i.e., lithodemic) units in such terrains
were introduced (NACSN 1983; Hattin 1991).

Although more than 25 years have elapsed since the introduc-
tion of these procedures, some stratigraphy text books continue
to state that lithodemic units are unnecessary (e.g., Brookfield
2004, p.202). Furthermore, despite the fact that some Precam-
brian terrains are now being subjected to third and fourth gener-
ation detailed mapping programs (scales less than 1:30 000),
stratigraphic nomenclature is still typically underutilized or, if
used at all, is informal.

This paper is intended to serve as a primer for the application of
lithostratigraphic (sensu lato) nomenclature for Precambrian
rocks, illustrated with a variety of examples of formal and in-
formal methods of tackling stratigraphic nomenclature in Pre-
cambrian terrains. Many of these examples are from the
Canadian Shield in Ontario. This is due to several factors, such
as a more than 150-year history of geological mapping and
stratigraphic analysis within the province, the presence of a
broad range of Precambrian rock units in Ontario in terms of
age, metamorphic grade and tectonic history, and an abundance

of literature on the stratigraphic nomenclature for these rocks. It
should be noted that although the focus of this paper is on the
application of lithostratigraphic (sensu lato) terminology to Pre-
cambrian terrains, the general principles apply to any highly
metamorphosed and/or intrusive-dominated rock succession,
regardless of age.

STRATIGRAPHIC CODES

A stratigraphic code is a listing of recommended procedures for
classifying and naming stratigraphic and related units. Globally,
two codes are in widespread usage, the North American Strati-
graphic Code (NACSN 2005) and the International Strati-
graphic Guide (Salvador 1994). Both have gone through several
iterations during the past century (CSN 1933; ACSN 1961,
1970; NACSN 1983, 2005; Hedberg 1976; Salvador 1994),
with both the addition and deletion of various classes of strati-
graphic units as the science of stratigraphy has evolved. In the
1983 North American Stratigraphic Code, a new class of litho-
logic units, “lithodemic units”, was introduced to deal with the
application of stratigraphic procedures to plutonic and meta-
morphic rocks. This new class of units was in part developed to
handle problems of stratigraphic analysis in Precambrian ter-
rains. As this class of units does not have a counterpart in the In-
ternational Stratigraphic Guide (Salvador 1994), most of the
examples and discussion that follow focus primarily on the us-
age contained within the North American Stratigraphic Code
(NACSN 2005).

The International Stratigraphic Guide (Salvador 1994) does not
distinguish lithodemic units as a separate category from other
lithostratigraphic units, but considers them to be special cases of
lithostratigraphic units. It does not make, however, any provi-
sions with respect to hierarchical rank between different units
(i.e., no equivalent ranking akin to lithodeme, suite, supersuite,
see Table 1). Nonetheless, the guidelines it provides for defin-
ing formal stratigraphic units (Salvador 1994, pp. 41-43), at
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least at the lithodeme or formational level, are similar to those
outlined in the North America Stratigraphic Code.

One area where the North American Stratigraphic Code
(NACSN 2005) and the International Stratigraphic Guide (Sal-
vador 1994) differ with respect to the use of lithodemic units is
the use of form terms in the stratigraphic name (e.g., pluton,
stock, batholith, sill, etc.). Form terms are not recommended by
the International Stratigraphic Guide (Salvador 1994, p.43),
whereas they are allowed in the North American Stratigraphic
Code (NACSN 2005). In the case of lithostratigraphic units, the
North American Stratigraphic Code (NACSN 2005) allows for
using either formation or the main rock type (e.g., sandstone) in
a stratigraphic name (e.g., Gowganda Formation or Gowganda
Conglomerate); and the same approach was applied to
lithodemic units (e.g., Pardo Granite or Pardo Pluton). In part,
this flexibility also exists because some intrusive bodies may
contain a broad range in bulk composition (tonalite to
monzogranite); thus, a single rock name may not accurately de-
scribe the intrusion. In that instance, use of a term such as
pluton might be more appropriate. That being said, as a general
practice, the use of too many different form terms in an area is
best avoided (e.g., how does one clearly distinguish between a
stock, a pluton, an intrusion and/or a body?).

Need for stratigraphic units in geologic and tectonic map
production

Stratigraphy is an integral part of geological mapping. The defi-
nition of map units and a geological map legend involves the
application of stratigraphic principles, regardless of whether or
not the user is intending to use established formal or informal
stratigraphic terms (see text-figure 1).

In text-figure 1a, a geological map of a hypothetical Precam-
brian terrain is shown. In the west, granulite (unit 1) and amphi-
bolite facies (unit 2) migmatitic gneisses and orthogneisses are
exposed. In the east, amphibolite facies supracrustal rocks
(units 3 and 4), unconformably overlain by somewhat lower
metamorphic grade metasedimentary rocks (units 5 and 6), are
present. A tectonic breccia zone (unit 7) separates the west and
east halves of the area. A younger granite intrusion (unit 8) and
a mafic dike (unit 9) cut the older rocks in the area. Many Pre-
cambrian geological maps never progress beyond this stage,
even though nine distinct lithologic units have been mapped.

Text-figure 1b shows the same hypothetical map area, but with
the application of both formal and informal lithodemic and
lithostratigraphic nomenclature to the area. Unit 1 is defined as
an informal lithodemic unit known as a gneiss association, a

unit which is discussed in greater detail in a subsequent section
of this manuscript. All other units are defined according to the
North American Stratigraphic Code (NACSN 2005). Unit 2, a
metamorphosed intrusive rock, is formally defined as the
Minden Intrusive Suite. Units 3 and 4 are defined as lithodemes,
based on their distinctive lithologic characteristics. Since units 5
and 6 are of lower metamorphic grade, and contain primary sed-
imentary features, they have been defined as lithostratigraphic,
rather than lithodemic, units. Unit 7, being structural in origin,
is defined as a structural complex. The temporally late intrusion
that constitutes unit 8 is formally defined as a lithodemic unit,
the Pardo Granite. And finally, the mafic dike, unit 9, can be
correlated with a regionally defined dike swarm.

One reason why many maps do not progress from text-figure 1a
to text-figure 1b is that formally defining stratigraphic units
takes extra time and effort, for example, properly describing
contact relationships and other diagnostic features of the units
as well as identifying type and reference sections. Nonetheless,
as in lower grade terrains, the presence of formally defined
stratigraphic units can be of considerable aid in terms of re-
gional correlation and in describing the geology of an area. For
example, the individual lithodemic names (e.g., Minden Intru-
sive Suite, Devils Lake Structural Complex, Pardo Granite) pro-
vide immediate information on the character of the rocks that is
not available if one refers to these map units as units 2, 7 and 8,
respectively.

Historic approaches

From the mid-19th to the mid-20th century, the term “series”
was commonly employed for a package of lithostratigraphic
units and/or lithodemic units, or for a package of lithodemes
and suites, especially in Precambrian terrains. Furthermore, the
term “series” was also applied to a package of rocks resulting
from successive eruptions or intrusions. As series is now used
exclusively as a chronostratigraphic term, its usage for litho-
stratigraphic units is incorrect; in fact, there are no recent exam-
ples where series as been used as a lithostratigraphic unit. Thus,
a different term should be used: “group” should replace “series”
for volcanic and low-grade metamorphic rocks, and “intrusive
suite” or “metamorphic suite” should replace “series” for
lithodemic rocks of “group” rank.

Grandfathering of historic terms

The Paleoproterozoic Huronian Supergroup of Ontario (Table
2) provides an example of a long-established stratigraphic suc-
cession that was developed long before any stratigraphic codes
were in place, but which was subsequently formalized in 1969
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TABLE 1
Hierarchy of lithostratigraphic and lithodemic units as outlined in the North American Stratigraphic Code, as well as proposed subdivisions for intrusive
units suggested by Gillespie et al. (2008). Fundamental unit is shown in italics.



(Robertson et al. 1969) utilizing the procedures outlined in the
1961 Code of Stratigraphic Nomenclature (ASCN 1961). As il-
lustrated in Table 2, many pre-existing stratigraphic units were
grandfathered (e.g., Bruce, Espanola and Serpent formations),
whereas other units were abandoned (e.g., Nordic, Whiskey and
Ten Mile formations of Roscoe 1957). In addition to the
grandfathering of various pre-existing units, as outlined in Rob-
ertson et al. (1969) and Bennett et al. (1991), in accordance with
the Code, principal and reference sections, or type areas, were
identified for all of the main lithostratigraphic units.

The Huronian Supergroup consists of mafic and felsic metavol-
canic rocks at its base, and metasedimentary rocks, which form
the bulk of the succession (Table 2). Metamorphic grade ranges
from subgreenschist to lower greenschist facies, in areas such as
Cobalt and Elliot Lake, to middle amphibolite facies south of
Espanola. Many primary sedimentary features, such as mud
cracks, ripple marks and cross-bedding are preserved in these
rocks, which in part explains their long history of stratigraphic
study. The upper three groups of the Huronian Supergroup con-
sist of repeated successions of conglomerate, quartzite and
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TEXT-FIGURE 1
Simplified geological mapping illustrating a map based on the identification of different rock units based on rock properties, and the same area after the
definition of stratigraphic units. The map area is roughly 3km by 5km in size. A) Idealized geological map of a high-grade terrain subdivided into a num-
ber of lithological units. B) Same area as shown in (A), but after definition of formal and informal lithostratigraphic and lithodemic units. Note: Rock de-
scriptions remain the same regardless of unit terminology. Stratigraphic names used in this text-figure are fictional.



mudstone and/or limestone (Table 2). In contrast, the lower-
most Elliot Lake Group contains metavolcanic and metasedi-
mentary rocks that exhibit a wide range of lateral and vertical
facies changes. The depositional age of the Huronian Super-
group is bracketed between circa 2450 Ma, the age of Elliot
Lake Group volcanic rocks in the Sudbury and Espanola areas,
and circa 2220 Ma, the age of the oldest Nipissing gabbro sills
(Corfu and Andrews 1986), which intruded all units within the
Huronian Supergroup. Rocks of the Huronian Supergroup have
been stratigraphically correlated with rocks in Michigan and
Wyoming (e.g., Young 1983; Roscoe and Card 1993).

FORMAL LITHOSTRATIGRAPHIC UNITS

Lithostratigraphic units

As the Huronian Supergroup example demonstrates, rocks pre-
served at low metamorphic grade, where the law of superposi-
tion can be demonstrated to be valid, can be formally defined as
lithostratigraphic units, using either the provisions of the North
American Stratigraphic Code or the International Stratigraphic
Guide. Furthermore, in areas of laterally contiguous exposures,
where individual stratigraphic units can be traced from low to
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TABLE 2
Simplified evolution of stratigraphic nomenclature for Paleoproterozoic rocks (Huronian Supergroup) along the north shore of Lake Huron, Ontario. For
a complete record of nomenclature, see Robertson et al. (1969) and Bennett et al. (1991).



high metamorphic grade, there is no a priori requirement to cre-
ate lithodemic units for the higher grade portions of the same
stratigraphic unit. This principle has been used in the case of the
aforementioned Huronian Supergroup. The type and reference
sections are all located in areas of low metamorphic grade
(subgreenschist to greenschist facies), but the lithostratigraphic
units themselves were metamorphosed locally to middle amphi-
bolite facies. Where units are subjected to a variety of metamor-
phic conditions, and exposures are not contiguous, use of
lithostratigraphic units for the lower grade rocks, and litho-
demic units for the higher grade rocks is the approach com-
monly used (e.g., Laajoki and Luukas 1988). In such instances,
where feasible, a correlation chart should be constructed illus-
trating the potential equivalence of each lithostratigraphic and
lithodemic unit.

Lithodemic units

The fundamental difference between a lithostratigraphic and a
lithodemic unit is whether or not the law of superposition ap-
plies. A lithodemic unit may be something as simple as a meta-
morphosed sedimentary rock or a unmetamorphosed intrusive
rock, or it may include diverse, heterogeneous rocks of tectonic
origin (e.g., a structural complex). Table 1 compares the respec-
tive hierarchical ranking of lithostratigraphic versus lithodemic
units.

Lithodemes, suites and supersuites: Definition

North American Stratigraphic Code, Article 33.—Lithodeme.
The lithodeme is the fundamental unit in lithodemic classifica-
tion. A lithodeme is a body of intrusive, pervasively deformed,
or highly metamorphosed rock, generally non-tabular and lack-

ing primary depositional structures, and characterized by lithic
homogeneity. It is mappable at the Earth’s surface and traceable
in the subsurface. For cartographic and hierarchical purposes, it
is comparable to a formation.

Article 35.—Suite. A suite (metamorphic suite, intrusive suite,
plutonic suite) is the lithodemic unit next higher in rank to
lithodeme. It comprises two or more associated lithodemes of
the same class (e.g., plutonic, metamorphic). For cartographic
and hierarchical purposes, suite is comparable to group.

Article 36.—Supersuite. A supersuite is the unit next higher in
rank to a suite. It comprises two or more suites or complexes
having a degree of natural relationship to one another, either in
the vertical or the lateral sense. For cartographic and hierarchi-
cal purposes, supersuite is similar in rank to supergroup.

Nature and boundaries of lithodemic units

Article 31.—Nature of Lithodemic Units. A lithodemic unit is a
defined body of predominantly intrusive, highly deformed,
and/or highly metamorphosed rock, distinguished and delimited
on the basis of rock characteristics. In contrast to litho-
stratigraphic units, a lithodemic unit generally does not conform
to the Law of Superposition. Its contacts with other rock units
may be sedimentary, extrusive, intrusive, tectonic, or metamor-
phic.

Remarks

(a) Recognition and definition.—Lithodemic units are defined
and recognized by observable rock characteristics. They are the
practical units of general geological work in terranes in which
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TABLE 3
Major rock units and stratigraphic framework of the Salahmi-Pyhäntä area, Finland, illustrating the use of lithostratigraphic and lithodemic units in a
mixed sequence of upper amphibolite facies supracrustal and intrusive rocks (modified from Laajoki and Luukas 1988). Asterisk indicates informal
units.



rock bodies generally lack primary stratification; in such ter-
ranes they serve as the foundation for studying, describing, and
delineating lithology, local and regional structure, economic re-
sources, and geologic history.

(b) Type and reference localities.—The definition of a
lithodemic unit should be based on as full knowledge as possi-
ble of its lateral and vertical variations and its contact relations.
For purposes of nomenclatural stability, a type locality and,
wherever appropriate, reference localities should be designated.

(c) Independence from inferred geologic history.—Concepts
based on inferred geologic history properly play no part in the
definition of a lithodemic unit. Nevertheless, where two rock
masses are lithically similar but display objective structural re-
lations that preclude the possibility of their being even broadly
of the same age, they should be assigned to different lithodemic
units.

(d) Use of ‘‘zone.’’—As applied to the designation of
lithodemic units, the term ‘‘zone’’ is informal. Examples are:
‘‘mineralized zone,’’ ‘‘contact zone,’’ and ‘‘pegmatitic zone.’’

Example: Metamorphosed supracrustal rocks

A case study is provided by Laajoki and Luukas (1988) on the
application of lithostratigraphic and lithodemic nomenclature
to Paleoproterozoic supracrustal and igneous rocks in central
Finland, which have been metamorphosed to upper amphibolite
facies (Table 3). In this example, the authors have followed the
recommendations of the North American Stratigraphic Code,
and have also tried to be consistent with the International
Stratigraphic Guide.

Where primary sedimentological features are preserved,
lithostratigraphic terminology was utilized, with several formal
formations being defined, as summarized in Table 3. In addition,
two informal formations, mapped in part by their geophysical
characteristics, are also described. With increasing metamorphic
grade, several formal and informal lithodemic units are defined
(Table 3). For the formal paragneissic and gneissic units, the
descriptor “Gneiss” or “Gneiss Suite” was utilized (Table 3).
For units consisting of more than one rock class (e.g.,
metasedimentary and metaplutonic), the descriptor “Complex”
was used (Table 3). Furthermore, although not described in de-
tail in the paper, the Rapisevankangas Gneiss Suite consists of
seven distinct lithodemes, consistent with its rank. Intrusive
bodies in the area are only informally defined (Table 3).
Laajoki and Luukas (1988) also attempted a regional strati-
graphic correlation of the units (Table 3), even though at the
time, there was only limited U-Pb zircon geochronology avail-
able for the succession.

The Laajoki and Luukas (1988) study illustrates several important
principles of the application of stratigraphy to metamorphosed
supracrustal rocks. First is the use of both lithostratigraphic and
lithodemic units depending on the degree of preservation of pri-
mary features. Second is the use of informal stratigraphic termi-
nology for geophysically defined units, a common technique in
some Precambrian terrains. Third, in areas where outcrop expo-
sure is not contiguous, Laajoki and Luukas (1988) define new
units, that they could then correlate with already established
units, rather than attempt to extend existing units beyond their
known limits. An advantage of this approach is that if subse-
quent geochronology or other data suggest that the correlation
is incorrect, then the unit itself does not have to be completely
renamed or redefined; only the correlation needs to be revisited.

Fourth is the use of different lithodemic terminology (“Gneiss”,
“Suite”, “Complex”) depending on the character of the rocks
being described. Finally, although not wholly complete in all in-
stances, the authors provide much of the key information
needed for the definition of any stratigraphic unit (location and
choice of name, lithology, contacts and thickness). Only in
terms of providing well-identified reference sections are some
of the descriptions incomplete.

Example: Metamorphosed intrusive rocks

In the Composite Arc Belt of the Grenville Province in Ontario,
east of the village of Minden, Mesoproterozoic tonalite and
syenogranite gneisses had been previously termed, informally,
as the Glamorgan batholith (Adams and Barlow 1910), the gra-
nitic rocks of Glamorgan Township (Chesworth 1970), the
Glamorgan gneiss dome (Wynne-Edwards 1972; Bright 1977),
the Glamorgan pluton (Bright 1980), and the Glamorgan
migmatite complex (Pride 1983) (see text-figure 2). None of
these terms were formally defined as stratigraphic terms and, in
most instances, were applied on the basis of reconnaissance
mapping. Following 1:20 000 scale mapping of the area by the
Ontario Geological Survey, Easton (1987) formally defined the
Glamorgan Gneiss Complex that consists of 6 formally defined
lithodemic units (text-figure 2), as outlined in Table 4 and illus-
trated in text-figures 3a to 3d. The lithodemes are defined on the
basis of the physical features and contact relationships de-
scribed in Table 4, geochemistry played no role in their defini-
tion, and these units have proved difficult to reliably date using
U-Pb geochronology. The lithodemes that comprise the
Glamorgan Gneiss Complex constitute rocks that are demon-
strably metamorphosed intrusive rocks (Kendrick Creek and
Crego Lake lithodemes), metamorphosed intrusive rocks that
were subsequently partially melted and deformed (Kinmount
Lithodeme) and rocks that may now be best described as
tectonites (Howland Lithodeme). All the units are distinctive
and mappable at 1:50 000 scale (text-figures 2 and 3), and these
features of the units will not change even if, at a later date, it is
decided that one of the units is not directly related to the
Glamorgan Gneiss Complex (e.g., the granitic Crego Lake
Lithodeme).

STRUCTURAL COMPLEXES

Definition
North American Stratigraphic Code, Article 37 (c) "Struc-
tural complex." —In some terranes, tectonic processes (e.g.,
shearing, faulting) have produced heterogeneous mixtures or
disrupted bodies of rock in which some individual compo-
nents are too small to be mapped. Where there is no doubt
that the mixing or disruption is due to tectonic processes,
such a mixture may be designated as a structural complex,
whether it consists of two or more classes of rock, or a single
class only. A simpler solution for some mapping purposes is
to indicate intense deformation by an overprinted pattern.

Example

A major, crustal-scale tectonic boundary in the western
Grenville Province in Ontario, Canada, separates younger (1.3
to 1.05 Ga), supracrustal rocks of the Composite Arc Belt from
slightly older (1.6 to 1.3 Ga) high-grade gneisses of the Lauren-
tian Margin to the northwest (Carr et al. 2000) (text-figure 4).
This shallow to moderately southeast-dipping deformed and
metamorphosed thrust zone consists of two main components: a
footwall dominated by highly tectonized gneiss (recrystallized
mylonites) and a hanging wall dominated by marble breccias.
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TABLE 4
Lithodemic units of the Mesoproterozoic Glamorgan Gneiss Complex, Grenville Province, Ontario (modified from Easton 1986).



The marble breccias consist of a matrix of coarse-grained cal-
cite and/or dolomite in which float angular to subrounded sili-
cate rock fragments up to 2 to 3m in length (text-figure 5). In
terms of fragment population, the breccias may be monolithic
or heterolithic (text-figure 5). As part of a 1:20 000 to 1:50 000
scale mapping project in the Minden area which straddles this
tectonic boundary, Easton (1983, 1986, 1987, 1992) formally
defined this marble breccia unit as the Denna Lake Structural
Complex, and was able to map various subunits within the
Denna Lake Structural Complex based on variations in frag-
ment type and matrix composition (text-figure 4). Subse-
quently, Bright (1990) formally defined the term Whitestone
Lake Structural Complex, for a lithologically similar marble
breccia unit located within the Laurentian Margin of the west-
ern Grenville Province, but associated with a different tectonic
boundary. The unique lithologic character of these marble tec-
tonic breccias (Table 4, text-figures 4, 5 and 6), and the fact that
there was no doubt that the mixing or disruption was due to tec-
tonic processes, made these map units well-suited for definition
as structural complexes.

Requirement to fully define plutonic rocks

The application of lithodemic terminology to plutonic rocks
seems to cause confusion for many geoscientists working in
the Precambrian. There is a tendency to think that all that is
necessary is to simply name the intrusion, without defining its
characteristic rock types, boundaries, diagnostic physical
properties or designating reference localities. Furthermore,
there is a tendency to view any form or lithologic term in the
name as mutable; for example, as noted with the example of
the Glamorgan Gneiss Complex, where previous names in-
cluded the Glamorgan batholith, the Glamorgan gneiss dome,
the Glamorgan migmatite complex and the Glamorgan pluton.
Because many of these lithodemic units are not formally de-
fined, they are not captured in many stratigraphic lexicons,
thus, it is difficult to easily determine which name is accept-
able or preferred. It can also lead the duplication of names, for
example, the Abinger gneiss was subsequently termed the
Mazinaw pluton, and a previously formally defined grano-
diorite pluton in the Temagami area of Ontario, the Ingall
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TEXT-FIGURE 2
Lithodemic units of the Mesoproterozoic Glamorgan Gneiss Complex, Grenville Province, Ontario, Canada (from Easton 1987). See Table 4 for de-
scriptions of the various units.



Lake Batholith, was subsequently renamed the Iceland Lake
pluton, by a researcher unfamiliar with the older literature on
the area. Even when listing of names exist, such as the list of
1365 pluton names for Ontario compiled by McCrank et al.
(1981), no indication of preferred name is given, nor whether
or not the name is formal or informal.

The role of geochemistry and geochronology in defining
intrusive suites

Article 33 (b) Lithic characteristics.—Distinctive lithic charac-
teristics may include mineralogy, textural features such as grain
size, and structural features such as schistose or gneissic struc-
ture. A unit distinguishable from its neighbors only by means of
chemical analysis is informal.

Geochemistry and geochronology are commonly used in con-
junction with field mapping of high-grade terrains, and play a
limited role in the establishment of lithodemic units. It should
be remembered that lithodemic units are defined primarily on
the basis of their lithologic character, and that they cannot be
defined solely on the basis of geochemistry or geochronology,
or both.

Article 33b of the North American Stratigraphic Code clearly
states that, although geochemistry can be used in the definition
of a lithodemic unit, a lithodemic unit that can only be distin-
guished from its neighbours on the basis of geochemistry is an
informal unit. This is due to the fact that the definition of
lithostratigraphic units is based on observable characteristics in
the field. To use the Pardo Granite example from text-figure 1,
let us say that the Pardo Granite is one of several monzogranite
plutons that form part of the formally defined Buckhorn Intru-
sive Suite. Subsequent geochemistry shows that most of the in-
trusions have anorogenic granite chemistry with within-plate
trace element geochemical characteristics. One intrusion, how-
ever, has slightly different geochemical characteristics (volca-
nic-arc granite trace element characteristics). We could give this
intrusion a new informal name based on this geochemical dif-
ference, but it would remain part of the Buckhorn Intrusive
Suite, as it is otherwise indistinguishable from its neighbors.

Many geochemists still refer to geochemically related intrusions
as “suites”. Such terminology, where based solely on geochem-
istry, is by its nature informal, and care should be taken to en-
sure that the reader understands the context in which the term
suite is being used (i.e. lithodemic versus geochemical).
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TEXT-FIGURE 3
Representative photographs of four lithodemic units of the Glamorgan Gneiss Complex. See Table 4 for descriptions of the various units. Hammer han-
dle is 30cm long. A) Layered, migmatitic gneiss of the Kinmount Lithodeme. B) Tonalite gneiss of the Kendrick Creek Lithodeme, the most abundant
rock unit of the Glamorgan Gneiss Complex. C) Heterogeneous layered gneiss of the Howland Lithodeme. This unit might be tectonic in origin. D)
Mafic gneiss of the Davis Lake Lithodeme.
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TEXT-FIGURE 4
Lithologic subdivisions within the Mesoproterozoic Denna Lake Structural Complex, Grenville Province, Ontario, Canada. Subdivisions are based on
dominant clast type in marble breccia units, and/or associated rock units. These subdivisions may represent a “ghost” stratigraphy preserved within the
Denna Lake Structural Complex (from Easton 1986).
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TEXT-FIGURE 5
Marble tectonic breccias of the Denna Lake Structural Complex. Hammer handle is 30cm long. A) Heterolithic breccia. B) Monolithic breccia.



Although the age of a lithodemic unit can be included in the de-
scription of the unit, the definition of the unit itself is based pri-
marily on lithology. To use the example from text-figure 1, the
Pardo Granite is defined on the basis that it is of monzogranite
composition and is unmetamorphosed. If an isotopic age deter-
mination fixes the age of the granite to be 1250±2 Ma, that is an
additional useful bit of information about the intrusion, but it is
not critical to its definition. If there are other unmetamor-
phosed, compositionally identical plutons present in adjacent
mapped areas, they could be incorporated into an “intrusive
suite”, perhaps with the Pardo Granite serving as a type exam-
ple. In obtaining ages from these other plutons, it may turn out
that they give a range of ages (e.g., 1225 to 1255 Ma). This age
range is then a property of the various individual plutons that
constitute the suite, but, again it is not key to the definition of
the suite, which comprises unmetamorphosed, monzogranite
plutons. In contrast, if one wanted to make age a key aspect of
the definition, then it would be necessary to create a formal or
informal chronostratigraphic unit, most likely a series, which
would include all intrusive rocks in this geographic area, in-
cluding the Pardo Granite, that were emplaced between 1225
and 1255 Ma. In this case, the age of the individual plutons is
key to their inclusion in the series, not their specific composi-
tion. If the age of a pluton changes, such that it is newer age of
1300 Ma is obtained, then it is either part of a different series, or
the series boundaries need to be redefined to incorporate this
change. If the age span became excessively broad (say 100 mil-
lion years), then one might want to examine the original pur-
pose of the chronostratigraphic unit, and possibly consider
redefining the unit. In contrast, because age is not critical to de-
fining an “intrusive suite”, it does not matter if a suite exhibits a
limited or an extensive age span, as long as the physical proper-
ties of the rocks that were used to define the suite remain con-
stant.

The use of the term “complex”

Article 37.—Complex. An assemblage or mixture of rocks of
two or more genetic classes, i.e., igneous, sedimentary, or meta-
morphic, with or without highly complicated structure, may be
named a complex. The term “complex” takes the place of the
lithic or rank term (for example, Boil Mountain Complex, Fran-
ciscan Complex) and, although unranked, commonly is compa-
rable to suite or supersuite and is named in the same manner.

Remarks

(a) Use of ‘‘complex.”—Identification of an assemblage of di-
verse rocks as a complex is useful where the mapping of each
separate lithic component is impractical at ordinary mapping
scales. ‘‘Complex’’ is unranked but commonly comparable to
suite or supersuite; therefore, the term may be retained if subse-
quent, detailed mapping distinguishes some or all of the
component lithodemes or lithostratigraphic units.

(b) Volcanic complex.—Sites of persistent volcanic activity
commonly are characterized by a diverse assemblage of extru-
sive volcanic rocks, related intrusions, and their weathering
products. Such an assemblage may be designated a volcanic
complex.

(c) Structural complex.—In some terranes, tectonic processes
(e.g., shearing, faulting) have produced heterogeneous mixtures
or disrupted bodies of rock in which some individual compo-
nents are too small to be mapped. Where there is no doubt that
the mixing or disruption is due to tectonic processes, such a

mixture may be designated as a structural complex, whether it
consists of two or more classes of rock, or a single class only. A
simpler solution for some mapping purposes is to indicate in-
tense deformation by an overprinted pattern.

(d) Misuse of “complex”.—Where the rock assemblage to be
united under a single, formal name consists of diverse types of a
single class of rock, as in many terranes that expose a variety of
either intrusive igneous or high-grade metamorphic rocks, the
term “intrusive suite,” “plutonic suite,” or “metamorphic suite”
should be used, rather than the unmodified term “complex.” Ex-
ceptions to this rule are the terms structural complex and volca-
nic complex (see Remarks c and b, above).

In principle, the difference between a suite and a complex is
simple: a suite constitutes one genetic class of rocks whereas a
complex includes two or more. In practice, especially when it
comes to igneous rocks, especially alkaline intrusions, many
workers use the term complex to apply to intrusive bodies that
exhibit a broad compositional range, even though Article 37 of
the North American Stratigraphic Code and the International
Stratigraphic Guide (Salvador 1994, p.36, p.42) are explicit on
the topic. Gillespie et al. (2008) have made a similar recommen-
dation with respect to the nomenclature of intrusive rocks in the
United Kingdom.

Gillespie et al. (2008) introduce several terms of lower rank
than lithodeme that include the term complex. For the most part,
these terms are self-explanatory, e.g., sheet-complex, sill-com-
plex, ring-complex, vein-complex, but have no equivalent in the
current North American Stratigraphic Code (see Table 1). Fur-
thermore, Gillespie et al. (2008) propose creating an additional
three lithodemic units of lower rank than suite (see Table 1), al-
though from their report, it is unclear how an “intrusion” differs
from a “pluton”, and some of the new ranks may incorporate a
variety of terms, as listed in Table 1 (e.g., Cluster or Centre).
These proposals have yet to be fully evaluated by the
geoscience community, and, thus, until such time either the
North American Stratigraphic Code or the International Strati-
graphic Guide are modified to include these proposals, such
proposed units are informal.

INFORMAL LITHODEMIC AND
CHRONOSTRATIGRAPHIC UNITS

Informal lithodemic units

Gneiss Associations: Definition

A “gneiss association” is an informal lithodemic term that is pri-
marily based on rock type, but which also may contain informa-
tion with respect to plutonic history, metamorphism and/or the
intrusion of mafic dikes.

Culshaw et al. (1988) introduced the concept of “gneiss associa-
tions” for mapping highly deformed and metamorphosed rocks
of the Laurentian Margin of the Mesoproterozoic Grenville
Province in Ontario, Canada. If it were decided to formally
name a “gneiss association” as a lithodemic unit under the
North American Stratigraphic Code (NACSN 2005), in most
cases, they would correspond to a suite or an intrusive or meta-
morphic complex.

Gneiss associations are defined mainly on the basis of a primary
rock type(s), even if the unit itself includes several classes of
rocks (i.e., the primary rock type may be a migmatite, but that
migmatite may include older metavolcanic xenoliths, both of
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which are intruded by mafic dikes). As currently defined, the
use of high-resolution U-Pb geochronology as a key feature in
the definition of a gneiss association is not precluded; however,
doing so could make the resulting unit chronostratigraphic,
rather than lithodemic. Consequently, in order to avoid confu-
sion in future as to whether a gneiss association is essentially
lithodemic or chronostratigraphic in character, it is recom-
mended herein that gneiss associations be solely defined as
lithodemic units.

Although not explicitly stated in the definition, the name of a
gneiss association is constructed in a similar fashion to a formal
stratigraphic term: it consists of a local geographic name (such
as a lake or township name) followed by the term gneiss associ-
ation, for example, the Pardo gneiss association. It is worth re-
peating at this juncture that as noted in Article 7 of the North
American Stratigraphic Code, if the unit were named after
Pardo Lake, it is not necessary to include the word Lake in the
unit name. This is significant with respect to nomenclature in
Precambrian terrains, were lakes are the most commonly named
geographic features. Although, there is no currently recom-
mended or established procedure with respect to the process for
introducing or modifying tectonic assemblage units, such as a

requirement to define type or reference section or localities, the
few users that have used the terminology have generally fol-
lowed the procedures outlined in Article 31 of the North Ameri-
can Stratigraphic Code (NACSN 2005). Existing terms have yet
to be included in existing stratigraphic lexicons.

Example

Easton and Hrominchuk (1999) applied the concept of “gneiss
association” to the nomenclature of the Archean and
Paleoproterozoic country rocks of the Paleoproterozoic (2.475
Ga) River Valley intrusion located in the Grenville Province,
east of Sudbury, Ontario, and the nomenclature was formalized
in Easton (2003, 2007). The country rocks to the East Bull Lake
intrusive suite rocks can be grouped into four gneiss associa-
tions and one previously defined lithodemic unit; the character-
istics of each are summarized in Table 5 and text-figure 7. From
northwest to east, these are the Front, Street, Crerar and Pardo
gneiss associations and the Red Cedar Lake gneiss. The Front
gneiss association consists almost entirely of Proterozoic rocks.
The Street gneiss association likely consists mainly of Archean
rocks that have been intruded by Proterozoic mafic and felsic
intrusive rocks. The Crerar and Pardo gneiss associations and
the Red Cedar Lake gneiss likely consist entirely of Neoarchean
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TABLE 5
Characteristics of four gneiss association units defined within the Grenville Province, east of Sudbury, Ontario (from Easton 2003). Rock types are
listed from top to bottom in order of abundance, with the most abundant first. The Red Cedar Lake gneiss is not included in this table because it is
most likely simply a deformed equivalent of the Pardo gneiss association.



rocks. The Red Cedar Lake gneiss can be traced along strike for
over 50km. In addition to providing a regional mapping frame-
work for separating out different rock units of varied composi-
tion, age and metamorphic history, the systematic southward
changes in metamorphic grade and age in these 5 units as been
interpreted in terms of a southward-facing crustal section, rang-
ing from upper crustal levels in the north to mid-crustal levels
in the south (Easton 2003).

INFORMAL CHRONOSTRATIGRAPHIC UNITS

Tectonic Assemblages: Definition

“A tectonic assemblage consists of volcanic and/or sedimen-
tary rock units and is bounded by faults, unconformities or
intrusions. There is typically a dominant rock type. The rock
units of an assemblage are inferred to have been deposited
during a discrete interval of time in a common depositional,
and commonly share similar structural, metamorphic, geo-
chemical and geophysical characteristics. The rock units
within an assemblage may display features of primary strati-
fication but may not necessarily conform to the Law of Su-
perposition in places where there has been tectonic
interleaving of strata within the assemblage. An assemblage

may consist of one or more groups or formations, and one or
more assemblages may form a larger fault-bounded package
of strata (i.e., a terrane or a domain).” Ontario Geological
Survey (1992)

Tectonic assemblages were first used in the Canadian Cordillera
(Tipper et al. 1978, 1981), and were subsequently adapted for
use in the Canadian Shield (Ontario Geological Survey 1992).
Although not explicitly stated in the definition, the name of a
tectonic assemblage is constructed similar to a formal strati-
graphic term; in that it consists of a local geographic name (such
as a lake or township) followed by the term assemblage, for ex-
ample, the Kidd-Munro assemblage. In addition, tectonic as-
semblages are correlated among one another in a similar fashion
to formal stratigraphic units (e.g., Thurston et al. 2008). Some
tectonic assemblages correspond to previously defined
lithostratigraphic units (e.g., the Stoughton-Roquemaure as-
semblage includes most of the Stoughton-Roquemaure Group
of Jensen and Langford 1985), whereas other assemblages do
not include any previously defined formations or groups.

Use of this terminology for Precambrian rocks is presently re-
stricted to rocks of the Canadian Shield, in particular, Archean
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TEXT-FIGURE 6
Plan view showing contrast in map patterns between the area underlain by rocks of the Mesoproterozoic Denna Lake Structural Complex (left) and
stratiform supracrustal rocks of the Grenville Province (right), located only 15km to the east (from Easton 1986).



rock successions in Ontario. The term tectonic assemblage has
some similarities to the aforementioned gneiss associations, but
differs in three critical aspects. First, it is only applied to rocks
of supracrustal origin, generally of low to moderate metamor-
phic grade (subgreenschist to middle amphibolite facies). Sec-
ond, determination of depositional and volcanic setting is
highly interpretative, and utilizes major and trace element geo-
chemistry to determine tectonic affinity (for example, plume or

arc settings). Third, and most importantly, tectonic assemblages
are by definition chronostratigraphic units. Consequently,
nearly identical rock sequences may be distinguished from each
other solely by their depositional ages. It is no coincidence that
adoption of this terminology corresponded with the availability
and widespread usage of high-resolution (± 1 million years)
U-Pb zircon geochronology.
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TEXT-FIGURE 7
Representative photographs of four gneiss associations and one lithodemic unit mapped in the Grenville Province east of Sudbury, Ontario. Hammer
handle is 30cm long. A) Paragneiss of the Front gneiss association. B) Enclaves of metasedimentary rock preserved within migmatite of the Pardo gneiss
association. C) Granular gneiss (diatextite) of the Red Cedar Lake gneiss (higher grade equivalent of the Pardo gneiss). D) Garnet-bearing diatextite of
the Street gneiss association. E) Tonalite orthogneiss of the Crerar gneiss association. F) Sudbury diabase dike remnant within rocks of the Crerar gneiss
association.



Despite the almost two-decade usage of this terminology in
some jurisdictions, such as Ontario, there is no currently recom-
mended or established procedure with respect to the process for
introducing or modifying tectonic assemblage units, for exam-
ple, a requirement to define type or reference section or locali-
ties. Furthermore, existing terms have yet to be included in
existing stratigraphic lexicons. Apart from the unfortunate use
of the word “assemblage”, which has specific biostratigraphic
meanings, the tectonic assemblage concept has the potential to
be an important global chronostratigraphic tool, if it were to be
used more widely and procedures were established to consis-
tently and completely define them.

Example

The Abitibi greenstone belt of Ontario and Quebec is located in
the Archean Superior Province, and has long been a focus of de-
tailed mapping and stratigraphic study. The Abitibi greenstone
belt consists of a variety of ultramafic, mafic, intermediate and
felsic volcanic rocks, as well as a variety of sedimentary rocks,
metamorphosed at subgreenschist to middle amphibolite facies,
all of which are intruded by several different plutonic suites
(Jackson and Fyon 1991). In the 1970s and 1980s, lithostrati-
graphic nomenclature was applied to the supracrustal units, and
numerous formations and groups were formally defined (e.g.,
Jensen and Langford 1985). In the early 1990s, this lithostrati-
graphic nomenclature was superseded by the tectonic assem-

blage concept, which was more amenable to stratigraphic corre-
lation on the scale of the various subprovinces that constitute
the Superior Province.

As shown in Table 6, tectonic assemblages consist of large vol-
umes of rock (1 to 10km thick) and may be compositionally
simple (upper Kidd Munro) or heterogeneous (lower Blake
River), and may be dominated by either metavolcanic or meta-
sedimentary rocks. Age and depositional setting are key ele-
ments of the definition of a tectonic assemblage; for example,
the Deloro and lower Tisdale assemblages contain many of the
same rock types and have similar geochemical affinities, but
differ significantly in the time of deposition (2734 to 2724 Ma
versus 2706 to 2704 Ma, respectively).

CONCLUDING REMARKS

It is hoped that the few brief examples given in this paper assist
readers with the application of stratigraphic analysis in moder-
ate- to high-metamorphic-grade terrains, regardless of geologi-
cal age. Members of the North American Commission on
Stratigraphic Nomenclature (see current listings at
http://www.agiweb.org/nacsn/) are always willing to provide
insight and guidance into the interpretation and application of
the North American Stratigraphic Code. In addition, the Com-
mission is always willing to entrain proposals for modifying
and strengthening the North American Stratigraphic Code in or-
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TABLE 6
Tectonic assemblages of the southern Abitibi greenstone belt (adapted from Ayer et al. 2002 and Thurston et al. 2008).



der to make it better suited to serving the needs of the geo-
science community.
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