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Diductor muscle scars shaped like tear drops
either side of slightly raised platform below umbo,
26% shell length. Lateral diductor scars long and
thin; small scars posterior to diductor scars short
and raised; median fold begins anterior to muscle
scars.

Dorsal valve. Outer socket ridges thin. Socket
in thickened buttressed area of lateral margin,
socket triangular, 12% of shell length. Inner
socket ridge wide, curves partially over socket.
Inner hinge plate concaved, joins crural base area
strongly laminated. Crural process short,
rounded; crura triangular, apex posteriorly,
widening greatly to loop. Loop short, width 30%
shell length, arched towards ventral valve;
muscle scars round with thickened valve floor
creating a heart shape posteriolaterally. Median
septum low, flattened, short (33% shell length),
widening posteriorly forming low trough,
extends to base of cardinal process. Cardinal
process thin vertically striated concave band 4.5%
shell length.

Remarks

The above description accords well with those
provided by Elliott (1952) and Cooper (1983). The
specimens from Dandaragan are larger than those
from Gingin and have a correspondingly deeper
anterior sulcus.

Suborder Terebratulidina Waagen, 1883
Superfamily Terebratelloidea King, 1850
Family Dallinidae Beecher, 1893
Subfamily Gemmarculinae Elliott, 1947
Genus Gemmarcula Elliott, 1947

Type Species
Terebratula truncate Sowerby, 1826.

Gemmarcula doddsae sp. nov.
Figure 9 I-K

Material Examined

Holotype
WAM 78.4196, “Kayanaba”, Dandaragan, Gingin
Chalk, Perth Basin, Santonian-Campanian.

Diagnosis

Cardinal process fused to cardinal margin,
foramen trapezoid, hypothyridid, anterior
comnissure unisulcate.

Description
Exterior. Small to medium subcircular shell to 14.4
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mm in length. Biconvex, depth 52% shell length.
Width greatest at mid-length, 90% shell length.
Finely and densely punctate, costellate, growth lines
numerous distinct, sulcus extends from cardinal to
anterior margins. Cardinal margin wide, nearly
straight; lateral valve edge bevelled, lateral margin
gently curved to dorsal valve; anterior commissure
unisulcate, finely crenulate. Umbo short, wide,
erect; beak ridges sharp. Foramen trapezoid, large,
14% shell length, hypothyridid; interarea concave,
striated.

Interior. Ventral valve. Teeth unclear, no dental
plates. Muscle scars wide, short, pyriform, indented
anteriorly, separated by ridge widening into a
platform.

Dorsal valve. Socket and outer socket ridges
obscured. Inner socket ridge, crural bases and outer
hinge plates fused. Inner hinge plate extends across
median area in narrow shallow septalium fused to
cardinal process and cardinal margin. Median
septum short, 31% shell length, rises to the loop
projecting above lower transverse band, descends
to form broadening ridge consistent with sulcus.
Crural process short, triangular with rounded apex;
descending branches join median septum widely
rising to narrow slightly; loop incomplete. Cardinal
process hemispherical, horizontally striated, fused
to cardinal margin. Muscle scars indistinct,
elongate, lie within shallow ridges either side of
median septum.

Remarks

This species differs from others referred to
Gemmarcula in that it has a trapezoid hypothyridid
foramen and the anterior commissure is distinctly
unisulcate.

Etymology
After Mrs Frances S. Dodds who spent much time

as a voluntary worker at the Western Australian
Museum, collecting and sorting specimens,
especially those from the Gingin Chalk.

Family Kingenidae Elliott, 1948
Subfamily Kingeninae Elliott, 1948
Genus Kingena Davidson, 1852

Type Species
Terebratula lima Defrance, 1828.

Kingena mesembrina (Etheridge, 1913)
Figure 7 A-K

1913 Magas mesembrinus Etheridge: 15, pl. 2, figs 5~
8, 8a

1952 Kingena mesembrina Elliott: 4, pl. 1, figs 1-13.
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1965 Kingena mesembrina Muir-Wood: HS839, figs
725, 1la—h.

1970 Kingena mesembrina Owen: 69, pl. 6, figs 9a—.
1991 Kingena mesembrina Sandy: 403.

1993 Kingena mesembrina McNamara et al.: 4, figs 11,
12.

Material Examined

Holotype
WAM 3522, Mclntyre’s Gully, Gingin, Gingin
Chalk, Perth Basin, Santonian-Campanian.

Other material

Gingin Chalk: WAM 5209,10; 5288; 5291; 6429;
68.618, 624; 74.1141; 75.1190; 84.310; Molecap Hill,
Gingin; WAM 89; 74.1138, 1265, 1273; Mclntyre’s
Gully, Gingin; WAM 5127, One Tree Hill, Gingin;
WAM 5985-90; 63.107; 70.1832; 76.2223; 82.1938,
2660, Gingin, WAM 4526; 5625, Hosking’s Chalk,
Gingin; WAM 5675, Southern’s Chalk, Gingin;
WAM 5940,43,45, Musk’s Chalk, Gingin, WAM
4552, Spuff’s Chalk, Gingin; WAM 74.1301; 82.2665,
Spring Gully, Gingin; WAM 63.127, “Yatheroo”,
Dandaragan; WAM 4277; 4281; 4234; 4245-6;
78.4358; 79.1032; 80.400, 1311, “Kayanaba”,
Dandaragan; WAM 80.698, “Kyno”, Dandaragan;
WAM 79.2347 /49, “Minyulo”, Dandaragan; WAM
78.4440; 79.1033-4, 2270; 80.1303, “Noondal-
Wandilla”, Dandaragan; Gingin Chalk, Perth Basin,
Santonian-Campanian.

Toolonga Calcilutite: WAM 74.1177, 1179, 1180;
75.9; 78.932; 79.2914; 88.315, 316, 885; 94.5,
Meanarra Hill, WAM 94.315, 534, Murchison House
Station; Toolonga Calcilutite, Carnarvon Basin,
Santonian-Campanian.

Description

External. Medium sized ovate to subpentagonal
shell up to 22 mm in length. Biconvex, the dorsal
valve variable (depth 45%-69% shell length) to
almost flat. Widest at mid-length, width 87% shell
length. Punctae dense, elongate; growth lines
numerous and distinct. Cardinal margin gently
curved to almost straight, lateral valve edge
bevelled, lateral margin straight to sigmoidal;
anterior commissure variable from incipiently
unisulcate to rectimarginate to uniplicate; umbo
narrow, overlapping dorsal valve in some
specimens. Umbo truncated, beak suberect to erect.
Foramen round medium sized, 8.3% of shell length;
mesothyridid to permesothyridid. Deltidal plates
conjunct in larger specimens, disjunct in smaller
specimens, symphytium small almost hidden by
overlapping umbo, thin, concave.

Internal. Ventral valve. Hinge teeth developed
from deltidal plates or appear so, teeth flat, curved
towards posterior, curved groove on anterior side,
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protuberant towards dorsal valve at angle less
than 45°, cyrtomatodont. Dental plates present
forming ftriangular cavity under teeth, strongly
ribbed horizontally. Pedicle collar striated
horizontally reaches to base of dental plates.
Muscle scars tear drop-shaped just beside dental
plates. May or may not have median ridge; ridges
may be present at anterior of muscle scars which
bifurcate anteriorly. :
Dorsal valve. Outer socket ridges wide, extend
anteriorly. Socket shallow depression extending
inwards to form shallow reception area. Inner
ridges narrow, fused to outer hinge plates; crural
base extends from fused inner socket ridges and
outer hinge plates horizontally and anteriorly. Inner
hinge plates form septalium with short thin median
septum. Loop consists of narrow descending bands
extending anteriorly, spines present anterio-
laterally, secondary bands extend from initial bands
posteriorly, incurved, meet at anterior of median
septum. Vertical extension of median septum
bifurcates thickly forming two bands which reunite,
form circular hole posteriorly, raised curved plate
or anteriorly facing hood. Brachidium and incipient
muscle scars housed in shallow depressed hollow
within valve. Anteriorly a wide low ridge separates
depression from rest of valve. Valve turns outwards
anterior to dividing ridge. Cardinal process wide
laterally, narrow longitudinally, consists a central
small shallow depression with two larger
depressions either side, connected laterally to valve
margin or slightly raised and narrowly bulbous.

Remarks

The above description is consistent with that
provided by Etheridge (1913) and Elliott (1952).
Elliott’s specimens are unumbered and therefore
difficult to trace in the University of Western
Australias geological collection. It is difficult to
identify true transverse connecting bands in some
specimens as these are incurved posterior
extensions of the descending bands. The hood is
variably developed in juvenile (small) and adult
(large) specimens, being short to long in extension
anteriorly.

Family Terebratellidae King, 1850
Subfamily Bouchardiinae Allan, 1940
Genus Bouchardiella Doello-Jurado, 1922
Type Species
Bouchardia patagonia Thering, 1903.

Bouchardiella cretacea (Etheridge, 1913)
Figure 7 L-5

1913 Magasella cretacea Etheridge: 16, pl. 2, figs 9-12.
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1915 Maguadina cretacea Thomson: 399.
1952 Bouchardiella cretacea Elliott: 9, pl. 2, figs 14-21.

1965 Bouchardiella cretacea Muir-Wood: H849, fig.
734.

1993 Bouchardiella cretacea McNamara et al.: 4, figs.
5, 6.

Material

Lectotype
WAM 3523, Molecap Hill, Gingin, Gingin Chalk,
Perth Basin, Santonian-Campanian.

Paralectotypes
WAM 99.434, as for lectotype.

Other material

Gingin Chalk: WAM 3829, 3937, 3968, 63.104;
76.2222, 2233, 78.279, Gingin; WAM 4524, 5624,
76.2244, Hosking’s Chalk, Gingin; WAM 74.1299,
75.4, 76.2233, Spring Gully, Gingin; WAM 4551,
Spiff’s Chalk, Gingin; WAM 5673-4, Southern’s
Chalk, Gingin; WAM 5415, 5914, 5933, Musk’s
Chalk, Gingin; WAM 5362, 5381, Compton’s Chalk,
Gingin; WAM 76.2254, Dodd’s Chalk, Gingin;
WAM 5179, 5208, 5227, 5286, 6433, 6442; 68.5%4,
618, 620, 623; 74.1137, 1140; 75.1187, 87.343; 91.278,
894, 92.668, Molecap Hill, Gingin; WAM 74.1266,
87.330, McIntyre’s Gully, Gingin; WAM 5341, 5350,
68.599, 659, 71.493, 74.1287, 75.1201, 82.2666,
86.1416, One Tree Hill, Gingin; WAM 63.121;
77.3530, 3534; 78.4198, 4367, 79.1029-31, 92.660, 664,
“Kayanaba”, Dandaragan; WAM 78.4419; 79.2288,
2295, “Noondal-Wandilla”, Dandaragan; WAM
79.2232, “Kyno”, Dandaragan; WAM 63.134, 139;
77.3541,3547, “Yatheroo”, Dandaragan; Gingin
Chalk, Perth Basin, Santonian-Campanian.

Toolonga Calcilutite: WAM 74.1174, 79.2916,
88.813, 883, Meanarra Hill;, WAM 88.196,219,250;
94.314, Murchison House Station; Toolonga
Calcilutite, Carnarvon Basin, Santonian-
Campanian.

Miria Formation: WAM 80.671, 88.52, CY Creek,
Cardabia Station, Giralia Range, Carnarvon Basin,
Miria Formation, Maastrichtian.

Description

Exterior. Small subcircular shell, subtriangular in
larger specimens 2-10 mm long. Biconvex, dorsal
valve almost flat. Widest slightly anterior to mid-
length, width 90% shell length in small specimens,
82% in large. Finely and densely punctate, punctae
oval; growth lines numerous anterior to mid-length,
prominent. Cardinal margin short, nearly straight,
lateral and anterior valve edges bevelled, lateral
margin sigmoidal, anterior commissure deeply
unisulcate, sulcus greater than 50% shell width.
Umbo truncated; beak straight to slightly suberect;
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beak ridges sharp. Foramen small, 3% shell length,
permesothyridid; deltidal plates conjunct.
Symphytium triangular, striated, striations form
obtuse angle and middle of symphytium.

Interior. Ventral valve. Teeth cyrtomatodont,
groove near lateral margin, slightly buttressed to
margin. Pedicle collar sessile. Muscle scars elongate
either side long low median ridge, rounded
anteriorly.

Dorsal valve. Cardinal area contained in
platform extending between lateral margins.
Outer socket ridge indistinct from margin. Socket
wide gently concave, extends laterally into valve
space. Inner socket ridge overhangs socket
slightly. Crural base, outer hinge plates fused;
crura extends anteriorly from fused plates. Inner
hinge plates striated, fused to median septum
constructing short septalium. Median septum
thin, extends beyond mid-length, anteriorly
bifurcates to produce anterior section of loop.
Loop incomplete. Pyriform muscle scars either
side median septum. Narrow low ribs extend
beyond median septum to anterior margin from
muscle scar anterior. Cardinal process slight
thickening of cardinal margin, raised slightly
laterally. '

Remarks .

The description is consistent with that provided
by Etheridge (1913) and Elliott (1952). Elliott’s
description was based on 62 unnumbered
specimens in the collection of the Geological
Department of the University of Western Australia.
A larger specimen (10 mm) was available giving
some differences in general shape, a product of
ontogeny.

Indeterminate terebratulid genus 1

Figure 11 A-C
Material
WAM 88.873, Murchison House Station, Toolonga
Calcilutite, Carnarvon Basin, Santonian-
Campanian.
Description
External: Small to medium, ovate to

subpentagonal shell up to 14 mm in length.
Biconvex, depth 80% shell length. Width 71% shell
length, widest at mid-length. Finely and densely
punctate, growth lines distinct; multiplicate
anterior, 25% of shell width, 7 ribs per mm at
anterior commissure. Cardinal margin wide to
lateral margin, strongly curved; lateral valve edge
steeply rounded, lateral margin straight to anterior
boundary, rises sharply; anterior valve edge
rounded to squared, anterior commissure
unisulcate, sulcus taking up whole margin,
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Figure 11 A-C, Indeterminate Terebratulid genus 1. A-C, WAM 88.873. A, lateral view; B, dorsal valve view; C,
anterior commissure. All x 5. D, E, Indeterminate Terebratulid genus 2, WAM 74.1262. D, dorsal valve
interior; E, dorsal valve exterior. Both x 4. F-H, Indeterminate Terebratulid genus 3, WAM 79.2331. F,
ventral valve view x 3; G, dorsal valve view x 3; H, anterior commissure x 3.

crenulate. Umbo stout, short. Beak erect; beak
ridges attrite. Foramen medium to large, 6% shell
length, mesothyridid; deltidal plates disjunct.
Symphytium narrow, concave.

Remarks

Only one specimen of this species has been
recovered to date. No internal structure is available.
The disjunct nature deltidal plates may be a product
of weathering.

Indeterminate terebratulid genus 2
Figure 11 D-E

Material
WAM 74.1262, McIntyre’s Gully, Gingin, Gingin
Chalk, Perth Basin, Santonian-Campanian.

Description
Exterior. Dorsal valve only. Sub-circular shell to
8.1 mm in length. Convex. Wider than long, width
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greatest at mid-length, 9.7 mm. Finely and densely
punctate, growth lines distinct. Cardinal margin
gently curved, wide, inner socket ridges overhang
margin; lateral margin straight; anterior
commissure rectimarginate.

Interior. Pustulose throughout. Outer socket ridge
thin. Socket very short, floor extends into valve, not
buttressed. Inner socket ridge fused to crural base
and overhangs socket slightly. Crural base swollen.
Outer hinge plate united with inner hinge plate to
form septalium, concaved; median ridge in centre
of trough extends from cardinal process to median
septum. Median septum short to posterior of mid-
length, anteriorly bifurcating; centrally raised
triangular platform, apex posteriorly located. Crura
parallel, transverse band wide, attached solidly to
median septum. Cardinal process semicircular,
striated laterally, ribbed vertically, attached to
septalium.

Indeterminate terebratulid genus 3
Figure 11 F-H

Material

WAM 76.2329, Molecap Hill, Gingin; WAM
79.2331, “Kyno”, Dandaragan, Gingin Chalk, Perth
Basin, Santonian-Campanian.

Description

Exterior. Sub-circular medium-sized shell to 19.8
mm in length. Biconvex, depth 66% shell length.
Width greatest anterior to mid-length, 93% shell
length (or greater). Finely punctate, growth lines
distinct, multiplicate, 6 folds on each valve.
Cardinal margin gently curved, wide; lateral valve
edge gently bevelled, lateral margin straight,
crenulate anteriorly; anterior commissure
incipiently unisulcate, crenulate. Umbo stout,
curved; beak erect; beak ridges attrite. Foramen
large, incomplete in specimen, mesothyridid;
deltidal plates probably conjunct. Symphytium
concave.

Interior. No interiors available.

CONCLUSIONS

The brachiopod faunas of the Late Cretaceous of
Antarctica and the Late Cretaceous of Western
Australia show a number of similarities (Table 1)
supporting the suggestion that the western coast of
Australia was part of a continuous shelf extending
all the way to the Antarctic Peninsula. The shelf
with the associated brachiopod fauna formed the
southern circum Indo-Atlantic province during the
Late Cretaceous to Paleogene.

Protegulorhynchia meridionalis Owen, 1980 1s
common to both the lower Campanian of James
Ross Island, Antarctic Peninsula and the Santonian-
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Campanian of Western Australia. Tegulorhynchia is
recorded from the Santonian-Campanian deposits
of Western Australia. It is recorded in the “Lower
Tertiary” of Cockburn Island, Antarctic Peninsula
(Owen 1980) and the Late Paleocene of the Cardabia
Formation, Carnarvon Basin Western Australia
(McNamara 1983). This genus had a long history in
the southern circum Indo-Atlantic province.

The presence of Liothyrella lecta (Guppy, 1866) and
L. anderssoni Owen, 1980 from “Early Tertiary”
deposits of Cockburn Island and Seymour Island,
Antarctic Peninsula respectively (Owen 1980) and
L. archboldi and L. brimmellae from the Late
Cretaceous of Western Australia (the first known
occurrence of the genus) indicates that this genus
may have first evolved in the higher latitudes
during the Cretaceous. That Liothyrella is known
from the Paleogene and Recent of Antarctica, the
subantarctic waters, south-eastern Australia and
New Zealand may best be explained by the genus
persisting on the Antarctic shelf during the
Paleogene and migrating west to east whilst the gap
between Australia and Antarctica opened in the
Late Eocene.

Terebratulina is a cosmopolitan genus, and its
presence in the Miria Formation during the Late
Cretaceous is not unexpected. It may have migrated
into the region, possibly through the Tethyan realm.

Bouchardiella cretacea occurred on the western
coast of Australia. This genus is also known from
the Cretaceous of South America (Doello-Jurado
1922). A related genus, Bouchardia (B. antarctica
Buckman, 1910) is recorded from the “early
Tertiary” of Seymour Island, Antarctic Peninsula
(Buckman 1910, Owen 1980, Bitner 1996).

Owen (1980) described a “Terebratula” species
which is externally similar to Zenobiathyris. If a
species of Zenobiathyris, it shows a wide distribution
of the family from the Antarctic Peninsula to
Western Australia in the Late Cretaceous.
Zenobiathyris is not known from any Paleogene
deposits.

Sampson et al. (1998) have recently proposed a
palaeogeographical construction that enables
marine faunal migration between India,
Madagascar and South America via Antarctica
during the Cretaceous. Sandy (1991) suggests a
distinct austral brachiopod fauna existed from the
Aptian onwards, at least between the Antarctic
Peninsula and Western Australia. The presence of
Cretirhynchia and Rectithyris common to both the
Gustav Group and Marambio Group, Aptian to
Coniacian, James Ross Island, Antarctica (Sandy
1991) and the Kallankurichi Formation, Early
Maastrichtian, India (Radulovic and Ramamoorthy
1992) support the hypothesis of Sampson et al.
(1998). Kingena is common to the Gustav Group and
Marambio Group, Aptian to Coniacian, James Ross
Island, Antarctica (Sandy 1991) and the Santonian
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Table1 Distribution of species described in Western Australia and Antarctica.

Species Gingin Toolonga Korojon Miria Antarctic
Chalk Calcilutite Calcarenite Form. Peninsula

Bouchardiella cretacen (Etheridge, 1913) X b X

Eochemithyris miriaensis sp. nov. X

Eohemithyris wildei sp. nov. b b

Gemmarcula doddsae sp. nov. X

Gisilina ovata (Etheridge, 1913) X X T. sp. present

Indeterminate Terebratulid genus 1 X

Indeterminate terebratulid genus 2 X

Indeterminate terebratulid genus 3 X

Inopinatarcula acanthodes (Etheridge, 1913) X X

Kingena mesembrina (Etheridge, 1913) K. sp. present

Liothyrellg archboldi sp. nov. X X X X

Liothyrella brimmellae sp. nov. b “Tertiary”

Protegulorhynchia bevanorum sp. nov. X ?

Protegulorhynchia meridionalis Owen, 1980 X Recent

Tegulorhynchia hrodelberti sp. nov. X “Tertiary”

Terebratuling kendricki sp. nov. b

Zenobigthyris mutabilis sp. nov. x X X X ?

Zenobiathyris plicatilis sp. nov. X ?

to Campanian Gingin Chalk, Western Australia
(Etheridge 1913). The presence of Cretirhynchia and
Rectithyris in both India and Antarctica may be
explained by the existence of a shallow water
corridor between these land masses as proposed by
Sampson et. al (1998). The corridor may have lasted
for a period between the Aptian and Santonian
following which the gap between India and
Antarctica became firmly established. This then
allowed the migration of Kingena, and possibly
other genera, between the Antarctic Peninsula and
southwestern Australia.

Liothyrells may have evolved from Rectithyris.
Both Liothyrella and Rectithyris are described as
being ovate and biconvex with a short broadly
triangular loop that is 0.3 times the shell length.
Both also have a low laterally extended cardinal
process. The difference exists in the foramen which
is epithyridid in Liothyrells and mesothyridid in
Rectithyris. Cooper (1983) described the foramen of
Liothyrella as submesothyridid whilst Thomson
(1927) describes it as epithyridid. In Liothyrella
archboldi the foramen is permesothyridid, half way
between the extremes of those described for
Liothyrella and Rectithyris. If Liothyrella did indeed
evolve from Rectithyris it would be expected to be
found in the southern Indo-Atlantic province. This
would account for its presence in the younger
Maastrichtian deposit of the Miria Formation.

Buckman (1910) described species of Magellania
from the Tertiary of the Antarctic Peninsula. This
genus also occurs in Australia. Terebratulina
lenticularis, Hemithyris squamosa, and Terebratula
bulbosa described by Buckman (1910) from the
Seymour Island and Cockburn Island deposits also
occur in the Australian “Tertiary” (Tate 1880).

In the Paleogene to Neogene deposits in the

Cardabia Formation, Giralia Range, Carnarvon
Basin, Western Australia, a number of brachiopods
occur (Craig in press) which are also common to the
brachiopod fauna of the La Meseta Formation,
Antarctic Peninsula of Late Eocene age. These
include the genera Basiliola, Tegulorhynchia,
Liothyrella and Terebratulina. The genus
Cancellothyris, which is found in the Cardabia
Formation, is still living in Antarctica (Foster 1989).

In summary, brachiopod faunal evidence from
both the Late Cretaceous and Paleogene of Western
Australia and Antarctica, supports the hypothesis
of a southern Indo-Atlantic faunal province with a
common shelf existing from the Antarctic peninsula
to the western coast of Australia.
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