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Abstract: Basin classification rests on a plate tectonic foundation, highlighting lithospheric substrate, proximity to
plate margin and relative motion of the nearest plate boundary. Major mechanisms for regional subsidence and uplift
are subdivided into isostatic, flexural and dynamic groups. Basin-forming mechanisms and basin types do not
exhibit simple cause-and-effect relationships, but rather reflect a matrix-type relationship. Different basin types have
different spans of existence, with generally shorter life spans related to more tectonically active settings. Many
‘polyhistory’ basins, composed of two or more megasequences, reflect a long evolution dominated by different
basin-forming and basin-modifying mechanisms. The supercontinent cycle is marked by distinct sets of basin types,
developed during successive phases of the cycle. Major classification schemes are reviewed briefly, before
surveying the range of basin types represented in the Proterozoic of several key cratonic areas. Basins examined
encompass almost the entire Neoarchaean — Neoproterozoic period. All these basins have a relatively long history of
preservation, which can be tied to the essentially continental character of their basement rocks and concomitant
enhanced “survivability”. Their preservation thus underlines the longevity and inherent stability of the continental
lithosphere. The distinction between basin occurrence over geological time and preferential preservation is
important when viewing the geological record.

This paper serves as the more generalised of two introductory contributions to a volume on the
Precambrian basins of India. The companion introductory paper (Meert and Pandit, this volume)
is focused on the geological evolution of India and particularly the tectonic framework that
accommodated evolution of the Indian Precambrian depositories. In contrast, the current article
examines firstly the merits of basin classification schemes in order to provide a background for



the 17 regional papers on almost all important Precambrian basins of the Indian continent, which
make up most of the volume. Secondly, this paper uses mainly Proterozoic basins from a set of
specific cratons (Kaapvaal craton, Canadian shield, Brazilian shield, Australian continent and
North China craton) to exemplify the intrinsic complexity of the natural record across the globe
against the more generic basin classification schemes. In view of the comprehensive review of
Indian Precambrian basins presented by Meert and Pandit (this volume) and the detailed basin
studies making up the core of the book, it would have been superfluous for our paper to also
include a review of the Aravalli-Bundelkand, Singhbhum, Bastar and Dharwar cratons of India.
The final paper of the book (Miall et al., this volume) encompasses a summative comparison of
the evolution of the Indian Precambrian basins with that of the global picture (which we here
illustrate), thereby providing a unitary bridge between the two introductory papers and indeed
uniting the entire volume in a concluding perspective.

Stephen J. Gould wrote in his book Wonderful Life (Gould, 1989, p.98) that

‘Ideally, classifications are theories about the basis of natural order rather than dull
catalogues compiled only to avoid chaos’

(quoted in Ingersoll & Busby, 1995, p. 2). In this sense, classification schemes for sedimentary
basins should both reveal something of the underlying mechanisms for basin development and
reflect the natural variability of the real world.

Historically, sedimentary basins have been classified in industry-based schemes using their
large-scale architecture, including both cross-sectional geometry and planform shape, and
hydrocarbon characteristics (Halbouty et al., 1970; Fischer, 1975; Huff, 1978; Klemme, 1980).
For example, Klemme’s (1980) scheme recognizes eight main types of basin based on their
linearity, asymmetry, and cross-sectional geometry. Industry-based classifications have the
common goal of categorizing a sedimentary basin and thereby gaining some predictive insights
into its hydrocarbon potential. Although such classifications undoubtedly have their uses,
particularly in predicting the presence of key elements of the petroleum play in a frontier basin,
they have the effect of scrambling some of the essential differences and similarities between
basins from the point of view of geodynamics.

Classification schemes of sedimentary basins based on plate tectonics emphasize the position
of the basin in relation to the type of lithospheric substrate (continental, oceanic, transitional), the
proximity of the basin to a plate margin (plate margin, plate interior), and the type of plate
boundary nearest to the basin (divergent, convergent, transform) (Fig. 1). The evolution of a
basin could then be explained by changing plate settings and interactions. Dickinson (1974),
recognizing the rapid development in the understanding of global tectonics, proposed five major
basin types on this basis:

Oceanic basins

Rifted continental margins
Arc-trench systems

Suture belts
Intracontinental basins



Reading (1982) and Miall (1990) added strike-slip or transform-related basins to this list.

The approach of Bally (1975) and Bally & Snelson (1980) was somewhat different. They
differentiated three different families of sedimentary basins based on their location in relation to
megasutures, which in this context can be defined to include all the products of orogenic and
igneous activity associated with predominantly contractional deformation. The boundaries of
megasutures are often associated with subduction, whether of slabs of oceanic lithosphere or of
relatively buoyant continental lithosphere. They may also be the sites of important wrench
tectonics along transform faults. Bally’s three main families were (1) basins on rigid, stable
lithosphere, (2) basins on rigid lithosphere outside contractional megasutures, called
‘perisutural’, and (3) basins situated within megasutures, termed ‘episutural’ (Fig. 2).

The linkage of basin development with plate tectonics was developed from Dickinson (1974)
by a number of authors (Mitchell & Reading, 1986; Miall, 1990; Ingersoll & Busby, 1995;
Einsele, 2000; Ingersoll, 2012), which led to a proliferation of basin types. Perhaps most
conspicuous is the scheme proposed by Kingston et al. (1983a, b) which once again placed
basins in their plate tectonic setting according to their lithospheric substrate, type of plate motion
and proximity to plate margin, but categorized basins not only in relation to their basin-forming
tectonics, but also in relation to the depositional sequences in the basin-fill and any basin-
modifying tectonics (Fig. 1). A version of Kingston et al.”s (1983a) scheme modified by Mitchell
& Reading (1986) is provided in Table 1. A flow chart (‘decision tree’) using and modifying
Kingston et al.’s (1983a) scheme is given by Allen & Allen (2013, p.16) (Fig. 3).

Ingersoll & Busby (1995) and Ingersoll (2012) extended the classification of basins, making it
more comprehensive to include 26 different basin types, but breaking down the system into 4
main categories based essentially on intraplate, divergent, convergent or transform kinematics
(Table 2). Within these settings, Ingersoll (2012) suggested that there were numerous variants
depending on sediment supply and geological inheritance.

Basin-for ming mechanisms

A number of mechanisms may potentially be responsible for the subsidence of
sedimentary basins, operating to different degree in different basin types (Fig. 4).
These subsidence mechanisms (modified from Ingersoll & Busby (1995) and Ingersoll (2012))
can be summarized as:

crustal thinning, such as caused primarily by mechanical stretching or by surface erosion;

2. lithospheric thickening, such as caused by cooling following stretching, cooling due to
sea-floor spreading away from an ocean ridge system, or by accretion of melts derived
from the asthenosphere;

3. sedimentary and volcanic loading causing flexural compensation by long-wavelength
bending;

4. tectonic (supracrustal) loading, such as caused by tectonic shortening in a zone of
convergence, also causing flexural compensation;

5. subcrustal loading caused by subcrustal dense loads such as magmatic underplates or
obducted mantle flakes;

6. long-wavelength buckling under a horizontal ‘in-plane’ stress;



7. mantle circulation primarily due to the subduction of cold lithospheric slabs;
8. crustal densification due to changing P-T conditions or intrusion of high-density melts.

Further details on these subsidence mechanisms can be found in Allen & Allen (2013). From the
point of view of fundamental geodynamical processes, the major mechanisms for regional
subsidence and uplift (isostatic, flexural and dynamic) can be summarized as follows (Fig. 5):

e |sostatic consequences of changes in crustal and lithospheric thickness; the thickness changes
may be brought about purely thermally by cooling of mantle lithosphere, for example
following a period of mechanical stretching. Thickness changes causing thinning may be
caused by mechanical stretching, subaerial erosion of crust or at depth by removal (or
delamination) of a deep lithospheric root. Mechanical thickening of crust and lithosphere, as
in zones of continental convergence, generally causes isostatic uplift. Thickening of the
lithosphere by cooling, however, causes subsidence.

e Loading and unloading at the surface and in the subsurface, including the far-field effects of
in-plane stresses; loading of the lithosphere may take place on a small scale in the form of
volcanoes or seamount chains, and on a large scale in the form of mountain belts, causing
flexure and therefore subsidence. In-plane stresses may cause buckling of a rheologically
layered lithosphere into a series of antiforms and synforms. The sediment infilling a basin also
acts as a sedimentary load, amplifying the primary driving mechanism.

e Dynamic effects of asthenospheric flow, mantle convection and plumes; subsidence or uplift
are caused by the buoyancy effects of changes in temperature in the mantle. Although some of
temperature changes may result from chemical heterogeneity, most are generated by viscous
flow, so the surface elevation changes may be termed dynamic.

For a given basin type, some or all of the mechanisms given above may have a major or minor
role (Fig. 4). In addition, a given mechanism operates in more than one basin type. The
classification scheme is therefore a matrix rather than a hierarchical ‘flow chart’ or ‘decision
tree’ (Fig. 3).

Basins formed by stretching or thinning of the continental lithosphere fall within an
evolutionary sequence known as the rift-drift suite (Kinsman, 1975; Veevers, 1981). The early
stages of the sequence correspond to the development of intracontinental sags (cratonic basins)
and continental rim basins, which generally lack clear evidence of brittle stretching, and
continental rifts, which comprise clear extensional fault systems that may or may not be
associated with topographic doming. Such rifts may evolve into oceanic spreading centres or
may be aborted to form failed rifts. With seafloor creation and drifting of the continental edge
away from the spreading centre, passive margin basins develop. The mechanisms of interest
within this evolutionary sequence are therefore primarily the thermal and mechanical behaviour
of the lithosphere under tension, the dynamic topography associated with hot underlying
aesthenosphere, and the thermal contraction of the lithosphere following stretching.

Basins formed by flexure are mainly linked to plate convergence. Flexure of oceanic
lithosphere as it approaches subduction zones is responsible for the formation of deep oceanic
trenches. Flexure of the continental lithosphere in continental collision zones gives rise to
foreland basins. Flexure of the lower or subducting plate generates pro-foreland basins, which
are relatively short-lived and have convex-up subsidence profiles, whereas flexure of the upper
or overriding plate generates retro-foreland basins, which are longer-lived and have slower,
linear subsidence (Naylor & Sinclair, 2008). Where subduction zone roll-back takes place, as in



the Adriatic-Apennines region of Italy, the lower plate is flexed to produce a pro-foreland basin,
but the retro-foreland region is extensional. Foreland basin pairs may also be associated with
intracontinental mountain building where there is no subduction, as in the late Precambrian and
Palacozoic of central Australia. In some instances, a pro-foreland basin is present, but there is no
retro-arc equivalent, as in Taiwan.

Processes within the mantle have an important role in basin development. Mantle flow
structures, probably originating at the core-mantle boundary, impinge on the base of the
lithosphere and spread out laterally over a length scale of 10° km. They are instrumental in
continental splitting and the formation of new ocean basins, and have a major role in igneous
underplating and isostatic regional uplift. Present-day hotspots over ascending limbs of mantle
convection systems are characterized by topographic doming and commonly rifting. Basins
located over downward limbs of convection systems, cold-spot basins, appear to be broad, gentle
sags. The onset of subduction of cold oceanic slabs at ocean—continent boundaries causes far-
field tilting of the continental plate towards its margin and therefore has a potentially major
effect in forearc, intra-arc and retro-arc settings. In addition, supercontinental assemblies in the
geological past have experienced very long wavelength topographic doming caused by elevated
sub-lithospheric temperatures generated by an overlying insulating lid. Mantle flow instabilities
associated with steps in the base of the lithosphere, or associated with the drip-like removal of
gravitationally unstable mantle lithosphere, may also have important impacts on surface
topography.

Time span and temporal occurrence of basin types

One of the first and most important tasks faced by the basin analyst is the break down of the long
geological record of sedimentary basins into megasequences. Megasequences are the
stratigraphic successions associated with a distinct phase of plate motion or which are deposited
during the operation of a coherent set of formative mechanisms. Megasequences can be
recognized by their bounding unconformities, which are always regional, commonly supra-
regional, and possibly global, in extent. Some of these unconformities may be due to very
widespread and prolonged uplift of the continental surface during continental amalgamation due
to incubation of the underlying mantle (Grigné et al., 2007). Other megasequence boundaries
may be due to changing patterns of dynamic topography caused by subduction around the
continental margin (Burgess et al., 1997). These unconformities typically increase in erosional
gap towards the continental interior, as in the ‘sequences’ of the US continental interior
described long ago by Sloss (1963). Some megasequence boundaries are characterized by
unconformities that are generated by uplift in a flexural forebulge region during the translation
across the continental plate of an orogenic load system. Such unconformities have characteristic
patterns of erosional gap and pass into conformities close to the orogenic load (Crampton &
Allen, 1995). The result of the break down into megasequences is to illuminate the distinctly
different phases that a sedimentary basin may have undergone. This is particularly important in
long-lived basins.

Different basin types have a typical time span of existence (Ingersoll & Busby, 1995), after
which they may be uplifted and eroded, locally inverted, or modified into another basin type to
become polyhistory in nature. Each phase of existence will be recognized by a megasequence.
Time spans of megasequences may range over 4 orders of magnitude (Woodcock, 2004).



Oceanic trench basins have the shortest life span (0.1-0.8 Myr) due to rapid subduction velocities
and early incorporation into an accretionary wedge. Trench-slope, intra-arc, extensional back-arc
and strike-slip basins also have relatively short life spans in the range 2-25 Myr, reflecting their
tectonically active settings. Rift, forearc, back-arc and foreland basins have longer time spans in
the range 4-125 Myr. The longest life spans (60-440 Myr) are found in intracratonic, passive
margin and ocean basins, since they are situated in regions of low strain rate, experiencing
prolonged thermal subsidence (Fig. 6).

Basin initiation and subsequent evolution can be related to the long-term cycle of plate
aggregation into supercontinental assemblies, break-up and formation of new oceans, dispersal
of continental fragments, subduction and collision (Anderson, 1982; Kerr, 1985; Nance €t al.,
1988) (Fig. 6). This recurring signal in the geological record is marked by collisional orogenesis
during continental assembly, and extrusive volcanism and rifting during break-up (Condie,
2004). Kenorland, Columbia, Rodinia, Gondwana and Pangaea (Fig. 7) are all examples of
supercontinental assemblies in the geological past. The time scale of the supercontinental
(Wilson) cycle is of the order of 300-400 Myr, and probably depends primarily on the time taken
to incubate the sub-plate mantle sufficiently to inflate the supercontinent (Grigné et al., 2007),
cause break-up, and lead to migration of continental fragments to adjacent geoid lows. The
Wilson cycle is therefore driven fundamentally by mantle circulation (Gurnis, 1988).

Extension of the supercontinent triggers the formation of the rift-drift suite of sedimentary
basins, comprising continental rifts, continental rim basins, cratonic basins, failed rifts, proto-
oceanic troughs, and passive margins. The subduction phase associated with late convergence
triggers the formation of ocean trenches, accretionary wedge basins and forearc basins
trenchwards of the magmatic arc, a range of basins in the retro-arc region, and strike-slip basins
linked to oblique convergence. Continental collision is typified by foreland basin systems,
including wedge-top deposition (De Celles & Giles, 1996; Ford, 2004). Consequently, certain
basin types are common during particular phases of the Wilson cycle (Fig. 6). Cratonic basins,
for example, tend to initiate at the rifting and break-up phase of the Wilson cycle (Fig. 7) when
the plate is in a state of tension. In addition, the frequency of occurrence of basin types will
depend on their long-term preservation by being shielded from tectonic recycling. This is an
important consideration for Proterozoic basins, whose preservation potential is enhanced by
incorporation into relatively rigid, stable, cratonic cores.

Neoar chaean-Pr oter ozoic basin evolution; examples from chosen cratonic terranes

Kaapvaal craton

The nucleus of the Kaapvaal craton, formed through initial intra-oceanic tectonic processes and
subsequent amalgamation of displaced oceanic and arc terranes, with significant granitoid
magmatism in the later stages (model of de Wit et al., 1992), was stable but not yet fully
cratonised by ca. 3.1 Ga. The craton comprises five known major terranes (Fig. 8a): Barberton-
North and Barberton-South (BN and BS, accreted along the Barberton lineament, ca. 3.23 Ga);
Murchison-Northern Kaapvaal (MNK, accreted to BN/BS along Thabazimbi-Murchison
lineament [TML], ca. 2.9 Ga); Kimberley block (accreted onto assembled MNK-BN/BS, ca. 2.8-



2.72 Ga along the Colesburg lineament); Central Zone of the Limpopo mobile belt (accreted onto
MNK from the “north” at ca. 2.65-2.7 Ga (Tinker et al., 2002; Zeh et al., 2009).

The lifespan of the Witwatersrand basin (Fig. 8a) essentially overlapped with the
Neoarchaean cratonisation processes, and detritus was derived from the >3.1 Ga crust of the
cratonic nucleus (cf., BN and BS) as well as the <3.1 Ga accreted juvenile gneiss-greenstone-
granitoid terranes (MNK and Kimberley block), with granite pulses accompanying sedimentation
episodes within the evolving depository (Robb and Meyer, 2005; Frimmel, 2005; references
therein). A complex double foreland basin model is inferred with two convergent stress fields at
about 100° to each other, reflecting the juvenile terranes accreting from both north and west. A
proximal foredeep sub-basin accommodated the Witwatersrand Supergroup (WS) succession and
the distal back-bulge sub-basin the Pongola Supergroup (PS) succession, with a persistent and
emergent forebulge (however, not static in its position) separating the two and reflecting low
subduction rates and inferred low subduction angles along the marginal accretionary zones
(Catuneanu, 2001 and references therein) (Fig. 8b). Preservation of the back-bulge sub-basin
may reflect the influence of dynamic topography (cf., Gurnis, 1988), although this influence is
considered unimportant by Catuneanu (2001). The latter author relates the relatively short
flexural wavelength of ca. 490 km to the newly cratonised nature of the Kaapvaal basement.
Approximately coeval early volcanic rocks characterized the two sub-basins, succeeded by
thermal subsidence in both as evidenced by ca. 2970-<2914 Ma starved basin foredeep marine
deposits (West Rand Group, WS) which are correlated with shallow back bulge fluvial-marine
storm deposits (Mozaan Group, PS) (Beukes and Cairncross, 1991; Robb and Meyer 1995;
Catuneanu 2001). The transgression which established the West Rand seaway gradually gave
way to highstand progradation, with a concomitant transition to the overfilled basin-type braided
fluvial sandstones and subordinate auriferous conglomerates of the Central Rand Group (ca.
2894-2780 Ma), with no equivalent deposits in the back-bulge sub-basin (Robb and Meyer,
1995; Els 1998a and b; Catuneanu 2001; references therein). Eriksson et al. (2009) tentatively
postulated that a mantle plume beneath the evolving craton may have influenced both
geodynamic setting and enhanced primary greenstone sources of gold prior to Central Rand
Group deposition, with reworking of this detritus through fluvial-shallow marine placer
processes during Central Rand deposition.

The 2714-<2709 Ma Ventersdorp Supergroup (Fig. 8a) overlies the Witwatersrand
Supergroup (WS) and surrounding cratonic lithologies unconformably. A significant (ca. 65-100
Myr) lacuna, in fact a megasequence boundary, separates the two supergroups (Eriksson et al.,
2002 and references therein), during which tectonic shortening and erosion (either due to late
stage continued subduction to N and W of Kaapvaal, or possibly, to early Ventersdorp thermal
elevation) removed <1.5 km of WS stratigraphy (Hall, 1996). A mantle plume model (Hatton,
1995) is compatible with the largely volcanic Ventersdorp succession, and with its lower ca. 2
km thick Klipriviersberg Group (2714+£8 Ma; Armstrong et al., 1991) flood basalts and basal
komatiites (van der Westhuizen et al., 1991 and references therein). Ponding of mafic magma
beneath the thinned sub-Witwatersrand basin lithosphere and a craton-marginal plume head are
postulated (Eriksson et al., 2002). Subsequent crustal extension and resultant graben-type basins
accumulated the immature clastic sedimentary and bimodal volcanic rocks, of the medial
unconformity-based Platberg Group (c. 2709+4 Ma; Armstrong et al., 1991; van der Westhuizen
et al.,, 1991) (Fig. 8c). The uppermost, widespread and sheet-like Bothaville and Allanridge
Formations suggest thermal subsidence, with minor komatiites in the latter formation supporting
a continued plume influence (van der Westhuizen et al., 1991; Eriksson et al., 2002; references



therein). Although undated, these uppermost Ventersdorp units may be related to a 2.66-2.68 Ga
dyke swarm in NE Kaapvaal (Olsson et al., 2010); in addition, Ventersdorp-style rift-fills make
up the so-called “protobasinal stage” of the younger Transvaal basin (Eriksson et al., 2001). This
suggests possible “northern” movement of the abating plume influence due to “southerly’-
directed plate tectonic movement of the craton.

The ca. 2.6-2.05 Ga Transvaal Supergroup (Fig. 8a) was deposited unconformably over all
major preceding lithologies, crustal and supercrustal, and is preserved in three structural sub-
basins, Transvaal and Griqualand West (South Africa) and Kanye (Botswana) (Eriksson et al.,
2001 and references therein). A long-lived epeiric marine carbonate-banded iron formation
platform advanced over much of the craton from the SW towards the NE (with several probably
second-order transgressive-regressive cycles) from ~2642-2432 Ma; a lack of active tectonism is
inferred with a predominant thermal sag basin model applied (Eriksson et al., 2006 and
references therein). After a hiatus (80-200 Myr?), a second epeiric sea formed but this time
largely clastic in its deposits and with thick shallow marine deposits alternating with thinner
fluvial sedimentation, reflecting two episodes of rifting/volcanism and subsequent thermal
subsidence in a sag basin setting. Cratonic architecture played a greater role in defining the three
sub-basins, and unique stratigraphy and inferred history resulted for at least the Griqualand-West
sub-basin (e.g., Eriksson et al., 2001). Each major epeiric succession, chemical and clastic, was
preceded by local deformation (far-field tectonism?), concentrated along a curvilinear, ca. E-W
orientated “palaco-Rand anticline” near the centre of the craton. Continental freeboard of
Kaapvaal is inferred to have been neutral, and elevated global sea levels related to raised crustal
growth rates for the planet, probably produced the envisaged epeiric settings, with dynamic
topography (cf., Gurnis, 1988) possibly also playing a role. Intrusion of the ca. 2.5 Ga Bushveld
Complex in central-north Kaapvaal terminated Transvaal deposition and was succeeded by
complex rifted basins around the intrusion, accommodating continental deposits of the
Waterberg (Fig. 8a) and Soutpansberg Groups (ca. 2.05-1.7 Ga) (Bumby et al., 2012 and
references therein), with increasing uniqueness in each sub-basin.

What is really of note for the Witwatersrand-Pongola retro-arc foreland basin system is that
its evolution paralleled that of its host craton, and that the complex flexural foreland basin
system, comprising northern and western marginal accretionary orogens, foredeep sub-basin,
flexural bulge and southeastern back-bulge sub-basin, essentially covered the entire extant craton
(Fig. 8a). This foreland system existed for ca. 190 Myr, based on available chronology. Of note
for the Ventersdorp basin is that rifting was predominantly along NE-SW directions, unrelated to
earlier major craton architecture, and that these fractures transgressed across the Colesburg
lineament but not the TML (Fig. 8a); the latter limitation may reflect the ca. 2.65-2.7 Ga
Limpopo orogeny. Once again, this basin affected a large part of the craton, which was by now
stable enough not to suffer creation of new ocean floor within the rifts, and which maintained a
fully continental character and elevated freeboard throughout its apparently short-lived
evolution. Existing cratonic architecture essentially controlled Transvaal deposition, chemical
and clastic, defining sub-basins and controlling lateral facies changes; cycles of relative sea level
change were related at least in part to global eustasy, including a possible “magmatic slowdown”
from ca. 2.45-2.2 Ga (Condie et al., 2009), which saw both the first global glaciation event and
the “Great Oxidation Event” (Eriksson et al., 2013). Post—Bushveld, Waterberg-type basins
were even more strongly controlled by existing cratonic architecture. For Kaapvaal, from ca. 3.1
— 1.7 Ga thus, basin evolution evolved from more unitary craton-scale depository styles, fully
controlled by external tectonic-thermal influences (Witwatersrand and Ventersdorp) to where



cratonic architecture became predominantly responsible for sub-basins of increasingly diverging
character (Transvaal and Waterberg).

Canadian shield

This brief overview includes only a small selection of Proterozoic basins of the Canadian shield.
For more comprehensive earlier descriptions see Baer (1970) and Campbell (1981). The
basement for some of the first Proterozoic basins was the “supercraton” Kenorland (Williams et
al., 1991) which is interpreted to have formed by amalgamation of several greenstone belts (e.g.,
Card, 1990). It was during its break-up, near the beginning of the Proterozoic Eon, that plate
tectonic and basin-forming processes in the Canadian shield began to approach modern
dimensions and styles.

Perhaps the best example of an early Palacoproterozoic depocentre related to break-up of
Kenorland is the Huronian basin (1 in Fig. 9a). The Huronian Supergroup (~2.45 -2.2 Ga) is a
thick (up to 12 km), dominantly siliciclastic succession that includes bimodal volcanic rocks near
the base and contains evidence of three separate glaciations (in comparison, two are known
within Kaapvaal’s Transvaal depositories). The Huronian began as a rift basin but evolved into a
passive margin at the time of deposition of the widespread glaciogenic Gowganda Formation
(Young et al., 2001). Climatic oscillations, including the three glacial episodes, are ascribed to a
negative feedback loop, initiated by “supercontinent” formation and controlled by weathering
processes. The Huronian Supergroup also contains evidence of atmospheric oxygenation (the
Great Oxidation Event). Following deposition of the Huronian Supergroup there is a depositional
hiatus of about 300 Ma until the Penokean orogeny (~1.87 Ga), which marks ocean closure,
accompanied by deposition and deformation of foreland basin deposits, preserved in the Sudbury
basin and around Lake Superior, where they include the famous Superior-type iron formations (2
in Fig. 9a, b). Thus the Palaeoproterozoic rocks of the Great Lakes area can be seen as products
of a “Wilson Cycle” of ocean opening and closure. Provenance of the Huronian sedimentary
rocks was probably relatively local because it was constrained by the dimensions of Kenorland.

The Penokean and younger Palacoproterozoic orogenies, such as the Wopmay, Talston-
Thelon and Trans-Hudson in the NW and the extensive Yavapai to the south, contributed to
consolidation of the first true supercontinent, Columbia or Nuna (Fig. 9b). Following these
widespread orogenic events two large basins of late Palaeoproterozoic (1.85- 1.70) sedimentary
(and volcanic) rocks were developed in the central part of the Canadian shield - the Thelon and
Athabasca basins (3, Fig. 9a). The basal portion of these successions is strongly fault-controlled
and locally derived but the more widespread, relatively flat-lying upper parts include far-
travelled detritus and are remnants of a huge sand sheet (Rainbird and Young, 2009). These
basins probably developed as a result of a regional phase of crustal stretching. There is also
evidence of marine incursions (Hahn et al., in press, their fig. 11). An easterly provenance, was
reported by Fahrig (1961) and Fraser et al. (1970) (Fig. 9a), and Young (1978) suggested that
these basins are remnants of an ancient big river system that also fed deep repositories such as
the Wernecke basin (3, Fig. 9a) to the west. The Wernecke Supergroup and correlatives to the
NE were subjected to compressional orogeny (the Racklan/Forward orogenies). It was suggested
by Furlanetto et al. (2012) that these events may be equivalent in age to the Mazatzal orogeny
(Fig. 9a) but may record docking of Australia/Antarctica with the western part of North America
during amalgamation of the supercontinent Columbia.



Following the break-up of Columbia and the widespread collision events of the Grenville
orogeny the next phase of basin development is represented by the Mackenzie Mountains basin
in the Cordilleran region and the Amundsen basin (5, Fig. 9a) in the western Arctic (Young et
al., 1979). These basins may be expressions of long-lived crustal-scale tensional stresses and
initial fragmentation of Rodinia that led to the rift-drift transition and formation of oceanic crust
as inferred for the Neoproterozoic Rapitan (6, Fig. 9a), and similar basins farther south in the
Cordilleran region, and in SE Australia (Preiss, 2000).

In the late Mesoproterozoic, at around 1100 Ma, during the Grenville collisional orogeny, a
large, arcuate rift basin, almost 2,000 km long developed on the site of modern Lake Superior
(Ojakangas et al., 2001). The fill of the Mid-Continent (Keweenawan) Rift basin (4, Fig. 9a, b) is
a thick succession of basaltic lavas and continental-to-shallow marine sedimentary rocks. The
northern “arm” of the triple junction is the Nipigon (mainly sedimentary) basin. Alternatively
this basin may be interpreted as a back-arc tensional basin but its orientation and its
configuration as a “triple junction” favour interpretation.as a failed attempt at ocean formation
related to a mantle plume that developed near the NW margin of the Grenville orogen, where
compressional events may have arrested its development. A similar but somewhat older (1.27
Ga) plume (Mackenzie hot spot of Fig. 9a) on the NW margin of the Canadian shield spawned
one of the world’s largest dyke swarms. Evidence for the origin of the Mackenzie dyke swarm,
the associated Muskox intrusion and the Coppermine basalts as the result of a mantle plume and
domal uplift was documented by LeCheminant and Heaman (1989).

The Neoproterozoic Amundsen and Mackenzie basins on the NW margins of the Canadian
shield contain sedimentary rocks (including thick evaporites) that formed in warm shallow
marine waters. Young (1978) speculated that some of the siliciclastic materials in these basins
were derived from the Grenville mountains whose roots are preserved on the eastern seaboard of
North America — a prediction later confirmed by detrital zircon geochronology (Rainbird et al.,
1992). Thus part of the siliciclastic fill of these shallow marine extensional(?) basins had a very
distant provenance — another increase in the scale of fluvial transportation systems.

The final basin-forming episode of the Proterozoic Eon involved a series of rift basins that
once more preserve evidence of multiple glaciations and contain banded iron formations (Yeo,
1981), which had disappeared from the geological record for over a billion years (Fig. 9b). These
rift basins are the result of a prolonged tensional episode that culminated in the break-up of
Rodinia, as evidenced along the length of the North American Cordillera from Alaska to Mexico
and in southeastern Australia. In many respects these events and rocks recall the history of the
Palaeoproterozoic Huronian Supergroup.

The basins are shown in a temporal and tectonic context in Figure 9b. Basin evolution in
North America generally involved an increase in scale with time, as their source areas and fluvial
sediment conduits (Fig. 9a) expanded. Modern-style plate tectonics began to manifest itself
clearly in the Huronian Supergroup. The planet went through dramatic climatic oscillations,
probably related to emergence of the first “supercraton” in the Canadian shield. These events
were accompanied by, and possibly triggered atmospheric oxygenation (the Great Oxidation
Event). Many younger Proterozoic basins illustrate the increasing scale of fluvial systems as
materials were shed from distant late Palacoproterozoic and late Meso- to Neoproterozoic
orogens. The Keweenawan basin and the Mackenzie hot spot and associated dyke swarm record
ancient (1.27- 1.1 Ga) aborted attempts at ocean formation, deep within Rodinia. The final
Proterozoic basins contain evidence of a second series of glaciations and a new oxygenation



event, this time leading to the Cambrian “explosion” of metazoan life forms as the Proterozoic
Eon came to an end in a manner that matched its dramatic beginning.

Brazilian shield

The Precambrian nucleus of South America, to which Patagonia and the Andean terranes
accreted during the Phanerozoic, was amalgamated through a series of diachronous collisions
during the Ediacaran and Cambrian periods, between 635 and 520 Ma. The internal and
relatively stable portions of the larger plates involved in the Ediacaran collisions are represented
by four cratons, namely Amazon, Sao Luis, Sdo Francisco and Rio de La Plata-Paranapanema,
whereas plate margins, intra-oceanic arcs and micro-continents make up the Ediacaran network
of the so called Brasiliano orogenic systems (Fig. 10) (Brito Neves et al. 1999; Almeida et al.,
2000; Alkmim et al. 2001). Cratons and Ediacaran orogenic belts are exposed in three distinct
morphotectonic domains of the continent, the Guyanas, Central Brazil and Atlantic shields.
These domains are collectively referred to as the Brazilian shield (Fig. 10). Proterozoic
sedimentary basins with preserved architectures and significant thicknesses of fill successions
occur on the Amazon and Sdo Francisco cratons. However, in order to provide a representative
overview of Proterozoic basin evolution for the Brazilian shield, this summary includes
examples of basins and sedimentary sequences occurring on both the cratonic and extracratonic
domains.

The Amazon craton, one of the largest and lesser known Precambrian provinces in the world,
consists of an Archaean core and a series of terranes accreted between 2.2 and 1.1 Ga (Tassinary
et al., 2000; Santos et al., 2000; Santos, 2003). Proterozoic basins of the Amazon craton
developed during one of the following succession of tectonic events: (i) continental plate
individualization and their subsequent involvement in the assembly of the Palaeoproterozoic
supercontinent Columbia between 2500 and 1900 Ma; (ii) intraplate basin-forming episodes
accompanied by voluminous anorogenic magmatism, between 1900 and 1600 Ma; (iii) Columbia
break-up, followed by a series of accretionary events between 1800 and 1000 Ma, which
ultimately led to the assembly of Rodinia by the end of the Mesoproterozoic; (iv) development of
passive margins associated with the dispersal of Rodinia at around 700 Ma; (v) continent
convergence and collision during the assembly of West Gondwana by the end of the
Neoproterozoic (Tassinary et al., 2000, Santos et al., 2000, Santos, 2003; Schobbenhaus and
Brito Neves, 2003; Fuck et al., 2008).

Large Proterozoic basins cover a substantial part of the Archaean Central Amazonian
province. The oldest among these basins hosts the 1875 Ma Roraima Supergroup, an up to 3km-
thick package of fluvial, deltaic and shallow marine sediments (Gibbs and Barron, 1993; Santos
et al., 2003). Exposed in the 3000m-high table mountains that mark the borders of Brazil,
Venezuela and Guyana, the Roraima Supergroup is portrayed as a foreland basin-fill succession,
shed from a Palaeoproterozoic orogenic belt developed along the north and northeastern margin
of the Central Amazonian Province (Santos et al., 2003). The central and southwestern portions
of the Central Amazonian province are partially covered by acid and intermediate volcanic rocks
of the 1880 Ma Uatuma magmatic event, viewed by Brito Neves (2011) as comprising a large
igneous province (LIP). These volcanic rocks are intercalated locally and covered by thick
sequences of continental sedimentary rocks, thereby defining a series of depocentres that might
have extended over an area of 1,500,000 km” (e.g., Schobbenhaus and Brito Neves, 2003).



The Sao Francisco craton located in eastern Brazil consists of an Archaean nucleus and
segments of a 2.1 Ga Palacoproterozoic orogen (Teixeira et al., 2000; Almeida et al., 2000;
Barbosa and Sabaté, 2004). Its oldest Proterozoic successions comprise the Minas and Itacolomi
basins, which document a complete Wilson cycle operating at the beginning of the
Palaeoproterozoic, between 2.6 and 2.0 Ga (Dorr, 1969; Marshak and Alkmim, 1998). Initiated
as a rift-fill with alluvial sandstones and conglomerates shed from Archaean sources of the
craton interior, the Minas basin evolved into a passive margin in the course of the Great
Oxidation Event (ca. 2.4-2.3 Ga). This stage is marked by the deposition of banded iron
formations and shallow water carbonates dated at 2.42 Ga (Babinski et al., 1995), which also
seem to record a glacial episode (Alkmim and Martins-Neto, 2012). A collision involving a large
magmatic arc and micro-continents led to the amalgamation of the Archaean nuclei of the Sao
Francisco and Congo cratons at ca. 2.1 Ga. A thick package of turbiditic sandstones and
conglomerates derived from the inverted continental margin and a colliding arc accumulated in
the Minas basin. Alluvial sandstones and conglomerates of the Itacolomi Group, deposited in
intermontane basins during extensional collapse, mark the end of the Wilson cycle (Machado et
al., 1996; Alkmim and Marshak, 1998). Immediately after their amalgamation, the Sao Francisco
and Congo nuclei were probably incorporated into the large Atlantica (super)continent.

The Espinhaco basin records a long succession of intraplate basin-forming episodes
accompanied by anorogenic magmatism that affected the Sdo Francisco-Congo craton between
1.75 and 0.9 Ga. The development of this basin started with a major extensional event in the
Staterian Period. Fluvial, lacustrine and aeolian sediments interbedded with bimodal volcanics
were deposited in a system of rift basins, presently exposed in the craton interior and along the
marginal Brasiliano belts (Brito Neves, 2011; Uhlein et al., 1998; Martins-Neto, 2000). Renewed
pulses of extensional tectonism and magmatism caused reactivation and expansion of the
Staterian depocentres at ca. 1.5, 1.4, 1.2, and 1.0 Ga, resulting in a long-lived rift-sag basin
system (Danderfer et al., 2009; Chemale et al., 2012; Alkmim and Martins-Neto, 2012). Perhaps
because of some specific climatic conditions and continuous sediment recycling, thick packages
of aeolian, alluvial, and shallow marine quartz arenites were stored in the Espinhago basin
system.

The Sao Francisco craton and its fringing Brasiliano belts do not display the effects of a
Grenvillian collisional event. Together with the Congo craton, the Sdo Francisco apparently
remained in the periphery of Rodinia, or as an isolated continental mass during the Meso-
Neoproterozoic transition (e.g., Weil et al., 1998; Pisarevsky et al., 2003). At around 850 Ma, the
craton experienced another extensional event, which led to reactivation of pre-existing interior
basins, and sometime later in the Cryogenian Period between 850 and 740 Ma, to the
accumulation of the thick sequence of glaciomarine diamictites, sandstones, pelites, iron
formations and minor carbonates of the Macalbas passive margin basin (Uhlein et al., 1999,
Martins-Neto et al., 2001; Pedrosa-Soares et al., 2001, 2008). The Macaubas basin was caught up
in the Brasiliano orogenic front during the assembly of West Gondwana at around 570 Ma and
was involved in the Araguai orogenic belt that bounds the Sdo Francisco craton to the southeast.
Later in the course of this process, the Sdo Francisco craton was almost entirely occupied by
shallow marine waters and progressively converted into foreland depositional sites. Carbonate,
pelite and subordinate conglomerates and sandstones of the Ediacaran Bambui Group record the
youngest Proterozoic basin-forming event in the cratonic domain (Castro and Dardenne, 2000;
Alkmim and Martins-Neto, 2012).



Australian continent

Basins developed following the accretion of crustal elements of the North Australian, South
Australian, and West Australian cratons during the amalgamation of the supercontinent
Columbia. Amalgamation of individual tectonic elements occurred over a relatively short
interval between ca. 1880 Ma and ca. 1800 Ma as continental ribbons (Betts et al., 2002; Korsch
et al., 2012), juvenile arc terranes (Sheppard et al., 1999; Kirkland et al., 2013), and cratons
accreted. The post-accretion Palaeoproterozoic basin record is preserved over large tracts of the
Australian continent (Fig. 11a-d). These depositories have been extensively studied in the
Mount Isa Inlier and the McArthur Basin (Fig. 11a) where there is a record of more than 250
million years of basin formation (Jackson et al., 2000; Southgate et al., 2000) (Fig. 11e).
However, components of the basin systems are preserved over a larger area of the Australian
continent and include the Georgetown Inlier, Granites-Tanami Block, Curnamona Province,
Gawler Craton, Davenport Province, and Arunta Inlier (Fig. 11).

The palaeogeography of the Australian Proterozoic Basins is constrained by palaeomagnetic
data and tectonic correlations that show Australia and Laurentia were fellow travellers between
ca. 1850 Ma and 1650 Ma (Idnurm and Giddings, 1995; Karlstrom et al., 2001; Betts et al., 2008;
2011). During this interval, the southern margin of Australia and Laurentia was a complex
convergent margin characterized by episodic accretion and subduction roll-back (Betts et al.,
2011) (Fig. 11f-h), leading to interpretations that the Palaeoproterozoic superbasins of Australia
formed in a large extension-dominated, continental back-arc region (Giles et al., 2002), although
alternative interpretations include dynamic subsidence related to convergence on the southern
continental margin (Scott et al., 2000) and a Basin-and-Range style tectonic setting (Gibson et
al., 2008). The continental back-arc models are supported by the sensitivity of the basin events
to established plate margin processes. For example, major episodes of basin inversion, basin
uplift and unconformity development are temporally linked with major episodes of accretion
along the southern margin of the continent (Giles et al., 2002; Betts et al., 2003; Betts and Giles,
2006) and major inflections and bends in Australia’s apparent polar wander path (Idnurm and
Giddings, 1995). A relatively small oceanic basin resulting in the separation of Australia and
Laurentia is interpreted to have formed along the eastern margin of the continent at ca. 1660-
1650 Ma (Betts et al., 2003; Lambeck et al., 2012). The complex palacogeography has resulted
in an equally complex and protracted basin history in which four basin-forming events are
superimposed.

The earliest evidence for post-Columbia basin development is preserved in the Granites-
Tanami Block, Arunta Inlier, and the Tennant Creek - Davenport Province (Fig. 1le).
Sedimentation in these regions initiated at ca. 1840 Ma and comprises the ~5 km thick Tanami
Group (Granites-Tanamoi Block), which records two cycles of upward-fining, turbidite-
dominated successions (Bagas et al., 2008). The Tanami Group is correlated with shallow marine
to sub-aerial siliciclastic sedimentary rocks and bimodal volcanic rocks of the Ooradidgee Group
(ca. 1840 Ma) and layer-cake fluviatile to shallow marine siliciclastic rocks of the Hatches Creek
Group (ca. 1820-1800 Ma) (Claoué-Long et al., 2008), which are preserved in the Tennant
Creek - Davenport Province. The deformed and metamorphosed remnants of marine clastic
sediments and felsic and mafic volcaniclastic rocks (Ongeva Packages) in the Arunta Inlier were
deposited in the same basin (Claoué-Long et al., 2008).



The second basin forming event, well represented in the Mount Isa Inlier and the McArthur
Basin (Fig. 11), occurred between ca. 1800 Ma and 1740 Ma (Fig. 11e). In the Mount Isa Inlier
this basin is termed the Leichhardt Superbasin (Jackson et al., 2010) in which three second-order
super-sequences accumulated (Neumann et al., 2006) during episodic rifting and post-rift
thermal subsidence (O’Dea et al., 1997). The basal Leichhardt Superbasin-fill comprises ~Skm
of alluvial sheet, braided river, marginal lacustrine and marine deposits (Eriksson et al., 1993)
(Guide Supersequence; Nuemann et al., 2006). Correlative stratigraphy in the McArthur Basin
includes the braided river deposits of the Westmoreland Conglomerate (Wygralak et al., 1988).
Eight kilometres of tholeiitic continental basalts (ca. 1780-1775 Ma: Eastern Creek Volcanics)
were emplaced during a 5-10 My period within a N-S trending, linear rift axis. These are
overlain by the Myally Subgroup, which is dominated by shelf deposits with transient emergence
represented by playa lake deposits (Eriksson et al., 1993). Correlative flood basalts in the
McArthur Basin (Seigal Volcanics) are intercalated within dominantly fluvial to intertidal
packages of the lower Tawallah Group (Rawlings, 1999). In the eastern Mount Isa Inlier, basin
development was characterised by bimodal volcanism and clastic shallow marine sedimentation.
The transition to ca. 1750-1740 Ma post-rift sedimentation is represented by the storm-, tide-,
and wave-dominated marine shelf and continental facies quartzites, which were deposited during
active extension (Potma and Betts, 2006). These are overlain by calcareous siltstone and
limestone (Quilalar and Corella formations). Correlative basinal successions in the southern and
eastern Gawler Craton, are dominated by ca. 1790-1780 Ma fine-grained schist and BIF (Cleve
Group) (Szpunar et al., 2011), ca 1755 Ma felsic volcanics and fluvial sediments (Moonabie
Formation), and finer-grained, marine siltstone and shale of the ca. 1760-1740 Ma Wallaroo
Group in the Yorke Peninsula, suggesting the basin system deepened to the east (Fig. 11b).
Meta-sedimentary lithologies in the Nawa Domain and the Peake and Denison Inlier of the
Northern Gawler Craton record a phase of basin development between ca. 1750 and 1730 Ma
(Payne et al., 2009). The ~5 kilometre thick Earaheedy Basin-fill (Fig. 11b) on the northern
Yilgarn Craton records continentally derived clastic and carbonate shelf deposits overlain by
shallow marine to coastal carbonate and evaporate lithologies and deposition of chert and iron
formations (Pirjano et al., 2009). In the Arunta Inlier, the carbonate-rich succession of the
Cadney Package and the clastic-dominated successions of the Reynolds Package (ca. 1780 Ma)
and the Ledan Package (ca. 1760-1740 Ma), are correlated with the Leichhardt Superbasin.

Between ca. 1740 and 1710 Ma the basin evolution of North Australia was restricted to the
deposition of fine-grained sandstone facies deposited in a storm-dominated marine shelf
environment, black shale, and dolomitic siltstone-mudstone facies deposited in hypersaline
conditions (Wollogorang Formation) at ca. 1730 Ma. Black Shales within the Wollogorang
Formation exhibit Black Sea-type iron enrichment, high DOP values, and generally uniform S-
isotope compositions for pyrites, suggesting a euxinic basin, possibly with open ocean conditions
(Shen et al., 2002). If this interpretation is correct, the open ocean must have existed to the west
or the north because regions to the east (e.g. Mount Isa) were undergoing basin inversion and
uplift (Betts, 1999), and terranes to the south (Arunta Inlier and Gawler Craton) were
experiencing orogenesis as the Gawler Craton re-accreted onto the southern margin of the
Australian continent.

The Calvert Superbasin is the third cycle of basin development between ca. 1710 Ma and
1670 Ma (Fig. 11e). Two second-order cycles of between 1 and 3 km thickness are preserved in
the western Mount Isa Inlier. Fluvial sedimentation and rift-related, bimodal volcanic
successions were deposited in an evolving half-graben at ca. 1710-1690 Ma (Betts et al., 1999;



Gibson et al., 2008). Deepening of the basin between ca. 1690 Ma and 1670 Ma resulted in
fluviatile to shallow marine sandstone, siltstone, and carbonate, as well as deep marine,
carbonaceous turbidite successions farther east, which most likely records a shift in the basin
depocentre (e.g., Soldiers Cap Group) (Gibson et al., 2008) (Fig. 11c¢). In the McArthur Basin
aerially restricted clastic sandstones were deposited in a shallow marine to fluvial environment
within the Walker Fault Zone (Goyder Package; Rawlings, 1999). In the central Gawler Craton,
shallow marine or lacustrine clastic sandstone and subsequently recrystallised quartzite with
minor chemical sediments were deposited within a restricted fault-controlled basin (Daly et al.,
1998). The Calvert Superbasin cycle is recorded in the Lower Willyama Supergroup (ca. 1715-
1670 Ma) in the Curnamona Province. These rocks are intensely deformed and metamorphosed
(up to granulite facies) and have been interpreted to have been deposited in an epicontinental rift
environment (Conor and Preiss, 2000). The protoliths to these ca. 1715 Ma gneissic rocks are
thought to have been deposited in shallow marine and sebkha environments, characterised by
oxidised saline basin conditions (Conor and Preiss, 2008). The presence of bimodal igneous
suites is consistent with the interpreted rift tectonic setting. Emergence of the basin in the east
was coincident with deposition of shallow marine to fluviatile sediments of the Thackeringa
Group in the west, between ca. 1705 Ma and 1700 Ma (Conor and Preiss, 2008). A marine
transgression led to marine shelf clastic and chemical sediments, coupled with extensive bimodal
magmatism, being deposited during continued rifting (Conors and Page, 2008). This
transgression also marks a shift in basin redox conditions with reduced conditions prevailing.
Fluvial to shallow marine depositional environments occurred in the central Gawler Craton at ca.
1715 (Eba Formation; Howard et al., 2011). In the far east of the Australian continent
(Georgetown Inlier), the Calvert Superbasin phase is characterised by the deposition of fine-
grained, deep-water turbidites and carbonate sediments (Withnall et al., 1988) (Fig. 11c). The
broad pattern of sedimentation during the Calvert Superbasin cycle indicated that extensional
basin networks may have been aerially restricted in the interior of the continent with deeper
water environments along the eastern margin of the continent, which possibly faced an ocean.
Along the southern margin of the Arunta Inlier are laminated Fe-rich and manganiferous
sedimentary rocks and calc-silicates, which may have formed at the passive margin of the
allochthonous Warumpi Province.

The transition from the Calvert Superbasin cycle to the Isa Superbasin cycle (ca. 1668-1595
Ma) was characterised by the development of mid-crustal detachment faults and granite
emplacement, possibly reflecting metamorphic core complex development (Gibson et al., 2008)
at ca. 1675-1665 Ma, coincident with a 20 My hiatus in sedimentation in the Curnamona
Province. The cumulative thickness of the Isa Superbasin-fill is highly variable however, seven
second-order sequences having been identified, each varying in thickness between 1 and 3
kilometres (Southgate et al., 2000). This basin system extended from the Curnamona Province
through to the Birrindudu Basin and possibly the Kimberley Basin in northwest Australia (Fig.
11d). The superbasin-fill succession is extensively studied in the Mount Isa Region and in the
McArthur Basin where significant sediment-hosted Pb-Zn mineralization occurs.

The onset of sedimentation is marked by rapid subsidence in which several third-order cycles
of fine-grained sandstone, siltstone, and carbonaceous shale of the Mount Isa Group and lower
parts of the McNamara Group were deposited under shallow water conditions (Southgate et al.,
2000). In the McArthur Basin, the base of the Isa Superbasin-fill is characterised by fluvial
sandstone and continental red beds. At ca. 1555 Ma, shallow water fine-grained siliciclastics and
carbonates prevailed in the western Mount Isa Inlier, whereas in regions to the northwest,



deposition occurred in fluvial and shallow water environments (Southgate et al., 2000). These
units temporally correlate with the Paragon Group (Curnamona Province) and fluvial to marine
successions of the aerially restricted Tarcoola Formation (central Gawler Craton; Daly et al.,
1998) and the Birrindudu Basin, which is characterised by fluvial sandstones passing up into a
preserved marginal shelf environment. The overlying subtidal carbonate blanket (Lady Loretta
Formation) contains black shale horizons and was developed on a regional platform. In the
McArthur Basin, dolostone with minor fine-grained siliciclastics record shallow to moderately
deep-water conditions deposited within the meridional troughs or rifts. These successions
indicate ferruginous basin conditions that suggest anoxic basins prevailed (Shen et al., 2002;
Planavsky et al., 2011) between ca. 1650 Ma and 1640 Ma during a period when there was likely
to have been an open ocean east of the Australian continent. The deepest part of the basin
occurred to the east (eastern Mount Isa Inlier, Curnamona Province, and Georgetown Inlier),
where sedimentary successions are dominated by outer shelf and deep water sediments (Gibson
et al., 2011; Conor and Preiss, 2008). Lambeck et al. (2012) also documented a fundamental
shift in Sm-Nd isotope signatures of the North Australian Basins at ca. 1655 Ma marked by an
increase in material derived from juvenile crustal sources, possibly reflecting passive margin
volcanism along the eastern margin of the Australian continent.

Seismic data suggest that there is a major erosional surface within the platform carbonate
facies (Southgate et al., 2000). This surface records incision that was related to tectonic uplift,
coincident with the accretion of the Warumpi Province along the southern Arunta Inlier
(Scrimgeouret al., 2005) at ca. 1645-1640 Ma. Renewed sedimentation was marked by increased
flux of siliciclastics followed by regional transgression and several second- and third-order
cycles, marked by fault-controlled deep marine and shelf sedimentation with transient
emergence, in both the Mount Isa Inlier and the McArthur Basin (Southgate et al., 2000;
Rawlings, 1999); this was followed by turbidite and shelf carbonate sedimentation in Mount Isa,
and siliciclastic shelf deposition in the McArthur Basin. The upper parts of the superbasin-fill
comprise sand-rich submarine fan and fluvial clastic deposits that temporally overlap with the
Isan Orogeny (ca. 1595 Ma) and which appear to truncate, and are fault-controlled by, strike-slip
or wrench faults (Scott et al., 1998).

Following approximately 100 million years of episodic orogenesis between ca. 1600 Ma and
1500 Ma (Betts et al., 2009) renewed basin development is recorded sporadically throughout the
Australian continent. Superimposed on the McArthur Basin-fill by a regional unconformity, the
Roper Group (Roper Superbasin) was deposited at ca. 1430 Ma (Jackson et al., 1988) within an
epicontinental basin (Rawlings, 1999). This laterally extensive package varies in thickness with
the thickest sections (~3 km) preserved in the Beetaloo Sub-basin. The Roper Group is laterally
extensive and comprises quartz arenite, siltstone, shale, with minor carbonate and laminated
shelf mudstone intervals, deposited as a predominantly shallow-marine clastic succession. In the
Gawler Craton, an aerially restricted package of dominantly fluvial red beds of the Pandurra
Formation was deposited within the intracratonic Cariewerloo Basin (Wilson et al., 2010). The
timing of this basin is poorly constrained however, overprinting criteria and Rb-Sr
geochronology indicate deposition between ca. 1550 Ma and 1424 + 51 Ma. The tectonic
environment of these basins is poorly resolved but is coincident with a period of continental re-
amalgamation and associated rifting (Giles et al., 2004).

Northern North China craton



The North China craton (NCC) basement was formed as a result of the amalgamation of its
western and eastern blocks along a so-called Trans-North China orogen around 1.85 Ga (Zhao et
al., 2003). The rifting commenced since the late Palaecoproterozoic, mostly along the northern
and southern margins of the NCC, and was associated with sedimentation and magmatism.
Different portions of the NCC experienced distinct tectono-sedimentary evolution during the
period from the late Palaeoproterozoic to middle Mesoproterozoic (Lu et al., 2008). The upper
Mesoproterozoic is missing, although extension-related magmatism took place in the northern
NCC in the time interval from 1.35 to 1.32 Ga (Zhang et al., 2009; Shi et al., 2012). The
Neoproterozoic strata are preserved in a few localities along the NCC southern and northern
margins, but it remains unclear what the tectonic settings were for the Neoproterozoic deposits.
This  brief review focuses on the Palaco- and Mesoproterozoic development of sedimentary
basins of the northern NCC.

The northern NCC experienced strong lithospheric extension in the late Palacoproterozoic,
as registered by widespread ca. 1.78 Ga mafic dike swarms (Peng et al., 2005) and 1.75-1.68 Ga
A-type granitoid intrusions (Zhang et al., 2007) (Fig. 12A). The magmatism is considered to
have resulted from asthenospheric upwelling (Peng, 2010), which presumably also led to
widespread topographic doming and erosion in the northern North China craton. Rift basins did
not develop in this period of time. The Palaco- and Mesoproterozoic successions are divided into
the Changcheng, Nankou, and Jixian Groups (Fig. 12A). The Changcheng Group was deposited
across the Archaean to early Palaeoproterozoic crystalline basement, and its initial age is
considered to be ca. 1.65 Ga for it overlies felsic dikes dated at ca. 1.67 Ga (Li et al., 2011). The
Dahongyu Formation of the Nankou Group contains abundant potassium-rich volcanics, zircons
from which have yielded ages of 1622—-1625 Ma (Lu et al., 2008). Two zircon U-Pb ages have
been obtained, one of 1559 + 12 Ma by SHRIMP and another, 1560 = 5 Ma by LA-ICP-MS (Li
et al., 2010) from tuff layers of the Gaoyuzhuang Formation (top of Nankou Group), indicating
that deposition of this unit may have begun at ca. 1600 Ma, the time of transition from the
Palaeo- to Mesoproterozoic. The Jixian Group is comprised predominantly of carbonate rocks,
and the overlying Xiamaling Formation consists of black mudrocks (Fig. 12A). The volcanics in
the Tieling Formation at the top of the Jixian Group yield zircon ages of 1437 =21 Ma (Su et al.,
2010), indicating that this group was deposited in the early Mesoproterozoic. The Xiamaling
Formation was previously assigned as a Neoproterozoic unit (cf. Lu et al., 2008), but recent
dating of its tuff interlayers gives a zircon age of 1366 + 9 Ma (Gao et al., 2008).

Palaeoproterozoic rift basins are well recorded by the Changcheng Group in the eastern
portion of the northern NCC (Meng et al., 2011), also called the Yanshan-Liaoxi rift zone in the
literature. The rifting interpretation is inferred from both the occurrence of volcanics and thick
accumulations of sediments within narrow zones in the northern NCC. Subsidence and
sedimentation were controlled by normal faults, particularly evident for the Changcheng Group
(He et al., 2000). Extensional faulting waned when the Nankou Group developed because the
Dahongyu deposits are relatively thin and show gradual change of stratigraphic thickness. The
rifting might have ended by the beginning of the Mesoproterozoic, as suggested by widespread
distribution and insignificant variations in thickness of the Gaoyuzhuang Formation that had
transgressed into the middle of the NCC (Fig. 12A). The Nankou Group is accordingly
interpreted as post-rift sequences (Meng et al., 2011). Widespread shallow-marine clastic and
carbonate facies of the Mesoproterozoic Nankou and Jixian Groups in the north and central parts
of the NCC are regarded as deposits formed on a passive continental margin (Fig. 12A). The



Bayan Obo—Zhaertai rift basins in the western portion of the northern NCC seem to have
undergone similar tectono-sedimentary processes during the Palaco- and early Mesoproterozoic
(Meng et al., 2011), but their detailed history is less understood.

In general, the northern NCC experienced a two-stage evolution of synrift and post-rift
subsidence, represented by the Changcheng and Nankou Groups, respectively. The two distinct
sequences are separated by a transgressive unconformity and its correlative conformity in the
basin interior. Two possibilities exist for cessation of active rifting during the transition from the
Changcheng to Nankou Groups, the overall termination of continental extension or the lateral
shifting of the extensional zone. It is evident that post-rift successions are composed of both the
Nankou and Jixian Groups and are characterized by wide distribution and greater thickness of
shallow-marine clastics and carbonates. This fact implies a broad subsidence and a prolonged
depositional history, which might be caused by thermal contraction of subcrustal materials
heated only during the synrift stage. Sudden lateral shifting of active extension might be a
possible reason for cessation of the rifting in the northern NCC. In addition, the transgressive
unconformity identified beneath the Dahongyu and Gaoyuzhuang Formations can also be
regarded as the breakup unconformity in the context of regional tectonic evolution (Meng et al.,
2011). If the identification of the breakup unconformity is correct, its age could be used to infer
the timing of dispersal of the North China craton from adjacent continents, although the pre-
existing Palaeo-Mesoproterozoic oceanic crust has not been preserved. The breakup
unconformity was time-transgressive, and the time range can be readily inferred from ages of the
Dahongyu and the Gaoyuzhuang sequences. It is therefore reasonable to infer that the breakup
unconformity was generated in the time interval from 1630 Ma to 1560 Ma, and thus the drifting
of the North China craton should have begun around 1600 Ma. This age estimate for the drift of
the North China continent is coincident with that suggested for the breakup of Columbia (Zhao et
al., 2003). It is, however, uncertain which continents were originally linked with the northern
NCC.

Figure 12B presents a model for the tectono-sedimentary evolution of the northern NCC
during the period from late Palaco- to Mesoproterozoic time. The Columbia supercontinent
formed around 1900 Ma and then began fragmenting (Zhao et al., 2003), leading to widespread
extension and magmatism in the northern NCC. The rift basins began developing around 1.65
Ga, and sedimentary processes were controlled by normal faults and accompanied by volcanism
(Fig. 12B-a). Due to oceanward migration and localization of active crustal stretching, normal
faulting became inactive within the northern NCC (Fig. 12B-b). Post-rift subsidence, driven by
thermal decay, commenced, and brought about expansion of original rift basins. The resulting
marine transgression led to the Dahongyu transgressive deposition over Archaean basement
rocks (Fig. 12B-b). The continent broke up eventually, and seafloor spreading led to the
fragmented continental blocks drifting away from each other (Fig. 12B-c). The northern NCC
then evolved gradually into a passive continental margin in the Mesoproterozoic. The
Gaoyuzhuang Formation represents early deposits of the passive continental margin, typified by
widespread occurrence of its sheet-like basal clastics caused by transgression. The passive-
margin tectono-sedimentary setting persisted in the early Mesoproterozoic and was responsible
for deposition of widely-distributed shallow marine facies of both the Jixian Group and,
elsewhere, the upper parts of the Bayan Obo and Zhaertai Groups. The Xiamaling Formation
probably formed in another phase of crustal extension in consideration of occurrence of abundant
coeval volcanism and subsequent extension-related mafic and A-type intrusions (Fig. 12A).



Discussion and conclusion

In this paper we have examined briefly Neoarchaecan — Neoproterozoic basins from the Kaapvaal
craton, Canadian shield, Brazilian shield, Australian continent and North China craton, as
examples to illustrate the inherent complexity of the natural record against the basin
classification schemes discussed in the first part of the paper. The vast majority of basin
classification schemes rely essentially on a plate tectonic basis and thus inherently also involve
the supercontinent cycle (Figs. 1-7). While the antiquity of the latter has been the subject of
considerable debate (e.g., Rogers and Santosh, 2004), many would agree that at about 2.0 — 1.8
Ga, the supercontinent cycle had become predominant if not pervasive on the planet (e.g.,
“Nena”/”Nuna”, Bleeker, 2003; “Arctica”, Eyles, 2008; “Colombia”, Santosh, 2010). In this
paper the Kaapvaal basins precede this apparently global piercing point, while those from the
Australian and North China cratons post-date it; depositories examined from the Canadian and
Brazilian shields span almost the entire Neoarchaean — Neoproterozoic period examined through
the chosen examples. While it would be beyond the scope of this paper to review all global
basins of this antiquity, there is perhaps a certain value in examining some of the generalizations
to emerge from the relatively small set discussed here.

Basin types and geneses identified versus basin classification schemes

The 25 basins (cf. superbasins, basin sets) briefly examined in our examples have thus far been
given labels based on the descriptions and interpretations provided, rather than being assigned to
categories within the more formal classifications (Figs. 1-7) given prior to these case studies:
foreland basins (Witwatersrand; Penokean basin set; Roraima; upper Minas-Itacolomi; Bambui);
plume-related rift basins (Ventersdorp; Keweenawan; Uatuma); thermal sag basins (lower
Transvaal); rift-sag basins (2 in upper Transvaal); cratonic rift-sag basins (Thelon; Athabasca;
Espinhaco; Leichhardt superbasin; Isa superbasin); rift basins (Waterberg; Rapitan basin set;
Macaubas; Calvert superbasin); rift-drift basins that became passive margins (Huronian; Lower
Minas; North China); rift-drift failed ocean basins (McKenzie Mountains; Amundsen). Even
these relatively simple classifications inherently encompass complexity: for example, (1) the
Witwatersrand is a retro-foreland basin system loaded by two orogenic belts; (2) two of the five
foreland basins identified enable interpretation of concomitant Wilson cycles (Penokean set;
upper Minas-Itacolomi); (3) the three Australian superbasins probably formed within an overall
continental back-arc setting, which probably favoured their preservation; (4) a third possible
Wilson cycle can be postulated for the preserved ca. 2.7-2.3 Ga record on Kaapvaal,
encompassing evidence for initial rifting (Ventersdorp), succeeding passive margin development
(lower Transvaal) and terminal orogeny (at “ocean closure”), within the time gap separating
upper and lower Transvaal depositories, with postulated local intermontane rifts accommodating
glacial deposits (discussion in Melezhik, 2013).

The informal basin classifications arising from the case studies above can readily be grouped
into fewer categories: foreland basins; rift basins (plume- and non-plume — related); intracratonic
sag basins (rift-sag, cratonic rift-sag and thermal sag basins; logically, also, the rift-drift failed
ocean basins above); cratonic-margin located rift-drift basins (that evolved into passive margins).
However, the allocation of a basin to a specific type and formal classification depends essentially



on the inherent complexity (or otherwise) of the chosen scheme, and deciding whether a rift-sag
basin belongs with the rift group or not remains at least somewhat elusive and perhaps even
rather pointless at the individual basin scale. With a very long-lived extensional reactivated rift
basin set such as the Espinhago from the Brazilian shield, or with all three of the Australian
superbasins, problems with choice of classification scheme and allocation of specific name
therein, will also arise, depending partly on scale (from individual basin within a larger
depositional assembly to an entire superbasin) or on changes or the lack thereof over long time
periods.

Below we assign each of the 25 basins we used as case studies within two of the classification
schemes presented in the first part of the paper: firstly to Kingston et al.’s (1983a) more
descriptive scheme as modified by Allen & Allen (2013) (Fig. 3); secondly, to the more
genetically-based scheme of Allen & Allen (2013) predicated on subsidence mechanisms (Fig.
5), respectively:

Our foreland basin examples:
Witwatersrand — intracontinental foreland; retro-foreland basin;
Penokean basin set — retro-foreland basin; retro-foreland basin;
Roraima — intracontinental foreland; retro-foreland basin;
Upper Minas-Itacolomi — intermontane basins; “intermontane” retro-
foreland basin?;
Bambui — intracontinental; pro-foreland basin.
Our plume-related rift basin examples:
Ventersdorp — continental rift; continental rift;
Keweenawan — failed rift?; failed rift;
Uatuma — continental rift; continental rift.
Our thermal sag basin examples:
Lower Transvaal — cratonic sag; cratonic basin.
Our rift-sag basin examples:
2 in upper Transvaal — failed rift?; failed rift?.
Our cratonic rift-sag basin examples:
Thelon — continental rift; continental rift;
Athabasca — continental rift; continental rift;
Espinhaco — continental rift developing into cratonic sag?; continental rift
into cratonic basin?;
Leichhardt superbasin — (rift-sags within) continental back-arc; continental
back-arc;
Isa superbasin — as above; as above.
Our rift basin examples:
Waterberg — continental rift; continental rift;
Rapitan basin set — rift (prior to passive margin); passive margin
Calvert superbasin — continental rift; continental rift.
Our rift-drift to passive margin basin examples:
Huronian — passive margin; passive margin;
Lower Minas — passive margin; passive margin;
North China — passive margin (all three with initial rifts); passive margin;
Macaubas — passive margin; passive margin.



Our rift-drift failed ocean basin examples:
McKenzie Mountains — failed rift?; failed rift?;
Amundsen — failed rift?; failed rift?.

As can be seen in the summary above, there is little difference in basin type and name given
within the two schemes, even though the first one emphasizes a more rigid descriptive plate
tectonic framework for classification (Fig. 3), and the second scheme relies mainly on
mechanism of basin formation and evolution (Fig. 5). Uncertainties above are shown with
question marks. While the more formal classification schemes evolved over the years have a
place within the science of basin analysis, each scheme has advantages and disadvantages, as
already discussed in the first part of the paper. It is more important that preserved basin
characteristics are adequately described and that well-founded models of depository evolution
are given, than choosing a specific classification scheme and basin type therein. With adequate
basin-fill description and interpretation, the individual reader can fully understand the nature of
the basin and decide for themselves on a specific classification and name, and how well it relates
to the basin in question.

Occurrence of basin types over time (and survivability)

For our 25 case study basins, applying the results of the more formal classification schemes as in
the preceding section, they can be assigned as foreland basins (n=5), continental rift basins
(plume- and non-plume — related; n=7); intracratonic sag basins (n=1); passive margins (n=5);
failed rifts (n=5); continental back-arc basins (n=2). These basins range in age from Neoarchaean
to Neoproterozoic and they all thus have a significantly long history of preservation. The latter
likely relates to the essentially continental character of the basement rocks to each basin and
speaks to the “survivability” of these basins. Their preservation over such long time intervals
thus relies essentially on the longevity and inherent stability of the continental lithosphere, and
thus attests to the survival of these terranes over geological time rather than of the basin-fills
themselves. We thus suggest that for sedimentary basins to survive over hundreds to even
billions of years of subsequent history, they need to be “cratonized”.

This is not to say that basins on and in oceanic lithosphere (e.g., Fig. 5) did not form during
the Precambrian past, just that they were seldom preserved, bearing in mind the oldest
extensively preserved ocean crust is Jurassic, and that ancient ophiolites (considered by some as
controversial) are identified as far back in time as ca. 3.5 Ga (e.g., Chiarenzelli and Moores,
2004). The entire set of arc-related basins (e.g., Fig. 3) almost certainly formed in large numbers
within the greenstone belt settings that played such a prominent role in early crustal evolution;
however, their deformation and metamorphism often makes effective basin analysis of such
preserved depositories challenging (e.g., Eriksson et al., 2013). An example of preserved and
identifiable arc-related basins from extensive greenstone deposits is that of the Slave Province in
Canada, with the basin-fills dated at ca. 3.1-2.6 Ga (e.g., Corcoran, 2012).

Duration of basins



While the apparent duration of the “cratonized” basins forming the 25 examples discussed here
does not differ significantly from the time span of basins discussed earlier in this paper (cf.., Fig.
6), the three Wilson cycles identified for the Kaapvaal craton, the Minas Supergroup (Brazilian
shield) and the Huronian Supergroup (Canadian shield) show an interesting temporal
relationship, albeit one predicated on a very limited sample of three. The oldest, Kaapvaal, has a
Wilson cycle length of ca. <398 Myr, that for the next in age, the Minas has acycle length of ca.
540 Myr, and the youngest, the Huronian, a length of ca. 700 Myr. While the entire Wilson
cycles themselves appear to get longer over time from these three examples, and while the length
of both the rift and the drift phase (the latter including also the ocean shrinking stage), the
foreland collisional phase seems to retain a relatively constant length within the overall Wilson
cycle duration, of ca. 120 Myr (116 Myr for Kaapvaal, 130 Myr for Minas and 120 Myr for the
Huronian). The average duration of Phanerozoic Wilson cycles (ca. 300-400 Myr; Miall, 1997;
Fig. 6) appears to have been exceeded by at least some of the Precambrian examples.
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Figure captions

Figure 1. Classification schemes from Dickinson (1974) to Kingston et al. (1983) emphasizing
the plate tectonic setting of the basin.

Figure 2. A simplification of Bally’s classification scheme (Bally & Snelson, 1980) based on the
concept of the megasuture.

Figure 3. Sedimentary basins in relation to type of lithospheric substrate, location relative to the
plate margin, and type of relative plate motion, adapted from Kingston et al. 1983, from Allen
and Allen (2013, page 16, Fig. 1.15).

Figure 4. Matrix of sedimentary basins in relation to subsidence mechanisms, from Allen &
Allen (2013, Fig. 1.16, p. 17) adapted from Ingersoll & Busby (1995). Sedimentary basins are
listed according to divergent, convergent, strike-slip kinematics. The main processes acting in
these basin types are shown by the shaded cells.

Figure 5. Genetic system for the classification of sedimentary basins based on the primary
mechanism for subsidence.

Figure 6. Longevity of basin megasequences and position within the supercontinental ‘Wilson’
cycle, modified from Woodcock (2004).



Figure 7. Timing of initiation and longevity of a selection of cratonic basins in relation to the two
supercontinental cycles of the Phanerozoic. After Allen & Armitage, 2012, Fig. 30.2, p. 605, in
Busby & Azor, 2012).

Figure 8. (a) Sketch map of the Kaapvaal craton, showing early southeastern nucleus (made up
of Barberton-S and —N terranes), accreted Murchison-North Kaapvaal (MNK) terrane, major
Archaean greenstone belts and the Witwatersrand-Pongola, Ventersdorp, Transvaal and Main
Waterberg basins. Colesberg magnetic lineament is the suture of the assembled B-S/B-N/MNK
terranes with the Kimberley (=westerly accreted terrane) block. The Central Zone (LCZ terrane)
of the Limpopo mobile belt subsequently accreted to the north of the assembled Kaapvaal craton.
(Modified after de Wit et al. 1992; Tinker et al. 2002; Zeh et al. 2009). (b) Sketch map (top) and
schematic profile (line 2-2° on map) through inferred Witwatersrand foreland basin system
(below). Preserved Witwatersrand basin equates to foredeep depozone; two solid line half-
circles, centred on the areas of maximum loading (“1” and “2” for accreting northern and
western composite terranes, respectively), outline the approximate distribution of the foredeep
depozone. The forebulge developed outside the area covered by these two half-circles, its apex
(point “A”) being enclosed by the -130 mgal isoline of the gravity field; three dashed circles
suggest contour lines of the foreland system centred around the forebulge apex, with outermost
circle marking the back-bulge axis (equates to depo-axis of the Pongola Supergroup basin) (cf.
Catuneanu, 2001 and references therein). (c¢) Schematic basin evolution model for Ventersdorp
Supergroup (after Eriksson et al., 2002).

Figure 9. (a) Tectonic map of North America (modified from Whitmeyer and Karlstrom, 2007)
to show the location and configuration of the Proterozoic basins discussed in this summary.
Note the generally increasing size with time, of orogens and provenance areas that fed
siliciclastic materials to big rivers and Proterozoic basins. Extension of Mazatzal-equivalent
orogeny on the west side of North America after Furlanetto et al. (2012). (b) Temporal
distribution of some North American Proterozoic basins in the context of the supercontinental
cycle (after Bleeker, 2004). Multiple glaciations near the beginning and end of the Proterozoic
Eon occurred on supercontinents and were preserved in rift basins and on passive margins that
developed during continental break-up. Oxygenation of the atmosphere may be associated with
these glacial episodes (Campbell and Allen, 2008). Iron formations disappeared for about a
billion years (from about 1.7 Ga to — 0.7 Ga).

Figure 10. (a) Tectonic map of South America showing the cratons and Neoproterozoic orogenic
systems the Brazilian shield. GS: Guyanas shield; CBS; Central Brazil shield; AS: Atlantic
shield. (b) Simplified geologic map of the Sdo Francisco craton and the adjacent Araguai orogen
showing the distribution of the major Proterozoic lithostratigraphic units, which represent the
Minas, Espinhaco, Macaubas and Bambui basins.

Figure 11. (a) Geological map of Archaean and Paleoproterozoic geological provinces of
Australia with ca 1840-1800 Ma basin distribution superimposed. Approximate location of
sections presented in (f-h) is sshown. (b) Geological map of Archaean and Paleoproterozoic
geological provinces of Australia with ca 1800-1740 Ma LeichhardtSuperbasin and correlated
basins superimposed.(c) Geological map of Archaean and Paleoproterozoic geological provinces
of Australia with ca 1725-1680 Ma Calvert Superbasin and correlated basins superimposed. (d)



Geological map of Archaean and Paleoproterozoic geological provinces of Australia with ca
1670-1595 Ma Isa Superbasin and correlated basins superimposed. (e) Simplified Time-Space
plot of the basin evolution of Paleoproterzooic Australia. (f) Simplified Tectonic cross section of
the Australian Lithosphere during the evolution of the LeichhardtSuperbasin. (g) Simplified
Tectonic cross section of the Australian Lithosphere during the evolution of the Calvert
Superbasin. (h) Simplified Tectonic cross section of the Australian Lithosphere during the
evolution of the Calvert Superbasin. BB: Birrindudu Basin; Al: Aruntalnier; DP/TCB:
Davenport Province/Tennant Creek Block; EB: Earaheedy Basin; MB: McArthur Basin; MII:
Mount Isa Inlier; WMIIL: Western Mount Isa Inlier; EMII: Eastern Mount Isa Inlier; CP:
Curnamona Province; GI: Georgetown Inlier; YP: Yorke Peninsula; YC: YilgarnCraton; PC:
Pilbara Craton; TB: Tanami Block; KB: Kimberley Basin; VC: Victoria Basin; CI: Coen Inlier.

Figure 12. Diagram showing Paleo- to Mesoproterozoic stratigraphic and sedimentary sequences
(A) and the tectono-sedimentary evolution (B) of the northern North China craton. Note that the
NCC basement formed around 1.85 Ga and followed by lithospheric extension, as witnessed by
occurrence of widespread mafic dike swarms and A-type granitoid intrusions. Rift basins in the
northern North China craton had not initiated until 1650 Ma, and evolved into passive margin
since the beginning of the Mesoproterozoic after its dispersal from an adjacent continent.
Another phase of crustal extension might have influenced the northern North China craton since
the middle Mesoproterozoic.

Table captions

Table 1: Kingston et al.’s (1983) classification scheme as modified by Mitchell & Reading (1986) and
Einsele (2000), with synonyms of the main basin types.

Table 2: Basin classification system modified from Ingersoll & Busby (1995) and Ingersoll (2012),
following Dickinson (1974, 1976).



Table 1

Basin category

Synonymns

Continental interior sag basins

Continental interior fracture basins

Passive continental margins

Oceanic sag basins

Subduction-related basins

Collision-related basins

Strike-slip/wrench basins

Epicontinental
basins Intra-cratonic
basins

Grabens, rift valleys
Aulacogens
Margin sags

Nascent ocean basins

Deep sea
trenches Forearc
basins Backarc
basins Interarc
basins

Remnant basins

Foreland basins (peripheral)
Retro-arc basins

(intramontane) Broken

foreland basins

Terrane-related basins (oceanic)

Pull-apart basins
(transtensional)
Transpressional basins



Table 2

Basin category

[1] DIVERGENT SETTINGS

Continental rifts

Nascent ocean basins (proto-
oceanic troughs) and continental
margins

[2] INTRA-PLATE SETTINGS

Intra-plate continental margins

(a)Continental rises and terraces
(shelf-slope-rise
configuration)

(b) Transform fault configuration

(c) Embankment configuration

(shelf edge above ocean
crust)

Intracratonic basins

Continental platforms

Active ocean basins

Modern examples

Rio Grande rift; Rhine rift;
East African and Ethiopian

rifts; Gulf of Corinth,
Greece

Red Sea, Gulf of Aden

Eastern Seaboard, USA
and Canada

South coast, west
Africa

Mississippi Gulf
Coast

Chad Basin, Eyre Basin

Barents Sea; Eurasian
Arctic

Pacific Ocean basin

Ancient examples

Proterozoic Keeweenawan rift;
Triassic Connecticut rift, NE USA;
Neogene, Gulf of Suez

Jurassic, East Greenland

Lower Palaeozoic, USA and
Canadian Cordillera

Precambrian-Lower Palaeozoic
Alabama-Oklahoma transform
Early Palaeozoic Meguma
terrane, Canadian
Appalachians

Palaeozoic Michigan and lllinois
Basins; Permian-Mesozoic West
Siberian Basin

Lower Palaeozoic Sauk sequence,
USA; Russian Platform

Semail ophiolite (Oman)



Oceanic islands, aseismic
ridges and plateaus

Dormant (no spreading or
subduction) ocean basins

Emperor-
Hawaii
seamount
chain

Gulf of Mexico

Mesozoic Snow Mountain
Volcanic Complex (Franciscan),
California

? Palaeozoic Tarim Basin, China



[3] CONVERGENT SETTINGS

Trenches

Trench-slope basins

Fore-arc basins (arc-trench gap)

Intra-arc basins

Back-arc basins
(a)oceanic

(b) continental

Retroforeland basins

(a)Retro-arc foreland basins

(b) Collisional retroforeland basins

(c) Broken retroforeland basins

Remnant ocean basins

(shrinking between convergent margins)

Proforeland basins

Wedge-top (piggyback) basins

Chile Trench,
Japan Trench

Central America Trench

Sunda, Indonesia;
Alaska Range;
Cascades, NW USA-
Canada

Median Trough,
Nicaraguan Depression

(a) Marianas; Sea of
Japan;

Aleutians back-arc
(b) Sunda Shelf

Sub-Andean basins

Western Tarim Basin,
China

Sierras Pampeanas,
Argentina

Bay of Bengal; Huon Gulf

(Solomon Sea)

Mesopotamian Basin,
Persian Gulf

Peshawar Basin, Pakistan

Cretaceous, Shumagin Island,
Alaska; Palaeozoic, Southern
Uplands, Scotland

Cretaceous Cambria slab,
California; Nias Island, Indonesia;
Neogene of Hokkaido, Japan

Cretaceous Great Valley
sequence, California; Devonian-
Carboniferous Tamworth Trough,
eastern Australia

Cretaceous Troodos Complex,
Cyprus; Oligo-Miocene New
hebrides Islands

(@)Jurassic Gran Canon Formation,
Cedros Island, Baja California

(b)Upper Triassic-Lower
Jurassic USA Cordillera

Cretaceous Sevier foreland,

USA; Miocene-Recent

Bermejo Basin, Argentina
Triassic-Jurassic Ordos Basin, China

Laramide basins, USA (eg.
Palaeocene Wind River Basin
Wyoming, USA

Pennsylvanian-Permian,
Ouachita Basin, USA; triassic
Songpan-Ganzi Zone, central
China

North Alpine Foreland Basin
(Swiss Molasse Basin); Indo-
Gangetic (sub-Himalayan) Basin

Neogene Apennines basins,
Italy; Cenozoic Tremp-Graus
Basin, Spain



Hinterland basins (on thickened Altiplano, Bolivia Neogene Zhada Basin, Tibet
continental crust behind thrust belts)



Basin category

Modern examples

Ancient examples

[4] TRANSFORM SETTINGS

Transtensional basins (fault-
bend basins, stepover basins)

Transpressional basins

Transrotational basins

[5] HYBRID & MISCELLANEOUS
SETTINGS

Collisional broken foreland
(distant collisions)

Aulacogens (failed rifts at
high angle to margin)
Impactogens

Successor basins
(post-tectonic intermontane basins)

Halokinetic basins

Bolide basins

Dead Sea Basin;
Cariaco Basin , offshore
Venezuela

Santa Barbara and
Ventura basins, southern
California

Western Aleutian forearc

Qaidam Basin, China

Mississippi Embayment,
USA

Baikal rift, Siberia

Southern Basin &
Range SW USA

Deep Gulf of
Mexico mini-
basins

Meteor Crater, Arizona

Carboniferous Magdalen Basin
Gulf of St. Lawrence, Canada,;
Miocene Ridge Basin, California

Oligo-Miocene San Joaquin
Basin, California

Miocene Los Angeles
Basin, California

Pennsylvanian-Permian Taos
Trough New Mexico, USA

Palaeozoic Anadarko aulacogen
Oklahoma, USA, Cretaceous
Benue Trough, Nigeria

Rhine graben, France-Germany

Paleogene Sustut Basin,
British Columbia, Canada

Cretaceous-Palaeogene La
Popa Basin, Mexico

Cretaceous-Palaeocene
boundary Chicxulub Basin
(central America)



DICKINSON (1974)
1.TYPE OF LITHOSPHERIC SUBSTRATUM?

Oceanic, continental, transitional
2.PROXIMITY OF BASIN TO PLATE MARGIN?

Plate margin, plate interior
3.TYPE OF PLATE BOUNDARY NEAREST BASIN?

Divergent, convergent, transform

READING (1982)

OCEANIC CRgIL-'EI'I’?_ STRIKE-SLIP
RELATED
BASINS MARGINS

‘EXXON’ (KINGSTON ET AL., 1983)

CONT'L CONT'L CONTL CONTL —
INTERIOR INTERIOR MARGIN WRENCH
SAG FRACTURE SAG ASSOCIATED

CATEGORIZATION
BASIN-FORMING TECTONICS
DEPOSITIONAL SEQUENCES

BASIN-MODIFYING TECTONICS

HYDROCARBON POTENTIAL/RISK

Figure 1



1 RIGID, STABLE LITHOSPHERE

1.1 Related to ocean crust formation
1.1.2 Rifts; 1.1.2 Oceanic transform fault associated; 7.1.3 Oceanic abysssal plains;
1.1.4 Atlantic-type passive margins straddling oceanic and continental crust

1.2 Located on pre-Mesozoic continental lithosphere
1.2.1 Cratonic basins

2 RIGID LITHOSPHERE OUTSIDE CONTRACTIONAL MEGASUTURES: ‘PERISUTURAL’

2.1 Deep sea trench on oceanic crust associated with Benioff-type subduction
2.2 Foredeep on continental crust adjacent to Amferer-type subduction

2.2.1 Ramp with buried grabens but no block-faulting; 2.2.2 Dominated by block-faulting
2.3 Chinese-type basins associated with no subduction

3 WITHIN MEGASUTURES: ‘EPISUTURAL’

3.1 Associated with Benioff-type subduction
3.1.1 Forearc basins; 3.1.2 Circum-Pacific backarc basins on oceanic crust (marginal sea)
or continental crust

3.2 Backarc basins associated with continental collision
3.2.1 Pannonian-type basins on continental crust; 3.2.2 Western Mediterranean-type basins
on transitional or oceanic crust

3.3 Related to episutural megashear systems
3.3.1 Great Basin-type basins; 3.3.2 California-type basins

Figure 2



TYPE OF LITHOSPHERIC SUBSTRATE

Divergent

Continental Oceanic
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TYPE OF PLATE MOTION TYPE OF PLATE MOTION
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Figure 3




Figure 4

Transcurrent
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MANTLE CIRCULATION:
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Figure 7
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A. Stratigraphic and sedimentary sequence

B. Tectono-sedimentary evolution
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