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L ocation
TheJudbarraKarst (previously known asthe Gregory Karst) ispart of the
Judbarra-Gregory National Park, intheNorthern Territory, Australia.

Geological Setting

The cavesand surface karst are largely restricted to athin (10-18 m,) but
extensive, i nterbedded dolomite and limestone unit, the Suppl jack member,
of the flat-lying Proterozoic Skull Creek Formation. The rest of the Skull
Creek Formationislesscavernous. [see separate pagefor details)|

Surfacekarst (karren, tufa)

The strongly developed karrenfields on the Supplejack member have a
zonation (shown in shades of blue on the geological map to right) which
results from progressively longer periods of exposure at the surface. This
starts with incipient karren development on recently exposed surfaces
adjacent to the contact with the overlying Skull Creek Formation and
continues through progressively deeper dissected karren to afinal stage of
"stonecities’ and isolated pinnacles at the outer edge (Zones1to 4 on map).
[see separate poster for details of karren & microkarren]. A variety of tufa
depositsarecommoninthevalleysand stream beds (Canaris, 1993).

The Caves

Extensive horizontal maze caves underlie the dissected surface, being
best devel oped under karren zones2 & 3. The BullitaCave system hasabout
120 km of passage, and there are others with up to 34 km. Recent
descriptionsappear in Sefton (2006) and Martini & Grimes(in prep).

The caves are unusual in several ways. They are seasonally flooded
shallow "epikarstic" systems intimately related to the surface karren,
following the sametrends, and eventually being destroyed when the surface
grikes connect with the cave level and unroof the passages. Much of the
cave volume is in a shale bed which appears to have been eroded
mechanically and has perched the epikarstic watertable. Lower levelsoccur
adjacent totheincised gorges. Present-day speleogenesisisrestrictedtothe
time of wet season flooding.

[ See separate pagesfor detailsof the caveform, and Speleogenesis].

History of cave exploration

The exploration history is presented by Kershaw (2005) and Sefton
(2006). Early cave exploration was done by BMR geological partiesin
the 1960s, Parks rangersin the 1980s and by the Top End Speleo
Society (TESS) in 1987. However, the first systematic exploration and
cave mapping was by a British Operation Raleigh Expedition in 1990
(Storm & Smith, 1991).

In 1991 TESS and CSS (Canberra) ran the first of what became
regular annual expeditions to the area, involving speleologists from all
over Australia. Various entrances to Bullita Cave were found over the
following years and linked into a single large system. Recently these
groups have combined as the Gregory Karst Special Interest Group of
the Australian Speleological Federation (GKSIG).
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The host rocks are part of the Bullita Group, of late Proterozoic age, 1.6 billion years old. The

stratigraphic succession, fromtop down, is:

* The upper Skull Creek Formation is rhythmicaly inter-bedded: ~1m thick beds of out-
cropping dolomitic limestonealternatewith ~3m recessive bedsof cal careoussiltstoneand shale.
This unit has no caves and limited macro-karren (developed on the thicker limestone beds) but
hoststhe best-devel oped microkarreninthearea.

* The Supplgjack member is an 10-18m thick, thin to thick-bedded dolomite and limestone.
Parts of the unit have thinly interbedded alternations of dolomite and limestone (calcite). The
differential solubility of these forms deeply sculptured walls on some passages. Chert nodules
and seams occur in some beds, and are etched out in outcrop and on the cave walls. The
Supplgack formsthe main karrenfield. The cavesare mainly found in the lower half of the unit
andintheunderlying 3mthick "shalebed".

* The" Shalebed" isasequence comprising: 0.3 - 0.5 m of thick-bedded dolomitic mudstone,
above 2m of thinly-interbedded calcareous siltstone and shale, and then a lower 0.5m bed of
dolomitic mudstone. Much of the cave volumeisdeveloped inthe" Shale bed" and appearsto be
formed more by mechanical erosion of the soft material than by solution.

* Thelower Skull Creek Formation is mainly a well-bedded very-fine-grained dolomite with
another shale bed about 10m down. Somelower cavelevelsoccur locally in thisunit, including
withinthe second shale bed.

At the southern end of Bullita Cave there are areas of secondary dolomitisation of possible
hydrothermal origin within the Supplejack. This pale, coarsely crystalline, dolomite has inhibited
development of both surface karren and caves. Further south, extensive areas of this secondary
dolomiteoccur andrestrict karst and cave devel opment to localised patches.

Sedimentary structures indicate deposition in subtidal, tidal and supratidal environments—e.g.
stromatolites, edgewise breccias, shrinkage cracks, and pseudomorphs after gypsum and halite
crystals.

All theunitsare well jointed and gently dipping (1 - 2° to ESE in thevicinity of the BullitaCave
system). The joints guide the pattern of the karrenfield and aso the maze caves beneath. Some
faultsoccur, but with only minor vertical displacements.

Sromatolites

A variety of stromatolite forms (old calcareous algal colonies) occur throughout the sequence.
Thereisaset of large well-devel oped stromatolite domes at the top of the Supplgjack, which forms
thesurfaceof thezone 1 karrenfield.
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Viewcroth arenfid on the Supplejack member, Withhillsof upper Skull r Formation in background.
Thisisrecently exposed karren “Zone 1” . The broad moundswithin the karrenfield are stromatolites.

(c) J-E.J. Martini

{+ TheShaleBed: isdominantly shale (Sh) but is bracketed at base and on
top by more massive mudstone (m). Thehorizontal cave ceilingisthe base of
y the Supplejack member (SJ). Note popcorn (P) deposited on both sides of

W' crackin ceiling—which connectsto thekarrenfield above.

/,; OJ{CrOp (-)f‘-SuppIeja(l‘:l’; m;mb A thick-bedded &4 Thinly alternating beds of dolomite (cream) and limestone (grey)
sequence overliesthinner-bedded dolomite with in the Supplejack member.
many small chert nodules.

{ Asmall stromatolite.




The Caves

The caves form extensive horizontal, multi-
level, joint-controlled, maze systems. Passage
junctions typically occur every 15-30 m. Bullita
Cave has an extent of 4-5 km (see map), and its
total passage length in 2010 was 120 km (+ 5).
There are severa other caves between 10 and 34
km. Bullita cave is divisible into sectors,
separated by narrow connections (often a single
tight passage). The individual sectors have
distinctiveproperties.

Most of the cavesare at asinglelevel (the base
of the Supplgack and the underlying, 3 m thick,
crumbly shale bed), but entrenchment to lower
levels occurs at the northern (Neighbour's) and
southern (SOGS) ends of Bullita and in other
caves nearby. The lower level passages are
smaller, narrower and form simpler networksthan
those of the main level. Towards the eastern
contact with the overlying Skull Creek formation
the yoinger passages are smaller and impassible.
To the west the older passages become unroofed
andformgiant grikes.
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B = Typesof passage section.
[TT T T T T T T TT| A: |edgy A-form passage;
[T T T T T T KT T T TTT B: rectangular shale passage;
e~ e C: phreatic passages,
D: tented passage showing
bevelled wall undercutsand
incipient ledges

Lithology:
4 1) dol ostone, more or lesscherty;
~5m D 2) dolomitic mudstone;

e 3) dolomitic siltstone and shale; y L
4) dolomitic limestone; RN LA A
C |.'. =] $TeT= 5) cherty dolomitic limestone; R e

L 1| mlej=ff|na]= i ' . S
T8 GBEE BER | e g, | Poegeandunderautof shalebed Passage types
v [TT L[TLT |8 omega"tube. — There are some typical passage forms, partly

[TTS T 9) bevel at old watertable - R T tiedtotherock types: Most common arenarrow A-
e 1%)) stream bed BullitaCave |« section fissure passages[A on diagramto left] and

Gregory Karst, NT | ~mnithe N F N "tented" (or inverted T) passages [D] that have an

o upper fissure in the Supplejack, and a broader
JEIM & KGG 2010 Copyright Gregory Karst Research Neighbours undercut in the underlyi ng soft shale bed.
Spedial Interest Group, 2010 Blook  —_] Passages in the shae bed tend to have a
\\ GN rectangular form with aflat ceiling at the base of

the Supplegack [B]. These can enlargeinto broad
Frontyard T

‘I = = || 3
a(elw]} w[=le]

TeT=[= =[=[=5
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A-section fissurewithin the Supplejack. =
Note sharp ledges, aresponseto differential solution
of thinly interbedded dolomite and limestone.

4 “Phreatic” passageswithin the Supplejack, several metres
abovethe shale bed (the sharp undercut at bottom of photo).
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flat-roofed chambers or flatteners with isolated

pillars of the flaggy shale unit (reminiscent of a

pillar-and-stall mine). Theroof of thesechambers

commonly is crossed by joint fissures rising into

the Supplgack. Small cylindrical "phreatic"

tubes and pockets occur in the higher levels [C]

BB ST and appear to be a preliminary stage of cave

S -3 TR 2 || development prior toincisioninto and beneath the

/ 3 R " 4 275 || shalebed. Thoseimmediately above the shale bed
\ 3 4 4 may have an omega(Q) cross-section.
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Entrances:

There are numerous daylight holes in the roof,
but few accessibleentrances. Atypical entranceis
at the degraded (western) edge of the karst (acliff
line or stone city complex with giant grikes) and
involves ashort climb up, and then adrop down a
rubble, soil and leaf-litter ramp into the cave.
These ramps may help pond water within the cave
during the wet season. Some entrances are from
the karrenfield via giant grikes, collapsed
chamber roofs, or shafts. Onelow-level entrance
isviathe"efflux". Treerootsarecommon beneath
thefissuresthat connect tothe surface.

y¢
D
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SOGS

Detail of
Efflux area

Efflux [_1main level
1 lower level

g% 20m
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Distinctive geomor phic featuresof the caves: N Wl

* Extensive, horizontal, dense maze systemsat shallow depth. An i '
epikarst system with mainly vertical autogenicinputs. Planformis )'L&“ :‘
controlled by joint patterns and depth control isby lithology and g
lithol ogy-controlled hydrology.

* The extent of the cave system isrestricted to that of the karrenfield.

* L ateral change in passage style correspondsto the surface

karrenfield zonation with the main devel opment under zones 2 and
3. Zone 1 hasonly small incipient passages, generally
impenetrable, and beneath zone 4 the ol dest passages are unroofed
or destroyed.

* The age of the currently seen cave system isdiachronous, from the

present (zone 1, “youth”) to early Pleistocene (zone 4, “old age”).

* Vertical zonation (levels). by
- High-level, within lower portion of the Supplejack. An early '
stage formed in a perched aquifer above the shale bed, with _
subsequent joint-controlled enlargement by vertical vadose flow background, which dams the wet-season flood
and widening of lower parts by seasonally ponded water. TR SRCRS. | waterswithin the cave.

* Main development was along the shal e bed beneath the s 5
Supplgack, with rapid erosion of the incompetent shale bed and o
passage widening rather than deepening.

o

,\f Youth to Old Age:
> =% ¢ Small passage at advancing edge of the cave,
' beneath karren zone 1. (10 cm sale bar)

1 Low passage with stream channel at eastern
| edge of the cave

w1 = Partly unroofed passage at western edge of the
B System. Notethe mound of sediment and rubblein

¥ TheHermitage Grange: alargeroom formedin the shalebed. Notetheshale pillarsin the background. ll LowerIeveltrenchdropplngbeneatha

- Lower levelsin the Lower Skull Creek occur mainly in proximity Treeroots descer_1d waﬂssuresfrom surface grikes. Thewhlte roof islargely coatgd by coralloid growths. chamber devel oped inthe shal ebed

(c) Lioyd =
Robinson

to theincised gorges.
* "Levee" formation in zone 4 causes wet-season ponding within
cave.

{  Inverted-T passage, with aroof fissurefollowing ajointin the
Supplejack anda broad dotcutin theshale bed below.

T

Profile parallel to pillars

- 10 m

- - -
o) i
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Speleogenesisof BullitaCave

Bullita Cave is the largest of a group of extensive, horizontal, joint-
controlled, dense network maze caveswhich are epikarst systemslying at
shallow depth beneath a well-developed karrenfield. The karst and its
caves are restricted to the outcrop belt of a thin bed of sub-horizontal,
thinly interbedded dolostone and calcitic limestone — the Supplegack
Member of the Proterozoic Skull Creek Formation. Karst is further
restricted to those parts of the Suppleack that have escaped a secondary
dolomitisation event.

The karrenfield and underlying cave system are intimately related and
have developed in step as the Supplejack surface was exposed by slope
retreat. Both show alateral zonation of devel opment grading from youth
to old age. Small cave passages originate under the recently exposed
surface, and the older passages at the trailing edge become unroofed
and/or destroyed by ceiling breakdown as the, by then deeply-incised,
karrenfield breaks up into isolated blocks and pinnacles and eventually a
low pediment surface.

Vertical development of the cave has been generally restricted to the
epikarst zoneby a3 m bed of impermeabl e and incompetent shal e beneath
the Supplgack which first perched the watertable, forming incipient
phreatic passagesaboveit, and later waseroded by vadoseflow toforman
extensivehorizontal system of passages 10-20 m below thekarren surface.
Some lower cave levels in underlying dolostone occur adjacent to
recently incised surfacegorges.

Wet season stream channel, with a bed load of angular fragments
eroded fromtheshalebed. Noteshalepillar on left.

..Z)’ -

Profiles of the cave system:

Above: thegeneral case, with development at and
immediately above the shale bed,

Below: Incision to lower levelsbeside the gorges.

Shale beds A A R | e
240] 1 ¢ I NN LV 025 ', S ) T A N S
H Eflux sﬁ.ﬁ —
River

Speleogenesis is also influenced by the rapid, diffuse, vertical
inflow of stormwater through thekarrenfield, and by ponding of
the still-aggressive water within the cave during the wet season
— dammed up by "levees' of sediment and rubble that
accumul ate beneath the degraded trailing edge of thekarrenfield.
The soil, and much biological activity, is not at the bare karren
surface, but down on the cave floors, which aids epikarstic
solution at depth rather than onthe surface.

While earlier hypogenic, or at least confined, speleogenic
activity is possible in the region, there is no evidence of this
having contributed to the known maze cave systems. The age of
the cave system appearsto be no older than Pleistocene.

Thisomega-shaped (QQ)" phreatic" tube, just above thetop
of the shale bed, recordsan early stage of speleogenesis,
prior totheerosional cutting down into the softer shale.

shale bed was here
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Speleothems are not abundant, but do provide some
cluesto cavedevel opment.

Coralloids (popcorn or cave coral) are the most
common form, coating the walls and ceilings. This
reflects the well-ventilated nature of the cave —
enhancing both CO, diffusion and evaporation from
thin films of water. 1t is common to find a band of
white corraloids along each side of a roof fissure or
shaft. These form by evaporation of seepage water
moving out of fissures and tubes at the end of the wet
season. At thepeak of the wet thewater coming down . W e ¥
the fissures is aggressive and redissolves the | - .
corraloidswithinthefissure—forming asharp edge. 5 ot " L

1 Aband of white coralloid depositsfollowing the
edge of aroof fissure.

Some spel eothems show evidence of past pools or } | ‘ o T )
wet-season flooding (e.g. the Pendulite & thecloudsin g : bt @ Coralloid depositsin a ceiling bell-hole.
the Drain) or old floor levels bridging passages. el ! : - P L .
Microgours with irregular, knobby, cave pearls ("golf % " ; , Phototropic spikes beneath a daylight hole.
balls") couldindicate small flowsand puddles.

Thetwilight zones of the numerous entrances have
some knobbly speleothems (biothems) that
incorporate algal and other organic growths. Alsoin
the twilight zone are special speleogens: phototropic
(light-oriented) spikesand groovesdissolved by algae, { Apossible Cave Cloud formedin a past
and small solutionripples. pool in TheDrain.

Unusual cave minerals, e.g the gypsum flowers ) (c) Lloyd
L ¢ found in Claymore Cave (south of Bullita), might & Robinson
- ,- reflect local sulphidedeposits. :

{ ThePendulite, astalactite hanginginto an
intermittent wet season pool.

4 A gypsum flower in Claymore Cave - possibly
indicating sulphidemineralsin that area.




