Australian Journal of Earth Sciences (2003) 50, 543-562

BQ‘” withes f’me‘? Ined_ !
N NER )

Origin and inversion of flutmg in gramhc rocks
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Flutings are channels scored in steep slopes. They are found on granite bornhardts, blocks and
boulders, and occur in a wide range of climatic condifions. Rivulels and seepages charged with
chemicals and biota are capable of altacking and degrading granite, and this can occur below the
surface, at the weathering frord and on outcrops, Many, perhaps most, flutings are of subsurface
provenance, but on exposed surfaces. dlgal coatings develop and so profect the beds. Abandon-
ment and inversion of such flutings—the conversion of channels protected by algae info ribs — are the
result of the comparative weakness of the adiacent unprotected laminated rock exposad in the
erstwhile, commonly flared. weathering front. At some sites, newer, tateral, channels are eroded
through the laminated rock 1o expose fresh rock in"butfon-holes’. Elsewhere, however, deep localised
erosion has faken piace on ribs on which the cigal veneer has deteriorated.
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INTRODUCTION

Shallow channeis scored in bedrock are known variously
as gutters, grooves, flutes, flutings, and their equivalents
in other languages. In granitic terrains, a usefut distine-
tion can be made between the gutters or canals that drain
gentle slopes, and the grooves or flutings that score steep
slopes. Some gutters originate in seepages and decantation
flows (Figure 1a). Some are fracture-controlled (Kluft-
karren or slots: Figure 1b). Many link rock basins or
gnammas, and in many instances, their courses comprise
basing linked by channels with innumerable smal pot-
holes and plunge pools.

Not all slopes are scored by channels, Extensive sectors
of convex-upward upper slopes are devoid of gutiers and
are interrupted only where Kluftkarren are developed or

where decantation flows issue from suhstantial patches of

regoiith, The boulder- and block-strewn siopes of nubbins
or knolls derived from the disintegration of sheet strue-

tures lack surfaces of an area sufficient to generate runoff

and gutters. Oversll, bornhardis are convex in plan as well
as in profile, so that runoff is largely distributary. Although
volume increases downslope, there is a fendency for wash
{o be largely laminar uniess a fracture concentrates flow or
minor irregularities, such as upstanding phenocrysts,
induce turbuient flow and erosion. Once initiated, chan-
nels tend to persist as a result of positive feedback.

Many gutters generated on the gentier upper slopes of

bornhardts extend as flutings across steeper basal stopes,
even those that are flared and overhanging. Whereas the
gutters develop a broadly radial patfern (though with
fracture control in places) and are widely spaced, flutings
run paratlel directly down the slope in a dense pattern.
Flutings have been reported from several lithological
settings and a wide range of climatic environments, They
are especially common in the humid tropics, both inland
and on the c¢oast (Bauer 1898; Helbig 1940; Carlé 1941;

Tschang 1961, 1962), but are also common in Mediterranean
environments (Klaer 1856, Dragovich 1966).

The origin of fhutings developed in granitie rocks has
given rise to several long-standing debates concerning the
mechanism of formation. Some investigators favour
physical weathering whereas others emphasise water-
reiated chemical alteration. Furthermore, the significance
accorded biota varies, with cause and effect difficult to
separate, but flutings can, perhaps, best be explained in
terms of a combination of physical abrasion and chemical
corrosion (solution, hydration, hydroiysis) allied with an
enhancement of chemical attack by biotic agencies
(Branner 1913; Ule 1925; Fry 1926; Scholtz 1946; Klaer 1956;
Alexander 1959; Tschang 1961; Demek 1964; Pragovich 1966;
Scott 1967, Syers & Iskander 1973; Viles 1988; Viles &
Spencer 1995).

Whether flutings developed on covered or exposed
surfaces is germane to consideration of other problems
concerning related features. For that reason, evidence and
argument concerning the provenance of flutings are
analysed before other questions are posed. Discussion is
based largely, although not entirely, on observations from
sguthern Australia (Figure 2).

SUBSURFACE OR EPIGENE?

Evidence and argument for subsurface initiation

Many, perhaps most, granitic bornhardis originated at the
weathering front, at the base of the regolith and beneath
the lund surface (Falconer 1911 p. 246; Twidake 1982a, b). In
southern Australia in particular, many bornhardis and
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houlders display concave inwards or flared basal skopes
that are demonstrably initiated in the subsurface (Twidale
1962; Vidal Romani & Twidale 1998 pp. 231, 254). Thus, it is
possible that flutings were initiated at the weathering
front when the nascent bornhardts projected into the base
of the regolith (Falconer 1911 p. 246) and stood within the
shallow groundwater zone.

Karvst workers, notably Bogli (19603, have differentiated
between angular (V-shaped cross-section) and rounded
(U-shaped) flutings in limestone, the former being sub-

Figure 1 {a) Decanfation flows seeping from the bouldery rego-
tith have concentrated in linear flows a few mefres downslope on
Wudinna Hill, northwestern Eyre Peninsula, South Ausiralia
(32°59'8, 135°33'K). {b) Low obligue air photograph of part of
Pildappa Rock, near Minnipa, northwestern Evre Peninsula,
from the south (32°45'S, 135"13'F). Note Kluftkarren, and dimpied
upper surface due to development of rock hasing or gnammas. S
is the high spur referred to in Figure 12 and B the fracture-con-
trolied embavmeitt.

aerial (or 'free'), the latter formed beneath a soil or regotith
(covered’). Granite flutings and gutters display similarly
contrasted morphoiogies i cress-section, though with the
exception of Kluftkarren, the contrast is between U-shaped,
flask-shaped and trough-shaped forms. Rounded flutings
(Figure 3a) occur in situations where, it only for lack of
catchment and runcff, the channels are most likely the
result of chemical weathering, although they are not
restricted to such situations (Figure 3b). However, trough-
and flask-shaped forms are found in large catcliments and
an be explained as reflecting lateral abrasion by streams,
although the influence of lamination in allowing lateral
erosion cannot be discounted (cf. gnammas or rock basins:
Twidale & Corbin 1963).

Logan (1849, 1851) suggested that flutings formed on the
steep flanks of blocks and boulders in Singapore and
Malaysia extend beneath a regolith of weathered granite or
grus in sifu, and that they are initiated beneath the surface.
Unfortunately, these observations have not been replicated,
although gutters extend a short distance along the weather-
ing front and even converge heneath the natural soil cover
(Figure 4) (Twidale & Bourne 1975). Yet, the behavieur of
many flutings can be consirued as suggesting a shallow
subsurface origin. The steep sidewalls of many isolated
blocks are scored by channels that extend only a short
distance {(~1 m) from the upper edge of the block (Figure 5).
This behaviour can be explained in terms of epigene flows
dispersing as they pass through the grussy regolith. The
results of such dispersal and fading can be seen on recently
exposed weathering fronts,

The most telling argument pointing to subsurface initi-
ation, however, concerns the contrast between intensely
scoured and virtually smooth flared slopes, such as can be
seen on the northeastern and southwest-facing flanks of
the western and highest spur (8 in Figure 1b) of Pildappa
Rock, north of Minnipa, on northwestern Eyre Peninsula.
The northern and southern catchments developed on the
spur are of roughly egual area and generate similar dis-
charges. Both were shaped by subsurface weathering for
they are markedly concave or flared (Twidale 1962). The
gsouthern flank is faintly convex in plan outline so that
drainage tends to divaricate, is doubly flared, and carries a
coating of algae. The few flutings are all extensions of
gutters draining rock basins and are widely spaced (8-15m
apart) so that the basal slope is essentially smooth. By
contrast, the flared northeast-facing wall of the spur is part
of a structurally determined embayment (I in Figure 1b)
on which drainage converges, and is scored by numerous
closely spaced flutings (FFigure 6),

Evidence and argument for an epigene origin

Field evidence shows that some gutters undoubtedly have
been initiated on epigene or subaerial surfaces. They are
found in granite exposed in river beds, for instance, the
Ashburton River near Nanutarra in the porthwest of
Western Australia (Figure 7a) and the lower Umgeni River
northwest of Durban in KwaZulu/Natai Province, South
Africa. Some are attributed to subglacial streams (Daht
1965). Rudimentary flutings have been observed in the
rapids sections of river channels at Bavies Creek. near
Mareeba in north Queensland. Evidence that scme
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Figure 2 Location map showing
Australian sites.
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genuine flutings are initiatcd subaerially includes the
detailed morphology of a menhir at 5t Uzek, Brittany,
western France; where the steep northern flank is scored
by several slightly divergent channels (Lageat ef al. 1994).
That they formed after the block was placed in its present
position is indicated i_)y a flatfloored rock basin or pan
preserved on the same surface (Figure 7b). The pan formed
on a flat or gently sloping surface that was tilied by
humans through some 80° to its present position approxi-
mately 5000 years ago. The flutings, some 130 mm deep,
then developed as water trickled and later fltowed down the
faintly convex flank of the block.

Other indications of an epigene origin include faintly
defined flutings visible on the walls of tafoni, which

develop subaerially, as at Murphys Haystacks, southeast of

Streaky Bay, on northwestern Eyre Peninsula (Figure 8),
Some tafoni are still expanding, with flakes of rock loosely
attached to ceilings and walls, and fallen debris scattered
over the floors, Qthers, however, appear to be stable and
inactive, and it is in these that faint incipient flutings are
found. They are clearly epigene in origin. The only possibie
sources of moisture are rainwater that has infiltrated
through the bedrock and water due to condensation on the
inner rock surface. The volume of water involved must be
small, but the faint flutings might represent the first stage
of a subaeriat development on slopes such as those bound-
ing the menhir at 5t Uzek,

The floors of many flutings ave colonised by blue-green
algae (now regarded by many as Cyancbacteria), com-
monly Calothrix spp., that need sunlight for photosyn-
thesis. Such surfaces are pitted (Twidale & Bourne 1976)
due to the preferential weathering of feldspar and mica,
leaving quartz crystals in microrelief (Figure 9), Colon-
isation might have occurred only recenily after the
exposure from beneath a thin soil cover of channels
initiated in the subsutrface at the weathering front. Also,

Figure 3 Flutings with U-shaped cross-section. (a) On large re-
sidual boulder on Pulau Sekudu {(Frog Rock), Strait of Johor, Sin-
gapore 1°20°N, 103°58'E; the flutings are 0.5 m wide. (b) On slope
of blocky outcrop, Cassia City of Rocks, Idaho, USA {42°05'N,
11743 Wy the channels are up to 0.75 m wide.
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the many flutings incised through the laminated rock
{Figure 10) typical of the weathering front (Larsen 1948
p. H15; Boyé & Fritsch 1973; Morin 1982; Twidale 1986),
suggest, although they do not prove, development after
exposure.

Finally, many flutings are eroded into laminated rock.
The latter is typical of the weathering front and
represents an early stage in the disintegration and
eventual alteration of the rock. Water reacts with mica
and feldspar, and small amounts of clay are produced. The
clay swells on contact with water causing the rock to be
disrupted, forming laminae (Larsen 1948; Hulton efal.
1977). Yet, at Yarwondutta Rock near Minnipa, north-
western Eyre Peninsula, South Australia, Disappointment
Rock midway between Norseman and Hyden, Western
Australia, and several other sites, the flutings cut through
books of laminae, suggesting that the channels post-date
expaosure.

Discussion

Field evidence suggests that flutings are convergent forms,
some forming on exposed rock surfaces, others at the
weathering fronf. The possibility of an etch origin implies
potential azonality (Twidale 1987, 1990, 2002). Flutings in

Figure 4 {(a) Extension of gutters into the nafural subsartace
exposed by the excavation of a water reservoir at Plumonte Rock,
near Wudinna, Eyre Peninsuia (33°02'S, 135°31'K). Note the
natural soil level and the convergence of gutters located af the
weathering front beneath the natural soil level. (b) Contluence
of flutings high on 8m-high northeast-facing flared slope of
Pildappa Rock, Eyre Peninsula (32°45°S, 135°13°E).

continental and extratropical environments, for example,
in the Cassia City of Rocks (Figure 3b), in arid and season-
ally cold Idaho, USA (Andersen 1931), do not necessartly
imply climatic change.

Given that some flutings are of epigene origin while
others originate at the weathering front in the shallow
subsurface, several other aspects of fluting need to be con-
sidered in that context. What part has structure played in
their formation? Again, some flutings apparently have
become inverted, that is, what were the floors of the
flutings now stand out as ribs. How has this inversion
developed? At a few sites, a new minor landform, called
a 'button-hole, evolved, and calls for explanation. Many
fiutings are developed below catchments that are either
limited in extent or effectively non-existent. What is the
origin of these forms?

STRUCTURAL CONTROL

As their German name suggests, Kiuftkarren (Figures 1h,
7z, b) are due to the exploitation hy weathering and erosion
of fissures and fractures. They are commonly V-shaped in

Figure 5 Isclated boulder, 2.5 m high, in the Traba Mountain,
alicia, northwestern Spain (43°10'N, 9°08'W), showing fading of
fiutings with distance beneath the former surface.

Figure & Northeast-fucing wall of spur of Pildappa Rock, Evre
Peninsula, showing flared slope scored by numerous flutings
(32745'S, 135°13'E). The wall is 8-10 m high.






