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ORDOVICIAN STRATIGRAPHY AT CLIEF-DBN CAVES, NEAR
MANDURAMA, N.S.W.

By N. C. Stevens.

(With Plates iii-iv and 4 Text-figures.)

[Head 2Sth May, 19 52.]

Synopsis.

The Cliefden Caves Limestone, which contains alDundant shelly fossils of Middle Ordovician

ag-e, conformably overlies basic volcanic rocks, and is overlain by siliceous limestones and tuffs

with Upper Ordovician graptolites, trilobites and brachiopods. The structure of the area is

discussed, and notes on facies and facies change are appended.

Inti^oduction.

Cliefden Caves are situated 11 miles north of Woodstock and 12 miles west-north,-west

of Mandurama. Previous literature on the geology of the area is mainly concerned with

the limestone, which was the first limestone discovered in Australia (Oxley, 1820).

Caves in the limestone were reported upon by Wilkinson (1892) and Trickett (1908).

Carne and Jones (1919) mapped most of the main limestone bed, and called it the

Belubula Limestone Belt.

Until recently the limestone was assumed to be Silurian, largely due to a list of

fossils collected by Trickett (1908). North of the Belubula River, Booker (1950)

recorded Silurian fossils from a limestone which he assumed to be continuous with the

limestone at Cliefden Caves.

However, detailed mapping and further fossil collections have shown that the main
limestone bed and associated strata are of Ordovician age. A preliminary note (Stevens,

1950Z;) on this occurrence was the first record of fossiliferous Ordovician limestone in

New South Wales.

The nearest locality from which Ordovician fossils have been recorded is Junction

Reefs, five miles to the east (Hall, 1900; Pittman, 1900), but the exact locality is

in doubt.

Stratigraphy.

A generalized sequence is given in Table 1 and Text-fig. 2, the data being drawn
from excellent sections along the Belubula River and tributary creeks.

Table l.

Formation. Lithology. Age.

Upper
Ordovician.

4. Angullong Tuff. Andesitic tuffs, tuffaceous shales, calcareous^

tuffs, small limestone beds. y
3. MalonguUi For- Laminated impure limestones, limestone, lime-

|

mation. stone breccias, tuffs and shales. J
2. Cliefden Caves Massive and shaly limestones. i ,,. , „

Limestone.
f

Jf'l^'.'^

1. Walli Andesite. Andesites, basalts, spilites, tuffs and breccias. J
Ordovician.

1. The Walli Andesite is the name given to the volcanic rocks which are the basal

formation of the sequence. They are well developed between Walli and Limestone Creek,

extending north to the edge of The Large Flat, and south beyond Woodstock. The width
of outcrop is about four miles, but as the base is not visible and the structure is uncertain,

the thickness cannot be estimated. The formation was regarded as Silurian, equivalent

to the Cargo Andesite (Stevens, 1948, 1950a), before the Cliefden Caves area was
examined. Proceedings of the Linnean Society of NSW     Vol. LXXVII      1952
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The lavas, which make up about 70 per cent, of the formation, are mainly andesites,

with some basalts and spilites. Most of the lavas are porphyritic in plagioclase (in laths

up to 20 mm. in length) and some have augite phenocrysts as well. Amygdaloidal types

are present, and at one locality south-west of "Cliefden" (860380)* there is a very good

example of pillow-structure, with concentric rows of amygdules, radial fractures and

deuteric minerals in the- interstices between the pillows.

Tuffs and breccias of variable grainsize are interbedded with the lavas, especially

near the top of the formation. A tuff near "Cliefden" is notable for the large rounded

pebbles of porphyritic andesite it contains.

The relations between the Walli Andesite and the overlying formation, the Cliefden

Caves Limestone, are best shown at the south-west corner of The Large Flat (Text-fig. 1),

where breccias which overlie porphyritic andesite pass upwards into tuffs, calcareous

tuffs, and limestone containing large brachiopods. The same conformable relations hold

between the main mass of volcanic rocks and the overlying limestone south and

south-west of "Boonderoo" homestead, though the outcrops are not so good.

2. The Cliefden Caves Limestone is the main limestone belt, taking its name from

Cliefden Caves, situated in the more massive parts of the formation on the south side

of the Belubula River (863482). The limestone occurs in two arcuate (equivalent) beds

which, through faulting and folding, join near Copper Mine Creek. The formation

occurs mainly between the Belubula River and the Mandurama-Canowindra Road, and

reaches its maximum development on the Belubula River in the north-east.

The Cliefden Caves Limestone could be divided into two or possibly three members,

as shown by the section on the east side of The Large Flat (Text-fig. 1). However,

in other places the lower shaly beds thin out, and it is not easy to distinguish them,

so that it is more convenient to map the limestone as one formation.

The lowest bed of the Cliefden Caves Limestone contains abundant and closely-

packed large brachiopods, which may be a new genus of the Trimerellacea. The shaly

limestones which make up the lower part of the formation are interbedded with more
massive limestones in beds 8 to 30 feet thick. All these shaly limestones are richly

fossiliferous. Some of the limestone in the first 50 feet of the formation is built

almost entirely of corallia of primitive Tabulata {Tet radium, and forms like ProlielioUtes,

Foeystepliijllum, and LyctopJiora). These corals are most abundant on Fossil Hill (on

the south side of The Large Flat), but are also found in a corresponding sti'atigraphical

position (above the Trimerella bed) in the southern limestone belt beside the road from
"Boonderoo" to "Kalimna". Near the top of the shaly limestones, well-preserved

brachiopods are particularly abundant, associated with trilobites, gastropods and
bryozoa. From these beds Dr. Opik has identified the following forms:

Brachiopoda

—

Rhynchotrema, Orthidae (two genera), Syntrophiidae (one genus),

Camerella, Spanodonta, Rafinesqiiina, Protozyga;

Trilobitae—Asaphidae (two forms), Pliomeridae, Enoinurella, Liclias, Trinucleus,

Remopleurides;

Gastropoda

—

Lophospira, Hormotoma, Raphistomina, Raphistoma, Maclurites,

Phragmolites;

Bryozoa

—

Pachydictya, Rhinidictya. two of three genera of Trepostomata;

Coelenterata—Heliolitids, Streptelasma;

Nautiloidea—several coiled and straight forms;

Ostracoda—four genera.

These shaly beds, the lower part of the formation, are well-developed in only two
restricted areas: between Fossil Hill and the Cliefden Caves near the crest of the

more northerly plunging anticline, and in a similar position to the south near the road

crossing of Davy's Creek. The sequence and fossils are the same in both places, so

there is no doubt that the limestones are equivalent, and as both limestones overlie

volcanic rocks conformably, then the volcanic rocks in both areas are of the same age.

* Military map grirl co-orrlinates, Cano-svinrlra 1 inch sheet,
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111 addition lo these two localities, the Trimcrclld bed has been found at the base

of the liniostonos on Licking Hole Creek, and the coral beds occur near the base of

the limestone north-west of "Boonderoo" (874467) and west of "Cliefden".

The maximum thickness of these shaly limestones is 480 feet on the eastern side

of The Large Flat.

Thick massive limestones overlie the shaly members, reaching their maximum

thickness (about 2000 feet) east of Cliefden Caves. In the section illustrated in

Text-fig. 1, a fault interrupts the sequence, so that only 360 feet of massive limestone

is shown.

The upper part of this member contains cherty siliceous nodules arranged in regular

bands parallel to the bedding. Many, if not all, of these nodules are partly or wholly

silicified fossils (corals). Fossils are not so abundant as in the shaly limestones, but

include many of the same forms. A coral, Favistella, is most prominent, especially in

the limestone on Licking Hole Creek.

A thin limestone bed on the west side of Limestone Creek, east of "Boonderoo",

has been grouped with the Cliefden Caves Limestone, although it appears to overlie strata

which are elsewhere above it. This may be due to faulting.
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Text-fig. 1.

Section through the Cliefden Caves Limestone, east side of The Large Flat. 1, Porphyritic

andesite ; 2, breccia ; 3, calcareous tuffs ; 4, shaly limestone ; 5, massive limestone.

Text-fig. 2.

Diagrammatic section BC (see Plate iii). WA = "Walli Andesite; CCL = Cliefden Caves
Limestone ; MF = Malongulli Formation ; AT = Angullong Tuff ; F-F - Fault.

3. The Cliefden Caves Limestone is conformably overlain by the Malongulli

Formation, which takes its name from the Parish and the hill around which the

formation is well developed.

The formation consists mainly of impure siliceous limestones with some tuffs,

shales and limestone breccia.
'

When fresh the impure limestones are fine-grained, black, hard, laminated, "cherty"

rocks, composed of calcium carbonate (about 55 per cent.) and silica, with a little iron

and alumina. The silica is in the form of sponge spicules. The fresh rocks occur along

the river and major creeks, but rocks of the same formation occurring on the tops of

hills present a very different appearance. They are grey in colour, less dense, and split

more readily along the bedding. The lighter-coloured rocks have had calcium carbonate

leached out of them and consist largely of sponge spicules.

Other fossils present are graptolites, brachiopods, trilobites and gastropods. The
graptolites (determined by Mrs. K. M. Sherrard) include Glyptograptus teretiusciihis,

Dicranograpfus zic-zac var. winimus. (?) Tliamnograptua and CUmacograptus cf,Proceedings of the Linnean Society of NSW     Vol. LXXVII      1952
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antiquus. Opik notes also Dicellograptus and perhaps Climacograptus Mcornis. These
graptolites belong to the zone of Nemagraptus gracilis, zone 9 of the British succession,

i.e., the lowest part of the Upper Ordovician. Trilobites are relatively abundant in some
places (844468, 828453), and include Trimtcleiis, Dionide, Remopleurides, Encrinurella,

and Ceraurus. Small Sowerb.vellids, PseudoUngula and (?) GJwnetoidea are the

brachiopods present.

Beds of limestone breccia occur near the top of the Malongulli Formation, overlying

the laminated impure limestones. The sequence along the river at the western edge

of The Large Flat is as follows (Text-fig. 3, A) :

7. Tuffs.

6. Impure limestones.

5. Laminated siliceous limestones.

4. Limestone breccia.

3. Laminated siliceous limestones.

2. Brown clayshales and tuffs.

1. Cliefden Caves Limestone.

A number of limestone beds of varying size occur in the Malongulli Formation
between Copper Mine and Sugarloaf Creeks. They are normal, massive limestones

without many fossils, except near Copper Mine Creek, where gastropods are abundant.

Massive and impure laminated limestones are associated with fine tuffs south of

The Sugarloaf (Malongulli Trig. Station). The relation of these rocks to the strata

further north is obscured by an intrusion, but the graptolites Nemagraptus explanatus
var. pertenuis and Climacograptus cf. antiquus show that they belong to the same
zone as the beds nearer the river. Graptolites (including Amplexograptiis) have also

been obtained from a similar banded limestone, which occurs as fragments in a limestone

breccia at the north-east end of The Large Flat (8564S2).

4. The Angullong Tuff is the next youngest formation; it is named after "Angullong"
property (north of the Belubula River), where it is well developed, but it also occurs

between the Belubula River and Licking Hole Creek, and north and east of "Boonderoo".

The relation with the underlying formation is best seen along the northern bank
of the river at the north end of The Large Flat. A conformable passage from impure
black limestone to tuff occurs.

The rock types of this formation are chiefly andesitic tuffs, with calcareous beds,

small limestone lenses, and possibly some minor andesite flows (it is not yet certain

whether the latter are flows or sills).

Well-bedded tuffaceous shales and banded tuffs occur along the river between
"Kalimna" and the Upper Devonian quartzite gorge of The Needles. Diplograptid

graptolites are present in calcareous beds associated with these tuffs west of "Kalimna"
(830485 and 833494).

The similarity in lithology between the tuffs near "Boonderoo" and those north

of the river, together with the fact that they both overlie the Malongulli Formation,
leaves little doubt that the tuffs are of the same formation. East of "Boonderoo" the

junction of the Malongulli Formation with the Angullong Tuff is irregular, as the

upper beds of the Malongulli Formation grade laterally into tuffs over a short distance.

The Angullong Tuff appears to dip beneath limestone one mile north-north-east

of "Kalimna". The limestone is possibly of Silurian age, as Halysites and Heliolites

have been found in it further north, as well as poorly preserved compound corals at its

southern end. It is probable that this is the limestone in which Conchidiuni was also

found (Booker, 1950). It adjoins the Cliefden Caves Limestone at one place, and
probably overlies it unconformably.

On the eastern side of Limestone Creek also, the Angullong Tuff seems to dip

beneath limestone (three-quarters of a mile south of the Belubula River). This

limestone is massive and unfossiliferous, and may be of Silurian age,
Proceedings of the Linnean Society of NSW     Vol. LXXVII      1952
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Sri;r(Ti;i;K.

It luus been cxplaiiuul a))()\o llial on i)alapontolof^ical evidence, the limestone beds

outcropplnfi,- along the road between "Boonderoo" and Davy's Creek are equivalent to

those to the north at Fossil Hill and near Cliefden Caves. The foi-mer beds dip

north-east at angles mostly between 10° and 40°, the angle increasing somewhat to the

south-east. The limestone beds in the moi'e northerly area are folded into an anticline

with a north-south axis, plunging to the north. Both limestones overlie volcanic rocks

and are overlain by equivalent formations.

Repetition of beds may be due to faulting or overfolding, but in this case overfolding

to give the existing sequence is impossible (Text-fig. 2), and the fossil beds show no

overturning.

Faulting must have taken place between "Boonderoo" and Fossil Hill, the break

occurring at the boundary of the Walli Andesite with the Angullong Tuff. Evidence

of faulting is not very good, but near Davy's Creek there are extensive travertine

deposits and south of Fossil Hill ferruginous breccias. Tracing this arcuate, east-west

fault to the west, faulting in the limestone where the two limestone beds join is more

evident. At least three faults join here, and fault-breccias made up of fragments of

the Malongulli Formation are frequent. The fault has been drawn in south along

Copper Mine Creek mainly because of opposing trends in the volcanic rocks and the

limestone. West-north-west trends in the volcanic rocks are clearly seen on aerial

photographs.

North-east of "Boonderoo" the main east-west fault seems to be intersected by

another fault which terminates the southern extension of the Cliefden Caves Limestone

and the adjoining Malongulli Formation. These beds are offset to the east and appear

further south. The main fault appears to pass on the west side of this outcrop and

continue south across Limestone Creek, where it is associated with shear zones in the

limestone.

Some minor faulting is seen on Fossil Hill, but more important faults occur to

the north. Evidence of faulting is present on the east side of The Large Flat

(Text-fig. 1), and the same fault may account for the sudden change in trend (associated

with strong folding) just south of the caves. The western extension of this fault is

marked by fault breccia ten chains south of the confluence of Davy's Creek with the

Belubula River. Faults occur along the river from Copper Mine Creek to Cliefden Caves,

but most of them cannot be traced far from the river. One of them is shown in

Text-figure 3, B.

North of The Large Flat, a fault which is seen on the south side of the river runs

north, separating the Angullong Tuff from the Malongulli Formation (here interbedded

with limestone). These formations dip in opposite directions.

A fault is suggested along the west side of the limestone on Copper Mine Creek.

Limestone in the Malongulli Formation is horizontal where it adjoins the steeply-dipping

Cliefden Caves Limestone, and further south, near the head of Copper Mine Creek, the

Malongulli Formation is strongly folded where it adjoins the limestone. Other examples

of strong folding along this north-south line are seen near the junction of Copper Mine
Creek and the Belubula River, and at "Kalimna" homestead. There is a notable change
in strike (90°) in the Angullong Tuff north of "Kalimna", but from outcrops around
the big bend in the river it is seen that the change is gradual, and is not due to

faulting. It is likely that many of these faults die out in a relatively short distance.

Near the north-west corner of The Large Flat an almost horizontal overfold occurs

in brecciated limestone and Malongulli Formation (Text-figure 3, A). This is due to

sliding of the beds before consolidation. Small-scale slump-structures have also been

observed in the Angullong Tuff.

In most cases it is not known which of the faults noted above are normal and
which are overthrust, for frequently the presence of a fault is inferred from fault-breccias,

shatter-zones, or even from relations of adjoining formations, and the actual fault

plane is not visible. In section BC (Text-figure 2) the main east-west fault is assumed
to be a thrust.Proceedings of the Linnean Society of NSW     Vol. LXXVII      1952
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Notes on Facies anu Facies Ciiajxue.

Ordovician rocks are known from many parts of New South Wales, and most of the

sediments belong to a graptolitic facies composed of shales, slates and fine sandstones.

Shelly facies occur in Tasmania, Central Australia, western Queensland (David, 1950)

and the Klmberley Division, Western Australia (Guppy and Opik, 1950), but prior to

the discovery that the Cliefden Caves Limestone was Ordovician, a shelly facies had
not been described from New South Wales (except for Pittman's record of (?) Oholellu

and an (?) agnostid trilobite from Junction Reefs).

Text-fig. .3.

Diagrammatic sketch-sections along the Belubula River. A—West side of The Large Flat,

west bank of the river.—1, Cliefden Caves Limestone; 2, shales and tuffs; 3, laminated siliceous

limestones; 4, limestone breccia; 5. laminated siliceous limestones: 6, impure limestones;

7, (Angullong) tuff. B—Around river bend upstream from Copper Mine Creek. Legend as in A.

Text-fig. 4.

Showing the relations between the Cliefden Caves Limestone (CCL) and the Malongulli

Formation (MF) north of Cliefden Caves (dipping strata restored to a horizontal position).

The Cliefden Caves Limestone and the Malongulli Formation were built up in

shallow water between periods of volcanic activity in the the midst of the Tasman
geosyncline. Somewhat similar conditions seem to have prevailed through most of

Silurian time in this meridional belt, for Silurian limestones and volcanic rocks are of

frequent occurrence to the north, and in a number of places Ordovician graptolite-

bearing rocks appear as inliers. Although shelly facies have not been recorded to the

north, limestones of probable Ordovician -age are associated with graptolite-bearing

strata east of Cargo, and graptolite-bearing rocks similar lithologically to the Malongulli

Formation have been noted west of Cadia.

North of the Belubula River, localized lithofacies change is exhibited where the

Malongulli Formation and the Cliefden Caves Limestone pass into one another. The

impure, laminated limestone with interbedded limestone breccia and more massive beds

which constitute the Malongulli Formation pass laterally into massive limestones, the

shaly, impure limestones tapering out over a short distance.

This accounts for the great thickness of massive limestone north and south of the

river, east of Cliefden Caves, and the anomalous position of the Cliefden Caves Limestone

north-west of the caves, where it appears to overlie the Malongulli Formation.

At least the upper part of the massive limestone east of Cliefden Caves seems to be

a true reef. It shows the characteristic sudden tapering-out of the limestone, and the

association with limestone breccia, representing debris from the reef (Twenhofel, 1950).
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The upper part of tlie Malongulli Formation shows lateral gradation into the

Angullong Tuft nortli-east ot "Boonderoo", but this is not strictly a facies change.
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EXPLANATION TO PLATES III-IV.

Plate III.

Geological Sketch Map of the Cliefden Caves District.

Plate IV.

1. The Cliefden Caves Limestone on the east side of The Large Flat.

2. Fossil Hill ; shaly limestones of the lower part of the Cliefden Caves Limestone dip

towards the observer.

3. Fold in the Cliefden Caves Limestone. The Malongulli Formation overlies these rocks
on the left-hand side of the photograph.

4. Fold in siliceous limestones of the Malongulli Formation at the confluence of Copper
Mine Creek and the Belubula River.

5. Overturned fold in siliceous limestone and limestone breccia of the Malongulli Formation
at the north-west corner of The Large Flat.

6. Fold and thrust fault in limestones near junction of Davy's Creek and the Belubula River.

7. Strong folding in the Cliefden Caves Limestone south of Cliefden Caves at its junction

with the Wall! Andesite.

Photographs by H. J. Pemble and N. C. Stevens.
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