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Abstract: It is important that technical terms with agreed meanings are used correctly. This applies
particularly to words that reflect their etymology. Neglect of this principle distorts information
and compromises the discussion, understanding, and value of otherwise useful papers and reports.
In discussion and in publications, some authors have used the term ‘exhumed’ as synonymous
with ‘erosional’, whereas in disciplines like stratigraphic geology and geomorphology the two are
perceived as having quite different meanings and implications for chronological reconstructions.
Furthermore, some aspects of the nature of erosion do not appear to be appreciated.
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PROBLEM

There is insome quarters confusion as to
the meaning of, and difference between, ‘ero-
sion’ and ‘exhumation’ and their derivatives.
‘Erosion’ is the wearing away or lowering of
a surface, whether of, say, a boulder or cob-
ble, a platform or pediment, or a landscape.
The word is derived from the Latin erodere, to
gnaw or wear away. To exhume on the other
hand is to extract out of the ground, to disin-
ter, resurrect, or re-expose, for etymologically
humare is the Latin for ‘to bury’, humus is the
ground, and ‘ex’ in this context means ‘out
of”. Thus, occasionally the authorities order a
corpse to be exhumed, that is, disinterred, for
further examination. In geology and particu-
larly in geomorphology, the word in used in
the same sense. Exhumed landscape features
have been shaped by destructive (erosional)
or constructive or depositinal processes ac-
tive at or near the land surface, buried, for
example by marine or lake sediments or by
volcanic lava or ash, and later re-exposed.
Accordingly, an exhumed surface is an ex-
posed unconformity and as such represents
an hiatus or break in time.

Unfortunately, surfaces that clearly are
erosional in origin have been described as ex-
humed. It serves no purpose to cite specific
papers and authors for what is perceived to
be the incorrect and misleading application
of technical terms is surely unintentional.
But by way of illustration and exemplifica-
tion the following phrases are quoted from
recently published papers that contain much
of interest and value but in which ‘exhuma-
tion’ clearly but disconcertingly is intended
to indicate ‘erosion’ or the wearing away of
the rock. In none of the instances cited is
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an earlier exposed phase envisaged. Thus,
reference is made to the elastic response of
brittle rock causing ‘the magnitude of all
three principal stresses to reduce at differ-
ent rates during exhumation’, to ‘exhuma-
tion induced stresses’, to an ‘exhuming rock
landscape’ and to a rock passing though a
physical transition — possibly a discontinuity
of the type discussed below—at an estimated
depth of 10 km ‘during a period of rapid
exhumation’. Again, a flared slope has been
described as ‘A concavity... produced by
subsurface weathering and subsequent ex-
humation’ though again, the bedrock form
has not previously seen the light of day.

EROSIONAL PROCESSES

Erosional processes cause the lowering
of the land surface. They are generated at
the Earth’s surface and are epigene pro-
cesses that have produced, degraded or de-
structional forms. Two general points call
for attention. First, overwhelmingly erosion
is preceded by and is dependent upon prior
weathering, the disintegration and or the al-
teration of the country rock. Without such
preparatory weathering there would be little
erosion, save in the bedrock channels of ma-
jor rivers where potholes, Rillen or grooves,
and scallops are formed (Figure 1) and more
generally as a result of catastrophic or storm
events such as major floods (e.g. BAKER,
1973). Second, erosion at one site or in one
area implies deposition elsewhere For exam-
ple, upstream catchments are lowered, but
the eroded detritus is carried downstream
and eventually laid down either in stream
channels in piedmont zones as alluvial fans,
in valley floors, or in the sea.
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Fig. 1. (a) Pot hole in granite in the bed of the Umgeni River, Kwa-Zulu Natal, Republic of South Africa. (b)
Parallel grooves cut in granitic bed of the Ashburton River, at Nanutarra, western Pilbara, Western Australia
(c) ‘Scallops’ shaped in granite exposed in river bed, Davies River, north Queensland.
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Rivers are the dominant agency shap-
ing the land surface of humid and temper-
ate areas, though not to the degree stipu-
lated by some workers (e.g. DAVIS, 1909,
pp. 266-267; but see also BLISS KNOPF.
1924). The turbidity of rivers in flood shows
that they transport silt and sand in suspen-
sion and by saltation and the coarser debris
is carried as the bed or traction load (e. g.
MORISAWA, 1968). Rivers in the more
usual range of discharge and velocity, and
particularly those armed with coarse detri-
tus, have gouged potholes, gutters, and scal-
lops in coherent bedrock exposed in main
channels, but the erosional capacity of small
discharge and lower velocity streams, and
of surface wash, appears to be limited to
friable fines (BAKER, 1988; NOLDHART
and WYATT, 1962). HILLS (pers. comm,.
1962) characterized the changes in erosion
on divides washed by minor streams and
overland flow by stating that there is “first
of all a period of rapid skimming off of the
soil and rotten rock, followed by a sudden
decrease in removal of detritus when fresh
rock is exposed...’. Thus, like some glaciers,
rivers tend to act as bulldozers rather than
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excavators (BOYE, 1950). Both agencies
are capable of picking up and transporting
weathered detritus but are ineffective where
in contact with coherent rock.

This implies that many regoliths that were
not so weathering as to produce a duricrust
(laterite, silcrete, calcrete etc) have been
stripped to produce a bedrock surface of etch
type, that is, one formed at the Tiefenfront or
weathering front at the base of the regolith
(BUDEL, 1957; MABBUTT, 1961; Figure
2). ‘Etch’ because the front is shaped by etch-
ing, that is, by chemical alteration of some
or all the rock-forming minerals, though in
many instances with significant chemically-
induced physical effects (e. g HUTTON et
al., 1977). Many — some workers would say
‘most’—familiar landforms at various scales
are of etch type (e. g. TWIDALE 2002), and
others have been attributed to partial etching
(e. g. TWIDALE and CAMPBELL, 1998).
As long as a regolith remains in place the
bedrock surface beneath continues to evolve,
but where the cover has been stripped the
etched bedrock surface, no longer in constant
contact with moisture, becomes relatively sta-
ble (e. g. LOGAN, 1851, p. 326).
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Fig. 2. (a) An example of an etch landscape at The Granites near Mt Magnet, Western Australia, where a
blocky granitic surface is exposed as a result of the stripping of a lateritized and kaolinized regolith preserved
in plateau remnants. (b) Corestones exposed in a road cutting near Pine Creek, Northern Territory, Australia,
provide and example of forms defined by a discrete weathering front, that give rise to surface forms in core-
stone boulders. That the corestones are in situ and not transported is confirmed by the intrusive vein.
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Glaciers, wind, and waves also call for
consideration. As with rivers none is signif-
icantly effective without prior weathering.
Even in the climatic extremes represented
by the midlatitude deserts and glaciated
lands, rivers have played a significant role
in landscape evolution. Though glacial and
fluvioglacial deposits are differentiated the
former are initiated by ice melt but have
not been subjected to the sorting action of
running water. In addition sub-glacial melt
water flows are responsible for the complex
and incongruous channel patterns of some
deglaciated lands (e. g¢ DERBYSHIRE,
1962). Similarly, no desert is rainless and
the occasional brief but violent river flows
have left their indelible imprint on the land-
scape (e. g. PEEL, 1941). Also, the erosion-
al impacts of the wind are frequently mis-
understood. Only in special circumstances
are specific landforms shaped by the wind
in coherent rock (e.g. RUSSELL, 1932;
BOBEK, 1969; BREED et al., 1989). On
the other hand, millions of tonnes of fines
are transported long distances (even inter-
continentally) in dust storms, implying a
general lowering of the land surface in the
source areas.

The impacts of storm waves are leg-
endary and have long been recognized (e.g.
JOHNSON 1919) but wave action and oth-
er shoreline processes are restricted to the
margins of the continents and even there
are significant only on exposed coasts (e. g.
DAVIES, 1964).

In summary however most landscapes
have been shaped by stream erosion in its
various forms (concentrated channel flows,
diffuse wash, and so on), and the type and
intensity of erosional processes has varied
in time and space, but all have resulted in
the lowering or wearing away of substan-
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tial sectors of the land surface. This is very
different from the formation, by either ero-
sion or deposition, of a surface, its burial,
and later re-exposure, indicated by the term
‘exhumed’, and with all the chronological
implications associated with it.

EXHUMED SURFACES

Though they are widely distributed in
time and space exhumed features vary in
extent. They range in age between Late Ar-
chaean, as on the Pilbara Craton of West-
ern Australia, to Early Pleistocene, as on
northwestern Eyre Peninsula (TWIDALE
and CAMPBELL, 1984; TWIDALE, 1986).
Many occur at site-scale, as for instance in-
selbergs shaped in Early Paleozoic granites
now exposed from beneath Miocene strata in
and near the gorge of the lower River Mur-
ray in South Australia. Remnants of vari-
ous sub-Proterozoic ages are reported from
Arctic North America (AMBROSE, 1964),
and the Barrow Creek area of the Northern
Territory (Figure 3). In the latter area a gla-
ciated landscape eroded in Paleoproterozoic
quartzites has been exhumed from beneath
later Neoproterozoic sediments. It is claimed
that the present exhumed landscape must re-
semble that of some 600 million years ago,
except that there is now no ice (THOMP-
SON, 1991, p. 85). Sub-Cambrian landscape
elements are prominent in southern Sweden
(RUDBERG, 1970) and in the central Sahara
(BEUF et al., 1971). A sub-Triassic inselberg
landscape is prominent in the Linares—Ube-
da district of southern Spain (AZCARATE,
1972). The exhumed surface of Charnwood
Forest in the English Midlands is also of sub-
Triassic age (WATTS, 1903). The Cretaceous
saw several extensive marine transgressions
and features of various sub-Cretaceous ages
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are reported from, for example, southern tralian Basin (TWIDALE and BOURNE,
Sweden (LIDMAR-BERGSTROM, 1989)  2013), and in the northern Pilbara region of
and at the western margin of the Great Aus-  Western Australia (Figure 4).

Fig. 3. Surface of blocky gneiss exhumed from beneath flat-lying quartzitic sequence forming a plateau, near
Barrow Creek, Northern Territory, Australia.

Fig. 4. Boulder-strewn granite hills in process of exposure from beneath flat-lying Cretaceous sediments east
of Karratha, Western Australia.
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Whatever their extent, such disinterred
forms are of chronological significance. The
age of an exhumed surface is bracketed by
the age of the youngest rock transected by
the surface and the oldest rock overlying it.
Most commonly the surface just precedes
the youngest member of the cover sequence.
Cover by lava or ash allows the preservation
of quite fragile forms such as desert dunes
(e. g. ALMEIDA, 1953; JERRAM et al.,
2000). The conservation of delicate decora-
tions like those developed in the Tindal area,
near Katherine, in the Northern Territory,
on miniature towers in Cambrian limestone
and that have been re-exposed from beneath
a cover of marine Cretaceous beds remains
unresolved (TWIDALE 1984).

Some unconformities are complicated
by the occurrence of a zone of alteration,
usually developed on the buried surface.
Whether such horizons existed prior to, and
were preserved by, burial, or are the result of
groundwaters percolating along the physical
parting, that is, the unconformity, is in many
instances difficult to determine. Where the
weathered zone occurs on a steeply-dipping
unconformity and extends to depth (e. g.
LASCELLES, 2014), it clearly predates bur-
ial. Its composition may indicate the climate
that prevailed during its evolution.

DISCONTINUITY AND UNCONFORM-
ITY

Reference has been made to rock passing
through a physical transition at depth ‘dur-
ing rapid exhumation’. Was the transition
envisaged similar to the intrusive contact
between the Hiltaba Granite (ca 1585 ma)
and the Gawler Range Volcanics (ca 1592
ma) (Figure 5)? The contact is a discontinu-
ity and not an unconformity. For though it
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represents a time gap of some seven million
years it was never exposed as a surface and
was not revealed in section until the Early
Cretaceous, following the dissection respon-
sible for the present gross relief of the up-
land (CAMPBELL and TWIDALE, 1991).
Moreover, and as is explained in the discus-
sion of the nature of epigene erosion, rapid
erosion could not have taken place without
prior weathering, which implies exposure.

DISCUSSION AND CONCLUSION

An unconformity implies an hiatus, a
gap in the chronological sequence. Etching
implies a time period during which a weath-
ering front was shaped beneath a regolithic
cover that was later stripped and the un-
derlying topography exposed. Accordingly,
though a clean unconformity represents a
time gap, as most erosional bedrock sur-
faces are of etch origin, the so-called hiatus
includes a phase of weathering and erosion
and may be of considerable duration.

Although science cannot be studied in
clearly defined and isolated sections, the
meanings attached to some technical terms
words used in related yet separate disciplines
differ. This can lead to misunderstandings.
‘Exhumed’ and ‘eroded’ and their deriva-
tives are but examples. Language is ever in
flux but some constants are not only wel-
come, but critical.
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