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Erratic boulders of Early Cambrian age, occurring within the Early Miocene glacio-marine
Cape Melville Formation on King George [sland (South Shetland Islands), Antarctica, have
yielded lingulate brachiopods including Eoobolus aff. elatus (Pelman, 1986), Karathele
napuru (Kruse, 1990) and Vandalotreta djagoran (Kruse, 1990). It is the first Early
Cambrian brachiopod assemblage described from Antarctica. The fauna is closely similar
to that from the late Early Cambrian (Toyonian) Wirrealpa and Aroona Creek Limestones,
Flinders Ranges, South Australia. The new family Eoobolidae is proposed and the type
species of Eoobolus, E. triparilis (Matthew, 1902) is re-figured. The evolution of the
botsfordiids and acrothelids is discussed in the light of the new material of Karathele
napuru, which is intermediate in morphology between Botsfordia and Eothele. The super-
family Acrotheloidea, is referred to the order Lingulida because of the similarities in muscle
system, shell structure and development of pseudointerareas.
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INTRODUCTION

Cambrian brachiopods from Antarctica are poorly known; only five papers have been published to date
(SHERGOLD et al. 1976; ROWELL et al. 1983; Porov and SOLOVIEV 1981; POPOV 1984; HENDERSON 1992),
describing Middle and Late Cambrian assemblages. The Early Cambrian brachiopods described below
were first recorded by WRONA (1989) from erratic boulders of limestone within the Early Miocene
glacio-marine Cape Melville Formation of King George Island, South Shetland Islands (Text-fig. 1).
Earlier, BRoCK and CoOPER (1993) described a similar assemblage, including Eoobolus aff. elatus (PEL-
MAN, 1986), Karathele napuru (KRUSE, 1990) and Vandalotreta djagoran (KRUSE, 1990) from the late
Early Cambrian (Toyonian) Wirrealpa and Aroona Creek limestones, Flinders Ranges, South Australia.

The poorly known type species of Eoobolus, E. triparilis (MATTHEW, 1902) is re-figured to draw
comparison with Eoobolus aff. elatus (PELMAN, 1986). Previously, most Early and Middle Cambrian
lingulides of this type have been referred usually to “Lingulella” or “Obolus”. In contrast to these genera,
Eoobolus has a pitted larval shell, much like that of the acrotretoids, in addition to a distinctive granulated
post-larval shell. Below we propose the new family Eoobolidae to include this type of lingulides.

The evolution of the botsfordiids and acrothelids is discussed in the light of the new material of
Karathele napuru; it is possible to trace a gradual transition from botsfordiids, such as Karathele, to
acrothelides, such as Eothele. The muscle system, shell structure, and pseudointerareas of the botsfordiids
are very similar to those of Early Palaeozoic Obolidae (WaLcoTT, 1912; Popov, 1992), and the super-
family Acrotheloidea, is here referred to the Order Lingulida.

Acknowledgements. — Frederick J. COLLIER, Jann THOMPSON, Rex DOESCHER, and the late Richard
GRrRANT (Washington, D.C.) assisted by arranging facilities to study material stored in the U.S. National
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This work has been supported by grants (to L. HOLMER) from the Swedish Natural Science Research
Council (NFR). Leonid Porov gratefully acknowledges receipt of a one year NFR visiting scientist grant
and a 10 month visiting scientist grant from the Royal Swedish Academy of Sciences (KVA) that have
enabled him to work extensively at the Institute of Earth Sciences, Department of Historical Geology and
Paleontology, Uppsala University, as well as two Visiting Scientist grants from the Smithsonian Institution.
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Fig. 1
Location map of King George Island (arrowed) in Antarctica, and the outcrops of glacio-marine strata (asterisked)
of the Early Miocene Cape Melville Formation.
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MATERIAL

The Antarctic brachiopod material described in this paper comes from the residue of limestone erratic
boulders etched with 10% acetic acid. The boulders are scattered as iceberg-rafted dropstones within the
Early Miocene glacio-marine sediments of the Cape Melville Formation, exposed in the easternmost part
of King George Island, South Shetland Islands (Text-fig. 1). The formation is represented by a 200 m
sequence of highly fossiliferous shales with siltstone, marl and sandstone intercalations (BIRKENMAJER ef
al. 1983). The indigenous fossil assemblage of the Cape Melville Formation comprises of diatoms,
chrysomonad cysts, silicoflagellates, calcareous and arenaceous foraminifera, solitary corals, polychaetes,
bryozoans, gastropods, bivalves, decapods, echinoids, asteroids and fish remains (for references see
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Gazpzickl ed. 1987). The glacial character of the sediments is evidenced by the presence of numerous,
poorly rounded or sharp-edged boulders of rocks exotic for King George Island, with glacially-generated
features (BIRKENMAJER ef al. 1983; BIRKENMAJER and BUTKIEWICZ 1988; WRONA 1989). These strata also
yield allochtonous Cretaceous calcareous nannoplankton (DUDzIAK 1984) and belemnites (BIRKENMAJER
et al. 1987) dropped into the sediment from melting icebergs. The Early Miocene age of the formation,
and consequently of the Melville Glaciation, was determined by biostratigraphic data (BIERNAT et al. 1985;
GaZpzickl ed. 1987) as well as by radiometric dating (cf. BIRKENMAIER 1992).

The limestone erratics were collected from the erosional surface of the Melville Peninsula and are
housed at the Institute of Paleobiology, Polish Academy of Sciences in Warszawa (abbreviated as AE/Me).
This collection contains several hundred boulders grouped into distinct lithological types (WRoNA 1989;
WRONA and ZHURAVLEV 1996 this volume).

Very characteristic boulders of the light coloured calcimicrobial-archaeocyathan framestone (type 11;
WRONA 1989) contain rare shells of Eoobolus aff. elatus and an abundant blue-green algae Gordonophy-
ton-Renalcis and archaeocyathan assemblage of the same age as the uppermost Botoman units with
Syringocnema favus Beds distinguished in South Australia (ZHURAVLEV and GRAVESTOCK 1994; WRONA
and ZHURAVLEV 1996 this volume); they can be also correlated with facially similar beds of the Shackleton
Limestone exposed in the Transantarctic Mountains (DEBRANNE and KRUSE 1986, 1987, REES et al. 1989;
ZHURAVLEV and GRAVESTOCK 1994).

Lingulate brachiopods identified as Eoobolus aff. elatus are abundant and well preserved in black,
sometimes slightly bituminous packstone and wackestone (types 12—14; WRONA 1989). These kinds of
limestone erratics also contain archaeocyaths, sponge spicules, gastropods and hyoliths as well as a diverse
assemblage of problematica (small shelly fossils), among them numerous sclerites of the tommotiid
Dailyatia, which are being described separately (BENGTSON and WRONA, in preparation). This small shelly
fossil assemblage can be compared with a similar fauna and sediments of the Parara Limestone (Botoman)
in South Australia (BENGTSON et al. 1990; ZHURAVLEV and GRAVESTOCK 1994), but on the other hand it
can also be correlated with an autochtonous Antarctic kennardiid assemblage recorded from the Shackleton
Limestone in the Transantarctic Mountains (Evans and ROWELL 1990; Evans 1992).

Extremely rich and well preserved shells of larval as well as adult Karathele napuru, Vandalotreta
djagoran and Foobolus aff. elatus orginate exclusively from one erratic boulder: AE/Me52. This com-
pletely etched small boulder, size: 4 ¢cm X 5 cm and 1 cm thick, comprised a brachiopod coquinoid
limestone; it was the most fossiliferous sample studied and also contained chancelloriid and sponge
spicules, gastropods, hyoliths and phosphatized trilobite carapaces. The age of this erratic can be estab-
lished as late Early Cambrian (Toyonian) by the brachiopod assemblage described below, which is closely
similar to the brachiopod fauna from the late Early Cambrian Wirrealpa and Aroona Creek limestones,
Flinders Ranges, South Australia. Equivalent strata containing these brachiopod coquinoid limestones has
not yet been discovered on the Antarctic landmass. However, the general lithological composition of the
whole spectrum of erratics from the Cape Melville Formation clearly suggests that outcrops of Lower
Cambrian rocks around the Weddell Sea (in particular the Argentina Range) and northern Transantarctic
Mountains acted as source areas for the glacial boulders (WRONA 1987; BIRKENMAJER and BUTKIEWICZ
1988; WRONA 1989).

New material of Eoobolus aff. elatus and Karathele napuru from the Wirrealpa Limestone, Flinders
Ranges (Ten Mile or Mount Billy Creek section within the Wilkawillina Gorge; see KrRUSE (1991a) for
locality data) is illustrated below for comparison with the Antarctic material. Karathele napuru and
Vandalotreta djagoran were described originally by KRUSE (1990) from the early Middle Cambrian Tindall
Limestone (Ordian) of the Daly Basin, Northern Territory, Australia.

SYSTEMATIC PALEONTOLOGY

Measurements (Tables 1-6; in millimetres if not stated otherwise) are as follows: W, L, T = width,
length, height of valve; Iw, Il = width, length of dorsal pseudointerarea; Pw = width of median groove;
Cw, CI = width, length of cardinal muscle field; VI = length of visceral area; S| = length of dorsal median
ridge. S = standard deviation, N = number of measurements, MAX = maximum value, MIN = minimum
value.
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The terminology of the lingulate brachiopods used here mainly follows that of ROWELL (1965); KONEva
(1986); and HOLMER (1989). The term median tongue was introduced by Porov and HOLMER (1994) to
denote the narrow anterior extension of the dorsal visceral field of many lingulates (Text-figs 2-3).

The illustrated and/or discussed material is deposited in the Institute of Paleobiology, Polish Academy
of Sciences, Warszawa (ZPAL), South Australian Museum, Adelaide (SAM), Northern Territory Museum
of Arts and Sciences, Darwin (P). United States National Museum, Washington D.C. (USNM), Swedish
Museum of Natural History (RM), Stockholm, and the Royal Ontario Museum, Toronto (ROM).

Class Lingulata GROJANSKY ef Popov, 1985
Order Lingulida WAAGEN, 1885

Superfamily Linguloidea MENKE, 1828
Family Eoobolidae fam. nov.

Diagnosis. — Shell dorsibiconvex, somewhat inequivalved, elongate oval to subtriangular; larval shell
well defined, with pitted micro-ornamentation; postlarval shell finely pustulose; ventral pseudointerarea
elevated above valve floor, with deep pedicle groove and well-developed flexure lines; dorsal pseudoin-
terarea divided, raised above valve floor; muscle system with paired umbonal muscle scars bisected by
v-shaped impression of pedicle nerve; dorsal visceral field with well-developed median tongue extending
to mid-length; mantle canals baculate with well-developed vascula media.

Genera included. — Eoobolus MATTHEW, 1902 (= Clivosilingula USHATINSKAYA, 1993); Vassilkovia
Porov et KHAZANOVITCH (in POPOV et al. 1989).

Discussion. — The Eoobolidae show a combination of characters, that are unique within the Lingu-
loidea. There are no other linguloids with a finely pitted larval shell and pustulose post-larval shell. Other
types of pitted micro-ornamentation are distributed widely within the superfamily, but usually involve
both the larval and post-larval shell as in the Zhanatellidae, Elkaniidae, Dysoristidae, and the Paterulidae.
[t is possible that the eoobolids are related somehow to the Botsfordiidae, the earliest members of which
are also characterised by pitted larval and pustulose post-larval shells. The detailed morphology of the
larval shell of Vassilkovia Porov et KHAZANOVITCH (in POPOV et al. 1989), is not known, but the pustulose
post-larval shell is closely similar to that of the Eoobolidae. The family is first recorded from the Botoman
(USHATINSKAYA 1993) and ranges to the Late Cambrian (PoPOV et al. 1989).

Genus Eoobolus MATTHEW, 1902

1902. Obolus (Eoobolus) MATTHEW, p. 97.
1903. Obolus (Eoobolus) MATTHEW, p. 135.

1993. Clivosilingula USHATINSKAYA, p. 125 [Type species: Lingulella clivosa PELMAN, 1983; Middle Cambrian (Amgian),
Siberial.

Type species: Obolus triparilis MATTHEW, 1902 (selected by ROWELL 1965, p. H263).

Diagnosis. — Shell dorsibiconvex, elongate suboval to elongate subtriangular; ventral valve slightly
acuminate with high, orthocline pseudointerarea; pedicle groove deep, narrow, with subparallel lateral
margins; dorsal pseudointerarea with broad, shallow median groove; propareas of both valves with flexure
lines; ventral visceral field not extending to mid-valve; paired ventral umbonal muscle scars bisected by
v-shaped impression of pedicle nerve; ventral vascula lateralia submarginal, straight, slightly divergent
proximally; dorsal visceral area with median tongue usually bisected by median ridge and pair of subme-
dian ridges; dorsal vascula lateralia marginal, arcuate; vascula media long, slightly divergent.

Other species included. — Lingulella wanniecki REDLICH, 1899; Early Cambrian, Pakistan (Salt
Range). Lingulella clivosa PELMAN, 1983; Middle Cambrian (Amgian), Siberia. Lingulella elata PELMAN,
1986 (= Clivosilingula dilatata USHATINSKAYA, 1993); Middle Cambrian (Amgian), Siberia. Eoobolus aff.
elatus (PELMAN, 1986); Early Cambrian (Toyonian), South Australia, West Antarctica (King George
Island).

Discussion. — Eoobolus has been regarded as a junior synonym of both Lingulella (WALCOTT, 1912),
Obolus, and Ungula (ROWELL, 1965; the figured valves probably represent Ungula). However, it seems
that undoubted species of Lingulella and Ungula are not known earlier than from the Late Cambrian; only
Lingulella is internally similar to Eoobolus, but the former has poorly developed dorsal flexure lines and
pseudointerareas that are not strongly raised above the valve floor (Porov and HOLMER 1994). Obolus
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Fig. 2
Eoobolus aff. elatus (PELMAN, 1986), reconstruction of ventral (A) and dorsal interior (B). Location of measurements
indicated: W = width, Iw = width of pseudointerarea; L = length, VI = length of ventral impression of pedicle nerve, Il =
length of ventral pseudointerarea.

appears to be endemic to Baltoscandia and is not similar internally to Eoobolus (POPOV et al., 1989).
Moreover, our brief re-study of the type species Ecobolus triparilis (MATTHEW, 1902) revealed a distinc-
tive pustulose ornamentation on the post-larval shell, of a type which is not known from any other obolid
genera with the exception of Vassilkovia POPOV et KHAZANOVITCH (in Porov et al., 1989) and Clivosil-
ingula USHATINSKAYA, 1993. E. triparilis also has a characteristic long median ridge and a pair of lateral
ridges in the dorsal valve. A similar type of morphology was recorded in the type species of Clivosilingula,
C. clivosa by PELMAN (1983, p. 125) and the pseudointerareas as well as most other morphological
characters are closely similar; Clivosilingula is here regarded as a junior synonym of Eoobolus.

According to USHATINSKAYA (1993) Lingulella viridis CoBBOLD, 1921, Lingulella rotunda PELMAN,
1977, and Lingulella variabilis PELMAN, 1977, may be also referred to Clivosilingula, but the detailed
morphology of these taxa is poorly known.

Lingulella wanniecki REDLICH, 1899, from the Early Cambrian of Pakistan has a well defined median
ridge and a pair of lateral ridges in the dorsal valve as well as a distinctive pustulose ornamentation
(SCHINDEWOLF and SEILACHER 1955); it is referred here to Eoobolus.

Eoobolus triparilis (MATTHEW, 1902)
(P1. 10: 1-9)
1902. Obolus triparilis MATTHEW, p. 94, pl. |: 2a—c.
1912. Lingulella triparilis (MATTHEW, 1902); WALCOTT, p. 536. pl. 45: 2. 2a—f. text-fig. 44 (cum syn.).

Lectotype (selected here): ROM S10CM (A), dorsal valve (PL. 2: 7).
Type horizon and locality: Middle Cambrian (Bourinot Group), Canada (Cape Breton).

Diagnosis. — Shell dorsibiconvex, slightly elongate subtriangular, with maximum width somewhat
anterior to mid-length; ventral valve slightly acuminate; ventral pseudointerarea high, triangular; dorsal
interior with long median ridge and pair of submedian ridges bounding narrow median tongue.

Remarks. — The micro-ornamentation of the larval shell could not be determined on any of the
available specimens. The fragmentary preservation of the material at hand made it difficult obtain good
measurements.

Material. — Figured. Ventral valves: USNM 51855a, 57013c¢. Dorsal valves: USNM 57013a, 57013d,
57013e; ROM 510CM (A), 510B, 678CB (C), 678CM (E).

Occurrence. — Type locality only.
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Eoobolus aff. elatus (PELMAN, 1986)
(P1. 9: 1-15; Text-fig. 2)
aff. 1986. Lingulella elata PELMAN, p. 138, pl. 12: 14,
aff. 1993. Clivosilingula elata (PELMAN); USHATINSKAYA, p. 133, fig. 1: 10-11.
1993. Lingulella sp.; BRock and COOPER, p. 780, fig. 14: 14-15.

Material. — Figured from Antarctica. Ventral valves: ZPAL Bp.XXXII1/33S6, 33589, 61S6. Dorsal
valves: ZPAL Bp.XXXIII/50S1, 61S2. Figured from Australia. Complete juvenile shell: SAM P35112.
Dorsal valves: SAM P35101, P35104, P35105, P35111. Ventral valves SAM P35102, P35103, P35109,
P35110, P35114.

Measurements: See Tables 1-2.

Table 1. Eoobolus aff. elatus (PELMAN), average dimensions of ventral valves.

| e | w [l on [ w [ wm vw | L | ww | v
N |2 |22 2 |26 |11 | 21 | 2 6 | 17
FS 239 | 179 0.62 1.17 129 | 135% | 27% 68% | S0%
E 1117 | 0882 | 0264 | 0513 | 0545 | 746 | 31 | 59 | 6l
MIN 1.04 060 | 028 | 052 0.64 | 120% | 20% | 58% | 40%
- MAX 528 | 428 1.40 2.56 236 | 150% | 2% | 19% | 63%
Table 2. Ecobolus aff. elatus (PELMAN), average dimensions of dorsal valves.
B | L w w | LW WL | IwW | VIL
N [ [ [w [z T2 2 [u |

X | 227 | a8 | L2 | 135% | 21% | 68% | 0% |
B 0860 = 0700 | 0464 746 | 3.1 59 61
| MIN 1.06 0.84 052 | 120% | 20% | 58% | 40%
| MAX 432 348 2.40 150% | 32% 79% 63%

Description. — Shell slightly dorsibiconvex, elongate suboval, on average 135% as long as wide, with
maximum width somewhat anterior to mid-length. Ventral valve gently and evenly convex, slightly
acuminate; ventral pseudointerarea high triangular, orthocline, on average 27% as long as wide, occupying
68% of valve width; ventral propareas slightly raised above valve floor, with well defined flexure lines;
pedicle groove narrow, with steep, subparallel lateral margins. Dorsal valve gently convex; dorsal pseu-
dointerarea moderately high, orthocline, occupying on average 66% of valve width; median groove broad,
shallow, poorly defined laterally; dorsal propareas narrow with flexure lines. Larval shell small, close to
circular, around 0.10-0.15 mm across, ornamented by fine circular pits, around 1 m across. Post-larval
shell covered by fine, densely spaced pustules, around 5-6 m across.

Ventral visceral area somewhat thickened, extending to mid-length; ventral umbonal muscle scar
paired, bisected by v-shaped impression of pedicle nerve; ventral vascula lateralia subperipheral, slightly
arcuate. Dorsal visceral area, with narrow median tongue extending somewhat anterior to mid-valve;
dorsal median ridge weakly developed; dorsal vascula lateralia marginal, arcuate; vascula media weakly
impressed.

Discussion. — The specimens from Antarctica are similar to Foobolus elatus (PELMAN) from the
Kuonamka Formation of Siberia (UsHATINSKAYA 1993, figs 1-11) in size, general outline, and in having
a weakly developed dorsal median ridge, as well as in the absence of dorsal submedian ridges; the only
difference appears to be that the ventral visceral area is more thickened in the Siberian specimens.
However, the detailed morphology of the Siberian species is still poorly known and it cannot be compared
in detail with the Antarctic material. A second species, Eoobolus dilitatus described by USHATINSKAYA
(1993, fig. 1: 5-9) from the same horizon, differs from Eoobolus elatus in being transversely oval and
wider, but these features are known to be very variable in lingulids and moreover, change significantly
during ontogeny; thus, E. dilitatus may be a junior synonym of E. elatus.

The Antarctic material of E. aff. elatus is also closely similar to Lingulella sp. described by BROCK
and CooPER (1993) from the Early Cambrian Wirrealpa and Ramsay limestones of the Flinders Ranges
and Yorke Peninsula, South Australia. Additional material from the Wirrealpa Limestone illustrated here
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(PL. 9: 34, 6-8, 10, 13, 15) indicates that they may be conspecific, as the Australian specimens have an
identical type of external and internal morphology.

Occurrence. — Early Cambrian (Toyonian), South Australia; King George Island erratics, Antarctica;
Middle Cambrian (Amgian), Siberia.

Superfamily Acrotheloidea WALCOTT et SCHUCHERT, 1908

Diagnosis. — Shell with short, convex posterior margin; postlarval ornament of fine, evenly distributed
granules or pustules; larval shell pitted, with apical spines or tubercles; ventral valve convex or low
conical; ventral pseudointerarea vestigial or lacking; pedicle emerging through delthyrium or foramen
posterior to apex; dorsal pseudointerarea vestigial or lacking; muscle system linguloidean-like, with paired
umbonal muscle; mantle canal system of both valves baculate; vascula media well-developed; shell
structure baculate.

Discussion. — The close relationship between the Botsfordiidae and Acrothelidae has long been
recognized (ROWELL 1965). As noted by ROWELL (1965) it is probable that the botsfordiides were ancestral
to the acrothelides; moreover, it now seems possible to trace an almost continuous gradual transition in
morphology from Botsfordia (Pl. 10: 10-15; Text-fig. 3A-B) through the intermediate Karathele, with a
deep, but unrestricted delthyrial pedicle opening and rudimentary ventral pseudointerarea (Text-fig. 3C-D)
to early acrothelides, like Eothele (Pl. 12: 6-8) with a low, subconical ventral valve, a reduced pseudoin-
terarea that is gradually transformed into the pedicle tube, and with an elongate, suboval pedicle foramen
that is formed post-larvally (Pl. 12: 6-8).

The muscle system of botsfordiides is very similar to that of Early Palaeozoic Obolidae (WALCOTT
1912; Porov 1992); the earliest known genera, Botsfordia and Edreja have scars that appear to match a
full set of obolide muscles (Text-fig. 3A-B), whilst the number of muscles in most acrothelides was
probably reduced. The scars of a linguloid type of v-shaped pedicle nerve in Botsfordia and Edreja
(Text-fig. 3A) also may indicate a close relationship between the two groups.

The shell structure of botsfordiides has not yet been studied adequately, but includes baculate laminae
(HOLMER 1989; Porov and HOLMER 1994).

The earliest evolution of the group is still poorly known. Although the botsfordiides and acrothelides
have some characters in common with the acrotretoids, such as a pitted larval shell and a pedicle foramen
(in acrothelids), it is clear that they also exhibit many lingulid features, such as baculate shell structure.
They might be related closely to the lingulid family Eoobolidae, which is also characterized by a pitted
larval shell and a pustulose-granular post-larval ornamentation. WILLIAMS and ROWELL (1965) proposed
that the acrothelides probably were ancestral to the discinides, but in view of the considerable differences
in their ontogenies, this is unlikely (CHUANG 1971; HOLMER 1989).

Family Botsfordiidae SCHINDEWOLF, 1955

Diagnosis. — Shell biconvex; ventral pseudointerarea vestigial, divided by deep pedicle groove for-
ming triangular delthyrium; dorsal pseudointerarea vestigial, divided by median groove; muscle system
consisting of paired umbonal, transmedian, outside lateral, internal lateral, anterior lateral, and central
muscles; vascula lateralia straight, submedian, divergent in both valves; larval shell with one to three
apical tubercles in ventral valve and two in dorsal valve.

Genus Karathele KONEva, 1986

Type species: Karathele coronata KONEVA, 1986.

Type horizon and locality: Middle Cambrian (Peronopsis? ultimus and Ptychagnostus atavus Zones), Kazakhstan (Malyi
Karatau).

Diagnosis. — Shell subequibiconvex, subcircular; ventral pseudointerarea narrow triangular, procline
to catacline, with vestigial propareas; pedicle groove deep, with steep lateral slopes; dorsal valve slightly
sulcate; dorsal pseudointerarea vestigial, with poorly defined median groove; ventral larval shell with
three tubercles and one or two pairs of dorsal tubercles; ventral visceral field small, short, only slightly
thickened; dorsal visceral field small, slightly thickened; median tongue narrow, extending to mid-valve,
bisected by median ridge; mantle canal system baculate; both valves with straight, submedian, divergent
vascula lateralia; vascula media long, divergent.
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Fig. 3
Reconstruction of ventral (A) and dorsal interior (B) of a generalised Botsfordiidae and ventral (C)
and dorsal interior (D) of Karathele napuru (KRUSE, 1990).

Other species included. — Eothele napuru KRUSE, 1990; Early Cambrian (Toyonian)—early Middle
Cambrian, Australia, Antarctica.

Discussion. — Karathele was referred originally to the Acrothelidae by KONEvA (1986); however, it
has an open delthyrium throughout ontogeny, with a ventral pseudointerarea and pedicle groove much
like those of Botsfordia and Edreja (Text-fig. 3). Karathele differs from both Botsfordia (Pl. 10: 10-15)
and Edreja mainly in having a procline to catacline ventral pseudointerarea with vestigial propareas, small,
densely spaced post-larval pustules, one pair of ventral larval tubercles, as well as a short ventral visceral
area that does not extend anteriorly to mid-valve. Externally Karathele is closely similar to Eothele (Pl. 12:
6-8), but the delthyrium in Karathele remains open through out ontogeny. The juvenile shells of Eothele
spurri are similar to Karathele in the morphology of the larval shell, delthyrium and rudimentary pseu-
dointerareas, but unlike Karathele, a regular pedicle foramen is formed in adults of Eothele spurri
(Pl. 12: 7) and the ventral propareas are completely lost. The interior of Eothele is poorly known and
cannot be compared directly.

Karathele napuru (KRUSE, 1990)
(P1. 11: 1-8; PL. 12: 1-5; Text-fig. 3C-D)
1990. Eothele napuru KRUSE, p. 31, pl. 12A-K, text-fig. 16.
1991b. Eothele napuru KRUSE, p. 178, fig. 7A-E.
1993. Eothele napuru KRUSE; BROCK and COOPER, p. 782, fig. 15: 1-14.

Holotype: Ventral valve SAM P85206.

Type horizon and locality: Middle Cambrian, Tindall Limestone (bore-hole NTGS 83/3), Daly Basin, Northern Territory,
Australia.
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Material. — Figured from Antarctica. complete shells: ZPAL Bp. XXXII1/29S8, 38S4; ventral valves:
ZPAL Bp. XXXIII/53S2, 5340U, 54S3; dorsal valves: ZPAL Bp. XXXIII/29S5, 34S3. 5052, 5053, 53S4.
Figured from Australia. Ventral valves: SAM P35100. SAM P35107, SAM P35113.

Measurements: See Tables 3—4.

Table 3. Karathele napuru (KRUSIE). average dimensions ot 5 ventral valves.

LW W™ Pw VI Vw LW | IwW VL
X L1218 033 0.16 038 | 043 97% | 7%  34%
S 0242 0331 0430 0038 0060 0103 86 59 38
MIN 082 076 016 0.10 0.32 0.32 84% 219 29%
MAX 1.40 1.46 .34 0.20 0.40 0.50 108% | 34% 9%

Table 4. Karathele napuru (KRUSIE), average dimensions of 6 dorsal valves.

LW Iw Si LW  IwW  SIL
X 141 159 038 186  89% 4%  60%
S 033 0409 0083 | 028 25 35 64
MIN 102 116 028 | 058  85% 0% | 52%
MAX 214 2.14 122 1.22 92% 29% 69%

Diagnosis. — Pedicle groove deep, forming narrow slit in mature specimens; dorsal larval shell with
two tubercles.

Description of material from Antarctica: Shell slightly ventribiconvex, subcircular, about 97% as long
as wide. Ventral valve low subconical with maximum height at umbo: ventral pseudointerarea narrow
triangular, procline to slightly catacline, occupying on average 27% of valve width: pedicle groove very
deep. forming high triangular to semioval delthyrial opening: posterior part of delthyrium forming narrow
slit in mature specimens; ventral propareas vestigial. Dorsal valve gently convex with maximum height
at about umbo: dorsal pseudointerarea vestigial. occupying about 24% of valve width. Ventral larval shell
with high median tubercle above delthyrium and pair of tubercles in posterolateral part. Dorsal larval shell
with two high tubercles posterolaterally.

Ventral visceral area small. occupying about 34% of valve length and 38% of valve width: vascula
lateralia of both valves submedian, straight, divergent. Dorsal interior with slightly raised visceral area
occupying about 60% of valve length: dorsal median tongue bisected by long ridge.

Discussion. — Karathele napuru differs from the type species. K. coronata (KonEva, 1986). in having
only two tubercles on the dorsal larval shell, and a much deeper pedicle groove.

There are virtually no differences between our material and the material described by Kruse (1990,
1991b). However, the maximum recorded size from the Antarctic (max L = 2.14) is much smaller than
that recorded by KRUSE (1990; max L = 7.6), and the delthyrium remains open throughout ontogeny in
the Antarctic specimens, whilst the larger valves described by Krusk (1990) have a fine slit or suture. A
similar type of delthyrium is also found in the larger specimens from the Wirrealpa Limestone. Flinders
Ranges (Pl. 12: 4-5), but in all known specimens of K. napuru the delthyrial margins remain separated
(even though they might “touch™ one another) and do not join completely as in mature shells of Eothele
(PL. 12: 6-8).

Occurrence. — Early Cambrian (Toyonian)—early Middle Cambrian, Australia (Nothern Territory).
King George Island erratics, Antarctica.

Order Acrotretida Kunn, 1949
Superfamily Acrotretoidea SCHUCHERT. 1893
Family Acrotretidae SCHUCHERT. 1893
Genus Vandalotreta MERGL., 1988
1988. Vundalotreia MERGL, p. 292,
1990. Luhotreta MERGI and SLEHOIEROVA . p. 95 (Type species: L. pompeckji MERGL et SLEHOFEROVA, 1990).

Type species: Vandalotreta vafra MyrGL, 1988,
Type horizon and locality: Middle Cambrian (Amgian). High Adas ( Yagour inlier). Morocco.



CAMBRIAN BRACHIOPODS FROM ANTARCTICA 47

Diagnosis. — Shell transversely oval to subcircular with narrow, convex posterior margin; ventral
valve wide conical; ventral pseudointerarea procline to catacline, poorly defined laterally with intertrough;
foramen not enclosed within larval shell; dorsal valve weakly convex; dorsal pseudointerarea short with
broadly triangular median groove; apical process forming boss-like thickening anterior to internal for-
amen; dorsal visceral field with narrow median tongue, usually bisected by vestigial median ridge; dorsal
median buttress developed.

Other species included. — Acrotreta pompeckji MERGL et SLEHOFEROVA, 1990; Middle Cambrian,
Jince Formation, Central Bohemia (Czech Republic). Hadrotreta djagoran KRUSE, 1990; Early Cambrian
(Toyonian)—early Middle Cambrian, Australia, West Antarctica. Acrotreta limoensis Wiman, 1903; early
Middle Cambrian(?), South Bothnian Sea (Lim&n), Sweden.

Discussion. — Luhotreta MERGL ¢t SLEHOFEROVA , 1990, from the early Middle Cambrian of Bohemia
differs only slightly from Vandalotreta in details of ornamentation and the complete absence of a dorsal
median ridge; the genus is regarded here as a junior synonym. Vandalotreta is most similar to Hadrotreta
ROWELL, 1966, but differs mainly in having a boss-shaped apical process that does not fill the entire apex
as in Hadrotreta; moreover, the dorsal median ridge is vestigial to completely absent in Vandalotreta and
the dorsal valve lacks a median sulcus. Vandalotreta is also somewhat similar to the ceratretide Bozsha-
kolia HOLMER ef USHATINSKAYA, 1994, in the poor development of a dorsal median ridge and having a
foramen that is not enclosed within the larval shell, but differs in the lack of a ridge-like apical process
enclosing the pedicle tube. The poorly known Acrotreta limoensis WiMaN, 1903, from early Middle
Cambrian(?) glacial erratics on the Island of Limon in the South Bothnian Sea can also be referred to
Vandalotreta (HOLMER and MERGL in preparation).

Vandalotreta djagoran (KRUSE, 1990)
(PL 13: 1-9; Text-fig. 4)

1990. Hadrotreta djagoran KRUSE, p. 29, fig. 5. pl. I |A-N.
1991b. Hadrotreta djagoran KRUSE, p. 178. fig. 6H-L.
1993. Hadrotreta primaeva (WALCOTT): BROCK and COOPER, p. 782, fig. 14: 1-13.

Holotype: Ventral valve SAM P85138.
Type horizon and locality: Middle Cambrian, Tindall Limestone (bore-hole NTGS 83/3), Daly Basin, Northern Territory,
Australia.

Material. — Figured from Antarctica; complete shells: ZPAL Bp. XXXIII/29S1, 39S8, 5456, 54S7;
ventral valves: ZPAL Bp.XXXII1/54S5, 61S80, 5337U; dorsal valves: ZPAL Bp. XXXII1/5333U.

Measurements: See Tables 5-6.
Table 5. Vandalotreta djagoran (KRUSL), average dimensions of ventral valves.

L w T LW | T

N s 8 s s |8

X 055 065 026 8% | 48%
S_ | 0148 0239 018 | 182 | L6l
MIN | 030 | 034 010 | 83% | 33%

MAX 0.80 | 094 0.46 88% 80%

Table 6. Vandalotreta djagoran (KRUSI:), average dimensions of dorsal valves.

R -

L W 0o Iw P Cw | S LW Iww CL LCw/W SUL

N |5 |5 |4 i4 14 |4 [ 4 Ja |5 [ 4 [a 4 4
X 085 099 | 0055|054 021 023 | 064 066  86% | 45%  26%  56%  60%
S 0439 0503 0025 0230 0099 0079 0.8 0388 45 69 31 61 64

MIN 030 036 002 024 008 014 20% 012  81%  39% 23%  49%  52%
MAX 130 156 | 008 | 076 | 032 032  32% 098 ' 90% | 65% | 30% | 63% | 69%

Diagnosis. — See KRUSE (1990, p. 29).



48 LARS E. HOLMER, LEONID E. POPOV and RYSZARD WRONA

umbonal , W
(median buttress) .
w : Cw
umbonal -— -
(apical pits) lw

cardinal

L muscle __g--t-pesenaosai Lo ---------
field T~ k- 1
Ie
N\

S

vascula
lateralia

median ridge C

apical process B
(muscle platform)

Fig. 4
Vandalotreta djagoran (KRUSE, 1990), lateral view of the ventral valve exterior (A), reconstruction of ventral (B) and dorsal
interior (C). Location of measurements indicated: W — width of valve, Cw — width of cardinal muscle field, Iw — width
of dorsal pseudointerarea; L — length of valve, [1 — length of dorsal pseudointerarea; T — height of valve.

Description of material from Antarctica: Shell ventribiconvex, transversely suboval, on average 85%
as long as wide, and 43% as high as long. Ventral valve moderately convex with maximum height near
umbo; pedicle foramen subcircular, situated immediately posterior to apex, not enclosed within larval
shell; ventral pseudointerarea moderately high, procline to slightly catacline, divided by broad intertrough.
Dorsal valve gently convex; dorsal pseudointerarea low, with broad, shallow median groove, and narrow
propareas.

Ventral interior with apical process forming low boss-shaped projection with median depression
anterior to foramen; internal pedicle tube short; apical pits closely spaced on either side of apical process.
Dorsal median ridge thin, low, occupying about 60% of valve length, and originating directly anterior to
low, triangular median buttress; dorsal cardinal muscle fields relatively small, somewhat thickened,
extending anteriorly for about 26% of valve length; dorsal central muscle scars weakly impressed.

Discussion. — There are no significant differences between the specimens from Antarctica and Aus-
tralia. Vandalotreta djagoran is closely similar to the type species, V. vafra, differing only in having a
more transversely suboval outline, and a more well defined dorsal median ridge, as well as less well
defined dorsal central muscle scars; it may prove to be a junior synonym of the type species.

Occurrence. — Early Cambrian (Toyonian)—early Middle Cambrian, Australia (Northern Territory),
King George Island erratics, Antarctica.
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Eoobolus aff. elatus (PELMAN, 1986)

Lingulate brachiopods from the Cambrian glacial erratics (dropstones) found in the Cape Melville
Formation (Lower Miocene) at Melville Peninsula, King George Island, West Antarctica (Figs 1-2, 5,
9, 14), except for specimens of Figs 3—-4, 6-8 and Figs 10, 13, 15 which are from Wirrealpa Limestone
(sample no. 13, L.E. HOLMER 1993), Flinders Ranges, Australia.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

I
2
3
4.
5
6
7

8.
9.

Ventral valve exterior, ZPAL Bp. XXXIII/33S9, erratic boulder Me66, x |5.

. Dorsal valve exterior, ZPAL Bp. XXXIII/61S2, erratic boulder Me52, x 5.5.
. Dorsal valve exterior, SAM P35111, x 12.

Ventral valve exterior, SAM P35109, x 40.

. Ventral pseudointerarea, ZPAL Bp. XXXIII/6186, erratic boulder Me52, x 39.
. Dorsal valve exterior, SAM P35101, x 18.
. a — ventral valve interior, SAM P35103, x 11; b — oblique posterior view of ventral valve interior and

pseudointerarea, x 30.
Ventral pseudointerarea, SAM P35110, x 21.5.
Dorsal valve interior, ZPAL Bp.XXXIII/50S1, erratic boulder Me66, X 16.5.

10. Dorsal valve interior, pseudointerarea, SAM P35105, x 37.5.

11. a — ventral valve exterior, SAM P35102, x 10; b — oblique posterior view, x 50.5.

12. Ventral valve interior, SAM P35114, x 19.5.

13. a — dorsal valve interior, SAM P35104, x [5; b — oblique lateral view, X 30.

14. Ventral valve exterior, ZPAL Bp.XXXIII/33S6, erratic boulder Me66; a — oblique lateral view, x 25;

b — ventral view, X 22.5; ¢ — pustulose ornamentation of post-larval shell, x 65; d — magnified fragment of
the same surface as ¢, x 375.

15. Complete juvenile shell, SAM P35112; a — dorsal view X 55; b - oblique lateral view, X 55; ¢ — oblique

posterior view of larval shell, x 195; d — pitted micro-ornamentation of dorsal larval shell, x 760.
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Eoobolus triparilis (MATTHEW, 1902) . . . . . . ... ... ... ..... 42

Specimens on Figs 1-9 are from the Middle Cambrian, Cape Breton, Nova Scotia, Canada.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

1. Dorsal internal mould, USNM 57013d, x 4.4.

2. Dorsal internal mould, USNM 57013a, x 5.5.

3. Dorsal internal mould, ROM 678CM (E), x 5.

4. Dorsal valve exterior, USNM 57013e, x 5.7.

5. Dorsal internal mould, ROM 510B, x 4.

6. Ventral internal mould, USNM 57013c¢, x 4.3.

7. Lectotype, dorsal valve, ROM S10CM (A); a — exterior, X 5.3; b — pustulose micro-ornamentation
of postlarval shell, x 7.5.

8. Dorsal internal mould, ROM 678CB (C), x 4.

9. Ventral valve exterior, USNM 518554, x 5.

Botsfordia caelata (HALL, 1847)

Specimens on Figs 10 and 12 are from Lower Cambrian, northcentral Siberia, River Kotuj basin,
Medvezhja River, (sample no. 182/3 of A.I. GrozDILOV 1963), except for the specimens of Figs 11
and 13 which are from the Lower Cambrian, Troy (USNM loc. no. 2b), USA (New York State).

Fig.
Fig.

10. Dorsal valve interior, RM Br136457; a — x 18; b — oblique anterior view, x 32.5.
11. Oblique anterior view of ventral pseudointerarea, USNM 34617, x 21.5.

Fig. 12. Dorsal larval shell with two tubercles, RM Br136456, x 19.5.

Fig.

13. Posterior view of delthyrium and ventral pseudointerarea, USNM 36617, x 15.

Botsfordia pulchra (MATTHEW, 1889)

Specimens of Figs 14—15 are from the Lower Cambrian, Hanford Brook Formation (IUSNM loc. no.
308d), Catons Island, New Brunswick, Canada.

Fig. 14. Ventral valve exterior, ROM 164CM (A): a — x 4; b — oblique lateral view of umbonal area, x 8.
Fig. 15. Dorsal valve exterior, ROM 164CM (B), x 4.
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Karathele napuru (KRUSE, 1990) . . . . ... ... ... ... ... ... 45

Specimens at Figs 1-5, 7-8 are from the same Cambrian glacial erratic (dropstone) no. AE/Me52 found
in the Cape Melville Formation (Lower Miocene) at Melville Peninsula, King George Island, West
Antarctica; specimen of Fig. 6 is from the Wirrealpa Limestone (sample no. 13, L.E. HOLMER 1993),
Flinders Ranges, Australia.

Fig. 1. Complete juvenile shell, ZPAL Bp.XXXIII/29S8; a — oblique lateral view, x 55.5; b — oblique lateral view

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

of umbonal area, x 100; ¢ — posterior view, X 55.5; d - ventral view, x 45; e — umbonal area, x 80.

. a — dorsal valve interior, ZPAL Bp. XXXIII/53S4, x 27.5; b — oblique lateral view, x 32.5; ¢ — oblique

anterior view, X 29.5.

. Dorsal valve interior, ZPAL Bp. XXXII1/34S3, x 30.

. Dorsal valve interior, ZPAL Bp. XXXIII/50S2, x 19.5.

. Ventral valve interior, oblique anterior view, ZPAL Bp. XXXIII/53S2, x 37.5.

. Umbonal area of ventral valve, SAM P35113, x 80.5.

. Umbonal area of dorsal valve, ZPAL Bp. XXXIII/50S3; a — oblique posterior view, x 100; b — dorsal view,

% 75.5; ¢ — pitted micro-ornamentation of larval shell, x 215.

. a — ventral valve interior, ZPAL Bp. XXXIII/5340U, x 10; b — detail of delthyrium, x 21.5; ¢ — oblique

lateral view of delthyrium, x 50.
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Karathele napuru (KRUSE, 1990) . . . ... .. ... ... ... ..... 45

Specimens of Figs 1-3 are from the same Lower Cambrian glacial erratic (dropstone) no. AE/Me52
found in the Cape Melville Formation (Lower Miocene) at Melville Peninsula, King George Island,
West Antarctica; specimens of Figs 4 and 5 are from Wirrealpa Limestone (sample no. 13, L.E. HOLMER
1993), Flinders Ranges, Australia.

Fig. 1. a — complete juvenile shell, ZPAL Bp.XXXIII/3854, dorsal view, x 60.5; b — lateral view, X 65.5;
¢ — posterior view, X 90.5; d — oblique lateral view at ventral valve, x 75.

Fig. 2. Pitted microornament of larval shell, ZPAL Bp. XXXIII/29S5, x 1360.

Fig. 3. a — ventral valve exterior, ZPAL Bp. XXXIII/5453, X 11; b — umbonal area, ventral view, x 40; ¢ — posterior
view, X 40.

Fig. 4. Umbonal area of ventral valve, SAM P35107; a — posterior view, X 40; b — oblique lateral view, x 32.5.

Fig. 5. Ventral valve, pedicle opening, SAM P35100; x 50.5.

FEothele spurri (WALCOTT, 1908)

Specimens of Figs 6-8 are from the Lower Cambrian (Bonnia—Olenellus Zone), Pioche Shell (Com-
bined Metals Member), north of Highway 93, west of Oak Spring Summit (locality no. 70-f-24;
ROWELL 1980), Nevada (Lincoln County), USA.

Fig. 6. a — dorsal valve exterior, USNM 459703c, x 19.5; b — umbonal area, x 90.5.

Fig. 7. Ventral valve, USNM 459703a; a — lateral view, X 32.5; b — posterior view, X 11; ¢ — oblique posterior view
showing pedicle foramen, x 30; d — Jateral view of umbonal area, X 32.5; e — larval shell and pedicle
foramen, X 75.5.

Fig. 8. Dorsal valve interior, oblique anterior view, USNM 459703b; x 40.
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Vandalotreta djagoran (KRUSE, 1990)

All specimens are from the same Cambrian glacial erratic (dropstone) no. AE/Me52 found in the Cape
Melville Formation (Lower Miocene) at Melville Peninsula, King George Island, West Antarctica
(Figs 1-9).

Fig. 1. Complete shell, ZPAL Bp. XXXIII/54S6; a — dorsal valve exterior, X 60; b — posterior view, x 80; ¢ — oblique
lateral view, x 80; d - oblique posterior view, X 150.

Fig. 2. Ventral valve exterior, ZPAL Bp XXXIII/54S5, x 32.5.

Fig. 3. Complete shell, ventral valve, posterior view, ZPAL Bp. XXXIII/39S8, x 90.

Fig. 4. Complete shell, oblique lateral view, ZPAL Bp. XXXIII/54S7, x 13.5.

Fig. 5. a — complete shell, ventral valve exterior, ZPAL Bp. XXXIII/29S1, x 40; b — posterior view of complete
shell, X 37.5; ¢ — posterior view of commissure and dorsal larval shell, x 110.

Fig. 6. Ventral valve, ZPAL Bp.XXXIIl/54S5; a — oblique posterior view, X 40; b - posterior view, x 80.5;
¢ — posterior view of ventral larval shell and pedicle foramen, x 150; d - pitted micro-ornamentation of
larval shell, posterior view, x 1010.

Fig. 7. Ventral valve, ZPAL Bp.XXXIII/5337U; a — interior, X 40; b — apical process, x 60.

Fig. 8. Dorsal valve, ZPAL Bp. XXXIIl/5333U; a — interior, X 23.5; b — interior, X 50.5; ¢ — pseudointerarea and
median buttress. X 100.

Fig. 9. Ventral valve interior, ZPAL Bp. XXXII/61S8, x 75.
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