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Introduction:
The rocks of most caving areas o the world are hard jointed crystalline marbles and

limestones, but in the South West of Western Australia, the rock is a soft limestone formed by
the lithification of lime-rich sand dunes.  The unusual cave features that are caused by this
have been discussed by L. Bastian in a recent issue of 'Helictite" [Helictite,  2(4): 105-119,
1964.] and many of his ideas are used in this note.

Origin of the Limestone:
During the last 100,000 years or so, sand has blown to form sand dunes that have

reached over 700 feet above present sea level.  The  sand is formed of grains of quartz and
calcite, the latter being derived from foraminifera and fragments of algae and shells.  With the
passing of time the lime is redistributed; a soil of leached sand (up to 10 feet thick) is formed
at the surface, and overlies a hard 'travertine "cap rock" (up to 15 feet thick) which has  a flat
upper surface and a lower surface that fingers down into cemented limestone.

A puzzling feature of the coastal limestone is the presence of vertical, travertine-lined
"solution pipes" up to 4 feet in width which penetrate through the cap rock and reach down 20
or 30 feet into the dune.  They are commonly associated with tree roots, but the causal
relationship is not fully understood.

Elements of cave formation:
(a) Solution at the top of the phreatic zone.  The dunes arc very permeable and rain

falling on them descends slowly to the water table where cave formation by solution takes
place.

(b) Collapse.  Within any single dune there is a great variation in the hardness of the
limestone.  Much of the limestone is soft and collapses are common.  Solution of the fallen
blocks occurs and large caverns are formed.  The collapses occasionally break through to the
surface to form spectacular craters, e.g. Bride's Cave, Lake Cave.

(c) Solution Pipes.  Solution pipes do not seem to reach caves at the water table, but are
often seen intersecting the roofs of high collapse chambers.  The sand and soil in and over the
pipe then falls through to form a soil cone in the cave, and may provide access to the cave.

Influence of buried topography:
The coastal limestone in the Augusta-Margaret River area is piled on a ridge of

Precambrian gneiss and granite.  The topography of the gneiss before it was buried by the sand
has a great influence on the morphology of any caves that develop.  Two forms of cave can be
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distinguished (here termed "stream" caves and "lake" caves), and the difference is attributed to
the difference in the underlying surface of the gneiss.

(1)  Where limestone is developed over a valley system of moderate relief, the water
table coincides with the surface of the relatively impermeable gneiss.  Rain water descends to
the water table and then moves laterally into the old stream courses where, since the flow of
water is concentrated, caves develop.  A good example of this is in the Mammoth Cave area
(see map).  In this instance the dune limestone does not cover the entire catchment area of the
old valley system, and several small streams are fed in from swamps on the gneiss.  Several of 
the streams developed caves where they entered the limestone (Mammoth, Calgardup and
Rudduck's caves).  The streams flow westwards; the  water from Calgardup, and possibly the
others, passing through Connolly's Cave before reaching the coast - probably at Bob's Hollow
Spring.

Features  of the Stream caves are:

(a)  the caves are linear,

(b)  the caves have (flowing) streams,

(c)  large caves are formed by collapse and the partial solution of the fallen blocks by the
stream,

(d)  the water has a relatively low salinity (150-300 ppm Cl),

(e)  the stream is sometimes down cut into the gneiss,

(f)  the passages usually end by being choked by collapses.

Examples of such caves are Strong's, Arumvale, Crystal, Rudduck's, Mammoth,
Connolly's, Calgardup.

(2)  Where the limestone is developed over an area of low relief, the water table lies
within the limestone and also has a low relief.  Rain water percolates down to the water table,
and although lateral movement must then occur it is imperceptible (fluorescein placed in lakes
in Jewel and Easter showed no signs of movement even after several months).  Corrosion of 
the  limestone occurs in the top foot or two of the phreatic zone, but its direction and
effectiveness is haphazard as there is no jointing to give any control to the movement of the
water.  The  best example of caves developed under these conditions are Easter, Jewel and
The Labyrinth, all lying within a mile of each other.  During the development of these caves,
the water table has not fluctuated more than 3 feet above or below its present level, so that 
the cave passages lie in a thin sheet, with some vertical development caused by collapse.  

The Lake caves show the following features:

(a)  the caves have passages anastomosing in all directions,

(b)  there are large lakes with no perceptible movement,

(c)  high caverns can be caused by collapse, but most of the passages are low and
irregular in width,

(d)  the water has a relatively high salinity (500-1000 ppm Cl),

(e)  the floor is usually formed of limestone or secondary calcite - only one exposure of 
gneiss is known (in Easter Cave, Gneiss extension),

(f)  passages usually end by passing under water or becoming constricted.



Numerous caves exist that cannot be fitted into either category because they consist of a
collapse chamber; access to the water chamber is barred by fallen rock and washed debris, and
it may be impossible to determine the conditions under which the original cave was formed,
e.g., Bride's Cave.  In some instances linearity of the cave may point to a stream origin,  e.g.
Giant's Cave.

Decoration:
In common with some limestone areas elsewhere in the world, the abundance of

secondary calcite is connected with the amount of vegetation growing above the caves, and
the annual rainfall.  (Augusta receives 37" p.a.; Margaret River receives 46" p.a.;  Karridale
receives 48" p.a.; the milder temperatures result in less evaporation, the region receiving as
much as 7" water surplus in winter - the effective amount of rain).  This is the highest rainfall
of any area of coastal limestone and results in the heaviest vegetation.  Rainfall, vegetation and
secondary decoration tail off as one moves north from Margaret River.  Straws and helictites
are particularly abundant in the lower South West.  An example of the high rate of deposition
is a nest of cave pearls in Easter Cave which started growing in Easter 1958.  The abundance
of secondary calcite in all forms is greater than in many other limestone areas in the world with
similar climate and vegetation, and this is probably due to the greater intergranular porosity
and permeability of dune limestone than marine limestone, so that descending rainwater has
every opportunity of becoming saturated before reaching the cave  roof.
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