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Abstract
Although uniformitarianism applies in a general sense to the controls on relative and global sea level change, some
influences thereon were more prominent in the Precambrian. Short-term base level change due to waves and tides may have
been enhanced due to possibly more uniform circulation systems on wide, low gradient Precambrian shelves. The lack of
evidence for global glacial events in the Precambrian record implies that intraplate stresses and cyclic changes to Earth’s geoid
were more likely explanations for third-order sea level change than glacio-eustasy. Higher heat flow in the earlier Precambrian
may have led to more rapid tectonic plate formation, transport and destruction, along with an increased role for hot spots,
aseismic ridges and mantle plumes (superplumes), all of which may have influenced cyclic sedimentation within the ocean
basins. A weak cyclicity in the occurrence of plume events has an approximate duration comparable to that of first-order
(supercontinental cycle) sea level change. Second-order cyclicity in the Precambrian largely reflects the influences of thermal
epeirogeny, changes to mid-ocean ridge volume as well as to ridge growth and decay rates, and cratonic marginal downwarping
concomitant with either sediment loading or extensional tectonism. Third-order cycles of sea level change in the Precambrian
also reflected cyclic loading/unloading within flexural foreland basin settings, and filling/deflation of magma chambers
associated with island arc evolution.
The relatively limited number of studies of Precambrian sequence stratigraphy allows some preliminary conclusions to be
drawn on duration of the first three orders of cyclicity. Archaean greenstone basins appear to have had first- and second-order
cycle durations analogous to Phanerozoic equivalents, supporting steady state tectonics throughout Earth history. In direct
contrast, however, preserved basin-fills from Neoarchaean–Palaeoproterozoic cratonic terranes have first- and second-order
cycles of considerably longer duration than Phanerozoic examples, supporting less evolved tectonism affecting cratonic plates.
It is possible that oceanic tectonic realms underwent more rapid and dynamic plate movements and arc generation, whereas
early continental cratonic plates offered more stable platforms and may have been subject to slower migration rates. The wide
range of controls on Precambrian sea level change, allied to their apparent variability (in rates and periodicity) through
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Precambrian time supports the conclusion that each order of cyclicity is relative and must be defined within the stratigraphic
context of each individual case study. This underlines the importance of establishing a hierarchical order of cyclicity in
sequence stratigraphic interpretations of Precambrian basins based on the relative importance of sequences rather than their
temporal duration.
D 2005 Elsevier B.V. All rights reserved.
Keywords: Precambrian; Sequence stratigraphy; First- to third-order depositional cyclicity; Cycle duration; Relative sea level change; Eustasy

1. Introduction
Sea level change, one of the most important
variables in sedimentological and sequence stratigraphic studies, forms the theme of this special issue
dedicated to Pradip K. Bose, one of the prominent
scientists who has studied this topic for most of a
lifetime. This paper aims to review briefly the controls
on sea level change during the Precambrian Era, and
to address major influences on higher-order depositional cycles. We here use bhigher-orderQ to denote
more important cycles (cf. sequences) which are of
larger scale and lower frequency, as opposed to
blower-orderQ cycles of greater frequency. Although
the principle of Lyell (1830) uniformitarianism can
generally be applied to the Precambrian sedimentary
record (e.g., Donaldson et al., 2002; Eriksson et al.,
this volume), certain influences on Precambrian
eustasy require either qualification or further discussion, which will be attempted here. Although not of
great significance in Phanerozoic sequence stratigraphic studies, factors like Earth surface and mantle
heat flow, continental crustal growth rates, global
rotation rates and celestial mechanics, palaeo-atmospheric composition (and its changes over time), the
bfaint young SunQ and the concomitant inferred global
greenhouse, mantle superplumes and superplume
events (SPEs) and divergent views on early Precambrian plate tectonic regimes loom large in Precambrian examples (e.g., Eriksson et al., 2004a and
references therein).
The concepts of sequence stratigraphy (see Miall,
1997, for a balanced commentary) owe much of their
origin to the early ideas of Sloss (e.g., 1963), which
were refined through the concepts of seismic stratigraphy by the bExxon schoolQ led by Vail (e.g., Vail et
al., 1977), to result in the well known seismic
stratigraphic volume edited by Payton (1977). The
hierarchy of depositional cycles identified by many

workers in many areas, both prior to and after this
seminal 1977 publication, was ascribed by this school
to predominant eustasy, against a background of
relatively constant tectonic subsidence along an
extensional continental margin (Miall, 1997; Miall
and Miall, 2001, 2002).
Depositional cycles were classified into 1st-, 2nd-,
3rd-, 4th- and 5th-order cycles (Sloss, 1963; Vail et
al., 1977; Miall, 1990; Duval et al., 1992). First-order
(300–225 My in the Vail et al., 1977 model; generally
500–200 My in duration) cycles are ascribed by most
workers to changes in ocean basin volume consequent
upon the plate tectonic or supercontinent cycle (e.g.,
Dewey and Burke, 1974; Pitman, 1978; Worsley et
al., 1984; Gurnis, 1988; Nance et al., 1988; Hoffman,
1989) and can thus be identified in the Phanerozoic
record on formerly adjacent continents. In the
Precambrian, there is evidence to support a first
supercontinent (bKenorlandQ) at c. 2.7 Ga (e.g.,
Condie, 2004), and the Wilson-cycle of breakup–
ocean growth–reassembly appears to have been more
protracted than Phanerozoic equivalents (Aspler and
Chiarenzelli, 1998; Aspler et al., 2001). The widely
favoured concept of more rapid plate movements in
the earlier Precambrian (e.g., Hargraves, 1986) stands
in contrast to this, leading some workers to emphasise
variable rather than universally more rapid rates of
plate movement for these times (e.g., Catuneanu,
2001; Eriksson and Catuneanu, 2004a). Duration of
these first-order cycles may thus have reached c. 300–
650 My in the Neoarchaean–Palaeoproterozoic (Aspler and Chiarenzelli, 1998; Catuneanu and Eriksson,
1999), longer than the duration range found for the
Phanerozoic rock record (e.g., Miall, 1997, his Table
3.1). Other workers (e.g., Worsley et al., 1984;
Krapez, 1993) favour an essentially uniform supercontinental cycle length of c. 330–440 My.
Second-order (10–80 My, Vail et al., 1977; 10–100
My, Miall, 1997) cycles of sea level change reflect
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major phases in sedimentary basin evolution, consequent upon changes in mid-ocean ridge (MOR)
spreading rates and their growth/destruction, extensional downwarping due to crustal flexure and crustal
loading, and due to mantle-related thermal processes;
they are correlatable across two or three (formerly
contiguous) tectonic plates in the Phanerozoic (Hallam, 1963; Pitman, 1978; Krapez, 1993; Emery and
Myers, 1996; Miall, 1997). Within the c. 2.7–2.1 Ga
Transvaal basin (Kaapvaal craton, South Africa), five
second-order sequences have been identified, with an
average duration of c. 130 My; less evolved and thus,
at least in the case of Kaapvaal, slower plate tectonic
regimes are inferred (Catuneanu and Eriksson, 1999).
Again, there is an indication that Precambrian (2ndorder) cyclicity may have had differing duration
ranges (discussed in more detail later in this paper).
On most Archaean cratons, basin formation and
sediment deposition occurred within well-delineated
regions and during time intervals that were separated
by lengthy periods of tectonic quiescence characterized by intermittent deposition, non-deposition or
peneplanation (e.g., Pilbara between 3.1 and 2.8 Ga,
and Kaapvaal at c. 3.0 Ga). The evolution of many,
but not all, Archaean sedimentary basins can be
interpreted in terms of modern-day plate tectonic
processes, such as orogeny related to plate collision.
Sedimentary depositories associated with Archaean
greenstone belts may be related to plate rifting or
subduction processes, but do not appear to have exact
modern-day tectonic analogues. Nevertheless, most
greenstone-related depositories were active for intervals of between 10 and 100 My, and so may be
considered as analogous to 2nd-order cycles, particularly those strongly influenced by MORs and
destructive oceanic plate margins. First-order, supercontinental cyclicity cannot be applied readily to
greenstone belts as these belts are inherently part of
craton formation.
Third-order (1–10 My) cycles often have preserved
thicknesses which are well resolved on seismic logs,
and thus form an important cornerstone of bclassical
(cf. Exxon-school)Q sequence stratigraphy (e.g.,
Emery and Myers, 1996). Vail et al. (1977, 1991)
ascribe these cycles to glacio-eustasy; however, a
major problem with this interpretation is the uncommon occurrence of glaciation within the known
Precambrian record. Additionally, for much of the

45

Phanerozoic, there was no low altitude glaciation, yet
third-order (and higher) sea level cyclicity persisted
(e.g., Reading and Levell, 1996). Other, tectonic
mechanisms are preferred by many other workers as
an alternative to glacio-eustasy: e.g., intraplate
stresses leading to large scale flexure of tectonic
plates (Miall, 1984, 1991, 1997; Cloetingh et al.,
1985; Cloetingh, 1988a).
Fourth- and fifth-order (0.1–0.5 My) cycles (cf.
parasequence cycles) probably reflect, at least partially, the influence of autocyclic processes within the
sedimentary systems (e.g., Vail et al., 1977; Emery
and Myers, 1996). The duration of these (and higher
frequency) cycles overlaps with those of the Milankovitch cycles: eccentricity of the annual solar orbit
(0.1–0.4 My); cyclicity in the tilt of the Earth’s axis (c.
41,000 years); the wobble on Earth’s rotational axis
(c. 23,000 years) (e.g., Reading, 1996). Miall (1997),
however, stresses that the lengths of these cycles may
have varied significantly over the geological past.
Implicit in the Milankovitch effects are changing
distributions of plates, water, ice and gravity forces,
and these can deform Earth’s geoid, thereby changing
sea level by 50–250 m over time periods of c. 1 My
(Mörner, 1994), analogous to third-order glacioisostatic cyclic rates (Eriksson, 1999). Thermally
induced geoid highs (cf. mantle plumes, Condie,
1998, 2001, 2004) associated with supercontinental
breakup and analogous geoid lows where daughter
plates reassemble can also result in third-order cylicity
(e.g., Miall, 1997).
The resolution of geochronology required to
identify lower-order cyclicity cannot be achieved
within the Precambrian rock record, but interpretations of cyclicity up to the third-order are possible
based upon detailed facies and architectural studies
(e.g., Catuneanu, 2002; Embry et al., 2004). Basing a
hierarchy of cyclicity essentially on sequence boundary frequency will not be applicable to Earth’s entire
rock record, where, especially for the Precambrian,
changes in the dynamics of plate tectonics are
inferred; instead, Catuneanu and Eriksson (2004)
stress the importance of treating each case separately.
As will be seen below, different authors assign the
same unconformity-bound units within certain early
Precambrian basins to different orders of cyclicity;
this problem is especially found in assigning secondand third-order ranks to cycles. This paper will thus
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Eustatic sea level changes are measured relative to
the fixed datum of the centre of the Earth; they reflect
variation in either ocean water or ocean basin volume,
changes to the hypsometric curve (which summarises
areal distribution of global elevations below and
above mean sea level) (Fig. 1) or variation of Earth’s
geoid (an equipotential surface of the globe’s gravitational field corresponding to mean sea level) (Schopf,
1980; Jervey, 1988; Mörner, 1994; Reading and
Levell, 1996). In contrast to the global nature of
eustasy, relative sea level change, reflecting the
interplay of sea level change and tectonism, as well
as the effect of sedimentation and sediment compaction, is more localised and is difficult to differentiate
in the rock record from eustatic sea level change
(Hubbard, 1988; Posamentier et al., 1988; Posamentier and James, 1993; Emery and Myers, 1996).
2.1. Short-term and localised changes in sea level:
waves, tides, tsunamis, slumps, salinity, temperature
and isolated dessicated basins
Short-term and localised changes in sea level occur
due to waves, tides, storms and storm surges, as well
as hurricanes, tsunamis and catastrophic sediment
slumps; effects on relative sea level will be up to
about 20–27 m on open coastlines (Reading and
Levell, 1996). Relative sea level fluctuations up to
about 10 m occur due to changes in sea water density,
resulting from salinity and temperature (themselves
mutually dependent): increasing salinity and decreasing temperature lower sea level (Donovan and Jones,
1979; Gross, 1990). In the early Precambrian, when
wide and gently sloping shelves were possibly
characterised by more uniform circulation systems
(Eriksson et al., 1998, 2004b, this volume), waves and
tides may have played a more important role in shortterm and localised sea level change. The early
Precambrian greenhouse palaeo-atmosphere, inferred
to have compensated for the bfaint young SunQ,
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Fig. 1. (a) The hypsometric curve, encompassing the cumulative
percentage of the Earth’s solid surface at different elevations above/
depths below mean sea level, is constructed from a histogram of
such elevations/depths (with a 1 km interval in this example). (b)
Examples of hypsometric curves for the six present-day continents,
assuming the edge of the continental shelf to be at a depth of 200 m,
a maximum land elevation of 1000 m above mean sea level, and
normalising this interval to 100%. Note also the continental
freeboard, defined as the relative elevation of a continent with
respect to mean sea level (cf. Wise, 1972, 1974). Modified after
Schopf (1980) and Eriksson (1999).

combined with mantle heat flow values 2–3 times
those at present (e.g., Eriksson et al., 2004a) would
have led to higher oceanic temperatures: possibly up
to 100 8C at 3.8 Ga, 70 8C at 3.4 Ga and 22 8C at 2.0
Ga (compared to average surface temperature today of
17.5 8C; Hoyle, 1972; Perry et al., 1978; Knauth and
Lowe, 1978; Gross, 1990). However, enhanced
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evaporation and concomitant increased ocean water
salinity would have offset these higher water temperatures (Eriksson, 1999). Longer term eustatic fluctuations up to 10–15 m due to flooding and desiccation
of restricted ocean basins (e.g., the Mediterranean;
Reading and Levell, 1996), although possible in the
Precambrian, are not easily amenable to discrimination in the rock record. However, Christie-Blick et al.
(1990) interpret the Wonoka canyons at the base of the
Neoproterozoic Wonoka Formation (Flinders Ranges,
Adelaide geosyncline, Australia) as reflecting Messinian-type evaporative drawdown.
2.2. Glacio-eustasy and the Precambrian glacial
record; intra-plate stresses and Milankovitch effects
on Earth’s geoid
Glacio-eustasy, responsible for third-order cyclicity
within the Vail et al. (1977, 1991) school of thought,
affects sea levels by the combination of water removal
(or addition upon melting of ice) that is enhanced by
increased ocean water density (decreases upon melting). The resultant fluctuations will be reduced by the
combined effects of isostatic loading of continents
with ice (reduces relative sea level drop, or even
induces a relative rise close to the centre of loading)
and hydroisostatic unloading (loading upon melting of
the ice) of shelves with reduced water depths, with an
overall maximum eustatic change of about 150 m
(Reading and Levell, 1996). Rapid isostatic rebound
of continents (up to about 250 m over b10 ka) upon
deglaciation will result in relative sea level drop
locally easily outpacing eustatic rise (Reading and
Levell, 1996). However, application of glacio-eustasy
as an explanation for third-order depositional cycles
remains problematic, due to the relative lack of glacial
epochs in the Precambrian (e.g., Hambrey and Harland, 1981) and large parts of the Phanerozoic also
lack such deposits (e.g., Miller, 1996). For the
Precambrian, apart from the well known three Neoproterozoic glacial events (e.g., Young, 1995), glacial
periods appear very limited in their occurrence, and
their genesis remains subject to debate (e.g., Young,
1991, 2002, 2004). Only one early Precambrian
global glacial event is known, that from c. 2.4–2.2
Ga (e.g., Young, 1970, 2004; Hambrey and Harland,
1985; Eyles and Young, 1994; Young et al., 2001;
Williams, 2004). Only short-lived and very localised
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(possibly mountain ice sheets) glaciation is inferred
for the Archaean (Page, 1981; Von Brunn and Gold,
1993; Young et al., 1998), and for the almost 1500 My
period separating global Palaeoproterozoic and Neoproterozoic events, only one unequivocal glacial
deposit has been identified, at about 1.8 Ga in
Australia (Williams, 2005).
As third-order and higher cyclicity is well known
from almost the entire rock record (Precambrian
examples will be discussed below), particularly for
the Mesozoic and younger parts thereof (Reading and
Levell, 1996), other models are also proposed for
these cycles. Cloetingh (1986, 1988a,b) and Cloetingh
et al. (1985) infer large scale flexure of tectonic plates
due to intraplate stresses, resulting in sea level
variation up to about 100 m over c. 10 My periods
at the flanks of passive margins. They note that these
changes in (relative) sea level can be correlated within
neighbouring basins and the scale is thus cratonic or
even supercontinental rather than global (eustatic). It
should be noted that the action of intraplate stresses is
not restricted to passive margins, but also modifies
vertical movements within intracratonic basins, foreland basins and flexural moats flanking intra-oceanic
volcanic complexes (Cloetingh, 1988b). Moving
distributions of tectonic plates, ice, water and gravity
forces are implicit within the Milankovitch effects,
and can thus result in cyclical sea level changes up to
50–250 m over c. 1 My periods, due to changes in
Earth’s geoid (Mörner, 1976, 1994).
2.3. Eustasy and changing ocean basin volume;
tectonic and magmatic–thermal influences; crustal
growth models and the constant freeboard model
Significant eustatic changes also result from
changes to ocean basin volume, reflecting essentially
plate tectonic–magmatic thermal genesis: enhanced
mid-ocean ridge (MOR) spreading rates, creation of
new ridges and subduction of old ridges raise sea
levels, whereas supercontinent assembly will lower
them (Donovan and Jones, 1979; Holser, 1984;
Harrison et al., 1981; Pitman and Golovchenko,
1983; Windley, 1995). These processes can affect
sea level by up to 350 m over periods of c. 70 My or
less (Reading and Levell, 1996). Sea level drop during
supercontinent collisions will be mitigated by
increased sedimentation along continental margins,
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this in turn being decreased by isostatic depression of
those shelfal margins (Reading and Levell, 1996).
Supercontinental rifting, attenuation and dispersal,
analogously, raise eustatic sea level and favour
carbonate platform development, which further raises
water levels (again, subject to hydroisostatic and
isostatic depressive amelioration) (Eriksson, 1999).
Significant changes to ocean volume also result
from intra-plate hot spots, aseismic ridges (subsiding
volcanic island chains) and oceanic plateaus (Reading,
1978; Schlanger et al., 1981; Sykes and Kidd, 1994);
presently, plateaus cover 10% of ocean floors and
aseismic ridges c. 25% and maximum eustatic
fluctuations are estimated at c. 100 m (Reading and
Levell, 1996) over time scales of c. 106–107 My. The
thermal character of the Archaean mantle and models
for Archaean continental crustal growth strongly
suggest an even more important role for magmatic–
thermal controls on eustasy in the early Precambrian
(Campbell and Griffiths, 1992; De Wit et al., 1992; De
Wit and Hynes, 1995; Windley, 1995). In addition, the
exponential elevation–age relationship demonstrated
for Phanerozoic oceanic lithosphere (e.g., Worsley et
al., 1984) was probably more significant in the
Precambrian (Eriksson, 1999). The interplay of plate
tectonics and mantle (super)plumes (Condie, 1998;
2001) and their products (large igneous provinces or
LIPs; e.g., Ernst et al., 2004) was significant during
the entire Precambrian (and beyond). A relatively
constant occurrence of LIPs is inferred for the
Precambrian, with one occurring about every 20 My
from 2.5 Ga; decreased frequency prior to 2.8 Ga may
be an artifact of data analysis (e.g., Ernst and Buchan,
2001, 2002a,b). These authors find evidence for weak
cyclicity in the plume/LIP record, at frequencies of c.
170, 330 and 730–600 My; there are possible gaps in
this record at 3.3–3.0 Ga, 2.4–2.22 Ga and 720–615
Ma (Ernst et al., 2004). Mantle plumes (superplumes
and superplume events, SPEs) have a direct relationship to the supercontinent cycle (e.g., Peltier et al.,
1997; Condie, 1998) and occur close to supercontinent cycle terminations, leading to globally elevated
sea levels (thus reinforcing sea level rise due to
supercontinent attenuation and breakup) along with
significant changes in ocean chemistry and stromatolite occurrence (e.g., Condie, 2004).
Another important factor affecting early Precambrian eustatic variation is the continental freeboard

concept (relative elevation of a continent with respect
to mean sea level; Wise, 1972, 1974) (Fig. 1), directly
related to crustal growth processes and models (e.g.,
Eriksson, 1999, for detailed discussion). Isotopic and
geochemical data strongly support the hypothesis of a
near-constant thickness for continental crust since the
Neoarchaean (e.g., McLennan and Taylor, 1983); this,
in turn, is used as the basis for the constant freeboard
model (Wise, 1972, 1974) since c. 2.5 Ga, which
allows for the supercontinental cycle controlling firstorder eustatic variation (Nance et al., 1986; Windley,
1995). The constant freeboard model also assumes
that continental crustal growth largely occurred early
in the Precambrian era (McLennan and Taylor, 1982),
although there is still much debate about hypotheses
of early Precambrian (e.g., Armstrong, 1981), episodic (e.g., Veizer and Jansen, 1979) and constant (e.g.,
Nelson, 1991) crustal growth models. It is further
inferred that constant freeboard pertained prior to c.
2.5 Ga as well, due to the balance between crustal
growth (raising eustatic levels) and declining mantle
heat flow (lowering sea levels) (Reymer and Schubert,
1984; see also, discussion in Schubert, 1988; Windley,
1995). Obviously, an approximately uniform crustal
growth model negates the constant freeboard concept.
Linear growth models see crustal recycling as
balancing output and input (e.g., O’Nions et al.,
1979). A majority of researchers supports the episodic
model of continental crustal growth, with c. 80% of
crust having formed by about 2.5 Ga (e.g., Eriksson,
1995). It must be emphasised here that continental
crustal growth, the freeboard concept and sea level
changes are interdependent variables in Precambrian
geology (Eriksson, 1999).

3. Controls on Neoarchaean–Palaeoproterozoic
depositional cyclicity: a discussion
Although research on the application of sequence
stratigraphy to Precambrian examples is still rather
limited (e.g., Beukes and Cairncross, 1991; Krapez,
1993, 1996, 1997; Christie-Blick et al., 1988;
Catuneanu and Eriksson, 1999, 2002; Ramaekers
and Catuneanu, 2004; Eriksson and Catuneanu,
2004b) compared to Phanerozoic studies, it is
generally possible to define first- and second-order
depositional cycles relatively easily, and, in a number
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of cases, third-order cycles have been recognized.
Here we will briefly examine several Archaean–
Palaeoproterozoic studies and discuss the controls
on these three orders of cyclicity, with emphasis on
differences with younger sedimentary rock records.
3.1. First-order cyclicity
Evidence in support of the supercontinental cycle
being responsible for first-order sedimentary cyclicity
is well founded (e.g., Worsley et al., 1984, 1986),
based primarily on the two supercontinent events
known from the Phanerozoic. For the early Precambrian, although there are a number of papers
discussing the concept, evidence for supercontinents
remains inconclusive and is intrinsically tied to
divergent models of continental crustal growth.
Assuming validity for the early Archaean growth
model of Armstrong (1981) will automatically
prejudice the researcher in favour of postulated
supercontinents such as bUrQ (centred on India and
stable by c. 3.0 Ga; Rogers, 1996), and various
configurations suggested for the Neoarchaean (e.g.,
Button, 1976; Piper, 1983; Williams et al., 1991—
bKenorlandQ; Gaál, 1992; Stanistreet, 1993—
bZimvaalbaraQ; Cheney, 1996—bVaalbaraQ; Rogers,
1996—bArcticaQ). Of these, perhaps the best constrained is Kenorland, which originally comprised the
Archaean provinces of North America, but has since
been expanded to include the Baltic and Siberian
shields. The concept is supported by a large geochronological data base (Aspler and Chiarenzelli,
1998). These authors also postulated that another,
bsouthernQ (present-day frame of reference) supercontinent may have existed in the Neoarchaean–
Palaeoproterozoic, including at least Kaapvaal and
the Pilbara cratons, the two oldest known. However,
despite a number of bVaalbaraQ reconstructions (see
Cheney, 1996 for overview) and a remarkable
similarity in lithostratigraphy of their Neoarchaean–
Palaeoproterozoic supracrustal successions, precise
zircon age data and palaeomagnetic studies do not
support this proposal, indicating that widespread
beventsQ do not necessarily imply contiguity (Wingate, 1998; Nelson et al., 1999). Bleeker (2003)
recently challenged the widely supported idea of a
single (or perhaps a very limited number thereof)
Neoarchaean supercontinent, and provides a good
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case for there possibly having been a relatively large
number of bsupercratonsQ which spawned the c. 35
known large Archaean cratonic fragments known
today. He suggests that the Slave, Superior and
Kaapvaal cratons bear evidence for derivation from
independent supercratons, but that the Indian Dharwar, the Wyoming and the Zimbabwe cratons may
have been part of an ancestral bSclaviaQ supercraton
which may also have incorporated the Slave.
The oldest supracrustal successions to which
sequence stratigraphy has been applied are those of
the granite-greenstone terranes of the Pilbara craton,
Australia, where Krapez (1993; see also, 1996, 1997)
has identified two first-order (Fig. 2) and seventeen
second-order cycles from c. 3.5 to 2.7 Ga. He equates
the former with the bclassicalQ supercontinental cycle
length of 440 My (Worsley et al., 1984; Nance et al.,
1988), but notes that assembly and breakup phases of
the cycle may have overlapped with the c. 120 My
long stasis period after formation of the new landmass; first-order cycle length was thus inferred as
380–340 My. Krapez (1993) further refers to the
analogous duration of the 2770–~2400 Ma Mount
Bruce (succession) cycle of the overlying Hamersley
basin succession of the Pilbara craton (e.g., Blake and
Barley, 1992) and therefore suggests that steady state
plate tectonic processes have operated throughout
Earth history. Krapez (1993, 1996, 1997) supports the
Armstrong (1981) hypothesis of early Precambrian
crustal growth in his essentially buniformitarianQ
Archaean sequence stratigraphic models.
The Fortescue and Hamersley Groups (forming the
lower, c. 2.7–2.45 Ga portion of the Mount Bruce
succession; Nelson et al., 1999) of the Pilbara craton
show a very close lithostratigraphic relationship with
equivalent, broadly coeval rocks of the Ventersdorp
Supergroup and overlying Ghaap–Chuniespoort
Groups of Kaapvaal (lower Transvaal Supergroup;
e.g., Altermann and Nelson, 1998). Episodic volcanism, rather than sea level fluctuations, probably
played a dominant role in the control of second-order
depositional cycles within both the Fortescue and
Ventersdorp successions. Cycles (second-order
according to Nelson et al., 1999; more likely, thirdorder) with a high degree of similarity occur in both
cratons within the Hamersley–lower Transvaal succession, and will be discussed below. Catuneanu and
Eriksson (1999) have interpreted the sequence strat-
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Fig. 2. Sequence stratigraphy interpreted for the Archaean Pilbara granitoid-greenstone terrane by Krapez (1993). The vertical and lateral
associations of rock units and interpreted geotectonic settings are shown in the centre, inferred sea level change and a time scale at right, with the
two first-order cycles (West Pilbara and East Pilbara) shown at left. Modified after Krapez (1993).
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igraphy of the c. 2.7–2.1 Ga Transvaal Supergroup as
comprising a first-order cycle of c. 650 My duration,
with five second-order cycles (Fig. 3), discussed in the
next section. They ascribe the first-order cycle length
to a less evolved plate tectonic regime in contrast to
the faster plate movements of the Phanerozoic. The
sequence stratigraphic models of Krapez (1993) for
Pilbara and Catuneanu and Eriksson (1999) for
Kaapvaal for the c. 2.7–2.4 period are thus in direct
contrast to each other, and both do not accord with the
paradigm of faster plate movements in the Archaean
when mantle heat flow was 2–3 times that at present
(e.g., Nisbet, 1987).
An essentially slower plate tectonic regime is also
interpreted by Catuneanu (2001) for the c. 3.1–2.8 Ga
Witwatersrand basin of Kaapvaal, where there is
direct evidence of insufficient dynamic loading of
the foreland system. Analogously, protracted attenuation and breakup of the Kenorland supercontinent is
proposed by many researchers working in different
segments of this dispersed possible supercontinent.
Young et al. (2001) suggest a full Wilson cycle and a
first-order cycle duration of c. 550 My for the c. 2.4–
1.85 Ga Huronian Supergroup and Sudbury basin of
the Superior Province, Canada. Aspler et al. (2001)
propose an analogous supercontinental first-order
cycle from c. 2.45–1.9 Ga for the succession
preserved within the Hurwitz basin, Hearn domain,
northern Canada. Similarly, for the essentially coeval
Karelain Supergroup (Baltic shield), Ojakangas et al.
(2001a) suggests a 550 My first-order Kenorland
cycle.
The Kenorland cycles support the viewpoints on
slower tectonic regimes and concomitant longer firstorder cycles gained from the Transvaal and Witwatersrand basin-fills. Although these combined views
may suggest that the work of Krapez (1993) on the
3.5–2.7 Ga Pilbara succession errs in its adherence to
Phanerozoic-type first-order cyclicity and a steadystate plate tectonic system throughout Earth history,
another scenario is also possible. The assumption that
Meso-Neoarchaean plate tectonics was more rapid
than that inferred for the c. 3.1–2.1 Ga Kaapvaal
basins and comparable (at least in its plate movement
rates) with Phanerozoic supercontinental cycles, as
suggested by Krapez (1993), is in accord with the
opinions of most workers studying Archaean greenstone belts, who find a strong similarity with
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Phanerozoic plate tectonic processes and island arc
systems (e.g., Mueller and Corcoran, 2001;
Daigneault et al., 2004). The entire question of early
Precambrian plate tectonics and its nature remains a
highly contentious issue (see Eriksson and Catuneanu,
2004a, for a recent relevant discussion); however,
Trendall’s (2002) bplugholeQ model provides a means
of providing a transition from a whole mantle
convecting Hadean Earth to a layered mantle–plate
tectonic Neoarchaean globe. The latter model also
encompasses a gradual transition from mantle-dominated early crustal evolution to a fully plate tectonic
regime and explains the formation of deep continental
roots beneath early Precambrian cratons.
It is possible that enhanced heat flow in the Neoarchaean–Palaeoproterozoic led to rapid rates of
island arc accretion and intra-oceanic obduction
tectonics (cf. De Wit et al., 1992), combining to
result in rapid crustal growth and an apparent
dominance of Phanerozoic-style plate tectonics within
greenstone (cf. arc) systems, whereas more stable and
rigid early cratons like Kaapvaal and Pilbara, with
significant roots, were less amenable to rapid breakup
during onset of Wilson cycles and were subject to
smaller dynamic loading within foreland systems. The
small size of these early cratons possibly limited the
thermal blanketing effect and, additionally, the contrast in rheological behaviour and thermal character
between such early small cratonic plates and the large,
dynamic oceanic crustal realms may have been greater
than that known from the Phanerozoic. These factors
could, perhaps, explain more rapid plate tectonic
regimes and shorter first-order sequence stratigraphic
cyclicity in Archaean greenstone belts, with both
becoming reduced when applied to emerging cratonic
realms in the Palaeoproterozoic.
3.2. Second-order cyclicity
Second-order cycles of c. 10–100 My duration can
generally be ascribed to a number of possible causes:
(1) bdynamic topographyQ, which refers to continental
scale thermal uplift, due to the thermal blanketing
effect trapping mantle heat beneath a large craton, or
which can also result from mantle plumes (large scale)
or mantle inhomogeneities (smaller, sub-continental
scale)—these cycles will easily be identified within
intracratonic basin-fills; (2) changes in volume and
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spreading rate at MORs leading to global changes in
sea level, which are best observed in successions from
extensional craton marginal settings (cf. passive
margins); (3) downwarping of cratonic margins due
to extensional tectonic regimes and/or crustal loading
(such as due to sedimentation) (Miall, 1997). Although the second mechanism will result in
correlatable second-order sequences across several
continents (e.g., Sloss, 1963; Soares et al., 1978;
Hallam, 1984), the other two will tend to be more
restricted, with the third having the most restricted
distribution.
As pointed out above, mantle plumes and LIPs
have a weak cyclicity of greater duration than secondorder cycles (c. 170, 330 and 600–730 My; Ernst et
al., 2004). They are thus possible contributors to firstorder cyclicity or, alternatively may enhance or
decrease first-order supercontinent cycles (and plumes
have, anyway, a strong connection to such cycles; cf.
Condie, 1998, 2001). A possible genetic relationship
between LIP cyclicity and second-order sequences
would thus appear unlikely, except in the sense that
plumes and LIPs may have episodically caused
continental epeirogenesis rather than resulting in
cyclical changes to the hypsometric curves of
individual continents or cratons. Despite a long-held
paradigm that cratonic interior epeirogenesis reflected
essentially plate marginal far field effects, the work of
Gurnis and others (Bond, 1978; Gurnis, 1988, 1990,
1992; Burgess and Gurnis, 1995) has demonstrated
clearly that larger and smaller scale convection cells in
the mantle can produce cyclical changes such as
uplift, subsidence, cratonic tilting and intracratonic
basin formation. They also vary in scale from large
events related to the supercontinent cycle and global
geoid anomalies (supercontinents breaking up above
geoid highs and assembling over geoid lows; cf.
Condie, 2004) to sub-cratonic scale systems.
Catuneanu and Eriksson (1999) inferred that the
first-order c. 650 My cycle of the Transvaal Supergroup, Kaapvaal, could be subdivided into five
second-order unconformity-bound depositional
sequences (Fig. 3). Each of these latter cycles was
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characterised by variable preservation of an ideal
cyclical alternation of basal lowstand, transgressive,
highstand and uppermost falling stage systems tracts.
The Transvaal second-order sequences had an average
duration of about 130 Ma; as with the first-order
cycles discussed above, this is much longer than
Phanerozoic equivalents. A less active plate tectonic
regime was inferred for the c. 2.7–2.1 Ga period, as
for the longer first-order Transvaal cycle (Catuneanu
and Eriksson, 1999). These authors postulated that
controls on the second-order cyclicity were largely
from rifting and thermal subsidence, with a secondary
influence from glacio-eustasy during the c. 2.4–2.2 Ga
global refrigeration event.
Eriksson et al. (1999) attempted to correlate longduration depositional cycles from the Neoarchaean–
Palaeoproterozoic plates making up the African,
Indian and Australian continents, and postulated
globally enhanced sea levels at c. 2.6–2.4 Ga, with a
second analogous event at c. b2.2 to N2.15 Ga (Fig.
4). These two longer-duration cycles equate with
Catuneanu and Eriksson’s (1999) second and third,
and fourth and fifth second-order cycles (Fig. 3),
respectively. Eriksson et al. (1999) interpreted the
first, c. 2.6–2.4 Ga cycle as reflecting either
bsouthernQ supercontinent breakup or catastrophic
global-scale mantle overturn events (cf. Nelson,
1998, 2004) related to a transition from whole to
layered mantle convection and the onset of modernstyle plate tectonics, at c. 2.7 Ga. The younger, c. 2.2
Ga cycle was inferred to be due to a combination of
post-glacial eustatic rise combined with palaeoatmospheric change and concomitant change in global
weathering conditions. The older cycle postulated by
Eriksson et al. (1999) would thus be analogous to a
first-order cycle, but the second almost certainly
belongs to a lower order, second or even third.
This illustrates a complex problem inherent in
sequence stratigraphic interpretation of all successions, especially those of early Precambrian age: the
difficulty of determining a sequence hierarchy, which
leads to incompatibility of various interpretations of
cyclic order. This problem is only exacerbated by the

Fig. 3. Summary figure illustrating lithostratigraphy, chronology, inferred tectonic settings and depositional palaeoenvironments for the
Transvaal Supergroup in the Transvaal preservational basin. Inferred base-level changes (second column from right) comprise five second-order
sequences (numbered 1–5 from the base up), forming the c. 650 My duration Transvaal first-order sequence. For ages and details see Catuneanu
and Eriksson (1999, and references therein). Wavy lines represent suggested unconformable contacts.
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Fig. 4. Geohistory summary diagram for the 2.7–2.0 Ga volcano-sedimentary successions of Africa. Base of each column indicates the approximate age of stabilisation of crustal
basement, and at the top of each column the onset of the Eburnean orogeny (cross-hatching) as well as major magmatic/tectonic events are shown. Note lower depositional cycle
(transgressive epeiric marine succession, shown in black) at c. 2.6–2.4 Ga, correlatible across much of Africa, and characterised by carbonate-BIF rocks. Upper, analogous,
widespread, transgressive depositional cycle, at c. b2.2 to N2.15 Ga (shown by light stippling) was characterised by common black shales. These two long-duration (probably firstorder) cycles can also be correlated across large portions of India and Australia (see text). Modified after Eriksson et al. (1999).
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almost universally poor chronological control available for most Precambrian successions. Still within
the Transvaal Supergroup of Kaapvaal, and considering Catuneanu and Eriksson’s (1999) third secondorder cycle (the Ghaap–Chuniespoort Groups of
carbonate-banded iron-formation affinity) (Fig. 3), it
should be noted that Altermann and Nelson (1998; see
also, Nelson et al., 1999) define four second-order
cycles (duration 10–50 My) within this carbonate
platform succession; they attempt to correlate these
with analogous cycles from the Pilbara craton
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(Hamerlsey Group) (Fig. 5), following the ideas of
Cheney (1996). They interpret these regressive–transgressive cycles as reflecting craton-marginal downwarping and loading due to sediment and volcanic
rock accumulation (cf. (3) above in Miall’s, 1997
summary of genesis of second-order cycles). Such
downwarping may have been a delayed consequence
of the rapid accumulation of the underlying thick
Fortescue and Ventersdorp volcanic successions.
Within the Catuneanu and Eriksson (1999) model of
Transvaal sequence stratigraphy, these same cycles

Fig. 5. Lithostratigraphic columns for the Pilbara craton (Hamersley basin) and for the Kaapvaal craton (Griqualand West and Transvaal
preservational basins of the Transvaal Supergroup) for the c. 2.7–2.4 Ga supracrustal successions. Note transgression–regression curves for the
three successions, defining analogous cyclicity on both cratons; these cycles are inferred to be of second-order rank by Altermann and Nelson
(1998; see also Nelson et al., 1999). However, they form part of the third second-order Transvaal cycle shown in Fig. 3, and interpreted by
Catuneanu and Eriksson (1999) as third-order cycles (see text for discussion). Modified after Nelson et al. (1999). Abbreviations: Pilbara—
JF=Jeerinah Formation; MMIF=Marra Mamba Iron Formation; WF=Wittenoom Formation; MtSF=Mount Sylvia Formation; McRS=Mount
McRae Shale; DGM=Dales Gorge Member, Brockman Iron Formation; BIF=Boolgeeda Iron Formation; TCG=Turee Creek Group. Griqualand
West—SD=Schmidtsdrif Subgroup; CR=Campbellrand Subgroup; AH=Asbesheuwels Subgroup; KOE=Koegas Subgroup. Transvaal—
BR=Black Reef; MAL=Malmani Subgroup; PG=Penge Iron Formation; PR=Pretoria Group.
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would be viewed as third-order cycles; Catuneanu and
Eriksson (1999) also viewed Transvaal second-order
cyclicity as being due to a combination of craton
margin downwarping/loading and intracratonic
epeirogenesis (similar to (1) and (3) above in the
Miall, 1997 scheme).
Within the c. 2.45–1.9 Ga Karelian Supergroup of
the Baltic Shield, Ojakangas et al. (2001a) define five
second-order cycles, ranging from 30 to 150 My, with
an average duration of c. 100 My. They ascribe this
cyclicity to changes in ocean basin volume from
MOR volume variation, resulting in eustatic movement of sea level. All three major causes of secondorder cylicity discussed at the beginning of this
section (cf. Miall, 1997) thus appear to have validity.
In addition, and as found for the first-order cycles,
durations of second-order depositional cycles in the
Neoarchaean–Palaeoproterozoic cratonic basinal successions may have been longer than Phanerozoic
equivalents; once again, this is taken to reflect a less
evolved (i.e., less bPhanerozoic-likeQ) plate tectonic
regime globally, or that more rigid continental plate
behaviour impeded either more rapid epeirogenesis in
craton interiors or faster subsidence along craton
margins.
3.3. Third-order cyclicity
These cycles tend to support the Vail et al. (1977)
postulate whereby eustasy is the main control on
cyclic variation, and the thickness of third-order
sequences matches the resolution typically found in
seismic logs; in many ways, thus, this order of cylicity
is closest to the Exxon school view of depositional
cycles and their major controls. Within this paradigm,
third-order cycles reflect glacio-eustasy (e.g., Vail et
al., 1991). The uncommon preservation of glacial
deposits and lack of evidence for global refrigeration
events in the Precambrian rock record, already
discussed above, do not support this postulate as the
main genetic control on third-order cyclicity.
However, despite the general dearth of evidence
for glaciation in the Precambrian record, this should
not be read as implying that Earth lacked glaciated
polar regions, despite a probable greenhouse atmosphere for much if not all of the Neoarchaean–
Palaeoproterozoic period (e.g., Holland et al., 1986;
Rye et al., 1995; Ohmoto, 2004 and references

therein). A major variable in studying the Precambrian Earth is the change in rotation rate of the planet;
accurate data are only available for the Neoproterozoic, suggesting a length-of-day (LOD) of c. 18.2 to
20.9 h (Sonett et al., 1996; Williams, 1998, respectively). Rautenbach (2001) used the previous estimate
in sophisticated supercomputer models examining
climatic change and palaeoclimatic character; even
though it is probably the less accurate figure for the c.
900 Ma LOD, the principles resulting from Rautenbach’s work remain essentially the same. A more
rapid rotation rate will result in an increased number
of meridional atmospheric circulation cells (cf.
Hadley cells) on Earth compared to those of today,
with reduced horizontal winds and increased vertical
wind regimes in the atmosphere (Hunt, 1976;
Rautenbach, 2001). Together, these differences would
have led to less efficient transfer of heat from the
warm equatorial regions to polar latitudes (Hunt,
1979; Rautenbach, 2001). Additionally, global climates would have had a greater static and dynamic
stability as rotation rate increased (Stone, 1973; G.E.
Williams, 2004, personal communication). The warm
global greenhouse supported by the majority of
researchers into Earth’s early Precambrian palaeoclimate (e.g., Ohmoto, 2004) may thus have been
pertinent only at relatively low to medium latitudes.
Polar latitudes would have been glacial in character.
The more extreme palaeoclimatic dichotomy of the
Neoarchaean–Palaeoproterozoic allied to its greater
latitudinal stability would likely have made a
bsnowball EarthQ (totally frozen globe) model (e.g.,
Hoffman et al., 1998) more plausible (Molnar and
Gutowski, 1995). However, hard geological data
negating the snowball Earth model and discussed
recently by Young (2004) and Williams (2004) make
the possibility of a frozen Earth seem unlikely. G.M.
Young (personal communication, 2004) additionally
notes that evidence for the inferred Precambrian
greenhouse palaeoclimates is based largely on studies
of chemical weathering, and that the latter was likely
influenced more by the high P CO2 than by elevated
temperatures.
Due to the uncommon evidence for global glaciation in the Precambrian rock record and the inferred
palaeoclimatic effects of faster rotation during the
Neoarchaean–Palaeoproterozoic period, glacioeustasy cannot generally be accepted as a plausible

P.G. Eriksson et al. / Sedimentary Geology 176 (2005) 43–65

explanation for third-order depositional cyclicity.
Alternative explanations have been detailed above,
the most likely being either intra-plate stresses
(Cloetingh et al., 1985; Cloetingh, 1988a) or cyclic
deformations of Earth’s geoid (Mörner, 1994). Tectonism resulting in both relative (i.e., local) and
eustatic changes in sea level remains important in
generating third-order cyclicity. When applying these
concepts to classic plate tectonic scenarios, Exxontype sea level change curves apply relatively well to
extensional continental margins and back-arc basin
settings, but within arc-related basins, filling and
deflation of magma chambers becomes an additional
factor; within foreland basins, flexural loading causes
relative sea level changes within the 104–107 year
scale (e.g., Miall, 1997).
Within highly deformed Archaean greenstone
belts, the depositional cyclicity usually recorded is
that of third-order (e.g., Hofmann et al., 2001 for the
Belingwe belt, Zimbabwe craton) or, sometimes, even
higher order. The shorter duration of first-order Mesoto Neoarchaean cycles from such terranes, allied to the
apparent concordance between many third-order cycle
patterns and the Vail et al. (1977)-type eustatic cycles
from the Phanerozoic record, may be important
reasons for the generally uniformitarian geodynamic
models applied by most researchers working on
greenstone belts. As noted above, Neoarchaean–
Palaeoproterozoic cratonic basin-fills generally appear
to suggest slower plate dynamics and concomitantly
elongated durations of first- and second-order depositional cycles.
Catuneanu (2001) identified 25 depositional cycles
within the c. 3.0–2.8 Ga Witwatersrand Supergroup,
Kaapvaal craton; limited age data suggest an average
cycle length of c. 8 My. As the bounding surfaces
extend across the preserved basin and show no
evidence for deformation or for significant changes
in sedimentation systems, these are interpreted as
third-order cycles (Catuneanu, 2001). Catuneanu and
Biddulph (2001) examined four of these cycles in
more detail, interpreting a repetition of lowstand,
transgressive and highstand systems tracts within the
Vaal Reef facies of the Witwatersrand basin (Fig. 6).
In view of the flexural foreland basin model applied to
this basin (Catuneanu, 2001), the major control for
these cycles was probably related to episodic loading
and subsidence during advance of the thrust-front,
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alternating with stages of erosion as unloading and
isostatic rebound occurred.
Beukes and Cairncross (1991) examined depositional cyclicity within the Pongola Supergroup, which
is generally correlated with the Witwatersrand Supergroup. Their proposed sequence boundaries were
based on the relationship between interpreted depositional facies. They inferred a passive margin tectonic
setting (on the basis of facies-type sedimentary
palaeoenvironmental modeling) for this portion of
the greater Witwatersrand basin and thus felt justified
in applying Vail et al. (1977) or Exxon school-type
sequence stratigraphy, where eustasy within a framework of continuous tectono-thermal subsidence is the
main control. However, the flexural foreland model
supported by most Witwatersrand researchers (cf.
Catuneanu, 2001) would place the Pongola basin
within the backbulge part of the depository, where it
would have been subjected to cyclical tectonic loading
and unloading. Beukes and Cairncross (1991) calculated durations of c. 11 My for the six cycles they
identified, and they interpreted these as second-order
cycles related either to sea floor spreading rates or due
to basin-wide tectonic events. The latter would appear
to be in contradiction to their earlier assumption of a
passive margin setting, while their support of the Haq
et al. (1988) Phanerozoic sea level curves (see also
discussion by Miall, this volume) for the Pongola
cycles is not in agreement with the tectonic influences
implicit in the flexural foreland basin model. We
suggest, alternatively, that the Pongola cyclicity of c.
11 My, like the c. 8 My cycles identified within the
Witwatersrand Supergroup by Catuneanu (2001) are,
in reality, third-order cycles of essentially tectonic
origin.
Analogously, the c. 10–50 My, second-order,
cycles identified by Altermann and Nelson (1998)
within the c. 2.58–2.43 Ga carbonate platform of the
Transvaal basin, Kaapvaal (discussed under secondorder cyclicity above) (Fig. 5), are possibly of thirdorder rank. The importance of establishing a hierarchical order of cyclicity (e.g., Catuneanu and
Eriksson, 2004) is again emphasised by identification
of third-order cycles within the lower part of the
Pretoria Group, Transvaal Supergroup (Catuneanu
and Eriksson, 2002) (Fig. 7). Here the Rooihoogte
and overlying Timeball Hill Formations are bounded
by strongly erosional and angular unconformities,
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Fig. 6. Sequence stratigraphy of the Vaal Reef facies associations within the Kopanang and Great Noligwa localities, Central Rand Group,
Witwatersrand Supergeroup, Kaapvaal craton. The figure illustrates systems tracts inferred for four of the 25 third-order depositional cycles
identified by Catuneanu (2001) and Catuneanu and Biddulph (2001). Modified after the later authors. Abbreviations: HST=highstand systems
tract; LST=lowstand systems tract; TST=trangressive systems tract; SU=subaerial unconformity; RSE=regressive surface of marine erosion;
RS=ravinement surface.

thus indicating major tectonic reorganisation of the
Transvaal basin, in accord with the definition of
second-order cycles. Additionally, the Rooihoogte–
Timeball Hill succession, comprising a conformable
package of strata related genetically to a full cycle of
rifting (Fig. 3), suggests a second-order character
(Catuneanu and Eriksson, 2002). These authors
discuss syn-rift extensional and post-rift thermal
subsidence that provided the accommodation for
sedimentation during the c. 2.4–2.2 Ga period of
global glacio-eustatic fall for this second-order cycle.

Having established these controlling factors (rifting
with concomitant mechanical and subsequent thermal
subsidence) on second-order sea level change, the
essentially concordant nature of the basin-wide
unconformity at the base of the Klapperkop Sandstone
Member, Timeball Hill Formation, can confidently be
interpreted as dividing two third-order cycles within
the Rooihoogte–Timeball Hill succession (Catuneanu
and Eriksson, 2002) (Fig. 7). Thus, although the
Rooihoogte–Timeball Hill succession was deposited
during active (possibly global) glaciation (with at least
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Fig. 7. Sequence stratigraphic interpretation (not to scale) of the Rooihoogte Formation–Timeball Hill Formation (Pretoria Group, Transvaal
Supergroup; see second-order cycle number 4 in Fig. 3) succession. Note that this succession is split into two third-order depositional cycles
(numbered as (1) and (2) at left of figure) by the basin-wide subaerial unconformity at the base of the Klapperkop Member, Timeball Hill
Formation (numbered as 4 above). Abbreviations: LST, TST, HST as for Fig. 6; (1) = lacustrine Mudstone Member, Rooihoogte Formation;
(2) = Polo Ground Sandstone Member, Rooihoogte Formation; (3) = Lower Shale member, Timeball Hill Formation, excluding the basal black
shales which are shown with stipples; (4) = Klapperkop Member, Timeball Hill Formation; (5) = Upper Shale Member, Timeball Hill Formation.
Modified after Catuneanu and Eriksson (2002).

three cyclic advances and retreats of glacial systems,
cf. Young, 1991, 2004), the main control on thirdorder cyclicity within the Pretoria Group basin
appears to have been tectono-thermal in character. It
should be noted that there is a divergence of views
whether the evidence for the c. 2.4–2.2 Ga glaciation
observed on several cratons represents a truly global
event or more restricted refrigeration; certainly, the
lower two diamictite-bearing units in the Canadian
Huronian Supergroup are only developed locally
within fault-bounded basins, while the upper, Gowganda Formation is much more widespread (e.g.,
discussion in Young, 2004).
Higher up in the Pretoria Group of the Transvaal
basin, the Daspoort Formation is also amenable to
third-order sequence stratigraphic studies. As many
Precambrian basins are only partially preserved, they
should commonly show successions where no shoreline deposits approximately coeval with fluvial

deposits are preserved. In such cases, the subdivision
of fluvial deposits into lowstand, transgressive and
highstand systems tracts cannot realistically be justified (e.g., Shanley and McCabe, 1994; Catuneanu and
Eriksson, 2004). The alternative approach, of using
changes in fluvial style and architecture, has been
applied successfully recently in the Phanerozoic
record (e.g., Boyd et al., 1999; Zaitlin et al., 2000).
As accommodation is generally limited during early
fluvial base level rise, to be followed by creation of
accommodation at higher rates, the concept of these
authors, namely that of low and high accommodation
systems tracts, can be applied (Catuneanu and
Eriksson, 2004). The first two applications of this
concept to Precambrian fluvial deposits are those for
the c. 2.0–1.6 Ga Athabasca basin (Rae and Hearne
Provinces, Saskatchewan and Alberta, Canada) (Ramaekers and Catuneanu, 2004) and the c. b2.3 and N2.1
Ga Daspoort Formation (Eriksson and Catuneanu,
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2004b). In both cases, third-order cyclicity was
controlled essentially by tectonic influences, with
tectonic indentation following upon the Trans-Hudson
orogen influencing the Athabasca basin deposition
(e.g., Ramaekers and Catuneanu, 2004), and post-rift
thermal subsidence controlling fluvial sedimentation
within the Daspoort Formation (Catuneanu and
Eriksson, 1999; Eriksson and Catuneanu, 2004b).
Strand (1993) identified four sequences (mostly
comprising transgressive and subsequent highstand
systems tracts) of c. 10–20 My duration within the c.
2.5–2.1 Ga supracrustal rocks of the Fennoscandian
craton. He related these cycles to variable thermal
subsidence of the lithosphere following upon earlier
rifting events (Strand and Laajoki, 1999). Within one
of these cycles, they found evidence for a lower-order
cyclicity (which they related to glaciogenic change in
relative sea level) and were able to use these to
correlate between two adjacent supracrustal sedimentary belts on the craton. Strand and Laajoki (1999)
were uncertain whether the four sequences corresponded to second- or third-order cycles; Ojakangas et
al. (2001a) in their study of the Karelian Supergroup,
inferred them to be third-order cycles of 10–20 My
duration, within the c. 100 My (average duration)
second-order cycles they identified. Ojakangas et al.
(2001b) also identify c. 1–10 My duration third-order
cycles of glacio-eustatic origin within the c. 2.2–1.73
Ga rocks of the Lake Superior region, North America.

4. Conclusions
Generally, the well known controls on sea level
change inferred for the Phanerozoic rock record can
be applied to the Precambrian record as well, but
some qualification is necessary. Possibly more uniform circulation systems on the wide and gently
sloping shelves typical of Precambrian continental
margins may have enhanced the control on short-term
relative sea level resulting from waves and tides. As
evidence for glaciation in the Precambrian is even less
than that in the Phanerozoic record, glacio-eustasy
would appear to have been much less important than
intraplate stresses and cyclic changes to Earth’s geoid
as possible explanations for third-order cyclic changes
in sea level. Changes to ocean basin volume due to
bhot spotsQ, aseismic ridges and mantle plumes

(superplumes and SPEs) would have been more
important influences in the early Precambrian due to
a higher mantle and surface heat flow. A weak
cyclicity identified in LIP events throughout the
Precambrian equates approximately with first-order
depositional cycle durations, and anyway, the supercontinent cycle is indubitably linked to thermal
blanketing and supercontinent breakup due to mantle
plumes (e.g., Condie, 1998). The interdependence of
continental freeboard, sea level change and continental crustal growth rates was important for the
Precambrian era.
Controls on Precambrian second-order cyclicity
appear to have been due to thermal epeirogeny,
changes to MOR volume and growth/decay rates,
and cratonic marginal downwarping due to extensional tectonism and/or sediment loading (cf., Miall,
1997). For third-order cyclicity, additional controls in
Precambrian basins included cyclic loading/unloading within flexural foreland settings, as well as
filling and deflation within magma chambers related
to arc evolution. The duration of third- and lowerorder cycles overlaps with the errors normal in
precision zircon dating techniques, but there is a
strong need for accurate dating of ash beds
interbedded within Precambrian sedimentary successions to better define the cyclicity periods of higherorder cycles. The importance of establishing a
hierarchical order of cyclicity when interpreting the
sequence stratigraphy of Precambrian basins (cf.
Catuneanu and Eriksson, 2004) cannot thus be
over-emphasised.
Examination of the limited number of studies of
early Precambrian sequence stratigraphy suggests that
in Archaean greenstone basins, first- and second-order
cycles may have been analogous in duration to their
Phanerozoic equivalents. This in turn indicates the
possibility of steady state plate tectonic processes
throughout Earth history (e.g., Krapez, 1993). However, basin-fills from Neoarchaean–Palaeoproterozoic
cratonic terranes point to first- and second-order cycle
durations which are significantly longer than their
Phanerozoic counterparts; this in turn suggests that the
supercontinent cycle and plate tectonism affecting
these early stable continental plates were less evolved
than on the Modern–Phanerozoic dynamic Earth. It is
postulated that the contrast between much more
dynamic oceanic plates, undergoing fast plate migra-
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tions and arc generation, and early stable and deeplyrooted cratons was such that this apparent dichotomy
in plate tectonic character became possible.
We conclude that the sedimentary cyclicity
observed in Precambrian successions is primarily a
function of the interplay of a series of independent
tectonic and climatic controls that operate over
different time scales. In addition, each control on
(relative) sea level shift, such as a cycle of
continental rifting for example, may record a change
through time in duration and rates of processes
during the history of an evolving Earth. This
suggests that attempts to classify cycles according
to a rigid time framework may prove to be
inadequate, and may lead to artificial interpretations
of hierarchical orders as sequences are forced to fit
pre-conceived classification schemes. Irrespective of
time span, the nature of processes that lead to the
formation of sequence boundaries, as well as their
relative importance within each basin, may provide a
more realistic basis for their classification into
hierarchical orders. The wide range of controls on
Precambrian sea level change, as well as their
variability through time in terms of rates and
periodicity, supports this conclusion and argues that
each order of cyclicity is relative and needs to be
defined within the stratigraphic context of individual
case studies.
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