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ABSTRACT. Anomalocalyx cawoodiew genus and new species, from Middle Cambrian (Floran-Undillan)
allochthonous limestone clasts of the Murrawong Creek Formation, north eastern New South Wales, is
characterised by a deep, tapering, conical ventral valve with a pair of simple teeth, an arched
pseudodeltidium, well defined radial costae, crossed at more or less regular intervals by continuous
concentric growth lamellae, and a presumed calcium carbonate shell composition, all suggesting an
affinity with the BrachiopodaAnomalocalyx cawoodilso possesses a number of unusual morphological
features including an elongate, tapering interior tube extending along the inner posterior margin of the
ventral valve, under the pseudodeltidium, that may be interpreted as a spondylium. Though possible
cnidarian and molluscan affinities are fully explored, the weight of available evidence suggests the
affinities of A. cawoodiare with the Brachiopoda.

BRrRoCK, GLENN A., 1999. An unusual micromorphic brachiopod from the Middle Cambrian of north-eastern New
South Wales, Australid®®ecords of the Australian Musedh(3): 179-186.

Williams et al. (1996) erected five new classes ofrange of unusual morphological adaptations, particularly
brachiopods united by a number of shared synapomorphiesth regard to valve articulation, musculature and pedicle
within the subphylum Rhynchonelliformea including) (  opening (Popov, 1992; Popeval., 1996; Williamset al,

the presence of a pair of calcareous shells held together b996). Typical morphological variations manifest in these
an articulatory device at the posterior hinge line betweeaarly groups include the development of simple, presumably
the two shells,if) an acoelomic pedicle core, arg) the  primitive, articulation mechanisms as exemplified by early
presence of a diductor system to control the opening of thabolellids (such aBicia Walcott), kutorginids and nisusiids
shells. Williamset al. (1996) placed another calcareous(Roberts & Jell, 1990; Popov, 1992; Popatval,, 1996),
class, the Craniata, characterised by a lack of articulaticand the evolution of unique features in a number of short-
and functional pedicle, in a separate “inarticulate’lived taxa. Examples of such features include the unusual
subphylum. All five rhynchonelliform classes arespoon-shaped apical plate and supporting pedestal in the
represented in the Cambrian radiation and display a wideentral valve of the naukatid gendBgnguanoiaRoberts
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(in Roberts & Jell, 1990) ar@inaPopov & Tikhonov, 1990, hinge axis of articulation, and a plane of bilateral
the arcuate plate along the hingeline in the ventral valve gfymmetry bisecting the midline of both valves. However,
the monospecific taxoBajarinovia Aksarina & Pelman, the overall form of the valves, and the unique nature of
1978, and the posterior plate or colleplax in chileids (Popothe articulatory mechanism in these taxa, led Conway
et al, 1996). Morris & Bengtson (in Bengtsoat al, 1990: 184) to

In addition to taxa that can, more or less, beconclude that they were not true brachiopods, but
comfortably placed within the concept of the phylumpossibly represented a sister lophophorate lineage.
Brachiopoda (or Phylum Brachiozoa, subphylumParkhaev (1998) recently placégpistoconchaand
BrachiopodasensuCavalier-Smith, 1998), there are a Tianzhushanelléan a new Class, the Siphonoconcha, and
number of aberrant Cambrian organisms that secreteiggested an affinity with the Mollusca or Stenothecoida,
bivalved calcareous shells that cannot be placed in thather than with the Brachiopoda.
Brachiopoda with any confidence. As an example, the The focus of this paper is to describe the unique
Early Cambrian taxapistoconchandArooniafrom the  features of another aberrant calciate brachiopod taxon,
Flinders Ranges, South Australia (Conway Morris &from the Middle Cambrian Murrawong Creek Formation,
Bengtson, in Bengtsoet al, 1990), andianzhushanella northeastern New South Wales, Australia, and to probe
from China (Lui, 1979), are brachiopod-like in the functional morphology and possible zoological
possessing a pair of calcareous shells with a posteriaffinities of this problematic organism.
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Figure 1. A, generalised map of Australia showing extent of rocks associated with the New England Fold Belt. B,
generalised map showing exposures of the southern New England Fold Belt and the locality of the Murrawong
Creek area. C, geological map of the Murrawong Creek—Copes Creek area (modified after Leitch & Cawood
[1987]). Black box depicts area where 21 allochthonous limestone clasts were re-collected in 1992 from Cawood’s
(1976) original L1 locality, Unit 1 in Murrawong Creek (grid reference; B32,, Woolomin 1:25,000 topographic

sheet 9135-111-N, 31°18'08"S 151°96'08"E). D, type section of the Murrawong Creek Formation, along Murrawong
Creek, showing sampled conglomerate horizon, Unit 1 of Leitch & Cawood, 1987 (= Cawood’s [1976] L1 locality).
Modified after Leitch & Cawood, 1987, fig. 2.
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Geological setting and age Provenance investigations of the cobble and pebble sized
igneous clasts from the Murrawong Creek Formation

The geology, stratigraphy and depositional environment gevealed that the clasts are from a low-K orogenic suite,
the Murrawong Creek Formation have been outlined imnd the absence of detritus characteristic of continental crust
some detail by Brock (1998a,b), so only a summary igs consistent with an interpretation favouring derivation
presented here. The Murrawong Creek Formation (Cawooftom an intra-oceanic island arc rather than a continental
1980) is the oldest of three lithostratigraphic units in thenargin arc (Leitch & Cawood, 1987, 1996). The presence
Copes Creek-Murrawong Creek region of the southern Newf small quantities of volcanic beta quartz fragments in the
England Fold Belt, with sporadic outcrops in a 4.5 kmallochthonous limestone clasts also implies proximity to
north—south trending tract of interbedded siltstonean island arc (Engelbretsen, 1996). The allochthonous
sandstone and conglomerate, some 25 km south-southegsicaniclastic debris of the Murrawong Creek Formation
of Tamworth, 31°18'08"S 151°06'28"E (Fig. 1A—C; and the conformably overlying Pipeclay Creek Formation
Cawood, 1976, 1980; Leitet al., 1988; Leitch & Cawood, were probably deposited as gravity flows in an inner
1996). The type section, along Murrawong Crelnsists submarine environment into relatively deep water
of 450 metres of poorly outcropping, interbedded coarseonditions (Leitch & Cawood, 1987: 635) from an eroded
to fine debris flow conglomerates, turbiditic sandstonewestern source (Leitch & Cawood, 1987; Leithal,
siltstone, siliceous mudstone and ash-fall tuffs (Fig. 1D)1988). The faunal content of the limestone clasts includes
The base of the section is faulted against undifferentiatediverse trilobite assemblages (Sloan, 1991), lingulate
?Devonian metasediments. Leitch & Caw¢b8i87, fig. brachiopods (Engelbretsen, 1996), calciate brachiopods
2) recognised three conglomerate horizons in th€Brock, 1998a), molluscs (Brock, 1998b) and an array of
Murrawong Creek Formation, informally designated Unitsundescribed small shelly fossils that indicate the original
1-3. Unit 1, the coarsest of the three units (Fig. 1D), includesetting for the fossiliferous carbonates was a relatively
85 m of poorly outcropping, polymictic paraconglomerateshallow-water carbonate platform, possibly fringing a
with angular to subrounded, mostly volcanic, clasts (0.01volcanic island or islands.
1.5 m in diameter) set in a poorly sorted sand to granule The trilobite assemblage from the allochthonous
grade volcaniclastic matrix. The largest clasts ardimestone clasts (see Brock [1998a,b] for details of taxa)
represented by fossiliferous limestones (Fig. 2). containing the new brachiopoihomalocalyx cawoodi

Figure 2. Field photographs of the Murrawong Creek Formation. A, wide angle shot, looking south, at some of the
conglomeratic exposures of Unit 1 (arrowed); Murrawong Creek in foreground. B, lenticular, subrounded fossiliferous
limestone clast (Lst), set in coarse volcaniclastic matrix of Unit 1. C, close-up of lenticular limestone clasts (Lst) in
volcaniclastic matrix of Unit 1. D, weathered clast cavities in Unit 1 matrix. Lens cap 55 mm across in photographs B-D.
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support an age spanning théavus—punctuosusones Anomalocalyxn.gen.
(Floran-Undillan Stages) using the Australian Middle
Cambrian time-scale (Shergold, 1995). Type speciesAnomalocalyx cawoodi.sp.

Stewart (1995) reported the discovery of an assemblage o ) ]
of paraconodontsncluding Muellerodus, Herzina, Diagnosis Minute, deeply coniform, tapering ventral valve
ProoneotodusandFurnishing and a number of minute with very hlgh, variably convex to flattened, catacline to
forms similar toClavohamulusand Westergaardodina Weakly procline, interarea; delthyrium narrow, covered for
from a dark, thinly bedded, spiculitic chert of the Pipeclayentire length by a well-developed, evenly convex
Creek Formation (Fig. 1D) in Copes Creek. Thepseudodeltidium. Radial costae low, wide, anteriorly
abundance of paraconodonts and the lack of euconodorfiurcating, becoming fluted at commissural margin. Costae
is consistent with a Middle Cambrian to early Latecrossed at more or less regular intervals (70-100 pm) by
Cambrian age for this formation. It is thus clear that théow, undulose concentric growth lamellae. Valve outline
Middle Cambrian allochthonous limestone clasts of th&/ariably subquadrate to subhexagonal. Teeth simple,
Conformab|y under|ying Murrawor@reek Formation are rounded, dorsally directed, nub-like projections situated on

set in a matrix of similar age, as originally interpreted byhe posterior valve wall either side of the delthyrium; an
Cawood (1976, 1980). elongate, tapering, tube-like structure extends ventrally

along the entire length of the delthyrial cavity directly under
the convex pseudodeltidium. Dorsal valve with well-
developed incurved umbo, broad median sulcus and anterior
All known specimens ofAnomalocalyx cawoodare tongue._lnterior with small, sir_nple, divergen; and shallow
sfocket-llke plates excavated into the posterior valve wall.

preserved as epitaxial coatings of epidote. This type cNotothyrium wide, but poorly defined; other cardinal

preservation has previously been reported from th . .
Murrawong Creek Formation in the coralomorph taxon\%?\t/lérsezr?fsgxtr'] Musculature and vascular markings in both

Tretocylichne perplexdy Engelbretsen (1993: 55). A
similar type of preservation, consisting of phosphati
epitaxial coatings, has also been described in the bival
Pojetaia runnegari(Runnegar & Bentley, 1983) and the
brachiopod-like taxoApistoconchgBengtsoret al, 1990:

Preservation

iscussion Anomalocalyxdisplays a number of features
Indicative of a brachiopod assignment. These inclaje (
bivalved shell with the plane of bilateral symmetry bisecting
171, fig. 113) the midline of both valvesp) a pair of simple dorsally
The epidote coating covers all inner and outer surfacedrécted, nub-like teeth projecting from the posterior shell
of Anomalocalyx faithfully replicating elements of the vl Of the ventral valve,d) a high, flattened ventral
interarea bisected medianly by an elongate delthyrium

external and internal morphology, including fine surface . -~
detail. The internal space between the inner and outer Iayeﬁ%vered by a prominent, arched pseudodeltidiaell

: P fined radial costae, crossed at more or less regular
of the coating attests to an original calcareous she 9

composition subsequently dissolved during acetic aCiHﬁ;ﬁsgﬂSdg?;;?cgﬂ,ueoyv?tﬁ(;?ﬁfTg'go%[(%vtwh&g;,e!;ﬁff
processing. The presence of a calcareous shell i P P '

Anomaloclyissupportd by e factrat ol taxa knoun 11 IS catboniate shel compostior, The precence
to possess a calcareous shell (e.g., articulate brachiopoBg P ’ P

Nisusia and Arctohedrg molluscs, chancelloriids, and ;21;’%;’;’&; gﬂdaffor}g& pssoilf(%?gilitt'ﬁ'eurrgiggvgfr'ggwﬁgz
hyolithids) are preserved in a similar manner.

The preservation oAnomalocalyxranges from fine to notothyrial gap conforms, at Ieas_t partly, with the_concept
very coarse, resulting in a wide variation of grosss\];. the subphylum Rhynchonelliformea as outlined by
morphology, especially in shell outline, the shape of th?e]',gﬁrends \(/avtitﬁl.s(()%r?:ﬁésli%;izgr?rlgr&ae}cgﬁlymhlIti?c?rrrifg;e
coniform ventral valve, and the preservation of fine features ' . S Yo :
of the external ornament. The lack of information regarding muscle scars,
mantle canal pattern and nature of the ventral umbo in
Anomalocalyxrecludes confident assignment to higher
taxonomic levels within the Brachiopoda at the present time.
Systematic palaeontology The presence of a well-developed, convex pseudodeltidium
flanked by flattened propareas in the ventral valve and a
All type specimens are held in the Australian Museunwide, triangular, open notothyrium (lacking a cardinal
(AM); registration numbers are given below. process) bordered by socket plates in the dorsal valve
indicatesAnomalocalyxmay have some relationship to the
order Kutorginida (Popoet al., 1997). However,
kutorginids are characterised by a large posterior median
) . opening that is interpreted to have been the opening of a
Subphylum?RhynchonelliformeaWilliams, Carlson,  ,5steromedianly directed anus. The highly incurved dorsal
Brunton, Holmer & Popov, 1996 valve and the nature of the articulation of the valves indicates
no such opening existedAmomalocalyXFig. 3C). Though
Class, Order, Superfamily, Familyncertain some kutorginids, such adisusia alaica(Popov &

PhylumBrachiopoda Dumeril
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Tikhonov, 1990, pl. 3, fig. 23), possess moderately coniform
ventral valves, none have the exaggerated form of
Anomalocalyxnor has any been described with an interior
tube.

The elongate, irregular, tapering conical shape of the
ventral valve ofAnomalocalyx(Figs. 3C, 4A-L), though
unusual amongst Cambrian calciate brachiopod orders, can
be found in a few highly specialised, aberrant post-Cambrian
taxa, such as the Silurian triplesi@hychotretaUlrich &
Cooper (see Amsden, 1968), the highly specialised
cemented ventral valves of the Permian richthofenioid
brachiopod<CyclacanthariaandSacchinella(see Cooper
& Grant, 1975), and the Permian nasute (coralliform)
gemmellaroid gener@yndaliaandGemmellaroia(Grant,
1993).Cyndalia in particularly, displays a remarkable
number of features similar thnomalocalyx Both taxa
are micromorphic with calcium carbonate shells, and
possess an elongate, tapering ventral valve (extravagant
in Cyndalig with well-developed pseudodeltidium.
Though a short pedicle tube is present in species of the
obolellid genusTrematobolus(Geyer & Mergl, 1995),
the elongate tube-like structure situated directly under
the arched pseudodeltidium and extending along the
entire ventral wall of the ventral valve Anomalocalyx
has not previously been described in a Cambrian
articulate brachiopod. Geyer & Mergl (1995) suggested
the tube inTrematobolugprobably housed a specialised
pedicle similar to that found iDiscinisca The function
of this tube inAnomalocalyxremains enigmatic, but it
shows a remarkable similarity to the elongate, tapering
tube-shaped structure @yndalia(see Grant, 1993, fig.

6) described as a tube-like spondylium produced by the
coalescence of dental plates and a median septum,
suggesting they formed a moving muscle attachment area
(Grant, 1993: 55). The lateral margins of the tube-like
structure inAnomalocalyxappear as though they are
attached either side of the delthyrium, directly under the
dorsally directed nub-like teeth (Figs. 3B, 4A,J-K,M),
as would be expected if the structure were a spondylium
for muscle attachment (Fig. 3C). If a spondylium
interpretation is accepted, the function of the u-shaped
groove on the outer surface of the spondylial tube (Figs.
3B, 4J) remains enigmatic. The fact that all ventral valves
of Anomalocalyxhave a broken apex makes it difficult

to determine the presence or absence of an apical pedicle
foramen. It seems unlikely that the tube actually housed
a pedicle given the extraordinary length of the tube inside
the ventral valve.

Close affinity betweemM\nomalocalyxand Cyndaliais
unlikely given their disjunct stratigraphic positions. TheFigure 3. A, dorsal valve interior dknomalocalyx cawoodi.gen.
degree of morphological similarity between these two taxat n.sp., based on AM F107869; valve width 1 mm. B, ventral
may well be the result of convergent evolution, reflectingralve interior ofAnomalocalyx cawoodi.gen. et n.sp., based on
an analogous evolutionary response to specialise@imerous specimens; valve width approximately 1.5 mm. C,
environmental circumstances. The ecology of both taxa fentative reconstruction along axial Ior_lgltudlnal plane of conj_omed
imperfectly known, but Grant (1993: 59) envisaged®Pe¢imen ofnomalocalyx cawoodn.gen. et n.sp. showing
Cyndalia inhabiting a turbid, muddy, shallow water speculative position of adductor and diductor muscles. The interior

. . . ' tube in the ventral valve is reconstructed as a spondylial platform.
lagoonal settingGiven the allochthonous setting of the pppreviations: ad?, speculative adductor muscle: dd?, speculative

Anomalocalyxbearing clasts, the original environ- giguctor muscle; dv and dvu, dorsal valve and dorsal valve umbo;
mental setting is even more difficult to reconstruct, but, interior (spondylial) tube; ps, pseudodeltidium; sp, socket plates;
contemporaneous faunal assemblages suggeshalocalyx t, tooth; vv, ventral valve.
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was probably associated with a shallow water carbonateanging from semicircular to subquadrate to sub-
platform fringing a volcanic island arc (Brock, 1998a,b).hexagonal. Maximum shell width approximately mid-
The elongate ventral valves of both taxa are similar to thosalve. External ornament consists of between 10-14 low,
found in some rudist bivalves, and are best explained as ande (0.2-0.3 mm), rounded costae increasing anteriorly
adaptation for keeping the aperture elevated above thxy bifurcation, becoming fluted at the commissure.
muddy substrate (Grant, 1993: 59). However, because bitercostal furrows wide and shallow. Costellation and
the millimetric dimensions of the shell, an infaunal,intercostal regions crossed by a series of continuous, low
epifaunally attached, or cryptic life habit cannot beand undulose concentric growth lamellae spaced at
completely ruled out. intervals of approximately 0.1 mm.

The possibility thaAnomalocalyxmay represent a new  Ventral valve deep, curved, irregularly conical, tapering
type of coral-like organism similar t@retocylichne apically, with high (max. 3.0 mm), variably developed,
Engelbretsen, 1993 or the opercul@tghonionJell & Jell,  catacline to weakly procline interarea. Interareas flattened
1976 cannot be completely ruled out. However, clos¢o weakly convex; barely perceptible in some specimens as
comparison of these two unusual forms reveals thahey merge and arch medianly forming a single convex
Anomalocalyxlacks the octagonal outline, longitudinal pseudodeltidium. Concentric lamellae cross interareas and
septa on the inner surface of the calyx, perforate expandedeudodeltidium. All known ventral valves broken, so apical
base, and thecal budding characteristicTiedftocylichne  morphology (including presence or absence of a foramen)
Engelbretsen, 1993. The slightly older operculate genusnknown. Interior of ventral valve with an elongate, tapering
Cothoniondescribed by Jell & Jell (1976) from the earlytube-like structure (maximum width 0.6 mm) extending
Middle Cambrian Coonigan Formation, western New Soutlrentrally along the entire delthyrial cavity directly under
Wales has a similar shape to the putative ventral valve dfie pseudodeltidium. A u-shaped groove (0.15 mm wide),
AnomalocalyxbutCothonioncan be discriminated by the narrowing gradually with the ventral direction of valve taper,
presence of strong internal septa, and the operculum fgesent on anterolateral surface of tube. Short, stubby,
generally flattened or upturned (concave) at the midpointjorsoventrally flattened, convergent teeth arise as simple,
and internally, is characterised by the development of strordprsoanteriorly directed projections from posterior shell
radial septa. No coralomorph taxon yet described has bewrmall in most specimens. Muscle scars not preserved.
discovered with the brachiopod-like teeth or the interior Putative dorsal valve strongly convex, with short,
tube characteristic dinomalocalyx curved hingeline and broad, shallow, anteriorly widening,

median sulcus. Umbo enlarged and recurved, almost
Etymology. The Greek worcanomalosfor unusual, forming a hood over the notothyrium. External ornament
abnormal, deviating from the general rule is combined witlsimilar to ventral valve, though radial costae tend to arise

kalyx (Greek) for cup. via implantation rather than bifurcation. Small, simple,
divergent and shallow socket-like plates excavated into
Anomalocalyx cawoodh.sp. the.posterior valve .Wall. Nothothyrium wide, but poorly
defined; other cardinal features absent. Musculature and
Figs. 3A-C, 4A—P vascular markings in both valves unknown.

Remarks. Though no articulated specimensfofcawoodi
Type material. HOLOTYPE ventral valve from clast W10, have been recovered, a number of convex valves of
AM F97383, Fig. 4AA—E. RRATYPES 11 ventral valves (VV  appropriate size, with similar outline and ornament to the
hereafter) and 22 dorsal valves (DV hereafter) as followsjentral valve have been identified as matching dorsal valves
3 VV, AM F97384 (Fig. 4F-l), AM F107867 (Fig. 4J-L) (Figs. 3A, 4N—P). Internally, the cardinal area of the putative
and AM F97385 (Fig. 4M); 3 DV, AM F107868 (Fig. 4N), dorsal valve is very simple, with a wide notothyrium
AM F107869 (Fig. 40) and AM F107870 (Fig. 4P); 6 DV, bordered by simple socket-like plates excavated into the
AM F112571-76, and 2 VV, AM F112577-78, from clastposterior shell wall (Figs. 3A, 4N-0). Multiple epitaxial
W1; 3 DV, AM F112579-81, from clast W3; 2 DV, AM coatings of these valves is sometimes so thick that the socket
F112582-83, and 2 VV, AM F112584-85, from clast W10plates become extravagantly enlarged, making the edges
2DV, AM F112586-87, and 1 VV, AM F112588, from clast of the socket-plates project forward like teeth, mimicking
W38; 6 DV, AM F112589-94, and 3 VV, AM F112595-97, the morphology of a simple ventral valve. Inspection of
from clast W/L1/S4. paratypic dorsal valves without multiple coatings of epidote

display an unmistakable, but simple, dorsal valve
Type locality. Allochthonous limestone clasts, Unit 1, morphology (Figs. 3A, 4N-0). The articulatory mechanism
Murrawong Creek Formation. Equivalent to Cawood'sin A. cawoodiwas clearly very rudimentary. The simple,
(1976) original L1 locality (Fig. 1C). Grid Reference: 198 rounded, nub-like teeth must have slotted into the matching
352, Woolomin 1:25,000 topographic sheet 9135-111-Nsockets excavated in the posterior shell wall of the dorsal

31°18'08"S 151°06'28"E valve. There is no evidence of a cardinal process. The dorsal
valve has an unusually enlarged, incurved umbo, almost
Diagnosis As for genus. forming a notothyrial hood, and this may have been the site

for direct muscle attachment (Fig. 3C). A consequence of
Description. Shell minute (maximum width 2 mm, the enlarged dorsal umbo is that, when articulated, a
maximum length 1.8 mm), with variable shell outlinerestricted valve gape must have resulted, and there would
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Figure 4. A-P, Anomalocalyx cawoodn.gen. et n.sp. A-E, AM F97383, holotype from clast W10: A, oblique posterior view of
holotype ventral valve showing teeth (arrowed); B, anterior view showing sulcate commissure; C, lateral view showing elongate,
curved and tapering ventral valve; D, interior view; E, close-up of teeth (arrowed) in holotype. F—I, AM F97384, parayipeaientr

from clast W10: F, oblique interior showing interior tube (arrowed) with teeth broken away in specimen; G, oblique pasterior vi
showing well-developed interarea and arched pseudodeltidium; H, lateral view; | posterior view showing undulose concehtric grow
lines. J-L, AM F107867, broken paratype ventral valve from clast W1: J, broken interior of ventral valve showing tapedng inter
(spondylial) tube with u-shaped external groove (arrowed); K, oblique view showing interior tube; L, close up of posterasfport
interior tube (infilled with sediment). M, AM F97385, paratype ventral valve from clast W10, showing dorsal portion of tuerior

and a nub-like tooth (arrowed). N, AM F107868, interior of abraded paratype dorsal valve from clast W1 showing wide ngégthyrial

0O, AM F107869, interior of abraded paratype dorsal valve from clast W1 showing simple socket plates (arrowed). P, AM F107870,
exterior of abraded paratype dorsal valve from clast W1 showing anterior tongue. All scale bars 100 pum.
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have been no posterior gap between the posterior edge®fant, R.E., 1993. The brachiopod family Gemmellaroiidae.

the pseudodeltidium and the dorsal umbo for a pedicle Journal of Paleontolog$7(1): 53-60. _

opening. Jell, J.S., & P.A. Jell, 1976. Early Middle Cambrian corals from
western New South Wale&lcheringal: 181-195.

Leitch, E.C., M. lwasaki, H. Honma, T. Watanabe, S. lizumi, H.

E_tym_olqu.t IS hogour of le:{hPe’:\(Aer Cawood,cwhok Ishiga & Y. Kawachi, 1988. The structure of the southern part
Iscriminated and name e Murrawong Creek . ipe New England Fold Belt. IAreliminary Report on the

Formation and was the first to discover Cambrian fossils Geology of the New England Fold Beip. 9-31. Australia,
in this formation. vol. 1, pp. 237.

Leitch, E.C., & P.A. Cawood, 1987. Provenance determination of
volcaniclastic rocks: the nature and tectonic significance of a
Cambrian conglomerate from the New England Fold Belt,
ACKNOWLEDGMENTS Earlier drafts of this manuscript were  eastern Australidlournal of Sedimentary Petrolo§y(4): 630—
considerably improved by comments and suggestions by A. Boucot 638.
(Oregon), F. Alvarez (Oviedo), N. Archbold (Melbourne), G. Leitch, E.C., & P.A. Cawood, 1996. Early Palaeozoic convergent
Wilson (Sydney), and A. Simpson (Sydney). Constructive reviews margin elements in the New England Fold Belt and the
were provided by Lars Holmer (Uppsala) and Leonid Popov inception of the Pacific ring of fire. 13th Australian Geological
(Cardiff). Thanks to T. Sloan, who took the field photographs and Convention, CanberraGeological Society of Australia,
M. Engelbretsen for assistance with scanning electron microscopy; Abstracts41: 246.
D. Mathieson (MUCEP) helped with photographic printing. Partial_ui Di-Yong, 1979. Earliest Cambrian brachiopods from South
funding for this work was provided by a 1999 Small ARC Grant. West China.Acta Palaeontologia Sinicd8: 505-511. [In
Chinese with English summary].

References Parkhaev, P.Yu., 1998. Siphonoconcha—a new class of Early
Cambrian bivalved organisni?aleontological JournaB2(1):
1-15.

Aksarina, N.A., & Yu.L. Pelman, 1978. Kembriyskiye brakiopody
i dvustvorchatyye millyuski SibiriTrudy Instituta Geologii i
Geofiziki, Sibirskoe Otdelenie, AN SSSE2. [In Russian]. pp. 399-423. New York, Plenum Press.

Amsden, T.W., 1968. Articulate Brachiopods of the St. Clair, I
. ’ S . . Popov, L.E., L.E. Holmer & M.G. Bassett, 1996. Radiation of the
Limestone (Silurian), Arkansas, and the Clarita Formation earliest calcareous brachiopods.Abstracts from the Third

(1$l|;ur|an), Oklahomabaleontological Society Memolr. 1- International Brachiopod Congreseds. P. Copper & J. Jin,

Bengtson, S., S. Conway Morris, B.J. Cooper, P.A. Jell & B.N pp. 209-213. Laurentian University, Sudbury, Canada.

Runnegar, 1990. Early Cambrian fossils from South Australia'.DOpOV’ L.E., L.E. Holmer, A.J. Rowell & J.S. Peel, 1997. Early
Memaoir of the Association of Australasian Palaeontolodists
1-364.

Brock, G.A., 1998a. Middle Cambrian articulate brachiopods fro
the southern New England Fold belt, eastern Austtidiarnal
of Paleontology’2: 604-618.

Brock, G.A., 1998b. Middle Cambrian molluscs from the souther
New England Fold Belt, northeastern N.S®¢obios31: 571—

Popov, L.Ye., 1992. The Cambrian radiation of brachiopods. In
Origin and early evolution of the Metazoed. P.W. Signor,

Cambrian brachiopods from North GreenlaRdlaeontology
40(2): 337-354.
nFopov, L.E., & A.Yu. Tikhonov, 1990. Early Cambrian brachiopods
from Southern KirgiziaPaleontologicheskii zhurndl990: 33—
45,
rBoberts, J., & P.A. Jell, 1990. Early Middle Cambrian (Ordian)
brachiopods of the Coonigan Formation, western New South
Wales.Alcheringal4: 257-309.

586.
Cavalier-Smith, T., 1998. A revised six-kingdom system of Iife.Runfrf‘.eg‘.”“’ B];Nr']‘ & C. Blgntley, |1983' At;n.atorgly, lecqlogy and
Biological Reviewg3: 203—266. affinities of the Australian early Cambrian bivalPejetaia

runnegariJell.Journal of Palaeontolog$7: 73-92.

ergold, J.H., 1995. Timescales 1, CambA&50 Record995/
30, pp. 32.

Sloan, T.R., 1991Late Middle Cambrian Trilobites from
Allochthonous Blocks in the Murrawong Creek Formation,

Cooper, G.A., & R.E. Grant, 1975. Permian brachiopods of West gyinvgyuggu%ihggpglnii Thesis. Macquarie University,
Texas, Ill.Smithsonian Contributions to Paleobiologg: 1~ Stewart, 1., 1995. Cambrian age for the Pipeclay Creek Formation,
1298, : . : P Tamworth Belt, northern New South WaleGourier

Engelbretsen, M.E., 1993. A Middle Cambrian possible cnidarian Forschun sinstitht Senckenb@g; 487
from the Murrawong Creek Formation, NE New South Wales 9 . :

Memoir of the Association of Australasian PalaeontologistsW'll'ams‘ A. S.J. Carison, C.H.C. Brunton, L.E. Holmer & L.E.

15 51-56 Popov, 1996. A supra-ordinal classification of the Brachiopoda.
Engeibretser{, M.E., 1996. Middle Cambrian lingulates from the Ph'.IOSOph'Cal Transactions of the Royal Society of London,
Murrawong Creek Formation, north eastern New South Wales. series B351: 1171-1193.
Historical Biology11: 69—99. . ) . .
Geyer, G., & M. Mergl, 1995. Mediterranean representatives o¥anuscript received 19 April 1999, revised 25 June 1999 and accepted
the obolellid TrematobolusMatthew (Brachiopoda) and a 12 July 1999.
review of the genufaldontologische Zeitschrif®9: 181-211. Associate Editor: G.D. Edgecombe.

Cawood, P.A., 1976. Cambro-Ordovician strata, northern Nevgh
South WalesSearch7: 378-379.

Cawood, P.A., 1980The geological development of the New
England Fold BeltUnpublished Ph.D. Thesis, The University
of Sydney, pp. 429.



