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Abstract

Coal measures conformably underlying marine rocks of Ladinian age in Tank Gully have
yielded a diverse assemblage of fossil plants. The presence of Dicroidium and johnstonia
leaves and corystosperm fructifications, supported by other remains (Neocalamites,
Cladophlebis, Lobifolia and Sphenobaiera), indicate correlation of the flora with the Dicroidium
odontopteroides zone of Late Anisian to Ladinian age.

Several taxonomic changes are proposed. The ginkgoalean affinities of “Phoenicopsis™
elongatus seem more remote than ever, so it is transferred to the non-committal genus
Desmiophylium. A re-organization of palacophyllalean form-genera and of the species of
Ginkgophylopsis is proposed to include remains formerly referred to Chiropteris. Glosso-
pteridalean affinities are suggested for the redefined species of Linguifolium and their likely
seeds, Carpolithus mackayi.

The following new combinations are proposed: Desmiophyllum elongatum (Morris),
Ginkgophytopsis cuneata (Carruthers), G. lacerata (Arber), G. tasmanica (Walkom), and Lin-
guifolium tenison-woodsii (Etheridge).

Dwelling burrows (Macanopsis erewhonensis sp. nov.) found in coastal lagoonal deposits
in Tank Gully are ornamented with several types of scratch marks suggesting that they
were inhabited by natantid crustaceans. )

INTRODUCTION

Diverse megafossil plant remains from coal measures conformably underlying
Ladinian (Kaihikuan local stage) marine rocks in Tank Gully occupy a key position
in the international correlation of the provincial floras of Gondwanaland. The fossil
plants are not well preserved, having been changed to graphitic material during
low-grade burial metamorphism and often leached of any organic material. Never-
thelesy, the variety of corystosperm leaves and fructifications, supported by other
taxa, suggest correlation with the Dicroidium odontopteroides zone of Late Anisian to
Ladinian age (Retallack 1977b). Different localities of this age in Tank Gully have
yielded both the Linguifolietum and Dicroidietum odontopteroidium fossil plant
associations (of Retallack 1977b). The palaeoecology and geology of the plant
localities in Tank Gully have been discussed elsewhere (Retallack 1979).

Megafossil plants from Tank Gully were last described by Arber (1917), who
apparently had a mixed collection, including some fossils from Jurassic localities
in the Clent Hills, only 29 km east of Tank Gully along the road to Christchurch.
The Clent Hill fossils have a very similar, carbonaceous argillite matrix to those
from Tank Gully, and include the following species which have never been found
in collections from Tank Gully after Arber’s record: Equisetites minutus (Arber)
Townrow 1955, Dictyophyllum “acutilobum” (Braun) Schenk 1867 (see Oishi and
Yamasita 1936, p. 154), Taeniopteris thomsoniana Arber 1917 (see Blaschke and Grant-
Mackie 1976), and Mataia podocarpoides (Ettingshausen) Townrow 1967. These species
are also found in Middle Jurassic rocks of the Murihiku Supergroup in Southland,
where they are securely dated by associated marine fossils (Speden 1958; Arber 1917).
None of these Jurassic species are discussed further here.
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The suprageneric classification is adapted from that of Harland et al. (1967).
Fossil numbers prefixed by “B” are housed in the collections of the Geological Survey
of New Zealand, Lower Hutt; those prefixed by “OU” in the Geology Department,
Otago University, Dunedin. Fossil localities are cited in the code of the New Zealand
Fossil Record File based on the 1:63 360 and 50 000 map series. Localities mentioned
are Tank Gully except where noted otherwise.

Kingdom: Plantae
Division: PTERIDOPHYTA
Class: SPHENOPSIDA
Family: Apocalamitaceae
Genus: Neocalamites Halle 1908

Neocalamites carrerei (Zeiller) Halle 1908 (Figs. 1F, 10A)

DESCRIPTION: Narrow leaflets associated with these remains and apparently at-
tached to some nodes (Fig. 1F) are free to their bases and 0.6 to 1.5 mm wide.
On the external surface of the axes, the finer striae are grouped into broad, shallow
grooves from 1.5 to 3 mm wide. The pith casts show clear, undifferentiated striations.

COMPARISON: The only other species of Neocalamites described from Gond-
wanaland are N. ramaccionit Frenguelli 1944a, N. ischigualastii Frenguelli 1944b, and
various remains which have been referred to N. hoerensis (Schimper) Halle 1908.
Harris (1961) doubts that these last-mentioned remains are conspecific with the
‘European type material of N. hoerensis and indicates several different features in
the material from Gondwanaland. According to Jones and de Jersey (1947), such
remains have much broader leaflets (1-2.5 mm) than Neocalamites carrerei. Townrow
(1955) transferred some of these broader leaved Neocalamites to Phyllotheca brookvalensis.
The remainder have a less strongly sulcate axis than P. brookvalensis and constitute
a new, un-named species of Neocalamites (including material described by Du Toit
1927, pp. 315, 396; Walkom 1924, 1925¢; Jain and Delevoryas 1967; Retallack
1973). Neocalamites ischigualastii, like N. carcinoides Harris 1931, appears to be an inter-
mediate between Neocalamites and Schizoneura, because some of its leaflets are laterally
fused. The exterior of N. ramaccionii is more coarsely sulcate than that of N, cdrreres.
End members of large populations of both N. ramaccionii and N. ischigualastii may
be difficult to distinguish from N. carrere; (de Cabrera 1971).

Few other species of Neocalamites have leaflets as narrow as those of N. carrerei.
Of these, N. isspkulensis (see Boureau 1964) and N. muratae Kon’no 1973, bear abun-
dant branch scars. Kon’no (1973) has imperfectly characterized his species M. superper-
macus, but it appears to have 'a more finely and less regularly striated pith cast,
and its exterior surface is without broad sulci. Neocalamites pinitoides (Chachlov)
Prynada 1962 is based on relatively slender and herbaceous remains, with irregular
and less lignified ribbing on its pith case and a smoother exterior surface than N.
carrerei.

OCCURRENCE: Tank Gully locality S72/f569. Accepting the ages of formations
proposed by Retallack (1977b), Neocalamites carrerei is also found in Late Anisian
to Norian rocks of Argentina (de Cabrera 1971), South Africa (Anderson 1974)
and Queensland (Jones and de Jersey 1947). Records of it from older formations
in Gondwanaland are more likely based on specimens of the very similar un-named
species with broader leaflets (discussed above), which appears to have survived into
the Middle and Late Triassic, and possibly into the Albian (Walkom 1919; Gould
1976. Neocalamites carrerei flourished in Japan during the Ladinian and Carnian but
was rare in the Liassic (Kon’no 1962). It penetrated Siberia during the Carnian
and was widespread in southeast Asia and Mexico during the Late Triassic (Boureau




RETALLACK — Muddle Triassic Megafossil Plants 33

1964), reaching Uzbekistan, Europe and Greenland by the Liassic (Harris 1946;
Sixtel et al. 1971).

Class: PTEROPSIDA
Order: incertae sedis
Genus: Sphenopteris Brongniart sensu Seward 1910:529
Sphenopteris sp. indet. (Figs. 1A-B)
These sterile frond fragments are provisionally referred to the form genus Sphenop-
teris. They are evidently identical (Retallack 1977a) to more abundant sterile and

FiG. 1. — Pteridophytes, A-B, Sphenopteris sp. B1092.6; A, frond fragment; B, pinnule from upper left

hand pinna, twice natural size; C-D, Cladophlebis indica, two fragments on the same slab, B1091.38; E,

Lobifolia dejerseyr, B121.15; F, Neocalamites carrerei, large axis with associated leaflets, B1091.18. All natural
size unless otherwise indicated.
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fertile material of a new species of Triassic fern from Long Gully, North Otago,
yet to be described.
S72/569, S72/573.

Genus: Cladophlebis Brongniart emend. Frenguelli 1947:12.

Cladophlebis indica (Oldham and Morris) Sahni and Rao 1933 (Figs. 1C-D, 10A)

DESCRIPTION: Several examples of pinna fragments have been found lying
parallel on the same slabs, which suggests that they belong to a bipinnate frond.
The pinnules are falcate, strongly tapered towards the apex, and often have slightly
recurved margins. Their lateral veins are singly forking throughout.

COMPARISON: Most species of Cladophlebis have been discussed in reviews by Fren-
guelli (1947), Herbst (1971) and Boureau and Doubinger (1975), and others by
Oishi (1940), Oishi and Huzioka (1938), McQueen (1956), Harris (1961) and Kimura
(1976). The leaves of only a few resemble C. indica in having singly-forked lateral
veins and entire, falcate pinnules. Cladophlebis acuta has more acute pinnule apices
than C. indica. Cladophlebis grahamii is distinguished by the subauriculate basal ac-
roscopic margins of its pinnules and the occasional double forking of the basal lateral
veins. Unfortunately, the type of C. nebbensis is very poorly preserved, but following
Frenguelli’s (1947) understanding of this species, the pinnules are less falcate, less
tapered, and more obtusely pointed than those of C. indica. From Halle’s (1913)
figures of the type material, C. oblonga does not necessarily have the blunt, subrectan-
gular pinnules usually taken as representing it. Cladophlebis oblonga is the most similar
species, differing only in its less-tapered pinnule apices.

REMARKS: Cladophlebis indica has been transferred to Todites indicus by Bose and
Shah (1968). According to article 69 of the International Code of Botanical No-
menclature this must be considered a separate taxon from C. indica. Todites indicus
is best used only for Indian leaves, and a new specific epithet of Cladophlebis is not
needed for the various sterile non-Indian fronds. These New Zealand fronds are
indistinguishable from the sterile Indian type material figured by Oldham and Mor-
ris (1862, pl. 27) and when fertile fronds are found may also prove to be osmun-
dalean. Sharma (1971) has proposed that the sterile fronds of Todites indicus be
transferred to Cladophlebis denticulata, intended in the unrealistically broad sense of

Seward (1910). However, the pinnule apices of C. denticulata are dentate, unlike those
of C. indica.

OCCURRENCE: In New Zealand, S72/{569. Frenguelli (1947) records C. indica
from Paso Flores and Malacara, Argentina, of Rhaetian age (Retallack 1977b).
Cladophlebis indica in the El Tranquilo Basin of Argentina (Herbst 1971) could be
of any age within the Triassic period (Retallack 1975). In India, Todites indicus is
found in both Jurassic and Cretaceous rocks (Sukh-Dev 1974). Although Frenguelli
(1947) accepted the Sri Lankan Jurassic fragment figured by Seward and Holttum
(1922) as a valid record of C. indica, that fragment does not show the characteristic
tapered pinnules of C. indica.

Genus: Lobifolia Rasskazova and Lebedev 1968
Lobifolia dejerseyi Retallack (in Retallack ¢t al. 1977) (Fig. 1E)

These small fragments of pinnae are identical with remains discussed more fully
by Retallack et al. (1977); the basal margin of the pinnules is constricted basis-
copically and flared acroscopically. The strong midvein dissolves towards the apex.
The secondary venation is twice forking.

S$72/569.
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FiG. 2. — Dicroidium leaves, A-B, Dicroidium dubium var. tasmaniense; A, B1091.4; B, B1091,5; C, Dicroidium
incisum, B1091.61; D-E, Dicroidium eskense; D, B1091.42; E, B1095.12; F-G, Dicroidium lancifolium var. lan-
ctfolium; F, B1091.13; G, B1091.30. All natural size.
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Division: GYMNOSPERMOPHYTA
Class: PTERIDOSPERMOPSIDA
Order: Corystospermales
Family: Corystospermaceae
Genus: Dicroidium Gothan emend. Townrow 1957:26

FiG. 3. — Dicroidium and Johnstonia leaves, A-B, Dicroidium prolungatum; A, B1091.30; B, B1091.44; C-E,
Dicroidium odontopteroides var. argenteum; C, B1095.10; D, holotype B1095.1; E, B1091.12; F-G, Dicroidium
odontopleroides var. moltenense; F, B1091.15; G, B1091.7; H-I, Dicroidium odontopteroides var. odontopteroides;
H, B1091.2; 1, B1091.32; J-K, Dicroidium odontopteroides var. remotum; J, B1091.14; K, B1095.15; L, johnstonia
stelzneriana var. stelzneriana, B1091.22; M, Johnstonia dutoitir, B1091.3. All natural size.
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The various taxa of Dicroidium described here are based on my (1977b) revision
of the taxonomy and distribution of the genus.

Dicroidium dubium var. tasmaniense (Anderson and Anderson) Retallack (in
Retallack et al. 1977) (Figs. 2A-B)

Two specimens were found with rounded pinna lobes and thin leaf substance,
clearly showing the secondary venation. One (Fig. 2A) shows two branches of the
rachis converging towards a concealed dichotomy.

$72/1569.

Dicroidium eskense (Walkom) Jacob and Jacob 1950 (Figs. 2D-E)
This unipinnate species has a deep sinus in the basal acroscopic margin of the

pinna and secondary venation at a very acute angle to the pinna midrib.
S72/£569, S72/£573.

Dicroidium incisum (Frenguelli) Anderson and Anderson 1970 (Fig. 2C)

This is a pinnatifid species with constricted pinna bases and secondary venation
at an acute angle to the pinna midrib. The details of the pinna margin of a specimen
from Tank Gully figured by Arber (1913, p. 346, pl. 8, fig. 7; 1917, p. 49, pl. 5,
fig. 1, as “Thinnfeldia lancifolia™) are unclear owing to the recurved nature of the
leaf, but it, also, most likely belongs to D. incisum. ‘

S72/1569.

Dicroidium lancifolium var. lancifolium (Morris) Gothan 1912 (Figs. 2F-G)
These are small to medium-sized unipinnate fronds, with relatively tapered pin-

nae, though not as tapered and well spaced as those of D. lancifolium var. lineatum.
S72/£569.

Dicroidium odontopteroides var. argenteum Retallack 1977b (Figs. 3C-E, 10F)

I take this opportunity to figure the varietal type (Figs. 3D, 10F) more ad-
equately. There is some variation in these fronds, but all are unipinnate, and have
constricted pinna bases. All are distinguished from D. odontopteroides var. crassum by
their rounded and more erect pinnae.

$72/569, S72/£573.

Dicroidium odontopteroides var. moltenense Retallack 1977b (Figs. 3F-G, 10E)
These have the characteristic subtriangular pinnae but are rather smaller than
usual for this variety.

S$72/£569, $72/1573.

Dicroidium odontopteroides var. odontopteroides (Morris) Gothan 1912 (Figs. 3H-I)

These are rather smaller than usual for this variety and also show an impersistent
midrib. The midrib is not as well developed, nor are the pinnae as long, as those
of Dicroidium lancifolium.

$72/1569.

Dicroidium odontopteroides var. remotum (Szajnocha) Retallack (in Retallack e
al. 1977) (Figs. 3]J-K)

This material is not well preserved, but it shows many of the distinctive features
of this variety — cordate and subtriangular pinnae below the fork of the rachis,
elongate, overlapping pinnae with rounded apices on the outside of the rachis above
the fork, and narrow, acutely-angled, inside pinnae.

$72/£569, $72/1573.
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Dicroidium prolungatum (Menendez) Retallack 1977b (Figs. 3A-B)

The two specimens found in Tank Gully are of quite different sizes, though
not approaching either the maximum or minimum for this variety. Their pinnules
-are subrhombic, with numerous irregularities including undulation, lobation, and
splitting. These poorly-preserved and leached remains convey the impression that
the living leaves were relatively thin with strongly-lignified secondary venation.

S72/£569.

Dicroidium zuberi var. papillatum (Townrow) Retallack 1977b (Figs. 4C-D)
The two specimens tound in Tank Gully are of quite different sizes, though

¢ D

FiG. 4. — Dicroidium zuberi leaves, A-B, Dicroidium zuberi var. sahni; A, B1091.58; B, B1091.26; C-D,
Dicroidium zuberi var. papillatum; C. B1091.39; D, B1091.29. All natural size.
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not approaching either the maximum or minimum for this variety. Their pinnules
are subrhombic,with numerous irregularities including undulation, lobation, and
splitting. These poorly-preserved and leached remains convey the impression that
the living leaves were relatively thin with strongly-lignified secondary venation.

S72/1569.

Dicroidium zuberi var. sahnii (Seward) Retallack 1977b (Figs. 4A-B)

The semi-pinnatifid pinnae are typical of this variety but the remains are smaller
and have more pointed pinnules than the varietal type material of Seward (1933).
The modified pinnae on the right-hand side of one of the specimens from Tank
Gully (Fig. 4B) were probably inside and close to the fork of the rachis.

S72/1569.

Genus: Johnstonia Walkom emend. Frenguelli 1943:314

Johnstonia dutoitii (Townrow) Retallack 1977b (Fig. 3M)

The. single specimen found in Tank Gully is rather more deeply incised below
the fork of the rachis than is usual. The branches of the rachis after the fork are
shorter than the length of the rachis below the fork, as is common in Johnstonia
with broader leaves, such as J. coriacea var. obesa. This specimen is very similar to
the “Dicroidium odontopteroides” of Jain and Delevoryas (1967, p. 571, pl. 90, fig. 3).

S72/569.

Johnstonia stelzneriana var. stelzneriana (Geinitz) Retallack 1977b (Fig. 3L)

Although only a small fragment was found, it shows a distinct curvature of
the rachis and an asymmetry, indicating that it belonged to a forking frond. The
lobes are narrow, deeply incised, and supplied with secondary veins which arise
from the rachis well below the segment in which they end. The fragment appears
to have been a robust and coriaceous leaf, like the varietal type material (Geinitz
1876, pl. 2, figs. 7-8).

S72/£569.

Genus: Pteruchus Thomas emend. Townrow 1962a:289

Pteruchus johnstonii (Feistmantel) Townrow 1962b (Figs. 5A, 10B)

Only one specimen of this well-known corystosperm microsporophyll was found
in Tank Gully. Its sporangial heads are rectangular with numerous pendent pollen
sacs. The stalks of the sporangial heads are shorter and stouter than is usual in
this species. I have given a more detailed discussion of this and related species in
Retallack et al. (1977).

S72/£569.

Genus: Pilophorosperma Thomas 1933
Pilophorosperma sp. cf. costulatum Thomas 1933 (Figs. 5B, 10C)

A single specimen is preserved as a curved natural cast containing some graphitic
material. Judging from the relief in this fossil, it was probably a solid woody struc-
ture. The entire-margined cupule contains a protruding seed, as in P. costulatum,
but the cupule is more reflexed than usual, as in P. sp. type B of Thomas (1933).
The species of Pilophorosperma are still unsatisfactorily organized (see discussion in
Retallack et al. 1977).

S72/£569.
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Pilophorosperma sp. A. (Figs. 5C-D, 10D)

I have chosen this non-committal term for several isolated cupules found in Tank
Gully (872/f569) and near Benmore Dam (Retallack 1977a, 1977b), New Zealand,
and for more complete remains from the Ipswich Coal Measures, southeastern
Queensland. These are characterized by large, smooth or finely-pitted cupules. Usu-
ally the cupule is irregularly wrinkled, and the organ was probably fleshy in life.
All the New Zealand specimens consist of isolated cupules, often with traces of the
stalk. More complete Queensland specimens have been figured by Shirley (1898,
p- 16, pl. 20) and Walkom (1917b, p. 26, pl. 8, figs. 6, 7, 9 only) as “Beania geminata”™.
These remains lack the distally-expanded cone units of Beania (see Sporne 1969,
fig. 20). Paired, pinnately-arranged bodies are common in Pilophorosperma, and the
slightly fused, apparently-paired bodies of “Beania geminata” (Shirley 1898, pl. 20,
fig. 3) are best compared with those of Pilophorosperma geminatum Thomas 1933 (fig.
14a). I am not convinced by the explanation offered by Thomas (1933) that this
last structure is formed by two partially fused cupules. Judging from the branching
pattern of Thomas’s specimens, this structure is more likely a dehisced, bivalved
cupule. No cuticle is preserved on either the New Zealand or Queensland specimens
of this fructification, so the interpretation of these various remains will remain
unclear until better-preserved material is discovered.

Class: CONIFEROPSIDA
Order: Ginkgoales
Genus: Sphenobaiera Florin 1936
Sphenobaiera robusta (Arber) Florin 1936 (Figs. 6G-I, 10H)
1913 Baiera cf. paucipartita Arber, p. 346, pl. 7, figs 1-3.

1917 Baiera robusta Arber, p. 56, pl. 11, figs 3-4.
1936 Sphenobaiera robusta (Arber); Florin, p. 108.

HOLOTYPE: The specimen figured by Arber (1913, pl. 7, fig. 3; 1917, pl. 11,
fig. 4), in the British Museum (Natural History).

TYPE LOCALITY: Tank Gully, New Zealand ($72/f569); Tank Gully Coal
Measures, Mt Potts Group, Kaihikuan Stage.

DESGRIPTION: The newly collected material includes several more complete re-
mains than those figured by Arber (1913, 1917). These leaves are relatively narrow
and cuneate. Usually two deep divisions of the lamina extend from the apex down
to the same level at about one half the length of the leaf. Thus there is a long

FiG. 5. — Corystosperm fructifications, A, Pteruchus johnstonsi, B1095.3; B, Pilophorosperma sp. cf. P. costulatum,
B1091.41; C-D, Pilophorosperma sp. A; C, B1091.36; D, B1091.62. All twice natural size.




All natural size.
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undivided leaf base. No complete leaf base was found, so the number of veins there
(important taxonomically) could not be examined. A small, once-forked fragment
(Fig. 61),-is here regarded as a broken apical segment of this species.

COMPARISON: Florin (1936) used Sphenobaiera for cuneate apetiolate leaves, div-
ided apically so that the ultimate segments contain more than four veins. Krassilov
(1970) noted other distinctive features of the genus, including twin veins throughout
the narrowest portions of the leaf base, the nature of resin bodies and cuticular
features.

Other Sphenobaiera-like leaves from Gondwanaland all differ in being more deeply
dissected on a strictly dichotomous plan and in having more widely-spreading seg-
ments. These include Sphenobaiera schenkii (Feistmantel) Florin 1936, “Gingko” taeniata
Frenguelli 1937, “Baiera” cupana Frenguelli 1942c, “Baiera” rolleri Frenguelli 1946 and
“Ginkgoites” ipsviciensis (Shirley) Florin 1936. It is not known whether some of these
were petiolate or apetiolate. “Baierophyllites florinii” Jain and Delevoryas 1967 (which
I have seen) is more likely a very coriaceous and lignified frond of johnstonia coriacea
var. coriacea (as described by Retallack 1977b), a conclusion also supported by its
cuticle. Its once-forked, narrow leaf is quite unlike Sphenobaiera robusta. Both S. argen-
tinae (Kurtz) Frenguelli 1946 and “Ginkgoidium” bifidum Frenguelli 1946 differ from
S. robusta in having only one division of the leaf. Sphenobaiera stormbergensis (Seward)
Frenguelli 1948 is a larger and more robust leaf with widely-spreading segments
and a pleated appearance owing to the copious development of woody interveinal
striae. The fragment referred to “Ginkgo” crassipes by Frenguelli (1937) could be «
leaf base of Sphenobaiera robusta, but it appears to taper more rapidly towards the
base than do the New Zealand specimens.

Externally Sphenobaiera robusta is most similar to northern-hemisphere species, such
as S. paucipartita (Lundblad 1959) and S. spectabilis (Harris 1935). However, these
leaves are now defined on cuticular characters, unknown in S. robusta, and they
also have one central division of the leaf which is deeper than any other division.

OCCURRENCE: This species is only known from Kaihikuan (approximately equiv-
alent to Ladinian) coal measures at Tank Gully (S72/f569) and Long Gully (near
Otematata, see Retallack 1977a, 1977b), New Zealand.

Plantae incertae sedis
Genus: Desmiophyllum Lesquereux emend. Solms-Laubach 1904:3

This is a non-committal name for strap-shaped leaves with parallel venation.

Desmiophyllum elongatum (Morris) comb. nov. (Figs. 6B-D)

These common Gondwanaland leaves are discussed by Retallack et al. (1977).
They are narrow, lanceolate and have a rounded apex. The veins are well spaced,
parallel and fork only at the base of the leaf. One specimen (Fig. 6B) shows possible
attachment of a leaf to a slender axis by a broad apetiolate base with about half
the number of veins compared to the rest of the leaf. This is quite distinct from
the narrow petiolate base of Podozamites and Nageiopsis. This is also distinct from
the “ginkgoalean” "Phoenicopsis, which is commonly found in brachyblast groups
(Samylina 1970; Krassilov 1970). Desmiophyllum elongatum is similar — in the shape
and arrangement of its leaves — to Glossophyllum florinii Krausel 1943 and Phyllotenia
longifolia Salfeld 1909, although both these species have a narrower, more tapered
leaf base attached to axes thicker than those of Desmiophylium elongatum. However,
fossils like Pelourdea, also known in Gondwanaland (Frenguelli 1942b), have broader
and more closely-spaced leaf-bases attached to thicker axes.

S72/£569, S72/£571-1574.
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Desmiophyllum sp. cf. indicum Sahni 1928 (Figs. 6E-F)

These two leaves are distinguished by their small size and by their reaching
their maximum width at about two-thirds of their length from base to apex.
Although identical with leaves described as Desmiophylium indicum by Lele (1961, p. 80,
pl. 4, figs. 42—44), all these remains are shorter and more spatulate than the cutinized
type material of D. indicum Sahni 1928 (p. 8, pl. 5, figs 61-64). The cuticles of Lele’s
and these New Zealand leaves are not known, and as there are only three specimens,
it seems premature to create a new species of Desmiophyllum.

S72/569.

Desmiophyllum sp. (Fig. 6A)
Some large, wide, Desmiophyllum leaves were also found. As they are incomplete
it is impossible to know whether they had tapered and obtuse apices like the smaller

leaves of Desmiophyllum elongatum.
S72/1569.

Genus: Ginkgophytopsis (Hgeg) emend. nov.

TYPE SPECIES: G. flabellata (Lindley and Hutton) Hegeg 1967.

LECTOTYPE: Specimen in the Sunderland Museum, Newcastle, figured by Arber
(1912, pl. 42, fig. 3, pl. 43, fig. 7, pl. 44, fig. 8), Seward (1919, fig. 666) and Hgeg
(1967, figs 270-271).

EMENDED DIAGNOSIS: Leaves cuneate, divided or frayed at the apex. Venation
dense, anastomosing and dichotomizing, evenly radiating from base to apex, often
obscured by copious, woody interveinal striae. Leaf bases narrow apetiolate, passing
decurrently into slender woody axes, on which they are helically arranged.

DISTRIBUTION: Cosmopolitan, ranging from the Late Carboniferous to the end
of the Triassic.

COMPARISON: In 1912, Arber established the order Palaecophyllales for leaves
of ginkgoalean appearance but uncertain botanical affinities. The palaeophylls are
all wedge- or fan-shaped and attached without modification by long, apetiolate,
sheathing bases to helically arranged ridges on slender woody axes. Variable features
of the palacophylls are the presence or absence of anastomoses between the veins,
the development of woody interveinal striae, and the longitudinal division of the
apical margin. Hgeg (1967) regarded this last feature as the most important for
distinguishing the various palaeophyll genera. In practice it is the most difficult
to use, because leaves become split and frayed along the veins during transport
and deposition. I prefer to emphasize anastomosing venation, a feature which has
always been regarded as of generic importance in all plant groups in which it occurs,
including filicaleans, pteridosperms, cycadophytes, glossopterids, and angiosperms.
Reconsidering the type species of the various palaeophyll genera on this basis gives

the following generic classification:

Flabellofolium (type species, F. brownianum (Dawson) Stone.1973) includes palacophylls with clear,
well-spaced evenly dichotomizing venation and with few or no woody intervinal striae.

Ginkgophytopsis (type species, G. flabellata (Lindley and Hutton) Hgeg 1967) includes palacophylis
with dense dichotomizing venation, with anastomoses, often obscured by woody interveinal striae.

Ginkgophyllum (type species, G. grassertii Saporta 1875) includes palaecophylls with dense dichotomizing
venation, without anastomoses, often obscured by woody interveinal striae. .

The New Zealand Triassic species of Ginkgophytopsis, described here, were previously included in
the very similar Chiropteris by Arber (1917). This genus is now a rather heterogeneous group of leaves
with anastomosing venation, all of which differ from Ginkgophytopsis in having long, woody petioles. Unlike
Ginkgophytopsis, Chiropteris has never been found attached to woody axes. The type species of Chiropteris,
C. lacerata (Quenstedt) Rihle von Lilienstern 1931, includes coriaceous, palmatifid leaves deeply dissected
into cuneate segments and commonly rolled longitudinally into the form of a funnel. The reniformis species
group of Chiropteris are relatively undissected, reniform or cordate leaves with dense. venation. These
include Chiropteris reniformis Kawasaki 1925, C. kawasakii Kon’no 1939 and C. harrisii Archangelsky 1960.
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The zeilleri species group are also cordate or semi-circular, but they have relatively open venation, charac-
teristically without any anastomoses between a central pair of veins. These include Chiropteris barrealensis
Frenguelli 1942d and C. zeilleri Seward 1903. Thus each of these various groups of Chirapteris leaves
has other features aiso distinguishing them from Ginkgophytopsis.

Gondwanophyton (Maithy 1974) may be allied with the palaeophylls but is distinguished by its more
broadly sheathing and cordate leaf base.

BOTANICAL AFFINITIES: Considering present views on the evolution of gink-
goaleans (Tralau 1968; Krassilov 1970) and the distinctive apetiolate attachment
of Ginkgophytopsis to slender axes, ginkgoalean affinities for the palaeophylls are most
unlikely.

Rithle von Lilienstern (1931) considered the superficially similar Chiropteris a dip-
teridacean fern. Heavily cutinized and lignified fossil Dipteridaceae are known
(Sukh-Dev 1972). However, the mesh pattern of Chiropteris and Ginkgophytopsis is
quite unlike that of the Dipteridaceae and the supposed sori of Chiropierss (described
by Rithle von Lilienstern) are more likely fungal infestations or insect domatia,
like those discussed by Stace (1965).

It seems more likely that the palaeophylls belonged to an extinct pteridophytic
group, such as the progymnosperms. Palaeophylls have been found attached to
woody axes and commonly contain interveinal striae, which suggests that they belong
to a woody plant. The genus Eddya (of Beck 1967) has Ginkgophytopsis-like leaves,
which I have examined, attached to structurally-preserved progymnosperm wood
of the Callixplon type, but this could be regarded as a juvenile plant of Archaeopteris.
Pteridophytic fructifications of Enggmophyton have been found in very close association
with leaves of the Platyphyllum type (by Hgeg 1942; 1967, p. 416).

SPECIES: At present six are recognized:

Ginkgophytopsis flabellata (Lindley & Hutton) Hgeg 1967 has long, narrow leaf bases and lateral mar-
gins curving outwards to a wide and irregularly laciniate apical margin. It is found in the Late Car-
boniferous of England.

“Ginkgophyllum” scoticum (Wilson) Hgeg 1967 also has anastomosing venation and is better regarded
as an additional species of Ginkgophytopsis. These remains from the Late Carboniferous of Scotland include
narrow cuneate leaves, divided into two segments.

Ginkgophytopsis kidstonii (Seward) Hdeg 1967 (also figured by Le Roux 1970, as “Ginkgoites sp. types
A and B”, “Psygmophyllum kidstonii” and “P. sp.”; and by Dun 1911, as Rhipidopsis ginkgoides var. “suss-
milchii” and emended by Maithy 1974, to “Ginkgophyllum kidstonii”’) has small, narrow, spathulate to cu-
neate leaves, with lateral margins converging slightly towards the apex, very short leaf bases, and large
leaves decply divided into two segments. This species has been found in the later Early Permian of
South Africa and the latest Permian of New South Wales.

Ginkgophytopsis lacerata (Arber) comb. nov. (discussed below) has small to medium-sized, broadly
cuneate fronds with concave lateral margins and the apical margin divided into two or more spreading
segments. It is found in Middle to Late Triassic rocks of Australia, New Zealand, Chile, Argentina
and South Africa.

Ginkgophytopsis cuneata (Carruthers) comb. nov. (for “Cyclopteris cuneata” of Carruthers 1872, p. 355,
pl. 27, fig. 5; and similar leaves described by many authors) has small to large, narrow, cuneate to
spathulate leaves, entire or irregularly split and frayed along the apical margin. It is found in Early
to Late Triassic rocks of Australia, Chile, South Africa, and possibly also in Argentina.

Ginkgophytopsis tasmanica (Waikom) comb. nov. (for “Chiropteris tasmanica” of Walkom 1925b, p. 72,
pl 9 fig. 2; also including “Sagenopteris salisburoides” of Etheridge 1894, and (in part), “Chiropteris barrealen-
sis” of Frenguelll 1942d, ﬁg 1 only) has small (probably; juvenile), deltoid or broadly obovate, entire
leaves. It has been found in Early to Late Triassic rocks of Tasmania, New South Wales and Argentina.

A more detailed discussion of Ginkgophytopsis cuneata and C. tasmanica is intended for a future publi-
cation on the megafossil flora from near Benmore Dam, North Otago.

GmkgophytopSIS lacerata (Arber) comb. nov. (Figs. 9A-C, 10])
Ginkgophyllum australe Johnston, p. 178.

1913 Chiropteris lacerata Arber, p. 346, pl. 8, fig. 6.

1917 Chiropteris lacerata Arber, p. 27, pl. 3, fig. 8.

1927  Chiropteris coprapensis Solms-Laubach; Du Toit, p. 324, fig. 3D only.

1931 Chiropteris arberi Rithle von Lilienstern, p. 266.

1932 Chiropteris arber: Rithle von Lilienstern, p. 230.

1932 Chiropteris coprapensis Solms-Laubach; Riihle von Lilienstern, p. 230.
*1947. ?Ctenis sp. 1 Jones and de Jersey, p. 39, figs 27-28.
21947 2Ctenis sp. 2 Jones and de Jersey, p. 40, fig. 29.
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1951  Chiropteris coprapensis Solms-Laubach; Menendez, p. 171, pl. 3, figs 1-4.
1956  Chiropteris biloba Bell, in Bell et al., p. 667, figs 4.11-12.
1956  Chiropteris wailakiensis Bell, in Bell et al,, p. 669, figs 4.10,14.
1956  Ginkgo digitata (Brongniart); Bell, in Bell e af, p. 671, fig. 4.16.
1967  ?Chiropteris sp. Gould, p. 129.
21969  Churopteris copiapensis Solms-Laubach; Stipanicic and Bonetti, p. 1093.
1974 Chiropteris lacerata Arber; Anderson, table 3.
1974 Chiropteris biloba Bell; Anderson, table 3.
1974  Chiropteris waitakiensis Bell; Anderson, table 3.
1975  Charopteris sp. Flint and Gould, p. 71.

HOLOTYPE: “Chiropteris lacerata” of Arber (1913, pl. 8, fig. 6; 1917, pl. 3, fig.
8) in the British Museum (Natural History).

TYPE LOCALITY: Tank Gully near Erewhon homestead, Canterbury, New Zea-
land (S72/£569): Tank Gully Coal Measures, Mt Potts Group, Kaihikuan Stage.

DESCRIPTION: These remains show even more clearly than the holotype that
the apical margin of the leaf was deeply incised. None has been preserved as far
as the second dichotomy of the lamina; all are less than 5 cm long, so speciation
based on number of divisions (Bell et al. 1956) is impractical. Natural groups of
such leaves (Fig. 9C) spirally arranged around slender axes, were mistaken for single
Ginkgo-like leaves (Bell ¢t al. 1956). Venation is of variable clarity and spacing, becom-
ing more dbscure in leaves more copiously ramified by woody interveinal striae.

OCCURRENCE: Tank Gully localities S72/f569, S72/572. Ginkgophytopsis lacerata
is best known from Tank Gully (Arber 1913, 1917), Benmore Dam (Bell ¢ al. 1956)
and Long Gully, in Torlesse rocks and near Highfield, Lake Gunn and Taylors
Creek, in the Murihiku Supergroup (N.Z. Geological Survey collections), New Zea-
land; from the upper Chihuiu and Tronquimalal Formations, Llantenes Group, Ar-
gentina (Menendez 1951; Stipanicic 1969); from cycles 2-4 or zone D of the Molteno
‘Formation, Karroo Basin, South Africa (Du Toit 1927; Anderson 1974) and the
Moorooka Formation near Brisbane, Queensland (Gould 1967). There are also less
reliable records of the species from the “Feldspathic Sandstone Series”, at New Town,
Tasmania (Johnston 1887), from the Ipswich Coal Measures, Queensland (Jones
and de Jersey 1947) and from the Barreal Group and Cacheuta and Potrerillos
Formations, Cacheuta Group (Stipanicic 1969; Stipanicic and Bonetti 1969). Accept-
ing the ages of these formations proposed here and by Retallack (1977b), this species
has a Ladinian to Rhaetian range.

Genus: Linguifolium Arber emend. nov.

TYPE SPECIES: Linguzfolium lilleanum Arber 1913.

‘ EMENDED DIAGNOSIS: Simple, entire leaves; linear, spathulate, lanceolate or ob-
ovate; apices subacute to rounded; bases gently tapering. Midrib strong and wide
at the base, tapering and persistent to the apex. Secondary veins arising at a very
acute angle to the midrib, arching outwards to meet the leaf margin at an acute
angle; usually forking only once, sometimes one of these branches forking again;
most forkings of the secondary veins within the inner third of their length. Cuticle
unknown.

DISTRIBUTION: Restricted to Middle and Late Triassic rocks of the Pacific margin
of Gondwanaland.

COMPARISON: The genus was founded by Arber (1913, 1917) for leaves super-
ficially similar to Glossopteris but without anastomosing secondary venation. Such
leaves had previously been referred to Phyllopteris, but Arber showed that Phyliopteris
was the junior synonym of Sagenopteris, which (along with Pseudosagenopteris and Dac-
tylopteris) differs from Linguifolium in having four, five, or more (respectively) palma-
tely compound, commonly asymmetric, leaflets, each with reticulate venation and
a less persistent midrib (see Frenguelli 1941). Unlike Arber (1917), I believe that
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neither Copiapaca nor Blechnoxylon should be included within Linguifolium. Copiapaea
has strong, erect, well-spaced, lateral venation giving it a distinctive pleated appear-
ance (Solms-Laubach 1899; see also Frenguelli 1941; Menendez 1951). Blechnoxylon
has small leaves arranged in whorls along with coriaceous triangular scales (Etheridge
1899). Unlike Linguifolium, it has well-spaced, less acute, secondary venation, a
strongly revolute margin, and a pilose abaxial surface. :

Medwell (1954a, 1954b) transferred some Australian remains, formerly referred
to Phyllopteris, to a new genus, Phyllopteroides. These have more symmetrical leaflets
than Linguifolium, commonly reaching their maximum width half-way along their
length and arranged pinnately on slender axes. Their secondary veins are forked
up to four times so that the venation is much denser at the margin than near the
midrib. Tatarina (including Pursongia) includes leaves with a band of hypodermal
tissue, rather than a true midrib, and whose cuticle is similar to that described
by Meyen (1969a, 1969b). Protophyllocladus has a thick, coriaceous, lanceolate leaf,
its midrib dissolves at one half to two thirds of its length from base to apex, and
its secondary venation is straight and unforked. Its type species is palmately trifoli-
olate (Berry 1903).

According to Frenguelli (1941), Lesleya is larger and has finer, more numerous
and more copiously forked secondary veins than Linguifolium. His genus Velisia is
more regularly lanceolate, with undulose margins and very dense secondary venation,
few forkings, and commonly about three woody striae between veins. Palaevitiaria
differs from Linguifolium in having a midrib only at the base (Chandra 1974). John-
stone (1896) described some specimens, under the name Strzeleckia, as similar to Gan-
gamopteris but lacking anastomoses. After examining Johnston’s collections, Walkom
(1925a) concluded that the central series of veins in these leaves could be regarded
as a midrib, and so synonymized them with Linguifolium. Unfortunately the specimens
have been lost from the Tasmanian Museum and Art Gallery, and the status of
this possible senior synonym of Linguifolium remains uncertain. Finally, a great variety
of taeniopterid leaves (including Taeniopteris, Nilssomiopteris, Doratophpllum and
Nupaniophyllum) may be distinguished from Linguifolium by having more erect second-
ary venation.

SPECIES: In the past the species of Linguifolium have been distinguished on the
basis of supposedly cordate shape (more likely poor preservation), the leaf outline,
the shape of the apex and strength of the midrib within the apex. With large collec-
tions of leaves available, I have found it difficult to accept these distinctions and
have been tempted to include all the specimens in one species. This problem is
common to many form genera, such as Cladophlebis and Dicroidium, where we can
only guess at the significance of characters used for taxonomy -

Leaf width is the most easily observed feature. The histograms (Fig. 8) include
measurements of leaves from Tank Gully, Long Gully and near Benmore Dam (N.Z.
Geological Survey specimens). Such histograms alone are not adequate to distinguish
species (Retallack 1975, p. 10), but these species separated by size also show other
distinctive characters. For example, L. tenison-woodsii has elongate, linear-lanceolate
leaves with acute apices. Linguifolium arctum is elongate, linear-spathulate, with
rounded or obtusely pointed apices and a very narrow apical midrib. Linguifolium
steinmanii- is more or less lanceolate with a subacute apex, and L. {tlleanum is lanceolate,
oblanceolate or obovate, with a subacute to rounded apex and very narrow apical
midrib. Although all the species occur in New Zealand at each locality (Fig. 8),
only one or two species are found at any given Linguifolium locality in Australia,
Chile and Argentina. Until the meaning of this distribution becomes clear, the width
classification is adopted for convenience.

PROBLEMATICAL REMAINS: In order to substantiate the restricted distribution
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of Linguifolium proposed here, several poorly-known remains must be excluded from
the genus.

I have not considered uncertain and unillustrated records of Linguifolium by
Stipanicic (1957) and Fleming (in Houston 1967), and regard “Linguifolium deguistoi™
(Archangelsky 1963) as a nomen nudum.

The fragment referred to Linguifolium by McQueen (1954), which I have seen,
is covered with a thick mineralized crust obscuring the venation and has certainly
been distorted by shearing. It is indeterminable, and could equally belong to Taeniop-
teris, Rhabdotaenia, Palaeovitiaria or Glossopteris.

¥ic. 7. — Linguifolium leaves, A-B, Linguifolium lilleanum; A, B1095.5; B, B1091.48; C-D, Linguifolium stein-
mannii; C, B1091.25; D, OU3961; E, Linguifolium arctum, B1092.1; F-H, Linguifolium tenison-woodsii; F,
B1091.53; G, B1091.40; H, B1091.2. Plant drawings all natural size.
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Herbst (1966 p. 43) has re-examined the specimens of “Linguifolium kurtzii” Fren-
guelli 1941, and found them to be Sagenopteris rhoifolia.

Several other leaves which have been confused with Linguifolium would be better
identified with Phyllopteroides, as discussed above. These include “Thinnfeldia sp.” of
Seward (1904, p. 175, pl. 17, fig. 27), and “Stangerites ( Taeniopteris) ensis” of Oldham
and Morris (1862, p. 35, pl. 6, figs 8-10).

Frenguelli (1937, 1941) regarded “Taeniopieris morrisii” (Oldham and Morris 1862,
p- 43, pl. 3, fig. 1, pl. 4, fig. 3) as a Linguifolium leaf. Compared to Linguifolium,
its secondary venation is more dense, straighter in its course and forms a more open
angle to a more prominent but narrower midrib.

All these features also serve to distinguish “Phyllopteris plumula” (Saporta 1873,
p. 450, pl. 63, fig. 6) from Linguifolium. In addition, Saporta’s small fragment has
split and undulose lateral margins:

I do not accept records of Linguifolium at the plant localities of Malvern Hills
(Arber 1917) and Clent Hills (N.Z. Geological Survey collection B69). The mixing
of fossil collections from Tank Gully and Clent Hills was discussed at the beginning
of this paper. The supposed Clent Hills specimens of Linguifolium (B69.33, B69.34,
B69.56, B69.58) have a matrix and style of preservation more like that of Tank
Gully than Clent Hills. There are no other fossil species on these slabs. The record
of Linguifolium from Malvern Hills (Arber 1917) is also uncertain, as no such speci-
mens could be found in the collections of the Canterbury Museum (Mrs. M.
Bradshaw, pers. comm. 1977).

Linguifolium arctum Menendez 1951 (Fig. 7E)

1898 Taeniopteris Tenison-Woodsii (Etheridge); Shirley, p. 23, pl. 9, fig. 2 only.

1917a  Taeniopteris Tenison-Woodsii (Etheridge); Walkom, p. 32, fig. 9, left hand specimen only.

1947 Doratophyllum tenison-woodsii (Etheridge); Jones and de Jersey, p. 37, excluding narrower and
cuticularized specimens in description.

1951 Linguifolium arctum Menendez, p., 182, pl. 6, figs 1-5.

1951  Linguifolium llantenense Menendez, p. 185, pl. 7, figs 1-4.

1956 Linguifolium waitakiense Bell, in Bell et al., p. 670, figs 4, 7 only. .

1956 Linguifolium lilleanum Arber; Bell, in Bell ¢t al,, p. 670, specimens 1.2 cm wide mentioned in
description.

LECTOTYPE: Selected here, Linguifolium arctum of Menendez (1951, pl. 6, figs 2,

5); specimens 4831/4837 (part/counterpart) in the Museo Argentino de Ciencias
Naturales Bernadino Rivadavia, Buenos Aires, Argentina.

L. tenison-woodsiil L.arctum |L.sfeinmannii| L. lilleanum
] ] H
Benmore Dam 5
(n=72)
15
o)
Long Gully 10 §>_
(n=121) 5 £
Tank Gully s
(n=48)
15 30 35cm

maximum width of leaf

FiG. 8. — Frequency histogram of leaf width in Linguifolium leaves from Tank Gully, Long Gully and
near Benmore Dam, New Zealand (New Zealand Geological Survey collections).
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TYPE LOCALITY: Locality 6(?), Upper Chihuiu Formation, Llantenes Group, Ar-
gentina (Menendez 1951; Stipanicic 1969).

DISTINGUISHING FEATURES: Linguifolium leaves, 10-14 mm wide; usually elongate,
linear-spathulate, with a rounded or obtusely pointed apex, and relatively narrow
apical midrib.

DESCRIPTION: Leaves of this species from Tank Gully are all very imperfectly
preserved.

REMARKS: Menendez (1951) characterized Linguifolium llantenense by its spathulate
outline, well-spaced lateral venation and thick midrib. However, these differences
from L. arctum are not prominent in the figures of his fragmentary specimens. Jones
and de Jersey (1947) assigned leaves of this species and of L. tenison-woodsii to Dora-
tophyllum, on the basis of their supposed cuticle. This cuticle is quite unlike that
of Doratophyllum (described by Harris 1932) and most likely belongs to a very similar
pteridosperm leaf, unrelated to Linguifolium. Jones and de Jersey called these
pteridosperm leaves “Reinitsia”. Bell (in Bell et al. 1956) was evidently unaware of
the work of Menendez (1951) when she proposed the name “Linguifolium waitakiense”.

OCCURRENCE: Tank Gully localities S72/f569, 872/f571-{572. This species also
occurs at Long Gully and near Benmore Dam (in Torlesse rocks, near Otematata),
and in Wairoa Gorge and near Highfield homestead (in the Murikuku Supergroup,
near Nelson), New Zealand (N.Z. Geological Survey collections). It has been found
in the Ipswich Coal Measures of southeastern Queensland (Jones and de Jersey 1947)
and in the Llantenes Group of Argentina (Menendez 1951; Stipanicic 1969). In
New Zealand it has a Ladinian to Rhaetian range (Retallack 1977a), and following
Retallack (1977b), is found in Carnian to Norian rocks elsewhere.

Linguifolium lilleanum Arber 1913 (Figs. 7A-B)
1913 Linguifolium lilleanum Arber, p. 346, pl. 7, figs 1, 4, wider forms only.
1917 Linguifolivm lilleanum Arber, p. 38, pl. 3, figs 1, 7, wider forms only.
1920 Linguifolium lilleanum Arber; Steinmann, p. 350, fig. 1.
1925b  Linguifolium lilleanum Arber; Walkom, pp. 64, 67.
21926 Phyllopteris Feistmanteli Etheridge; Chapman and Cookson, p. 171, pl. 23, fig. 19.
1941 Linguifolium lilleanum Arber; Frenguelli, p. 428.
1945 Lesleya Steinmannii (Solms-Laubach); Berry, p. 187.
1947 Linguifolium lilleanum Arber; Jones and de Jersey, p. 48.
1956  Linguifolium lilleanum Arber; Bell, in Bell et al., p. 670, figs 4. 8-9.
?1965  Linguifolium lilleanum Arber; Archangelsky, p. 279.
21967  Linguifolium lilleanum Arber; Fleming, in Houston, p. 15.
LECTOTYPE: Selected here, the specimen of “Linguifolium lilleanum® figured by
Arber (1913, pl. 7, fig. 1; 1917, pl. 3, fig. 1), in the British Museumn (Natural History).
TYPE LOCALITY: Tank Gully, near Erewhon homestead, Canterbury, New Zea-
land; Tank Gully Coal Measures, Mt Potts Group, Kaihikuan Stage.
DISTINGUISHING FEATURES: Linguifolium leaves, 21-35-mm wide, usually lanceo-
late to oblanceolate or obovate, with subacute to rounded apex and relatively narrow
apical midrib.
DESCRIPTION: The leaves collected in Tank Gully have apices ranging from
rounded to bluntly pointed. They are widest at a point well beyond half their length.
OCCURRENCE: Tank Gully localities S72/{569, S$72/{570, S72/f573. Also found
at Long Gully and near Benmore Dam (in Torlesse rocks) and near Otamita Stream
(Southland) and Highfield homestead (near Nelson, also in the Murihiku
Supergroup) in New Zealand (N.Z. Geological Survey and Otago University collec-
tions). Also found in the Ipswich Coal Measures of southeastern Queensland (Jones
and de Jersey 1947), in the “Feldspathic Sandstone Series” of Tasmania (Walkom
1925b) and near Talcamavide (personal examination of material discussed by Berry
1945, in U.S. National Museum, Washington, D.C.) and on the Bio Bio River (Stein-
mann 1920) in Chile. It may also occur in the Tingalpa Formation, near Brisbane,
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Queensland (Fleming, in Houston 1967), in the Leigh Creek Coal Measures, South
Australia (Chapman and Cookson 1926) and the El Tranquilo Basin, Argentina
(Archangelsky 1965). The Ladinian to Rhaetian range of this species in New Zealand
is not contradicted or amplified by its occurrence elsewhere.

Linguifolium steinmannii (Solms-Laubach) Frenguelli 1941 (Figs. 7C-D, 101)
?1896  Strzeleckia gangamopteroides Johnston, p. 58, figs 5-7, also discussed by Walkom (1925a).
1899  Lesleya Steinmanni Solms-Laubach, p. 596, pl. 13, figs 5-7.

1917 Linguifolium lilleanum Arber, p. 38, narrower forms of description.

1941  Linguifolium Steinmanni (Solms-Laubach); Frenguelli, p. 428.

1945  Lesleya Steinmanni (Solms-Laubach); Berry, p. 187.

1947  Linguifolium denmeadi Jones and de Jersey, p. 49, fig. 40, pl. 4, fig. 4.

1965  Linguifolium denmeadi Jones and de Jersey; Hill, Playford and Woods, pl. T8, fig. 2.
21967  Linguifolium denmeadi Jones and de Jersey; Gould, p. 129.

?1967  Linguifolium denmead: Jones and de Jersey; Fleming, in Houston, pp. 15, 82.
21975 Linguifolium denmead: Jones and de Jersey; Flint and Gould, p. 71.

LECTOTYPE: Selected here, the specimen of “Lesleya Steinmanni” figured by Solms-
Laubach (1899, pl. 13, fig. 6), in the Strasburg Museum, Germany.

TYPE LOCALITY: Reddish-brown clay ironstone in the lower portion of a 30 to
40 m thick coal-bearing shale and clay-ironstone unit, beside the road leading up
the ravine near the coal mine (of 1899), Quebrada La Ternera, near Copiapé, Chile
(Steinmann 1899). '

DISTINGUISHING FEATURES: Liunguifolium leaves 15-20 mm wide, usually lanceolate
with a subacute apex. '

DESCRIPTION: This species is usually the most completely preserved of Linguifolium
leaves from Tank Gully, presumably because it is not as elongate nor as large as
other species and so is less easily broken in transport. One specimen (Fig. 7D) found
in a sandstone matrix has been deeply split along the veins, probably during turbu-
lent and abrasive conditions of deposition.

REMARKS: Solms-Laubach (1899) thought that this species had a cordate leaf
base and a short petiole. As Menendez (1951) observes, it seems more likely that
the single specimen on which this idea was based (Solms-Laubach 1899, pl. 13,
fig. 5) was curled and broken at the base, as the basal third of one of the secondary
veins has been truncated. If this difference is disregarded then Linguifolium denmeadi
Jones and de Jersey 1947 becomes a junior synonym of Linguifolium steinmannii.

OCCURRENCE: Tank Gully localities S72/{569, S72/£570, S72/£573-574, S72 /1552,
This species has also been found in Long Gully and near Benmore Dam (in Torlesse
rocks) and near Highfield homestead (in the Murihiku Supergroup, near Nelson)
in New Zealand (N.Z. Geological Survey collections), in the Ipswich Coal Measures,
southeastern Queensland (Jones and de Jersey 1947), and near La Ternera and
Talcamavide, in Chile (Solms-Laubach 1899; Berry 1945). It may also occur in
the Moorooka and Tingalpa Formations, near Brisbane, Queensland (Fleming, in
Houston 1967; Gould 1967), in the Red Cliff Coal Measures of northeastern New
South Wales (Flint and Gould 1975) and in the “Feldspathic Sandstone Series”
at Mt Nichols, Tasmania (Johnstone 1896). The Ladinian to Rhaetian range of
this species in New Zealand is not contradicted or amplified by its occurrence else-
where.

Linguifolium tenison-woodsii (Etheridge) comb. nov. (Figs. 7F-H)
1883  Angiopteridium ensis Tenison-Woods, p. 119.
?1888.  Pecopteris caudata Johnston, pl. 26, fig. 1.
21890a Thinnfeldia saligna Schenk; Feistmantel, p. 97, pl. 8, fig. 13.
1890b  Angiopteridium ensis Tenison-Woods; Feistmantel, p. 116.
1892 Angiopteridium Tenison-Woodsi Etheridge, in Jack and Etheridge, p. 375.
21896  Strezleckia tenuifolia Johnston, p. 58, fig: 8.
1898  Taeniopteris (Angiopteridium) ensis (Tenison-Woods) Dun, p. 375.
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1898  Taeniopteris Tenison-Woodsi (Etheridge); Shirley, p. 23, narrower forms in description only.
1917a Taentopteris Tenison-Woodsi (Etheridge); Walkom, p- 32, fig. 9, right hand specimen only.
1925a Linguifolium diemenense Walkom, p. 81, fig. 11
21926 Taeniopteris cf. Tenison-Woodsi (Etheridge); Chapman and Cookson, p- 169, pl. 21, fig. 13.
1930  Taeniopteris tenison-woodsi (Etheridge); Hill, p. 184.
1947 Doratophylium tenison-woods: (Etheridge); Jones and de Jersey, p. 37, pl. 6, fig. 1 only.
1951 Linguifolium diemenense Walkom; Menendez, p. 183, pl. 7, figs 6-8.
1956  Lingusfolium waitakiense Bell, in Bell et al, p. 670, fig. 4.6 only.
1965 Doratophyllum tenison-woodsii (Etheridge); Hill, Playford and Woods, pl. T8, fig. 1.
1965 Linguifolium diemenense Walkom; Archangelsky, p. 279.
1967  Linguifolium diemenense Walkom; Fleming, in Houston, pp. 15, 17.
1967  Doratophpllum tenison-woodsii (Etheridge); Gould, p. 124.
1970 Johnstonia coriacea (Johnston); Azcarate and Fasola, p. 259, fig. 5.
LECTOTYPE: Selected here from specimens mentioned by Tenison-Woods (1883,
p- 83) and Etheridge (in Jack and Etheridge 1892, p. 375); no. 30 of the Macleay
Collection in the Department of Geology and Geophysics, University of Sydney,

Australia.

TYPE LOCALITY: Aberdare Mine, Ipswich Coal Measures, southeastern Queens-
land.

DISTINGUISHING FEATURES: Lunguifolium leaves 2-9 mm wide; usually linear-
lanceolate with a subacute, tapering apex.

DESCRIPTION: Only fragments of this species were found at Tank Gully, but
in these the gentle basal and apical taper of these leaves can be seen.

REMARKS: The specimens which Johnston (1896, fig. 8) called “Strezleckia
tenuifolia” could be conspecific with Linguifolium tenison-woodsi: if these unconnected
and crossing leaf bases are correctly drawn. Unfortunately the specimens are lost
from the Tasmanian Museum and Art Gallery, and there is no way of distinguishing
these fragments from those of Johnstonia coriacea (Johnston) Walkom 1925a. There
is, however, a sufficient length of the specimen identified with this latter species
by Azcérate and Fasola (1970) for it to be recognizable as Linguifolium tenison-woodsii.
Most of the confusion concerning L. tenison-woodsii arose from a sketch of “Taeniopterts
Tenison-Woodsi:” by Walkom (1917a, fig. 9). The secondary venation in this sketch
is not at as acute an angle to the midrib as is usual in Linguifolium, and it is difficult
to decide whether it is a poor drawing or a different fossil, perhaps a pteridosperm
fragment. The type material of Linguifolium tenison-woodsii (which I have examined)
certainly has secondary venation at an acute angle to the midrib, but this was not
suspected by those who established the junior synonyms Linguifolium diemenense
Walkom 1925a and L. waitakiense Bell (in Bell et al. 1956). A previously proposed
transferral of Linguyfolium tenison-woodsii to the genus Doratophyllum has already been
discussed in so far as it relates also to Linguifolium arctum.

OCCURRENCE: Tank Gully localities S72/f569, S72/f571-£572, S72/574. Lumn-
guifolium tenison-woodsii has also been found at Long Gully (in Torlesse rocks near
Otematata) and in North Etal Creek (in the Murihiku Supergroup, near Mossburn)
in New Zealand (N.Z. Geological Survey collections), in the Ipswich Coal Measures
and Moorooka and Tingalpa Formations, and in the Toogoolawah Group, southeas-
tern Queensland (Jones and de Jersey, 1947; Fleming, in Houston 1967; Gould 1967;
Hill 1930), in the “Feldspathic Sandstone Series” of Tasmania (Walkom 1925a),
in the Llantenes and El Tranquilo Groups, Argentina (Archangelsky 1965; Menen-
dez 1951; Stipanicic 1969) and at Los Molles, Chile (Azcarate and Fasola 1970).
It may also occur in the Leigh Creek Coal Measures, South Australia (Chapman
and Cookson 1926). This species is only found in the Ladinian rocks of New Zealand,
but accepting the ages of formations proposed by Retallack (1977b), it ranged from
the Late Anisian to Norian elsewhere.
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" Genus: Carpolithus Linnaeus emend. Seward 1917:364.

Carpolithus mackayi Arber 1917 (Figs. 9F-1)
1917 Carpolithus McKapi Arber, p. 64, pl. 11, fig. 6.
?1965 gymnospermous seed Hill et al. pl. T8, fig. 8.

HOLOTYPE; The specimen figured by Arber (1917, pl. 11, fig. 6); no. B59.1, N.Z.
Geological Survey, Lower Hutt, New Zealand.

TYPE LOCALITY: “Wairoa Gorge”, locality $20/f499, near Nelson, New Zealand.

DESCRIPTION: Twenty of these common seeds from various New Zealand locali-
ties average 11.3 mm (8.9-15.4 mm; standard deviation = 0.19) long by 7.99 mm

H I

Fic. 9. — Plants of uncertain taxonomic position, A-C, Ginkgophytopsis lacerata; A-B, B1094.1; C, leaf group,

B1068.23; D, thick root with bundle of adventitious rootlets, like “Czekanowskia rigali”, B1091.34; E,

forked, coarsely-ribbed, stem, possibly Rhexoxylon, B1091.55; F-1, Carpolithus mackayi, twice natural size;
F, B1092.4; G, B1092.3; H, B1091.65; I, B1091.66. All natural size unless otherwise indicated.
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(6.5-11.4 mm; s.d. = 0.13) wide. They are ovate in compressed outline and show
a clearly-differentiated integument and nucule. Integument is differentiated into an
outer fleshy sarcotesta and an inner coalified stlerotesta. Irregular creases in the
sarcotesta may result from compression onto the harder inner layers of the seed,
but finer markings may also result from secretory canals or vascular strands within
the sarcotesta. Seeds commonly show one or two longitudinal ridges, probably com-
pressed triradiate ribs of the sclerotesta. The presence of an endotesta in the
integument could not be established. The integument appears completely separated
from the nucule, except at the very base. Nucule averages 9 mm (6.3-13.5 mm;
s.d. = 0.11) long by 6.2 mm (4-8.4 mm; sd. = 0.12) wide, is widest near the
base and tapered towards the apex, more distinctly ovate than the outline of the
seed as a whole. The nucule is firmly attached to the base of the seed by a thick
woody peduncle. Details of the micropyle are unclear, but there is commonly some
loose, irregular tissue just inside the micropylar opening, possibly an extension of
the nucellus forming a pollen chamber. The micropylar opening through the
integument is sometimes collinear with the long axis of the seed, but more often
curved to one side. The surface of the nucule may show several fine striations, which
suggests the nucellus was vascularized.

REMARKS: The non-committal genus name Carpolithus was retained for this
species, as it is still poorly understood. Little would be gained by transferring it
to Samaropsis despite its similarity to several species of that genus. In any case the
longitudinal ribbing of this seed may indicate radiospermy, rather than platyspermy
generally accepted for Samaropsis. (I have corrected Arber’s spelling of the species
name in accordance with Recommendation 73C of the International Code of Botan-
ical Nomenclature.)

BOTANICAL AFFINITIES: Carpolithus mackay: is clearly the seed of a woody gymno-
sperm. The asymmetric micropylar opening suggests that they were borne laterally
or aggregated into infructescences, rather than solitary and erect.

Comparison with other fossil seeds also gives some idea of botanical affinities.
Amongst compressions, Carpolithus mackay: most resembles several species of Samaropsis.
Sukhov (1969) describes several such species intimately associated with cordaitalean
remains in the Russian Permian. Samaropsis drupaeformis differs largely in its wider
sarcotesta. Samaropsis mungatica, S. moracia, and S. siberiana all lack ribs like those
of Carpolithus mackayi. Similar compressed sceds are also widely associated with glos-
sopteridalean remains in Gondwanaland (Walkom 1921; Maithy 1964; Millan 1969).
Of these, Samaropsis barcellosa, S. moreiana and Nummulospermum bowenense all have a
much thicker sarcotesta in the apical than basal region. Also unlike Carpolithus
mackayi, Samaropsis ganjrensis and S. goraiensis have incompletely enclosing outer
integuments.

It is difficult to be certain enough of the internal structure of Carpolithus mackayi
to compare it with better preserved, cutinized and petrified fossil seeds. With these
reservations, it seems that C. mackay: has an organization broadly similar to seeds
of glossopteridaleans (Gould and Delevoryas 1977), medullosaceans (Taylor 1962,
1967), peltaspermaceans, corystospermaceans, caytoniaceans and pentoxylaceans
(Sporne 1969; Harris 1954). Cordaitalean seeds are also similar but usually platysper-
mic (Seward 1917; Taylor and Stewart 1964). Callistophytacean seeds are platysper-
mic and have distinctive vascular blades in the sarcotesta and a vascular disc at
the base of an otherwise unvascularized nucellus (Stidd and Hall 1970). Bennetti-
talean seeds are distinguished by elaborate micropylar beaks, and in cycadalean,
ginkgoalean and many conifer seeds the nucule is largely fused to the integument
(Harris 1954).

I further assume that Carpolithus mackay: is the seed of Linguifolium. This seed
has never been found in fossil assemblages without Linguifolium. At Tank Gully lo-
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cality 872/f570, Carpolithus mackayi is associated with only Linguifolium spp. and
Sphenopteris sp. Fertile leaves of this species of Sphenopteris have been found at Long
Gully, near Otematata, New Zealand (Retallack 1977a), showing that it is a true
fern. At Wairoa Gorge locality S20/{499, Carpolithus mackayi is associated with Lin-
guifolium spp., Taeniopteris sp., and Desmiophyllum elongatum. This last is probably a
primitive conifer with quite distinctive seed cones (Retallack 1977a, 1977b). The
particular form of Taeniopteris is very rare, poorly known and nowhere else associated
with Carpolithus mackayi. Of the remaining Middle Triassic fossil plants from New
Zealand, Sphenobaiera robusta is most likely a karkeniacean (Retallack 1977a, 1977b).
The likely fructifications of various pteridosperm fronds and the possible pteridophy-
tic nature of Ginkgophytopsis have already been discussed.

If Carpolithus mackayi was the seed of Linguifolium spp., the seed and leaf combi-
nation would suggest the Pentoxylales or Glossopteridales more than any other gym-
nospermous group with which C. mackayi shows similarities. Considering the likely
deciduous nature of Linguifolium (Retallack 1979), its southern distribution, and the
pycnoxylic wood commonly associated with Linguifolium-dominated assemblages,
then it is more likely that Carpolithus mackayi and Linguifolium are survivors of the
Glossopteridales than ancestral Pentoxylales.

OCCURRENCE: Tank Gully localities S72/f569-570, S72/f573. Carpolithus mackayi
has also been found in Long Gully and near Benmore Dam (in Torlesse rocks near
Otematata) and in Wairoa Gorge (in the Murihiku Supergroup, near Nelson) in
New Zealand (N.Z. Geological Survey collections). It may also occur in the Ipswich
Coal Measures of southeastern Queensland (Hill et. al. 1965).

Logs and smaller axes (Fig. 9E)

Large compressed logs are commonly found in the Bench Sandstone and upper
Tank Gully Coal Measures, where Linguifolium is also most common. Some of these
logs are up to 27 cm wide (the original diameter according to Walton’s (1936) com-
pression theory). A heavily limonitized fragment found in the lower Bench Sandstone
showed growth rings, like a better-preserved specimen from Long Gully (NZGS
BI1090.6).

An unusual coalified axis (Fig. 9E) was found in boulders of the gully bed
(872/1569) in a massive mudstone matrix more typical of the lower than upper
Tank Gully Coal Measures. This shows a dichotomous branch and several strong
longitudinal furrows. These furrows may outline sectors of woody tissue, like those
of Rhexoxylon trunks described by Brett (1968). Considering the nature of this axis
and remains associated with it, it could be the stem of Dicroidium. Archangelsky
(1968) has argued that Rhexoxplon is the trunk of Dicroidium.

Carbonized roots (Fig. 9D)

Much of the Tank Gully Goal Measures contains fossil roots, some of them pen-
etrating up to 90 cm of sediment. One distinctive type of fossil root (Fig. 9D) consists
of thick axes bearing lateral, possibly spirally-arranged, bundles of adventitious
rootlets. Similar remains, referred to “Czekanowskia rigalt” by Frenguelli (1942a), are
common in Triassic rocks of Gondwanaland (Retallack et al. 1977).

S72/£569.

Trace fossil
Genus: Macanopsis Macsotay 1967

Macanopsis erewhonensis sp. nov. (Figs. 11-12)

HOLOTYPE: Specimen OU 14191, a burrow entrance just below the sandstone-
shale interface (Figs. 11D-E, 12B); housed in the Geology Department, Otago Uni-
versity, Dunedin, New Zealand.



FiG. 10. — Megafossil plants, A, Neocalamites carrerei (striated stems) and Cladophlebis indica (fern fragments),

B1091.21; B, Pteruchus johnstonii, twice natural size, B1095.3; C, Pilophorosperma sp. cf. P. costulatum, twice

natural size, B1091.41; D, Pilophorosperma sp. A, twice natural size, B1091.36; E, Dicroidium odontopteroides

var. moltenense, B1091.16; F, Dicroidium odontopteroides var. argenteum, holotype, B1095.1; G, Carpolithus

mackayi, B1092.4; H, Sphenobaiera robusta, B1091.25; 1, Linguifolium steinmannii, B1091.25; J, Ginkgophytopsis
lacerata, B1094.1. All natural size unless otherwise indicated.
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TYPE LOCALITY: Locality J35/f2, interbedded shale and sandstone at the base
of Nowhere Formation, northern bank of central Tank Gully, New Zealand; Mt
Potts Group, Kaihikuan Stage.

DERIVATION: The specific name is after Erewhon homestead, near the type lo-
cality.

DIAGNOSIS: Macanopsis with a short, steeply dipping entrance burrow opening
out into-a larger, horizontal, ellipsoidal living chamber. Median ridge on floor of
entrance burrow separating broad, transverse scratch marks which terminate at a
thin longitudinal furrow about half way up the burrow wall. Living chambers also
bearing broad scratch marks.

DESCRIPTION: Subvertical entrance burrows are much more common at the type
locality than horizontal living chambers. The fossils are exposed in a thin layer
of shale adhering to the soles of weather-resistant sandstone layers, so that most
of the living chambers have been eroded away. All these trace fossils are epichnia
of Martinsson (1970) er domichnial vollformen of Seilacher (1964). They were evi-
dently preserved in the shale by filling from overlying sandstone layers.

The entrance burrows are 8-13 mm wide, more or less tubular and dip steeply
across bedding. The holotype measures 8.7 by 6 mm in section. It shows several
features suggesting that the animal escaped as sand filled the burrow. The floor
of the burrow is marked by a median ridge and transverse scratch marks on either
side (Fig. 11E). These scratch marks are 0.5 to 0.8 mm wide and run at a much
less oblique angle to the axis of the burrow than cleavage (the deep cracks in Figs
11E, 12B). Another natural oblique section of an entrance burrow (Fig. 11A) shows
the median ridge and crude transverse spreiten. The holotype shows a narrow furrow
along each side of the entrance burrow which separates the scratched floor from
the smoother roof.

The holotype also shows three, oval seams within the sand fill (Fig. 11D). These
may mark the junction between sand entering around the body and around flailing
appendages of the escaping animal, and later fill of sand.

The entrance burrows curve into the horizontal plane as they pass into the larger
living chamber. These are 3-4 cm long by 2-3 cm wide. They are irregular in shape,

A X2

B D
F1G. 11. — The trace fossil Macanopsis erewhonensis, A, entrance burrow, with irregular spreiten and portion
of the ventral ridge (below) opening into living chamber (above), OU 14187; B, living chamber, from
a field sketch; C, lower side of living chamber, showing scratching on the innermost ventral wall, OU

14190; D-E, natural cast of entrance burrow (holotype), in oblique (E) and axial (D) view, twice natural
size. All natural size unless otherwise indicated.
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generally more or less oval. One of these (Figs 11G, 12C) shows scratching on its
innermost ventral wall. These scratches are of a similar width and type to the trans-
verse scratches on the holotype entrance burrow (Figs 11E, 12B).

COMPARISON: Macanopsis is most similar to the trace fossil genus Pholeus, which
has at least two subvertical entrance burrows to the living chamber (Héntzschel
1975). Frey (1970) describes how young crabs (Ocypode) form burrows like Skolithus
when young, Pholeus burrows when older and the largest crabs inhabit burrows like
Macanopsis erewhonensis. The entrance burrow of Macanopsis pagueyi Macsotay 1967
is longer and its living chamber shorter and more spherical than that of M. erewhonen-
sis.

THE BURROWING ORGANISM: Several assumptions can be made about the likely
organism inhabiting these burrows. It was most likely of comparable size to the
living chamber with all its appendages on a comfortable position. Judging from
the markings on the entrance burrow, it could barely squeeze out. The internal
seams in the sand fill and the median ridge of the holotype entrance burrow indicate
that the creature was bilaterally symmetrical with two rows of ventro-lateral append-
ages. These were evidently separated from the smoother dorsal surface of the animal
by some sort of narrow flange or spine which incised a groove along each side
of the burrow. The scratch marks on the entrance burrow and the innermost ventral
wall of the living chamber are relatively broad, suggesting that at least the posterior
appendages of the animal were rounded swimmerets, rather than clawed, spiny or
hairy appendages. Finally, these creatures evidently lived in a brackish marine en-
vironment. Their burrows are associated with marine shell fragments, underlie beach
sandstone of the Nowhere Formation and overlie lagoonal, allochthonous coal of
the Tank Gully Coal Measures.

FiG. 12. — The trace fossil Macanopsis erewhonensis, A, two living chambers, one (to left) with an entrance
burrow, OU 14187; B, oblique view of natural cast of entrance burrow, holotype; C, entrance burrow
(to left) and living chamber (to right), OU 14190.
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Taking this into account, Macanopsis erewhonensis was most likely excavated by
crustaceans, such as swimming prawns (Natantia s. . of Glaessner 1969) or mantis
shrimps (Stomatopoda of Holthius and Manning 1969). According to Dakin (1966,
p.-175-176), swimming prawns migrate into estuaries to breed and are commonly
found half-buried in the bottom sediments. Some are permanent estuarine burrowers.
Stomatopoda also form permanent burrows below tide mark (Dakin 1966, p.
200-201). The oldest stomatopods known are the Late Jurassic Sculcidae, which
have spiny exopods. Squillid stomatopods, with rounded swimmerets, do not appear
until the Cretaceous (Holthius and Manning 1969). Macanopsis erewhonensis was more
likely excavated by a prawn, such as the Permian to Cretaceous cosmopolitan genus
Antrimpos (figured by Glaessner 1969). This is the creature depicted in my reconstruc-
tion (Retallack 1979, fig. 6).

OCCURRENCE: Macanopsis erewhonensis has only been found at the type locality.
As Frey (1970) has observed similar modern burrows, this and similar trace fossils
may prove to be widespread in both time and space.
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