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INTRODUCTION

Geological mapping of Boulia 4-mile Sheet, western
Queensland, was carried out in 1957 by the Georgina Geological
Party (leader J.N. Casey). Two formations of Ordovician
sediments have been recognized -~ the Ninmaroo Formation and
the Swift Beds. They constitute the most easterly known
exposures of fossiliferous Ordovician in northern Australia.

Both formations are lower Ordovician in age. The
Ninmaroo Formation is essentially Tremadocian, although its
uppermost part may be early Arenigian; the Swift beds are
early, but not initial, Arenigian. Late Arenigian and younger
Ordovician fossils are not known to occur in situ in the area,
but a pebble containing younger Ordovician fossils has been
collected from a conglomerate that is considered to be liesozoic
(Cretaceous) in age.

The Ninmaroo Formation rests with apparent conformity
on late Upper Cambrian limestone (Chatsworth Limestone) in the
Black Mountain section; the Swift Beds are unconformable on
the Ninmaroo Formation at Digby Peaks, but no angular discord-
ance can be detected between the two formations in the area west
of Black Mountain.

The fossils of the Ninmaroo Formation are well preserved.
Those of the Swift Beds are mostly too fragmentary for determin-
ation, but comparatively well-preserved material has been
secured from this formation at Digby Peaks by Mr.D.J. Taylor,
palaeontologist to Frome-Broken Hill Pty.Ltd. Tnpe fossils
include a graptolite, and, in order to present as complete a
picture as possible of the Ordovician faunas of the Boulia area,
advance notice of this first discovery of Ordovician graptolites
in Queensland is incorporated in this report.

Few Ordovician fossils are described from northern
Australia, and none at all from Queensland. The fossil identifi-
cations are therefore tentative, and the generic names here
cited may be changed when the fossils are systematically studied.

NINMAROO FORMATION

The Ninmaroo Formation was first rccognized, and named,
by Whitehouse (1936, p.69), who recorded the presence of
ellesmeroceroid nautiloids, echinoderm ossicles, and an orthoid
brachiopod in the Black Mountain section. He concluded that
the "Ninmaroo limestones" were Trcmadocian in age.
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Thickness and extent.

The Ninmaroo Formation, as mapped by the Georgina
Geological Party, is about 2,000 feet thick. It is typically
exposed in the folded and faulted country of Mt.Ninmaroo and
Black Mountain (the Burke River Structures), where its lower
contact with the underlying Upper Cambrian limestone is exposcd
in anticlinal cores. The upper contact against the overlying
Swift Beds 1s also exposed in the Black lountain section, on
the western side of the mountain.

The above-mentioned exposurcs arc part of a long belt
stretching from Mt.Merlin/Signal Hill Ridge in thefiorth to
Mt.Datson and Dribbling Bore in the south. They form the
castern edge of a very large rock body, extensively developed
on Glenormiston Shecet (west of Boulia Shcet) and from there

- extending north onto Urandangi Shcet and south onto Mt.Whelan

Shect. Near the Quecnsland/Northern Territory border the form-
ation disappears under the younger Ordovician sediments of the
Toko Range Synclinc (Toko Group), and re-cmerges in the Northcrn
Territory. Thc most westerly known cxposure occurs at Burnt
Well (Tobermory Shecet), west of the Toko Rangc. Farther west
still, in the area of the Dulcic Range (Huckitta Sheet), the
formation cannot be recognized, and is apparently replaced by
sandstone containing a different fauna.

The thickness of 2,000 fcet mentioncd above refers to
the Black Mountain section. The formation is about 1,200 fcct
thick in the Glenormiston cxposures (Casey in Condon, 1958),
and is probably e¢ven thinncr in the Northern Territory, although
no measurements arc at present availablc for the western
exposures.

Structural rclationship with Upper Cambrian.

In the Black Mountain and Mt.Ninmaroo scctions, thc
Ninmaroo Formation rests with apparent conformity on late Uppcr
Cambrian limestone (upper part of Chatsworth Limestone). The
Chatsworth Limestonc in the Black Mountain is about 900 fcet
thick. It contains scveral horizons of latce Upper Cambrian
(Trempcaleauan) trilobites, of a dikelocephalid (saukiinec) fauna
unique in Quccnsland but comparable with trilobites in the
Upper Cambrian sandstones of central Australia =~ for cxample,
the Ross River (Opik, 1956) and the Huckitta arca (Casey &
Tomlinson, 1956). Orthoid brachiopods similar to thosc of the
Huckitta arca slso occur in this upper part of the Chatsworth
Limestone, but, unlike the central Australian sandstones, the
Chatsworth Limestone contains no ribeirioids.

At present, the boundary between Cambrian and Ordovician
is drawn between the highest trilobite bed and the lowest naut-
iloid bed, at a thin but promincnt bed of dolomitc. Between the
two fossil horizons is a 200-foot sequence of sediments without
diagnostic fossils. The boundary, as at prcsent drawn, is con-
venient for mapping, but futurc study of thc fauna of the upper-
most trilobite bed in the Black Mountain scction may necessitate
an adjustment ofthe actual time-boundary.

Lithology and fossils.

Two main rock types are present in the Ninmaroo Formation:
(i) a dark grey mottled limestone with softer interbeds, and
(ii) a ycllowish- or greyish-whitce limestone, consisting mainly
of discrete cchinoderm ossicles. The mottled limcstone has a
very high clastic fraction, as can be scen when the fossils are
etched. In the Black lMountain section the mottled limestonc is
dominant .in the lower part of the scquence, whereas the
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lighter—~coloured echinoderm limestone is confined to thc upper
part. Elsewhere, the stratigraphic relationship of thc two
rock types is less straightforward, and it is possiblc that
they mercly reflecct different environments, and have no partic-
ular stratigraphic significancc.

(i) In addition to Black Mountain, notable localities for
the dark mottled limestone are Noranside Station (B 401),
Digby Pcaks (B 11, B 527), and Signal Hill Ridge (D 130), on
the boundary between Boulia and Duchess Shects. The fossils
are almost invariably silicified.

The eommonest fossils bclong to thrce animal groups:s
gastropods, nautiloids, and ribcirioids. Precliminary examina-
tion indicates that these fossils arc reprcsented by numerous
individuals of reclatively fcw species. Gastropods arc rcprcsent-
cd by large opercula resembling, but probably not strictly
identical with, Ceratopca Ulrich. Probably two distinct gcncra
arc included under this name. No large shells that would fit
tliese opercula have been noted in the Black Mountain scction
(sec Yochelson & Bridge, 1957), but anothcr genus, rescmbling
Scacvogyra Whitfield, is present; it scems to bc confined to
a singlc bed (B 515 B). As notced by Whitchouse (loc.cit.),
the nautiloid cephalopods arc cllesmeroccroids. Scveral forms
are prescnt, but they havc not yet been studied in dctail.

Threc genera of ribeirioids arc present: Foptcria Billings,
Buchasma Billings (2 spccics), and, in higher lcvels,cf.

Ribciria Sharpe.

Other groups are rarc, both in specics and individuals.
Brachiopods are rcpresented by the syntrophioids Hucnella
Walcott and Syntrophinclla Ulrich & Coopcr (or Tetralobula
U. & C.); monoplacophorans by Proplina Kobayashi and ci.
Archinacclla Ulrich & Schoficld; trilobitcs by a leiostcegiid

(pcrhaps a new genus) and a possible asaphid (indet.); and
echinoderms by cystid "roots". Calcarcous algac occur as thin
interbeds on Black Mountain (B 515A) and at Digby Pcaks (B 527);
the cell-structurc (filaments) has boen obscrved.

(ii) The light-coloured cchinodcrm limestone is character
istically developcd in the upper levels of thoe Black hMountain
scction; on the westcecrn side(B 515 I, B 515 L, B 518). Some
silicification is apparent, but it is by no mcans universal.
Surfacc silicification is not uncommon.

At the above-mcntioned localities, discrecte echinodcerm
ossiclcs constitute the greater part of the rock. No complete
calices lmve becen found. Of other groups, the commonest fossil
is an orthoid brachiopod externally rcscmbling the Finkelnburgia
of the overlying Swift Beds (g.x.); it is commonly associated
with thc cchinoderm ossielcs to the exclusion of othcr fossils.
Elscwherc, at the Swift Hills and in thc uppcr levels at Digby
Pcecaks, for cxample, orthoids and cchinoderms arec associatcd with
"Ceratopea" and nautiloids rescmbling thosc of the dark mottled
limestonc. Loc.B 230 (Swift Hills) also contains a fragmentary
fossil which may be an undescribed ribeirioid or even a pelcceypod.
The only identifiable trilobite is an undcescribed kaingcllid
(at B 171, 8% miles north of Black Mountain, and at B 72, 6%
miles south-cast of Digby Pcaks). At B 171, this trilobitc is
associated with an undescribed ostracod.




Age

The ‘Ninmaroo faunas are "Pacific" in aspcect and can be
dated as lower Canadian by thc North Amcrican scalc. This is
roughly cquivalent to Tremadocian of thc Europcan scale. The
ostracod at Loc.B 171 suggests an carly Arcnigian age for the
uppermost part of thc formation.

Exact dating of the bulk of the formation, and particu-
larly of its lower part, in tcrms of the standard Europcan
section is not possible, mainly bcecausce of thc lack of fossils
common to the Pacific and Europcan sequences. The Eopteria-
Ceratopea association suggests that basal Canadian {and therc-
forc basal Ordovician as undcrstood in North Amcrica) is not
represented in the Ninmaroo Formation (Twenhofel et al., 1954),
and this inevitably prompts the question: "Is there a faunal
break between Cambrian and Ordovician in the Black Mountain
section?".

No uncquivocal answer can yet bc given. In the first
place, future study may prove that the uppermost trilobite bed,
now dated as late Upper Cambrian, should instead be assigned to
the carlicest Ordovician. On thc other hand, thc fauna of this
bed may still bce Cambrian in age and the basal Ordovician may
be representcd by the almost-unfossilifcrous 200-foot interval
immcdiately above it.

Finally, it is by no means certain that the Cambrian-
Ordovician boundary of the Pacific scale coincides exactly with
that of thce Europecan scale. Hence, the Eopteria-Ceratopea
fauna may be older than shown on the North Amcrican Ordovician
Correlation Chart (Twenhofcl et al., loc.cit.)

Faunal cvidencce for a break is thus inconclusive at
prcsent. Nevertheless,; thce composition of thc faunas, as wcll
as thc lithology, indicates a marked change in environment
during thc coursc of deposition of the Black Mountain scquence.
There is a striking contrast betwecen the "dirty" Ordovician
limcstonc with abundant ribeirioids and almost no trilobites and
the comparatively clcan Cambrian limcstonc with abundant trilo-
bitecs and no ribeirioids. It strongly suggests tectonic unrest
in late Upper Cambrian or early Ordovician time, and the possibil-

ity of a consequent clision of faunas cannot bc neglectced.

Comparison with other areas

Among the known Trcemadocian formations of northern
Australia, thce Ninmaroo is unusual both in lithology and fauna.
It is the only known Tremadocian earbonatc sequcnce; in central
Australia (thc MacDonnell Ranges and the Dulcie Range, for
example) the Tremadocian is rcpresentced by sandstones containing
different trilobites and ribeirioids.

The Ninmmaroo Formation provides thc only Australian
rccords of Ioptcria and Ceratopca, and the only concentration
of ellesmcroccroids. In the wcalth of cllesmeroccroids it is
comparable with occurrences in castern Asia, North America, and
the Arctic. In composition the faunas are very similar to thosc
of the Wanwanian Series of southern lManchuria (Kobayashi, 1933)
and the Bcekmantown Group of North Amecrica (Sando, 1957).
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SWIFT BEDS

. ',—,'.' S, :
The Swift Beds werc namcd by the Gcorglna (1957)
Gtological Party (Cascy, 1958).

Thickness and extent

The formation is about 60 feet thick. The main

occurrences are in the Swift Hills: at Digby Peaks, where

the hills of this name arc composcd of Swift Beds; and on

the western side of Black Mountain. The Kelly Crcek Formation
of Glenormiston Shecet and the Toko Range is to be correlated
with the Swift Beds and probably the two formations are part of
the same rock body. Farther west, in the Dulcie and Tarlton
Rangcs, for examplc, the formation hasnot been identificd

Structural relationship with Ninmaroo Formation

At Digby Pcaks thc Swift Beds re¢st with a marked uncon-
formity on thc Ninmaroo Formation; elsewhere, no angular dis-
cordance can be detected.

Lithology and fossils

The main rock-type is an impure limestone, rucrystallizcd
and commonly silicificd, containing abundant fragments of
fossils which arec mostly indeterminable. An interbed of pink
siltstonc containing comparatively well-preserved fossils occurs
at Digby Pcaks.

In the limecstonce, the commonest fossil is the brachiopod

Finkclnburgia Walcott (or a closely relatcd genus); other

fossils include syntrophioid brachiopods, gastropods, nautiloids,
possible ribeirioids, asaphid and kainellid trilobitces, and
echinodecrm ossiclcs.

The fossils in thc pink siltstone werc collccted: by
Mr.D.J. Taylor; they include a kaincllid trilobite (probably a
new genus), an asaphid trilobite, and a graptolitec identificd by
Mr.Taylor as Sigmagraptus cf. laxus (T.S.Hall)(personal commun-
ication). :

Age. Sigmagraptus laxus is a Victorian spccies of the
Bendigonian Stagc, which is datcd as early, but not initial,
Arenigian (lower part of the zone of Didymograptus cxtensus).
Approximately the same age can be derived from the shelly fossils
of the formation and its correlate, the Kelly Creek Formation
(Casey in Condon, 1958) of the Toko Range. As far as can bec
determined, the fossils of the Swift Beds are similar to thosc
of the upper part of thc Ninmaroo Formation and suggcst that,
in spite of the spectacular unconformity at Digby Pcaks, the
time-intcrval betwcen the depos1t10n of thc two formations was
short.

ORDOVICIAN PEBBLES IN LiESO0ZOIC CONGLOMERATE

Pebbles containing Ordovician fossils have been collected
2t one locality on Boulia Sheet and at another on Glcnormiston
Sheet. They both occur in the basal conglomeratc of the Crctac-
cous Longsight Sandstonec.
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The Boulia matcrial consists of a single pcbble of
sandstone in scree on the south-western sidce of Black Mountain,
overlying the Swift Beds (B 519 A). It contains numcrous
indetcerminate pelecypods, a gastropod resecmbling Helicotoma
Salter, and fragments of asaphid trilobites. It is probably
dcrived from the Nora Formation of the Toko Group, which is
provisionally dated as latc Arenigian to early Llanvirnian
(passage from lower to middle Ordovician).

The Glenormiston matcrial (Roxborough Downs, G 300)
consists of two lithologies, cach with its own fauna. The
first is a sandy limestone with chert blebs, containing a
possible Raphistomina, another gastropod (indct.), a fragmen-
tary cecndoceroid nautiloid, and the ribecirioid Euchasma. It is
probably derivced from the Kelly Creck Formation, the Toko
cquivalent of the Swift Beds. The sccond is a sandstone, con-
taining thce pclecypod Ctenodonta, an indctcrminatc gastropod,
two undescribed asaphid trilobites; and another trilobitce,
possibly & bathyurid. The trilobites arc typical of the Nora
Formation.
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