




Biostratigraphyof Oevonianmicrovertebrates 429

Figure6 A, palaeoniscoidindet., crown view of scaleQMF 31846,x30, 50192/60m.
B, ?ptyctodontidindet., lateral view of probablesupragnathalQMF 31847,x20, 50111/29m.
C-F, palaeoniscoidindet. tooth-bearingplates.C, latero-basalview of QMF 31848,x75, 50204/95m. 0, top
view of QMF 31849,x35, 50204/120m. E, top view of QMF 31850,x65, 5015/148.5m. F, top view of QMF
31851,x90, 50210/87.7m.
G,H, arthrodireindet. injragnathalfFagment,G, lingual, H, labial views of QMF 31852,x30, 50198/67.6m.
I, placodermindet., crown view of scaleQMF 31855,x55, 50238/227m.
J, arthrodireindet., crownview of scaleQMF 31853,x60, 50170/200m.
K, L, placodermindet. K, lateral view x30, L, crown view x35 of scaleQMF 31854,50128/130.8m.
M,N, thelodontindet. M, crown view, N, basalview of scaleQMF 31856,x60, 5AG/26.8m.
O,P, ?ptyctodontidindet. quadrate,QMF 31857,x20, 5015/145.6m.
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shallow groove runs parallel to the dorsal margin
(Figure 6H); on the other lateral surface a narrow
lengthwise ledge is found in the same position
(Figure 6G). The posterior part of the bone is
broken (Figure 6G).

The scale QMF 31853 (Figure 6J) measures 1mm
across the greatest diameter, with a gently convex
base and no discrete neck. The ornament consists
of a central area of low, broad, closely-packed
tubercles gently tapering to a rounded point at the
top, with a subcircular cross-section, and up to ten
irregularly radiating, sometimes bifurcating,
ridges, and small, indistinct nodes on the margins
of the scale.

Discussion
Young (1993) mentions the presence in the

Broken River Formation of large eubrachythoracid
arthrodires, such as the homostiid Atlantidosteus.
However, homostiids have a different type of
infragnathal from that described here (G C Young,
pers. comm.).

Infragnathals have been described from other
Australian arthrodires, all eubrachythoracids:
Goodrdigbeeon australianum from the Early
Devonian Taemas Formation at Taemas and Wee
Jasper, NSW (White 1978), and from the Frasnian
Gogo Formation in WA Harrytoombsia elegans,
Camuropiscis concinnus, Rolfosteus canningensis,
Tubonasus lennardensis, Bruntonichthys multidens,
Bullerichthys fascidens, kendrickichthys cavernosus,
Incisoscutum ritchiei and Latocamurus coulthardi
(Miles and Dennis 1979; Dennis and Miles 1979a,
1979b, 1980, 1981; Long 1988). While the Broken
River specimen does not strongly resemble anyone
of these published forms, it does have some
common characters.

Arthrodire infragnathals consist of two main
regions - the anterior biting region, usually
accupying approximately half the total length of
the bone, and commonly bearing one or more rows
of teeth, and a posterior expanded blade (Miles
and Westoll 1968; White 1978; Miles and Dennis
1979; Dennis and Miles 1979a, 1979b, 1980, 1981).
This specimen is interpreted as part of the anterior
biting region of the infragnathal, with the posterior
blade missing. It possesses, in common with other
described specimens, the deep ventral longitudinal
groove for meckels cartilage, a shallow groove on
the lateral surface, and denticles or teeth in the
biting region. The Broken River specimen differs
from previously described specimens in the
anterior region, the position of the shallow lateral
groove, and the shape and position of the denticles.

The deep ventral groove, found in the Broken
River specimen, is commonly, but not always,
present in arthrodire infragnathals. A ventral
groove for the mentomeckelian bone has been
described in Goodradigbeeon (White 1978),
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Bruntonichthys, Bullerichthys and Kendrickichthys
(Dennis and Miles 1980), and in Northern
Hemisphere arthrodires Coccosteus cuspidatus,
Dunkleosteus, Titanichthys, Malerosteus and some
arctolepids, from the Middle Old Red Sandstone of
Scotland (Miles and Westoll1968).

The shallow lateral groove extends to the
anterodorsal edge of the specimen (Figure 6H). A
similar shallow groove, on the mesial surface and
interpreted as the possible path of the ramus
mandibularis internus VII, is reported in
infragnathals of Coccosteus, Harrytoombsia,
Camuropiscis, Rolfosteus and Incisoscutum (Miles and
Westoll 1968; Miles and Dennis 1979; Dennis and
Miles 1979a, 1979b, 1981), but occurring only on
the posterior blade region parallel to the ventral
margin, not on the anterior biting region as in the
Broken River specimen. A shallow mesial groove
has not been reported in Goodradigbeeon,
Bruntonichthys, Bullerichthys, Kendrickichthys or
Latocamurus (White 1978; Dennis and Miles 1980;
Long 1988).

The nature of teeth on the biting region varies,
and in some genera is difficult to determine as a
result of the amount of wear caused by either the
anterior or posterior supragnathal, or both (e.g.
Dennis and Miles 1980). Camuropiscis,
Bruntonichthys and Incisoscutum, for example, have
two dorsal or mesial rows of teeth and a short
anterior row of symphysial teeth (Dennis and Miles
1979a, 1980, 1981). The unworn part of the dorsal
tooth row in Bullerichthys comprises ten pointed,
forward-facing teeth, smallest posteriorly (Dennis
and Miles 1980). Tubonasus, in contrast, has
shearing edges on the infragnathal rather than a
biting surface with teeth (Dennis and Miles 1979b),
while Goodradigbeeon has no apparent teeth or
cutting edges (White 1978).

The spatulate denticles on the dorsal edge of the
Broken River specimen differ from these other
arthrodires. The biting region is not flattened, but
the denticles are aligned longitudinally aong a
narrow dorsal ridge. There are no anterior
symphysial teeth; the anterior extremity of the
Broken River infragnathal narrows and extends
slightly ventrally, in contrast to the dorsally­
curving anterior end of other described
infragnathals (e.g. Camuropiscis Dennis and Miles
1979a, figure 14a, b; Bullerichthys Dennis and Miles
1980, figure 12A, C; Kendrickichthys Dennis and
Miles 1980, figure 20A, B).

Abundant buchanosteid-type scales occur in the
Emsian Taemas-Buchan fauna (Schultze 1968;
Giffin 1980; G.c. Young, pers. comm.), in horizons
of a comparable age to those at Broken River where
only a single similar specimen was recovered,
despite extensive sampling (particularly in section
SD170). These two regions, although separated by
approximately 2000 km, were both shallow marine
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environments situated on the northeastern margin
of Gondwana during the Oevonian (Scotese and
McKerrow 1990), and so could be expected to have
similar faunas. Indeed, preliminary studies of
microvertebrate faunas from Buchan and Taemas
reveal cheiracanthoid and nostolepid scales and
onychodontid teeth, not unlike those found at
Broken River.

Order Ptyctodontida Gross, 1932

Family Ptyctodontidae Woodward, 1891

?Ptyctodontid indet.
Figures 6B, 0, P

Material
One probable supragnathal (upper toothplate)

fragment (QMF 31847; Figure 6B) and one quadrate
(QMF 31857; Figures 60, P).

Localities
QMF 31847: SOl11/29 m; Oosey Limestone.
QMF 31857: S015/145.6 m; Papilio Formation.

Stratigraphic levels
QMF 31847: Eifelian (ensensis Zone).
QMF 31857: Givetian (Middle varcus Zone).

Remarks
Specimen QMF 31847 (supragnathal) is placed

tentatively in the family Ptyctodontidae as is has a
wedge-shaped cross-section similar to Ctenurella
gardineri (and as reported by Watson 1938 in
Rhamphodopsis) and the anteroventral corner of the
biting edge extended into a slight, rounded beak as
in C. gardineri and Campbellodus decipiens (Miles and
Young 1977). The Broken River specimen also
resembles figured Rhynchodus-type supragnathals
from the Frasnian and Famennian of Iran (Lelievre
et al. 1981: figure 23A,B). The broken dorsal edge
of the specimen prevents observing the presence of
an anterior dorsal process, found in Ctenurella,
Campbellodus and Rhamphodopsis trispinauts (Miles
1967; Miles and Young 1977). The mesial surface
just behind the anterior margin lacks the grooves
common in ptyctodontids (Miles and Young 1977).

Specimen QMF 31857 (quadrate) is also placed
tentatively in this family as it is similar to a
quadrate of C. gardineri (Miles and Young 1977)
recovered from the Frasnian Gogo Formation. This
specimen differs from C. gardineri, however, in
lacking the lateral and mesial ridges adjacent to the
main shaft of the bone that articulated with the
upper toothplate, and in possessing an articular
process (arrow in Figure 6P) at the posteroventral
end. Indeed, any placoderm group without dermal
bones in the cheek (e.g. phyllolepids) could have a
quadrate similar to this specimen (G.c. Young,
pers. comm.).
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Description
QMF 31847: The 2 mm long fragment is

incomplete dorsally and posteriorly, with open
spongy bone visible along the dorsal margin. the
anterior margin is extended ventrally into a slight,
rounded beak. The surface is unornamented and
shows no evidence of lamellae or grooves.

QMF 31857: This fragment is about 2.5 mm long.
The open, flared anterior end (Figure 60) is hollow
for about half the total length of the fragment. The
opposite, posteroventral end has a solid, rounded
condyle, interpreted as the articulating surface
with the articular bone of the mandibular joint, and
a separate shallow, hollow cylindrical process
(arrow in Figure 6P).

Discussion
Quadrates from several arthrodires from the

Frasnian Gogo Formation have been figured and
described; none resemble the Broken River
specimen. The quadrate of Camuropiscis is co­
ossified with the palatoquadrate (Oennis and Miles
1979a), and that of Rolfosteus and Kendrickichthys
with the postsuborbital plate (Oennis and Miles
1979b, 1980). In Incisoscutum and Latocamurus the
quadrate is a separate, elongate bone (Oennis and
Miles 1981; Long 1988).

Ptyctodontids had a pair of upper and lower
toothplates that operated by crushing, grinding or
shearing (Oenison 1978). Ctenurella, Campbellodus
and Rhamphodopsis have a shearing edge on the
lingual surface (Miles 1967; Miles and Young 1977),
whereas the biting areas of Ptyctodus and
Palaeomylus bear tritors and rounded tritoral cusps,
respectively (0rvig 1960). The family has been
reported from the Early Oevonian of Iran and the
Soviet Arctic, the Emsian Taemas-Buchan fauna of
southeastern Australia, and the Eifelian to
Famennian of North America, Europe, Scotland,
former USSR, Iran, Libya and Australia (Hussakof
and Bryant 1918; 0rvig 1960; Miles 1967; Miles and
Young 1977; Oenison 1978; Lelievre et al. 1981,
1988).

Placoderm indet.
Figures 61, K, L

Material
Three scales (QMF 31854,5 and one other).

Localities
S0128/137 m and S0238/227 m; Papilio

Formation.

Stratigraphic level
Givetian (varcus Zone).

Description
The figured scales measure 1.1-1.2 mm along the
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greatest diameter, and have a gently convex or flat
base. The crown ornament consists of a central area
of posteriorly-inclined, pointed, stellate tubercles.
In one specimen (Figure 6K, L), the tubercles are
closely-packed, with larger ones in the centre; in
the other figured specimen (Figure 61) the tubercles
are more widely spaced. In both specimens the
central tuberculated region of the crown is
surrounded by a marginal area of small rounded
nodes in concentric rows.

Discussion
Similar scales are figured by Obruchev and

Karatajute-Talimaa (1967, plate I, figure 9),
assigned to a rhenanid related to Radotina from the
Early Devonian of eastern Europe; by Goujet (1976,
plate 62, figures 12 and 14), assigned to an
indeterminate radotinid from the Lochkovian­
Pragian of France; and mentioned by Turner and
Murphy (1988) from the Pragian Martin's Well
Limestone at Broken River and from the Early
Oevonian of NSW.

Class Teleostomi

Subclass Osteichthyes Huxley, 1880

Infraclass Crossopterygii Huxley, 1861

Order Struniiformes lessen, 1966

Family Onychodontidae Woodward, 1891

Onychodontid indet.
Figures 5A~

Material
430 whole or parts of teeth (QMF 31834-5 and

428 others; Figures 5A, B); Two scale fragments
(QMF 31836-7; Figures 5C, 0); Eight tooth-bearing
bone fragments (QMF 31838-9 and six others;
Figures 5E~).

Localities
QMF 31834-5: 5015/14.2-213.8 m, 50111/31­

240 m, 50128/54.3-201.5 m, 50130/3.6-63.5 m,
50131/92.1-207.4 m, 50146/429.5 m, 50164/80.8­
124.1 m, 50170/200-850 m, 50192/0-60 m,
50198/111.9 m, 50204/95-120 m, 50210/69.7-104
m, 50216/0-107 m, 5AG/16.1-112 m and 5AGW/
17.1-20 m; Papilio and Bracteata formations,
Lomandra, Oosey, Spanner, 5tanley and Chinaman
Creek limestones.

QMF 31836-7: 50164/24.7 m; Papilio Formation.
QMF 31838-9: 5015/107.9 m, 50128/104.2-118.8

m, 50204/114.2-115.9 m, 50210/87.7 m and
50216/29.2 m; Papilio Formation and Spanner
Limestone.

Stratigraphic ranges
QMF 31834-5: Emsian (serotinus Zone) to earliest

Frasnian (asymmetricus Zone).
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QMF 31836-7: Givetian (Upper varcus Zone).
QMF 31838-9: Givetian (Lower and Middle

varcus zones).

Remarks
The teeth are compatible with the description by

Wells (1944:44) of the prearticular and coronoid
series set in the jawbone between the longer, more
slender dentary teeth.

The scale fragments resemble the Onychodus
scales discussed and figured by Wells (1944:44,
figure 9c). Scales with ornament of horseshoe­
shaped dentides with a flattened or slightly
concave top face have also been described or
figured in the literature from porolepiforms and
dipnoans: on scales of the porolepiforms Heimenia
ensis 0rvig 1969 (figure 60) and Porolepis (0rvig
1957, figure 8C) along the anterior border, and
Laccognathus and Glyptolepis (0rvig 1957, figures
2B, 4C, lOB) on the overlapped portion; scales of
the onychodontid Onychodus (0rvig 1957, figures
7C, E); and the dipnoan Iowadipterus halli 5chultze,
1992 (figure 9A). However, in none of these scales
are the horseshoe-shaped tubercles interspersed
with smaller, rounded tubercles arranged linearly,
as in the Broken River specimens.

The tooth-bearing bone fragments resemble those
of Onychodus sp. (e.g. Wells 1944, plate 3, figure 37;
Vieth-Schreiner 1983, plate 4, figures 44-45), and
are socketed in the jawbone. However, these teeth
are smooth, in contrast to the striated teeth of
Onychodus.

Description
QMF 31834-5: The teeth are slender, conical and

curved with fine longitudinal striations; the
striations cover the whole surface of the cusp,
unlike the chondrichthyan phoebodont cusp
discussed above, with striations only on the labial
surface. Length ranges from 0.5 mm to
approximately 2.5 mm. The base of most
specimens is tapering and nonfluted.

QMF 31836-7: Surface ornament is of coarser
horseshoe-shaped, flattened denticles about 100 pm
long and 50 pm high, interspersed with rows of
finer tubercles (Figure 5C). The base of the scale
fragments is flat and unornamented.

QMF 31838-9: The fragments are up to about 2
mm long, with smooth, conical, socketed teeth up
to about 0.5 mm long. Broken cusps show a central
pulp cavity (Figures 5F, G).

Discussion
A specimen from the Emsian Spirifer yassensis

Limestone of the Murrumbidgee area, NSW,
described by 0rvig (1969, figure llc) as a pre­
maxillary of a struniiform crossopterygian, has
conical, socketed teeth with a central pulp cavity,
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as found in the Broken River specimens (Figures
5F, G). 5imilar specimens are currently emerging
from acid-leaching of material from Fish Hill, a
limestone outcrop approximately 10 km northeast
of 50216 (5. Turner, pers. comm.).

Onychodus sp. has been reported from the Early
to [,ate Oevonian of Australia, North America,
Europe and the Middle East (Wells 1944; Blieck et
al. 1980; Giffin 1980; Vieth-5chreiner 1983; Lelievre
et al. 1988; Turner and Murphy 1988). The
distinctive conical, finely striated teeth of
onychodontids are common in Australian
microvertebrate residues throughout the Oevonian
(5. Turner, pers. comm.).

Infraclass Dipnoi Muller 1844

?Dipnoan indet.
Figures 50, P

Material
One probable dipnoan toothplate (QMF 31845).

Locality
50131/117.7 m; Papilio Formation.

Stratigraphic level
Givetian (Middle varcus Zone).

Description
The specimen is about 1.5 mm long, and has

radiating rows of rounded conical denticles that
increase in size towards the outer edge of the plate.
The anterior edge of the fragment (to the bottom in
Figure 50) has closely-packed, smaller denticles.
The underside is slightly concave, unornamented,
and appears to be slightly rougher in texture than
the smooth denticles. Possibly the specimen has
split from the underlying bone along a basal pulp
cavity, so that the base of the toothplate is missing.

Discussion
Three types of lungfish are known from Fish Hill

at Broken River, approximately 10 km northeast of
the present study area (5. Turner, pers. comm.).

Cosmine scales
Figures 5H-J

Material
5ix scales or fragments (QMF 31840-2 and three

others).

Localities
5015/145.6-148.5 m, 50170/483 m, 50204/120

m, 50210/87.7 m, 50216/48.5 m; Papilio
Formation, Lomandra and 5panner limestones.
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Stratigraphic range
Eifelian (costatus Zone) and Givetian (Midd le

varcus Zone).

Remarks
Cosmine, a hard tissue composed of enamel plus

dentine and perforated by pores, formed the
surface layer of scales of Oevonian
crossopterygians and dipnoans.

Description
The scales have a shiny, coarsely porous surface

layer. The pores are of similar size, fairly closely­
packed, and regularly arranged (Figures 5H, I). The
pores may open obliquely within semi-elliptical
depressions (e.g. Figures 51, J), or directly to the
surface (Figure 5H).

Discussion
One scale (Figure 5H) has a square bse with a

deep, wide groove running across the scale, and is
much deeper than the others. It resembles
lepidotrichia of the dipnoan Dipterus described and
illustrated by Campbell and Barwick (1988, figures
29C, 30, 31A, B, C).

The semi-elliptical depressions in the cosmine
have been illustrated in porolepiform rhipidistians
(e.g. 5chultze 1977, plate 13, figure la) but are
absent in dipnoans, although this distinction may
not be apparent in Early Oevonian forms (V.
Karatajute-Talimaa, pers. comm., 1994; E. Mark­
Kurik, pers. comm., 1994). This generalisation may
not apply in all cases, however, since
porolepiforms and dipnoans are closely related
(Chang and 5mith 1992).

Infradass Adinopterygii

Order Palaeonisciformes Hay, 1929

Palaeoniscoid indet.
Figures 6A, C-F

Material
One scale (QMF 31846) and 34 tooth-bearing

plates (QMF 31848-51 and 30 others).

Localities
QMF 31836: 50192/60 m; 5tanley Limestone.
QMF 31848-51: 5015/148.5 m, 50128/78.2-196.6

m, 50130/73.6-143 m, 50131/92.1 m, 50204/95­
120 m, 50210/87.7 m, 50216/30.3 m and 5AG/
117.7 m; Papilio Formation, 5panner and
Chinaman Creek limestones.

Stratigraphic range
QMF 31836: Earliest Frasnian (asymmetricus

Zone).
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QMF 31848-51: Eifelian (ensensis Zone) to
Givetian (Upper varcus Zone), with one specimen
from a horizon older than ensensis Zone.

Remarks
The Broken River scale is a similar shape to those

of ?Moythomasia sp. figured by 5torrs (1987, figures
5.1 and 5.2) from the Givetian to Frasnian of Iowa,
although these scales lack the surface holes of the
Broken River specimen. Two scales figured by
Liszkowski and Racki (1992, figures 9F and 91),
described respectively as Moythomasia (?) sp. and
undet-ermined palaeoniscoid, resemble the Broken
River scale in general morphology.

Description
The slightly broken, abraded scale measures

almost 2 mm in length. It is thin and flat, and
ornamented with rows of irregularly spaced canal
pores. These rows of pores lie between the ganoine
ridges (Janvier 1974). The area of overlap by
adjacent scale(s) is smooth (5tamberg 1988). There
is evidence of a series of parallel ridges, now worn,
alongside the anterior margin. The posterior edge
extends into short, broad denticles (Figure 6A).

The thin, conical teeth are attached to plates or
bases (Figures 6C-F). The cusps range in length up
to about 0.6 mm. The bases are generally thin and
flat, and appear to consist of a less dense, bone-like
tissue in contrast with the smooth, dense cusp
material. Very few specimens have the acrodin tip
still intact; in these, the delineation between the
opaque enamel-eoated main part of the tooth and
the transparent tip is clearly marked.

Discussion
Moythomasia sp. is described as a whole specimen

from the late Middle and early Late Devonian of
Germany (Gross 1953) and the Frasnian Gogo
Formation of WA (Gardiner 1984), and reported
from Late Devonian unspecified horizons at
Pandanus Creek, Broken River, Queensland (Long
and Turner 1984), the Givetian of France (Lelievre
et al. 1986), and the Late Devonian of Iran (Bartram
1981). The Broken River scale differs in shape and
ornament from other Early and Middle Devonian
palaeoniscoid scales from eastern Australia, such
CE Ligulalepis toombsi (5chultze 1968; Giffin 1980)
and indeterminate palaeoniscoid scales (Giffin
1980, figure 11) from the Early Devonian Taemas
Formation.

The Broken River scale lacks the peg and socket
articulation so it may have come from the area near
the tail of the fish (Area D in Esin 1990, figure 2).
In such scales the length exceeds the height, the
peg and socket articulation is absent, and sculpture
on the free field area of the scale is minimal (Esin
1990). Also, the Broken River scale has a similar
rhombic shape to the Amblypterina costata
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(Eichwald) scale from Area D near the tail, figured
by Esin (1990, plate VIII, figure 1).

?Osteichthyan indet.
Figures 5K-N

Material
Fifteen toothplate fragments (QMF 31843,4 and

thirteen others).

Localities
5D15/66 m, 5D128/78.2-188.4 m, 5D131/117.7­

208.3 m, 5Dl64/24.7-117.7 m, 5D204/115.9-120 m
and 5D216/96.2 m; Papilio Formation and 5panner
Limestone.

Stratigraphic range
Givetian (Lower varcus to hermanni-cristatus

Zones).

Description
The fragments range up to about 2 mm long. The

top is covered by closely-packed, blunt spatulate
denticles (Figures 5L,M); the longer side of these
denticles is parallel to the longer edge of the
fragments. The denticles are up to 0.3 mm high,
and have a central pulp cavity (arrow in Figure
5L). The bony base has a wide shallow longitudinal
groove on the underside, and its surface appears
slightly porous and less dense than the surface of
the unornamented denticles.
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