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Editorial

Ken Grimes and Susan White.

Changes to the ownership of Helictite

As foreshadowed in our last editorial, in October, 2000, ownership of Helictite was passed from the Speleological
Research Council Inc. (SRC), to the Australian Speleological Federation, Inc. (ASF). The SRC has now wound up and
we would like to express our appreciation to the various members of that small group, who not only produced Helictite
for a period of 24 years, but also published many significant karst monographs. These included several books on the
caves of Thailand, The Wee Jasper Caves book, the "blue" and "yellow" books on the caves at Jenolan, and, perhaps
most importantly, Kevin Kiernan's 7The Management of Soluble Rock Landscapes, an Australian Perspective.

Stocks of many of these publications still exist, and have been transferred to the ASF. Back issues of Helictite can
be purchased either through the ASF, or direct from Helictite, 123 Manningham St., Parkville, Victoria, 3052, Australia.

Under the ASF, Helictite will be run as an independent commission. Current commission members are listed on the
inside front cover. Editorial policy continues as before - Helictite will continue to be a high quality, internationally
respected, refereed scientific journal. We intend to continue with the current format of mid-length refereed scientific,
documentary and technical papers, but with the addition of short notes, theses abstracts, book and article reviews and a
regular "News and Views" section. We hope that Helictite will continue to be a vehicle of encouragement for publication
of speleological work in the Australasian region.

The Logo
As a tribute to the efforts of the SRC over the years we have decided to adopt the SRC Logo (a view, from above,
of a caver reading a book) as the Helictite Logo.

Thank-you
The editors wish to thank various reviewers and the organisers of the Wellington Workshop for their assistance in
the production of issue 37(1).

Volume 37 (1)

This issue has a Wellington Caves theme. As well as the extended abstracts of the papers presented at the recent
Karst Seminar held at the Wellington Caves, there is a full paper by R.A.L. Osborne which reviews the current state of
research at the Wellington Caves.

Subscriptions

Price of volume 37 (two issues) will be $20 (Australian), post paid. However, as a consequence of rising postage
and other costs, commencing with volume 38 the price per two-issue volume will be $25 post-paid for Australian and
New Zealand subscribers, and $27 post-paid for overseas subscriptions.

Wanted:

*  Local representatives are needed in each Australian state and other countries, to promote Helictite locally and to
assist in soliciting articles. Also people in major institutions who are prepared to send summaries of research in
progress and other items for the "News and Views" section. :

*  Team members: We need volunteers from the speleological and karst scientific community to join the editorial and
production team.

*  Authors! A continuing supply of papers is essential. Cavers should not be shy. Look through our back issues, there
have been many authors who were "informed speleologists" rather than professional scientists. In particular we
would like to encourage reviews of particular karst areas - documenting the caves and the karst features and
drainage by use of text, maps and photos. Such papers provide a useful background for more detailed specialist
work. They are within the capability of many amateur speleologists, especially when done as a team effort with each
member providing their own expertise. If you are not associated with a major institution, we can assist with drafting
of figures and formatting of photos and are happy to make preliminary comments on proposals for papers. See the
Information for Contributors inside the back cover.

L
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Karst Geology of Wellington Caves: a review

R.A.L. Osborne

School of Professional Studies, A35, University of Sydney, NSW 2006, Australia.

Email: a.osborne@edfac.usyd.edu.au

Abstract

After 170 years of scientific investigation and speculation, significant problems in the karst geology of Wellington
Caves remain unsolved. Work in progress is addressing issues relating to: the role of geological structure in cave
development; the mechanism of cave formation; the palaeontology, stratigraphy and sedimentology of the cave
sediments; the origin of the phosphate deposits and the relationship between the caves and the surrounding
landscape. Little progress has been made in understanding the hydrology of the karst or the meteorology of the caves.
These latter problems will require long-term monitoring and data collection, which has yet to commence.

Keywords: caves, speleogenesis, cave sediments, vertebrate fossils, Wellington Caves.

Introduction

Wellington Caves, located 7 km south of the town of
Wellington in central western New South Wales (Figure
1), are the birthplace of vertebrate palacontology and
cave science in Australia (Dawson, 1985; Lane &
Richards, 1963; Osborne, 1991). How and when Wel-
lington Caves formed, and were then filled with bone-
bearing sediments, has puzzled researchers since the
1830s. Despite 170 years of research and debate, ten key
questions about karst and cave geology at Wellington
Caves remain without entirely satisfactory answers:

*  How did bedrock and geological structure guide
cave and karst development?

*  How were the caves excavated?

*  How many phases of cave development occurred
and when did they occur?

¢«  How were the cave sediments deposited, and what
is their stratigraphy?

¢ How was sediment removed between the major
depositional events?

¢  How did the animals die and their bones enter the
caves?

e What is the source of the phosphate deposits?

¢ How do the caves relate to the history of the
surrounding landscape?

e What is the nature of the hydrological system in the
karst?

e  What is the source of the carbon dioxide in the
caves?

This review draws on the published literature to
show the attempts that have been made to answer these
questions and indicates how they are being addressed by
work in progress. Information reported here from work
in progress must be viewed as tentative and indicative
only.

@

Role of bedrock and geological
structure

The caves at Wellington have formed almost
exclusively in, or at the boundary of, a massive lime-
mudstone facies of the Middle Devonian Garra Forma-
tion (Strusz, 1965). The exception is Anticline Cave,
which is developed along the hinge plane of an anticline
in thinly bedded limestone.

Two prominent ridges of massive limestone crop out
in the reserve. Bedding in the western ridge, which
contains most of the caves, dips generally to the east,
while that in the eastern ridge dips to the west. This
suggests that the Caravan Park (Figure 2, A)is under-
lain by a plunging anticline, as seen in Anticline Cave
(Figure 2, B) and in the paddock to the south. It also
suggests that the area between the two limestone ridges
is a plunging syncline (Figure 3).

The main Chamber of Cathedral Cave is developed
along an unconformable boundary between massive lime-

Figure 1: Location of Wellington Caves.
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Wellington Caves

mudstone and tightly-folded thinly-bedded limestone
consisting of graded beds rich in faecal pellets. The
stratigraphic significance of this boundary remains
unclear and attempts at extracting conodonts from either
of the facies have proved unsuccessful.

Recent karst mapping (Figure 2), shows that many
cave entrances, dolines and other karst features plot as
chains, parallel to two sets of faults. One set of faults
trends approximately NNW-SSE and the other set trends
ENE-WSW, across the strike of the limestone. Some of
sections of the main caves appear also to have been
guided by these structural trends.

Mechanism of cave excavation

Thomson (1870) was the first to consider how
Wellington Caves might have formed. He concluded that
the caves resulted from "the dissolving action of
carbonic acid water". The process of cave excavation
was not discussed again until the work of Bud Frank in
the 1960s.

Frank (1971) noted the presence of wall and ceiling
pockets, high domes, rock bridges, ceiling pendants, and
large symmetrical hollows in the bedrock walls of the
caves. Frank considered that these features indicated
excavation by eddy currents in the phreatic zone. Francis
(1973), following Jennings (1971), considered that the
wall pockets in Cathedral Cave resulted from the
"injection of strong currents below the water table".
Jennings (1977) used the term Nothephreatic to describe
the style of solution in Cathedral Cave. There is much
confusion about the use of this term. Jennings (1977)
apparently imagined solution by relatively still bodies of
water. Recent definitions of nothephreatic, such as that
of Field (1999), use it to indicate slow laminar flow
conditions in phreatic conduits.

The caves at Wellington, in particular Cathedral
Cave, show little sign of ever having been conduits
through which water flowed. While some speleogens
provide evidence for mixing corrosion (eg penetration of
solution cavities into joints and bedding planes), most do
not.

Cupolas, which are found in both Cathedral Cave and
the Phosphate Mine (eg the Atrium), display many of the
characteristics that have been attributed to solution by
rising hydrothermal or artesian water (Lauritzen &
Lundberg, 2000). Much of the bedrock morphology and
speleothems in Gaden Cave is similar in style (although
on a smaller scale and different mineralogy) to that found
in the hydrothermal caves of the Buda Hills (Hungary).
Remnants of crystalline, subaqueous, wall coatings have
recently been found in Cathedral Cave and Anticline
Cave. Carbon and oxygen stable isotope ratios of these
coatings, and the possibility that rising, perhaps slightly
warm, water formed the caves at Wellington from the
bottom up, are currently being investigated.

@
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Phases of Cave Development

Observations in Cathedral Cave (Osborne, 1984) and
my earlier work in the Phosphate Mine (Osborne, 1982)
suggest that there have been at least three major phases
of cave excavation (and filling) at Wellington Caves.

The first phase is represented by the breccias in the
wall of Cathedral Cave and the block-filled structure
near the Altar in the main chamber of Cathedral Cave.
These features are completely truncated by the existing
cave and represent a very early phase of excavation.

The second period is the initial cavity into which the
older sediments (Phosphate Mine Beds) were deposited.
In the Phosphate Mine the walls of this cavity are
frequently lined with dense phosphatic rim rock, no
traces of which have been found in any of the other
caves.

The lack of the rim rock in the other caves led me to
propose (Osborne, 1982) that the second phase of
development was largely restricted to the Phosphate
Mine, with other caves having been formed entirely, or
substantially modified, by a later phreatic phase. The
presence of re-dissolved flowstone (Osborne, 1984) and
new observations of ancient sediment remnants in
Cathedral Cave, suggest that there was a second phase
of excavation in Cathedral Cave as well.

The third, most recent event was the excavation of
the cavity in the Phosphate Mine Beds into which
Pleistocene bone-bearing sediments (Mitchell Cave
Beds) were deposited. Cathedral Cave and the other
open caves were either excavated or re-excavated during
this phase.

The timing of these periods of cave development is as
yet unclear. Late Devonian palaeokarst has been '
identified in the Garra Formation. Breccia in the walls of
Cathedral Cave may be of this age. There is yet no
indication of the age of the large block fill near the Altar.
The two most recent major cave forming events are
likely to be Miocene and earliest Pleistocene in age.

Caves without Roofs

As well as underground evidence for earlier periods
of cave development, recent detailed mapping of the
limestone outcrop has indicated the presence of a
number of “caves without roofs”. The most obvious of
these is the open-cut section of the Phosphate Mine, but
other examples are now known in the limestone to the
south of the main cave area.

Caves without roofs have been given much recent
currency in the literature from south central Europe
(Mihevc et. al, 1998) where they are regarded as-a novel
concept. Their history at Wellington, however, goes
back 130 years to when Thomson (1870) noted that
bone breccia and stalagmite bases were exposed on the
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Initial cartography by B. Scott.
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surface and concluded that: “what is now the surface of
the ground has formerly been the floor of a cave”. Cave
sediments exposed at the surface contain fossils regarded
as being Early Pliocene in age (Dawson et. al/, 1999).

Despite their early recognition, there has been little
attention given to caves without roofs at Wellington
until quite recently. The presence of unroofed caves
suggests that karst processes have been active for a very
significant period of time and have great potential for
expanding our understanding of karst processes in the
past.

Cave sedimentation and stratigraphy

Thomas Mitchell (Mitchell, 1838) was the first to
consider the stratigraphy of the cave deposits and their
palaeogeographic significance. He recognised three
major events: aqueous deposition indicated deposits
below the flowstone; a long dry phase indicated by
flowstone, red earth and bone breccia; and a period of
collapse followed by further deposition of red earth.
Although there was considerable later discussion about
the origin of the red earth (see Osborne, 1991, 1992),
there was no further serious discussion of the stratigra-
phy and sedimentology of the Cainozoic sequence at
Wellington Caves until the work of Bud Frank in the
1960s.

Frank (1971) divided the sequence exposed in the
caves and the Phosphate Mine into three units:

Unit 1 BG, a basal grey coloured bedded unit.
Unit 2 FS, a flowstone unit.

@
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Unit 3 R, an upper red unit including bone-rich
facies, Unit 3 RB.

Osborne (1982) recognised that the sequence in the
mine was divided in two by a major unconformity. The
strata below the unconformity are older than Frank's
three units. The unconformity formed when a cave,
excavated within the older strata, was filled with the
younger strata. Below the unconformity are mudstones,
turbidites (graded-bedded osseous sandstones, organised
and disorganised conglomerates) and phosphorites of the
Phosphate Mine Beds (Osborne, 1982), which were
deposited from talus cones slumping into still ponds in
the caves. All of these units contain sand-sized bone
fragments, and many have been cemented by coarse spar.

Above (and inside) the unconformity are the Mitchell
Cave Beds (Osborne, 1982), a sequence of poorly-
cemented bone-bearing cave earths, most likely talus
cone deposits, overlying a basal brown sandstone. The
stratigraphy of these units is currently under review

Rehabilitation of the Phosphate Mine has better
exposed the sediments, but this has shown that their
relationships are far more complicated than had been
previously thought (Osborne, 1997 a & b). Recent work
in the eastern part of the Phosphate Mine has resulted in
the recognition of two new informal mapping units in the
Phosphate Mine Beds, the Pig Sty unit and the West
Loop unit. A current, but yet to be formalised, interpre-
tation of the stratigraphy is given in Table 1.

Terrie Christensen of La Trobe University is
currently making a detailed study of stratigraphy of the
Mitchell Cave Beds in the Phosphate Mine East with the



aid of palacomagnetic dating.

The contrast in depositional environments between
the Phosphate Mine Beds and the Mitchell Cave Beds
indicates that a major environmental change occurred at
Wellington sometime between the Pliocene and the
Pleistocene. The Phosphate Mine Beds were deposited
by the slumping of Macroderma guano, re-mobilised
older cave sediments and some large surface-derived
bones into still ponds that regularly dried out. The
Mitchell Cave Beds show no evidence of carnivorous
bats and indicate a much drier environment. The
sequence consists largely of talus cones of aeolian silt
and bone fragments transported into the caves by gravity
and rain-wash. There is no evidence for large ponds,
only small muddy pools at the base of talus cones.

The mechanism of sediment removal

The major unconformity between the Mitchell Cave
Beds and the Phosphate Mine Beds, smaller erosional
breaks within the sequences, and sediment remnants in
Cathedral Cave all suggest that significant volumes of

Osborne

sediment have been removed from the caves at one or
more times in the past. This raises two important
questions, how was this sediment excavated, and where
did it go?

There is no evidence of a major stream entering the
caves, no obvious outflow point for a stream, and little
evidence of sediment being removed by scouring or
down cutting. There are, however, fallen blocks of old
sediment incorporated into later deposits and rip up
clasts incorporated in the higher energy parts of the
turbidite sequence.

I have puzzled over this problem for some time.
Wellington is not the only cave system where it occurs.
The same problem occurs at Ochtinsk4 Aragonite Cave
in Slovakia, which is a cryptokarst cave with no known
natural entrance. Ochtinska Cave (see Bella, 1997),
shows clear evidence of sediment being deposited and
later removed but there is no indication as to where it
was transported.

Some possible explanations for removal of sediment
from caves without apparent exits, which have occurred
to me, are:

Table 1:
STRATIGRAPHY OF THE WELLINGTON CAVES PHOSPHATE MINE EAST
PLCENE upper red unit 6.6m
@
PLEISTOCENE ‘g Bone Cave breccia unit 5m
=
=5 flowstone 0.5m -
=
@) West Loop unit 2.4m
—
_g UNCONFORMITY 4
>
e Pig Sty unit 3m+
E base not exposed
UNCONFORMITY 3
EARLY Sy .
PLIOCENE - Big Sink unit : 5m+
=
4 conglomerate unit 3m+
=
€ | DISCONFORMITY
% graded-bedded unit 2m
)
o] - ;
= laminite unit 05m
3
_g UNCONFORMITY 2
S
phosphatic rim rock 0.1m
UNCONFORMITY 1
DEVONIAN Garra Formation
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Figure 4: Detail of Show Caves Area. Based on field mapping by R.A.L. Osborne and B. Scott in 1999 and 2000.
Cave plans modified from Frank (1971). Initial cartography by B. Scott.

The boundary between the massive and thinly bedded limestone dips to the east. Consequently, thinly bedded
limestone crops out at the surface to the west of Cathedral cave, but is not exposed in its eastern wall at depth.
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