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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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