VOLUME 39 (2) 2006

ictite Y

Journal of Australasian Speleological Research

LIMESTONE COAST 2004

The Closing Workshop of IGCP 448 -
Global Karst Correlation
and

The First International Workshop on
RAMSAR Subterranean Wetlands

Proceedings

Abstracts and Submitted Papers.




ictite Y

Journal of Australasian Speleological Research

VOLUME 39 (2) 2006
Contents
Editorial 26

Ken Grimes and Susan Q. White

Syngenetic Karst in Australia: a review
Ken G. Grimes 27

Seasonal Karst Lake Cerknica (Slovenia) —
2000 Years of Man Versus Nature
Andrej Kranjc 39

Environmental Reconstruction of Karst using a Honeysuckle
species widely used in Traditional Chinese Medicine
Xie Yungqiu, Zhang Cheng, Lii Yong, Deng Zhenping 47

Thinking about Karst and World Heritage
Elery Hamilton-Smith - 51

Abstracts from the Limestone Coast 2004 conference
Including some extended abstracts ' ¢ DD

Papers in other karst journals.
Contents of recent karst journals from around the world. 76

Cover Photos: Left, plant roots in a cave (Ken Grimes); Top, phreatic sculpturing in a dune limestone cave (Ken Grimes);
Bottom, an amphipod from the Roe Plain, Nullarbor (Stefan Eberhard).

Helictite, Volume 39, 2006 consists of two issues. Price per volume is Aust. $27.00 post paid (Australia and New Zealand)
and Aust $30.00 (rest of the world). “Helictite” is published by the Australian Speleological Federation Inc. Except for
abstracting and review, the contents may not be reproduced without permission of the publishers.

All correspondence to: 123 Manningham St., Parkville, Victoria, 3052, Australia.

This issue is published in November 2006.



Editorial

Ken Grimes and Susan Q White

This issue of Helictite contains the proceedings of the Limestone Coast 2004 conference — four full
papers, and the abstracts of most other presentations. Unfortunately, although several other papers were
offered, they did not eventuate, and most presenters declined to supply a full paper. However, a few did
supply revised or extended abstracts.

The conference was held at Naracoorte, South Australia, in October 2004. It was a joint effort involving
both the closing workshop of IGCP 448 - Global Karst Correlation, and the First International Workshop
on RAMSAR Subterranean Wetlands. This joint workshop was attended by about 50 people. As well as
the presentations the group participated in field visits around the Gambier Karst Region. An Abstract
Volume and Field Guide were produced. This workshop pursued the overall concept of understanding the
relationship between karst resources, the biotic environment and the human situation. It emphasised the
relationships between earth sciences and biosciences and between scientific understandings and human
activities. This closing meeting of the IGCP 448 supported the establishment of another karst related IGCP
project (IGCP 513 Global Study of Karst Aquifers and Water Resources) and made several suggestions for
further karst related projects.

Commencing with this issue, we are providing what will become a regular service: a listing of papers
published in recent karst journals from around the world. This is a cooperative effort - we also supply the
contents of Helictite issues to the other journals.

Helictite web page

The Helictite web page is maintained by our Business Manager, Glenn Baddeley.
The URL is: http://home.pacific.net.au/~gnb/helictite/

The web site provides subscription information, contact details, information for contributors, and
contents and abstracts for all issues of Helictite.
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Syngenetic Karst in Australia: a review
Ken G. Grimes

Regolith Mapping, RRN 795 Morgiana Rd., Hamilton, Vic. 3300, Australia
regmap1@ozemail.com.au

Abstract

In syngenetic karst speleogenesis and lithogenesis are concurrent: caves and karst features are forming at the same
time as the loose sediment is being cemented into a soft, porous rock. “Eogenetic karst” and “soft-rock karst” are closely
related terms for features developed in soft, poorly-consolidated limestones. The distinctive features of syngenetic karst
are: shallow horizontal cave systems; a general lack of directed conduits (low irregular chambers occur instead); cluster-
ing of caves at the margins of topographic highs or along the coast; paleosoil horizons; vertical solution pipes which locally
form dense fields; extensive breakdown and subsidence to form collapse-dominated cave systems; a variety of surface
and subsurface breccias and locally large collapse dolines and cenotes; and limited surface sculpturing (karren). These
features are best developed in host sediments that have well developed primary matrix permeability and limited secondary
cementation (and hence limited mechanical strength), for example dune calcarenites. Certain hydrological environments
also assist: invading swamp waters or mixing at a well-developed watertable; or, near the coast, mixing at the top and
bottom of a freshwater lens floating on salt water. Where these factors are absent the karst forms tend to be more akin to
those of classical hard-rock or telogenetic karst.

keywords: syngenetic karst, eogenetic diagenesis, soft-rock karst, dune calcarenite, solution pipes, Australia.

Introduction and terminology The porosity or permeability of any limestone can be
represented as a ternary diagram (Figure 2a) showing the
relative amounts of intergranular (matrix), fissure and
conduit permeabilities. These proportions change during
the diagenetic evolution of a limestone. For the dune
limestones discussed in this paper, permeability tends to
be proportional to porosity, but that is not necessarily so

Syngenetic karst is a term coined by Jennings (1968)
for karst features, including caves, that form within a soft,
porous, soluble sediment at the same time as it is being
cemented into a rock. Speleogenesis and lithogenesis are
concurrent. Jennings based his discussion partly on prior
observations reported in Bain (1962a,b) and Bastian

(1962, 1964) for Western Australia and in Sexton (1965) for some other lithologies, such as the European Chalk.
and Hill (1984) for South Australia (Hill's paper was
written in 1957, but published posthumously). During eogenesis the initial intergranular permeability

of the sediment is typically partly occluded by cement,
and partly replaced by solutional porosity — which can
be of various types, both fabric selective (e.g, moldic) or
non-fabric selective (e.g. solution channels), as discussed
by Choquette & Pray (1970). Some fracture permeability
may locally result from brecciation. In the case of a soft-
rock limestone, which has never been deeply buried,
that is generally as far as the cement and permeability

Jennings was describing the active karst geo-
morphology of the Quaternary dune calcarenites of
Australia. Concurrent studies by sedimentologists of
paleokarst horizons at unconformities in the stratigraphic
record used the related concept of eogenetic diagenesis:
processes that affect a newly-formed carbonate or evap-
orite sediment when it is exposed to subaerial weather-
ing and meteoric waters (Choquette & Pray, 1970). The

resulting eogenetic karst (or "soft-rock karst") is distin- evolution goes (lower arrow in Figure 2b), although
guished from telogenetic ("hard-rock") karst that has the details can be more complex than the simplified
developed on hard, indurated limestones that have been overview given above.
re-exposed after a deep burial stage.
Choquette & Pray (1970) defined three major stages Di.a‘genetic stages in the gvolution of a limestone i
Deposition Burial Exhumation

in diagenesis of limestones (Figure 1). Eogenetic By
diagenesis refers to processes affecting recently
deposited sediments prior to deep burial. The processes
include cementation and solution (with brecciation) by
meteoric waters with aragonite and high-Mg calcite being
dissolved or replaced by calcite. Mesogenetic diagenesis
starts after the sediment is buried; and for limestones
involves further cementation, re-crystallisation and
pressure solution (e.g. styolites). Telogenetic diagenesis
occurs after uplift and erosion returns the limestone to
the surface where meteoric waters can dissolve the (now

well-cemented) limestone to form "classic" (hard-rock)  Figure 1: Diagenetic stages in the evolution of a limestone,
karst. - and of its karst. Black dots indicate possible cave formation.
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Figure 2: Limestone porosity types,

a: (left) the three types of porosity and permeability
which can each contribute to the overall karst
porosity; and

b: (right) evolution of the dominant permeability in hard-
rock and soft-rock karsts.

In a hard-rock limestone, further cementation and
compaction during mesogenesis completely destroys the
primary permeability and a secondary joint-controlled
fracture permeability replaces it. If deep-seated
aggressive waters are present (during mesogenesis)
or on re-exposure to meteoric waters (telogenesis)
the proportion of conduit permeability becomes
progressively greater (upper arrow in Figure 2b).

Early diagenetic effects can be preserved within later
diagenetic textures. These include paleokarst cavities,
infills and breccias. Dissolutional permeability generated
during the eogenetic stage of paleokarsts can direct water
flow and further dissolution during the later mesogenetic
and telogenetic stages, and can also host ore minerals or
hydrocarbons. Large solutional cavities (i.e. caves) can
form in all three diagenetic stages, but are most common
in the eogenetic and telogenetic stages. Those formed
in the mesogenetic burial stage are generated from deep
hot waters, or from acidic waters derived from oxidation
of hydrogen sulphide or pyrite. Repeated cycles of
uplift, exposure and reburial can form multiple ages of
telogenetic paleokarst features (e.g. Osborne, 2002).

With reference to karst, the terms "syngenetic" and
"eogenetic" overlap considerably in their meaning, but
involve different viewpoints. I suggest that the former
is best used for geomorphological studies of modern
soft-rock karsts; whereas the latter is best retained for
diagenetic studies of paleokarst permeabilities, where
the sequence of dissolution and cementation events is
much more complex. Some, but not all, paleokarst
is eogenetic (Figure 1): the separation of eogenetic,
mesogenetic, and telogenetic features requires a detailed
study of cement morphology, mineralogy, chemistry, and
related dissolutional and brecciation features; at both the
microscopic and macroscopic scale (Moore, 1989, 2001).
Recently some authors have applied the term "eogenetic
karst" to modern syngenetic karstfeatures (e.g. Mylroie
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& others, 2001) — I recommend retaining "syngenetic"
for that setting.

Soft-rock Karst is a more general concept that
includes both early and late syngenesis (see below),
and also more mature sediments that have not been
deeply buried and indurated, but in which the early,
weak cementation is essentially complete. In addition
to the dune limestones, examples of soft-rock karst
include the mid Tertiary marine calcarenites of Australia
(Lowry & Jennings, 1974; Grimes, 1994; Gillieson &
Spate, 1998; Grimes & others, 1999; White, 2005), as
well as some of the limestones of the Yucatan (Lesser
& Weidie, 1988; Beddows, 2004) and Florida (Miller,
1990). The Cretaceous chalk of Europe is a special case
of a moderately consolidated limestone that has both a
very fine-grained matrix porosity and well-developed
fractures—forming linear caves (Rodet, 1991; Gunn &
others, 1998).

Quaternary dune calcarenites, or aeolianites, show
the best development of syngenetic karst. Examples
include those of Australia (e.g. Bastian, 1964, 1991,
2003; Sexton, 1965; Hill, 1984; Jennings, 1968; White,
1994, 2000; Grimes & others, 1999; Grimes, 2002;
Eberhard, 2003, 2004), South Africa (Marker, 1995),
Bermuda (Mylroie & others, 1995), the Caribbean (e.g.
Mylroie & others, 1995; Lundberg & Taggart, 1995), and
parts of the Mediterranean (e.g. Ginés, 2000; Marsico &
others, 2003).

However, other permeable calcarenites, such as beach
and shallow marine sands, can also develop distinctive
syngenetic features; in particular solution pipes, calcreted
caprocks and extensive collapse modification. Examples
include the mid Tertiary Gambier and Nullarbor
limestones in Australia cited above. For less permeable
facies, such as micritic lagoonal limestones of oceanic
islands, cementation is stronger from the start and there
is greater joint control so the karst is more akin to the
classical hard-rock karsts even though the rock is still
in the eogenetic stage (Mylroie & others, 2001; Grimes,
2001). Other soluble sediments (gypsum, halite) can
also develop syngenetic karst when exposed to subaerial
conditions shortly after their deposition (e.g. Sando,
1987) but these will not be discussed here.

In the following discussion, Australian dune
calcarenites in a "Mediterranean" climate are used as an
example.

The Development of Syngenetic Karst

In calcareous dunes, percolating rain water gradually
converts the unconsolidated sand to limestone by
dissolution and redeposition of calcium carbonate. Initial
solution at the surface forms a terra rossa or similar soil
depleted in carbonate but enriched in the insoluble grains
(e.g. quartz). At the base of the soil, precipitation of
carbonate forms a cemented and locally brecciated
calcrete layer or hardpan, also known as caprock,



which follows the contours of the surface (Warren,
1983; Figure 3). In some places cemented bands also
occur deeper within the dune body: some of these may
be buried paleosoils, others may indicate levels of
saturated groundwater. Within and below the hardpan
the downward percolating water becomes focussed to
dissolve characteristic vertical solution pipes (Figure
12), and simultaneously cements the surrounding sand.
Early cementation tends to be localized about roots to
form distinctive rhizomorphs or rhizocretions (Figure 8).
Cementation can progressively occlude the primary inter-
granular permeability, but simultaneously dissolution can
generate localized secondary permeability of a moldic,
vuggy or cavernous character.

Mixing corrosion occurs where percolation water
meets the water table, which, for dune calcarenites, is
commonly controlled by the level of a nearby swampy
plain that also provides acidic water. In coastal areas,
water levels fluctuate with changing sea levels and further
complexity results from a fresh-water lens floating above
sea water which results in two mixing zones, above and
below the thin lens (Mylroie & Carew, 2000, Mylroie
& others, 2001; Figure 4). Solution is strongest right
at the shore where the lens thins so that, firstly, the two
zones overlap (within the fluctuating zone of the sea
level) and, secondly, the thinning of the lens causes
stronger flow rates which also promotes solution. Tidal
pumping may also assist. The result is a "flank margin
cave" (Mylroie & others, 2001) that has an irregular form
of interconnected "mixing chambers" (Figure 5). The
name refers to the tendency for these caves to cluster
at the island margin. Similar clustering can occur along
the edge of dune ridges adjacent to swamps that provide
aggressive water (e.g. Eberhard, 2003, 2004).

In the early stages of dissolution (Early Syngenesis,
Figure 9a) the loose sand subsides at once into any
incipient cavities, possibly forming soft-sediment
deformation structures (Figure 11). Subsidence dolines
may form without caves (as described in South Africa by

In coastal areas mixing corrosion occurs at
the two contacts: between vadose seepage
and the freshwater lens, and also
between fresh and underlying
salt water.

Sea Water

KGG 2-2006 N VaaM

Figure 4: The coastal freshwater lens, and its mixing
zones. Caves shown as black ovals. Note that the
vertical scale is strongly exaggerated in all diagrams
of this type. The lens is thin and the slopes are not as
steep as they appear.

K.G. Grimes

Figure 3: Calcreted caprock formed on a sloping
dune surface from which the loose soil cover has been
stripped. Note the small cavities resulting from erosion
of soft sand from beneath it. Cape Dombey, South
Australia.

Marker, 1995). An exception is that beneath the caprock,
which appears to form quite early, some shallow caves
may form. Once the bulk of the rock is sufficiently
hardened to support a roof (Late Syngenesis, Figure
9b), caves can develop. The presence of buried caprocks
(and associated paleosoils) may also assist in cave
development. The uniform matrix permeability, slow
moving groundwater, and lack of joint control means that
directed linear conduits seldom form. Instead, horizontal
cave systems of low, wide, irregular, interconnected
chambers and passages (Figures 5 & 7) form either in
the zone of maximum solution at the water table, or by
subsidence of loose material from beneath stable caprock
layers. Flat cave ceilings are common (Figure 6): either
marking the limit of solution at the top of the water table,
or where collapse has reached the base of an indurated
(caprock) zone. Bastian (1999) coined the term
"watertable slot" for broad horizontal slots, too narrow
for humans to enter, that form at the top of the watertable
at Yanchep, Western Australia. Where a shallow

E-W Profile

Figure 5: Atypical horizontal syngenetic maze cave in dune
and beach limestone adjacent to a swamp.
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Syngenetic Karst

adjacent to a swamp.
Bats Ridge, Victoria.

* Figure 6: A flat ceiling, with
pendant, formed at an old
watertable in a syngenetic cave

Figure 8: Rhyzomorphs are
formed by cementation around

roots (Cape Buffon, SA).

Figure 7: Phreatic spongework in a cave at the margin of a dune.
Mt. Burr Cave, 5L-69, Gambier Karst, SA.
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Figure 9: Features of syngenetic karst developed on a calcareous dunefield adjacent to a swamp.
Part A is Early Syngenesis — before the sand is sufficiently cemented to support a cave roof.
Part B is Late SyngenesTs — the limestone is now strong enough to support a cave roof.
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