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Introduction

This study is part of a continuing investigation of the Late Devonian and Early Carboniferous (Mississippian) floristic diversity of Gondwana, and comparison to floras of Laurussia. A significant diversification of ferns s.l. and lignophytes (progymnosperms and seed plants) during the Mississippian is suggested by anatomically preserved axes from Europe and North America (e.g., [START_REF] Galtier | Diversification of early ferns[END_REF][START_REF] Galtier | Morphology and phylogenetic relationships of early pteridosperms[END_REF][START_REF] Dunn | A review of permineralized seed fern stems of the upper Paleozoic[END_REF][START_REF] Galtier | The diversification of early arborescent seed ferns[END_REF][START_REF] Taylor | Paleobotany: The Biology and Evolution of Fossil Plants[END_REF]. However, their pattern of diversification in other regions of the world remains obscure owing to the paucity of well-documented specimens from this period. For the supercontinent Gondwana, the most recent general synthesis [START_REF] Anderson | Patterns of Gondwana plant colonisation and diversification[END_REF] suggested a significant delay in diversification of seed plants and ferns compared to the northern continents. However, recent studies suggest that these plant groups were present in Gondwana earlier than inferred, at least in the palaeotropics (see [START_REF] Prestianni | Early seed plants from Western Gondwana: Paleobiogeographical and ecological implications based on Tournaisian (Lower Carboniferous) records from Argentina[END_REF] for a discussion of high-latitude floras). Australia constitutes a keyregion in these investigations, with a significant number of Mississippian anatomically preserved ferns and lignophytes discovered recently at localities in the northeastern part of the country [START_REF] Hueber | Symplocopteris wyattii n. gen. et n. sp.: a zygopterid fern with a false trunk from the Tournaisian (Lower Carboniferous) of Queensland, Australia[END_REF][START_REF] Galtier | New permineralised flora and trilobites from the mid-Tournaisian (early Carboniferous) Ruxton Formation, Clarke River Basin, northeastern Australia[END_REF]Decombeix et al., 2011b).

The presence of carbonised or permineralised gymnospermous wood of Mississippian age in Australia has been reported since at least the 19 th century (e.g., [START_REF] Jack | The geology and palaeontology of Queensland and New Guinea[END_REF][START_REF] Chapman | On a collection of upper Palaeozoic and Mesozoic fossils from Western Australia and Queensland, in the National Museum[END_REF][START_REF] Walkom | Fossil plants from the Upper Palaeozoic rocks of New South Wales[END_REF][START_REF] Cook | Search of Ancient Queensland[END_REF]. Most reported specimens occur in Viséan (Middle Mississippian) formations and have been assigned to Pitus, a genus represented in Europe by large trunks as much as 2 m in diameter and interpreted to have seed plant affinities (e.g., [START_REF] Long | Observations on the Lower Carboniferous genus Pitus Witham[END_REF][START_REF] Galtier | Pitus, a giant tree of the Early Carboniferous time[END_REF]. However, the anatomy of the primary vascular system of the Australian stems has not been described to date, and their assignment to Pitus is based solely on the occurrence of multiseriate rays in the secondary xylem. Using this character, [START_REF] Walkom | Fossil plants from the Upper Palaeozoic rocks of New South Wales[END_REF] erected the new species Pitys (=Pitus) sussmilchii for permineralised woods found in coarse-grained sedimentary rocks of the 'Kuttung Series' (now Kuttung Formation; [START_REF] Mond | Explanatory Notes on the Dalby 1:250 000 Geological Sheet[END_REF] near Wallaroba, New South Wales (southeastern Australia). This decision was later criticised by [START_REF] Gordon | The genus Pitys, Witham, emend[END_REF], who emphasised that the anatomical information available in Walkom's specimen was not sufficient to assign it to Pitus. Other woods subsequently documented at Viséan localities of New South Wales have, nevertheless, been assigned to Pitus sp. (e.g., [START_REF] Gould | The succession of Australian pre-Tertiary megafossil floras[END_REF][START_REF] Mckelvey | Tamworth Belt[END_REF][START_REF] Morris | The floral succession in eastern Australia[END_REF]. In Queensland (northeastern Australia), Mississippian permineralised woods, including complete trunks, also have been reported but without detailed descriptions or study of their affinities. Following two collecting trips in 2005 and 2008, the presence of three morphotaxa of lignophyte trees was documented in Lower Mississippian deposits of the Broken River Province and the Burdekin Basin, in northeastern Queensland (Fig. 1; Decombeix et al., 2011b). Two of these Tournaisian taxa have a wood anatomy very distinct from Pitus. They were assigned to the new genus Dameria and to Protopitys, a putative heterosporous progymnosperm also known from the Mississippian of Europe and North America [START_REF] Walton | On Protopitys with a description of a fertile specimen Protopitys scotica sp. nov. from the Calciferous sandstone series of Durbatonshire[END_REF][START_REF] Galtier | On Eristophyton and other gymnosperms from the Lower Carboniferous of Castelton Bay, East Lothian, Scotland[END_REF][START_REF] Galtier | Arborescent gymnosperms and the occurrence of Protopitys from the Lower Carboniferous of the Vosges, France[END_REF][START_REF] Falcon-Lang | Anatomically-preserved tree-trunks in late Mississippian (Serpukhovian, late Pendleian-Arnsbergian) braided fluvial channel facies, near Searston, southwest Newfoundland, Canada[END_REF][START_REF] Decombeix | The Early Carboniferous progymnosperm Protopitys: new data on vegetative and fertile structures, and on its geographic distribution[END_REF]. The third taxon has a wood anatomy similar to that of Pitus, with multiseriate rays and araucarioid radial and cross-field pitting. However, it differs significantly in its pattern of leaf trace emission and in its bark anatomy (Decombeix et al., 2011b;[START_REF] Decombeix | Bark anatomy of an Early Carboniferous tree from Australia[END_REF] and should be assigned to a new taxon when enough anatomical information is gathered to characterize it.

Here, we describe slightly younger permineralised wood specimens collected in Middle Mississippian (Viséan) deposits of two other basins of eastern Queensland (Fig. 1). These specimens also have secondary xylem anatomy broadly similar to Pitus. From the Drummond Basin, three wood morphotypes can be recognised based on ray size in tangential section, a variation similar to that observed between European species of Pitus. In the Yarrol Basin, two trunk fragments with Pitus-like anatomy were collected. We show, based on leaf traces, pith and primary xylem anatomy, that these woods differ from Pitus, and from all other contemporaneous taxa. We discuss their implications for understanding Mississippian floristic diversity in Australia.

Material and methods

Drummond Basin woods

The Upper Devonian to Mississippian Drummond Basin in central Queensland contains predominantly terrestrial sedimentary and volcanic rocks [START_REF] Veevers | The geology of the Emerald 1:250,000 sheet area, Queensland[END_REF][START_REF] Olgers | The geology of the Drummond Basin[END_REF], Blake et al., 2012[START_REF] Purdy | Geology, geochronology and geochemistry of the northeast Drummond Basin Region[END_REF], deposited in an extensional foreland basin located on the western margin of the New England Orogen (Fig. 1; [START_REF] Johnson | Tectonic development of the Drummond Basin, eastern Australia: back-arc extension and inversion in a late Paleozoic active margin setting[END_REF][START_REF] Davis | Rift-phase extensional fabrics of the back-arc Drummond Basin, eastern Australia[END_REF][START_REF] Henderson | Stratigraphy, age relationships and tectonic setting of rift-phase infill in the Drummond Basin, central Queensland[END_REF]. Three depositional cycles can be recognised (Fig. 2). Cycle 1 (Upper Devonian to Mississippian) corresponds to a continental succession deposited close to a volcanic terrane and is essentially composed of lavas, pyroclastic deposits and richly volcaniclastic sedimentary rocks and sinter deposits, locally hosting permineralised plants [START_REF] Walter | Lithofacies and biofacies of mid-Paleozoic thermal spring deposits in the Drummond Basin, Queensland, Australia[END_REF][START_REF] Walter | Palaeontology of Devonian thermal spring deposits, Drummond Basin, Australia[END_REF]. Cycle 2 (Mississippian) is represented chiefly by fluvial sandstones. Cycle 3 (Mississippian) is again dominated by felsic-intermediate volcanics and volcanigenic sedimentary rocks. The fossil woods described in this paper were collected from the Ducabrook Formation, within cycle 3. The Ducabrook Formation is more than 2 km thick and has been interpreted to represent fluvial and lacustrine deposits [START_REF] Olgers | The geology of the Drummond Basin[END_REF], although shallow-marine incursions may have occurred locally [START_REF] Veevers | The geology of the Emerald 1:250,000 sheet area, Queensland[END_REF]. The formation is famous for its middle to late Viséan freshwater fauna that includes the remains of sharks, acanthodians, rhizodonts, lungfishes, and the oldest tetrapod body fossil known thus far in Gondwana (e.g., [START_REF] Thulborn | Early Carboniferous tetrapods in Australia[END_REF][START_REF] Warren | The first stem tetrapod from the Lower Carboniferous of Gondwana[END_REF]. The similarity of this assemblage to contemporaneous vertebrate assemblages from the Euramerican zone [START_REF] Thulborn | Early Carboniferous tetrapods in Australia[END_REF] supports the idea of a continental connection between Laurussia and Gondwana during the Late Devonian and/or Mississippian. Plant megafossils from the Ducabrook Formation include Lepidodendron and Stigmaria [START_REF] Veevers | The geology of the Emerald 1:250,000 sheet area, Queensland[END_REF][START_REF] White | 1963 plant fossil collections from Springsure[END_REF][START_REF] White | Geology of the Springsure 1:250 000 sheet area, Queensland[END_REF][START_REF] White | The Greening of Gondwana. The 400 Million Year Story of Australia's plants[END_REF], zygopterid fern stems (S. McLoughlin, unpub. data), and woody axes. This paper focuses on eleven wood specimens collected by the Geological Survey of Queensland at a locality about 120 km southwest of Clermont, in the southern Drummond Basin (coordinates 23°51'36"S, 147°2'24"E; Fig. 2) where fossil wood is relatively common. Palynological studies have indicated a middle to late Viséan age for the Ducabrook Formation [START_REF] Playford | Lower Carboniferous spores from the Ducabrook Formation, Drummond Basin, Queensland[END_REF][START_REF] Playford | Palynology of the Australian Lower Carboniferous: a review. Compte Rendu[END_REF][START_REF] Jones | Carboniferous (Chart 5)[END_REF][START_REF] Jones | Carboniferous palaeobiogeography in Australasia[END_REF]. However, palynological sampling for these studies was undertaken relatively high in the >2-km-thick Ducabrook Formation. Both the conformably underlying Star of Hope Formation and the Ducabrook Formation are currently interpreted to be Viséan [START_REF] Jell | Geology of Queensland[END_REF]. The wood specimens were collected near the base of the formation whereas other studies were carried out near its top, but the exact age of the base of the Ducabrook Formation is very poorly constrained and we thus favour a general Viséan age for the new specimens. The wood fragments, with field numbers DBW1-DBW11, are strongly silicified and have been studied using classical thinsections and wafers [START_REF] Hass | Thin sections and wafering[END_REF] prepared at the University of Queensland (and stored in the collections of the Queensland Museum), and at UMR AMAP, Montpellier.

Yarrol Basin trunks

The Yarrol Basin is a forearc basin formed during the Middle Devonian to early Permian (Cisuralian) on the eastern side of the New England Fold Belt (orogen), which developed along the active convergent margin of eastern Australia at that time (Figs 1,3). It contains a thick succession of almost exclusively marine deposits [START_REF] Murray | Plate tectonic model for the Carboniferous evolution of the New England Fold Belt[END_REF]. The lithological succession has been influenced strongly by contemporaneous felsic-intermediate volcanic activity of varying intensity on the adjacent orogen [START_REF] Maxwell | The geology of the Yarrol Region. Part 1. Biostratigraphy[END_REF]. The thick succession of Mississippian marine clastic-volcaniclastic sediments contains sporadic carbonate units, including several coral-sponge-microbial reefs [START_REF] Simpson | Geology of the Yarrol Province central coastal Queensland[END_REF]. Two portions of decorticated trunks (field numbers YB1 and YB2) were collected in the northern part of the Yarrol Basin (23°22'45"S, 150°15'24"E) from an un-named unit in the Rockhampton Group in the original group type area [START_REF] Fleming | Names for Carboniferous and Permian formations[END_REF]. The trunks occurred in poorly exposed calcareous siltstone and sandstone containing corals and bryozoans between the Lion Creek Limestone and a higher, unnamed limestone that is now known to contain coral faunule D corals equivalent to limestone FC5 of [START_REF] Webb | Lower Carboniferous coral fauna of the Rockhampton Group, east-central Queensland[END_REF] rather than faunule C corals of the Lion Creek Limestone. The higher limestone was originally considered part of the Lion Creek Limestone faulted into its current position [START_REF] Webb | Lower Carboniferous coral fauna of the Rockhampton Group, east-central Queensland[END_REF]), but it is now considered a younger limestone beneath the Pennsylvanian~Cisuralian Lorray Formation (as defined by [START_REF] Murray | Geology of the Yarrol Province central coastal Queensland[END_REF] (Fig. 3). The Rockhampton Group is Mississippian, and the age of the unit yielding the wood specimens is constrained to the late Viséan based on coral and brachiopod biostratigraphy (i.e., between coral faunules C and D of [START_REF] Webb | Lower Carboniferous coral fauna of the Rockhampton Group, east-central Queensland[END_REF] placing it near the boundaries of the Rhipidomella fortimuscula and Marginirugus barringtonensis brachiopod zones [START_REF] Roberts | Revised correlations for Carboniferous marine invertebrate zones of eastern Australia[END_REF] and the Montognathus carinatus and Gnathodus texanus -Gn. bilineatus conodont zones [START_REF] Jenkins | Conodont biostratigraphy of the Visean Series in eastern Australia[END_REF][START_REF] Denayer | Cionodendron and related lithostrotionid genera from the Mississippian of eastern Australia: systematics, stratigraphy and evolution[END_REF].

YB1 was cut into 13 pieces labelled A to M at the University of Queensland and thin-sections were prepared from all portions. YB2 is 14.5  9 cm in diameter and allows observation of a whole trunk in cross-section. New thin-sections [START_REF] Hass | Thin sections and wafering[END_REF] and acetate peels using HF [START_REF] Galtier | The acetate peel technique[END_REF] were also prepared at UMR AMAP, Montpellier on both YB1 A-M and YB2 to provide additional information.

Methods

Images were taken using Sony XCD-U100CR digital cameras attached to an Olympus SZX12 stereomicroscope and to an Olympus BX51 compound microscope. Cropping, rotation, and adjustments of brightness and contrast of the digital images were applied using Photoshop CS5 version 12.0 (Adobe Systems Inc). Cell and tissue dimensions were measured using ImageJ version 1.45 (Rasband, 1997(Rasband, -2016)).

All specimens and slides are part of the collections of the Queensland Museum. Field numbers DBW-and YB-are used in this paper; museum registration numbers and fossil locality details are available upon request to the Geosciences Department of the Queensland Museum, Brisbane.

Woods from the Drummond Basin

Descriptions (Plates I-III)

All the specimens possess gymnospermous secondary xylem composed of tracheids and multiseriate parenchymatous rays (Plate I). Specimens DBW1-DBW3, DBW5, DBW7-DBW8, DBW10 and DBW11 represent pieces of wood with no primary tissues preserved.

DBW6 is a piece of wood containing vascular traces to lateral appendages. DBW4 corresponds to the central part of an axis with a very compressed and poorly preserved stele surrounded by several centimetres of secondary xylem. DBW9 is also the central part of an axis but, in this case, with the pith and innermost secondary xylem preserved.

In the following description, we first document the wood anatomy for all specimens, then focus on those providing additional information (DBW4, 6, and 9).

3.1.1.

Wood anatomy (all specimens) (Plate I;Fig. 4; Table 1)

With the exception of DBW4, DBW6 and DBW9, which represent the central portions of axes, all specimens correspond to fragments of wood 2-5 cm wide that incorporate parallel files of tracheids and are thus interpreted as representing the outer parts of large axes.

In cross-section, the tracheids are rectangular, more rarely polygonal, with an average diameter of 40-50 µm between the specimens (maximum observed diameter 75 µm). All specimens incorporate changes in tracheid radial diameter that form more or less obvious growth rings (Plate I,1,4,7). The preservation of the specimens does not, however, permit accurate measurement of the thickness of those rings, because some portions are considerably distorted. The best preserved examples are a few millimetres thick (e.g., 4 and 7 mm in DBW2). The multiseriate rays are long in transverse section, and separate 4-10 rows of tracheids (Plate I,1,4,7) depending on the specimen and location within a single specimen.

In radial longitudinal section, the tracheid walls have 1-4, commonly two, rows of araucarioid pits that are 6-11 µm in diameter (Plate I,3,6,9). The pit aperture is oval and oblique. In some sections, the pits cover the entire width of the radial wall (e.g., Plate I,6), whereas in others they are more spaced (e.g., Plate I,3,9). In those specimens where crossfield pitting is preserved, it is typically araucarioid, with numerous small crowded pits (arrows on Plate I,3,9). Ray cells are radially elongate, with vertical to oblique end walls, and many have dark contents.

Although the type of radial pitting is similar in all the specimens, it is possible to distinguish three morphotypes based on ray size in tangential sections (Plate I,2,5,[START_REF]Morphotype III in tangential longitudinal section showing very broad rays. Slide DBW5-CL. 9. Morphotype III in radial longitudinal section showing the araucarian radial pitting of the tracheids and the araucarioid cross-field pitting (arrows). Slide DBW8-CR (focused stack)[END_REF]. A summary of the ray characteristics is given for the best preserved specimens of each type (Table 1) and their general aspect is illustrated (Fig. 4). All types show evidence of ray fusion in tangential longitudinal section.

The first morphotype is represented by a single specimen, DBW2. It is characterised by rays that are 1-3 cells wide (mean: 1.8) and 1-20 (mean: 6.2) cells high in tangential longitudinal section (Plate I,2). Ray cells are circular to rectangular in tangential section and have an average size of 22  31 µm. Ray density is 9 rays/mm 2 . The second morphotype is the most abundant, represented by specimens DBW3, DBW4, DBW6, DBW7, DBW10 and DBW11. Specimen DBW6, in which the best preservation of wood characters is found, is used to characterise that morphotype. Rays are 1-4 cells wide (mean 2.4) and 1-60 cells high (mean: 21.7) (Plate I,5). Individual ray cells tend to be rectangular in tangential section and have an average size relatively similar to the previous type, 18  31 µm. Ray density is lower, at 5 rays/mm 2 . Finally, the third morphotype, represented by DBW5 and DBW8, is characterised by rays that are 1-8 cells wide (mean 4.5) and 1-25 cells high (mean 11) (Plate I,[START_REF]Morphotype III in tangential longitudinal section showing very broad rays. Slide DBW5-CL. 9. Morphotype III in radial longitudinal section showing the araucarian radial pitting of the tracheids and the araucarioid cross-field pitting (arrows). Slide DBW8-CR (focused stack)[END_REF]. Ray cells in these specimens are much more circular in tangential section than in the two previous forms, and have average dimensions of 27  29 µm. Ray density is 6.5/mm 2 . (Plate II,(1)(2)(3)(4)Fig. 5) This specimen is an axis 5.3  4.4 cm in diameter. The central zone, which corresponds to the pith and primary xylem, is 1.2  0.3 cm in cross-section; the oblong shape is probably due to strong compression of the axis (Fig. 5). Cells of the central zone have been replaced by crystals, so the anatomy of the pith and primary xylem remains unknown. However, several small vascular strands and traces to lateral appendages are evident at the periphery of this region (Fig. 5; Plate II, 1-4). Maturation appears to be endarch in most of the strands and in some of the traces as they depart from the stele (Plate II,1). Further away, the traces have a more mesarch aspect with a small amount of parenchyma on their adaxial side (Plate II,2).

Compressed axis (DBW4)

The departing traces are small (slightly less than 300 µm in diameter). The primary xylem tracheids of the traces are up to 60 µm in diameter. Up to nine of these vascular traces are evident on a single transverse section, indicating a compact organotaxis in this part of the axis, and traces can be followed on successive sections 2 mm apart (Fig. 5). Their arrangement (Fig. 5A), suggests that they may have been produced in groups of three.

However, the order of emission of the traces within each group is not obvious. No traces were observed further than 3 mm from the pith, which suggests that the vascularised organs were abscised early in the ontogeny of the axis.

The secondary xylem of the specimen is compressed and it is difficult to assess the presence of growth interruptions. Where they are well-preserved, the secondary xylem tracheids are square to rectangular in transverse section. Their radial walls have 1-3 rows of araucarioid pits with a small aperture. Rays are uni-to triseriate and high in tangential longitudinal section and correspond to those of the second wood morphotype described above.

Wood with vascular traces to lateral appendages (DBW6) (Plate II, 5-6)

DBW6 is a piece of secondary xylem in which tracheid files tend to be strongly convergent indicating that the centre of the axis was very close to the preserved portion. In its most internal part, the wood contains a group of three small successive vascular traces that are very close to each other (Plate II,5). Each trace contains a single strand of protoxylem and is accompanied by a very small amount of parenchyma on its abaxial side (Plate II,6). The wood is of the same type (second morphotype) as the preceding specimen.

Central part of axis (DBW9) (Plate III)

This small specimen is 2.5 cm in diameter and corresponds to a piece of parenchymatous pith with a small portion of secondary wood preserved on one side (Plate III,1). In addition to typical parenchyma cells, the pith also contains isodiametric cells with thicker walls that form 0.5-1-mm-wide dark clusters (Plate III,(1)(2)(3). Because only the innermost part of the wood (<2 mm) is preserved, ray size is difficult to interpret but rays appear to be uni-to biseriate and similar to the first or second wood morphotype (Plate III,4). Limited information on the primary xylem and on a departing leaf trace is available from the small zone preserving the pith-secondary xylem boundary (Plate III,1,4,5). All primary xylem strands appear to be in contact with the secondary xylem, i.e., no medullary or peri-medullary strands are evident (Plate III,1,4). The departing trace contains a single mesarch strand of primary xylem (Plate III,5) and a small strand (not visible on the photo) appears to be lying in a radial to slightly oblique plane from the trace. Because the preservation of the pith-secondary xylem boundary is not only restricted to a small sector of the specimen but also to a very short vertical distance, the whole process of trace emission could not be investigated further.

Affinities

The new specimens from the Drummond Basin raise two main questions: (1) how many taxa are present? and ( 2) how do they compare to Pitus, the genus to which similar woods have traditionally been assigned in Australia? We will first discuss how the different morphotypes of wood found in the Ducabrook Formation answer these questions, then we will show the significant insights revealed by the specimens with a partly preserved primary vascular system.

Do the different wood morphotypes represent different taxa?

When the average ray width and height of the three specimens representing the types are compared, T-test (95%) results indicate that DBW6 has significantly higher rays than DBW2 and DBW5, and DBW5 has significantly broader rays than the two other specimens.

However, when ray width and height is plotted, it is evident that there is some significant overlap in ray size for the small values between the different types (Fig. 6). Although the wood of the second (DBW6) and third (DBW5) morphotypes can contain respectively higher and broader rays, it also includes rays of small size, similar to those of the first morphotype. It must be noted that all three morphotypes include at least one specimen with almost parallel files of tracheids, suggesting that they correspond to a relatively mature part of the wood, at considerable distance from the pith.

A similar type of variation in wood anatomy is known to occur in Pitus, which represents the best point of comparison despite the fact that the new specimens probably belong to a different genus (see next §). [START_REF] Gordon | The genus Pitys, Witham, emend[END_REF] differentiated Pitus species by the width of their rays (maximum and average size) and the shape of the tracheids (straight or curved). He indicated that "beyond the immediate neighbourhood of the medulla" the rays in all species were relatively constant in width. Ray height in Pitus wood has also been observed at various distances from the pith in a trunk of P. withami from the Viséan of Scotland [START_REF] Galtier | Arborescent gymnosperms from the Visean of East Kirkton, West Lothian, Scotland[END_REF]. Although the maximum height increases toward the periphery of the trunk, the average ray height remains the same and was thus identified as a potentially useful taxonomic character within the genus. More recently, Henderson and Falcon-Lang (2011) conducted a principal component analysis on 34 Early Mississippian specimens of Pitus from Scotland to separate phylogenetic from ontogenetic variations in wood anatomy. The analysis included not only characters of the rays, such as height and width, cell dimension, and ray density, but also tracheid diameter and the number of rows of radial pits. It revealed the presence of six distinct wood morphotypes, which were interpreted by the authors as representing at least three biological taxa. On the basis of these previous works on Pitus, it seems questionable to consider that the three wood morphotypes from the Ducabrook Formation are simply ontogenetic variants of a single taxon, especially given the lack of information on the primary vascular anatomy corresponding to each type of wood. Thus, we propose that the three wood morphotypes be interpreted as evidence of the presence of three taxa.

Mississippian taxa with similar types of wood (Table 2)

Several Mississippian taxa from Europe, North America, North Africa, and Australia have secondary xylem generally similar to the Drummond Basin specimens, with araucarian radial pitting, araucarioid cross-field pitting, and multiseriate parenchymatous rays. Isolated pieces of wood with this anatomy are assigned by some workers to the morphogenus Dadoxylon Endlicher-in contrast to similar woods with only uniseriate rays, which are assigned to

Agathoxylon Hartig (= Araucarioxylon, see [START_REF] Rößler | Which name(s) should be used for Araucaria-like fossil wood? -Results of a poll[END_REF]. At least eight Mississippian genera of stems with this type of wood anatomy have been recognised to date: Ahnetia [START_REF] Decombeix | Ahnetia, a new lignophyte stem from the Lower Carboniferous of southern Algeria[END_REF], Archaeopitys [START_REF] Scott | On fossil plants, showing structure, from the base of the Waverly Shale of Kentucky[END_REF], Cauloxylon [START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF], Eristophyton [START_REF] Scott | On the primary structure of certain Palaeozoic stems with the Dadoxylon type of wood[END_REF][START_REF] Lacey | Scottish Lower Carboniferous Plants: Eristophyton waltoni sp. nov. and Endoxylon zonatum (Kidston) Scott from Dunbartonshire[END_REF][START_REF] Galtier | On Eristophyton and other gymnosperms from the Lower Carboniferous of Castelton Bay, East Lothian, Scotland[END_REF][START_REF] Decombeix | A review of the genus Eristophyton, with special focus on the Mississippian species[END_REF][START_REF] Decombeix | Diversity of Mississippian arborescent lignophytes: a new species of Eristophyton from the middle Tournaisian of France[END_REF], Faironia [START_REF] Decombeix | Faironia difasciculata, a new gymnosperm from the Early Carboniferous (Mississippian) of Montagne Noire, France[END_REF], Megalomyelon [START_REF] Cribbs | Structure of fossil stem of pityean affinity from the Reed Springs Formation of Missouri[END_REF], Picnoxylon [START_REF] Cribbs | A new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF] and Pitus [START_REF] Gordon | The genus Pitys, Witham, emend[END_REF]. Ray size in these taxa and in isolated pieces of wood, such as 'Dadoxylon' ambiguum and Paleoxylon bourbachensis, were compared to those of the specimens from the Ducabrook Formation (Table 2). DBW2, which has the lowest and narrowest rays, is most similar to the secondary xylem of Eristophyton fasciculare and of Dadoxylon ambiguum [START_REF] Scott | On the primary structure of certain Palaeozoic stems with the Dadoxylon type of wood[END_REF][START_REF] Galtier | On Eristophyton and other gymnosperms from the Lower Carboniferous of Castelton Bay, East Lothian, Scotland[END_REF][START_REF] Galtier | Arborescent gymnosperms and the occurrence of Protopitys from the Lower Carboniferous of the Vosges, France[END_REF].

DBW6, representing the most abundant morphotype among the Ducabrook specimens, is most similar to Paleoxylon bourbachensis. This species has been compared to Pitus withami by [START_REF] Galtier | Arborescent gymnosperms and the occurrence of Protopitys from the Lower Carboniferous of the Vosges, France[END_REF] but on average its rays are slightly taller and broader. Finally, DBW5 and DBW8, characterised by very wide rays, are most similar to the wood of Pitus dayi [START_REF] Gordon | The genus Pitys, Witham, emend[END_REF]. The only taxon with wood similar to some of the Drummond Basin specimens described in detail from Australia (MSM11) has a ray size similar to specimens of the DBW6 type (Decombeix et al., 2011b, see also below).

3.2.3.

Importance of the specimens preserving vascular traces to lateral appendages Specimens DBW4, DBW6, and DBW9 are the only specimens providing information on the primary structure of some of the lignophyte trees preserved in the Ducabrook Formation.

How do their features compare to those of previously described Mississippian arborescent lignophytes?

The primary vascular structure of DBW4 is characterised by a stele with numerous, small, endarch to mesarch primary xylem strands and departing leaf traces. Because the pith is not preserved, it is not possible to exclude the presence of medullary and/or peri-medullary primary vascular strands. There is also no way to document with certainty the presence of reparatory stands near or facing the departing traces. However, the endarch maturation of some visible strands and departing leaf traces is a notable difference from several arborescent Mississippian genera, including Pitus [START_REF] Scott | On the primary structure of certain Palaeozoic stems with the Dadoxylon type of wood[END_REF][START_REF] Gordon | The genus Pitys, Witham, emend[END_REF][START_REF] Long | Observations on the Lower Carboniferous genus Pitus Witham[END_REF], Archaeopitys (Scott and Jeffrey, 2014), Megalomyelon [START_REF] Cribbs | Structure of fossil stem of pityean affinity from the Reed Springs Formation of Missouri[END_REF] and Faironia [START_REF] Decombeix | Faironia difasciculata, a new gymnosperm from the Early Carboniferous (Mississippian) of Montagne Noire, France[END_REF], which all have a strictly mesarch maturation. Two other European genera,

Eristophyton and Bilignea, have a maturation that changes from endarch to mesarch at the nodes [START_REF] Scott | Fossil plants of the Calamopitys type, from the Carboniferous rocks of Scotland[END_REF]Decombeix et al., 2007 and references therein); a similar pattern apparently occurs in Pycnoxylon from the Tournaisian of Missouri [START_REF] Cribbs | A new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF]. This does not seem to be the case in the Australian specimen (DBW4). In Ahnetia from the Tournaisian of Algeria [START_REF] Decombeix | Ahnetia, a new lignophyte stem from the Lower Carboniferous of southern Algeria[END_REF], maturation in the largest strands is mesarch, whereas the smallest strands consist only of a few tracheids and maturation is difficult to assess. Genera that have a strictly endarch maturation include Endoxylon [START_REF] Scott | Fossil plants of the Calamopitys type, from the Carboniferous rocks of Scotland[END_REF][START_REF] Lacey | Scottish Lower Carboniferous Plants: Eristophyton waltoni sp. nov. and Endoxylon zonatum (Kidston) Scott from Dunbartonshire[END_REF] and Cauloxylon [START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF]. Endoxylon can be distinguished from DBW4 by the stele containing only a few large primary xylem strands. In Cauloxylon, primary xylem strands are typically in a peri-medullary position, separated from the wood by several layers of parenchyma. However, we should consider that such strands may not have been preserved in DBW4 and that only strands departing as traces are visible. In Cauloxylon, however, the departing trace very quickly shows two radially aligned poles of protoxylem, which distinguish this genus from DBW 4, in which only one pole is evident. Sections of DBW4 show, at the same vertical level, groups of closely spaced vascular traces departing to lateral organs (Fig. 5). Superficially, this might suggest an artefact due to compression of the axis and might be a deformation of the central part. However, that this pattern might relate to the true organotaxis is supported by the existence of two other specimens showing a similar organisation, one from the same locality (DBW6) and one described previously from Lower Mississippian strata of the nearby Burdekin Basin (Decombeix et al., 2011b; see Fig 1). These two specimens have a secondary xylem anatomy similar to that of DBW4. DBW6 is a wood fragment that, in its most internal part, has a group of three small vascular traces that are very closely spaced (Plate II,5). The secondary xylem surrounding these traces shows no significant deformation and there is no doubt that the close arrangement of the traces is not an artefact. This supports the contention that groups of traces are emitted in some of the woody plants from the Ducabrook Formation. The specimen from the Burdekin Basin (MSM11 of Decombeix et al., 2011b) has a preservation similar to DBW 6, i.e., its central part is present but not preserved. It also shows the emission of closely located traces at some levels and its secondary xylem anatomy is similar to that of DBW4 (see Table 2). Based on this evidence, two hypotheses need to be considered: (1) that these plants had a complex organotaxis with multiple spirals, or (2) that several vascular traces supplied a single lateral organ. The vascularisation of a single lateral organ by multiple traces is documented in several Mississippian (pro)gymnosperm taxa. The non-arborescent calamopityalean seed ferns Diichnia [START_REF] Beck | A reinvestigation of Diichnia Read from the New Albany Shale of Kentucky[END_REF] and Triichnia [START_REF] Galtier | Triichnia, a new eustelic calamopityacean from the Lower Carboniferous of France[END_REF], respectively, have double and triple vascular traces to their leaves. Similarly, Faironia, which has characters of both arborescent (e.g., Pitus) and non-arborescent (e.g., Calamopityales) Mississippian taxa, produced pairs of traces that divided and vascularised a single petiole in the cortex [START_REF] Decombeix | Faironia difasciculata, a new gymnosperm from the Early Carboniferous (Mississippian) of Montagne Noire, France[END_REF]. Cauloxylon, Picnoxylon and Megalomyelon, three (pro)gymnosperms trees from the Early Mississippian of Missouri, also have vascular traces apparently emitted in pairs [START_REF] Cribbs | A new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF][START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF][START_REF] Cribbs | Structure of fossil stem of pityean affinity from the Reed Springs Formation of Missouri[END_REF]. Because these traces were rapidly occluded in the wood of the trunks, it is uncertain whether they vascularised a single organ. With the exception of the calamopityean Triichnia, which has a very different wood from the Ducabrook Formation specimens [START_REF] Galtier | Triichnia, a new eustelic calamopityacean from the Lower Carboniferous of France[END_REF],

Megalomyelon is the only taxon in which some groups contain more than two traces [START_REF] Cribbs | Structure of fossil stem of pityean affinity from the Reed Springs Formation of Missouri[END_REF]. However, it differs from the Australian specimens by its mesarch maturation and its mostly uniseriate to partly biseriate rays. Thus, the information available from DBW4 and DBW6 does not allow their confident assignment to any previously described taxon of Mississippian (pro)gymnosperm.

The third specimen providing information on the primary vascular structure of the trees from the Ducabrook Formation is DBW9. The lack of immersed strands either in the medullary or peri-medullary regions of its pith rules out an affinity with Ahnetia, Archaeopitys, Cauloxylon, Eristophyton waltonii, Faironia, Megalomyelon, Picnoxylon or Pitus [START_REF] Scott | On fossil plants, showing structure, from the base of the Waverly Shale of Kentucky[END_REF][START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF][START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF][START_REF] Cribbs | Structure of fossil stem of pityean affinity from the Reed Springs Formation of Missouri[END_REF][START_REF] Lacey | Scottish Lower Carboniferous Plants: Eristophyton waltoni sp. nov. and Endoxylon zonatum (Kidston) Scott from Dunbartonshire[END_REF][START_REF] Decombeix | Faironia difasciculata, a new gymnosperm from the Early Carboniferous (Mississippian) of Montagne Noire, France[END_REF][START_REF] Decombeix | Ahnetia, a new lignophyte stem from the Lower Carboniferous of southern Algeria[END_REF]. The lack of tracheids in the pith also distinguishes it from Bilignea [START_REF] Scott | Fossil plants of the Calamopitys type, from the Carboniferous rocks of Scotland[END_REF]. Moreover, the small size of the primary xylem strands distinguishes it from Endoxylon and from Eristophyton fasciculare, E. beneirtianum and E.

feisti. Such very small strands occur in E. waltonii and Ahnetia but, as mentioned above, other characters including the location of the strands rule out any affinity with these taxa. Thus, the information available on the primary vascular anatomy indicates that DBW9, like DBW4 and DBW6, is both distinct from Pitus and not assignable with confidence at this stage to any other previously described Mississippian lignophyte genus.

Summary

Woods from the base of the Ducabrook Formation in the Drummond Basin can be assigned to three morphotypes based on ray size. Some information on the primary vascular structure is available for one of these morphotypes and possibly a second. No primary vascular information is available for the morphotype with very broad rays. The specimens have a secondary xylem anatomy similar to that of some coeval arborescent lignophytes reported previously from Europe and North America, such as Eristophyton and Pitus, but the information available on their primary anatomy does not permit their assignment to established species. At this stage, we do not formalise new taxa for the woody plants from the Ducabrook Formation, because we consider that additional axes with more anatomical characters preserved are required to fully circumscribe their features.

Trunks from the Yarrol Basin

Descriptions

The two available specimens appear similar for all observed characters and are thus described together. In cross-section, the centre of the trunks is composed of a broad parenchymatous pith (Fig. 7) with numerous small primary xylem strands distributed in a peri-medullary position. The preserved secondary xylem is up to 5.5 cm thick. Tissues centrifugal to the secondary xylem are not preserved.

Pith (Plate IV; Fig. 7)

The pith is elliptical, about 30  25 mm in YB1 and 35  25 mm in YB2, and its tissues are extremely well-preserved. It is composed of parenchymatous cells, some with a conspicuous dark content (Plate IV,1,2). The parenchyma cells are polygonal, with an average diameter of 151 μm (84-229 μm). Most are slightly elongate radially except in the center of the pith where they are isodiametric. The cells with dark content are distributed randomly within the pith and represent about 1/25 of the pith cells. In some cases, the content appears as a reticulum slightly detached from the cell walls (Plate IV, 2). Many of the dark cells show evidence of derivation from a common mother cell and occur in pairs (Plate IV,2). The divisions appear to occur variably in the radial or tangential plane. (Plate IV,V;Fig. 7,[START_REF]Morphotype III in tangential longitudinal section showing very broad rays. Slide DBW5-CL. 9. Morphotype III in radial longitudinal section showing the araucarian radial pitting of the tracheids and the araucarioid cross-field pitting (arrows). Slide DBW8-CR (focused stack)[END_REF] The contact zone between the pith and the secondary xylem is not preserved throughout the circumference of the specimens (e.g., Fig. 7; Plate IV, 1) so the complete architecture of the primary vascular system could not be reconstructed. However, observations of the best preserved parts of YB1 and YB2 provide valuable information on the primary xylem and departing leaf traces. Primary xylem strands form a ring in the outermost part of the pith (Fig. 8; Plate IV, 3). About 35-40 strands are distributed around the circumference of the pith in YB1. Given the existence of non-preserved zones, the original number is estimated to be closer to 50. Primary xylem strands are positioned 1-2 mm apart (Fig. 8; Plate IV, 3). Their size and shape are highly variable, as is their distance to the secondary xylem and to adjacent strands (Fig. 8; Plate IV,[3][4][5]. This variability is probably due to significant changes in strand size, location, and number in the zones of incipient leaf trace emission. The smallest strands are composed of a few tracheids and are about 100 µm wide or less. They are typically separated from the secondary xylem by 5-7 parenchyma cells (Plate IV,3,4). The largest strands are about 200 µm in diameter (Plate IV,5,6). There is some evidence of strand division. Some primary xylem strands have 1-3 tracheids of smaller diameter interpreted as protoxylem tracheids, and the maturation in most cases appears to be endarch (Plate IV,4), although some of the largest strands have a more mesarch appearance. In other strands, it is impossible to clearly identify the protoxylem. Several vascular traces departing to lateral organs are evident in the peels and thin-sections (Plate IV,5;Plate V;Fig. 7;Fig. 8). A general view of the trunk YB2 shows two relatively close traces in the wood (Fig. 7, arrows top left). Two other, much less advanced, departing traces are visible in the right part of the specimen and form a 140° angle with the previous two. The distance between two traces of a pair is about 5 mm and a closer examination shows that one of the two traces is slightly more advanced than the other. The other regions of the pith-secondary xylem boundary are not well preserved; thus, it is impossible to follow leaf trace emission on that specimen. Investigation of YB1 provides crucial additional information. Several leaf traces at different stages of emission can be seen on a given crosssection. They are usually 4-6 mm apart and separated by a few very small strands composed of a few tracheids (Fig. 8). The occurrence of pairs of traces noted on YB2 is supported by the presence of 'successive' traces at a relatively similar stage of emission (T1, T2 in Fig. 8B).

Primary vascular anatomy and vascular traces to lateral organs

However, it is not entirely certain that this is a consistent pattern owing to the incompleteness of the primary xylem zone around the circumference of the pith in both specimens. Although some features are not entirely clear, general stages of leaf trace emission can be recognised from the observation of several sections. The first recognizable stage of leaf trace production is the enlargement and division of an immersed primary xylem strand. This leads to the formation of a larger, broadly triangular strand that moves closer to the secondary xylem (Fig. 8; Plate V, 1). Files of secondary xylem tracheids take on a curved aspect where the leaf trace is going to be emitted. At a more advanced stage, the strand divides radially and a complex of primary xylem strands is formed in the zone facing the location of the leaf trace departure (Fig. 8; Plate V, 2, 3, 5, 6, red arrowheads). There is a conspicuous neighbour strand about 100 µm wide orientated slightly obliquely about 1 mm from the trace (Fig. 8; Plate V, 1, 2, 3, yellow arrowheads). A group of a few tracheids is also present on the other side of the incipient leaf trace but it is much less conspicuous and not visible in all cases (Fig. 8; Plate V,3). At an even more advanced stage, the departing leaf trace contains three radially aligned protoxylem strands protruding through the secondary xylem (Fig. 8; Plate IV,5;Plate V,4,7). The trace is then about 1.2  0.5 mm in major dimensions, much larger than the largest primary xylem strands (Plate IV,5;Plate V,4). As the leaf trace departs, the neighbor strand moves a little more to the side but remains clearly present, and the small strands of primary xylem composed of a few tracheids that were facing the trace (Plate V, 2, 5) apparently disappear (Plate V,4). Although a lateral strand located about 1 mm from the site of the leaf trace emission is a constant feature in all departing traces that we observed, its origin and relation to the leaf trace remains uncertain. It is present in the earliest stages of leaf trace emission and it is unclear whether it ( 1) results from a division of the large strand that gives off the trace (reparatory strand), ( 2) results from the increase in size of a previously nondetected strand composed of a few tracheids, or (3) arises de novo.

Secondary xylem (Plate VI)

The secondary xylem consists of tracheids and multiseriate parenchymatous rays (Plate VI,(1)(2)(3). In cross-section, the wood shows some growth ring boundaries (Plate VI,3). The best preserved rings are 3-7 mm in width. False rings, characterised by 3-5 rows of tracheids with a reduced radial diameter, are also present sporadically. The secondary xylem tracheids are polygonal in cross-section and 17-75 µm in diameter. The rays are long; some cross the entire wood cylinder. They separate 2-10 files of tracheids and are expanded in the pith region by enlargement of the cells (Plate VI, 1-3).

Tracheids are not pitted on their tangential walls. The rays are 2-5 cells wide in tangential section and up to 60 cells high (Plate VI,(4)(5). The average size for 100 measured rays is 2.7 cells wide and 14 cells high. Ray cells are circular to polygonal in tangential longitudinal section, with variable sizes. They are 32 (16-53) µm wide and 55 (30-79) µm high. In radial longitudinal section, tracheid walls bear 1-4 rows of pits that are hexagonal to circular (Plate VI,(6)(7). The pits cover the entire width of the radial walls. Almost 80% of tracheids have two or three rows of pits, which are always arranged alternately. They measure 14 µm (10-20 µm, n=30) in diameter and have an oblique, slit-like to oval aperture (Plate VI,7). Ray cells are 81-257 µm long with vertical walls. There are no ray tracheids. Cross-fields bear araucarioid pitting, with 6-12 crowded oval to circular pits (Plate VI,[START_REF]Morphotype III in tangential longitudinal section showing very broad rays. Slide DBW5-CL. 9. Morphotype III in radial longitudinal section showing the araucarian radial pitting of the tracheids and the araucarioid cross-field pitting (arrows). Slide DBW8-CR (focused stack)[END_REF].

Affinities

The Yarrol Basin trunks are characterised by ( 1) a large parenchymatous pith, (2) numerous small primary xylem strands in a peri-medullary position, (3) leaf traces probably emitted in pairs, much larger than the primary xylem strands, and containing three radially aligned protoxylem strands as they depart from the stele, and ( 4) secondary wood with multiseriate rays, araucarian radial pitting and araucarioid cross-field pitting. Ahnetia [START_REF] Decombeix | Ahnetia, a new lignophyte stem from the Lower Carboniferous of southern Algeria[END_REF], Archaeopitys [START_REF] Scott | On fossil plants, showing structure, from the base of the Waverly Shale of Kentucky[END_REF], Cauloxylon [START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF], Eristophyton waltonii [START_REF] Lacey | Scottish Lower Carboniferous Plants: Eristophyton waltoni sp. nov. and Endoxylon zonatum (Kidston) Scott from Dunbartonshire[END_REF][START_REF] Galtier | On Eristophyton and other gymnosperms from the Lower Carboniferous of Castelton Bay, East Lothian, Scotland[END_REF], Faironia [START_REF] Decombeix | Faironia difasciculata, a new gymnosperm from the Early Carboniferous (Mississippian) of Montagne Noire, France[END_REF], Megalomyelon [START_REF] Cribbs | Structure of fossil stem of pityean affinity from the Reed Springs Formation of Missouri[END_REF], Picnoxylon [START_REF] Cribbs | A new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF] and Pitus [START_REF] Gordon | The genus Pitys, Witham, emend[END_REF] share with the new trunks the presence of a parenchymatous eustele with numerous small primary xylem strands in a peri-medullary position. Two main characters distinguishing the Australian trunks from Archaeopitys, Faironia, Megalomyelon and Pitus are the presence of endarch maturation in most strands and the presence of several radially aligned strands in the departing vascular trace to lateral appendages. An additional difference from Archaeopitys and Pitus is the lack of true medullary strands in the Australian trunks; however, although this condition has been recorded in all species of Pitus, it is not necessarily represented in all specimens of that genus [START_REF] Gordon | The genus Pitys, Witham, emend[END_REF]. Both Picnoxylon and Eristophyton waltonii have a maturation that changes from endarch between nodes to mesarch at the nodes [START_REF] Cribbs | A new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF][START_REF] Lacey | Scottish Lower Carboniferous Plants: Eristophyton waltoni sp. nov. and Endoxylon zonatum (Kidston) Scott from Dunbartonshire[END_REF]. Although this is more similar to the maturation in the Yarrol Basin trunks, the latter can again be distinguished by their more complex leaf traces. Ahnetia from the Mississippian of Algeria [START_REF] Decombeix | Ahnetia, a new lignophyte stem from the Lower Carboniferous of southern Algeria[END_REF] has some similarities with the specimens from the Yarrol Basin, including the presence of small perimedullary primary xylem strands, a complex production of leaf traces, and a wood with rays that are 1-5 cells wide and 1-50 cells high. On the other hand, Ahnetia differs significantly from the new specimens by the greater distance between strands (about 6 mm), and its smaller leaf traces with a single protoxylem strand. There is also no evidence of pairs of traces in Ahnetia. It is notable, however, that the stages of primary xylem strand changes leading to leaf trace production in Ahnetia are quite similar to those of the new specimens, including the formation of a large triangular primary xylem strand with several protoxylem poles and the presence of a conspicuous lateral strand, whose origin in Ahnetia remains unclear. Finally, Cauloxylon from the late Tournaisian of Missouri [START_REF] Cribbs | Cauloxylon ambiguum, gen. et sp. nov., a new fossil plant from the Reed Spring Formation of southwestern Missouri[END_REF] shares some important characters with the new specimens, including much reduced primary xylem strands (2)(3)(4) tracheids in some cases), endarch maturation even in some large strands, complex branching of strands prior to leaf trace departure, the occurrence of paired traces separated by a few small strands, and the presence of more than one protoxylem strand in the departing trace. The secondary xylem of Cauloxylon is also broadly similar to that of the Australian trunks, but the rays are a larger (1)(2)(3)(4)(5)(6)(7) and taller (commonly 30-40 cells tall versus an average of 14 for the Australian trunks). However, Cauloxylon also differs from the Australian trunks by several characters, including the presence of sclerotic nests in the pith, the presence of two radially aligned poles of protoxylem in the departing trace, versus three in the Australian trunks, and smaller traces (200-400 µm).

Although the new trunks from the Yarrol Basin share several significant characters with arborescent lignophytes from Europe, North America and North Africa they do not appear to fit the diagnosis of any genus described previously. They might, however, belong to a group of Mississippian trees with a complex primary vascular architecture that includes taxa such as Cauloxylon or Ahnetia from the late Tournaisian of USA and Algeria, respectively. It is interesting to note that this type of complex primary vascular organisation has not been described previously in Viséan taxa.

It should be noted that although Carboniferous woody axes with a preserved pith and primary vascular system have been reported in South America, they are younger than the other taxa mentioned here (Late Mississippian or Pennsylvanian) and typically comprise wood with uniseriate rays and a much more simple organization of the primary xylem and leaf traces (e.g., [START_REF] Pujana | Gymnospermous woods from Jejenes Formation, Carboniferous of San Juan, Argentina: Abietopitys petriellae (Brea and Césari) nov. comb[END_REF][START_REF] Pujana | Fossil woods in interglacial sediments from the Carboniferous Hoyada Verde Formation, San Juan province, Argentina[END_REF]. Cells with marginally contracted dark contents (Plate IV,2), commonly in the form of a three-dimensional filamentous reticulum, have been noted from a diverse range of woods and rhizomes of Carboniferous to Cretaceous age in several earlier studies (e.g., [START_REF] Andrews | A mycorrhizome from the Carboniferous of Illinois[END_REF][START_REF] Smoot | Filamentous microorganisms from the Carboniferous of North America[END_REF][START_REF] Tidwell | Species of the Cretaceous tree fern Tempskya from Utah[END_REF][START_REF] Weaver | Fossil woods from the Upper Permian Bainmedart Coal Measures, northern Prince Charles Mountains, East Antarctica[END_REF][START_REF] Strullu-Derrien | Arthropod interactions with bennettitalean roots in a Triassic permineralized peat from Hopen, Svalbard Archipelago (Arctic). Palaeogeog[END_REF][START_REF] Mcloughlin | Biota and palaeoenvironment of a high middlelatitude Late Triassic peat-forming ecosystem from Hopen, Svalbard Archipelago[END_REF][START_REF] Krings | Fungi in a Psaronius root mantle from the Rotliegend (Asselian, Lower Permian/Cisuralian) of Thuringia, Germany[END_REF]. Their filamentous character is reminiscent of fungal hyphae, but they may alternatively represent biomimetic mineral precipitates [START_REF] Klymiuk | Reinvestigating Carboniferous "actinomycetes": authigenic formation of biomimetic carbonates provides insight into early diagenesis of permineralized plants[END_REF], some of which may have been mediated by various bacterial groups during early diagenesis [START_REF] Konhauser | Bacterial iron biomineralization in nature[END_REF][START_REF] Baumgartner | Sulphate reducing bacteria in microbial mats: Changing paradigms, new discoveries[END_REF][START_REF] Krings | Fungi in a Psaronius root mantle from the Rotliegend (Asselian, Lower Permian/Cisuralian) of Thuringia, Germany[END_REF]. They appear to have no significance for systematic placement of the Yarrol Basin woods.

Systematic palaeobotany

Unranked clade: Lignophytia Kenrick and Crane 1997.

Class, order and family: Incertae sedis. Stratigraphic and geographic occurrence: Unnamed bed within the Rockhampton Group between the Lion Creek Limestone and Lorray Formation; from exposures between localities UQL4887 and UQL4981 of [START_REF] Webb | Lower Carboniferous coral fauna of the Rockhampton Group, east-central Queensland[END_REF].

Ninsaria

Age: late Viséan.

Etymology: After Australia, reflecting the geographic origin of the specimens. Rays up to five cells wide, up to 60 cells in height.

(Pro)gymnosperm trees in the Mississippian of Australia

The present work has shown that several taxa with Pitus-like wood, i.e., with araucarian pitting and multiseriate rays, are present in Mississippian deposits of Australia. Specimens from the Viséan of the Drummond Basin, like middle Tournaisian specimens reported previously from the Burdekin Basin (Decombeix et al., 2011b) differ from Pitus at least by their phyllotaxis. Trunks from the Yarrol Basin also differ from Pitus, in this case by several characters of their primary vascular architecture and leaf trace anatomy. All these new specimens appear to be different from previously described species of Mississippian lignophytes. In summary, these examples of taxa with 'Pitus-like wood' from Australia: (1) are actually distinct from Pitus; (2) correspond to more than one taxon; and (3) differ in characters of their primary vascular organisation from Mississippian taxa with a similar wood anatomy currently known from Europe, North America and North Africa [START_REF] Galtier | The diversification of early arborescent seed ferns[END_REF]. These results do not imply the absence of Pitus in the Mississippian of Australia, because other specimens with a similar type of wood have been reported for which the anatomy of the primary vascular system remains unknown. However, the specimens from the Drummond and Yarrol basins reveal that the taxonomic diversity of trees with this general type of wood in Australia is higher than initially suspected. This diversity supports previous observations that eastern Australia saw a change in lignophyte tree diversity around the Devonian-Carboniferous boundary similar to that recorded in Laurussia, with the extinction of the arborescent progymnosperm Archaeopteris that dominated Late Devonian forests and the diversification of new taxa of (pro)gymnosperm trees during the Early and Middle

Mississippian (Decombeix et al., 2011a).

The occurrence of at least one arborescent species, the progymnosperm Protopitys both in Australia and Europe during the middle Tournaisian (Decombeix et al., 2011b[START_REF] Decombeix | The Early Carboniferous progymnosperm Protopitys: new data on vegetative and fertile structures, and on its geographic distribution[END_REF] provides palaeontological evidence of floristic exchange between Gondwana and Laurussia around the Devonian-Mississippian transition. Anatomically preserved plants of smaller size from the locality of Ruxton (northeastern Queensland) also reveal some similarities at least at the generic level between Australian and European taxa [START_REF] Galtier | New permineralised flora and trilobites from the mid-Tournaisian (early Carboniferous) Ruxton Formation, Clarke River Basin, northeastern Australia[END_REF]. There are, however, also several examples of Tournaisian plant genera known only from Australia, such as the arborescent zygopterid fern Symplocopteris [START_REF] Hueber | Symplocopteris wyattii n. gen. et n. sp.: a zygopterid fern with a false trunk from the Tournaisian (Lower Carboniferous) of Queensland, Australia[END_REF] and the ovulate organ Ruxtonia [START_REF] Galtier | New permineralised flora and trilobites from the mid-Tournaisian (early Carboniferous) Ruxton Formation, Clarke River Basin, northeastern Australia[END_REF]. For the Viséan, the trees with Pitus-like wood from the Drummond and Yarrol basins represent new examples of plants that are presently documented only in Australia. In this context, it is interesting to note that eastern Australia saw a change from more cosmopolitan conodonts in the Tournaisian to more endemic conodonts in the Viséan, whereas the Viséan corals are clearly endemic; other Viséan marine taxa are, however, considered more cosmopolitan (e.g., [START_REF] Jones | Carboniferous palaeobiogeography in Australasia[END_REF][START_REF] Webb | The palaeobiogeography of Eastern Australian lower carboniferous corals[END_REF][START_REF] Denayer | Cionodendron and related lithostrotionid genera from the Mississippian of eastern Australia: systematics, stratigraphy and evolution[END_REF]Webb, 2015) Morris (1985) considered that, during the Viséan, Pitus-like trees formed ombrophile forests with a tree-fern understorey and that this indicated a more humid climate in eastern Australia than during the Tournaisian. This interpretation was based on (1) the association of "Pitus" and the zygopteridalean tree-fern Austroclepsis australis [START_REF] Sahni | On the genera Clepsydropsis and Cladoxylon and on a new genus Austroclepsis[END_REF] in the Viséan of New South Wales, and (2) the fact that tree rings in known specimens of 'Pitus' were either indistinct or completely absent. The co-occurrence of lignophyte trees with a Pitus type of wood and zygopteridalean tree ferns has now also been documented in the middle Tournaisian locality of Dotswood in the Burdekin Basin [START_REF] Hueber | Symplocopteris wyattii n. gen. et n. sp.: a zygopterid fern with a false trunk from the Tournaisian (Lower Carboniferous) of Queensland, Australia[END_REF]Decombeix et al., 2011b) and these ferns are also present in the Drummond Basin (S.

McLoughlin, unpub. data). This association can thus be found earlier than the Viséan and is not typical of that age, although the respective taxa of ferns and lignophyte trees might differ between assemblages. No arborescent fern (Zygopteridales or other) is known in the Mississippian of Laurussia, so this association appears to be distinctive to eastern Australia. Regarding growth parameters, woods from both the Ducabrook Formation (Viséan) and the Yarrol Basin (late Viséan) have distinct growth ring boundaries, which implies that their growth was seasonal. This is particularly interesting when compared to the older specimens from the middle Tournaisian of the Burdekin Basin in which growth rings are much more subtle (Decombeix et al., 2011b;Laloux, unpub. data). This difference could be due to the combined effect of ( 1) the southward movement of Australia during the Mississippian from tropical to temperate latitudes, and ( 2) the onset of the Late Paleozoic Ice Age in western Gondwana during the Viséan (e.g., [START_REF] Caputo | Late Devonian and Early Carboniferous glacial records in South America[END_REF][START_REF] Gulbranson | High-precision U-Pb calibration of Carboniferous glaciation and climate history, Paganzo Group, NW Argentina[END_REF]. However, only small portions of wood are known from the Drummond and Yarrol basins and, in some cases, they represent the inner part of the trunk, a region for which growth ring anatomy might reflect developmental processes in addition to cambial reaction to environmental constraints. Thus, it is difficult to analyze the possible climatic information provided by those rings in more detail. A warm Viséan interval in Australia has been suggested based on several proxies including compression/impression floras [START_REF] Iannuzzi | A pre-glacial, warm-temperate floral belt in Gondwana (late Visean, Early Carboniferous)[END_REF] and reef history [START_REF] Webb | Latest Devonian and Early Carboniferous reefs: depressed reef building after the middle Paleozoic collapse[END_REF]. The apparently more seasonal growth of the Viséan trees compared to the Tournaisian ones might thus also be linked to a different biology and/or to a different habitat of origin, as the trunks are not found in situ. 

Conclusions

  Decombeix, Galtier, McLoughlin, Meyer-Berthaud gen. nov. Type species: Ninsaria australiana Decombeix, Galtier, McLoughlin, Meyer-Berthaud sp. nov. (here designated). Generic diagnosis: Stem with primary and secondary vascular tissues. Eustele consisting of numerous small discrete strands of primary xylem at the periphery of a broad parenchymatous pith. Primary xylem strands in peri-medullar position, composed of a few tracheids. Leaf trace emission starting with two divisions of a primary xylem strand and formation of an arcshaped group of three strands that progresses towards the secondary xylem. Departing leaf trace much larger than axial strands, with three radially aligned protoxylem strands. Leaves arranged in a complex spiral. Secondary xylem tracheids with multiseriate araucarioid bordered pits on radial walls. Cross-field pitting araucarioid. Rays multiseriate, of medium height. Etymology: After Ninsar, the Sumerian goddess of plants. Ninsaria australiana Decombeix, Galtier, McLoughlin, Meyer-Berthaud sp. nov Holotype: YB1, Plates IV, V (2-7), VI. Paratype: YB2, Plate V(1).

  Specific diagnosis:Stem with a 20-30 mm wide eustele, composed of 40-50 axial strands and incipient leaf traces. Pith of polygonal parenchyma cells, some with dark reticulate content.Primary xylem strands peri-medullar, separated from the secondary xylem by several layers of parenchyma cells. Distance between strands 1-2 mm. Primary xylem strands small, typically <200 μm in diameter, and usually consisting of a few tracheids. Xylem maturation endarch in small strands. Leaf trace about 1.2  0.5 mm. Tracheids of secondary xylem rectangular to polygonal, with average diameter equal to, or slightly larger than, the metaxylem tracheids.

Fig. 1 .

 1 Fig. 1. General geological map of Queensland showing the location of the Drummond and Yarrol basins and the fossil wood localities.

Fig. 2 .

 2 Fig. 2. Detail of the geology of the Drummond Basin.

Fig. 3 .

 3 Fig. 3. Detail of the geology of the Yarrol Basin. A. Map showing the location of the basin and the various deposits. The star indicates the fossil wood locality. B. More detailed map showing location of poorly exposed strata containing fossil wood between the outcrops of the Lion Creek Limestone (coral faunule C) and a younger unnamed limestone (coral faunule D), thus constraining the age to the latest Viséan (modified from[START_REF] Krosch | Limestone Resources of the Rockhampton region[END_REF][START_REF] Krosch | Limestone Resources of the Rockhampton region[END_REF][START_REF] Webb | Lower Carboniferous coral fauna of the Rockhampton Group, east-central Queensland[END_REF]).

Fig. 4 .Fig. 5 .

 45 Fig. 4. Camera lucida drawing of ray outlines on representative tangential sections of wood in specimens DBW2 (A), DBW6 (B), and DBW5 (C) showing ray size and density in the three morphotypes.

Fig. 6 .

 6 Fig. 6. Ray height and width in the three wood morphotypes from the Drummond Basin showing the absence of clearly distinct size groups. Stars: morphotype 1 (DBW2; n=47), triangles: morphotype 2 (DBW6; n=49), squares: morphotype 3 (DBW5; n=50).

Fig. 7 .

 7 Fig. 7. General aspect of a trunk from the Yarrol Basin in cross-section showing the large parenchymatous pith (P), secondary xylem (x2) and vascular traces (arrows). Drawn from peel #YB2-s1.

Fig. 8 .

 8 Fig. 8. Camera lucida drawings of details of primary strand distribution and leaf trace emission in YB1. Scale bars = 1 mm. A. General view of the best preserved part of the pith-secondary xylem boundary showing numerous peri-medullary primary xylem strands, two departing leaf traces (T1 and T2) and the location of other traces at a different level of emission ((T)). In the zones facing T1 and T2, the primary xylem contains several radially aligned protoxylem poles. The zones noted α and β are interpreted to represent earlier stages of leaf trace production, β being a more

  

  

Table legends Table 1 .

 legends1 Ray anatomy in tangential longitudinal section for the different morphotypes of wood from the Drummond Basin. All measurements are for n = 50 rays. DBW9 is not included because only the innermost part of its wood is preserved. W: width; H: height.

Table 2 .

 2 Comparison of ray size in woods from the Ducabrook Formation and Yarrol Basin with other Mississippian arborescent taxa with multiseriate rays from Europe, North Africa, North America and Australia.

	type	Ray width	Ray height	Ray cells (µm)	Ray density	Similar specimens
	DBW2	Cells: 1-1.8-3	Cells:1-6.2-20	W: 12-22-33	9 rays/mm 2	__	
	Morphotype	Max: 86 µm	Max: 598 µm	H: 20-31-57			
				(rectangular)			
	DBW5	Cells: 1-4.5-8	Cells: 1-11-25	W: 15-27-41	6.5 rays/mm 2	DBW8	
	Morphotype	Max: 183 µm	Max: 1295 µm	H: 19-29-43			
				(rounded)			
	DBW6	Cells: 1-2.4-4	Cells: 1-21.7-60	W: 12-18-28	5 rays/mm 2	DBW3,	DBW4,
	Morphotype	Max: 116 µm	Max: 2092 µm	H: 14-31-45		DBW7,	
				(rectangular)		DBW10, DBW11

Table 1 .
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	Taxon/morphotype	References	Occurrence	Width (cells)	Height (cells)
	DBW2	_	Australia	1-1.8-3	1-6.2-14
	DBW5	_	Australia	1-4.5-8	1-11-24
	DBW6	_	Australia	1-2.4-4	1-21.7-56 (100)
	Yarrol trunk	-	Australia	1-2.7-5	1-14-50
	Ahnetia conradii	Decombeix and Galtier, 2017	North Africa	1-2 (5)	1-(10-20)-50
	Archaeopitys eastmanii	Scott and Jeffrey, 1914	North America	1-6	1-many (1 mm)
	Cauloxylon ambiguum	Cribbs, 1939	North America	1-(3-4) -7	1-(30-50) -92
	Dadoxylon ambiguum	Frentzen, 1931 in Galtier et al., 1998.	Europe	1-1.5-3	1-(1-10)-35
	Eristophyton waltonii	Lacey, 1953	Europe	1-2-5	1-(5-10)-50
	E. fasciculare	Scott, 1902; Galtier and Scott, 1990,	Europe	1-1.5-3	1-7-22
		1994.			
	Faironia difasciculata	Decombeix et al., 2006	Europe	1-1.5-4	1-6.5-28
	Megalomyelon myriodesmon	Cribbs, 1940	North America	1-3	1-(30-50) -90
	Picnoxylon leptodesmon	Cribbs, 1938	North America	1-3	1-(10-15) -50
	Pitus antiqua	Gordon, 1935	Europe	2-3-5	1-70
	P. withamii	Gordon, 1935	Europe	1-1.7-4	2-14-78
	P. primaeva	Gordon, 1935	Europe	8-10-15	1-60
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New permineralised plants with a Pitus type of wood are described from the Drummond and Yarrol basins of Queensland, Australia. The woods represent several distinct morphotaxa and the available information on their primary vascular system indicates that they differ from Pitus and from other previously described taxa of Mississippian lignophytes. These new specimens increase the known diversity of woody plants in Australia during the Mississippian and show that the floras of the region at this time were more complex than is usually interpreted based on compression/impression specimens.