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ABSTRACT

Pelecypods of Lower Permian (Sakmarian, Artinskian and Kungur.ian)
age are described. Two new genera, Pseudomyalina and Middalya, and seven
new species, Nuculana lyonsensis, N. thomasi, Stutchburia muderongensis,
Astartila fletcheri, Pseudomyalina obliqua, 8chizodus kennedyensis, and
Middalya johnstonei, are named. One other new species, Allorisma? sp. nov.,
and six other species, Glyptoleda sp., Parallelodon subtilistriatus Wanner,
Astartila blatchfordi (Hosking) , Atomodesrria exarta Beyrich, Undulomya
pleiopleura Fletcher, and Oriocrassatella stokesiEtheridge Junr., are discusse~

and figured. Aphanaia de Koninck is shown to be a synonym of Atomodesm(l
Beyrich. Correlations are made with faunas of a· similar age outside th0
Carnarvon Basin.
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INTRODUCTION

The Carnarvon (North-"West) Basin is situated north of Perth on the
western coast of Western Australia and extends from the Murchison River
area in the south to Onslow in the north.

Since 1948 extensive geological work has been carried out by the Bureau
of Mineral Resources in this basin, and it has been proved that Devonian,
Carboniferous, Permian, Mesozoic, and Cainozoic rocks are present. For
details of the stratigraphy reference can be made to Condon (.1955), and tu
earlier publications such as Raggatt (1936) and Teichert (1941, 1947, 1950
and 1952).

A thick sequence of Permian sediments is present; the maximum thickness
is estimated by Condon (1955, Table 1) to be about 13,800 feet. The
following sequence is recognized at the north end of the Kennedy Range:

Kungurian Binthalya Sub-group
Coolkilya Greywacke }KennedY Group

"Artinskian

Baker Formation
Norton Grevwacke
Wandagee Formation
Quinnanie Shale
Cundlego Formation
Bulgadoo Shale

"Mallens Greywacke
Coyrie Formation

W ooramel Sandstone
Callytharra Formation

Group

Sakmarian Lyons Group

In the Wandagee Station area, the geology of which has been described
by Teichert (loc. cit.) , the Nalbia Sandstone can be correlated with the
Norton Greywacke, and the bottom of the Coolkilya with the Baker Formation
(Thomas and Dickins, 1954; Condon, 1955).

The Permian rl)cks of the Carnarvon (North-West) Basin are particularly
suitable for a study of the faunas: the stratigraphy is well established and
deposition must have occurred during a large part of the time represented;
the faunas show that any non-depositional periods must have been of a
comparatively short duration.

Before field work was started in 1948 only a few species of those known
to occur in the Permian of Western Australia had been described: pelecypods
had been described by Foord (1890), Etheridge Junr. (1907 a, b), Hosking
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(1931, 1933), Prendergast (1935), and. Fletcher (194-5, 1946). Since then
many new forms have been discovered and ne"" material has added greatly
to the knowledge of those previously described.

During the preparation of this paper, much more material has come to
hand; this material will be described later. No attempt has been made to
describe the Pectinacea, which are being reserved for a separate study.

The following forms are described and figured:

Fam. Nuculanidae:

Fam' Parallelodontidae:
Fam. Edmondiidae:
Fam. Modiolopsidae:

Fam. ?
Fam. Myalinidae:

Fam. Arcomyidae:
Fam. Trigoniidae:
Fam. Crassatellidae:
Fam. Astartidae:

Nuculana lyonsensis sp. novo
Nuculana thomasi sp. novo
Clyptoleda sp.
Pamlielodon subtilistriatus Wanner 1922.
Stutchburia muderongensis sp.nov.
Astartila fletcheri sp. novo
Astartila blatchfordi (Hosking) 1931
Allorisma? sp. novo
Atomodesma exarata Beyrich 1864
Pseudomyalina obliqua gen. et sp. novo
Undulomya pleiopleura Fletcher 1946.
Schizodus kennedyensis sp. novo
Oriocrassatella stokesi Eth. jun. 1907.
Middalya johnstonei gen. et sp. novo

SYSTEMATIC DESCRIPTIONS

Fam. NUCULANlDAE Stoliczka.

Genus NUCULANA Link 1807.

Genotype: Arco rostrata Chemnitz (1784, page 200. Plate 55, figures 550
ilnd 551) - see Fletcher, 1954, page 302.

Discussion: Fletcher (idem) gives an account of the history of the
nomenclature of Nuculana. As he and other authors have shown, the generic
name Nuculana has priority over Leda.

NUCULANA LYONSENSIS sp. novo

(Plate L Figures 7-9)

Diagnosis: N. lyonsensis is an elongated form with the posterior part
much produced and the a~terior margin inflated and uniformly rounded.
The umbones do not project- conspicuously. The external ornamentation is
characterized by numerous ribs which form a shallow V bene2.th the umbo.

Description of Holotype (an internal impression of a right valve): the
umbones are upright and situated about one-third of the shell IEllFlgth from
the anterior margin. Beneath the umbo is a conspicuous ligament pit or
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chondrophore. Ten anterior and eleven posterior teeth are visible. the teeth
becoming small and obscure close to the umbo. The posterior part of the
dorsal margin and the ventral margin join in a curve, making an acute angle
of about 15 degrees with each other. The muscle scars are well marked; thp
anterior adductor is ovate, elongated dorso-ventral1y. and has the small
transverse scar of the pedal muscle above it. The posterior adductor scar 1S

also ovate and it is elongated along the sharp umbonal ridge.

Dimensions of holotype: Length 38 mm (estimated); height 18 mm;
thickness 4 mm.

Description of Paratypes: Paratype A (an internal impression of a left
valve) shows similar structure to the right, except that the chondrophore is
not conspicuous.

Paratype B (an external impression of a right valve) shows the external
ornamentation. The outer surface is furnished with ribs of a concentric
pattern. Below the umbo the ribs bend, the angle between the two arms of
the bend being approximately 145 degrees in the mature part of the shell.
Twenty-four ribs are visible.

Dimensions of Paratypes:

2 mm
6 mm

ThicknessHeight

10 mm
17 mm

Paratype A
Paratype B

Length

22 mm
34 mm

(estimated)

Occurrence: Holotype - C.P.C.* 734 (Reg. No. F17203), 3 miles west
of Moogooree Homestead, 1250 feet below top of the Lyons Group. Paratype
A - C.P.c. 735 (Reg. No. F17,203), as for holotype. Paratype B -- c.P.C.
736 (Reg. No. F17,203), as for holot}'"pe.

Discussion: In its shape N. lyonsensis closely resembles N. thompsoni
Reed (1932, page 43, Plate 10, figure 11) from the Agglomeratic Slate of
Kashmir. Reed (ibid, page 5) correlates the Agglomeratic Slate with the
Speckled Sandstone of the Salt Range. The Speckled Sandstone is overlain
by the Lower Productus Limestone. which appears to be of early Artinskian
age (Thomas and Dickins, 1954, page 222); this suggests that the Agglomeratic
Slate is at least in part of Sakmarian age, as the Speckled Sandstone contains
a Permian, not a Carboniferous, fauna. N. lyonsensis less closely resembles
N. basedowi Etheridge ·Junr (1907a. page 8, Plate 6. figure 6) from the
Permian of Treachery Bay, Northern Territory, which has a more inflated
anterior part and a less elongated. posterior part. N. lyonsensis also has a
rese~blance in shape to N. elo'ngata Treat (1933, page 53, Plate 6, figure 3)
from the Permian of Madagascar.

In its ornament N. lyonsensis shows some resemblance to the three species
placed by Fletcher (1945, page 298) in the genus Glyptoleda; but the ornament

·C.P.C. = Commonwealth PalaeO~ln-IO!!ical Collection. hnll,ed in the Bureau· of Mineral Resources. Canberra.

9



Ui much simpler than in any of these species. It may be intermediate in type
between that founa in Nuculana and that found in the derived specialized
genus GlyptoZeda.

NUCULANA THOMASI sp. novo

(Plate 1, Figures 1-2, 10).

Diagnosis: N: thomasi belongs to a group of Penuiall Nuculanids which
are small, not greatly elongated, and possess fine concentric ribbing. The
length of this species is less than twice the height, the umbones are upright,
and the outer surface is moderately convex. The posterior part of the dorsal
margin is not markedly concave.

Description of Holotype (right valve): The umbo is distinctly defined,
upright, and situated about one-third of the shell length from the anterior
margin. The umbonal angle is approximately 90 degrees. A sharp umbonal
ridge runs backwards to the posterior angle. The external surface is covered
with delicate concentric ribbing. Thirty-two ribs are visible.

Dimensions:
Length Height Thickness

Holot'ype 9.5 mm 6.5 mm 1.5 mm
Paratypes:
Paratype A (left valve) 10.0 mm 6.5 nun 1.5 nun
Paratype B (internal impression

of a left valve) .............................. 11.0 mm 7.0 mm 1.5 nun

Occurrence: Holotype - C.P.C. 737 (Reg. No. F17,077), 1i miles south
east of Muderong Bore, Middalya Station, Cookilya Greywacke. Paratype A
- C.P.C. 738 (Reg. No. F17,(03), just south of Baker's Bore, Middalya
Station, Cookilya Greywacke. Paratype B - C.P.C. 739 (Reg. No. F17,009),
t mile north of Paddys Outcamp, Middalya Station, Norton Greywacke.

Discussion: N. thomasi shows a close resemblance to N. ovata Laseron
(1910, page 219, Plate 15, figures 5-7) from the Upper Marine of New South
Wales. It resembles that species in its shape, the number of 'ribs, the flat
escutcheon, and the slightly concave posterior part of the dorsal margin.
However, the valves of N. ovata are more inflated, the umbo is situated
medially, the ventral margin is more curved, and the valves are larger.
N. thomasi shows some resemblance to N. subacuta Waagen (1881, page 248,
Plate 20, figures 1-2) from the Upper Productus Limestone of the Salt Range
of the Punjab. N. thomasi can be distinguished by its greater symmetry and
lesser posterior elongation. It can also be distinguished from N. basedowi
Etheridge Jun. (1907a, page 8, Plate 6, figure 6) from Treachery Bay,
Northern Australia, by its less inflated elliptical anterior margin and its
distinctly upright umbo.

The new species has been named after Mr. G. A. Thomas, Geologist of
the Bureau of Mineral Resources, Geology and Geophysics, by 'whom many
of the specimens described in this Bulletin were collected.

10



Genm GLYPTOLEDA Fletcher 1945.
Genotype: Glyptoleda reidi Fletcher (1945. page 299, Plate 19.· figures

1-5) designated by Fletcher (ihid. page 298).

GLYPTOLEDA sp.

(Plate 1, Figures 3-4).

Description: The shell is transversely elongated, with the anterior margin
evenly elliptical and the posterior part of the valves compressed to form an
acute angle at the rear. The mature external ornament is complex. The
small ribs in the youngest part of the shell near the umbo are concentric
and do not show any complexity. The ribs farther away from the umbo show
a shallow V; those on the mature part of the shell show the characteristic
complex ornamentation. The arms of the major Vs of the ribs are flatly
joined and exhibit a number of irregularities. On the anterior arms of the
continuous ribs there is at least one and sometimes two minor V-shaped
angulations. A maximum of three such angulations are present on the
posterior arms. The outer ribs, both anteriorly and posteriorly, do not join,
but cross the ventral margin of the shell at an angle of about 45 degrees.
An internal impression found at the same locality and perhaps belonging to
the same species shows part of the internal structure. Seventeen anterior
and sixteen posterior teeth are present, the teeth or denticles becoming smaller
and more obscure towards the umbo. The posterior set is incomplete. The
anterior muscle is more or less oval and divided into two parts: a dorsal and
posteriOl' smaller part, and an anterior ventral larger part. Possibly the dorsal
posterior part represents the pedal muscle. The posterior muscle cannot be
seen as this part of the impression is missing.

Dimensinns:
Figured Specimen A

(External impression of a
left valve)

Figured Specimen B
(Internal impression of a
right valve)........ .

Length

12 mm

25 mm

Height

6 mm

12 mm

Thickness

2 mm

5 mm

Occurrence: Figured Specimens A and B - C.P.c. 740 and 741 (Reg.
No. F17,104),1t miles south of Merlinleigh Homestead, Wandagee
Formation.

Discussion: The ornamentation of Glyptoleda sp. is different from that
of the other three described species of Glyptoleda. In the Queensland species,
G. reidi and G. glomerata, the ribbing is more or less concentric in the anterior
part of the shell.. In G. coleyi, from the Cundlego Formation of the Carnarvon
Basin, the anterior ribs are at a distinct angle to the ventral margin, as in
Glyptoleda sp., and, as far as can be ascertained, the external shapes are
similar. However, the arms of the Vs are more complex in Glyptoleda sp.
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These specimens probably represent a new species, but as the distinction
is based only on the ornamentation, the variation of which is unknown at
present, a decision is left until additional specimens are available.

Fam. PARALLELODONTIDAE Dall

Genus PARALLELODON Worthen 1866.

Genotype: Macrodon rugosus Buckman (1844, page 99, Plate 5, figure 5).

PARALLELODON SUBTILISTlUATUS Wanner :1922.

(Plate f, Figures 5-6, 11)

1922. Parallelodon subtilistriatus, vVanner, C., page 72, Plate 4, figure 4.

1940. Parallelodon subtilistriatus, vVanner, C., page 388. Plate 1, figure Y.

The external ornamentation is of two kinds: radial and concentric. The
radial ridges are fine and become more pronounced towards the posterior
part of the shell: there are four ridges to one millimetre near the ventral
margin. Two types of concentric ornamentation are present: coarse concen
tric growth ridges and fine concentric growth lines. The coarse ridges form
an imbricate structure, and, towards the outside of the shell, increase in
number and are less than one millimetre apart. The fine concentric growth
lines are hardly visible to the naked eye, and together with the radials form
a fine network over the surface of the shell. The muscle scars are distinct.
The anterior adductor scar, which is a little more than half way from the
umbo to the anterior margin, is oval in shape, elongated along and situated
on the inside of the umbonal ridge. The posterior adductor scar is oval. and
situated on the flattened area dorsal to the posterior umbonal ridge, close to
the posterior ventral angle.

The hinge has typical parailelodontid dentition consisting of three
posterior elongated denticles, with the dorsal one approximately.parallel to
the hinge margin, and the other two parallel to each other and slightly
oblique to the hinge margin. Two anterior denticles are visible; these are
curved backwards and downwards at an angle of about 45 degrees to the
hinge margin. Apparently other anterior denticles were present.

Dimensions: .

Hypotype A (external impression of a

right valve ) H"""""""

Hypotype B (internal impression of a

right valve) .
Internal impression of a left valve

(C.P.c. 744)........ ..
Internal impression of a right valve

(C.P.c. 745) ..............H .

Right valve Cc.P.e. 746) ......H .

Greatest Height Thickness
I.ength at Umbo

15 tnlu 9 mm 3.5 mm

12 nun 6 mm 3 mm

15 nIm 8 mm 3.5 mm

15 mm 8 mm 4 mm
16'rnm 8 mm 5 mm

12



Occurrence: Hypotype A - c.P.C. 742 (Reg. No. F17,049), t mile north·
west of Muderong Bore, Middalya Station, Coolkilya Greywacke, Hypotype
B ~ C.P.c. 743 (Reg. No. F17,049), same locality as for Hypotype A.

Other specimens -- c.P.c. 744-746 (Reg. No. F17.049). same locality as
for hypotypes, The species also occurs just south of Baker's Bore. Middalya
Station. in the Coolkilya Greywacke (Reg. No. 17,003).

Discussion: The Western Australian specimens cannot be distinguished
from P. subtilistriatus, originally described by 'Wanner from the Amarras.>i
beds of Timor and later reported by him from the Basleo Beds of Timor. The
shape and dimensions show no important difference, and even a smallinden-'
tation in the ventral margin is present in both. A possible but slight difference
is the more rounded posterior margin shown in the figures of P. subtilistriatus.

Wanner (1922. page 73; 1940, page 389) shows that a number of Permian
species greatly resemble P. subtilistriatus. P. subtilistriatus closely resembles
P. kingianus (Verneuil) (1845. page 313, Plate 19. figure 11) from the
Zechstein of Europe, and P. multistriatus Girty (1908, page 423, Plate 31,
figures 13-14a) and P. politusGirty (1908, page 424, Plate 9, figure 25) from
the Permian of the Guadalupe Mountains of the United States. P. sundiacum
Hamlet (1928, page 82, Plate 12, figure 18) from Timor is also similar to
P. subtilistriatus, and apparently only differs from that species in the absence
of- fine concentric ornamentation. Considerable variation in the concentric
and radial ornamentation is shown in shells collected at the same locality and
horizon at Baker's Bore. Middalya Station, and the maximum ornamentation
is that described above. However. in some specimens the concentric ornamen
tation is not visible, while in others the radial is not. The absence or presence
of the different types of ornamentation may be an original feature, but is
undoubtedly affected by preservation. The occurrence of specimens with
different types of ornamentation on the same piece of rock at Baker's Bore
(Reg. No. F17,003) .would suggest that a single interbreeding conununity IS

represented, and the types should not be separated specifically.

Fam. MODIOLOPSIDAE Fischer

Genus. STUTCHBURIA Etheridge Junr 1900.

Genotype: Stutchburia costata (Morris) (18+5, page 273. Plate t 1. figure
1), designated by Etheridge Junr (1900, page 180).

Discussion: Etheridge Junr (1900, page 179) has placed Stulchburia in
the family Solemyidae. .However, Solemya and Stutchburia are not closely
related - Solemya differs from Stutchburia in the presence of an internal
ligament, which is mainly anterior to the umbones, an obscur~ pallial line,
and gaping valves. Moreover, Solemya is a burrowing form, whereas
Stutchburia is found in what appear to be shell banks in shallow-water sandy
deposits with Schizodus, Oriocrassatella, and other Pelecypoda, and Gastropoda.
On the other hand Maslennikov (1935. page 74) has placed Stutchburia in
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the family Modiolapsidae. Stutchburia resembles Modiolopsis in the trans
verselyelongated shape, the anterior position of the umbones, the two subequal
muscle scars, the complete pallial line and the deep-seated extern31
ligament. l\1odioiopsis IS described as having cardinal and lateral
teeth (Fischer, 1887, page 990), but the presence of rudimentary teeth in
Modiolopsis would not necessarily preclude .its relationship to Stutchburia.
since the main hinge structure in both is the ligament. Similarly in some
species of M ytilus rudimentary teeth are developed but, oh a family level,
they are not generally regarded as important diagnostically. Again,
although the genus Netschajewia Licharew (1925. page 119) has been retained
by authors such as Branson' (1948, page 630) for Permian Stutchburia-like
forms in which a posterior lateral tooth is present, its relationship to Stutch
huria has not been questioned.

Many Permian forms which have been assigned to other genera will
undoubtedly. on further examination, be found to belong to the genus
Stutchburia. The genus Cleidophorus Hall (1847, page 300) was first used
to describe forms from rocks of Upper Ordovician age of North America, and
it is generally regarded as showing rudiments of taxodont dentition (Fischer,
1887, page 983; Zittel. 1927, page 440; Shimer and Shrock, 1944, page 377),
so that its use by Waagen (1881, page 225) to describe Permian forms with
no cardinal teeth, but a single posterior lateral, is not valid. Such forms
should be referred to Netscha;ewia. Wanner describes under the name
Myoconcha timorensis (1922, page 74, Plate 4, figures 5a-b,6; and 7a-b) a
form from the Permian of Timor in which an escutcheon and a' lunule are
present, and in which no dentition is visible. This species is probably a
Stutchburia, since Myoconcha J. de C. Sowerby (1824, page 103) is a triassic
genus, distinguished by the absence of a lunule and an escutcheon, and by
the presence of a single cardinal and a posterior lateral in the right valve.

Waagen (1881) described four species from the Productus Limestone of
the Salt Range of Punjab under the generic name Pleurophorus, In only one
of these, P. complanatus (page 220,Plate 18, figures 5-7), were cardinal teeth
observed, and it is thus possible that Stutchburia is also represented in the
Salt Range.

STUTCHBliRIA MUDF.RONGENSIS sp. novo

(Plate 1, Figures 1~-17,..)

Diagnosis: Shells of oval shape with the umbones nsmg very slightly
above the hinge line. The valve extends in front of the umbo fanning <i

readily distinguishable anteriorlobe, sothat the anierior muscle scar is situated
more or le$s in front of the umbo, a~d the buttress ridge behind the anterior
adductor i~ approximately vertical. The angle between the anterior and
posterior parts of the cardinal rnargjl} in maiVre specimens a~erages 135
degrees.

, , Description of Holotype (a bivalved kernel): The anteriortnuscle scar
is oval in shape, with the long direction more .or lessaf right angles to the

14



direction of elongation of the shell. It is limited behind by a deep buttress
ridge. Immediately above this scar, and between it and the umbo, is the
pedal scar. The posterior adductor is larger than the anterior adductor,
circular in shape and less distinct. The pallial line is simple and readily
visible in well preserved internal impressions. The hinge is edentulous with
a twist to the right immediately in front of the umbones, which are
imperfectly preserved in the holotype.

Dimensions of Hololype: Length 32 mm; height 16 mm; thickness 9.'5
mm; distance of umbo from anterior margin 6 mm; umbonal angle 145°.

Description of Paratypes: The cardinal margin is thickened, with a
distinct lunule anteriorly and a deep-seated narrow ligament groove behind
the umbo.' The groove extends from the anterior of the umbo and terminates
about half way towards the rear of the shell. The external surface of the
shell is ornamented only with concentric growth-lines. which vary in
prominence in different parts of the shell.

Dimensions of Paratypes:

Length

128°"
122°
143 0

A (Right valve)
B (Right valve)
C (Left valve) ....

33 mm
46 mm
40 mm

Height

14 mm
25 mm
19 mm

.Thickness

5 mm
8.5 mm

8 nun

Distance Umbonal
from angle
umbo to
anterior
margin
5 mm
5 mm

Other specimens:

IntHnal impression of
left valve (C.P.C.
1306) 'H"H' 20 nUll

Internal impression of
left valve (C.P.G
1307) H" 22 mm

9 mm

10 nun

2 mm

2.5 mm

1 mIn

2 mm

1120

110°

Occurrence: Holotype - C.P.C. 747 (Reg. No. F17,076), 1~ miles south
east of Muderong Bore, Middalya Station, Coolkilya Greywacke. Paratype
A - c.P.G. 748 (Reg. No. F17,076). same locality as for holotype. Paratype
B - c.P.C. 749 (Reg. No. F17,076), same locality as for holotype. Paratype
C (destroyed in fire) - (Reg. No. F17,076), same locality as holotype.
Paratype D (destroyed in fire) - (Reg. No. F17,076), same locality as
holotype. Other specimens - C.P.G. 1306 and 1307 (Reg. No. F17,115),
2t miles north-west of Baker's Bore. Middalya Station, Coolkilya Greywacke.

Discussion: The specimens from near Baker's Bore differ slightly from
those collected at the type locality near Muderong Bore. They have a more
curved cardinal' margin which gives them an even more ovate outline, and
the angle between the anterior and posterior parts of the hinge margin is
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less. However, the growth lines of specimens from the type locality show
that younger specimens from here are more ovate and have a smalIerumbohal
angle. As the specimens from near Baker's Bore are smaller and correspond
to growth stages of S. muderongensis, it is concluded that they belong to the
same species.

S. muderongensis differs from S. biplex (de Koninck) (1877. page 282~

Plate 19, figure 7) from Wollongong, New South \Vales, in having a more
prominent umbo and in lacking oblique ribs (the type specimens of S. biplex
have been destroyed and the species has not been re-established on other
specimens). It also differs from the other described Australian species in th~

more obtuse umbonal angle.

Externally S. muderongensis most closely resembles "Pleurophorus"
subovalis Waagen (1881, page 219, Plate 18, figures 2-3) from the upper
Middle and lower Upper Productus Limestone of the Salt Range of the Punjab.
Howevel, Waagen states that in the latter species ",a posterior lateral is
apparently visible". If this is so then this species belongs to another genus
and is not closely related to the Australian species.

Fam. EDMONDIIDAE King.

Genus ASTARTILA Dana, emend. Fletcher 1929.

1847. Astartila, Dana, page 155.
1849. Astartila, Dana, page 688.
1929. Astartila, Fletcher, page 53.
1931. Cardiomorpha, Hosking, page 30.
1933. Cardiomorpha, Hosking, page 55.

Genotype: Astartila intrepida Dana (1847. page 155; 1849. page 689.
Plate 3, figure 5), hereby designated.

Diagnosis: Equivalved inequilateral shells; with an opisthodetic external
ligament lodged in a narrow groove extending backwards from the umbo,
and without a distinctly marked lunule. Th~ cardinal margin is slightly
thickened, but there is no hinge plate. The umbones are distinct and turned
inwards towards the front. The two sub-equal adductor muscle scars are
well marked; the posterior is larger and less deeply. impressed. The mark
of a small pedal scar is above the anterior adductor..-

Discussion: Both the species referred in this BUlletin to Astartila show
an ill-defined tooth in the right valve fitting into a socket in the left. A
similar feature has been noticed by the author in specimens of Astartila from
New South Wales, particularly in specimens which he has referred to A.
compressa Fletcher (1929, page 58, Plate 28, figures 6-11), from Flat Rock
Creek, Jervis Bay, south of Sydney. It seems likely that this is a generic
feature.

In examining the species from Western Australia, it becomes necessary
to examine the relationship of Astartila and CardiomorpJuz. It is concluded

16



that none of the Australian species previously referred to Carrliomorpha
belong to this genus. Carrliomorpha blatchfordi Hosking (1931, page 30,
Plate 7, figures 4a-b and 5), from the VVooramel River of the Carnarvon
Basin of vVestern Australia, should be referred to the genus Astartila, and
Carrliomorpha gryphoirles de Koninck (1877, page 268, Plate 18, figure 4),
Cl well established form from Eastern Australia. is more closely related to the
genus Astartila th~n to the genus Cardiomorpha. De Koninck's form is large.
with prominently developed beaks, and has the hinge structure and general
muscle pattern of the genus Astartila. A further examina.tion of specimens
of Cardiomorpha gryphoides is necessary to establish its true relationship.

De Koninck in his generic description of Cardiomorpha (1844. page 101)
- genotype C. elongata de Koninck (1844. page 102, Plate C, figures la-c)
- says that the muscle scars are superficial, and the shell is slender. Neither
of these features is present in the Australian Permian ~hells. In addition
he makes no mention. either in this description or in a later one (1885, page
9), of a twist in the hingeline. Hosking. indeed, when describing C. blatch
fordi. indicated that the species differed from those usually included in the
genus Cardiomorplza.

Hind (1898, page 253) places the genera Cardiomorplza, Edmondia.
Sea/dia. and Sedgwickia in the fnm~l:,- Edmondiidae. To these genera must
be added Astarti/a. All are oval in shape, no lunule is present. the ligament
is opisthodetic and externaL and: there is a tendency to form an amorphous
tooth or a toothlike projection in the right valve. The family Grammysiidae
is recognized to include forms in which a lunule is present. The interpolated
ribbing found in A. blatchfordi and in Cl new species, A ..fletcheri. described
below. is also found among members of the genus Gramm1~sia.

ASTARTILA FLETCHERI sp. novo

(Plate 2. Figures 3-9. Text-Figure 1)

Diagnosis: The umbones are ody slightly prominent, and are .inrolled
towards the front. The outline, seen from the front, is sub-ovate with the
greatest convexity closer to the dorsal side of the shell than to the ventral.
The external surface is ornamented with concentric rugae (coarse ribs).
Betwe'en these is interpolated another ~eries of rugae which is only present
in the posterior part of th.e shell..

Description of Holotype: A bivalved ~pecimen, showing the internal
impression 'where part of the shell is missing. The hinge margin is thickened
but no hing0 plate is present. Below the umbo is a projection of the right
hinge, with a con'esponding indentation in the left valve. forming a curve or
twist in the hinge margin.

A ~light umbonal ridge runs towards the posterior margin, forming a
dorsal" posterior area indistinctly separated from the rest of the surface. The
anterior adductor scar is 'not visible. The posterior scar is circular and placed
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immediately under the back of the hinge margin. The shell is 1 mm thick
at the point of greatest convexity and slightly thicker nearer the margin.

Dimensions of Holotype: Length 38 mm; height 29 mm; thickness 21 mm.

Description of Paratypes: No lunule is distinctly marked off from the
rest of the shell. A narrow groove, which served for the attachment of an
external ligament, extends from the umbo backwards. The anterior muscle
scar is more deeply impressed than the posterior. The mark of a small pedal
scar is placed dorsally to the anterior adductor. The pallial line is simple.
The exterual surface is ornamented, to a greater or lesserextellt, by concen-

Astartila jletcheri sp. novo Holot)'pe - left: dorsal view: right: right valve; t - twist in hinge line
representing a looth in the right valve and a socket in lhe lell: pa - posterior a!iduclor muscle
impression; pi - impression of 'pallial line. x l. (see also Plate 2, figures 4-6).

tric ribs, which tend to decrease in size towards the ventral margin, where
only concentric growth lines are present. Towards the posterior, the number
of ribs is increased by interpolation, which takes place in a line along the
umbonal crest, about one third of the distance from the anterior margin.

Dimensions of Paratypes:
Thickness

22 mm
Height
32 mm

29 nun39 mm

Length
40 mm

(estimated)
Paratype A (bivalvecl shell) ..

Paratype B (internal impression of a
left valve) . 10 mm

(estimated)

Occurrence: Holotype - c.P.c. 750 (Reg. No. F17,083), f mile south
east of Southern Cross Bore, Middalya Station, Coolkilya Greywacke. Para
types A, B, and C - C.P.c. 751, 752 and 753 (Reg. No. F17,083), as for
holotype.

Two specimens have been recorded from the Wandagee Formation
(Bureau Field No. G338), about 11t miles south-south-west of Lyons Rivet'
W oolshed, Lyons River Station.

Discussion: A. fletcheri, which IS particularly abWldant at the type
locality on' Middaly~ Station, shows some resemblance to A. blatchfordi
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(Hosking) (1931, page 30, Plate 7, figures 4a-b and 5) originally <[Pscribed
from the Wooramel District. However, A. fletcheri can be readily distin
guished by its greater transverse elongation and its .less prominent umbones.

Astartila fletcheri is closely related to forms from the Broughton Tuff
Member of Gerringong Volcanics (Upper Marine) of New South Wales
(Hanlon, Joplin and Noakes, 1953).

An examination of plastotypes of Dana's A. polita (L 645 and L 646),
figured by Fletcher, 1929, page 65, Plate 26, figures 9 and 10), and Fletcher's
figured specimen F 1131 (1929, Plate 26, figure 11 ) shows. that the muscle
pattern, the shape, and the dimensions are similar. However, in specimens
of A. polita in the Australian Museum, Sydney, only Itny costae ornament
the outer surface, whereas in A. fletcheri there are prominent ribs with inter
polation of ribs towards the rear.

Probably the specimen doubtfully referred to Grammysia hy Wanner
(1922, page 80, Plate 14, figures Ba-b) from the Permian of Timor is related
to the Western Australian species, A. blatchfordi and A. fletcheri. Wanner
states that ?Grammysia sp. has no lunule; but a distinct lunule is one of the
most characteristic features of the genus Gramm)'sia, so that Wanner's species
is unlikely to belong to this genus. ?Cnrdiomorpha sp. Wanner (1922, page
81, Plate 14, figure 14) from the Permian of Timor is also probably related.

In specimens of A. fletcheri from the type locality a variation is fOWld
similar to that in the forms described by Dana under the specific names A.
intrepida, A. polita, and A. transversa, from vVollongong, New· South Wales.
Fletcher in 1929 re-described these species and states (page 67) that there is
a gradation between A. polita and A. transversa. The establishment of three
species for such closely related forms occLUTing, appnl'ently. at the same
horizon, must be open to doubt.

This species has been named in honour of l\Irr. H. O. Fletcher, Cllrator
of Palaeontology at the Australian Mmeum, Sydney.

1914.

1931.
and 5.

1933.

ASTARTlLA BLATCHFOHDI (Hosking) 1931.

(Plate 11, Figures 10-12).

Pachydomlls?, Etheridge Jun., page 36, Plate 7, figure 3.

Cardiomorpha blatchfordi, Hosking, page 30, Plate 7, .figures 4a-b

Cardiomorpha blatchfordi, Hosking, page 55, Plate 6, figure 3.

Description: The specimen is a right valve. Distinguishing features are
the high umbo, strongly recurved towards the anterior and inrolled; the
deeply sunken hinge-line anterior to the umbo: and the line of greatest
convexity nmning obliquely from the umbo to the posterior margin~ The
concentric sulci or ribs are absent where the shell has been exposed to recent
weathering, but elsewhere continuous ribs are present, with interpolated ribs
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towards the rear. A projection of the hinge-line immediately below the umbo
forms an ill-defined tooth. Although there is a deeply sunken flattened area,
anterior to the umbo, no distinctly marked lunule is present. A nan"ow
groove for the attachment of the external ligament passes backwards from
the umbo - the length of the groove is about one third of the total length
of the shell. The muscle impressioris and the pallial line are not visible.

Dimensions: L~mgth S1 mm; height 45 mm; thickness 20 mm.

Occurrence: Hypotype - Western Australian University Collection
Type No. 29345, 1 mile downstream from Coolkilya Pool, Minilya River,
vVandagee Station, Wandagee Formation.

Recent work in the W ooramel area suggests that the specimens on which
Hoskingbased her description are from the Coyrie Formation.

Fam. ?

Genus ALLORISMA King 1844, emend. Hind 1900.

Genotype: Allorisma sulcatum (Fleming) 1828, by original designation
of King (1850, page 196)

Diagnosis: Shell traversely elongated, ovate, with an edentulous hinge
and an opisthodetic external ligament. The umbo is placed anteriorly an.l
the adductor muscle scars are sub-equal and not deeply marked. The valves
are more or less gaping, arid possess a sinuated pallial line.

Discussion: Despite Hind's clarification many years ago (1900, pages 361
and 416) of the relationship of. Sanguinolites McCoy (1844, page 47) and
Allorisma King (1844,page 315), confusion still exists amongst workers on
this group. Hind has proposed Sanguinolites angustatus (Phillips) 1836 as
the type of the genus Sanguinolites, and, after examining the type specimens
of both S. angustatus and S. discors McCoy (1844, page 49, Plate 8, figure 4),
places Sanguinolites discors in synonymy, as he considered that the type of
S. discors was a young specimen of S. angustatus. Fischer and de Koninck
had previously used S. discors as the type of the genus Sanguinolites, although
neither had formally designated it. Consequently the genus Sanguinolites
can be reserved for shells in which the valves are closed and no sinuation of
the pallial line is present, and the genus Allorisma with the genotype A.
sulcatum (Fleming) 1928 can be reserved for shells in which a pallial sinus
is present. In addition, there is a ridge behind the anterior adductor muscle
scar in shells of Sanguinolites described by Hind.

Many of the more recent authors have used these genera in this manner,
for example, Maslennikov (1936, pages 96 and 100), Greco (1938, pages 197
and 200), and Newell (1940, page 296).

Family Position: Hind places both Allorisma and Sanguinolites in the
family Caelonotidae McCoy 1855. However, when McCoy first established
the family (18S5, page 275), he made no mention of a genus "Caelonotus",
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and, because it has not been possible to trace any reference to such a genu~.

this family name is not used in this Bulletin. .

Hind regards the family Caelonotidae as equivalent to the family
Grammysiidae Fischer. However. Grammysia, although bearing a distinct
relationship to other genera· placed by Hind in the Caelonotidae, is
distinguished by a circular outline, by greater convexity, and by a deep
lunular area. Sanguinolites apparently bears a closer relationship to
Stutchburia than to Grammysia, and in this Bulletin Stutchburia is placed
in the family Modiolopsidae, not only because of its shape. which is in fact
also similar to Sanguinolites, but· also because of its deep-seated opisthodetic
external ligament, similar to that found in the Mytilidae. The Modiolopsidae
would thus appear to have a systematic position intermediate between the
Mytilidaeand Sanguinolites. To place Sangu.inolites and Grammysia in the
same family would thus not he in accord with a natural phylogenetical
classification.

The problem· could be solved by recognising two families. one (Grammy'
sidae) to include Grammysia and closely related forms, the other (equivalent
to Caelonotidae - that name not being suitable) to include Sanguinolites and
related forms. In agreement with Hind's proposal, Allorisma is placed in
the same family as Sanguinolites, for although Allorisma has a pallial sinus
and a granulose mrface, it apparently bears a close relationship to

.Sanguinolites.

ALLORISMA? sp. novo

(Plate n, Figures 1-2).

Description: The shell, a left valve. is transversely elongated and oval
in shape. The umbo, projecting only slightly above the hingeline, is rounded,
inturned towards the front. and situated about one-third of the shell length
from the anterior margin. A rounded umbonal ridge runs backwards from
the umbo to the posterior ventral angle. A slightly rounded umbonal ridge
is also p:resent in the anterior part of the shell, so that the umbonal swelling
is distinct f:rom the anterior margin. No lunule is present, and a sll:mder
groove for the attachment of an external ligament runs backwardS from
underneath the anterior part of the umbo. The groove. which is approxi
mately 1 mm wide and 16 mm long, is bounded ventrally by a slight ridge
and becomes shallow to'wards the rear and finally disappears. The hinge is
apparently edentulous. The external surface is ornamented with eleven or
twelve concentric grooves. As the posterior margin is broken, it is not possible
to determine whether the shell is gaping at the rear.

Dimensions: Length '38 mm; height 19 mm; thickness 6 mm.

Occurrence: Figured Specimen - c.P.c. 754 (Reg. No. F17,128), 2 miles
south-south-east of Donelly's \Vel1. Williambury Station, top of Mallem
Greywacke or bottom of Bulgadoo Shale.
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Discussion: Thi~ species is represented at present by a single left valve
and as the internal structure is unknown, it is doubtfully referred to the
genus Allorisma.

In A770rismn tellisoni (de Koninck) (1877, page 265, Plate 17, figure 5),
although the other dimensions are similar, the umbo is nearer to the anterior
margin than in Allorisma? $p. novo The speCimen was collected by W. B.
Clarkc from Rurragood, New South Wales, and although the author has not
been able to find the geographical position of this locality the fauna occurring
there and listed hy 8enson (1921) is a Lower Carboniferous Burindi fauna.
The specimen has been destroyed. Allorisma? sp. nov., however, appears to
be closely related to a form from the base of the Speckled Sandstone,
immediately above the Talchir Boulder Beds in the ,Permian of the Salt Range
of India, identified by Waagen as Allorisma tenisoni (de Koninck) 1877.
The Speckled Sandstone is probably of Sakmarian age, as it is overlain by the
Lower Productus Limestone, the base of which is held by Dunhar (1933,
pages 407, 411) to be of Lower Artinskian age (vide Thomas and Dickins
1954, page 222).

Farn. ~YALINIDAE Frech

Genus AToMoDEsMA Beyrich 1864, emend. 'Vanner 1922 et 1940.

1847 Inoceramus, McCoy, page 299.
1864 Atomodesma, Beyrich, page 68.
1877 Aphanaia, de Koninck, page 302.
1892 Atomodesma, Rothpletz, page 85.
1922 Atomodesma, Wanner, page 63.
1940 Atomodesma, VVanner, page 376.
1942 Aphanaia, Newell, page 76.

Genotype: Atomodesma exam/a Beyrich 1864, designated by Wallller,
(1922, page 63).

Discussion: '''Vauner (1940, page 376, text-figure I) shows the hinge of
Atomodesma as composed of a single ligament groove, elongated along the
hinge margin, thus differing from Myalina, which has a number of longi
tudinal ligament grooves. This ligament is also shown in the species of
Atomodesma from Western Australia described below. The triangular
"ligament area" described by Wanner possibly represents an umbonal septum
as such a ligamental area is not known in members of this family, whereas
the presence of umbonal septa is well established (vide Newell, 1942). The
valves of the Australian species are slightly inequal, thus differing froIfi
Wanner's diagnosis.

Determination of the VVestern Australian IVlyalinidae has led the author
to make an examination of the genus Aphanaia de Koninck. When estab
lishing his new genus Aphanaia, de Koninck placed in it two species,
Aphanqia mitchelli (McCoy) (1847, page 299, Plate 14, figure 1) and
Aphanaia gigantea de Koninck (1877, page 304, Plate 21, figure 6). Newell
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The ligament is composed of an elongated groove which thickem under the
umbo and terminates at its anterior end.

Dimensions:

Hypotype A (external impression ot' a
right valve)

Length

tf) mm
(estimated)

Height

25 mm

Thickness

5 mm

Hypotype H:
Right valve 33 mnl 34 mm 10 mnl
Left vahTe ............ " ... 31 mrn 30 nlm 8 lnm

Occurrence: Hypotype A - c.P.c. 753 (Reg. No. F17,080), i mile
south-east of Southern Cross Rore, 1\1iddalya Station; Coolkilya Greywacke.
Hypotype B (lost in fire) - Reg. No. F17,078, i mile north-west of Muderong
Rore. Middnlya Station; Coolkilya Greywacke.

. This species has also been recorded from the vVandagee Hill area,
'Vandagee Station. The locality is in doubt but the specimen (Western
Australian University No. WF 17 - 28134) is either from the Coolkilya
Greywocke or the Baker Formation.

Discussion: Previously the author (Thomas and Dickins, 1954, 'page 222)
had considered these specimens to be a new species most closely related to
A. uariabilis VVanner 1922 (page 64. Plate 3, figures 2-4). However, the
specimens placed by 'Nanner in A. uariabilis have two or three anterior
grooves, whereas the Australian forms have only one and are thus closely
related to A. exarata Beyrich. which olso has only one anterior groove and
which they resemble in their shape and other features.

Beyrich (1864, page 67) reported A. e.rarata from beds which he thought
CJI! general lithological appearances were of Triassic age; hut he did not
support this assumption with conclusive founal evidence. Although Rothpletz
(1892, page 61) records this species as Permian and occurring in close
proximity to other undoubted Permian localities, vVanner (1922, page 69)
-;tates that his specimens of A. e.wrata ore of Lower Triassic age. In a
footnote to a later popeI' vVanner (1940, page 372) says that the assumption
that Atomodesma exarata is a Lower Triassic species is based solely on the
alleged equivalence of the Atomodesma-bearing beds and the rocks bearing
the probably Lower Triassic "Ammonites" megaphyllus Beyrich. However,
as Beyrich remarked, Atomodesma exarata and "Ammonites" megaphyllus
"were not found in the same bed side by side" and thus the two may come
from different beds. In any case, as Rothpletz (1892, page 87) has already
pointed out, "Ammonites" megaphyllus is closely re~ated to Permian. not
Triassic forms. -

In Western Australia forms referabie to A. exarata occur in beds of known
Permian age, and indeed are restricted in vertical range. In the Carnarvon
Basin these forms fire found only in the Coolkilva Greywflr.ke and possibly
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(1942, page 76) has designated Aphanaia mitchelli (McCoy) as the
genolectotype. Plastotypes of McCoy's specimens have been obtained from
the Sedgwick Museum, Cambridge. The only specimen figured by McCo)'
(1847, Plate 14, figure 1 - Sedgwick Museum No. E10731) must become the
holotype of the species, and it is refigured in this Bulletin (Plate IV, figure 1).
The shape and hinge of this specimen unmistakably identify the species as
a member of the genus Atomodesma. The hinge is composed of a single
narrow ligament groove nmning hack from the anteriorly placed umbo. This
structure is similar to that of A. variabilis illustrated and described by
Wanner in 1940. It is not possible to see whether a triangular "ligament
area" is also present as in A. lJariabilis. The two valves are slightly inequal,
with the left valve more convex than the right, and the left umbo mol't~

prominent.

The type specimen of "Aphanaia" gigantea de Koninck (1877, page 304,
Plate 21, figure 6) has beeu destroyed. However, additional specimens labelled
"Apha1laia gigantea" are lodged in the Museum, Sydney, and these together
with de Koninck's figures would suggest that this species represents another
genus.

Aphanaia haibensis Reed (1935, page 161, Plate 5) described from the
Upper Dwyka beds of South-West Africa probably belongs to the genus
Atomodesma.

AroMoDESMA EXARATA Beyrich 1864.

(Plate IV, Figures 2-5).

1864 Atomodesma exarata, Beyrich, page 71, Plate 3, figures 4a-b.

1892 Atomodesma e:mrata, Rothpletz, page 85.

1922 Atomodesma exam/a, WamIeI', page 68, Plate 3, figures 8, 9a-b,
and 10.

1940 Atomodesma exarata, Wanner, page 377.

Diagnosis: This species is distinguished by the presence of a single groove
on the anterior part of the shell, running from the lower margin towards
the umbo. The external surface is orllamented with coarse grooves or rugae.

Description: The shell is inoceramid in shape with the umbo placed
anteriorly and pointing slightly to the front. The cardinal margin is straight
and together with the posterior margin forms a slight ear. The remainder
of the margin is oval in shape, set obliquely to the cardinal margin. A groove,
more or less well developed, runs from the anterior part of the lower margin
towards the umbo - the groove dies out before it i"eaches the· umbo.. A second
groove runs from the posterior margin towards the umbo. The external
surface is covered by fine growth lines and by coarse ribs. The ribs become
more widely spaced towards the margins. The valves are slightly inequaL
the left valve ~eing mOl"e convex and the left umbo a little more prominent.
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in the Baker Formation; in the Fitzroy Basin they are fOlmd only in the
lower Liveringa beds. No doubt all the beds from Timor. containing A.
e:r:arata are also of Permian age.

The relationship of Atomodesma indica Waagen (1887, page 274, Plate
20, figure 4) to the Australian forms is not clear. According to Waagen "a
low but distinct sulcation" is present anteriorly. This type of sulcation IS

also present in our forms. However, the shape and inclination of the umbo
shown in vVaagen's figures are quite different.

1907a

1907b

1933

Genus PSEUOOMYALINA gen. novo

"Allied to Pteronites" Etheridge Junr, page 8.

Myalina(?). Etheridge Jnnr, page 24.

Myalina, Hosking, page 56.

Genotype: Pselldomyalina obliqua sp. novo

Diagnosis: Myalinid shells distinguished by having coarse prismatic
structure in both valves and external ornament of distinct radial ribs. The
valves are markedly inequal and the right valve is lodged inside the left. No
umbonal septum is present.

Discussion: Specimens of this genus have been known for many years
from vVestern Australia. Most frequently they have been placed in the
genus Myalina. Although the genus is closely related to Myalilla it is quite
distinct in a number of important characters.

Pseudomyalina resembles Myalina in the following characteristics: the
beak is placed anteriorly; the anterior ear is very rudimentary or absent;
the hinge line is long and straight with the posterior ear well developed, and
with the ligament area wide and furnished with a number of longitudinal
ligament grooves; the muscle pattern is similar, although differing in detail;
the valves are inequal, with the left valve larger than the right. However,
the new genus is readily distinguished from ivlyalina by the structure of the
shell, which has a thick prismatic layer. with the prisms in both valves
visible to the naked eye. The inner layer is relatively very thin. In Myalina
the prismatic layer is thin in both valves, and the prisms, although coarser
in the right valve, are not visible to the naked eye (Newell, 1942, page 34).
In addition, Pseudomyalina has distinct radial ornamentation and the left
valve is much larger than the right and encloses it.

Pseudomyalina i~ also closely related to the genus IVlaitaia Marwick
(1935, page 295, Plate 34, figures 1-3), a myalinid genus from New Zealand.
However, Maiiaia is described as having an umbonal septUIn which is not
present in tbe Western Australian genus: the muscle pattern also differs.

Etheridge (1907b, page 24, Plate 5. figure 4; page 6, figures 1-3) doubt
fully referred specimens from the Permian of the Irwin River Basin of
Western Australia to Myalina, but an examination of these specimens of
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Myalina (?) mingenewensis Etheridge housed ill the Geological Survey of
Western Australia, Perth, shows that this species belongs to the genus
Pseudomyalina. Unfortunately it was not possible to find three of the seven
specimens mentioned by Etheridge in his description, although two of the
three figured specimens were found. One specimen (Etheridge, 1907b, Plate
6. figure 4) shows what appears to be an anterior ear, but probably this is
not an ear, but a deformity due to crushing. Impressions of the prismatic
layer in both valves can also be seen in this specimen. No umbonal septum
such as occurs in Maitaia is present.

Pseudomyalina is also related to Atomodesma, which has a similar
prismatic shell structure. However Atomodesma can be readily distinguished
as it has only a single ligament groove. In addition PseudomyalirUl has no
radial grooves, differs in shape. and is ditinctly inequivalve.

PSEUDOMYALINA OBLIQUA sp. novo

(Plate Ill, Figures 1-7; Text-figure 2).

Diagnosis: Pseudomyalina obliqua is distinguished by the marked
elongation of the shell oblique to the hinge-line. Both valves are rather
inflated, although the right valve is less convex and fits inside the left. No
anterior auricle is present, although in some internal impressions there appears
to be an auricle, which represents an infilling of matrix between the two
valves.

Description of Holotype (a bivalved specimen with part of the shell
absent and showing in.ternal impression): The outline is aviculoid with the
anterior ears absent. The umbones are turned towards the front and are
separated from each other. The hinge margin, which at its posterior end
forms an ear, is straight and almost as long as the greatest length of the shell.
The shell is greatly thickened towards the front and the hinge, and is thin
towards the. rear and the ventral margin. The external surface shows
concentric growth ornamentation and radial costation. The costae are of one
order, and are coarser near the ventral margin, and finer towards the dorsal
margin where they run more or less parallel to the hinge. Near the anterior
part of the hinge, where the shell substance is absent, two small muscle
impressions close to the umbo and to each other are visible.

Dimensions of Holot'ype:

Left valve .

Right valve .

Length
135 mm.

(estimated)
115 mm

(estimated)

Height
111 mm

89 mm

Thickness
25 mm

23 mm

Description of other specimens:

Paratype A: Plate Ill, figure 5, illustrates the anterior part of a left
valve which has since been partly destroyed by': fire. The hinge is composed
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of an elongated narrow ligament area, extending backwards from the front
of the tmlbo. This area is furnished with five unbroken ligamental grooves
nmning parallel to the hinge margin like those of Myalina. No teeth are
present. Although no distinct byssal sinus can be seen, a gap in the anterior
margin immediately beneath the anterior end of the ligament area could
serve for the passage of a byssus. The ligament area is set at a small angle
(approximately 30 degrees) to the line of anterior commissure, so that the
area of the left valve does not overhang that of the right, and the ligament
is lodged in an upright V-shaped space between the two valves. The angle

.of the ligament area to that of the anterior commissure increases slightly
towards the posterior margin of the shell.

am?

r

pm

pm

pm?

P3~udom"aUna obliqua Si>. novo Paratype B - impression of left valve showing the musculature. am 
anterior muscles; r - Impression of ridge on inside of shell: mt - muscle track: pm - poste:ior
muscles. x 1. (See also Plate lIT, Fll!ure 7.)

Paratype B: An internal mould of a bivalved specimen, showing the
muscle pattern. In the anterior part of the left valve are two, possibly three,
small muscle scars on the umbonal swelling, close to the umbo. Two large
muscle impressions are situated ventrally and posteriorly, across the umbonal
swelling. The anterior impression is larger and half-moon-shaped. The .
posterior impression is more or less oval. An indistinct impression connects
the two. A groove runs along the umbonal crest from the umbo to the first
posterior muscle and corresponds to a ridge on the inside of the left valve.
However, this structure is not visible in any of the other specimens.

Paratype C: (apparently part of a right valve), shows the structure of
the shell, which is, as shown in other specimens, similar in both valves. The
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main part of the shell is composed of an outer layer of calcite prisms at right
angles to the outer surface, corresponding to the outer ostracum ef Newell
(1942, page 33). The prisms are readily visible to the naked eye, and
vary slightly in diameter; the majority are approximately 0.1 mm. Inside
the outer ostracum is a comparatively thin layer, made up of laminae parallel
to the surface. No structure is visible in the inner layer. either to the naked
eye or in polished section.

Dimensions of Paratrpes:

A

B

C

D

E

F

Length Height Thickness
Specimen too incomplete for meas

urenlent
Left Valve ...................................... 105 mm 78 nun Z6 nUll

(estimated)
Right Valve 90 mnl 73 rnnl 24 nrnt

(estimated)
No dimensions

Left Valve _ 122 nllll 80 nun 23 nun
Right Valve ........................... 115 nlIIl 7'5 mm 21 nun

Left Valve
(bivalved internal) 100 mm 81 nun 25 m.In
Right Valve ........................... 98 mm 80 mm 16 mITt
Left Valve
(bivalved internal) 115 uun 80 mIll 22 nrnl
Right Valve ................................. 115 mm 70 mm 14 mm

Occurrence: Holotype - C.P.c. 756 (Reg. No. F17,067), i mile east of
south of Muderong Bore, Middalya Station; Coolkilya Greywacke. Paratype
A - C.P.C. 757 (Reg. No. F17,067), as for holotype. Paratype B - C.P.C.
758 (Reg. No. FI7,053), t mile south of Southern Cross Bore, Middalya
Station; Coolkilya Greywacke. Paratype C - C.P.c. 759 (Heg. No. F17,075),
t mile south-east of Muderong Bore, Middalya Station; Coolkilya Greywacke.
Paratypes D-F - C.P.c. 760-762 (Reg. No. F17,053), i mile south of
Southern Cross Bore, Middalya Station: Coolkilya Greywacke

Discussion: P. obliqua can be readily distinguished from P. lIlingenewen
sis (Etheridge) by the greater convexitj' of the right valve. In P. obliqua
the right valve is almost as convex as the left, whereas in P. mingt!neu:!!nsis
the right valve is. almost flat, and very much less convex than the left.

Fam. ARCOMYIDAE Fischer.

Genus UNDULOMYA Fletcher 1946.

Genotype: Undulomra pleiopleura Fletcher 1946, by orig:illal designation
of Fletcher (1946, page 398).

Family Position: Fletcher (loc. cit.) places Undulomya in the family
Pholadomyidae. However. the examination ofa newly discovered and



undescribed species of Undulomya shows that the external surface is orna
mented with radiating rows of small granules. _ Such granulation is not known
in the family Pholadomyidae, and hence from a consideration of this feature
Undulomya is more closely related to the Arcomyidae than to the Pholadom
yidae. Indeed, in shape, Undulomya is also more like the Arcomyidae, and
it would appear likely that the Pholadomyidae have a different and separate
phylogenetic development from the family in which Undulomya must be
placed.

UNDULOMYA PLEIOPLEURA Fletcher 1946.

(Plate IV, Figures 6-8.)

1946. Undulomya pleiopleura, Fletcher, page 398, Plate 34, tigures 1-5.

Discussion: Fletcher fully discusses the genus Undulomya in his paper
"New Lamellibranchia from the Upper Permian of Western Australia"
(1946). The genus is readily distinguished by its transverse elongation, the
presence of two grooves running backwards from the umbo to the posterior
margin, the posterior valve gape, and the edentulous hinge.

A transYersely elongated area for the reception of the ligament is shown
behind the umbo in Plate IV, figure 8 of this Bulletin. This ligament is
external and narrows posteriorly and anteriorly. In the mature part of the
shell, there are two ribs in the posterior part of the V for everyone in the
anterior part, except for the most posterior ribs, which are not matched
anteriorly; but in the young part of the shell, although the ribs, which can
only be seen clearly in the left valve, are V-shaped, the limbs of the V join,
and there is only on~ rib in the posterior part for every rib in the anterior.
In the left valve ten ribs are visible, forming the auterior parts of the Vs;
the inner four of these (in the young part of the shell) are continuous with
the ribs in the posterior part, and the outer six (in the matUl'e part) are
represented by twelve in the posterior part of the V-shaped angulation.
Behind these twelve are three ribs which do not correspond to any in the
anterior pa.rt. The extreme posterior part of the valve is obscured hy matrix.

In the right valve, although the relationship of the anterior and posterior
ribs is not so clear, the same number of ribs -is present, ten in the anterior
part and nineteen in the posterior part. Fi...'1e concentric growth lines are
clearly shown towards the outer margins where the ribs are not present.

Dimensions: Length 98 mm (estimated); height 40 Il"Jll; greatest thick
ness (two valves) 30 mm; thickness at umbones 20 mm.

Occurrence: Hypotype - C.P.c. 763 (Reg. No. F17,041), 2 .miles north
of Muderong Bore, Middalya Station. Precise horizon not known; either top
part of Norton Greywacke or Baker Formation. Fletcher has previously
recorded this species in beds probably ranging from the top of the Norton
to the botiom of the Coolkilya Greywacke, as restricted by Conden (1955).
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Fam. 'TRIGONlIDAE Lamarck

GenusSCHIZODUS Murchison and de Verneuil 1844.

Genotype: Schizodus obscurus (J; de C. Sowerby) (1821, page 12, Plate
314), by designation of de Verneuil (1845, page 308).

Discussion: Cox (1951, page 362) has proposed that the Permian species
previously included in the genus Schizodus should be separated into two
genera, Schizodus with the genotype Schizodus obscurus (1. de C. Sowerby)
1821 from the Permian of England, and Eoschizodus, with the genotype
Eoschizodus truncatus (Goldfuss) 1837 from the Devonian of Germany. The
Australian species described below apparently does not fit into either of these
genera. On the one hand it resembles, in shape and size, forms included in
Schizodus, as restricted by Cox, and on the other hand it has the full Trigoniid
dentition of Eoschizodus, although differing considerably in detail from the
genotype of Eoschizodus. Cox in a personal communication has suggested that
perhaps another genus should be established for this species and related
forms. However the author has not examined such forms and prefers not to
establish another genus until further evidence comes to hand, especially as
another species, not yet described, has recently been discovered lower in the
Permian sequence, which is similar in shape to the new species under
discussion but has a reduced dentition.

SCHIZODUS KENNEDYENSrS sp. novo

(Plate V, Figures 1-10)

Diagnosis: The shell has a triangular appearance with a prominent
carina extending from the umbo to the posterior angle, forming a flattened
area dorsally and a sharp posterior angle; the hinge plate extends in front
of the anterior muscle scar to form a rudimentary buttress ridge.

Description of Holotype (a right valve): The umbo is very slightly
opisthogyre and situated about one-third of the shell length from the anterior
margin. A distinct escutcheon but no lunule is present. The shell is robust;
the external surface is ornamented only with fine growth lines. The anterior
adductor scar is oval in shape and separated. from the pedal scar by the
buttress ridge. The posterior adductor scar is' also oval in shape, rounded at
the rear but with a slight indentation at the front. Above the posterior
adductor scar is another scar, similar in shape to the anterior pedal scar,
but slightly smaller. Two well defined cardinal teeth are present: the
anterior tooth is large and slightly wedge-shaped; the posterior is smaller
and joined to the dorsal margin. The two are separated by a groove for the
reception of the middle cardinal tooth of the left valve. .The pallial lin.~

shows a shallow sinus below the posterior adductor.

Dimensions of Holotype: Lengdl 44 mm; height 39 mm; thickness 12
mm.
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Description of other specimens: Paratype A is a left valve which shows
the dentition. Apparently the specimen was abraded before incorporation in
the sediment, as, when the shell was developed, the dentition was worn and
the anterior cardinal tooth is obscure. However this tooth is shown in Plate
V, figUre 10, in a specimen since destroyed by fire, and in Paratype B. The
anterior cardinal tooth is joined to the margin of the shell but nms at a slight
angle to it. The median cardinal is wedge-shaped and prominent, sloping
towards the rear. The posterior cardinal is joined and is parallel to the
posterior cardinal margin.

Dimensions:

46 mm 40 mm 12 mm
Too incomplete for measurement
42 mm 37 mm 11 mm
41 mm 37 mm 12 mm
35 mm 31 mm 10 mm

Paratypes
A .
B ..
C (Right Valve)
D (Right Valve)
E (Left Valve) .

Length Height Thickness

Occurrence: Holotype - C.P.c. 764 (Reg. No. F17,052), t mile south
of Southern Cross Bore, Middalya Station, Coolkilya Greywacke. Paratypes
A, C, D and E - C.P.c. 777, 778, 779 and 780 (Reg. No. F17,052), as for
holotype. Paratype B - Australian Museum No. F38,393, northern bank
of Minilya River, about 25 chains west of Coolkilya Pool, horizon unknown.

The other specimens figured (Reg. No. F17,076) were destroyed by fire.
They were collected 1t miles south-east of Muderong Bore, Middalya Station,
from the Coolkilya Greywacke.

Discussion: A number of shell banks are found ill the Coolkilya Grey
wacke and in most of them Schizodus kennedyensis is an impOltant constit
uent. The specimens vary considerably in shape and some of the shells are
markedly more triangular in appearance than others; small specimens,
apparently representing younger shells, are generally more triangular in
shape.

The species appears to bear a close resemblance to Schizodus pinguis
Waagen (1881, page 236, Plate 19, figures 7-10) from the Upper Productus
Limestone of India. If \,Vaagen's figures are correct, the Australian species
differs in the details of dentition and the shape of the muscle scars. However,
both species have a full Trigoniid dentition and a buttress ridge and if, as it
appears, Waagen's species is younger, the Australian species may be its
forerunner.

s. kennedyensis also resembles a number of other Permian species of
Schizodus in shape and size. These species include S. obscurus (Sowerby)
(King, 1850, page 181, Plate 15, figures 23-24) from beds of Kazanian age
in Europe, S. occidentalis Reed (1930, page 38, Plate 7, figures 3-3a) from
the Permian of Brazil, and S. cf. meekanus Thomas (1928, page 218, Plate
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8, fIgure 3) from the Upper Palaeozoic of Peru. The Australian species,
however, is readily separated from these by its distinct carina and triangular
shape.

The full Trigoniid dentition and the buttress ridge suggest association
with the development of the Triassic genus Myophoria Bronn. It is unlikely,
however, that S. kennedyensis is a direct ancestor. Myophnria is more closely
related to a group of Schizodids comprising S. praecox (Waagen) (1881,
page 243, Plate 19, figures 17-19) from the Upper Productus Limestone of
the Salt Range of the Punjab; S. oklahomaensis Beede (1908. page 157, Plate
7, figure 6; Newell, 1940, page 291, Plate 1, figures 1-6) from the Upper
Pennian of the United States; S. japonicus (Hayasaka) (1925), page 16,
Plate 8, figure 14) from the Permian of Japan; and S. shansiensis Chao (1927
page 11, Plate 1, figures 14-16) from the Taiyuan Limestone of North China,
which are similar in shape, relatively small, and have prominent concentric
ribbing.. Some of these species also possess a buttress ridge.

Fam. CRASSATELLIDAE Dall

Genus ORJOCRASSATELL.... Etheridge Junr 1907, emend.

1907a.

1922?

1928

1932

Oriocrassatella, Etheridge Junr, page 8.

Cypricardella (?Trigonodus), Wanner, 1922, page 77.

Crassatellina, Hamlet, page 84.

Oriocrassatella, Reed, page 57.

1940 Procrassatella, Wanner. page 390.

Genotype: Oriocrassatella stokesi Etheridge Junr (1907a, page 9, Plate
6, figures 2-5), by monotypy.

Emended Diagnosis: Crassatelliform shells in which a ligament, distinct
fr~m the resilium, is well developed. The ligament is marginal but internal,
and separated from the deep-seated resilium by a ridge, the posterior ridge.
A single cardinal tooth is present in each valve. In the right valve a posterior
lamina or lateral tooth fits into a groove in the left valve.

Discussion: Etheridge's generic description is as follows: "Shell trans
versely elongate, inequilateral, more or less crassatelliform; umbo,;
prosogyrate: dorsal area prosodetic, plate heavy and flat: teeth semi
diogenodont (laterals absent) in the right valve, two diverging cardinals with
an opisthodetic subdeltoid chondrophore between them: right dental formula
probably R.01C10."

As Etheridge had concluded, Cl resilium chondrophore is present. How
ever, the supposed posterior cardinal and the socket behind it constitute a
posterior ridge and a groove for the· reception of the ligamen t. Although
Etheridge states that no laterals are present, his diagrams sho,",' a posterior
marginal projection, which is present· in . the additional specimens examined
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here and fits into a socket of thE opposite valve. constitutilJg a postenor
lateral tooth. Procrassatella Yakovlev (1928, page 119), genotype Schizodus
planus Golovkinsky (1868, page 358. Plate 3, figures 21-23). is a closely
related genus: but Yakovlev describes two cardinal teeth in each valve and
an anterior and a posterior lateral in the right valve. In the left valve of
Oriocrassatella stokesi a small projection at the rear of the groove receives
the cardinal of the right valve, and in the position occupied by the second
cardinal in P. plana. But in the right valve there is no indication of a second
anterior cardinal as described by Yakovlev in P. plana. The Australian
species has no anterior lateral. .

The dentition of Procrassatella IS essentially that of the Tertiary and
Recent Crassatellidae, whereas that of Oriocrassatella IS reduced,· perhaps
representing a more primitive condition.

ORIOCRASSATELLA STOKESI Etheridge Junr. 1907.

(Plate VI, Figures 8-14.)

1897.

1907.

1923.

1935.

Edmondia sp., Etheridge lUllr, page 15, Plate 1, figure 10.

Oriocrassatella stokesi, Etheridge Junr, pag~ 9. Plate 6. figures 2-5.

cf. Protoschizodus, Chapman, page 36.

Oriocrassatella stokesi, Prendergast. page 25, Plate 2, figures 19-20.

Description: The hi...'1ge of the right valve has a single cardinal tooth at
a right angle to the hinge plate. In front of the cardinal tooth .is the socket
for the cardinal tooth of the left valve; and -behind the cardinal tooth is the
chondrophore or resiliu..--n pit, which is separated from the groove· for .the
reception of a ligament by a tooth-like ridge, the posterior ridge. A projection
of the dorsal margin forms. a lateral tooth behind the umbo. Tne left valve
has a single robust bifid. cardinal tooth. which slopes anteriorly at an angle
of about 4qo to the hinge plate. Behind the cardinal tooth is a groove for the
reception of the right cardinal. The back of the groove is fonned by a
rudimentary projection, behind which are the chondrophore, the posterior
ridge, and the ligamental groove. The groove for the reception of the lateral
tooth of the right valve is situated behind these on the hinge plate. No
lunule or escutcheon is sharply marked off from the rest of· the external
surface. The impression of the anterior adductor muscle is lanceolate and
placed dorsally under the anterior end of the hinge plate. The scar of the
pedal muscle is behind and dorsal -to the anterior adductor scar. The
impression of the posterior adductor is rounded and larger than that of the
anterior, and, is situated immediately under· the posterior end of the hinge
plate. The pallial line, which can be seen in. many specimens, is simple.

A shallow umbonal ridge runs back from the umbo to the posterior
ventral margin in some specimens.
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Dimensions:

Hypotypes

A (right valve)
B (left valve)

C (bivalve) ..
D (biYalve)

E (bivalve)

Length

58 mm
50 mm

59 mm
57 mm

49 nun

Height Thickness Umbonal Distance of
angle umbo from

anterior
margin

40 nun 10 mm· BP 25 mm
38 mm 9 mm 1240 * 21 nuu

(estimated)
42 nUll 19 mnl 135 0 23 mnl
45 nIDI 17 mm 1200 * 20 mm

(estimated)
35 nun 13 mm 138° 19 mm

Other specimens

Univ. ·West. Aust. Call.
No. 27,886 a 'HH'H' 55 mm
(bivalves) b .. ·.H. +5 mm

Comm. Pal. CoIl.
(bivalved internal impressions)
Type No.. 782 "'HH"'H 52 mm
Type No. 783 55 mm

(bivaived specimen)
Type No. 784 38 mm

40 mm

33 mm

38 nun
37 nun

(estimated )

26 mm

18 mm
13 mm

13 mm
14 mm

9 nun

25 nUll

19 mm

20 mm

2·2 mm

16 mm

.Occurrence: Hypotype A - 'Vestern Australian University Collection
-Type No. 33,924 (Reg. No. 27,889), Teichert's Locality 5. There is some
doubt. about this locality. but it is probably on the Wandagee-Carmirvoll
Road, 7i miles west-south-west of Wandagee Homestead, 'V~mdagee Station;
Nalbia Greywacke. Hypotype B - Western Australian University Colle~tion
- Type No. '33,925 (Reg. No. 27.889), same locality as for Hypotype A.
Hypotype C - Western Australian University Collection - Type No. 33,922
(Reg. No., 27,886), Teichert's Locality +. There is also some doubt about
this locality, but it is probably on the Wandagee-CarnC!-rvon Road, 2 miles
north of'Valldagee Hill, and about 6t miles south-south-west of Wandagee
Homestead, Wandagee Station; Nalbia Greywacke. Hypotype D - Western
Austrahan Uniyersity Collection Type No. 33,923 (Reg. No. 27,886), same
locality as for'Hypotype C. Hypotype E - c.P.c. 781 (Reg. No. F17,091),
1-1/3 miles . east of Middle Well, ·Middalya Station;, Norton Greywacke.
Type Nos. c.P.c. 782 mid 783'(Reg. No.F17:091) ~ same locality as foi
Hypotype E. Type No.CP.C. 784 (Reg. No: F17,004) ~- ±mile north-west'
of Bakei"s Bore, Middalya Station;· Coolkilya Greywacke. Specimens No.
27,886 a and b - We.ste~p, Australian Uni,:ersity Collection - same locality
as for Hypotype C.
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Discussion: This shell is abundant both at vVandagee (in the Nalbia
and Coolkilya Greywackes) and in the Kennedy Ranges (in the Norton and
Coolkilya Greywackes). It is commonly associated with Schizodus and other
Pelecypoda and Gastropoda.

. As shown in the dimension table, shape and SIze vary considerably,
especially in· the two specimens marked* in the table. In these specimens
.the umbonal angle differs considerably from that in the other specimens.
However. the dentition of one of these, a left valve, has been uncovered, and
it does not differ in any important way from that of the other specimens.
The two types occur together. and even occur in the same piece of rock, near
Baker's Bore, Middalya Station (GP.e. Reg. No. F17.003) mi.q. on Wandagee
Station (University of vVestern Australia CoIlection, Reg. No. 27.889, Type
Nos. 33,924 and 33,925). .

Recently some of Etheridge's specimens from Treachery Bay, Northern
Territory, were found in the South Australian l\Iluseum by Dr. N. H.
Ludbrook of the South Australian Department of Mines. These included
one of the two specimens figured by Etheridge (1907a) '-- the specimen
figured in Plate 6. figures 4 and 5. Unfortunately the more complete specimen
(Plate 6, figures 2 and 3) has still not been found. Although the specimen
which has been found differs from our specimens in having a less well
developed ligament, and the cardinal tooth slopes slightly towards the rear
instead of being at about 90 degrees to the hinge plate, the other specimen
is -very similar· to our specimens. As the differences in the specimen which
has been found may be due to variation or to bad pres~rvation, the specimens
from the Carnarvon Basin are placed in 0: stokesi.

Procrassatella plana ·VVanner (1940, page 390, Plate 1, figures 10, lOa)
from the Basleo Beds of Timor is closely related to or conspecific ,vith O.
stokesi. In Wanner's figure of the right valve no anterior lateral or distinct
anterior cardinal is shown and probably P. plana Wanner 1940 belongs t.)
the genus Oriocrassatella. ?Cypricardella (?Trigonodus) amarassiensis
Wanner (1922, page 77, Plate 4,:figure9) from the Ainarassi Beds of Timor
and Crassatellina plana Hamlet (1928, page 84, Plate 12, figures 9, 10) are
also closely related, and indeed Wanner places them in synonymy with his
Procrassatella plana.

Another related species, Oriocrassatella lapidaria Reed (1932, page 57,
Plate 7, figure 7) from the Agglomeratic Slate of Kashmir, apparently differs
from O. stokesi in the dentition of the right valve. Unfortlmately Reed did
not recognize the presence of a ligament groove as well as cl. chondrophore
in his shells, so that the dentition is not clear from his. description of O.
lapidaria, Procrassatella brenensis Reed (1932, page 58, Plate (, fi~r~s1, 2),
and P. int~i~dia Reed (1932, page 59, Plate 7, figures 3-5; Plate 8, figure
8).
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Fam. ASTAHTIDi\E d'Orbigny emend. DaIl.

Genus MIDDALYA novo

Genotype: l\Iliddalya ;ohnstonei sp. noy.

Diagnosis: Shell astarteform, onlamented with fme growth lines; lacks a
distinctly marked lunule and escutcheon, present in Astartella Hall. The
left valve has two cardinal teeth and the right a cardinal and a pO::iterior
lateral.

Discussion: At first it was considered that the new species, Middalya
;ohnstonei, might belong to the genus Astartella Hall, geriotype A. vera Hall
(1858, page 715, Plate 29, figures la-e). However the Australian shells have
Important differences from the genotype of Astartella and it is proposed to
set up a new genus for their reception. The new genus differs most markedly
from Astartella in the absence of a distinctly marked lunule and escutcheon.
Also it lacks concentric lamellae, which are present in the genotype and in
many species of Astartella. Although the number of teeth present is the
same, the arrangement ajffers from that of Astartella vera Hall.

The new genus appears to be closely related to Astartella, and it is
considered by the author that both genera should be placed in the Family
Astartidae, Superfamily Astartacea. However, the family position is not
altogether clear and some authors have placed Astartella in other families
and superfamilies, e.g. in the Pleurophoridae Dall (in Zittel, 1927. page
470), and in the Superfamily Cypricardiacea (Shimer and Shrock, 1944,
page 417). _As Astartella is similar in many respects to Astarte, including
dentition and shape, and is probably ancestral to it, there would appear to
be good reasons for placing the two in the same family.

The genus is named after Middalya Station where the genotype is found.

l\1IDDALYA JOHNSTONEI sp. novo

(Plate VI, Figures 1-7, Text-Figure 3.)

Diagnosis: Shell rounded, subquadrangular, ornamented only with
concentric growth lines and with a slight umbonal ridge running to the
posterior ventral margin. The anterior adductor muscle is deeply impressed
and bounded at the rear by a ridge mnning down from the hinge plate.

Description of Holotype (internal impression of a left valve): The
dentition is marked by the following characters. A groove is present poster
iorly for the reception of the lateral tooth, in front of which is a strong
posterior cardi.llal- tooth, approximately at right angles to the cardinal plate.
In front of the posterior cardinal tooth is a socket for the cardinal tooth of
the right valve and an anterior cardinal tooth. The anterior cardinal is more
or less parallel to the margin and inclined at an angle of about 45 degrees
to the hinge plate. Both adductor muscle im_pre..ssions are distinctly marked,
especially the anterior impression, which is lanceolate in shape, and is
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separated at the rear from the rest of the internal surface by a ridge. The
posterior impression is oval in shape. No pedal muscle impression is visible.
The pallial line is simple.

Dimensions of Holotype: Length 14 mm; height 11 mm; thickness 3 mm.

Description of other specimens: Paratype A is an internal impression
of a right valve showing a posterior lateral tooth and sockets for the two

lac

aa

s si
lac
aa

.\flddaIya johnslon"i .p. nov. Holotrl'" - impression of left valve, dic~ctly from sid~ and tilt~d. aa
imprcssiDn of anterior adductor muscle; lac - impression of left anterior cardinal tooth; • - socket
for reaption of right cardinal tooth; lpc - impression of left posle:ior cardinal tooth; 51 - socket
of posterior lateral tooth of right valve; pa - ImpreSl1ion of posterior adductor muscle; pi - J;laUia1
line. x 2. (See also Plate VI, figures 1-7.)

cardinals of the left valve. The sockets are separated by the impression of a
large cardinal tooth. The dental fonnula for the two valves can thus be
represented as follows:

L.m101___, where "}" represents the posterior lateral and "m" the corres-
R.l°1o

ponding clasping lamina.

Paratype B is the internal impression of a right valve showing the
denition and the musculature; the impression of the posterior cardinal is not
preserved as well as in Paratype A.

Paratype C shows the external ornament; there are 4 growth lines per
mm near the ventral margin.

In Paratype D, a left valve, the hinge is shown. The dentition is the
same as that in the holotype. The ligament is opisthodetic and external.

Dimensions of Paratypes:

A .
B .
C (a left valve) .
D .

Length Height Thickness
14 mm 12 mm 3.5 mm
9mm 8mm 3 mm

14 mm 13 mm 3.5 mm
Dimensions cannot be accurately
measured.

Occurrence: Holotype - C.P;C. 1301 (Reg. No. F17,116) 21 miles west
north-west of Baker's Bore, Middalya Station; Coolkilya Greywacke. Para-
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lypes A and-B -,:- c.P.c. 1302 and 1303 (Reg. No. F17,116)sa-:Ulc locality as
for holotype. Paratype C - c.P.G 1304 (Reg. No. F17)13), about 3-2/3
miles slightly N of E of Southern Cross Bore, Middalya Station; Coolkilya
Greywacke. Paratype D _. C.P.G 1305 (Reg. F17,003), immediately south
of Baker's Bore, Middalya Station; Coolkilya Greywacke.

The species has been named in honoi..u· of Mr. D. Johnstone, ··formerly a
geologi~t of the Bureau of IVllneral Re~ource-s, who collected some of the
specimens described in this paper.

CORRELATIONS OF THE FAUNAS

The deposition of the sediments from t.he Lyom. Group to the Coolkilya
Greywacke (as restricted by COrldon, 1955, p. 92, vide Thomas and Dickins,
1954), took place in Lower Permian time, in which, following Nalivkill
(1938), are included the Sakmarian, Artinskian, and Kungurian. The
Binthalya Sub·group, which is either unfossiliferous or has an impoverished
fauna of brachiopods, overlies the Coolkilya Grey-wacke and is thus Kungurian
or younger in age. The evidence for the age is reviewed by Thomas and
Dickins (1954). It is necessary to add to this review that the work on the
Bryozoa by·Crockford (1951, page 119) Sl!ggests similar conclusions.

Among the pelecypods described in this Bulletin Nuculana lyonsensis
sp. novo (p. 10) is the only form from the Lyons Group. It is closely
related to Nuculana thompsoni Repd from the' Agglomeratic Slate of Kashmir,
which may also be of Sakmarian age, as Reed is undoubtedly correct· in
comparing the fauna of the Agglomeratic Slate to that of the Speckled
Sandstone of the Salt Range, which is overlain' by the Artkinskian Lower
Ptcductus Limestone (Thomas and Dickins, 1954).

Allorisma? sp. novo (p. 20) from. the J.Vl;allens Greywacke is closely
related to Allorisma teniscnl Waagen from the Speckled,Sandstone of the Salt
Range: but the Mallens Greywacke is known to be Artinskian in age~ :

Two species, Astartila blatchfordi (Hosking) (p. 21) and Glyptoleda
sp. (p. 13) are described from the ''Vandagee Formation. Astartila blatr:h
jordi also occurs in the Artinskian Noonkanbah Formation of the Fitzroy
Basin (Thomas and Dickins, 1954). Species of Glyptoleda (not known below
the Cundlego Formation in the Carnarvon Basin) wlth a similar type of
ornamentation occur in the Ingelara Stage of Queensland (Fletcher, 1945).

The fauna described from the Norton and Coolkilya Greywackes is the
most useful fot correlation. Nuculana thomasi sp. novo from the Norton and
the Coolkilya, and Astartila fletcheri sp. novo from the Wandagee and the
('A)olkilya closely resemble Nuculana ovata Laseron from the Wa~wan
drian Siltstone of the Shoalhaven Group and Astartila polita Dana from the
Wesley Park Member of the Broi:Ighton Tuff in the Gerrillgong Volcanics,
both of which are formations of the "Upper Marine Series" of New South
Wales (HanIon, Joplm. and Noakes, 1953).
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Forms ver)' closely related to or conspecific with Parailelodon subtilis
triatus vVanneI', Stutchburia muderongensis sp. nov., Astartila fletcheri sp.
nov., Atomodesma exarata Beyrich, and Schizodus kennedyensis sp. nov.,
occur also in the lower Liveringa beds of the Fitzroy Basin. So does
Oriocrassatella stokesi Etheridge Junr, which is also found in the uppet·
Liveringa beds and at Treachery Bay, Northern Territory. A form very
closely related to Oriocrassatella stokesi also occurs in the BasIeo and Amarassi
Beds of Timor. Unfol'tunately the age of the Basleo Beds is not altogether
clear and it is possible that several hurizons are present, the age of which may
be Kungurian·to Tartarian (1. 'Wanner, 1931; Miller and Furnish. 1940;
Teichert, 1941). But the age of the .Amarassi Beds {s fixed as post-Kazanian
by ammonites of the Timorites-zone (Miller and Furnish, 1940).

Parallelodon subtilistriatus has heen described by vVanner from the
BasIeo and Amarassi Beds of Timor. This species is closely related to a
number of Upper Permian forms such as P. kingianus (Verneuil) from beds
of Kazanian age in Europe, and P. multistriatus Girty from the Guadalupian
of North America. .

.The stratigraphical position of the specimens of Atomodesma exarata
Beyrich from Timor is not clear. C. Wanner (1922; 1940) ascribes a Lower
Triassic age to them. However, in vVestern Australia the species occurs in
beds of definite Permian age and it is even restricted in range, In the
Carnarvon Basin it is known definitely only from Coolkilya Greywacke, and
in the Fitzroy Basin only from the lovrer Liveringa beds.

Schizodus kennedyensis sp. nov may be a Lower Pennian forerunnet' of
the closely related S. pinguis Waagen from the Upper Productus of the Salt
Range, which is regarded as late Upper Pennian because it cOlltains repre
sentatives of the Cyclolobus-zone.

It is evident that the CoolkilY<i Greywacke contains pelecypods which
are younger than. Artinskian. On the other hand typical Kazanian forms
such as certain species of Bakevellia and Liebia, and Stutchburia modioliformis
(King) are absent from the Coolkilya or any older formation. In addition
theammol1ites from the Coolkilya Greywacke (as restricted), Pseudogastrio
ceras goochi Teichert and Agathiceras applanatum Teichert, could be post
Artinskian in age; but they are unlikely to be younger than Kungurian
because neither Waagenoceras, A,drianites s.s. (Ruzhencev 1940). norothe('
advanced species of the ~Vaagenoceras-zol1e,are knO\·vn to occur.

All the evidence therefore suggests Cl Kungurian age for the Coolkilya
Greywacke.
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PLATE I.

Figure

1-2; 10 Nuculana thomasi Dickins, sp. novo x 2.
1. Holotype. 2. Paratype B, internal impression of a left valve. 10.
Outline of holotype from above.

3-4 Glyptoleda sp. x 2.
3. Type No. 740, external impression of a left valve. 4. Type No.
741, internal impression of a right valve.

5-6; 11 Parallelodon subtilistriatus Wanner. x 2.
5 Latex mould of Hypotype A. 6. Hypotype B, internal impression
of a right valve showing the dentition and the anterior and posterior
adductor muscles. 11. Outline of mould of Hypotype A from above.

7-9 Nuculana lyonsensis Dickins, sp. novo
7. Holotype x 1. 8. Paratype A x 2. 9. Latex mould of Paratype
Bx1.

12-17 Stutchburia muderongensis Dickins, sp. novo x 1.
12. Paratype A. 13. Paratype B. 14. Paratype C. 15-16 Holotype.
15. Left valve, the muscle track of posterior adductor is visible. 16.
Dorsal view showing the impressions of the pedal muscles. 17.
Paratype D showing the hinge.

(Photographs in the plates taken by the author and G: T. Reid, photographer
of the Bureau of Mineral Resources, Geological Section.)
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PLATE H.

Figure

1-2 Allorisma? sp. novo x 1.
Type No. 754. 1. Lateral view. 2. Dorsal view.

3-9 Astartila fletcheri Dickins, sp. novo x 1.
3-5 Holotype. 3. Left valve. 4. Right valve (see also Text-fig. 1). 5.
Dorsal view (see also Text-fig. 1). 6-7 Paratype A. 6. Left valve.
7. Anterior view. 8. Pa:ratype B. 9. Latex mould of Paratype C,
showing interpolation of the ribs.

10-12 Astartila blatchfordi (Hosking) x 1.
West. Aust. Univ. Type No. 29345.
10. Anterior view showing the projection of the hingeline. 11.
Lateral view of exterior. '12. Lateral view of interior showing tooth
and opisthodetic ligament groove.
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PLATE Ill.

Figure

1-7 Pseudomyalina obliqua Dickins, gen. et. sp. novo
1-3 Holotype x ! approx. 1. Right valve; enclosed by left. 2. View from
front showing anterior commissure. 3. Left valve. 4. Paratype C x 2,
showing the structure of the shell, a. inner ostracum, b. outer prismatic
layer (outer ostracum), c. outside of shell. 5. Paratype A x ! showing
the structure of the anterior part of the hinge. 6-7 Paratype B x !
approx. 6. Viewed from above but tilted slightly towards the side. The
muscle track is shown clearly. 7. Lateral view of left valve showing the
impressions of the anterior and posterior muscles and the umbonal ridge.
(See also Text-fig. 2).
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PLATE IV.

Figure

1 Atomodesma mitchelli (McCoy). x 1.
Right lateral view of a plastotype of the holotype. The impression of
the single ligament groove can be seen. Although the left valve is larger
than the right, because the valves are displaced, the difference in size is
not as great as the figure suggests.

2-5 Atomodesma exarata Beyrich. x 1.
2-4 Hypotype B. 2. Left valve. The antez:ior groove can be seen faintly.
3. Anterior view. 4. Right valve. The ligament groove can be seen under
the umbo. 5. Latex mould of Hypotype A.

6-8 Undulomya pleiopleura Fletcher. x 1.
Hypotype. 6. Left valve. 7. Right valve. 8. Dorsal view.
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PLATE V.

Figure

1-10 SclJ.izodus kennedyensis Dickins, sp. novo x 1.
1-2 Holotype. 1. External view. 2. Internal view. 3. Paratype A,
internal view. 4. Hinge of Paratype B--a left valve. 5-7. A right valve
~estroyed in fire. 5. Dorsal view. 6. External view. 7. Internal view.
The anterior pedal scar and buttress ridge are shown clearly. 8-10.
A left valve destroyed in the fire. 8. Dorsal view. 9. External view.
10. Internal view.
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PLATE VI.

Figure

1-7 Middalya ;ohnstonei Dickins, gen. et. sp. novo x 2.
1-3 Holotype. 1. Lateral view (see also Text-fig. 3). 2. Dorsal outline.
3. Dorso-lateral view (se~ also Text-fig. 3) showing the impression of
the teeth. 4. Paratype A. 5. Paratype B. 6. Paratype D, a left valve
showing' a well preserved hinge. 7. Paratype C.

A

8-14 Oriocrassatella stokesi Etheridf;e Jnr. x 1.
8. Hypotype A, a right valve showing the hinge. 9. Hypotype B, a left
valve showing the hinge. 10. Hypotype E, showing the musculature
and the slight posterior l-ldge. 11-12 Hypotype C. 11. Dors~l view.
12. Right lateral view. 13-14. Hypotype D. 13. Dorsal view. 14. Right
lateral view.

()
'.



PLATE'

7

!J

(\

3

2

6

1


	Title Page
	Contents
	Abstract
	Introduction
	Systematic Descriptions
	Nuculanidae
	Parallelodontidae
	Modiolopsidae
	Edmondiidae 
	? (Gen. Allorisma)
	Myalinidae
	Arcomyidae
	Trigoniidae
	Crassatellidae
	Astartidae


	Correlations of the Faunas
	Acknowledgements
	Bibliography
	Explanation of Plates



