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Freeling syncline; fig. 2: Preiss, 1986), although not necessarily associ-
ated with the distinctive canyon-filling facies observed at the main
localities. In addition to detailed studies at localities 1, 3, and 5 (fig. 2),
one or more of the present authors have visited at least briefly each of
the exposures in the northern area (loc. 2, 4, and 6 to 10), but with the
exception of the outcrops west of Buckaringa Hill (loc. 11) and at
Buckaringa Gorge (loc. 12), we have not examined the outcrops in the
south (loc. 13 to 17).

The geographic separation of the two outcrops belts suggests they
may be a part of two separate canyon systems: one feeding to the north
and one feeding to the southeast (von der Borch and others, 1985;
Haines, ms: Preiss, 1987; DiBona, ms). The northern canyons contain
similar facies, and paleocurrents, while variable (fig. 6), are directed
approximately in a northward direction, consistent with the paleogeog-
raphy of the underlying Nuccaleena—Brachina—ABC Range sequence.
The manner in which the present exposures are connected in three
dimensions is uncertain, but paleocurrent evidence for a sinuous canyon
system at locality 1 (fig. 6: von der Borch and others, 1985: Eickhoff and
others, 1988) suggests that a relatively small number of distinct canyons
(or their feeders) is represented. The orientation of the southern canyon
system has not yet been worked out and is assumed from the distribution
of outcrops (Preiss, 1987).
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Fig. 6. Summary of overall sediment transport directions from paleocurrents in the
Wonoka canyons of the northern Flinders Ranges (open squares; modified from Haines, ms)
Outcrop patterns enlarged from figure 2.
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Few direct measurements are available of the gradients of the
canyon walls. Cross sections by Eickhoff, von der Borch, and Grady
(1988) and DiBona (ms) and work in progress by N. Christie-Blick
suggest that primary dips were typically a few degrees and locally as
large as 30°. Markedly steeper slopes (near vertical) inferred in a
restored cross section published by von der Borch, Smit, and Grady
(1982) for the Pasty Springs canyon (fig. 2, loc. 5) are exaggerated
because they do not take into account the effects during folding of
layer-parallel slip and flow, deformation that was locally quite pro-
nounced in fine-grained sedimentary rocks of the tightly folded An-
gepena syncline.

Wall Rocks

Wall rocks of the Wonoka canyons consist of various stratigraphic
levels within the Brachina Formation (Ulupa Siltstone), ABC Range
Quartzite (mostly very thin in the northern Flinders Ranges), Bunyeroo
Formation, and, at least locally, parts of the lowermost Wonoka Forma-
tion. These rocks are thought to have been largely consolidated at the
time of the canyon incision because relatively steep slopes were main-
tained at least locally, and because undeformed angular clasts of Brachina
Formation are preserved in siltstone-clast diamictite within the canyon
fill. The wall rocks were not necessarily lithified, however, because in
places the Brachina Formation displays abundant evidence for soft
sediment deformation and locally grades laterally over a distance of
several tens of meters into diamictite deposited in the adjacent canyon
(compare Eickhoff, von der Borch, and Grady, 1988).

With the exception of such gradational contact relations, the bound-
ary between the canyon fill and the wall rocks is typically sharp and is
inferred to be erosional with small-scale relief of as much as several
meters. Key evidence for this interpretation is found in the Fortress Hill
canyon complex in the axial region of the Umberatana syncline (fig. 2,
loc. 1), where the rocks were little affected by Phanerozoic deformation.
Here, the Brachina Formation dips gently toward the east and strikes at
a high angle to the contact with the Wonoka Formation. Mapping in this
areaat 1:10,000 scale demonstrates that the contact is neither a fault nor
the result of large-scale loading into unconsolidated sediment, the type
of syn-sedimentary deformation that has characterized the Neogene
development of the passive continental margin along the northern Gulf
of Mexico (table 2).

Canyon Fill (Wonoka Sequence 2)

The Wonoka canyons are filled by a variety of depositional facies,
described in considerable detail by von der Borch, Smit, and Grady
(1982), von der Borch and others (1985, 1989), and Eickhoff, von der
Borch, and Grady (1988) and only briefly summarized here. In the
northern Flinders Ranges, the main components are a laminated carbon-
ate veneer, best preserved on canyon shoulders; siltstone-clast diamic-
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tite, deformed masses of stratified sandstone and siltstone (olistostromes),
and carbonate-clast conglomerate and breccia, deposited for the most
part at the bottoms of canyons and adjacent to the walls: and various
siltstones and sandstones, mostly fine- to very fine-grained, and which
account for the bulk of the canyon fill. The carbonate veneer is com-
posed of gray micritic to microsparry limestone and dolomite a few tens
of centimeters thick, commonly with diffuse planar laminae, and locally
containing possible stromatolites, tepee structures, and soft-sediment
folds. The carbonate rocks tend to pinch out down the canyon walls and
are present as abundant clasts in conglomerate and breccia. The diamic-
tite facies is composed for the most part of fragments of siltstone as large
as several meters in diameter and derived mainly from Brachina Forma-
tion and to a lesser extent from the Bunyeroo Formation. The diamictite
is typically disorganized but in places contains stratified conglomerate,
sandstone, and siltstone. The conglomerate and breccia facies consists of
rounded to angular clasts of limestone and dolomite a few centimeters to
as much as several meters across, together with clasts of quartzite and
sandstone in a sandy to silty matrix. The rocks are disorganized to
relatively well-stratified and locally cross-stratified, with sharp locally
erosional lower contacts and sharp upper contacts. Sandstones and
siltstones intertongue with the coarser-grained facies and range from
relatively massive or diffusely stratified to well-stratified tabular to
broadly channelized beds. Few beds contain systematic variations in
grain size, although some are normally graded. Sedimentary structures
include scours, flute casts, load structures and other evidence for soft
sediment deformation, parallel to wavy laminae, low-angle cross-
laminae, parting lineation, current and combined-flow ripples, climbing
ripples, and rare hummocky cross-stratification, swaley cross-stratifica-
tion, large-scale trough cross-stratification, and oscillation ripples. Exam-
ples of structures interpreted as combined-flow ripples and hummocky
cross-stratification are illustrated in figure 7.

INTERPRETATION

Evidence for Shallow-Water Deposition

The shallow-water interpretation of the canyon fill is based primar-
ily on the presence of sedimentary structures thought to indicate sedimen-
tation above storm wave base, particularly combined-flow and oscillation
ripples, and rare hummocky cross-stratification (HCS) with hummocks
as much as 1 m in diameter (fig. 7A: table 2). HCS is present at several
horizons including the lowest stratigraphic levels of each of the main
canyon exposures (fig. 2, loc. 1,3, and 5: Eickhoff, von der Borch, and
Grady, 1988: DiBona, ms; von der Borch and others, 1989). The
interpretation of HCS is controversial in detail, but the present consen-
sus is that it results primarily from some combination of undirectional
and oscillatory flow above storm wave base (Dott and Bourgeois, 1982:
Walker, Duke, and Leckie, 1983; Allen, 1985: Duke and Leckie, 1986:
Ng'ttvedt and Kreisa, 1987: Southard and others, 1990).
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Fig. 7. Examples of hummocky cross-stratification (A) and combined-flow ripples (B) from the lower part of the Fortress Hill canyon complex.
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Small-scale structures interpreted to represent a combination of
unidirectional flow and oscillatory motion are present widely at all
stratigraphic levels in the Wonoka canyons. In cross section, they display
complex bundling of laminae and cross-stratal offshoots that pass through
troughs to the flanks of adjacent ripples, features typical of wave-
influenced sedimentation (fig. 7B: de Raaf, Boersma, and van Gelder,
1977: Reineck and Singh, 1980). Although cross-laminae typically indi-
cate a strongly preferred direction of flow, in plan view these ripples are
characterized by relatively symmetrical three-dimensional hummocks
and swales with spacings of 8 to 14 cm and amplitudes of as great as 2 cm.
Similar structures have been described by Prave (1985) and Prave and
Duke (1990) from deep-water turbidites of the Behobie Formation (Late
Cretaceous) in the western Pyrenees and interpreted by him as having
been deposited from antidunes. Bundled laminae and low-relief scours
and drapes are observed also in outer- to mid-fan turbidites of the
Chalky Mount succession (Cenozoic) of Barbados, where they are as-
cribed by Larue and Speed (1983) and Larue and Provine (1988) to
pulsating flows or to the influence of entrained organic matter on flow
behavior. However, these interpretations appear to be inappropriate for
the Wonoka Formation, in which combined-flow ripples are in some
cases associated with relatively linear symmetrical ripples, some with flat,
truncated tops or bifurcating geometry in plan view, features that are
commonly produced by wave activity in shallow water. Moreover, com-
bined-flow ripples are present in the Wonoka Formation not only in
discrete sandstone beds but as thin veneers at the tops of conglomerate
units, where they are most likely due to winnowing. Structures resem-
bling those in the Wonoka Formation are found also throughout the
underlying Brachina Formation and ABC Range Quartzite, units in
which they are associated with numerous other shallow-water indicators
(see above), and it seems implausible that similar structures in the
Wonoka Formation have a markedly different origin.

We acknowledge that few of the sedimentary structures observed in
the canyon fill are by themselves unequivocally diagnostic of a shallow
marine depositional environment. In our view, it is the convergence of
evidence toward this interpretation that is most persuasive. Indeed little
doubt would exist were it not for the rather startling implications of this
conclusion for large-scale changes in depositional base level.

Possible Evidence for Tidal Activity

An unusual facies locally developed between 200 and 400 m above
the base of the Patsy Springs canyon (fig. 2, loc. 5) consists of intervals of
sandstone-mudstone couplets arranged into thinning- and fining-
upward sequences 8 to 10 cm thick, with approx 28 couplets per
sequence. These cyclic sediments have been interpreted by von der
Borch and others (1989) as indicative of some form of tidal influence,
although the manner in which the cyclicity developed has not yet been
determined. Rare examples of possible tidal bundles have also been
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noted about 130 m above the base of the canyon at the same locality. If
correctly interpreted, these observations are potentially important to
the interpretation of the canyons because quite apart from what they
might indicate about water depth they may imply a connection between
the sedimentary basin and the open ocean at the time the canyons were
being filled.

Summary of Facies Interpretation

The carbonate veneer of the canyon shoulders is interpreted as a
subaerial tufa, disrupted by downslope-sliding and flow during contin-
ued subaerial incision of the canyons. The diamictites, conglomerates,
and breccias are thought to represent a variety of sliding and sediment
gravity flow processes, with stratification and cross-stratification related
to winnowing and redeposition of sediment by currents. The presence of
combined-flow ripples on top of conglomerate beds indicates that much
of the coarse-grained sediment accumulated in shallow water during
flooding of the canyons (transgressive systems tract). Sandstone beds
characterized by well-developed flute casts, parting lineation, and climb-
ing ripples represent episodic turbulent underflows. It is not clear
whether these underflows were induced during times of high sediment
input (floods), by slumping or by storms. Nor is it yet clear whether beds
displaying combined-flow ripples represent single events or are compos-
ite. Siltstone is thought to have accumulated in part from bottom flows
and in part as background sediment from suspension.

Timing of Canyon Incision

The sequence boundary corresponding to the Wonoka canyons is
located on a regional scale between the top of unit 2 of the Wonoka
Formation and the base of unit 4, subdivisions defined on the basis of
lithic criteria and not necessarily having time-stratigraphic significance.
Owing to the depth of incision and the fact that the canyons cut across at
least two other sequence boundaries, it is difhicult to eliminate the
possibility that the erosion took place during two or more discrete
events. However, the presence low in the canyon fill at the Fortress Hill
and Patsy Springs localities (fig. 2, loc. 1 and 5) of distinctive clasts of
siltstone and dolomite from the Bunyeroo Formation suggests that if
they existed, the canyons were virtually empty at the end of Bunyeroo
deposition.

Von der Borch and others (1989) suggested that erosion may have
taken place mainly during the development of the boundary at the top of
the Bunyeroo sequence, a boundary that according to the interpretation
presented was subsequently modified by lateral and headward erosion of
the canyon walls. This view stems primarily from the existence of an
abrupt regional facies discontinuity at the base of unit 2 of the Wonoka
Formation, but it poses difficulties with respect to the time of deposition
of unit 2. If unit 2 accumulated after partial filling of the canyons, its
absence within the canyon fill at those localities where it is also present in
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the canyon walls (fig. 2, loc. 6, 7, 9 and 10) is puzzling. If unit 2 was
deposited before appreciable amounts of sediment had accumulated in
the canyons, either the canyons were cut by mass-wasting below sealevel
(not the preferred interpretation) or sealevel needs to have fallen twice,
first to cut the canyons subaerially and then to permit shallow marine
sedimentation after the deposition of unit 2.

For these reasons, we now favor the idea that canyon cutting was
associated primarily with the development of the uppermost sequence
boundary (within unit 3 of the Wonoka Formation). At localities away
from the canyons, the sequence boundary is subtle or cryptic and not
associated with prominent upward-shoaling in underlying strata of unit
3. This may indicate a relatively rapid lowering of depositional base
level, although this possibility is difficult to evaluate quantitatively.

Origin of Canyon Sinuosity

The sinuosity of the Fortress Hill canyon complex (fig. 2, loc. 1) is
best explained as inherited from a fluvial system that developed during
formation of the sequence boundary (Eickhoff, von der Borch and
Grady, 1988). The rivers would at least initially have been of low
gradient (ramp setting), and the fine grain size of much of the Wonoka
Formation and underlying stratigraphic units suggests that the sediment
load would have been relatively fine-grained. Indeed, the existence of
pronounced sinuosity constitutes supportive evidence for subaerial ero-
sion because where submarine canyons intersect modern continental
shelves they tend to be both relatively straight and rather shallow in
comparison with the Wonoka canyons (Farre and others, 1983).

Localization of the Wonoka Canyons in Synclines

Several of the canyon exposures in the northern Flinders Ranges
are in the axial regions of synclines (loc. 1, 5, and 8 in fig. 2). Only one,
Beltana canyon (fig. 2, loc. 10), crops out within an anticline. This may
be a function of the present level of exposure, but an idea worth
pursuing is that fold geometry may have been influenced by the distribu-
tion of evaporites at depth. We know that deposition of the Wonoka
Formation was accompanied by diapirism, and it is therefore possible
that canyons were localized in areas of salt withdrawal. Drainage pat-
terns during development of the sequence boundary would have been
influenced even by subtle topography. For this reason, among others
detailed below, the idea that canyon incision was localized preferentially
in areas of salt-induced uplift seems unlikely (compare Eickhoff, von der
Borch, and Grady, 1988, von der Borch and others, 1989).

INCISED VALLEYS AT THE BASE OF WONOKA SEQUENCE 3
In the vicinity of the Fortress Hill canyon complex (fig. 2, loc. 1, 5,
and 8), the base of Wonoka sequence 3 (equivalent to unit 8 of Haines,
ms) is characterized by a series of incised valleys with more than 200 m of
erosional relief (fig. 4: DiBona, ms). Mapping by P.A. DiBona over a
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distance of approx 30 km indicates that along the southern limb of the
Umberatana syncline the sequence boundary locally cuts downward
through Wonoka sequence 2 and the main canyon-cutting surface into
the Bunyeroo Formation. The valleys are filled by a succession of
medium- to very fine-grained sandstone and siltstone, in part channel-
ized, and arranged into a broadly thinning- and fining-upward succes-
sion. Sedimentary structures include current and combined-flow ripples,
parallel laminae, and rare hummocky cross-stratification, together with
evidence for soft sediment deformation, slumping, and dewatering,
especially in the lower part. Beneath the valleys, the Wonoka Formation
consists of more than 200 m of thinly bedded limestone and siltstone,
passing upward into a coarsening-upward succession of siltstone and
fine-grained sandstone also about 200 m thick (broadly equivalent to
units 4 to 7 of Haines, ms). Sedimentary structures in these rocks include
parallel laminae and current and combined-flow ripples.

Interpretation.—Strata in the uppermost part of Wonoka sequence 2
are interpreted as a shoaling-upward sequence (highstand systems tract),
with sedimentation predominantly above storm wave base at the top.
The valleys are inferred to have been cut in part by rivers and to a lesser
extent by mass-wasting, and to have been filled by a deepening-upward
succession of shallow-marine sediments (transgressive systems tract). A
change in depositional base level of more than 200 m is implied by the
geometry of the sequence boundary and the distribution of shallow-
water facies. Although this is considerably less than that inferred for the
main Wonoka canyons, the result is important because it demonstrates
that large-scale base-level changes took place at least twice during
deposition of the Wonoka Formation.

WORKING HYPOTHESES FOR THE ORIGIN OF THE CANYONS

Working hypotheses for the origin of the Wonoka canyons and an
evaluation of available evidence are summarized in table 2. Assuming
that existing stratigraphic and sedimentological imterpretations are
correct, the following observations need to be accommodated.

1. The canyons developed about 630 to 580 my ago within a
thermally subsiding basin influenced by diapirism. The overall
paleogeographic context is one of a broad, shallow depositional
ramp deepening gradually toward the north and east.

2. The canyons are distributed in two discrete regions over an area
nearly 300 km in north-south dimension.

3. The canyons are erosional features, in some cases more than 1
km deep. They cannot be explained in terms of syn-sedimentary
detached faulting or loading into unconsolidated sediment, nor
by reference to Phanerozoic deformation, although later defor-
mation has in some cases significantly modified canyon geometry
(Patsy Springs: fig. 2, loc. 5). The depth of erosion is greatest in
the northern part of the outcrop, paleogeographically closest to
the depocenter.
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4. The presence of shallow marine sedimentary rocks immediately
beneath the canyon shoulders and at the lowest levels within the
canyon fill requires the lowering of depositional base level by
more than 1 km. Erosion was most likely accomplished by a
combination of fluvial incision and mass-wasting of the canyon
walls in a subaerial environment.

5. The presence of shallow-marine indicators at all stratigraphic
levels within the canyons indicates that during deposition of the
fill sediment accumulation kept pace with the relative sealevel
rise, although the actual rates involved are not known.

6. The basin was connected with the open ocean during deposition
of the ABC Range Quartzite. Possible evidence for tidal activity,
and hence connection with the global ocean, is also present
locally within the canyon fill.

7. The Wonoka Formation is the only unit within the Wilpena
Group to contain appreciable amounts of carbonate rock. No
layered evaporites are known at this stratigraphic level, but
tepee dolomite with evaporitic pseudomorphs is observed locally
on the canyon shoulders.

8. A second level of incised-valley development is present at the
base of unit 8 of the Wonoka Formation in the vicinity of the
Fortress Hill canyon complex (fig. 2, loc. 1), in this case involving
lowering of depositional base level on the order of 200 m.

Regional Uplift

The regional distribution of the canyons requires lowering of depo-
sitional base level on a regional scale, either through uplift or lowering
of sealevel. Although diapirs were clearly active at the time and led to a
number of local stratigraphic and sedimentological complexities, diapir-
ism by itself cannot account for the distribution of erosion (table 2). Nor
can it account for pronounced uplift even locally in an extensional
setting lacking evidence for basin inversion (compare Eickhoff, von der
Borch, and Grady, 1988). Any regional uplift would therefore have been
of tectonic origin (including epeirogeny).

The Wonoka canyons appear to be restricted for the most part to
the Adelaide geosyncline, although they may be present also in the
Officer basin about 800 km to the west (B. Thomas, personal commun.,
1990). No independent evidence exists in the Adelaide geosyncline for
compressional deformation coeval with the development of the canyons.
However, the presence in the northern part of the Officer basin of an
unusually thick succession broadly correlative with the Wonoka Forma-
tion raises the possibility that subsidence (and uplift) there may have
been due to crustal shortening (W. V. Preiss, personal commun., 1990),
and this is an idea that merits further consideration.

Another way to account for regional uplift would be to consider the
effects of continued extension of the lithosphere. As noted above, there
is very little evidence in the Wilpena Group for significant extension of
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the crust (Preiss, 1987), so that any extension would have been distrib-
uted inhomogeneously. A possible scenario involves extension of the
lower crust and mantle, but little or no extension of the upper crust in
the area of outcrop. A regional balance can be obtained in the amount of
extension at all levels by supposing that deep extension beneath the
Adelaide geosyncline was transferred to the upper crust in the area
north and/or east of the present outcrop, perhaps by means of regional
detachment faults (for excellent recent discussions concerning the role
of detachment faults in continental extension, see Kusznir, Karner, and
Egan, 1987: and Lister and Davis, 1989). Depending on the distribution
of extension with depth, the flexural rigidity of the lithosphere and the
duration of extension, renewed thermal subsidence may be preceded by
either syn-extensional subsidence or uplift (Kusznir, Karner, and Egan,
1987).

A possible difficulty with this hypothesis is the requirement that the
amount of uplift was relatively uniform over distances of hundreds of
kilometers. Stratigraphic units below the Wonoka canyons do not ap-
pear to have been appreciably tilted on a regional scale, and any doming
must therefore have been very subtle. Another difficulty is the fact that
pronounced lowering of depositional base level appears to have taken
place at least twice. Although we have no information about the time-
scales involved, the close stratigraphic spacing of the two sequence
boundaries involved suggests that they may differ in age by no more
than a few million years. Large-scale oscillatory vertical motion of this
sort over a broad region is not readily explained tectonically.

Messinian-Style Sealevel Change in an Isolated Basin

An alternative to regional uplift is the possibility that sealevel was
lowered (fig. 8). Sealevel changes in excess of 1 km are too large to be
ascribed to a simple eustatic control, and von der Borch and others
(1989) have suggested an evaporitic lowering of sealevel in an isolated
basin, analogous to the Messinian event in the Mediterranean (Hsu and
others, 1978; Cita, 1982). This mechanism readily accounts for the wide
distribution and scale of the canyons (compare Ryan and Cita, 1978), for
the absence of evidence for shoaling in unit 3 of the Wonoka Formation
below the sequence boundary, for the presence of carbonate rocks and
evaporitic pseudomorphs in the Wonoka Formation in general, and for
pronounced and repeated lowering of depositional base level.

One possible difficulty with the drawdown hypothesis for the
Wonoka canyons is that lowered sealevel in an isolated basin would seem
to be inconsistent with tidal activity, although evidence for earlier and
later connections between the Adelaide geosyncline and the open ocean
can be accommodated readily if the basin was isolated only during times
of pronounced drawdown. Sedimentary structures supposedly of tidal
origin in the sedimentary fill of the Wonoka canyons therefore need to
be re-evaluated.
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Fig. 8. Interpretive cross sections showing the evolution of the Wonoka canyons
assuming a Messinian-style drawdown of sealevel. Stratigraphic units within the lower part
of the Wilpena Group are shown thinning northward as a result of reduced sedimentation
rates on the hypothetical outer part of the depositional ramp (A) and through erosion
during development of the canyons (B). The drawdown hypothesis requires a deep basin to
have existed north and east of the Flinders Ranges prior to canyon incision.

One of the main differences between a hypothesized Wonoka draw-
down and the Messinian crisis of the Mediterranean is the fact that
during filling of the canyons sediment accumulation appears to have
kept pace with the rate of sealevel rise. Around the margins of the
Mediterranean, fluvial and shallow marine facies are in many cases
overlain abruptly by deep marine transgressive deposits (Barber, 1981:
Cita, 1982). This implies either that catastrophic flooding did not take
place in the Adelaide geosyncline or that the sediment supply was
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sufficiently large in the area of the present outcrops to maintain a
shallow marine environment. A possible paleogeographic analogue in
the Mediterranean region is the incised valley of the River Nile (Chuma-
kov, 1973).

Another difference is the apparent absence of evidence for layered
evaporites either in outcrop or in seismic reflection profiles that we have
examined from the area immediately north of the Flinders Ranges. The
absence of evaporites in outcrop is easy to justify. These would have
accumulated during the time of canyon cutting. Sedimentary rocks now
observed to fill the canyons represent the post-evaporitic transgressive
phase. In the Mediterranean, Messinian evaporitic facies similarly tend
to be restricted to the deeper parts of the basin (Decima and Wezel,
1973; Montadert and others, 1978). The absence of evidence for salt
structures in seismic reflection profiles may be explained by supposing
that desiccation was either incomplete, that is, desiccation was sufhicient
to lower sealevel, but not enough to produce significant thicknesses of
evaporites, or that the basin dried up completely. Without replenish-
ment of the evaporated water, the thickness of evaporites would have
been negligible. In the case of the Mediterranean, one of the main
problems has been to explain the very great thicknesses of salt! It is also
possible in the case of the Wonoka canyons that the deepest part of the
basin was located beyond the region where Neoproterozoic rocks can be
imaged satisfactorily in the subsurface.

A final puzzle for both uplift and drawdown hypotheses has to do
with the apparent absence of evidence for meteoric diagenesis within
unit 3 of the Wonoka Formation in parts of the central Flinders Ranges
far removed from sites of canyon incision. In those areas, the canyon-
cutting sequence boundary corresponds to a cryptic surface that must
have been exposed 1 km or more above sealevel. Possible explanations
are that local rainfall was very small, or that evidence for diagenesis was
simply removed during subsequent transgression, but this is another
aspect of the story that needs further study.

Further Research

In the course of recent studies it has been possible to narrow down
the range of likely working hypotheses for the origin of the Wonoka
canyons (table 2). Further studies are needed, however, to corroborate
or falsify the shallow-water interpretation of the canyon fill and espe-
cially to investigate further the origin of supposed tidal facies; to evalu-
ate the sedimentology within the canyons in a time-stratigraphic context;
to investigate the possible diagenetic consequences of large-scale lowering
of base level both in the vicinity of the canyons and in areas where no
canyons are present; to refine interpretations of sequence stratigraphy
and paleogeography on a regional scale: and to compare the history of
the Wilpena Group with equivalent stratigraphic units in adjacent basins
such as the Officer basin. By these means, it may be possible to gain
further insights about the origin of the canyons.
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IMPLICATIONS FOR NEOPROTEROZOIC EUSTASY AND ADELAIDEAN TECTONICS

Given the present status of knowledge in the Adelaide geosyncline,
what are the implications for the history of eustatic change during
Neoproterozoic time? The existence of obvious stratigraphic complexi-
ties in the Wilpena Group demands prudence in attempts at global
correlation, but it does not necessarily preclude eustasy as an important
control. If regional uplift was involved in the development of the
Wonoka canyons, its role may have been to enhance an unconformity
that would have developed anyway. If a Messinian-style drawdown was
involved, the timing of isolation from the global ocean may also have
been related to a time of eustatic fall, as appears to have been the case in
the Mediterranean during late Miocene time (Cita, 1982; Kastens,
1989). In comparing the sequence stratigraphy of the Adelaidean with
that of other basins of the same general age, it is important to focus
primarily on the time of formation of sequence boundaries—to the
extent that this can be resolved in Proterozoic rocks—not on the
geometry of the boundaries or the facies involved, aspects of the stratig-
raphy that are likely to be controlled locally.

The Wonoka canyons are significant also to the tectonic develop-
ment of the Adelaide geosyncline, not only because tectonic uplift may
have been responsible for the canyons, but because of the possible
implications for the depth of the adjacent basin if the drawdown hypoth-
esis is verified. Even allowing for the isostatic response to a drawdown
event, base-level changes of more than 1 km require that the adjacent
basin was on the order of 1 km or more deep. Such deep water is unusual
for extensional basins on continental crust and, as in the case of the
Mediterranean, indicates the presence at least locally either of highly
attenuated continental crust or of oceanic crust. It is of course possible
that the portion of the basin characterized by thin crust, and the most
likely site of evaporite accumulation, was removed during Cambrian
rifting and continental separation or tectonically depressed during the
Delamerian orogeny.
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