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THE ORIGIN AND DEVELOPMENT OF MULLAMULLANG CAVE N37,

NULLARBOR PLAIN, WESTERN AUSTRALIA

G. 5. HUNT
School of Zoology, University of New South Wales, Sydney

Abstract

Mullamullang Cave N37 is the longest and most complex cave on the Nul-
larbor Plain, Southern Australia, Unlike the other caves, it possesses eX-
tensive levels of phreatric solution tube passages which permit stronger in-
ferences to be made on the development of the collapse passages consticu-
ting the bulk of Mullamullang Cave and other deep Nullarbor caves, These
passages have been formed by collapse through overlying belts of solution
tube networks along an elongated zone of cavitation in the limestone. Mas-
sive breakdown was probably initiated at depth within the zone, at least
50 feet below the present watertable level, Upward stoping of the collapse
would have been facilitated by the higher network levels in the zone, such
as the Ezam and Easter Extension.

Channelling of groundwater flow under the Plain is suggested by the
belt-like nmature of the networks. An epiphreatic origin is propesed for the
network levels though convineing morphological evidence is wanting. Eus-
tatic changes in sea level have been of fundamental impertance in the de-
velopment of the multipie lewvels, Wetter periods in the past were prebably
imporrant as little development is taking place under present-day dry con-
ditiaons, Correlation of wetter periods with Pleistocene glacials would help
explain the development of huge collapse passages, but such correlatien
cannot be assumed on present evidence, Massive collapse and doline forma-
tion were followed by =ubaerial weathering and wvadose activity which modi-
fied the cave - especially near the entrance,

Correlation of levels in Mullamullang with those in other Nullarbor
deep caves is attempted. However, Mullamullang Cave is unique probably due
to the lithology of the Abrakurrie Limestone in which it is developed.

Introduction

Mullamullang Cave N37 was discovered during the 1963-64 expedicion to
the Nullarbor Plain organised by the Sydney University Speleclogical Soc-
iety (Anderson, 1964), Further expeditions were organised by the Cave Ex-
ploration Group (South Australia), the Sydney University Speleological Soc-
iety and the Western Australian Speleoclogical Group. Many significant dis-
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coveries were made and the original map of Anderson and Wood was extended.
Most notable were the CEG(SA) Nullarbor Expedition 1965-66 and two follow-
up expeditions during 1966 which resulted in the publicatieon of a revised
map (Hill, 1966)., Some general observatlions on the geomorphology were in-
cluded in various expedition teports, A review edited by Dunkley and Wig-
ley (1967} outlines much of the work done on the Nullarber up to that date.

The theories on the origin of the deep caves of King (1949}, Jennings
(1961, 1963) and Lowry (19564b) were based on studies of previously known
raves which are of comparatively simple form, having leng straight halls
with lofty arched or domed roofs. They usually have apse-shaped endings
where the roof slopes more or less abruptly beneath the level of the floor
or watertable, Jennings (1965, 1967b) indicated the importance of Mulla-
mullang - its great length and varied form which enable observations to be
made on features that might only exist as traces, if at all, in other deep
caves, These features, and their relevance to the development of Mulla-
mullang and other deep caves, form the basis of this paper. Many of the
points were discussed in a paper (unpublished) presented at che Sixth Con-
ference of the Australian Speleological Federation {Hunt, 1967),

A complete discussion of the geomorphology of Mullamullang is not pos-
sible as recent data are not yet available and considerable work remains
to be done. Much can be learned from Mullamullang, although it 15 necessary
t6 exercise some restraint in applying the ideas to problems of the genesis
of Wullarbor deep caves in general. Many features of Mullamullang may be
peculiar to its geological setting.

Geomorphological Setting

Factors important to a discussion of the geomorpholegy of the Nullarbor
deep caves have been discussed by Jennings (1961, 1963, 19653, 1967a, and
1967b). Lowry (1968a) has summarised the stratigraphical work he recently
completed on the Plain,

The known limits of Mullamullang penetrate two limestone formations -
virtually all horizontal development occurs within the older Abrakurrie
Limestone with only the doline penetrating the Nullarber Limestone above.
Lowry (1968a) describes the Abrakurrie Limestone as a medium Lo coarse
grained, yellowish, bryozoal calcarenite, The lower parts are porous and
friahle, but weathering has made the upper parts hard and tightly cemented.
The Nullarbor Limestone is a hard, tightly cemented calcarenite. Fifty-
pight feet are exposed in Mullamullang, with the bottom 21 feer belonging
tp the Mullamullang Limestone Member, a biostromal algal limestone (Lowry,
1968a), Mullamullang lies within the top 322 feer of the Abrakurrie Lime-
stone., This limestone, however, thins out eastwards and many of the deep
caves penetrate the older Wilson Bluff Limestone, a white chalky bryozoal
limestone, The lower, submerged parts of Mullamullang may also penetrate
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this formation. Lowry assigns the Wilson Bluff Limestone to the Upper Eo-
cene and the two over-lying formations to the Lower Miocene.

The limestones of most importance to the development of the deep caves
are the Abrakurrie and Wilson Bluff Limestones, The differences between the
two may have important consequences. Anderson (1964) and Jennings (1963)
have commented on the wvariability of the Abrakurrie Limestone in Mulla-
mullang and hinted that this might have had morphological consequences in
the development of the cave. Lowry (1966h, 1968a) notes that some beds are
rich in echinoids, brachiopods and pectinid molluscs and that current bed-
ding is common. This bedding and the presence of overturned pectinid valves
suggests a shallow water depositional envirenment characterised by frequent
currents, Beds therefore could vary much in thickness and may often be com-
pletely truncated. A knowledge of the lateral extent and thickness of beds
is important for a fuller understanding of the development of solutien tube
levels in the cave.

The parts of the Wilson Bluff Limestone and Abrakurrie Limestone in
which the majority of caves have developed are regarded as being mostly
very porous and permeable (Jennings, 1961; Lowry, 1968a), A porosity of
26 percent has been given by King (1949) for the former limestone. No dir-
ect measurements of permeability have been made, though Wigley (1967) be-
lieves that the tesults of his cave breathing studies indicate that the
permeability of the wall limestone in Mullamullang is high. Even though
parts of the limestone are highly cemented, the general picture of a vir-
tually centinuous and planar watertable under the Flain is probably aec-
ceptable,

Uplift of the limestones probably occurred at the end of the Lower
Miorene (Lowry, 1968Ba). The relatively weak jointing and absence of fold-
ing or major tilting suggests that the region has remained relatively
stable since,

With only one exception, the deep caves are confined to the better-
watered coastal scrublands of the Hampton Plateau portion of the Flain
where joint-controlled ridge and trough systems occur. This heot, semi-
arid coastal region has a higher and more effective rainfall than the in-
land hot arid regions of the Plateau (about ten inches compared with six
inches per annum)., Jennings (1961) believes the distribution of caves is
probably due to the wetter climate of the coastal region.

Present conditions do nor appear to favour cave development by solu-
tion (Jennings, 1961; Lowry, 1964b) and it seems necessary to postulate
wetter periods during the Tertiary and/or Pleistocene to explain the large
dimensions of the deep caves,

Most evidence gathered to date relates to climates in comparatively
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recent times. Lundelius (1960, 1963) cites paleontological evidence, re-
lating to the extinction of many marsupials on the Plain, which he believes
points to the onset of unfavourable arid conditions. However, Merrilees
{1968) stresses the need for caution against inferring teo much from pal-
eontological data without ether local evidence in support,

Jennings (1967b) believes that "The Dip", a string of depressions near
Hughes on the Trans-Continental Rallway, 15 what remains of a fossil river
course which entered the Plain from the neorth. As no sctream flows on the
Plain today this is strong evidence for wetter conditions in the past {or
conditions of more effective precipitation). On the other hand, Jennings
believes that surface karst development has been retarded and past con-
ditions were not very much different from those of today.

Jessup (1961) presents evidence pointing to wetter and drier periods
in the past, He believes that soils were blown to the east from the Nul-
larhbor as the vegetation became sparse after the onset of drier conditions
and that soil formation occcurred under a thicker vegetation cover during
wetter periods.

Lowry (1967) has produced evidence suggesting recent climatic change
on the Plain. In Thylacine Hole W63 the older generation stalactites are
of calcite, New generation stalactites are halite which may possibly be
explained by more-arid conditioens in recent tilmes.

Ingram's (1969) palynological studies of the same cave do not contra-
diect, nor support, this conclusion., Conditions similar to the present seem
to have ocrurred at some time bhetween 2,000 and 5,000 years BPF. Follen from
the desiccated gut contents of mammal remains suggest a flora similar to
that of today.

[t has not been established for the Nullarbor that wetter conditions
accompanied Pleistocene glacials. Indeed, Galloway {1965) argues that such
a correlation may not be valid and suggests that, on present evidence, an
interglacial-pluvial correlation is more likely. He also believes the des-
ert belt of Australia expanded rather than contracted during the glacial,
1f this were so, the Nullarbor would have been rtelatively dry and not wet
as has previously been suggested,

The detailed study of cave sediments, including those in the initial
parts of Mullamullang (discussed below), should provide more-definite ev-
idence, R.M. Frank has recently studied sediments from the Gallus arch-
eological site in Koonalda Cave N4 and results of this work are to be pub-
lished shortly.

The balance of evidence to date suggests that wetter periods than at
present occurred on the Nullarbor since uplift of the limestones, but this
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must still be regarded as inconclusive, There is little or no evidence to
suggest that werter periods accompanied Pleistocene glacials.

General Description of Mullamullang Cave

Entry to the cave is by a large collapse doline similar to those lead-
ing into other deep caves and large enough to be clearly visible on air
photographs (Jennings, 1964).

More than six miles of passage has been explored and mapped (Hill,
1966), and the cave shows an overall trend of about 045 degrees magnetic
(Figure 1), About 17,500 feet is due to major collapse, while the remaind-
er comprises small solution tube passages which have been little affected
by collapse. All known solution tube development must have preceded massive
collapse as the tubes have been breached by the collapse. The Easter Ex-
tension series can be entered at Oasis Valley (at 4,000 feet*). The Exten-
sion "re-enters" the main passage near Frank's Station (at 4,800 feet) but
this has yet to be shown on the map (A.L. Hill, pers. comm, ). A short sec-
tion, the J,B. Maze, can be entered from the western wall at Oasis Valley
and is presumably a continuation of the Easter Extension. The higher Ezam
series of passages is entered from the Dome (at 15,500 feet) (Figure 2).
The major collapse passage itself branches, forming the Smoko Junction
Loop (at 2,300 feet) and two branches, the Left branch and the Right Branch,
at just over 12,000 feet, The Left Branch is the major one, but is blocked
by a huge mass of breakdown blocks at the Dome. Attempts to extend beyond
this have failed. The Right Branch is slightly longer than the Left but
becomes progressively smaller and lower beyond the second lake. A few
minor, though morphologically significant side passages occur at points
along the main passage (at 2,000 feet; at 2,800 feet off the Smoko Junc-
tion Loop; at 4,800 feet; at 5,200 feet; at 11,200 and 11,700 feet),

Lakes occur at intervals along the cave and are separated by collapse
passage which reaches various heights above lake level. The lakes indicate
that the watertable is at a depth of 390 feet below the Entrance (Hill,
19663, The watertable was calculated by Hill to be about 20 feet above
mean sea level giving a gradient to the sea of approximately six inches
in the mile,

Entrance Doline

The Entrance Doline (Plate la) has been described by Anderson (1964).
Jennings (1967b) refers to it as a double of "dumb-bell" doline, collapse
having perforated the surface at two closely spaced points leaving a med-
ian saddle of little-disturbed bedrock (Figure 3d). The northern doline
leads into the cave. Cawe undoubtedly continues in a south to southwest
direction, but entry via the southern doline has yet to be achieved. The

¥ Distances are measured from the Entrance (Figure 1) and are approximate.
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northern doline descends rapidly. The initial descent, the daylit Entrance
Amphitheatre, reaches a depth of 160 feet. The twilight Powder Room amphi-
theatre descends to 330 feet where predominantly horlzontal development of
passage begins., & thick blanket of rock flour from subaerial weathering of
the toof covers the breakdown block material on the floor of the Powder
FRoom (see photograph on cover),

The double doline acts as a focus for surface drainage. Most water
entering the southern doline seems to drain into the northern along a rift
between solid bedrock and the eastern periphery of the collapsed material.
The western periphery can also be followed for some distance via the Re-
frigerartor Blowhole, but carries no significant stream bed. Much of the
water draining into the double doline discharges at the foot of the talus
in the Powder Room. Large bodies of water can pond beyond here after sus-
tained downpours, though this has not been witnessed,

Major Collapse Passages

A description of the main collapse passages follows.

1., The lateral and vertical dimensions of the main passage are highly
variable, The average width is about 100 feet and in many sections, es-
pecially deep within the cave, it is commonly 150 feet wide and occasion-
ally reaches 200 feet. The main passage is commonly about 50 feet high,
but often reaches 70 feet or more. The initial sections of the cave tend
to be narrower and lower, however, the passage in the Sail and Camp 1
areas reaches much larger dimensions. Lengths of collapse passage also
occur in the Easter Extension, but generally the dimensions are much less
than the main passage.

2, The form of the cave often differs from the simple, rounded struct-
ures characteristic of Koonalda N4 and Abrakurrie Cave N3, This is attrib-
utable to the wvariable nature of the limestone in which Mullamullang oc-
curs, simple forms being better developed in more-uniform limestone. Even
50, there is still a marked tendency to form arched and domed roofs over
much of the cave (Figure 4, a and bl.

3., The floor is almost entirely covered by roof breakdown material -
a jumble of angular blocks of varying sizes (Place 1b), In the initial
section up to the Sandchute, the angular material is covered by alluvium
andf/or fine roof breakdown products (Figure a4d).

Conical piles of angular material are found beneath collapse domes,
whilst lengths of arched passage are commonly floored by median piles of

ruhhle. The floor tends to be flat under lengths of relatively flat roof.

4, Mullamullang is characterised by wariation in the degree of upward



PLATE 1

(b} View up rock pile from White Lake.

Mote person in centre of photograph.

Lights in background are 200 feet above

{a) Morthern part of Entrance Doline. Photo and 350 feet from camera. Photo: J. R,
E. G. Andersan, Duniiay.

{c) Phreatic passage, the Salt Cellars, showing typical cross-sectional shape
and halite crusts on roof and floor. Photo, T. M. L. Wigley.



PLATE 2

(@) The Dune, showing staining of bottom due to mud impregnation of
rock-flour during flooding. Photo; E. G, Anderson.
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(b} The Clam, Easter Extension. One flake {c) Delicate decoration in the Ezram. De-
is being wedged upwards (top centre), and scribed as halite by Hill (1966) but, unlike
another cutwards (bhottom centre), due to similar formations in the Easter Extension, is
growth of gypsum crystals. Photo: Dr. H. probably gypsum. Photo; T, M. L. Wigley.

Cohen,
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stoping by collapse (Plate 1lb). The watertable is not encountered until
(lasis Valley after about 4,000 feet of horizontal development. It is again
encountered at Yippees Point (between J.B. Maze and Franks Station). Col-
lapse then extends to 250 feet ahove watertable (AWT) before the Col and
to 200 feet before the abrupt drop to White Lake, The watertable is then
not reached until Lake Cigalere. Other high points in the cave include the
Drop Off (280 feet AWT), above Camp 1 (180 feet AWT) and the Dome (300
feet AWT)., Upward stoping, which formed the Entrance Doline, reached to
about 390 feet AWT.

Variation in lithology alse helps to explain the extent and variabil-
ity of upward stoping. Stoping would be facilitated where there is much
bed-to-bed variation with bedding planes well developed,

5. Detachment along bedding planes is evident through most of Mulla-
mullang, especially in the Left Branch where large flat slabs cover areas
of floor, Detachment along joint planes, while less apparent, 1s also im-
portant, It i5s well illustrated in the initial seetion of the Right Branch
where massive slabs hawve detached from both walls. Long straight sections
of passage, for example the Great Hall (White Lake area), may imply joint-
pontrolled breakdown. This is less evident in other Nullarbor deep caves
examined by the author.

Phreatic Passages

Solution tube levels or their remnants are found in many parts of
Mullamullang. Entry is only possible in those above the present watertable
though further phreatic passages probably occur below it. As mentioned
above, the variable degree of upward stoping by collapse has permitted ac-
cess into two main series of solution tube levels - the Easter Extension
and the Ezam.

The tube levels exhibit features of definite phreatic origin, similar
to those described in other parts of the world (Bretz, 1%42; Davies, 19260;
Ewers, 1966; Halliday, 1960; Pinchemel, 1954; Sweeting, 1950; White, 1960),

1. Spongework occurs in isolated pockets adjacent to smooth-walled
solution tubes, The Cheese in the Ezam is an extreme example of this de-
velopment. Tubes up to 5ix inches in diameter ramify in all directions
and penetrate the wall past observable limits (R.A. Heffernan, pers., comm.).

2. Bedding plane anastomoses are developed in parts of the Easter Ex-
tension,

3. The floor profile is often irregular and is covered by varying
thicknesses of clay and iron oxide residual material.
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&4, The walls and roof are generally quite smooth. No traces of current
fluting (scalloping) occur, though smoothed irregularities of the wall pro-
duced by differential solution (presumably along bedding planes) have a
superficial likeness.

5. The solutiocn tubes are characteristically elliptical in cross sec-
tion, having, on an average, a width of about six feer and a heipht of
four feet., They are mostly straight and horizontal and are often parallel
to similar passages. These features indicate joint and bedding plane con-
trol. The majority of passages have a recumbent elliptical cross section
(Figure 5a; Plate 1lc), but some are upright ellipses in section (Figure 5,
¢ and d), These forms may be due to preferential solution along bedding
planes and joint planes respectively. Passages with roof and/or fleor slots
(Figure 5e) sometimes occur,

6, Occasionally, passages are developed along closely spaced parallel
joints and become confluent along much of their length; the partition be-
tween hawving been perforated and largely removed as solution continued,
Good examples are found in the Easter Extension {Figure 5b). The Ezam is
an extreme case where a large low area, the Rumpus Room (Figure 2),has been
formed, The original solution tubes can be traced, as pillars, and ridges
on floor and roof still remain. The formation of areas like this would help
in initiating collapse, especially if similar cavities occurred above or
below.

In places in the Ezam the limestone between closely overlying tubes
has been perforated by solution, forming small irregular chambers. Againm,
this type of development on a larger scale might initiate substantial col-
lapse,

Quite large solution tube passages, by Nullarbor standards, are com-
mon in the Easter Extensiom., They are relatively broad and low and have
formed presumably along particularly suitable beds or bedding planes. There
is little or no morphological evidence to suggest development along a
watertable..

7. In the case of the Ezam and Easter Extension, the joint controlled
solution tubes are integrated into loose and rather ill-defined networks.
The trends of the joints involved vary considerably. For example, the
trends of 0382, 0609, 015° and 095° (in order of decreasing importance)
are involved in the Ezam, The form of the network differs from that of the
rlassic network systems where two sets of regularly spaced joints are us-
ually involved. Both the Easter Extension and the Ezam networks have a
general linear form,

Previous Theories an the Development of the Deep Caves
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Previcus thecries on the development of the Nullarbor deep caves were
based on observations in a small number of relatively short and unifeorm
caves where little remains of primary passage.

King {1949}, studying Wullarbor deep caves of comparatively simple
style, thought that phreatic solution excavated the large halls of the
raves to their present form. Jennings (1961, 1963), however, has shown
that their morphology can only be explained by collapse, with sub-aerial
weathering and recent stream action superimposing their effects to varying
extents, Lowry (1964b) and Anderson (1964) share this view for other deep
caves on the Plain.

The problem is to explain the formation of a single primary cavity or
zone of cavitation large enough to initiate and absorb collapse of the
massive scale involved. Jennings attempted to infer the nature of the
primary cavity from the morphology of the collapse passage it produced,
though realising the limitations of this.

He favoured application of the master cave theory of Glennie (1954).
On morphological grounds, however, the application of this theory rather
than a more general one depends strongly on his assumption that the apse-
like endings of collapse passages studied marked the ends of the large
elongated primary cavities envisaged by the theory. Evidence from Mulla-
mullang and other caves now indicates that primary cavitation extended
well below the present level of accessible cave and thus assumptions about
its nature at lower levels are dangerous, It is now certain that collapse
passage persists at lower levels, Owing to a rise in the watertable, such
passage is now flooded in many caves, including Koonalda N4 and Weebubbie
N2. Lowry (1964b) has suggested that this is the case for Cocklebiddy
Cave N48.

Jennings (1965, 1967b) has departed from his earlier views., He admits
that the apses were probably formed in another way. Evidence indicates
that the apses are stable collapse-produced forms, representing abrupt
changes in roof level controlled by lithology, structure or changes in the
width or trend of the primary cavity (or zone of cavitation), It is not
necessary to postulate that the apse ending represents the end of a prim-
ary cavity which caused the collapse. In Mullamullang, high lewvel halls
ending in abrupt changes in roof level occur along the cave and are morph-
ologically similar to halls ending in apses at or near the watertable in
other Nullarbor caves. A comparison bhetween the plans of Abrakurrie Cave
M3 and the 5ail Hall in Mullamullang emphasises this point.

Jennings (1961) also attempted to explain the development of halls at
more than one level by postulating the existence of at least two levels
of primary passage (formed at different watertables) into which collapse
occurred. He had some support for this as primary remnants do occur on
separate levels, Different phreatic levels alse occur in Mullamullang but
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are more extensive. The highest of any consequence, the Ezam, lies between
B0 and 100 feet above the present watertable, Even so, if the size of
known parts is any indication, it is not large enough to initiate major
collapse at that level., It seems more likely that collapsed material ex-
tends from the present floor level to 50 or more feet below the present
watertable (discussed below) over the whole length of the cave. The level
that collapse Teaches is not only controlled by the level of the primary
cavity (or zone of most intense cavitation), but also by the dimensions of
the cavity and lithological and structural considerations. The paucity of
solution tubes above the watertable in other deep caves suggests that col-
lapse was probably initiated below the watertable over the whele length of
these caves,

Lowry (1964b) postulated the development of a large cavern along a
vertical joint as the first stage in the development of Cocklebiddy Cave
N4B, He favoured development close to the watertable, implying a more gen-
eral epiphreatic origin than Jennings (1961) proposed,

Development of Nullarbor Deep Caves in Light of Evidence from Mullamullang

The existence in Mullamullang Cave of the Ezam and Easter Extension
allows stronger inferences about the formation of the major collapse pas-
sages and origin of primary solutien passages. The extensions are helts of
small penetrable solution tubes on several levels up to 100 feet above the
present watertable. The fact that the Ezam (80 - 100 feet AWT) occurs dir-
ectly over a long section of collapse passage {part of the Left Branch)
(Figure 2) strongly supggests a relationship between the formation of eol-
lapse passage and the distribution of belts of selutlon tubes,

It appears likely that the collapse passages were formed by collapse
through overlying belts of solution tube networks along an elonpgated zone
of cavitation in the limestone.

Further evidence supports this theory. In the Right Branch, above the
first lake, a short length of joint-controlled primary passage remains in-
tact above the collapse passage, In this case, both the Right Branch and
the remnant passage have the same joint-controlled trend (abour 0459),
There is also evidence that a level corresponding to the Easter Extension
existed below the Ezam but has been virtually destroyed by collapse. Rem-
nant tubes occur high in the wall between Grotto and Shbula Lakes and, at
points aleng the Left Branch, solution-rounded blocks and patches of red
residual material, similar to that found in existing phreatic passages,
occur amongst the breakdown,

Unlike the initial part of the Right Branch, the collapse passage of
the Left Branch and the Ezam above do not follow a dominant joint trend.
The trends of the networks, and thus those of the collapse passages formed
by them, depend on the relative importance of various joints in forming
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solution passapes. This accounts for the wvariability in the trend of the
main collapse passage in Mullamullang. The belief (Hill, 1966) that the
cave is largely controlled by two major parallel joints, 1,700 feer apart
and trending SW-NE, is an oversimplification. What is involved is a main
SH-ME joint system, but other systems are also present,

Lowry (1964b) pointed out that the size of the single primary cavity
which he envisaged for Cocklebiddy Cave N48 would have been of enormous
dimensions to absorb all the collapse material and create a large air
space, even allowing for the removal of some material by solution after
collapse, The network levels in Mullamullang also help to explain this,
Several relatively small overlying cavities had the same effect as a single
large one, a situation more easy to visualise, Integration of primary cav-
ities above one another by solution and minor collapse could produce a
string of large cavities along the zone of cavitation before the event of
massive collapse.

The origin of the primary phreartic networks is more difficult to ex-
plain, Their belt-like nature seems to be explained by applving PlﬂﬂhEMEl 5
(1954) view of the hydrology of the chalk country of France (and Zotl's
(1957) similar view of the hydroleogy of the Dachstein massif in Austria)
to the Nullarbor situation. Jennings (1961, 1967h) realises the possible
significance of Pinchemel's ideas, As well as a continuous (regional)
watertable, localised currents occur within the body of groundwater along
major joint systems, Cave development would occur along suitable joints
and enlargement would further channel groundwater flow and localise cave
development, The overall trend of Mullamullang approximates to that of the
dominant ridge and trough system on the surface. The troughs are thought
by Jennings (1961) and Lowry (1968a) to be due to solution along major
joints., This evidence further supports application of Pinchemel's views.

Both Jennings (1961) and Lowry (1964b) favour a shallow phreatic ori-
gin for the primary cave., The author supports this, though evidence is in-
conclusive, The Ezam appears to be isolated by about 30 feet of limestone
from any levels below. This may indicate solution about a separate water-
table but, alternatively, it may indicare solution along a particularly
favourable set of beds at any level below a watertable. The problem will
be difficult to resolve as Mullamullang is developed in horizontal beds of
limestone, The possible lateral variarion and truncation of beds in the
Abrakurrie Limestone may provide a means for resolving this question, how-
ever,

Theoretical considerations point to development of the Ezam (and other
levels) not too far below the watertable of the time. The virtual restriect-
ton of the deep caves to the wetter coastal strip is taken by Jennings
(1961) to indicate the importance of rainfall. There is no surface stream
run-off and the influx of water with different physical and chemical prop-
erties from that of the groundwater, down joints and fractures, was
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probably of great importance in cave development during wetter times. The
addition of relatively fresh solutions along the path of flow, Mischungs-
korrosion effects, addition ef carbon dioxide along the path of flow, etec.,
would be expected to have more effect near the watertable.

Depth of Cavitation Below the Present Watertable

As mentioned above, the zone of cavitation probably extended 50 or
more feet below the present watertable and that cellapse was initiated at
these depths. Lowry (1964b) believes this to be se fer Cocklebiddy Cave
N4B : "The longitudinal section shows that the present lake level has lit-
tle or no effect on the general shape of the cave. The roof descends in a
series of steps until it passes beneath the surface of the lake, whilst
the irregular sloping floor of fallen blocks centinues on beneath the
water...lt seems that the original cavern space into which collapse occur-
red lies submerged beneath the lake,”

Evidence from other caves supports Lowry's observations. The map of
Tommy Grahams Cave N56 (Lowry, 1966a) shows that the reof and floor of the
collapse passage similarly descend below lake level, In Winbirra Cave N435,
the walls, roof and fleor of the doline descend steeply to and beyond the
watertable with virtually no horizontal develepment of collapse passage.
The lake in Weebubbie Cave N2 is up to 40 feet deep and its bottom is
formed of breakdown blecks.

This evidence is further supported by the details of the Shbula-Grotto
Lakes area in Mullamullang (Figure 4c). The cress section of the passage
here is atypical, departing from the usual symmetrically arching form.
Closer study provides an explanation., On the NW side of the passage a huge
block, rather thanmany relatively small ones, has become detached as a re-
sult of solution undermining. Grotto Lake occcupies the rift between the
detached block and bedrock, It is estimated that the block reaches to more
than 50 feet below the surface of the lake although the depth of the lake
has not been plumbed. Therefore, most intense cavitation responsible for
the phase of massive collapse probably occurred at similar, or greater,
depths.

Existence of Solution Tubes in Other Deep Caves

Solution tubes are found in some other deep caves but do not appear te
form part of an integrated system of the scale found in Mullamullang.
There are at least two possible explanations for this.

1. Caves including Koonalda N4, Abrakurrie N3 and Weebubbie N2 are de-
veloped in more-uniform limestones which do not show the conspicuous bed-
to-bed variatien seen in Mullamullang, Solution tube development above the
present watertable may not have been favoured, especially if arid times
correlated with interglacial higher sea levels.
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2. In Mullamullang, much of the groundwater flow appears to have been
concentrated aleng a vertical zone of cavitation in the limestone, no mat-
ter what the watertable level, Collapse along this zone produced the main
passage of the cave, However, the presence of the Easter Extension, the
J.B. Maze and the Smoko Juriction Loop away from the main passage Suggests
some variation in groundwater flow, In Koonalda N4, Weebubbie N2, and
others, the scarcity or absence of solutien tubes might indicate that net-
work levels did not occur at higher levels in the immediate wicinity of the
known parts of the caves because of variation in the pattern of ground-

water flow.

The author favours the former explanation although in some cases the
latter could have a supplementary role, Most of the solution tube develop-
ments above the present watertable probably occurred during interglacial
times of higher sea levels and higher watertables. The effective precipit-
ation may have been about the same or less than present, not favouring cave
development at these higher levels,

Intense cavitation did eccur at depth, however, enough to initiate mas-
sive collapse forming caves of the dimensions of Abrakurrie N3 and Koonalda
N4 (and Mullamullang). The greater solution at depth may be due to glacial
times of lower sea level when effective precipitation may have been higher.
Alternarively, of course, it may simply be due to more-sustained solution
at lowe: levels.

Correlation of Solution Tube Levels in Mullamullang and Koonalda N4

In Koonalda Cave N4, a high-level solurion passage, the Sgueeze, ocours
about B0 feet above the watertable and connecting the West and Northwest
FPassages., Also, remnants of solution tubes occur up to 30 feet above the
watertable at the end of the Third Lake, at the end of the West apse of the
Second Lake, and also towards the end of the West Passage (lying beneath
the high-level solution passage)., The two levels may have been formed under
watertable regimes corresponding to those which may have been responsible
for the Ezam (80 - 100 feet), and the Easter Extension and J.B, Maze (10 -
50 feer), Further evidence is needed in support, however,

The solution tubes in Firestiek Cave N70 and Kestral Cavern No. 1 H40
(Lowry, 1964a) are probably higher above the waterctable than the Ezam and
the Squeeze,

Surface geomerphic evidence supports the hypothesis that a watertable
just above 100 feet was responsible for the Ezam and possibly the Sgueeze
in Koonalda N4, The Hampton Range escarpment is almost certainly an em-
erged cliffline which Jennings (1961, 1963) attributes to a submergence
to + 100 - 200 feet during a Pleistocene interglacial. The sea, and con-
sequently the watertable, remained at this level for a considerable time;
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the Hoe Plain is presumably what remains of an extensive marine erosion
and depositional surface of the Pleistocene which would have required an
extended period for its formation. Some cave development would be expected
with this prolonged sea-level stand and the Ezam and Squeeze might well be
remnants.

Recent Solution in Mullamullang

Both Jennings (1961) and Lowry (1964b) have emphasised that there is
very little solution going on near the present watertable. Jennings (1961,
1963) cites chemical and geomorphological evidence in support, attributing
the lack of solution te the semi-arid surface conditions.

Observations in Mullamullang, in general, support this view. However,
some evidence points to a little solution above the present watertable
level = at least in isolated parts of the cave. An incut at watertable
level occurs at Grotto Lake on its SE edge which extends laterally into the
1imestone for at least 15 feet, but is too low for entry. Because it seems
unique to the cave, it might be an earlier feature not attributable to pre-
sent solution activity.

Gurgle Lake derives its name from "gurgles" produced when surface rip-
ples lap under an undercut in the wall at lake level (Figure 4a). Whether
this undercut is due te solution or collapse is net known. Alse, Gurgle
Lake can be followed for more than 100 feet under the breakdown material
along the edge of the passage. This may mean sapping of the breakdown from
below due to solution, with that above the watertable remaining relatively
intact, possibly stabilised by the secondary depositioen of gypsum hetween
the tocks. In general, however, breakdown and bedrock suifaces around the
lakes show little sign of solution

Vadose Stream Activicy

The effects of recent stream action are evident in the initial part of
the cave, between the bottom of the initial talus slope and the end of the
Southerly Buster., Water entering the doline discharges at the foot of the
talus. The floor beyond has been graded and sediments, which are generally
fine, have been deposited (Figure 3d). The thickness of these sediments is
not known, but could be quite substantial. An excavatien could vield clues
as to the age of the lowest sediments and hence a minimum age for the Ent=-
rance Doline. A small excavation by the author and R.A, Heffernan near the
foor of the Dune revealed alternating layers of fine alluvial silt and
rock flour from subaerial weathering of the roof. Recent floodings of the
cave are therefore infrequent as the subaerial weathering appears to be
slow. Any changes with depth in the nature or relative thickness of these
alternating alluvial and rock-flour beds may give clues to past climatic
conditions.
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Jennings (1965} commented on the intense pocketing of the roof in the
low section up to the Southerly Buster, He suggested that this is sponge-
work, a relic of primary solution activity before collapse occurred, He
noted, however, that it was similar to forms produced by tafoni weathering
further into the cave.

Study by the author revealed that material covering the bottom ten
feet or so of the Dune (Plate 2a) was consolidated due to the effect of
flooding. Higher up, consolidated material gives way abruptly to unconsol-
idated rock-flour. A thin layer of this fine, unconsolidated material also
covers the bottom of the Dune, being the accumulation since the last major
flooding.

This flooding is eneugh to submerge the roof of the initial part of
the cave completely, The spongework could he produced therefore by sub-
aerial weathering, with solution during flooding having a modifying effect.

Processes of Cave Breakdown

The cave hreakdown processes fall into two main groups - massive col-
lapses which destroyed much of the primary cave, and subaerial weathering
which is modifying to wvarying extent existring primary cave and the col-
lapse passage.

The former process has been discussed above and corresponds to the
method of mass collapse in hedded limestone described by Davies (1951},
Lowry (1964b) believes a drop in watertable level, due to sea level drop
in glacial times, was necessary for general collapse, This would remove
hydrostatic support for the walls and roofs of primary cavities, The auth-
or agrees, though much collapse could have occurred below the watertable
as solution undermining and cavity integration proceeded.

Breakdown is also preoceeding on a smaller secale in Mullamullang. Growth
of halite and gypsum crystals is responsible for wedging flakes and chips
off the roof and walls in the Easter Extension (Plate 2b). Crystal wedging
also occurs at the granular scale in the Extension., In places, the crystals,
along with wedged-off products, still remain matted on the roof. Convection
currents set up by carbide lamps are enough to dislodge this material as a
fine rain.

Crystal wedging is known in other limestone caves. Pohl and White (1965)
stress its importance in the breakdown of caves of the Sinkhole Plain in
central Kentucky. Lowry {1968h) has also suggested that crystal wedging
plays a major role in the development of the shallow blow-hole caves on
the Nullarbor and that it operates in deep caves including Cocklebiddy N48
and Mullamullang. Crystal wedging has been cited by wvarious authors to ex-
plain cavity and tafoni formation in non-calearecus rocks, and it is likely
that it is responsible for the tafoni weathering in Mullamullang.
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The tafoni weathering in Mullamullang is most intense, especially on
the roof of the Powder Room (see photograph on cover), above the Dune and
in the Sandechute area, Much of the large-scale breakdown on the floor in
the low initial parts of the cave up te the Sandchute is covered with fine
rock-flour and small chips. Weathering may have been more intense in these
parts because of the proximity of the Entrance.

Summary of Main Events in the Development of Mullamullang

1. Uplift of the Eocene and Miocene limestones at the end of the Lower
Miocene. Solution of limestone begins. (Figure 3a).

2, Perforation of the limestone at different levels, probably at dif-
ferent warertable levels corresponding to glacial and interglacial low and
high sea levels. Groundwater drainage concentrated along definite pathways.
4 multi-level elongated zone of cavitation was formed in the limestone,
largely along a NE-SW joint system. (Figure 3b).

3, Enlargement and integration of levels by solution, probably accom-
panied by limited localised collapse. A string of relatively large cavi-
ties probably produced along the zone of cavitation.

4, Enlargement reaches critical point. Massive collapse initiated at
depth along the zone, possibly during the last glacial peried. (Figure 3o},
Formation of Entrance Doline., (Figure 3d).

5., Vadose artivity and subaerial weathering commence. Stream alluwvi-
ation, accumulation of tock-flour and chips, and limited solution in in-
itial parts of cave, (Figure 3d).

6. Watertahble rose to present level. Lower levels of cave fleooded, but
little solution activity evident. Deposition of gypsum crusts and other
minerals around the edges of the lakes., The time of deposition of minerals
in other areas of the cave (Plate 2c) is not known.

7. Vadose aectivity, subaerial weathering and isolated collapse con-
tinuing te present time,

The above summary is intended to give as complete a picture as poss-
ible of the development of Mullamullang Cave. Much, however, is based on
1imited evidence and a definite chronology remains to be worked out. Fur-
ther surface and sub-surface evidence is required, especially concerning
levels within various caves, the horizontal extent of beds in the Abra-
kurrie Limestone, relative land and sea movements, and past climatic con-
ditions.
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ADDENDUM

Since the above paper went to press, a further paper by D.C, Lowry
(1969) has been published. Lowry places the phreatic passages in Fire-
stick Cave N70 and 01d Homestead Cave N83 at 220 feer below the surface
and those in Kestrel Cavern No., 1 N4D at 160 feet below the surface -
about 250 feer above the present watertable, Contrary to what has been
stated above, Lowry believes the Abrakurrie Limestone is relatively weak-
ly bedded. Because the limestone 1s quite porous, he believes this points
to an epiphreatic origin of the solution passage levels rather than con-
trol by bedding. This is a little difficult to reconcile, perhaps, with
the bedding plane control which he states is important in passage devel-
opment, He supports the theory that past sea ievels have been of funda-
mental importance in determining the level of the watertable under the
Flain and, therefore, the level of epiphreatic solution.

Lowry mentions the existence of two levels in the Ezam and three in
the Easter Extension. He has apparently taken this from the sections drawn
by Hiil (1966). The situation is probably more complex, however. Compass
and tape were used to survey both extensions with no attempt at fixing
vertical levels. Accurate levelling needs to be done before the levels in
the Ezam and Easter Extension can be defined with confidence,

4 new figure for the watertable level in Mullamullang is given, Lowry
places it at only five feet above mean sea level, compared with Hill's
figure of 20 feet. If this is so, then the gradient of the watertable be-
tween Mullamullang and the coast, 42 miles away, is a very low 1.5 inch
in the mile,

Additional Reference

LOWERY, D.C. 1969 : The Origin of Small Cavities in the Limestone of the
Bunda Plateau, Eucla Basin, Ann. Rept. for 1968, Geol. Surv. W,
Aust. @ 34 - 37.
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January 1968, using compass and metal tape.
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