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Geomorphology of Uluru, Australia: Reply
Ken Patrick, Cedarville University, 251 North Main St., Cedarville, Ohio 45314
Twidale and Bourne’s comments are appreciated
by this author who respects their professional and
long-standing experience in the ﬁeld of modern
geomorphology.
I will seek to address each of Twidale and Bourne’s
points in the order they were written.
Two Zones of Flared Slopes
Patrick understands that there is only one zone
of ﬂared slopes on Uluru. This is not so. Two zones,
located 4–5 m and 35–60 m above present plain level,
and comprising assemblages of forms initiated at
the weathering front in the shallow subsurface, are
preserved on the southern face of Uluru.
Although there exists a marked change in slope
angle at the 35 m open-mouth caves, this author
is unaware of any feature that correlates with, nor
resembles, the very distinctive ﬂared slopes at the
4–5 m mark. In order to accurately represent this
response, many hours were spent looking over dozens
of Uluru images, none of which provided any evidence
of this particular distinctive feature. This is not to say
they do not exist, just that they have been extremely
elusive to the eyes of this very patient observer.
Fig. 1 is indicative of the 35 m horizon. Notice the
ﬂared slopes at the bottom of the image for comparison,
a feature that is linearly absent at the open-mouth cave
feature. Notice also the pinching out of the open-mouth
cave to an unaltered surface that is linearly adjacent
to the cave. If this horizon represents a subsurface
weathering horizon, shouldn’t one expect to ﬁnd
continuity of weathering from one open-mouth cave to

the next? A change of slope is evident at this horizon,
but one should also expect some other weathering
features that connect one cave to another.
Subsequent Erosion
Patrick (2010, p. 110 et seq.) expresses concerns
over the origin and fate of the arkose and related
arenaceous and rudaceous rocks in which Uluru, Kata
Tjuta and other residuals surviving in the southern
Amadeus Basin are shaped . . . That Uluru was left
in relief implies the stripping of a large volume of
detritus that was transported by streams and rivers,
the predecessors of the modern Finke and Palmer
systems, and deposited in the eastern Amadeus and
the western Lake Eyre basins.
Twidale and Bourne here respond to what this
author believes is one of the paramount difﬁculties
in their hypothesis; that is, the process that ﬁrst
eroded out and then removed vast amounts of rock
and detritus. This will not do, however. The etchplain hypothesis for peneplain construction is not a
new convention, being introduced by Wayland in 1934
(Wayland 1934). This hypothesis can be consolidated
with a number of comparable theories that collectively
try to explain the peneplain phenomena in general.
What process, exactly, is responsible for vast areas of
ﬂat relief that cut across varied kinds of resistant and
non-resistant rock types all over the world? Hence
this comment by Thornbury:
The idea of peneplain was a direct and logical
outgrowth of his [Davis’] earlier controversial history
which continues down to the present, and probably
more has been written pro and con regarding it than
about any other geomorphic idea (Thornbury 1969,

p. 179).
Attributing the erosion and removal of vast amounts
of material to ancient ﬂuvial processes is begging
the question. It is assumed rather than proven. This
author is not the only one who considers this solution
with credulity. Ollier and Pain, secular workers known
for their discussion of mountain-building processes
that include peneplain construction say this:

Fig. 1. Contrast of concave out ﬂared slopes and open
mouthed caves. Photo: Shargaljut, Dreamstime.

Most tourists wonder “how did that rock [Uluru] get
up there?” but the real question is “where did all that
rock go?” (Ollier and Pain 2000, p. 29).

Admittedly, the authors are considering the
contrast of seeing Uluru in terms of erosion rather
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than allochthonous rock transport, but their remark
is nonetheless stunning in its guileless confession:
“where did all that rock go?”
Twidale and Bourne’s etch plain hypothesis itself
argues against attributing the erosion and removal
of the saprolite to ﬂuvial processes. Consider a
scenario that requires a humid climate to initiate
intense subsurface weathering, and then must
change to one of aridity in order to produce the ﬂuvial
conditions necessary to remove the disarticulated
rock and detritus. These favorable conditions must be
repeated several times. Surely, such repeated cycles
of weathering and erosion would not be expected
to produce an exceptionally ﬂat topography almost
completely vanquished of left over saprolite? It seems
to this author that much more disarticulated rock,
detritus, as well as ﬂuvial erosion features, should
be ubiquitous. This is not the case, however. The
ﬂatlands all around Uluru and Kata Tjuta have been
completely stripped clean of almost all debris. Given
all of the above, it is not unreasonable to assume a
large marine transgression. It must be noted that
such an idea is not beyond the scope of conventional
thinking. Ollier and Pain say this:
The sea is very effective at carving plains at the coast,
and with sufﬁcient time could it not carve plains
of continental dimensions? . . . Arguments between
proponents of marine erosion and those of terrestrial
planation were great in the nineteenth century, but
are scarcely heard today, although the question has
not always been resolved (Ollier and Pain 2000,

pp. 234–235).
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action at the margins modiﬁed the southern ﬂank of
Uluru to produce the distinctive 30–65 m and 4–5 m
landform assemblages.
Actually, this is incorrect. Wave action was only
considered for the ﬂared slope features of the 4–5 m
mark. Nowhere was it hypothesized that the open
mouth cave landforms were formed in the same way.
Spring sapping was suggested for the latter. As a
matter of importance, wave action was only one of
perhaps many other epigenic processes that might
be responsible for the ﬂared slope feature. Note this
comment in the original article:

Even if Uluru’s ﬂared slopes are not the direct result
of wave attack, epigenic processes such as this may
provide another more viable interpretation (Patrick

2010, p. 115).
After re-evaluating Twidale and Bourne’s legitimate
criticisms, however, I propose some tweaking to my
original hypothesis. Similar ﬂared slope features are
also found at the base of Uluru’s Mutitjulu Waterhole
(ﬁg. 2). The processes involved in the formation of
these features is probably quite complex, but no doubt
involves at least three factors:– (1) Spring sapping;
(2) Tafoni related decomposition; and (3) Mechanic
abrasion by ﬂowing water. Note that these features
are not the result of subsurface weathering. Although
spring sapping and mechanical abrasion were
processes outlined in the original paper, the role of
tafoni was not. What if all three of these processes were
at work in the epigenic construction of the entire suite
of features found over the face of Uluru? Twidale has

Uluru’s Potholes
These are still developing and, as demonstrated
during the occasional heavy rains, are caused by runoff.
As photographs clearly show, the depressions increase
in size downslope, presumably reﬂecting both increasing
volumes of water and abrasive sand included as load.
Twidale and Bourne here acknowledge the
uniformity of Uluru’s potholes, but fail to see the
importance of such a pattern. Why are the hole sizes
increasing downslope? If Uluru’s uppermost elevation
is indicative of older topography, why do these erosion
surfaces not start off large, becoming smaller down
the strike of Uluru’s upturned strata? Why have
uniformity and continuity at all over the surface of
Uluru? One should conclude that such characteristics
are indicative of a contemporaneous Uluru surface
from top to bottom, not one that is at times separated
by millions of years.
Wave Action
Third, torrential rains caused the inundation of the
Amadeus Basin and the formation of a lake “several
tens of meters” deep. Its level changed in time but wave

Fig. 2. Sub-areal, epigenically derived ﬂared
slope features (arrowed). Photo: Matthew Weinel,
Dreamstime.
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elsewhere contended that the tafoni and ﬂared slopes
share a common origin in that both formed (or were at
least initiated?) as subsurface weathering fronts:

ﬂared slopes and cliff-foot caves [tafoni
caves] . . . indicate another [period of weathering]
when the hill-plain junction stood 4–5 m higher than
at present (Twidale 2007, p. 110).

Yet tafoni is almost always understood in terms of
subaerial weathering? That this is the case for Uluru
is evidenced by evacuated sub-circular blocks lying
next to the tafoni caves on the adjacent piedmont
(see ﬁg. 3). Once the concave-out tafoni-related caves
weather out most of the host rock (in large circular
blocks), all that remains is a lip or hood that covers the
cave. Once this hood itself weathers and erodes away,
one is left with the concave out ﬂared slope feature
under discussion. Tafoni weathering rates are still
poorly understood, but large granite blocks left over
from the Last Glacial Maximum have evidenced huge
amounts of in situ tafoni-related decomposition in only
a few thousands of years (Brandmeier et al, 2011). It
is the contention of this author, then, to postulate a
combination of spring sapping at Uluru’s base (much
like that seen in the Mutitjulu Waterhole), along with
tafoni related decomposition. This decomposition
would have been accelerated by the presence of an
ephemeral inland brackish lake. Although the lake
was at times transient, high water periods would also
be responsible for mechanical disarticulation and
removal of rock detritus and perhaps contributed to
the concave out shape.

Fig. 3. Tafoni cave with internal concave out ﬂared slope
feature and evacuated sub-circular blocks lying on the
adjacent piedmont. This image is used by permission of
the copyright owner, Billogs.

Misunderstood Words and Phrases
For the reader there are problems with the author’s
use of words and phrases. For instance, what is a
temporal lake (Patrick 2010, p. 113); what is a land
breach (p. 108); how can a watershed scour out a
valley (p. 108); and how can a subsiding lake achieve
regional planation (p. 114)?
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It will be important to clarify these possibly
confusing terms. By temporal lake, I mean to suggest
a lake that is short-lived. I would here like to add my
contention that this lake was probably brackish, and
ephemeral being at times dry, while at other times
having a high water mark. As for the watershed, I
was simply delineating Twidale’s hypothesis using,
perhaps, too few words. The entire double planation
process as well as subsequent erosion was the intended
meaning. As for the ﬁnal misunderstanding, this
author holds to a catastrophic marine transgression
that was responsible for regional planation, not a
subsiding lake.
Amadeus Basin Lake
Examination of available topographic maps
suggests it would have occupied most of the present
Amadeus Basin. But what blocked the lake, and
where are the lake deposits and associated fossils?
The plains around Uluru are underlain by sequences
of mixed sediments (Twidale 1978) with a cover of
alluvial and wind-blown sand. Thus, it is simply
incorrect to state that lacustrine beds 180 m thick
(and more) have been located in the vicinity of Uluru
(Patrick 2010, pp. 117–118).
My apologies for misreading Twidale and Harris’s
original paper. Twidale said this,
The plains that surround [Uluru and Kata Tjuta]
are depositional. They are underlain by Cainozoic
sequences comprising lacustrine, alluvial, and
aeolian beds, the thickness of which varies (Twidale

and Harris 1977, p. 46).
They later go on to suggest that some of the boreholes in the area measured 180 m deep of sediment.
Since the aeolian sediments chieﬂy represent only
the very top sediments, I incorrectly assumed that
the rest of this sediment was made up of lacustrinetype deposits, when in fact they mostly represent
lacustrine as well as ﬂuvial sediments. Exactly
what percentage is made up of what sediment
was not indicated. Nevertheless, deep lacustrine
deposits are known in the area as referenced
above.
Spring Sapping
With the possible exception of Mutitjulu and other
waterholes located within structural clefts on the
southern face, there is no evidence of sapping (Patrick
2010, p. 116) in the form of springs or seepages around
the base of Uluru.
A closer look at ﬁg. 11 in Patrick (2010) should,
I think, convince the reader that other areas also
evidence spring sapping. Notice the incredibly close
correlation of this concave down shaped feature to the
water sapping features in Patrick (2010), (ﬁgs 12 and
13). Note also the presence of salts.
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Conclusion
There still remain severe problems related to
Twidale and Bourne’s Double Planation Hypothesis.
What testable data exists to verify the processes
that removed vast amounts of material? Why is the
topography exceptionally ﬂat? Why does continuity of
external erosion features exist all over the surface of
Uluru? Why only one level of ﬂared slopes, and why
only at its base? Given these noteworthy unanswered
questions, it seems much more reasonable to assume
a catastrophic marine transgression that carved out
the basic Uluru residual. Extreme changes in climate
were responsible for the presence of an inland,
ephemeral and brackish lake that contributed to the
entire suite of features exhibited over the entirety
of Uluru’s surface. Since this suite of features is
best explained by epigenic processes such as spring
sapping and tafoni related rock decomposition,
this leaves mainstream geomorphologists with an
obvious conundrum—how did the original residual
form (since these features themselves are used to
hypothesize a slow and gradual decrease in land
level)? Those limited to slow and gradual processes
will be hindered in their investigations due to the
almost pervasive and outright anathema of ideas
related to catastrophic marine transgressions.
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