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New bradoriids from the lower Cambrian Mernmerna 
Formation, South Australia: systematics, biostratigraphy and 
biogeography

TIMOTHY P. TOPPER, CHRISTIAN B. SKOVSTED, GLENN A. BROCK & 
JOHN R. PATERSON

BRADORIIDS are small, bivalved arthropods 
which were an important component of Cambrian 
faunal assemblages before disappearing during 
the early–mid Ordovician. Bradoriids (Order 
Bradoriida Raymond, 1935) are considered by 
some to include the oldest representatives of 
ostracod crustaceans (Müller 1964, 1979; Zhang 
& Pratt 1993; Hinz-Schallreuter 1993a, b, 1999). 
However, recent studies indicate the clade may 
be somewhat artificial (possibly polyphyletic) 
and only distantly related to extant and fossil 
Ostracoda (Jones & McKenzie 1980; Hou et al. 
1996; Shu et al. 1999; Siveter et al. 2003; Maas 
et al. 2003; Skovsted et al. 2006). Early Cambrian 
bradoriids have a worldwide distribution, having 
been documented predominantly from Britain 
(Siveter & Williams 1995; Williams & Siveter 
1998), North America (Siveter & Williams 1997), 

the Baltic (Hinz-Schallreuter 1993a), Siberia 
(Melnikova et al. 1997), China (Shu 1990; Hou 
et al. 2002 and references therein), Antarctica 
(Rode et al. 2003) and Australia (Chapman 1918; 
Jones & McKenzie 1980; Hinz-Schallreuter 
1993b; Skovsted et al. 2006). However, despite 
their global distribution in the Cambrian, the 
biostratigraphic importance of bradoriids has yet 
to be fully recognised. Early Cambrian bradoriids 
are relatively poorly documented from South 
Australia with only limited faunas illustrated 
and described by Chapman (1918), Bengtson (in 
Bengtson et al. 1990), Melnikova (in Gravestock 
et al. 2001), and Skovsted et al. (2006), with the 
latter study documenting six bradoriid species, 
including one new taxon, Spinospitella coronata. 
In a further contribution to the understanding of 
early Cambrian bivalved arthropod biodiversity 
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from South Australia, eleven bradoriid species 
are described herein from the lower Cambrian 
upper Mernmerna Formation in the Donkey 
Bore Syncline. Furthermore, the recognition of 
bradoriid assemblages corresponding with the 
Pararaia bunyerooensis (Skovsted et al. 2006) 
and the Pararaia janeae (herein) trilobite zones 

has the potential to facilitate regional and possibly 
intercontinental biostratigraphic correlation. 

The direct relationship between some 
problematic small shelly fossils and bradoriid 
arthropods has been recently discussed by 
Skovsted et al. (2006) following the discovery 
of a spine-bearing bradoriid, Spinospitella 
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coronata Skovsted, Brock & Paterson, 2006, 
in the Mernmerna Formation in the Bunkers 
Range. Ornamented spines of Mongolitubulus 
Missarzhevsky, 1977 are common constituents of 
early Cambrian small shelly fossil assemblages 
around the globe and have been documented from 
Mongolia (Missarzhevsky 1977), Kazakhstan 
(Dzik 2003), Siberia (Meshkova 1985), Antarctica 
(Wrona 2004), Greenland (Skovsted & Peel 
2001) and Australia (Gravestock et al. 2001; 
Brock & Percival 2006; Skovsted et al. 2006). 
Mongolitubulus spines are almost inevitably 
imperfectly preserved, exhibiting broken 
basal margins; this has prompted considerable 
debate over biological function and affinity of 
these spines. Originally, Mongolitubulus was 
considered to be a protoconodont (Missarzhevsky 
1977), yet subsequent interpretations of the 
morphology and affinity of the organism which 
secreted the spines have been controversial. 
Rozanov (1986) suggested an affinity with the 
tubular hyolithelminths and more recently Dzik 
(2003) proposed Mongolitubulus should be 
restored as defensive spines of a lobopod-like 
organism. Current views favour a defensive 
functional morphology affiliated with bradoriid 
arthropods (Melnikova 2000; Skovsted & Peel 
2001; Skovsted 2005; Skovsted et al. 2006). The 

discovery of well preserved bradoriid carapaces 
referred to Mongolitubulus unispinosa sp. nov. 
from the Donkey Bore Syncline that exhibit 
a single mature spine attached to the central 
portion of its carapace (Fig. 6A-J) strengthens this 
interpretation and provides definitive evidence 
of a bradoriid affinity for this widespread small 
shelly fossil taxon. 

LOCALITY AND STRATIGRAPHY 
The Donkey Bore Syncline is located in the 
central Flinders Ranges, 20 km east of the small 
historic township of Blinman and approximately 
500 km north of Adelaide (Fig. 1). The lower 
Cambrian succession exposed in the Donkey Bore 
Syncline contains a suite of mixed carbonates 
and siliciclastics outcropping on three sides 
of a 22 sq. km syncline, which lies adjacent 
to the Wirrealpa Salt Diapir (Fig. 1). The 
syncline is regionally significant because of its 
excellent exposure and the great thickness of 
carbonates compared to other regions within 
the Wirrealpa Hinge zone (sensu Gravestock 
& Cowley 1995). Fossiliferous samples were 
collected systematically along a measured 
stratigraphic section through the eastern limb of 
the Donkey Bore Syncline (DBS; base of section 
coordinates: 31°02’30.4”S, 138°52’00.6”E; map 
datum: GDA94) encompassing the Wilkawillina 
Limestone, Mernmerna Formation, Bunkers 
Sandstone and Oraparinna Shale (Fig. 2). 

These shallow platform to outer shelf and 
slope sediments are representatives of the 
Hawker Group in the Arrowie Basin and were 
deposited in three major depositional sequences, 
represented by sedimentary packages Є1.1, Є1.2 
and Є1.3 as defined originally by Gravestock 
& Hibburt (1991). These sequence packages 
were extensively revised by Gravestock & 
Cowley (1995), Gravestock & Shergold (2001), 
Zang (2002) and Zang et al. (2004). The oldest 
Hawker Group unit in the Donkey Bore Syncline 
is the Wilkawillina Limestone, which outcrops 
as a relatively thin sliver on the eastern limb 
of the syncline, adjacent to the Wirrealpa Salt 
Diapir (Fig. 2). The Wilkawillina Limestone 
consists of dominant carbonate packestones and 
wackestones outcropping in a massive nature 
with few sedimentary structures present. Of 
particular note is the presence of Micrina coquinas 
preserved along blind 30 cm wide channels 
within the upper part of the succession. The 
limestone, although affected by the Wirrealpa 
Diapir, most likely represents the Winnitinny 
Creek Member defined by Clarke (1986b, 
1990b) in the type section at Ten Mile Creek. 
The Wilkawillina Limestone is unconformably 
overlain by the flaggy limestones and interbedded 
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calcilutites of the lower Mernmerna Formation. 
An unconformity surface between these two 
formations is represented by a well developed, 
thin, red, microstromatolitic horizon, representing 

the regionally significant Flinders Unconformity, a 
hiatus that occurs at the base of sequence package 
Є1.2 and has been interpreted to be the result of a 
rapid fall in relative sea-level in association with 

409

400
392

380
374.5L
370 / 370L

361.5

350 / 350L

340

328.5
320 / 320L

311

288

300

290

280

270 / 270L
260 / 260L

250

240 / 240L
228

220

210

200
191 / 191L
190

180

170
160

151 / 151L
143L

130

120
110 / 110L
102

90
89.5L

80

68
67.5L

60

48
39.5 / 39.5L
32
31.2 / 31.2L

20

10

1

796.6

831.3L

819L

781L
777

742.8

737.5 / 737.5L
737
731
727.5

699.5

689
684

673
663

610L

593.5 / 593.5L
589

569
567

508L

454L

438L
430L

417L

260L

60

894.3 / 894.3L

No
Outcrop

350

300

250

0

50

100

150

200

700

650

600

550

500

450

400

Nodular beds

Normal graded beds

Reverse graded beds

Cross bedding

OolitesLithological sample site

Transitional boundary

Trilobites

Archaeocyathan

SSF sample site

Unconformity

Slump structures

? ?

Oraparinna Shale

Bunkers Sandstone

Mernmerna Fm.Ha
wk

er
 G

p

Wilkawillina Limestone

Wirrealpa Diapir

lo
w

er
 M

er
nm

er
na

 F
or

m
at

io
n

W
ilk

aw
illi

na
Li

m
es

to
ne

Oraparinna
Shale

up
pe

r M
er

nm
er

na
 F

or
m

at
io

n
Bu

nk
er

s 
Sa

nd
st

on
e 

Calcarenite horizon

Wirrealpa Diapir

Li
nn

s 
Sp

rin
gs

 M
em

be
r

Th
ird

 P
la

in
 C

re
ek

 M
em

be
r

Fig. 3. Lithostratigraphic column of the Hawker Group in the Donkey Bore Syncline (DBS) section. All sampled 
horizons are indicated. Maesurements are in metres.



AAP Memoir 33 (2007) 71

syndepositional extensional faulting (James & 
Gravestock 1990; Gravestock & Cowley 1995; 
Paterson & Brock 2007). 

The lithology and sedimentology of the 
Mernmerna Formation has been previously 
documented by Clarke (1986a, 1990a) who 
subdivided the type section of the Mernmerna 
Formation at Wilkawillina Gorge into three 
members (in stratigraphic order); the Six Mile 
Bore Member, the Linns Springs Member and the 
Third Plain Creek Member. The lower Mernmerna 
Formation at the Donkey Bore Syncline is 
represented by a flaggy, dark grey, micritic 
limestone with frequent lime silt and mud parallel 
laminations. Intraformational slumps are common 
and occur with graded bedding and cross-beds 
which are frequent throughout. The lowermost 
Mernmerna Formation most likely represents 
the Linns Springs Member based on similar 
lithologies and sedimentary structures (Clarke 
1986a, 1990a). The Linns Springs Member at 
the Donkey Bore Syncline is approximately 210 
m thick and constitutes the majority of the lower 
Mernmerna Formation (Fig. 3). The absence 
of the Six Mile Bore Member in the Donkey 
Bore Syncline succession, which forms the base 
of the Mernmerna Formation at Wilkawillina 
Gorge, suggests a considerable hiatus between 
the deposition of the Wilkawillina Limestone 
and the lower part of the Mernmerna Formation 
in this area.

The middle Mernmerna Formation at the 
Donkey Bore Syncline differs in detail from the 
more transgressive underlying Linns Springs 
Member and is equivalent to the Third Plain Creek 
Member (Clarke 1986a, 1990a). The Third Plain 
Creek Member is approximately 134 m thick in 
the Donkey Bore Syncline with the dominant 
facies still a dark grey, micritic limestone, with 
lime silt and mud laminations. However, grain-
flow deposits are common and consist chiefly 
of ooids, abraded fossils and rounded to well 
rounded medium to coarse-grained quartz sand 
(Fig. 3). Fining upward sequences indicative of 
turbiditic conditions are also frequent. Irregular 
and nodular bedding is relatively common with 
frequent intraformational slumps, graded bedding 
and cross-bedding. In comparison to the Linns 
Springs Member, sandy and silty lithologies 
are in much greater abundance and appear to 
increase up section towards the overlying Bunkers 
Sandstone.

The transition between the Linns Springs 
Member and the Third Plain Creek Member 
appears gradual since the degree of silciclastics, 
in particular lithic quartz grains increase up 
section from the lower to mid Mernmerna 
Formation. Based on the depositional model for 

the Mernmerna Formation presented by Clarke 
(1990a), the Linns Springs Member was deposited 
on the lower slope and was characterised by low 
energy conditions and low density turbidites with 
few high energy events. The lime mudstones and 
wackestones of the Linns Springs Member, in 
comparison to the wackestones and packstones 
of the Third Plain Creek Member, support a fairly 
sparse faunal assemblage. Sponge spicules are 
pervasive throughout the Linns Springs Member 
and constitute up to 85% of some lime mudstone 
beds, characteristic of lower slope deposits (see 
also Clarke 1990a). Fossil fragments are fairly 
sparse, their presence essentially restricted to 
occasional deposits from high energy turbidity 
currents. High energy turbidity currents can 
contain abundant fossil material including 
trilobites, phosphatic tubes, brachiopods and 
chancelloriids. 

In contrast, the Third Plain Creek Member of the 
Mernmerna Formation is interpreted to have been 
deposited in anaerobic to dysaerobic conditions on 
the lower slope (Clarke 1990a). A fall in sea level 
resulted in an increase in supply of terrigenous 
sand and silt. The Third Plain Creek Member 
represents a more unstable slope environment 
compared to the stable slope environment of the 
Linns Springs Member. The deposition of the 
Third Plain Creek Member of the Mernmerna 
Formation corresponds to the highstand deposits 
of sequence set Є1.2 (Gravestock & Cowley 
1995). Deposition of the lower Mernmerna 
Formation ceased when the fall in sea level 
exposed the platform, terminating carbonate 
production and precipitating deposition of the 
lithic quartz dominated Bunkers Sandstone.

While the Bunkers Sandstone is interpreted 
in the Wilkawillina Gorge as overlying the 
Mernmerna Formation with a sharp, locally 
disconformable contact (Gravestock & Cowley 
1995), this disconformable contact is not evident 
in the Donkey Bore Syncline. The contact between 
the Third Plain Creek Member of the Mernmerna 
Formation and the Bunkers Sandstone appears 
gradational since the proportion of siliciclastic 
input, in particular quartz grains, increases 
gradually upsection, in response to falling sea 
levels, towards the Bunkers Sandstone where 
carbonate production eventually ceases and 
quartz sand deposition dominates. The Bunkers 
Sandstone represents the first significant influx 
of siliciclastic sediments into the Arrowie Basin 
at the commencement of lowstand sequence set 
Є1.3. The Bunkers Sandstone in the Donkey 
Bore Syncline is approximately 109 m thick and 
consists predominantly of flat to cross-bedded, 
silty, fine-medium grained quartz sandstones. 
The Bunkers Sandstone is dominated by medium-
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grained quartz (>95%) with minor amounts of 
feldspar. Cross-bedding is evident in a number 
of horizons, but the lack of internal structures, 
grading and flat conformable bases led Reilly & 
Lang (2003) and Ceglar et al. (2004) to interpret 
the Bunkers Sandstone at the Donkey Bore 

Syncline as sandy debris-flow deposits. 
The upper Mernmerna Formation (sensu 

Gravestock & Cowley 1995) conformably overlies 
the Bunkers Sandstone and is approximately 223 
m thick in the Donkey Bore Syncline. The upper 
Mernmerna Formation along with the Oraparinna 
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Shale, represent transgressive deposits associated 
with sequence package Є1.3 of Gravestock & 
Cowley (1995). The upper Mernmerna Formation 
consists of dark grey, micritic limestones 
interbedded with fine to medium grained quartz 
calcarenite beds. Such prominent calcarenite beds 
are frequent throughout the upper Mernmerna 
Formation, although are rarely more than 0.5 
m in thickness and contrast sharply with the 
recessive, and poorly exposed, muddy limestone 
beds. Cross-bedding, flame structures and mud 
rip-up clasts indicative of turbiditic action are 
also evident in the upper Mernmerna Formation. 
Carbonate is heavily phosphatised in parts of the 
succession and is principally fossiliferous in the 
basal units. 

The overlying Oraparinna Shale is poorly 
outcropping, with the characteristic khaki-green, 
silty shale fragments plentiful as scree but 
recessive in outcrop. The boundary between the 
upper Mernmerna Formation and the Oraparinna 
Shale appears gradational with an accurate contact 
difficult to distinguish due to the lack of outcrop. 
The fissile, khaki-green silty shale is interbedded 
with numerous prominent red sandy limestone 
beds of varying thickness, with an observed 
maximum thickness of 0.5 m. 

AGE AND BIOSTRATIGRAPHY
The Mernmerna Formation in the Donkey Bore 
Syncline contains an abundance of phosphatic 
macro- and microfossils, including species of 
trilobites, brachiopods, small shelly fossils, 
plus the eleven species of bivalved arthropods 
described herein. The stratigraphic ranges of 
taxa recovered through the entire 715 m of the 
Donkey Bore Syncline section are plotted against 
the lithostratigraphic column in Figure 4. The 
age of the Donkey Bore Syncline succession is 
relatively well constrained, based on co-occurring 
trilobite assemblages that can be equated to the 
biozonation erected by Jell in Bengtson et al. 
(1990). The Linns Springs and Third Plain Creek 
Members of the lower Mernmerna Formation 
correlate with the Pararaia tatei and Pararaia 
bunyerooensis Zones based on the presence of 
the eponymous species, respectively. While it is 
noted that Alanisia guillermoi Richter & Richter, 
1940, may correspond to the older Abadiella huoi 
trilobite Zone (Jell in Bengtson et al. 1990), the 
incoming of Pararaia tatei Woodward, 1884 at 
78 m above the base of the section constrains the 
lower Mernmerna to the early Botoman Pararaia 
tatei Zone in the section (Fig. 4). 

The occurrence of Pararaia bunyerooensis 
Jell in Bengtson et al., 1990, at 260 m above 
the base of the section confirms that at least 
some of the Third Plain Creek Member of the 

lower Mernmerna Formation belongs to the P. 
bunyerooensis trilobite Zone. However, specimens 
of P. bunyerooensis were only recovered from one 
horizon, so the lower and upper boundaries of 
this zone cannot be accurately defined at present. 
The co-occurrence of Serrodiscus gravestocki 
Jell in Bengtson et al., 1990, Hebediscina 
yuqingensis Zhang in Zhang et al., 1980 and 
Atops rupertensis Jell, Jago & Gehling, 1992 
in the upper Mernmerna Formation correlates, 
at least in part, with the Pararaia janeae Zone, 
indicating a mid-late Botoman age. The dearth 
of identifiable trilobite specimens does not allow 
more precise placement of boundaries between 
the three trilobite biozones through the Donkey 
Bore Syncline succession. Trilobites were not 
recovered from the Wilkawillina Limestone or the 
basal Mernmerna Formation in the Donkey Bore 
Syncline, so the presence of the oldest trilobite 
zone in the South Australian succession, the 
Abadiella huoi Zone, cannot be confirmed. 

The occurrence of Pelagiella subangulata 
(Tate, 1892) and key small shelly fossil taxa 
(e.g., Micrina) in the Wilkawillina Limestone, 
representa t ive  of  the  la te  Atdabanian 
Pelagiella subangulata mollusc Zone and the 
Hippopharangites dailyi small shelly fossil 
Zone (see Gravestock et al. 2001) suggests a 
late Atdabanian to mid-late Botoman age for the 
entire succession. 

Bradoriids have been documented from 
several localities of lower Cambrian age in 
South Australia (Chapman 1918; Bengtson in 
Bengtson et al. 1990; Melnikova in Gravestock 
et al. 2001; Skovsted et al. 2006). A recently 
described bradoriid assemblage documented from 
the Third Plain Creek Member of the Mernmerna 
Formation (P. bunyerooensis Zone equivalent) in 
the Bunkers Range to the south of the Donkey 
Bore Syncline, consisted of six bradoriid species 
(Skovsted et al. 2006). Nearly all bradoriid taxa 
recovered from the Donkey Bore Syncline are 
restricted to the upper Mernmerna Formation 
(P. janeae Zone equivalent) between 497-610 
m above the base of the section (Fig. 4). Two 
species, Euzepaera sp. and Comptalutid genus 
and sp. indet. are stratigraphically long-ranging 
taxa, occurring throughout the entire Mernmerna 
Formation in the Donkey Bore Syncline (see Fig. 
4). No bradoriids are present in the lowstand 
deposits of the Bunkers Sandstone.

The bradoriid assemblage from the Third Plain 
Creek Member of the Mernmerna Formation on 
the eastern side of the Bunkers Range (Skovsted 
et al. 2006) bears close similarity with the new 
assemblage from the Donkey Bore Syncline. The 
Bunkers Range is located approximately 20 km to 
the south of the Donkey Bore Syncline and borders 
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‘Wirrealpa’ Station to the east and the Flinders 
Ranges National Park to the south. Three species 
are common to both assemblages, Spinospitella 
coronata Skovsted, Brock & Paterson, 2006, 
Albrunnicola bengtsoni Hinz-Schallreuter, 1993a 
and Euzepaera sp. However, the bradoriids from 
the Bunkers Range are constrained entirely and 
confidently to the Pararaia bunyerooensis Zone, 
with the Donkey Bore Syncline assemblage 
representing a younger assemblage associated with 
trilobites representing the Pararaia janeae Zone. 
Euzepaera sp. is a stratigraphically long-ranging 
taxon in the Donkey Bore Syncline succession, 
but S. coronata and A. bengtsoni are restricted 
entirely to the upper Mernmerna Formation in 
the Donkey Bore Syncline. The presence of 
S. coronata and A. bengtsoni in the P. janeae 
trilobite Zone of the upper Mernmerna Formation 
in the Donkey Bore Syncline thus extends the 
stratigraphic range of these two bradoriid species. 
Recognition of distinct bradoriid assemblages in 
the P. bunyerooensis Zone (Skovsted et al. 2006) 
and the P. janeae Zone (described herein) suggests 
that bradoriids have potential for regional 
biostratigraphic correlation in association with 
trilobites, archaeocyathids and brachiopods. 

BIOGEOGRAPHIC IMPLICATIONS 
The distribution of bradoriid taxa has often 
been utilised for biogeographical analysis of the 
Cambrian (Siveter & Williams 1997; Melnikova 
et al. 1997; Williams & Siveter 1998; Hou et 
al. 2002; Williams et al. 2007). In particular, 
bradoriids have been used to distinguish Baltic, 
Avalonian, Laurentian and South Chinese 
faunas (Siveter & Williams 1997; Williams 
& Siveter 1998; Hou et al. 2002). Generally, 
lower Cambrian bradoriid faunas from South 
Australia are most similar to faunas from South 
China and Antarctica (Skovsted et al. 2006), but 
the Donkey Bore Syncline material reveals that 
the fauna also includes more widely distributed 
taxa. Mongolitubulus squamifer Missarzhevsky, 
1977, has an almost global distribution in the 
upper lower Cambrian, and is documented herein 
from South Australia for the first time. The 
family Hipponicharionidae is cosmopolitan, but 

Hipponicharion Matthew, 1886 was previously 
thought to be restricted to the Acadobaltic Province 
(sensu Sdzuy 1972; Gozalo & Hinz-Schallreuter 
2002). However, it has now been documented 
from Poland (Bednarczyk 1984), Germany (Elicki 
1997, 1999), Morocco (Hinz-Schallreuter 1993a), 
Spain (Gozalo & Hinz-Schallreuter 2002), in 
addition to Avalonian Canada (Matthew 1886) 
and Great Britain (Williams & Siveter 1998). 
Hipponicharion australis sp. nov. represents 
the first occurrence of the genus in Australia, 
and dramatically extends the distribution of 
Hipponicharion to eastern Gondwana. 

SYSTEMATIC PALAEONTOLOGY
The terminology used to describe the bradoriids 
largely follows that employed to describe 
Ordovician and later ostracods (as adopted in 
Siveter & Williams 1997; Williams & Siveter 
1998; Hou et al. 2002; and Siveter et al. 2003). 
We follow Siveter et al. (2003, p. 13) in using 
the more neutral term “head-shield”, or simply 
“shield” instead of the ostracod term “carapace” 
(see also Maas et al. 2003). All specimens 
described and illustrated herein are housed in the 
palaeontological collection of the South Australian 
Museum (acronym: SAMP). Stratigraphic ranges 
for all taxa are provided in terms of true thickness 
above the base of the Donkey Bore Syncline 
(DBS) section.

Phylum ARTHROPODA Siebold & Stannius, 
1845

Order BRADORIIDA Raymond, 1935
Family UNDETERMINED

Mongolitubulus Missarzhevsky, 1977

Type species. Mongolitubulus squamifer 
Missarzhevsky, 1977.

Discussion. As discussed above, the morphology 
and affinity of the organism which secreted spines 
of Mongolitubulus has been controversial. The 
discovery of Mongolitubulus unispinosa sp. nov. 
from the Donkey Bore Syncline assemblage that 
exhibits a single mature spine attached to the 

Fig. 5. A-H, Mongolitubulus squamifer Missarzhevsky, 1977. All from the upper Mernmerna Formation, all 
scale bars 200 µm unless otherwise stated. A, lateral view of spine with pointed apex, SAMP42183, sample 
DBS689; B, lateral view of spine with pointed apex, SAMP42184, sample DBS673; C, lateral view of spine 
fragment, SAMP42185, sample DBS589; D, lateral view of spine fragment, SAMP42186, sample DBS684; 
E, lateral view of spine with pointed apex, SAMP42187, sample DBS673; F, lateral view of spine fragment, 
SAMP42188, sample DBS673; G, magnification of external ornament, scale bar is 50 µm, SAMP42189 sample 
DBS673; H, magnification of external ornament, scale bar is 50 µm, SAMP42190, sample DBS731; I-N, 
Mongolitubulus sp. I, lateral view of spine, SAMP42191, sample DBS684; J, lateral view of spine, SAMP42192, 
sample DBS673; K, lateral view of spine, SAMP42193, sample DBS673; L-N, SAMP42194, sample DBS731; 
L, magnification of external ornament, scale bar is 50 µm; M, magnification of external ornament on apex, scale 
bar is 20 µm; N, lateral view of spine.
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central portion of the valves (Fig. 6A-J) provides 
definitive evidence of a bradoriid affinity for this 
widespread small shelly fossil taxon. It is for 
this reason that Mongolitubulus has been placed 
within the Bradoriida Raymond, 1935. However, 
further research is necessary to propose any 
taxonomic affiliation or systematic position of 
Mongolitubulus within the Bradoriida. 

Mongolitubulus squamifer (Missarzhevsky, 
1977) (Fig. 5A-H)

1977 Mongolitubulus squamifer; Missarzhevsky, 
p. 13, pl. 1, figs 1-2.

1981 Mongolitubulus squamifer; Missarzhevsky 
& Mambetov, p. 79, pl. 14, figs 1-2.

1985 Mongolitubulus squamifer; Meshkova, p. 
127–128, pl. 46, figs 1–3.

1986 Mongolitubulus squamifer; Rozanov, p. 
89, fig. 4.

1986 Rhombocorniculum aff. insolutum; Brasier, 
p. 253, fig. 5j-k.

1988 Mongolitubulus squamifer; Peel & Blaker, 
p. 56, fig. 2.

1988 Rhombocorniculum n. sp.; Landing, p. 687, 
fig. 11.6.

1989 Mongolitubulus squamifer; Missarzhevsky, 
p. 31, figs 1, 3.

1989 Mongolitubulus squamifer; Wrona, p. 543, 
pl. 8, fig. 5.

1996 Mongolitubulus squamifer; Esakova & 
Zhegallo, p. 103, pl. 4, figs 9–13.

2001 Mongolitubulus squamifer; Skovsted & 
Peel, p. 137, fig. 2.

2001 Mongolitubulus ex gr. M. squamifer; 
Demidenko in Gravestock et al., p. 87, pl. 11, 
fig. 5a-b.

2002 Mongolitubulus squamifer?; Landing et al., 
p. 301, fig. 4.19.

2004 Mongolitubulus squamifer; Wrona, p. 43, 
figs 23A-H, 24.

2006 Mongolitubulus squamifer; Brock & 
Percival, p. 86, fig. 5E-J.

Description. Slender, straight to slightly curved 
phosphatic spines ranging from 0.5-2.3 mm in 
length, with the diameter of the widest part of 
the fragments varying from 74-200 µm. The 
spines taper to a pointed apex with a circular 
cross-section. Most elements are straight or 

gently curved with a straight tip. The basal margin 
appears to be broken in all specimens. The outer 
surface is ornamented with rhombic scales (Fig. 
5G-H) arranged in regular rows. Each rhombic 
scale is slightly inclined outwards from their base 
and have a raised apical end pointing towards the 
tip of the spine. Specimens exhibit a substantial 
variation in the density of the scales along the 
length of the spine. In the majority of specimens, 
the ornament is subdued in the apical region, 
leaving a smooth tip. 

Discussion. The regular pattern of rhomboid 
scale-like protuberances on the outer surface 
on the majority of specimens from the upper 
Mernmerna Formation conform closely with 
Mongolitubulus squamifer from the lower 
Cambrian of Mongolia (Missazhevsky 1977), 
Northern Greenland (Skovsted & Peel 2001), 
Australia (Gravestock et al. 2001; Brock & 
Percival 2006) and Antarctica (Wrona 2004). 
Other species of Mongolitubulus, including M. 
henrikseni Skovsted & Peel, 2001 from the early 
Cambrian of Greenland, M. unispinosa sp. nov. 
and Mongolitubulus sp. described below, can 
be distinguished from the type species by the 
presence of a widely flared basal region of the 
spine and a more ‘chaotic’ arrangement of the 
scale-like exterior ornament (Skovsted & Peel 
2001; Skovsted et al. 2006). A number of spines 
recovered from the Donkey Bore Syncline have 
been severely abraded and consequently display 
little or no exterior ornament. These spines have 
been assigned to M. squamifer based on their 
similar shape, size and lack of a flared basal 
region, in addition to their association with other 
identifiable specimens of M. squamifer.
 
Distribution. Early Cambrian (Botoman) of 
South Australia, Yorke Peninsula (Parara and 
Coobowie Limestones), Flinders Ranges (upper 
Mernmerna Formation, Pararaia janeae Zone); 
latest Early Cambrian, western New South Wales 
(Pincally Formation); Mongolia (Sanashhtykgol 
Horizon); Maly Karatau (Koksu and Ushbas from 
Geress Member of the Shabakty Formation); 
eastern Massachusetts and Ville Guay, Quebec, 
North America; England (Comley Limestone); 
Antarctica, King George Island (allochthonous 
boulders); and the Bonnia-Olenellus Zone of 

Fig. 6. Mongolitubulus unispinosa sp. nov. All from the upper Mernmerna Formation, all scale bars 20 µm 
unless otherwise stated. A-F, holotype, SAMP42195, sample DBS684; A, lateral view of valve, scale bar is 500 
µm; B, magnification of spine attachment to valve carapace, scale bar is 50 µm; C, magnification of exterior 
valve ornament; D, magnification of the central region of the spine; E, magnification of spine, towards the spine 
tip; F, magnification of spine ornament; G-J, SAMP42196, sample DBS673; G, magnification of hinge-line, 
showing pustulous ornament; H, magnification of spine ornament, scale bar is 100 µm; I, magnification of spine 
attachment to valve carapace, scale bar is 100 µm; J, lateral view of valve, scale bar is 100 µm.
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Central-northern Greenland (Henson Gletscher 
Formation). 

Material. SAMP42183-42194 with an additional 
14 specimens. For distribution and abundance 
refer to appendix. 
 
Stratigraphic range. 497.89-610.37 m above 
the base of the Donkey Bore Syncline (DBS) 
section.

Mongolitubulus unispinosa sp. nov. (Figs 6A-J, 
7A-C)

2006 Mongolitubulus henrikseni Skovsted et al., 
fig. 5A-E, I-J, non fig. 5F-H.

Type material. Holotype: SAMP42195 (Fig. 6A-
F) from sample number DBS684, 567 m true 
thickness above the base of the section, upper 
Mernmerna Formation, Donkey Bore Syncline. 
Paratypes: SAMP42196 (Fig. 6G-J) from sample 
number DBS673, 559 m true thickness above the 
base of the section, upper Mernmerna Formation, 
Donkey Bore Syncline and SAMP42197 (Fig. 
7A-C), from sample number DBS689, 571 m 
true thickness above the base of the section, from 
the upper Mernmerna Formation, Donkey Bore 
Syncline. 

Etymology. Derived from the Latin prefix unus, 
one and spina, thorn. In reference to the single 
spine protruding from the central shield of the 
bradoriid carapace. 

Diagnosis. Postplete shield with a straight to 
slightly curved hinge line. Valves slightly convex 
without distinct lobation. Lateroadmarginal 
ridge absent, but between valve margin and 
convex lobal surface is a shallow, continuous 
depression. Shield ornament varies from smooth 
to pustulose predominantly near the valve margin. 
The central region of the shield bears a single, 
long, protruding spine. Outer surface of the spine 
covered in small recurved second order spines or 
rhomboid scale-like protuberances.

Description. Small (adult 1.29 mm average 
length) postplete shield with a well defined, 
straight to curved hinge line. Valves slightly 

convex with gently rounded posterior and anterior 
margins with no lateroadmarginal ridge present. 
Between valve margin and the convex lobal 
surface there is a shallow continuous depression, 
entire between cardinal corners (Fig. 7A-B). 
Valve surface is smooth (Fig. 7A-C) to pustulous 
(Fig. 6C, I). The central region of the valves bears 
a single, long (adult, 1.23 mm in length and 157 
µm in diameter) protruding spine. Spine is straight 
to slightly curved and tapers to a pointed, conical 
apex. The spine is circular in cross section and 
flares slightly towards the base before attachment 
to the valve (Fig. 6B). Outer surface of the spine is 
ornamented with short spine-like projections (Fig. 
6D-F) and rhomboid scale-like protuberances 
(Fig. 6H) that are adapically inclined. Density 
of scales and spine-like projections vary along 
the length of the spine, with the ornament 
subdued in the apical region of the spine in both 
specimens, leaving a relatively smooth tip. The 
prominent single spine appears to project almost 
perpendicular to the valve (Fig. 6J). 

Discussion. An almost complete bradoriid 
shield documented from the Bastion Formation 
of North-East Greenland (Skovsted 2005) 
exhibited multiple spine-bases, of which a few 
preserved the typical rounded scales characteristic 
of co-occurring spines of Mongolitubulus 
henrikseni Skovsted & Peel, 2001, confirming 
the morphological interpretation of that species 
suggested by Skovsted & Peel (2001). However, 
Skovsted (2005) was unable to demonstrate that 
the type species, M. squamifer could be restored in 
a similar fashion. Consequently, the question was 
raised as to whether the two, otherwise similar 
spines of M. squamifer Missarzhevsky, 1977 and 
M. henrikseni may have been secreted by different 
types of organisms (Skovsted & Peel 2001).

Two bradoriid specimens have been recovered 
from the upper Mernmerna Formation that 
exhibit a single mature spine attached to the 
central portion of their valves (Fig. 6A-J). The 
smaller of the two specimens (Fig. 6G-J) may 
represent a juvenile, accounting for the slight 
difference in spine ornament. The overall size of 
the valve and spine is smaller in comparison to 
the larger specimen (Fig. 6A-F). These specimens 
strengthen the interpretation of Skovsted & 
Peel (2001) and Skovsted (2005) and provide 

Fig. 7. A-C, Mongolitubulus unispinosa sp. nov. All from the upper Mernmerna Formation, all scale bars 100 
µm unless otherwise stated. A-C, SAMP42197, sample DBS689; A, lateral view of right valve; B, oblique lateral 
view of right valve; C, magnification of spine base on right valve, scale bar is 50 µm. D-K,  Amphikeropsis 
myklosis gen. et sp. nov. D-K, SAMP42198, sample DBS684; D, lateral view of right valve, scale bar is 200 
µm; E, oblique lateral view of right valve, scale bar is 200 µm; F, dorsal view of shield, scale bar is 200 
µm; G, oblique lateral magnification of sub-central and anterodorsal spines; H, magnification of posterodorsal 
lobe; I, magnification of exterior valve ornament, scale bar is 20 µm; J, magnification of sub-central spine; K, 
magnification of anterodorsal spine. 
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unequivocal evidence of a bradoriid affinity for 
this widespread small shelly fossil taxon, although 
the specimens cannot be placed in any of the 
previously described species. The ornament on the 
outer surface of the spines does not demonstrate 
the regular, cancellate distribution of scales 
characteristic of the co-occurring Mongolitubulus 
squamifer or the strongly recurved tip indicative 
of Mongolitubulus sp. The spines are closely 
comparable to the spines of M. henrikseni from 
North-East Greenland, although the scales in the 
new species are more spine-like than is commonly 
the case in M. henrikseni from Greenland. 
However, this species exhibits a wide range of 
variants in spine ornament and the spine of the 
adult specimen from the Donkey Bore Syncline 
closely resembles the specimen illustrated by 
Skovsted (2005, fig. 2A), which was assigned 
to M. henrikseni. The adult spine also bears 
close similarities to Ornamented Tube Form A 
described from the Parara Limestone on Yorke 
Peninsula by Conway Morris & Bengtson (in 
Bengtson et al. 1990, fig. 101). The surface of 
this fossil bears many short, spinose projections 
similar to the adult spine figured here (Fig. 6D-
E), although the spines are much more densely 
packed in Ornamented Tube Form A. 

Based only on spine morphology, the present 
specimens could easily be accommodated within 
the concept of M. henrikseni, but the number and 
arrangement of spines on the shield appear to 
be radically different. The bradoriid shield from 
the early Cambrian of North-East Greenland 
associated with M. henrikseni exhibits multiple 
spine bases that are principally situated along the 
valve margins where a large number of relatively 
small spines are present (Skovsted 2005). The 
central region of the valves yields larger spine 
bases that are less densely packed in comparison 
to the valve margins (Skovsted & Peel 2001, fig. 
4; Skovsted 2005, fig. 1). The two specimens 
from the Donkey Bore Syncline yield only a 
single, long spine with no evidence for other spine 
bases apparent. A third specimen (Fig. 7A-C) also 
has a single spine base in the central region of 
the valve and, although the spine is broken, the 
spine base is obvious and there is no evidence to 
suggest the presence of spines elsewhere on the 
shield. Consequently, the Donkey Bore Syncline 
specimens represent a new species. 

The remarkable similarities between the 
spines of M. henrikseni and M. unispinosa sp. 
nov. has implications for the identification of 
detached Mongolitubulus spines. It is apparent 
that surface ornament is not in itself a useful 
character for species identification, at least not 
when dealing with small numbers of specimens, 
or in the absence of more fully preserved valves 

that can reveal the actual construction of the 
shield. A case of particular interest is the recently 
described specimens of Mongolitubulus from the 
Third Plain Creek member of the Mernmerna 
Formation in the Bunkers Range, to the south of 
Donkey Bore Syncline (Skovsted et al. 2006). 
Skovsted et al. (2006) described a small set of 
Mongolitubulus spines (eleven specimens) and 
despite some morphological differences referred 
them all to M. henrikseni, based on the chaotic 
arrangement of the ornament and the presence of 
a flaring base. As discussed below, two specimens 
with strongly recurved tips probably belong to the 
same species as the specimens described herein as 
Mongolitubulus sp. The remainder of the Bunkers 
material probably belongs to M. unispinosa sp. 
nov. (see synonymy). The majority of specimens 
illustrated by Skovsted et al. (2006, fig. 5A-D) are 
very similar to the adult spine described above, 
while a single specimen (Skovsted et al. 2006, fig. 
5I-J) is close to the juvenile specimen. 

Distribution. Early Cambrian (Botoman; Pararaia 
bunyerooensis to Pararaia janeae Zones) of South 
Australia, Flinders Ranges (Third Plain Creek 
Member and upper Mernmerna Formation). 

Stratigraphic range. 559.32-571.03 m above 
the base of the Donkey Bore Syncline (DBS) 
section.

Mongolitubulus sp. (Fig. 5I-N)

2006 Mongolitubulus henrikseni; Skovsted et al., 
fig. 5F-H, non fig. 5A-E, I-J.

Description. Slender spines ranging from 0.7-1.2 
mm in length with a circular cross-section, 140-
160 µm in diameter at widest point. The spines 
taper to a pointed apex and exhibit a strongly 
recurved tip, resembling a hook (Fig. 5I-K, N). 
The abapical end of the spine is generally flared, 
but the flared margins are always broken (Fig. 5I-
K, N). The outer surface of the spines displays an 
ornament of small rhombic scales that are inclined 
outwards from their base and have a raised apical 
end pointing towards the tip of the spine (Fig. 
5L). The majority of specimens appear smooth 
over a large percentage of their length with only 
a few scales preserved near the tip, generally 
situated where the spine is strongly curved. Where 
present, scales tend to be sparsely packed and 
in a disorganised arrangement. A second order 
ornament exist on the surface, close to the apex 
of the spine. The second order ornament consists 
of minute, rounded protrusions that are arranged 
in regular rows (Fig. 5M). 
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Discussion. These ornamented spines from the 
Pararaia janeae trilobite Zone of the Donkey Bore 
Syncline are different in shape and ornament from 
all known species of Mongolitubulus. Although 
a single hook-shaped spine of M. squamifer 
Missarzhevsky, 1977 was illustrated by Skovsted 
& Peel (2001, fig. 2G) from North Greenland, 
and relatively strongly curved specimens were 
reported from Kazakhstan by Dzik (2003), the 
unorganised arrangement of the scales serves to 
differentiate Mongolitubulus sp. from the more 
ordered arrangement of scales in M. squamifer. 
Mongolitubulus henrikseni Skovsted & Peel, 
2001 typically exhibits a similar disorganised 
scale-like ornament, but the arrangement of 
the scales is typically more dense and in most 
specimens covers the entire outer surface, except 
for the flared basal region. The arrangement 
of scales on the specimens described herein is 
disorganised, but not densely packed, and the 
scales are confined to a much smaller part of the 
spine surface. Recently documented specimens 
referred to M. henrikseni from the Mernmerna 
Formation in the Bunkers Range, corresponding 
with the Pararaia bunyerooensis trilobite Zone, 
exhibit a range of morphology (Skovsted et al. 
2006, fig. 5F-H), including a recurved tip, similar 
to that of the specimens illustrated herein. The 
specimens from the Bunkers Range are much 
longer than the Donkey Bore Syncline specimens, 
but do exhibit a similar ornament, including the 
second order spine ornament (Skovsted et al. 
2006, fig. 5F). As discussed above, all specimens 
from the Bunkers Range referred to M. henrikseni 
are likely to have been misidentified, and the 
specimens with a recurved tip probably belong to 
the same species as the hook-shaped spines from 
the Donkey Bore Syncline. 

Distribution. Early Cambrian (Botoman; Pararaia 
bunyerooensis to Pararaia janeae Zones) of South 
Australia, Flinders Ranges (Third Plain Creek 
Member and upper Mernmerna Formation). 

Material. SAMP42191-42194 with an additional 
5 specimens. For distribution and abundance refer 
to appendix. 

Stratigraphic range. 559.32-567.37 m above the 
base of the DBS section.

Amphikeropsis gen. nov.

Type species. Amphikeropsis myklosis gen. et 
sp. nov.

Etymology. Derived from the Greek Amphikeros, 
two-horned. In reference to the two spines 

protruding from the shield.

Diagnosis. Postplete to subamplete shield 
with a well defined and straight hinge line. 
Lateroadmarginal ridge is broad, entire between 
the cardinal corners and is situated close to 
and is paralleling the valve margin, separated 
from convex lateral surface by a shallow and 
continuous furrow. Two well developed spines 
present, one sub-centrally situated broad spine and 
an anterodorsal spine. Weakly defined, elongate 
posterodorsal node. Outer surface covered by a 
reticulate ornament. 

Discussion. There are a number of Cambrian 
bradoriid genera that are characterised by the 
presence of prominent spines or spine-like 
protuberances from their shields (Fleming 1973; 
Jones & McKenzie 1980; Hinz 1991; Hinz-
Schallreuter 1993b; Melnikova 2000; Skovsted 
2005; Skovsted et al. 2006). Three different 
genera of spine-bearing bradoriids have been 
recovered from the Mernmerna Formation. 
Mongolitubulus Missarzhevsky, 1977 (discussed 
above) and the genus Spinospitella have been 
described by Skovsted et al. (2006) from the Third 
Plain Creek Member of the Mernmerna Formation 
at the Bunkers Range. This genus is characterised 
by a postplete head-shield exhibiting a sub-central 
spine and a single anterodorsal, low, cone-shaped 
node. Valves are covered by a reticulate network 
and hollow second order spines. The new taxon 
Amphikeropsis gen. nov. shares a similar spine 
configuration and lateral valve outline with 
Spinospitella. However, the new genus can be 
discriminated from Spinospitella in having a spine 
instead of a node projecting from the anterodorsal 
corner, and in lacking the hollow second order 
spines. Mongolitubulus, Spinospitella and 
Amphikeropsis cannot be readily accommodated 
within any previously described family within the 
Bradoriida. Similarities between Duibianella Shu, 
1990 and juveniles of Spinospitella, combined 
with similarities in node distribution prompted 
Skovsted et al. (2006) to suggest that Duibianiella, 
Mongolitubulus and Spinospitella may form a 
natural group, in which Amphikeropsis myklosis 
gen. et sp. nov. may also be included.

Amphikeropsis myklosis gen. et sp. nov. (Figs 
7D-K, 8A-I)

Type material. Holotype: SAMP42199 (Fig. 
8A-I) from sample number DBS673, 559 m true 
thickness above the base of the section, upper 
Mernmerna Formation, Donkey Bore Syncline. 
Paratype: SAMP42198 (Fig. 7D-K) from sample 
number DBS684, 567 m true thickness above 
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the base of the section, upper of the Mernmerna 
Formation, Donkey Bore Syncline.

Etymology. Derived from the Greek myklos, 
stallion ass. In reference to the geographical 
locality (Donkey Bore Syncline) where the 
species was discovered.

Diagnosis. As for genus.

Description. Valves postplete to subamplete, 
with a well developed, straight hinge-line with 
a weak dorsal cusp. Shield is small in size, 
holotype measuring 1.1 mm in valve length and 
800 µm in valve height. Paratype measuring 1.38 
mm in valve length and 980 µm in valve height. 
Lateroadmarginal ridge is broad and low, entire 
between the cardinal corners and is situated close 
to and parallelling the valve margin. Separated 
from convex lateral surface by a shallow and 
continuous furrow. Low, elongate posterodorsal 
lobe (Fig. 7H). Anterodorsal cardinal corner 
forms an approximate right angle with a strong 
posterodorsal curve. A broad spine is sub-centrally 
situated, ovoid in cross section and is 140 µm in 
height and 232 µm in diameter in the holotype 
(Fig. 8G) and 234 µm in height and 297 µm in 
diameter (Fig. 7J) in the paratype. Anterodorsal 
spine is slightly smaller and ranges from a conical 
shape in the holotype specimen to a slightly 
recurved spine that tapers to a rounded apex in 
the paratype specimen. Spine is circular in cross 
section and ranges from 100 µm in height and 
88 µm in diameter in the holotype (Fig. 8H) to 
204 µm in height and 136 µm in diameter in the 
paratype (Fig. 7K). Valves are ornamented by a 
reticulate ornament (Fig. 8F) with the projecting 
spines ornamented by small rounded projections 
emanating from the ridges of the reticulate 
ornament (Fig. 8I). 

Discussion. Amphikeropsis myklosis gen. et sp. 
nov. is represented by two specimens recovered 
from the upper Mernmerna Formation at Donkey 
Bore Syncline. The presence of a distinct sub-
centrally situated spine and a smaller anterodorsal 
spine distinguishes A. myklosis gen. et sp. 
nov. from other spinose bradoriid taxa. Slight 
differences exist between the two specimens, 
which may be attributed to ontogenetic variation. 

The anterodorsal spine is slightly curved towards 
the dorsal margin in the paratype specimen, 
whereas in the holotype, the anterodorsal spine 
displays no curvature and is slightly smaller and 
more conical in appearance. The outer surface has 
been abraded in one specimen, but the original 
reticulate ornament is evident in patches. 

The holotype closely resembles juvenile 
specimens of Spinospitella coronata Skovsted, 
Brock & Paterson, 2006 from the Mernmerna 
Formation at the Bunkers Range (Skovsted et 
al. 2006, fig. 9D-G). The juvenile specimen 
of S. coronata exhibits a similar lateral valve 
outline and spine configuration. However, 
Amphikeropsis myklosis gen. et sp. nov. is larger 
than the juvenile specimen of S. coronata and 
differs in the prominence of the anterodorsal 
spine, which is described as a low, cone shaped 
node in S. coronata (Skovsted et al. 2006). There 
is also no evidence of the hollow second order 
spines that are indicative of Spinospitella. The 
spine configuration distinguishes A. myklosis 
gen. et sp. nov. from Mongolitubulus unispinosa 
sp. nov. as well as the absence of the short 
spine-like projections on the outer surface of the 
central spine of M. unispinosa sp. nov. The spine 
configuration and the absence of rhomboid scales 
differentiates A. myklosis gen. et sp. nov. from M. 
henrikseni Skovsted & Peel, 2001. Kunmingella 
typica Huo & Shu, 1985 can be distinguished 
in that it has a posteroventrally located spine 
that projects posteroventrally (Huo & Shu 
1985, fig. 25h, i). The spine in Amphikeropsis is 
situated in an anterodorsal position and projects 
perpendicular to the carapace. The position and 
differing size of the spines also differentiate A. 
myklosis from Capricambria cornucopiae Hinz, 
1991, while the presence of two distinct spines 
differentiates the genus from all other spinose 
bradoriids. Amphikeropsis differ from spinose 
phosphatocopids such as Vestrogothia Müller, 
1964 and Bidimorpha Hinz-Schallreuter 1993c in 
having identical spines on both valves and in their 
sub-central and anterodorsal positions.

Distribution. Early Cambrian (Botoman; Pararaia 
janeae Zone) of South Australia, Flinders Ranges 
(upper Mernmerna Formation). 

Stratigraphic range. 559.32-567.37 m above the 

Fig. 8. Amphikeropsis myklosis gen. et sp. nov. Specimen from the upper Mernmerna Formation, all scale bars 
200 µm unless otherwise stated. A-I, Holotype, SAMP42199, sample DBS673; A, lateral view of left valve; B, 
oblique lateral view of left valve from anterior; C, dorsal view of shield; D, oblique lateral view of left valve 
from posterior ; E, dorsal view of spines on the left valve; F, magnification of exterior valve ornament, scale 
bar is 20 µm; G, magnification of sub-central spine on the left valve, scale bar is 20 µm; H, magnification of 
anterodorsal spine on left valve, scale bar is 20 µm; I, magnification of exterior ornament on sub-central spine, 
scale bar is 5 µm.
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base of the DBS section.

Spinospitella Skovsted, Brock & Paterson, 
2006

Type species. Spinospitella coronata Skovsted, 
Brock & Paterson, 2006.

Spinospitella coronata Skovsted, Brock & 
Paterson, 2006 (Fig. 9A-J)

2006 Spinospitella coronata; Skovsted et al., p. 
21, figs 6A-L, 7A-I, 8A-G, 9A-G.

Description. The most complete valve measures 
2.1 mm in length and displays a broken spine 
base with a circular cross-section and a diameter 
of 148 µm (Fig. 9D). The spine base is located 
in the central region of the valve slightly towards 
the posterior margin. Postplete valves exhibiting 
a wide lateroadmarginal ridge, possibly entire 
between cardinal corners, however the specimen 
is fragmentary. Lateroadmarginal ridge separated 
from the convex lateral surface by a shallow and 
continuous, but weakly defined depression. A 
narrow, low ridge is present, running from the 
posterodorsal margin towards the spine base. 
Valves are ornamented by numerous straight 
to gently curved second order spines that taper 
to a closed, pointed tip (Fig. 9G-H) and vary in 
size with an average height of 86 µm. External 
ornament on the valve surface consists of a fine 
reticulate network. Juvenile specimens exhibit 
low spines with a rounded tip and lack the 
polygonal network sculpture (Fig. 9I-F).

Discussion. Spinospitella coronata is represented 
in the upper Mernmerna Formation by two 
irregular fragments, readily identifiable by 
the characteristic spines and ornament of fine 
polygonal network. However, the morphology 
of the valves is evident from a more complete 
specimen of an adult right valve (Fig. 9A-D). The 
fragments bear close similarities to the numerous 
specimens documented from the Bunkers Range 
by Skovsted et al. (2006). Although the Bunkers 
Range material yielded more complete specimens, 
the fragments described herein exhibit near 
identical ornament of both adult and juvenile 

specimens to the Bunkers Range material. A 
notable difference is the absence of the third 
order spines in the material from the Donkey Bore 
Syncline. Third order spines are located on the 
surface of the second order spines and consist of 5 
to 10 spines or scales in a crown-like arrangement 
(Skovsted et al. 2006, figs 6L, 8D). However, third 
order spines are not preserved on all second order 
spines in S. coronata from the Bunkers Range 
(Skovsted et al. 2006), and their delicate nature 
suggests that they may be susceptible to abrasion. 
All specimens from the Donkey Bore Syncline are 
referred to S. coronata, despite the lack of third 
order ornament on the spines.

Distribution. Early Cambrian (Botoman; Pararaia 
bunyerooensis to Pararaia janeae Zones) of 
South Australia, Flinders Ranges (Mernmerna 
Formation).

Material. SAMP42200-42202. For distribution 
and abundance refer to appendix. 

Stratigraphic range. 497.89-559.32 m above the 
base of the DBS section.

Family HIPPONICHARIONIDAE Sylvester-
Bradley, 1961

Albrunnicola Martinsson, 1979 

Type species. Longispina oelandica Andres, 
1969.

Albrunnicola bengtsoni Hinz-Schallreuter, 
1993a (Fig. 10A-K)

?1986 Hipponicharion sp.; Gaździcki & Wrona, 
fig. 7f.

1990 Hipponicharion sp.; Bengtson in Bengtson 
et al., p. 325, fig. 207a.

1993a Albrunnicola bengtsoni; Hinz-Schallreuter, 
p. 424.

2001 Albrunnicola bengtsoni; Melnikova in 
Gravestock et al., p. 210, fig. 26a-b.

2006 Albrunnicola bengtsoni; Skovsted et al., p. 
26, fig. 10A-H.

Description. High, weakly postplete shield with 

Fig. 9. Spinospitella coronata Skovsted, Brock & Paterson, 2006. All from the upper Mernmerna Formation, all 
scale bars 200 µm unless otherwise stated. A-D, SAMP42200, sample DBS673; A, lateral view of fragmentary 
right valve; B, oblique lateral view of right valve; C, oblique lateral view from posterior; D, magnification of 
spine base on right valve, scale bar is 50 µm; E-H,  SAMP42201, sample DBS589; E, oblique lateral view of 
adult valve fragment; F, lateral view of adult valve fragment;  G, magnification of adult valve exterior, scale 
bar is 50 µm; H, magnification of individual spines on adult exterior valve ornament; I-J, SAMP42202, sample 
DBS589; I, lateral view of juvenile valve fragment; J, magnification of exterior juvenile valve ornament, scale 
bar is 50 µm.
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a subtriangular lateral outline. The shields are up 
to 1.2 mm in length and 0.86 mm in height with 
a weak, centrodorsal inflation. The hinge-line 
is straight and continues anteriorly into a short, 
triangular spine (Fig. 10A). The anterior and 
posterior borders extend only slightly beyond 
the hinge line. The anterodorsal lobe is well 
developed, is slightly inclined anteriorly and 
extends approximately half the entire height of 
the valve. The posterodorsal lobe is much shorter, 
almost node-like and is lower in maximum 
height compared to the anterior lobe. The 
central lobe is weakly developed and is situated 
close to the dorsal margin. External ornament 
is predominantly smooth, but in exceptionally 
preserved specimens, consist of numerous small 
pits. The pits are U- to V-shaped indentations 
approximately 15-20 µm in width. The majority 
of indentations are accompanied by a single 
minute cone (approximately 3 µm in diameter) 
with a single perforation (Fig. 10F). One specimen 
exhibits a small, recurved spine protruding from 
the anterior border (Fig. 10E). The recurved spine 
is 120 µm high with a maximum diameter of 
45 µm at the base and tapers to a smooth apex. 
The spine is slightly inclined anteriorly with a 
smooth outer surface. Another specimen (Fig. 
10H-K) exhibits a siphon-shaped feature, circular 
in cross-section, extending posteriorly from the 
hinge line (Fig. 10K). From the siphon protrude 
two small,  hollow spines approximately 23 µm 
in length, with one situated on the posterior end 
of each valve. 

Discussion. Hinz-Schallreuter (1993a) defined 
Albrunnicola bengtsoni based on a solitary 
specimen from the Parara Limestone on Yorke 
Peninsula, which was originally described as 
Hipponicharion sp. by Bengtson (in Bengston et 
al. 1990, p. 325, fig. 207a). Since then, only a few 
occurrences of A. bengtsoni have been recorded 
from South Australia and most have consisted 
of fragmentary and poorly preserved specimens. 
Melnikova (in Gravestock et al. 2001, fig. 26) 
illustrated two specimens of A. bengtsoni from the 
Parara Limestone of the Stansbury Basin, but these 
specimens are poorly preserved, and Skovsted et 
al. (2006) questioned the identification of one 
of the illustrated specimens (Gravestock et al. 

2001, fig. 26b). Skovsted et al. (2006) regarded 
the small sub-equal anterior and posterior lobes 
of this specimen to be more comparable to 
those of Bicarinella evansi Rode, Lieberman & 
Rowell, 2003 from the early Cambrian of East 
Antarctica. Recently documented specimens 
from the Mernmerna Formation in the Bunkers 
Range bear close similarities to the holotype and 
the specimens from the Donkey Bore Syncline, 
but are mostly fragmentary and not as well 
preserved. A single bradoriid specimen illustrated 
by Gaździcki & Wrona (1986) as Hipponicharion 
sp. from lower Cambrian allochthonous blocks 
on King George Island, Antarctica was referred 
to A. bengtsoni by Melnikova (in Gravestock 
et al. 2001). The assignment to A. bengtsoni is 
somewhat questionable given the lack of material 
and indifferent illustration provided. 

The new material of A. bengtsoni reveals a 
number of new morphological features. One 
exceptionally preserved specimen exhibits a 
recurved spine protruding from the anterior border, 
a character state not previously documented in this 
species (Fig. 10A-G). The external ornament is 
also distinctive and consists of U- to V-shaped 
indentations with a perforated minute cone 
displaying a single perforation. These minute 
perforations may be openings for sensory setae. 
Surface ornament in A. bengtsoni has previously 
been neglected due to preservational factors. 
However, specimens from the Mernmerna 
Formation in the Bunkers Range (Skovsted 
et al. 2006, fig. 10H) display a similar pitted 
ornament, although the pits appear to be confined 
to an area close to the anterior border. One well 
preserved, articulated specimen exhibits a siphon-
shaped opening that extends posteriorly from the 
hinge line (Fig. 10H-K). The posterior region 
of the hinge line is damaged in the majority of 
specimens and consequently it is not possible to 
confirm that this character is a ubiquitous feature 
of A. bengtsoni. However, a similar siphon-
like extension is present in the holotype (e.g., 
Bengtson et al. 1990, fig. 207a), although that 
specimen is an isolated right valve. 

Distribution. Early Cambrian (Botoman; Pararaia 
bunyerooensis to Pararaia janeae Zones) of South 
Australia, Yorke Peninsula (Parara Limestone), 

Fig. 10. Albrunnicola bengtsoni Hinz-Schallreuter, 1993a. All from the upper Mernmerna Formation, all scale 
bars 200 µm unless otherwise stated.  A-G, SAMP42203, sample DBS673; A, lateral view of left valve; B, 
oblique lateral view of left valve; C, oblique view from posterior of left valve; D, oblique dorsal view of left 
valve; E, magnification of exterior spine, scale bar is 20 µm; F, magnification of individual porous external 
ornament, scale bar is 5 µm; G, magnification of external ornament of left valve, scale bar is 20 µm; H-K, 
SAMP42204, sample DBS742.8; H, dorsal view of left valve; I, lateral view of left valve; J, oblique lateral 
view of left valve; K, magnification of posterodorsal valve margin, showing siphon-shaped feature, scale bar 
is 50 µm.  
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Flinders Ranges (Mernmerna Formation); 
and possibly Antarctica, King George Island 
(allochthonous boulders). 

Material. SAMP42203-42204 with an additional 
two specimens. For distribution and abundance 
refer to appendix. 

Stratigraphic range. 559.32-610.37 m above the 
base of the DBS section.

Hipponicharion Matthew, 1886

Type species. Hipponicharion eos Matthew, 
1886.

Hipponicharion australis sp. nov. (Fig. 11A-I)

Type material. Holotype: SAMP42205 (Fig. 
11A-C) from sample number DBS673, 559 m 
above the base of the section, upper Mernmerna 
Formation, Donkey Bore Syncline. Paratypes: 
SAMP42206 (Fig. 11D-F) from sample number 
DBS593.5, 501 m above the base of the section, 
upper Mernmerna Formation, Donkey Bore 
Syncline and SAMP42207 (Fig. 11G-I), from 
sample number DBS593.5, 501 m above the 
base of the section, upper Mernmerna Formation, 
Donkey Bore Syncline. 

Etymology. Derived from the Latin, australis. 
In reference to geographical locality (Australia) 
where the species was discovered. 

Diagnosis. Valve, subamplete, subtriangular 
in outline with well developed, straight hinge 
line. Anterodorsal and posterodorsal lobes well 
developed and discrete. Anterodorsal lobe forms 
a sharp lobe with the greatest relief and extends 
half of the valve height. Posterodorsal lobe ridge-
like and extends the majority of the valve height, 
paralleling the valve margin. 

Description. Valves subamplete, subtriangular in 
outline with a well developed, straight hinge line. 
The valves are small in size, measuring on average 
1.39 mm in length and 1.09 mm in height, with 
a maximum length of 1.8 mm and height of 1.36 
mm (Fig. 11D-F). Valves are gently convex with 
gently rounded posterior and anterior margins 
with a single specimen exhibiting a triangular 

extension from the anterior cardinal corner (Fig. 
11G-I). No distinct lateroadmarginal ridge is 
present. Anterodorsal lobe well developed and 
extends approximately one-half of valve height. 
The posterodorsal lobe is reduced in relief in 
comparison to the ridge-like anterodorsal lobe that 
extends almost the entire valve height, paralleling 
the valve margin (Fig. 11A). A slight swelling is 
evident, forming a weak and indistinct central 
lobe. Exterior valve surface is severely abraded 
with a vague reticulate ornament in the holotype, 
otherwise no visible ornament is preserved. 

Discussion. The presence of distinct, linear 
anterodorsal and posterodorsal lobes and a 
subtriangular shield is indicative of three families 
within Bradoriida, i.e., the Hipponicharionidae, 
Beyrichonidae and Kunmingellidae. The 
Beyrichonidae typically exhibits subdued lobation 
in comparison with the Hipponicharionidae 
(Siveter & Williams 1997). The Kunmingellidae 
may also have anterodorsal and posterodorsal 
lobes, but in the majority of cases the anterior 
lobe in kunmingellids is a small node (Hou et 
al. 2002), rather than an elongate ridge as in this 
new species. In addition, the Kunmingellidae 
typically possess an anterodorsal cusp, which 
is lacking in the Hipponicharionidae and 
Beyrichonidae (Hou et al. 2002, fig. 2; Williams 
et al. 2007, table 1). Consequently, the presence 
of elongate anterodorsal and posterodorsal lobes, 
in conjunction with a subtriangular valve outline, 
supports assignment to the Hipponicharionidae. 
The lack of a lateroadmarginal ridge, generally 
present in the family, may be due to preservational 
factors as the valves are heavily abraded and 
the valve margins are not particularly well 
preserved. 

The style and relative length of lobation are 
key criteria in distinguishing genera within 
the Hipponicharionidae (Hou et al. 2002). 
Albrunnicola Martinsson, 1979 is typified by a 
marked weakness in the posterior lobe with both 
lobes restricted to the dorsal half of the valve. 
The lobes in Wimanicharion Hinz-Schallreuter, 
1993a, Andresia Hinz-Schallreuter, 1993a, 
Neokunmingella Zhang, 1974 and Vojbokalina 
Melnikova in Khazanovitch et al., 1984 are 
typically ventrally fused to form confluent 
anterior and posterior lobes (Hinz-Schallreuter 
1993a; Hou et al. 2002). Hipponicharion australis 

Fig. 11. Hipponicharion australis sp. nov. All from the upper Mernmerna Formation, all scale bars 200 µm 
unless otherwise stated.  A-C, Holotype, SAMP42205, sample DBS673; A, lateral view of left valve; B, oblique 
lateral view of left valve; C, dorsal view of left valve; D-F, SAMP42206, sample DBS593.5; D, oblique lateral 
view, scale bar is 500 µm; E, lateral view of right valve, scale bar is 500 µm; F, dorsal view, scale bar is 500 
µm; G-I, SAMP42207, sample DBS593.5; G, dorsal view; H, oblique dorsal view of left valve; I, lateral view 
of left valve. 
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sp. nov. is assigned to the genus based on its well 
developed hinge line, with discrete, prominent 
anterior and posterior lobes that parallel the valve 
margin. 

Although H. australis has characteristics 
typical of the genus, it cannot be accommodated 
within any previously described species. The type 
species, H. eos Matthew, 1886, is characterised 
by prominent, subequal and dorsally broadening 
anterior and posterior lobes subparallel to 
the valve outline (Siveter & Williams 1997). 
The anterior and posterior lobes are separated 
ventrally by a narrow gap (Siveter & Williams 
1997, pl. 6, figs 4-8). Siveter & Williams (1997) 
regarded two other species, Hipponicharion 
minus Matthew, 1894 and H. cavatum Matthew, 
1894, to be junior synonyms of the type species 
due to valve similarities. Hipponicharion geyeri 
described by Hinz-Schallreuter (1993a) from the 
Middle Cambrian of Morocco has a distinctly 
punctate shield. Hipponicharion hispanicum 
described by Gozalo & Hinz-Schallreuter (2002) 
from the early Cambrian of Spain differs from 
H. australis in the closer approach of the ventral 
ends of the anterodorsal and posterodorsal lobes. 
As H. australis sp. nov. does not conform to any 
of the established species within the genus, a new 
species is erected for this bradoriid. 

Distribution. Early Cambrian (Botoman; Pararaia 
janeae Zone) of South Australia, Flinders Ranges 
(upper Mernmerna Formation). 

Stratigraphic range. 501.18-559.32 m above the 
base of the DBS section.

Family ZHEXIELLIDAE Shu, 1990

Euzepaera Shu, 1990

1990 Euzepaera; Shu, p. 44.
2003 Euzepaera Shu; Melnikova, p. 397.
2006 Euzepaera Shu; Skovsted et al., p. 30.

Type species. Euzepaera hunanensis Shu, 1990.

Euzepaera sp. (Fig. 12A-H) 

2006 Euzepaera sp.; Skovsted et al., p. 30, fig. 
12.

Description. Moderately to strongly convex valves 
with the largest specimen 3.1 mm long and 2.6 
mm high. The hinge line is predominantly straight 
but can be slightly curved in the median part (Fig. 
12A). Valves range in shape from subtriangular 
to postplete with a V-shaped anterodorsal sulcus 
and a narrow lateroadmarginal ridge. Anterior and 
posterior margins can be curved to straight. Surface 
ornament consists of distinct circular pores (Fig. 
12D) of approximately 29 µm diameter, which are 
evenly distributed over the entire valve, with the 
exception of the anterodorsal sulcus. The pores 
are sealed internally by dome-shaped phosphatic 
pads (Fig. 12G-H). 

Discussion. Euzepaera sp. is a stratigraphically 
long-ranging taxon in the Donkey Bore Syncline 
and is predominantly represented by valve 
fragments exhibiting the distinctive punctate 
ornament. Although Euzepaera is not the only 
bradoriid genus which exhibits a punctate shell or 
pitted micro-ornamentation, all of the specimens 
from the Donkey Bore Syncline succession 
are considered to belong to a single species of 
Euzepaera. Epactridion portax, described by 
Bengtson (in Bengtson et al. 1990, figs 204-206) 
from the Parara Limestone in the Stansbury Basin, 
exhibits pitted valves in addition to a pronounced 
U-shaped ridge that runs parallel to the valve 
margin, a morphological feature absent from 
the Donkey Bore Syncline specimens, although 
the U-shaped ridge varies in prominence and 
is only weakly developed in small specimens. 
Hipponicharion geyeri, described by Hinz-
Schallreuter (1993a) from the Middle Cambrian 
of Morocco displays punctate valves, although 
the presence of well defined posterior and anterior 
lobes distinguish the species from Euzepaera. 
Euzepaera is also distinguished by the phosphatic 
pads that seal the pores internally. Euzepaera 
sp. from the Mernmerna Formation is similar to 
Euzepaera huanensis Shu, 1990 from China and 
Euzepaera foveata Melnikova, 2003 from Malyi 
Karatau, but is differentiated from both species 
by the development of a low node in front of 
the anterodorsal sulcus and the subtriangular 
lateral valve outline. The specimens illustrated 
herein probably belong to the same species of 
Euzepaera as specimens of similar age and 
morphology described by Skovsted et al. (2006) 
from the Mernmerna Formation of the Bunkers 

Fig. 12. Euzepaera sp. All from the Mernmerna Formation, all scale bars 500 µm unless otherwise stated. A, 
lateral view of left valve, SAMP42208, sample DBS300; B, lateral view of right valve, SAMP42209, sample 
DBS673; C-D, SAMP42210, sample DBS300; C, lateral view of right valve; D, magnification of external 
ornament of right valve, scale bar is 50 µm; E-F, SAMP42211, sample DBS673; E, lateral view of right valve; 
F, oblique lateral view of right valve; G, interior view of fragmentary valve, SAMP42212, sample DBS300; H, 
magnification of interior surface, scale bar is 100 µm, SAMP42213, sample DBS673.   
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Range. Although both collections only contain 
fragmentary valves, the overlapping stratigraphic 
ranges, geographical proximity of the locations, 
as well as the morphological similarity supports 
this notion.

Distribution. Early Cambrian (Botoman; Pararaia 
bunyerooensis to Pararaia janeae Zones) of 
South Australia, Flinders Ranges (Mernmerna 
Formation).

Material. SAMP42208-42213 with an additional 
116 specimens. For distribution and abundance 
refer to appendix. 
 
Stratigraphic range. 88.33-601.74 m above the 
base of the DBS section.

Family COMPTALUTIDAE Öpik, 1968

Comptalutid gen. et sp. indet. (Fig. 14C-H)

Description. Equivalved, postplete shields 
generally with a well defined hinge line. 
Lateroadmarginal ridge in some specimens entire 
between cardinal corners, and situated close to 
and paralleling the valve margin (Fig. 14F, H). 
Lateroadmarginal ridge occasionally separated 
from the convex lobal surface by a continuous 
furrow (Fig. 14F-H). Lobal surface moderately 
to strongly inflated, generally without distinct 
anterodorsal or posterodorsal lobes. A bulbous, 
mid-dorsal arcuate node, orientated sub-parallel 
to the dorsal margin, with a weak, V-shaped 
depression is present in some specimens (Fig. 
14C). Retral swing is also obvious in a minority 
of specimens. The ornament is smooth or finely 
reticulate (Fig. 14E, G).

Discussion. The phosphatic valve composition 
and the possession of ‘sub-spicate’ dorsal margins 
led Jones & McKenzie (1980) to distinguish their 
Family Oepikalutidae from the Compatulidae, and 
referred the new family to the Phosphatocopida. 
Hinz-Schallreuter (1999) showed that the genera 
included in the Oepikalutidae by Jones & 
McKenzie (1980) are bradoriids, and included all 
other comptalutids in the Oepikalutidae. It was left 
to Hou et al. (2002) to show that Oepikalutidae is 
a junior synonym of Comptalutidae. The family 
Comptalutidae is characterised by equivalved, 

simple-hinged bradoriids with a narrow dorsum 
and an inflated lobal surface (Hou et al. 2002). 
A large number of genera have been recognised 
within the family Comptalutidae. Genera are 
usually recognised by the distinct configuration 
of lobes, although these lobes are often effaced in 
larger individuals. A large number of fragments 
have been recovered from the Donkey Bore 
Syncline exhibiting the typical comptalutid lateral 
outline, lateroadmarginal ridge and an inflated 
lobal area. However, the generic and specific 
assignment of these specimens is problematic.

Specimens that display a bulbous mid-dorsal 
arcuate node, oriented subparallel to the dorsal 
margin with a weak, V-shaped depression 
developed anterior of the node (Fig. 14C-D) 
resemble species of the genus Zepaera Fleming, 
1973. However, the distinct W-shaped ornament 
formed by the conjunction of various lobes and 
ridges, characteristic of Zepaera bandeli Hinz-
Schallreuter, 1999 and Zepaera rete Fleming, 
1973 is not observed in any of the specimens 
from the Donkey Bore Syncline. The genus 
Kunyangella Huo, 1965 is also characterised by 
a bulbous mid-dorsal arcuate node, with a weak, 
V-shaped depression, but it typically exhibits a 
smooth shield, while the Donkey Bore Syncline 
specimens displaying a mid-dorsal arcuate node 
and a V-shaped depression typically exhibit a 
reticulate ornament (Fig. 14C-E).

The genus Quetopsis Hinz-Schallreuter, 
1999 is characterised by large, inflated shields 
exhibiting an extreme retral swing in larger 
growth stages and lack any lobation throughout 
ontogeny. The majority of comptalutid specimens 
recovered from the Mernmerna Formation in the 
Donkey Bore Syncline are superficially similar 
to Quetopsis, displaying large, smooth, inflated 
shields without any lobation. Skovsted et al. 
(2006) regarded the holotype and the majority 
of specimens of Quetopsis as poorly preserved 
specimens of Zepaera, and the status of this genus 
remains uncertain. In the Donkey Bore Syncline, 
comptalutids are represented by sparse specimens 
that are often fragmentary and severely abraded. 
Consequently, the new specimens are left under 
open nomenclature.

Distribution. The family Comptalutidae is 
found in the early Cambrian of China (Sichuan 
and Yunnan provinces); Siberia (Trans-Baikal 

Fig. 13. Onagrocharion tuberosus gen. et sp. nov.  Specimen from the upper Mernmerna Formation, all scale 
bars 500 µm unless otherwise stated.  A-H, holotype, SAMP42214, sample DBS673; A, lateral view of right 
valve; B, oblique view from posterior; C, oblique dorsal view of right valve; D, oblique view from anterior; 
E, dorsal view of right valve; F, dorsal view of posterodorsal lobe, scale bar is 100 µm; G, magnification of 
anterodorsal lobe, scale bar is 100 µm; H, magnification of exterior ornament on anterodorsal lobe, scale bar 
is 20 µm.
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Region); and Australia.

Material. SAMP42215-42216 with an additional 
28 specimens. For distribution and abundance 
refer to appendix. 

Stratigraphic range. 259.81-571.03 m above the 
base of the DBS section.

Family UNCERTAIN

Onagrocharion gen. nov.

Type species. Onagrocharion tuberosus gen. et 
sp. nov.

E t y m o l o g y .  D e r i v e d  f r o m  t h e  g e n u s 
Hipponicharion, and from the Greek onagros, wild 
ass/donkey; referring to the locality (Donkey Bore 
Syncline) where the species was discovered.

Diagnosis. Head-shield subamplete to weakly 
subtriangular with valve length marginally greater 
than valve height. Well defined and straight 
hinge-line with a smooth, convex valve margin, 
lateroadmarginal ridge absent. Anterodorsal 
and posterodorsal lobes well developed, the 
anterodorsal lobe of greater relief in comparison. 
Anterodorsal lobe subovate and extends half of 
valve height, indented by a narrow furrow and 
is bent posteriorly. Posterodorsal lobe present as 
a narrow ridge extending 70% of valve height. 
Anterodorsal triangular depression present. Outer 
surface sculpture of two orders of tubercles.

Discussion. Onagrocharion tuberosus gen. et 
sp. nov. cannot confidently be assigned to any of 
the families established in the Order Bradoriida. 
The presence of distinct linear anterodorsal and 
posterodorsal nodes are characteristic of the 
Hipponicharionidae (Siveter & Williams 1997). 
The presence of a well developed hinge line and 
a vague subtriangular lateral valve outline further 
supports designation to the Hipponicharionidae. 
However, these morphological features are not 
solely indicative of the Hipponicharionidae. 
The Beyrichonidae and Kunmingellidae are also 
characterised by subamplete to postplete, lobate 
valves with a well developed hinge-line and a 

subtriangular lateral valve outline. In addition, an 
anterodorsal cusp distinguishes members of the 
Kunmingellidae. Onagrocharion tuberosus differs 
from most taxa assigned to the Beyrichonidae 
by exhibiting prominent anterodorsal and 
posterodorsal nodes that are significantly extended 
ventrally. The anterior lobe in the Kunmingellidae 
is generally a node, rarely elongate and is not seen 
extending half valve height as in O. tuberosus. 
A significant morphological feature absent 
from O. tuberosus is the lateroadmarginal ridge. 
The lateroadmarginal ridge is typically present 
in all three families mentioned above and is 
represented by a narrow ridge, entire between 
the cardinal corners in the Kunmingellidae 
and the Hipponicharionidae. However, in the 
Beyrichonidae, the lateroadmarginal ridge is not 
present in all species, but when present is narrow, 
entire between the cardinal corners. 

Onagrocharion tuberosus gen. et sp. nov. most 
closely resembles the genus Hipponicharion 
Matthew, 1886, but the resemblance is superficial 
with both genera exhibiting prominent discrete 
posterior and anterior lobes. Onagrocharion 
tuberosus does not possess a continuous narrow 
interoadmarginal ridge, which in Hipponicharion 
is typically separated from the lobate area 
by a well developed furrow. Furthermore, no 
documented species within Hipponicharion 
displays the distinctive tuberculate ornament seen 
in O. tuberosus. Onagrocharion tuberosus also 
shares similarities with the genus Kunmingella 
Huo, 1956 documented from the early Cambrian 
of China (Hou et al. 2002). Both genera share a 
long anterodorsal lobe, which in Kunmingella 
may be divided by a subvertical furrow. 
However, in O. tuberosus., the posterior lobe 
extends much further down the valve than in 
Kunmingella. Kunmingella also generally exhibits 
an anterodorsal cusp, a narrow lateroadmarginal 
ridge with the valve surface typically smooth or 
finely granulose. It is therefore reasonable to erect 
a new genus for this South Australian bradoriid. 
The characteristic ornament of two orders of 
tubercles is reminiscent of Spinospitella, but the 
well preserved posterolateral lobe and the absence 
of a sub-central spine clearly differentiates 
Onagrocharion from this genus.

Fig. 14. A-B, Onagrocharion tuberosus gen. et sp. nov.  All from the upper Mernmerna Formation. A-B, 
holotype, SAMP42214, sample DBS673; A, magnification of exterior valve ornament, scale bar is 50 µm; B, 
magnification of individual nodes of exterior valve ornament, scale bar is 10 µm.  C-H, Comptalutid gen. et sp. 
indet. C-E, SAMP42215, sample DBS673; C, lateral view of valve, scale bar is 100 µm; D, oblique lateral view 
of valve, scale bar is 100 µm; E, magnification of exterior ornament, scale bar is 20 µm; F-H, SAMP42216, 
sample DBS689; F, lateral view of bivalved shield, scale bar is 100 µm; G, magnification of exterior ornament, 
scale bar is 20 µm; H, oblique lateral view of bivalved shield, scale bar is 100 µm. I-J, Indet. Bradoriida gen. 
and sp. I-J, SAMP42217, sample DBS673; I, lateral view of left valve, scale bar is 500 µm; J, magnification of 
posterodorsal valve margin, scale bar is 100 µm.
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Onagrocharion tuberosus gen. et sp. nov. (Figs 
13A-H, 14A-B)

Etymology. Derived from the Greek, tuberosus, 
full of lumps or protuberances. In reference to the 
distinctive tuberculate ornament. 

Diagnosis. As for genus.

Type material. Holotype: SAMP42214 (Figs 13A-
H, 14A-B) from sample number DBS673, 559 m 
above the base of the section, upper Mernmerna 
Formation, Donkey Bore Syncline. 

Description. Small size (2.01 mm in length 
and 1.75 mm in height), postplete to weakly 
subtriangular shield with a well defined straight 
hinge-line. Valve margin smooth, slightly convex 
without lateroadmarginal ridge. Anterodorsal lobe 
strongly developed, subovate to elongate and is 
slightly indented by a narrow furrow (Fig. 13A). 
Anterodorsal lobe slightly bent posteriorly and 
extending for half of valve height. Posterodorsal 
lobe resembles a narrow ridge extending up to 
70% of valve height (Fig. 13A). Posterodorsal 
lobe is subdued in relief in comparison to the 
anterodorsal lobe and is bent anteriorly, paralleling 
valve margin. The valve is weakly convex with 
an anterodorsal triangular depression posterior of 
the anterodorsal node. External ornament consists 
of uniformly spaced, blunt-ended first order 
tubercles of approximately 18 µm in diameter, 
surrounded by discrete, smaller, rounded second 
order tubercles (Fig. 14A). The smaller, rounded 
second order tubercles are approximately 3 µm 
in diameter. The larger first order tubercles are 
capped with a smaller, rounded node-like tip 
(Fig. 14B). 

Discussion. The erection of this new genus and 
species is based on three specimens recovered 
from the upper Mernmerna Formation. Whilst 
two specimens are fragmentary, they are readily 
identified as O. tuberosus due to the characteristic 
exterior valve ornament. The distinct ornament 
has not previously been documented from any 
bradoriid species and is herein considered to be 
a defining characteristic. The morphology of the 
valves is evident from one superbly preserved 
right valve (Figs 13A-H, 14A-B). 

The ornament of O. tuberosus resembles 
the external ornament of the pyramidal sclerite 
Chalasiocranos exquisitum described by Brock 
& Cooper (1993) from the Ramsay Limestone of 
the Stansbury Basin. Chalasiocranos exquisitum 
displays two orders of tubercles with the first 
order, larger tubercles surrounded by a circlet of 
7-9 smaller, discrete rounded tubercles. However, 

the secondary tubercles of O. tuberosus do not 
surround the large, first order tubercles in such a 
structured arrangement as in C. exquisitum. The 
typical bradoriid shape of the valves is also very 
different from the cap-like shape of C. exquisitum. 
As mentioned above, similarities in ornament 
to Spinospitella is also noticeable. In particular, 
juveniles of Spinospitella from the Bunkers Range 
have a reticulated external ornament with subdued 
second order spines covering much of the valve 
surface (Skovsted et al. 2006, fig. 8F), and this 
ornament may approach the tuberculate ornament 
of O. tuberosus.

Distribution. Early Cambrian (Botoman; Pararaia 
janeae Zone) of South Australia, Flinders Ranges 
(upper Mernmerna Formation). 

Stratigraphic range. 559.32 m above the base of 
the DBS section.

Indet. Bradoriida gen. and sp. (Fig. 14I-J) 

Description. Slightly postplete valve with a 
subtriangular outline. The valve is approximately 
1.82 mm in length and 1.62 mm in height 
with a well developed hinge line. Hinge line 
is straight with a slight dorsal cusp (Fig. 14I). 
Lateroadmarginal ridge narrow and diffuse. 
Lobal surface moderately convex without distinct 
anterodorsal or posterodorsal lobations. A narrow, 
low ridge runs from the posterior cardinal corner 
towards the lobal surface of the valve (Fig. 14J). 
Outer surface of the valve is smooth. 

Discussion. This species is represented by a solitary, 
fragmentary specimen from the upper Mernmerna 
Formation in the Donkey Bore Syncline. 
The specimen shares a similar subtriangular 
shape to genera of the Hipponicharionidae and 
Beyrichonidae, such as Albrunnicola Martinsson, 
1979 and Beyrichona Matthew, 1886. However, 
the absence of anterior and posterior lobes do 
not allow assignment to the Hipponicharionidae, 
and although lobation is generally subdued in 
Beyrichonidae, anterior and posterior lobes of the 
Beyrichonidae are still easily visible. Although 
members of the family Comptalutidae may 
exhibit smooth, convex valves without lobation 
(Hinz-Schallreuter 1999; Skovsted et al. 2006), 
the Comptalutidae generally exhibit strongly 
postplete valves and rarely have a subtriangular 
valve outline. Due to the paucity of material 
and lack of distinguishing characteristics, the 
solitary specimen from the Donkey Bore Syncline 
precludes precise taxonomic designation and is 
herein left under open nomenclature. 
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Distribution. Early Cambrian (Botoman; Pararaia 
janeae Zone) of South Australia, Flinders Ranges 
(upper Mernmerna Formation). 

Material. SAMP42217. For distribution and 
abundance refer to appendix. 

Stratigraphic range. 559.32 m above the base of 
the DBS section.
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APPENDIX
Distribution and abundance of bradoriid taxa from the lower Cambrian (Botoman) Mernmerna Formation at 
Donkey Bore Syncline, South Australia. Samples shown in stratigraphic order (oldest at the bottom of the table). 
Only productive samples are shown. Thick black line separates lower and upper Mernmerna Formation.
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742.8/ 610 m 2 1
731/ 601 m 1 2
703/ 581 m 3 3
699.5/ 578 m 11
689/ 571 m 11 4 4 1
684/ 567 m 24 6 3 3 1 1
673/ 559 m 27 13 8 6 1 1 1 3 1 3 1
593.5/ 501 m 11 2 4
589/ 497 m 10 3 4 2
392/ 339 m 3
340/ 294 m 3
300/ 259 m 1 2
290/ 251 m 6
191/ 165 m 6
170/ 147 m 1
151/ 130 m 2
102/ 88 m 2
Total number of 
specimens 122 30 26 9 3 3 2 4 5 3 1


