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ABSTRACT 17 

Two silicified fossil woods from outcrops of the Cerro Fortaleza Formation (Campanian, 18 

Upper Cretaceous) in Los Hornos Hill, Santa Cruz Province, Argentina are described. Based 19 

on their anatomical characteristics, both specimens were assigned to a new species of the 20 

fossil genus Brachyoxylon Hollick and Jeffrey, B. patagonicum sp. nov. They are 21 

characterized by having distinct growth ring boundaries, absence of axial parenchyma, 22 

uniseriate rays, mixed and uniseriate intertracheary radial pitting, and araucarioid cross-23 

fields with 1–8 circular half-bordered pits per cross-field. In turn, one specimen has three 24 

rows of axial traumatic resin canals parallel to the growth rings were identified close to the 25 

middle of the growth rings or close to the latewood. Approximately 45% of Brachyoxylon 26 
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species present traumatic resin canals, which suggests that they are a common feature of 27 

this fossil genus. Alternatively, the specimen with the canals shows biological remains 28 

(hyphae) and wood fungal degradation patterns, which may be thought as some of those of 29 

possible organisms contributing to the formation of the resin canals. This record provides 30 

fresh evidence attesting to the abundance and widespread distribution of Cheirolepidiaceae 31 

in the Cretaceous of Patagonia.  32 

 33 

Keywords. Wood anatomy; Conifer; Cheirolepidiaceae; South America; Austral Basin  34 

 35 

 36 

1. Introduction  37 

 38 

The Cretaceous was warmer and wetter compared to the Jurassic, probably because 39 

the increase in atmospheric CO2 and global changes in marine streams associated with the 40 

rupture of Pangea (Arthur et al., 1988; Berner, 1990; Spicer and Corfield, 1992; Price et al., 41 

2013). This scenario favored the development and the diversification of the flora, even at 42 

high latitudes, where numerous plan assemblages has been recorded (Passalia, 2004).  43 

The flora of southern Patagonia was dominated during the Early Cretaceous by 44 

conifers and ferns (Del Fueyo et al., 2007). Among the conifers, the most diversified groups 45 

were the Cheirolepidiaceae and Podocarpaceae, whereas other groups of gymnosperms, 46 

such as the Araucariaceae, cycads, bennettitaleans, and gingkoaleans were well 47 

represented (Del Fueyo et al., 2007). Conifers formed tall forests in fluvial, lacustrine and 48 

deltaic paleoenvironments, whereas ferns, pteridosperms, and smaller plants, such as 49 

cycads and benettitaleans, developed in open areas (Del Fueyo et al., 2007). Early 50 

angiosperms from the Barremian–Aptian represent a marginal group in fossil plant 51 

assemblages (Archangelsky et al., 2009). However, Albian–Coniacian angiosperms were 52 
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much more diverse and abundant components of ancient ecosystems (Archangelsky et al., 53 

2009).  54 

The paleobotanical record of Patagonia during the Cretaceous is based mainly on 55 

palynological associations and fossil leaf remains (e.g., Del Fueyo et al., 2007; Prámparo, 56 

2012; Prámparo et al., 2018; Romero et al., 2019). However, despite the abundance of 57 

Cretaceous plant assemblages, studies on fossil woods are comparatively scarce and 58 

focused mainly on the Early Cretaceous (e.g., Martínez and Lutz, 2007; Vera and Césari, 59 

2015; Carrizo and Del Fueyo, 2015; Brea et al., 2016; Gnaedinger et al., 2017; Nunes et al., 60 

2018, 2019; Greppi et al., 2020, 2021). There are considerably fewer studies of conifer fossil 61 

woods for the Late Cretaceous (Tortorelli, 1941; Nishida et al., 1992; Del Fueyo, 1998; 62 

Martinez and Lutz, 2007; Pujana et al., 2007; Varela et al., 2016; Novas et al., 2019). 63 

Assemblages of conifer and angiosperm fossil woods have been described from the Upper 64 

Cretaceous Cerro Fortaleza and Puntudo Chico formations (Egerton et al., 2016; Vera et al., 65 

2019, 2020). 66 

The Cheirolepidiaceae is one of the better represented conifer families in the 67 

Mesozoic of Patagonia and it was most diverse and abundant during the Jurassic–68 

Cretaceous (Greppi et al., 2021). In Patagonia, the Cheirolepidiaceae apparently dominated 69 

the canopy and formed monospecific or mixed forests with other conifers (e.g., 70 

Araucariaceae, Podocarpaceae) (e.g., Del Fueyo et al., 2007; Greppi et al., 2020, 2021). 71 

Classopollis (Pflug) Pocock and Jansonius pollen grain of the Cheirolepidiaceae are 72 

frequently found in association with Classostrobus Alvin, Spicer and Watson cones (e.g., 73 

Alvin et al., 1978; Axsmith et al., 2004; Rothwell et al., 2007; Hieger et al., 2015). In addition, 74 

several fossil leaf (e.g., Pseudofrenolopsis Nathorst, Brachyphyllum Brongniart, Hirmeriella 75 

Hörhammer, and Tomaxellia Archangelsky) are usually found in organic connection with 76 

male cones with Classopollis pollen grains or by the presence of this pollen grain genus 77 

dispersed in the sediments (e.g., Archangelsky, 1968; Alvin et al., 1978; Barbacka et al., 78 
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2007; Du et al., 2013). Brachyoxylon is a fossil wood genus usually related to the 79 

Cheirolepidiaceae (Alvin et al., 1981). Pomperaugoxylon Hickey, Hu and Skinner from the 80 

Triassic of USA, is another fossil wood genus related to this extinct conifer family, and one 81 

of the oldest of the family (Hickey et al., 2011). Telephragmoxylon Torrey, another fossil wood 82 

genus related to the Cheirolepidiaceae (Iamandei et al., 2005), is not validly published 83 

because it does not comply with the International Code of Botanical Nomenclature (Philippe 84 

and Bamford, 2008).  85 

Resin canals (=ducts) are postcambial tubular structures produced by the division of 86 

groups of contiguous cells (schizogenesis) (Brown et al., 1949). Axial (=vertical) and 87 

horizontal (=radial) resin canals in secondary xylem (wood) can be normal (=constitutive) or 88 

of traumatic origin (Esteban et al. 2003). Axial resin canals in secondary xylem occur, in 89 

conifers, mainly in certain extant Pinaceae and also more rarely in extant Cupressaceae 90 

(Holden, 1913; Bailey and Faull, 1934; Hudgins et al 2004; IAWA Committee, 2004; 91 

Vazquez-González et al., 2020). When horizontal resin canals occur, they always appear 92 

inside the rays (Esteban et al., 2003; IAWA Committee, 2004).  93 

  The presence of traumatic resin canals (TRC) in conifer fossil wood, in secondary 94 

xylem, has been documented from the Late Triassic to the Late Pleistocene, mostly in the 95 

Northern Hemisphere. Fossil wood genera related to the Pinaceae (Cedroxylon Kraus, 96 

Keteelerioxylon Shilkina, Lariciaxylon Greguss, Piceoxylon Gothan, Pinoxylon Knowlton, 97 

Protocedroxylon Gothan, Protopiceoxylon Gothan, and Lesbosoxylon Süss and Velitzelos) 98 

more commonly have TRC than fossil genera of other conifer families (e.g., Shimakura, 99 

1937; Blokhina et al., 2006; Blokhina and Afonin 2009; Selmeier and Grosser, 2011; Ding et 100 

al., 2016; Sakala et al., 2018; Akkemik et al., 2020). Also, TRC were described in fossil 101 

genera related to the Taxodiaceae (Glyptostroboxylon Süss and Velitzelos, Oguraxylon 102 

Nishida and Taxodioxylon Hartig), and to a lesser extent to the Cupressaceae (Sequoioxylon 103 

Torrey) (e.g., Nishida, 1974; Süss and Velitzelos, 1997; Oh et al., 2011; Afonin, 2013). 104 
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Presence of TRC was described in Agathoxylon Hartig from the Upper Cretaceous of Egypt, 105 

but these are not clearly observable in the original publication (Youssef et al., 2000). 106 

In this contribution, we describe in detail two fossil wood specimens attributable to 107 

the Cheirolepidiaceae collected from Los Hornos Hill (southwestern Santa Cruz Province, 108 

Argentina) in sediments of the Cerro Fortaleza Formation (Upper Cretaceous). These are 109 

compared to similar conifer woods and the TRC are described and discussed.  110 

 111 

2. Geological setting 112 

 113 

The Austral-Magallanes Basin, in southern South America, contains a nearly 114 

continuous record of Middle Jurassic–Cenozoic deposits (Quattrocchio et al., 2006; 115 

Schwarz et al., 2011), which were deposited during three main tectonic stages: a rift stage 116 

(Late Jurassic), a thermal subsidence stage (Early Cretaceous), and a foreland stage 117 

(Aptian–Miocene) (Biddle et al., 1986; Robbiano et al., 1996; Cuitiño et al., 2019). The infill 118 

of the basin during the Late Cretaceous is represented by a regressive sequence that 119 

allowed for the progradation of continental deposits to the southeast (Spalletti and Franzese, 120 

2007).  121 

The Cerro Fortaleza Formation corresponds to the foreland stage. It was defined by 122 

Arbe and Hechem (1984) and extends along the margins of the La Leona and Turbio rivers, 123 

Hondo Canyon and the lower reach of the Guanaco River (Kraemer and Riccardi, 1997). It 124 

is equivalent to the ‘’Dinosaurs Beds’’ or the ‘’Pari Aike Beds’’ (Feruglio in Fossa Mancini et 125 

al., 1938; Feruglio, 1944), to the Chorrillo Formation (e.g., Leanza, 1972; Furque, 1973, 126 

Nullo et al., 1981; Oviedo, 1982; Novas et al., 2019), and to the Pari Aike Formation (e.g., 127 

Riccardi and Rolleri, 1980; Kraemer and Riccardi, 1997; Novas et al., 2002). Varela (2015) 128 

mapped these Cretaceous dinosaur-bearing beds in the area of the Viedma Lake (including 129 

Los Hornos Hill) as the Mata Amarilla Formation, but we consider that this unit is not exposed 130 
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in this area, and we prefer to separate the Cerro Fortaleza and the Mata Amarilla formations 131 

as different stratigraphic units. Consequently, Sickmann et al. (2018) correlate some 132 

deposits previously assigned to the Cenomanian Mata Amarilla Formation (e.g., Riccardi 133 

and Rolleri, 1980; Varela et al., 2012) with the Cerro Fortaleza Formation. The Cerro 134 

Fortaleza Formation rests in concordance on the marine sandstones of the La Anita 135 

Formation and is unconformably covered by the La Irene Formation (Macellari et al., 1989; 136 

Kraemer and Riccardi, 1997). 137 

The Cerro Fortaleza Formation is poorly consolidated and greenish gray in color. It 138 

consists predominantly of lenticular beds of cross-bedded sandstones (fluvial channel 139 

deposits), interbedded with tabular beds of laminated tuffaceous mudstones, carbonaceous 140 

claystones and siltstones, very weakly-developed paleosols and volcanic ash deposits 141 

(Novas et al., 2002; Egerton et al., 2016). In the upper section, which includes the studied 142 

woods, the fine-grained deposits (floodplain facies) are prevalent. Channel bodies are wider 143 

than in the lower section, show lateral accretion surfaces and frequently include dinosaur 144 

remains and large fossil trunks (Novas et al., 2002).  The Cerro Fortaleza Formation records 145 

the fluvial sedimentation in a coastal plain during a regressive phase. The marine 146 

intercalations at the base and towards the south indicate a transitional environment in this 147 

sector of the basin (Novas et al., 2002). Sedimentological features suggest a southwestern 148 

oriented meandering fluvial system, with extended and poorly-drained floodplains (Maceralli 149 

et al., 1989; Novas et al., 2002; Egerton et al., 2016; Sickmann et al., 2018). 150 

From the paleontological point of view, the Cerro Fortaleza Formation contains 151 

marine and continental invertebrates (Riccardi and Rolleri, 1980; Oviedo, 1982; Arbe and 152 

Hechem, 1984; Sickman et al., 2018), marine trace fossils (Sickmann et al., 2018), marine 153 

and continental phytoplankton (Oviedo, 1982; Povilauskas et al., 2006) and other 154 

palynomorphs (Oviedo, 1982; Archangelsky in Riccardi 1984; Povilauskas et al., 2006), 155 

plant remains (trunks and leaves) (Riccardi and Rolleri, 1980; Arbe and Hechem, 1984; 156 
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Maceralli et al., 1989; Kraemer and Riccardi, 1997; Villar de Seoane in Novas et al., 2002; 157 

Povilauskas et al., 2006; Egerton et al., 2016; Sickmann et al., 2018; Tettamanti et al., 2018), 158 

as well as marine (Sickmann et al., 2018) and continental vertebrates (e.g., Feruglio, 1944; 159 

Arbe and Hechem, 1984; Novas et al., 2002, 2004, 2008; Marenssi et al., 2003; Ezcurra et 160 

al., 2010; Lacovara et al., 2014; Sickmann et al., 2018). 161 

The age of the Cerro Fortaleza Formation was inferred from its stratigraphic 162 

relationship with the underlying La Anita Formation, dated as Campanian based on marine 163 

invertebrates (Riccardi, 1983; Maceralli, 1988) and detrital zircon ages (Sickmann et al., 164 

2018, 2019); and by the Maastrichtian age of the overlying La Irene Formation according to 165 

its to stratigraphic position and palynological content (Maceralli et al., 1989; Kraemer and 166 

Riccardi, 1997; Povilauskas et al., 2008). Recently, Sickmann et al. (2018), using U-Pb data 167 

on detrital zircons (76.2 + 1.6 Ma and 78.4 + 2.4 Ma), suggested a Campanian age for the 168 

Cerro Fortaleza Formation in the area between the Viedma Lake and Argentino Lake. 169 

 170 

3. Material and methods   171 

 172 

Two fossil woods were collected from Los Hornos Hill, upper section of the Cerro 173 

Fortaleza Formation (49°49’47’’ S, 72°06’56’’ W; Fig. 1), Santa Cruz Province by SAM in 174 

2003. This locality is now known as “Bosque Petrificado La Leona” (La Leona Petrified 175 

Forest), and is a tourist attraction. The specimens are silicified secondary xylem and are 176 

housed in the paleobotany collection of the Museo Provincial Padre Jesús Molina (MPM PB) 177 

in Río Gallegos, Santa Cruz Province, Argentina, under accession numbers 18277 and 178 

18278. We prepared thin sections (transverse, TS; tangential longitudinal, TLS; radial 179 

longitudinal, RLS) in the Museo Argentino de Ciencias Naturales (MACN) following standard 180 

techniques (Hass and Rowe, 1999). Thin sections bear the specimen number followed by a 181 

lowercase letter. Slides were examined using light microscopy (Leica DM2500 and DM500) 182 
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and the photographs were taken with a Leica DFC295 and ICC50HD digital cameras. Both 183 

specimens were observed with scanning electron microscopy (Philips XL30 of MACN) after 184 

being gold-coated. At least 20 measurements were taken for each character. Measurements 185 

are expressed as the weighted mean of both specimens followed by the range and weighted 186 

mean standard deviation (sd) in parentheses.  187 

The descriptive terminology is based on the recommendations of the IAWA 188 

Committee (2004). For the generic classification of the woods, we followed the key proposed 189 

by Philippe and Bamford (2008). Indices for measuring and quantifying the intertracheary 190 

radial pitting arrangement (Cp and Si) are those of Pujana et al. (2016). Si = 1.00 indicates 191 

that all the intertracheary pits are uniseriate, Si > 1.00 indicates that there are two- or more-192 

seriate pits, Cp = 0% that no pits touch and Cp = 100% that all pits touch (Pujana et al., 193 

2016). We replaced the term used by Philippe and Bamford (2008) ‘’oculipores’’ with half-194 

bordered pits. 195 

 196 

4. Systematic paleontology 197 

 198 

Fossil genus Brachyoxylon Hollick and Jeffrey, 1909.  199 

Type species. Brachyoxylon notabile Hollick and Jeffrey, 1909, p. 54, pl. 13, figs. 2–6, pl. 14, 200 

fig. 2. 201 

 202 

Brachyoxylon patagonicum sp. nov. Rombola, Greppi and Pujana 203 

Fig. 2–5 204 

 205 

Derivation of the name. The specific epithet refers to Patagonia, the region where the 206 

material was recovered. 207 

Holotype. MPM PB 18277 (2 TS, 3 RLS, and 1 TLS). 208 
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Paratype. MPM PB 18278 (2 TS, 2 RLS, and 1 TLS). 209 

Type locality. Los Hornos Hill, Santa Cruz Province, Argentina.  210 

Stratigraphic horizon. Cerro Fortaleza Formation (Upper Cretaceous). 211 

Diagnosis. Secondary xylem composed of tracheids and rays. Growth ring boundaries 212 

distinct, latewood with 1–4 rows of tracheids. Intertracheary radial pitting mixed and 213 

exclusively uniseriate. Cross-fields with usually 1–8 half-bordered, mostly contiguous and 214 

alternate, pits per cross-field (araucarioid cross-fields). Rays uniseriate, height medium. 215 

Horizontal and end walls of ray parenchyma cells smooth. Axial parenchyma absent. 216 

 217 

Description. MPM PB 18277 (Fig. 2A) was taken from a tree that had a minimum diameter 218 

of 20 cm, and MPM PB 18278 from a tree of minimum diameter of 26 cm and is laterally 219 

compressed (Fig. 2B). In specimen MPM PB 18277 a branch scar is observed, that 220 

apparently departed ca. 90º from the trunk (Fig. 2A). Thin sections were made in the outer 221 

portion of both specimens, (i.e., 8–13 cm from the center). 222 

Pycnoxylic secondary xylem with distinct growth ring boundaries, latewood with 1–4 223 

rows of tracheids (Fig. 3A–B). Growth ring width is difficult to measure because of the 224 

presence of false rings. Clearly identified growth rings have a width of ca. 1100–2800 μm. 225 

Cells are roundish to polygonal as seen in transverse sections (Fig. 3B–C). Intertracheary 226 

pitting on radial walls is mixed, uniseriate (Si = 1.00), mostly contiguous (Cp = 68.9%) (Fig. 227 

3D–E, Fig. 4A–B). Intertracheary radial pits are roundish and 13.8 μm (10.6–17.2, sd = 1.4) 228 

μm in vertical diameter (Fig. 3D–E, Fig. 4A–B). Tracheid tangential diameter is 26.4 (17.1–229 

34.8, sd = 4.3) μm and radial diameter is 29.6 (21.1–37.5, sd = 4.2) μm in the earlywood 230 

and 16.3 (10.6–18.4, sd = 2.7) μm in the latewood (both diameters measured in transverse 231 

section). Pits on tangential walls were not observed. Cross-field pitting is araucarioid with 232 

2.8 (1–8) contiguous half-bordered pits per cross-field (Fig. 3G, Fig. 4C). Cross-field pits are 233 

circular with the border wider than the aperture (cupressoid) and 7.6 (4.0–10.9, sd = 1.5) μm 234 
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in vertical diameter (Fig. 3G, Fig. 4C). Rays are homocellular, with horizontal and end walls 235 

of ray parenchyma cells smooth (Fig. 3F). Many ray cells and occasionally some tracheids 236 

near the rays have dark contents, probably resiniferous (Fig. 3B–C). Average ray height is 237 

medium; 5.6 (1–18, sd = 3.9) cells high and 128 (23–376, sd = 76) μm. Rays are exclusively 238 

uniseriate (Fig. 3H–I), and have a frequency of 6.5 (4–10, sd = 1.4) rays per mm. 239 

  There are numerous traumatic resin canals (TRC) in specimen MPM PB 18277. 240 

These are arranged concentrically forming tangential rows (parallel to the growth rings) and 241 

only interrupted by the rays (Fig. 5A–C). The position in the growth ring is difficult to establish, 242 

because of the presence of false growth rings, but they seem to be in the middle of the ring 243 

or close to the latewood. There are rows of TRC in two successive growth rings, one of them 244 

laterally faint (Fig. 5A). There is one more row of TRC in another section of the wood (Fig. 245 

5B). TRC are radially elongated, 127 (92–158, sd = 16) μm x 98 (56–134, sd = 33) μm as 246 

seen in transverse sections (Fig. 5C–D). They have one or two layers of subsidiary cells, 2–247 

5 cells wide (Fig. 5D–F). The subsidiary cells are sub-rectangular to sub-squarish as seen 248 

in transverse sections (Fig. 5C–D), radially elongated, 21 (14–31, sd = 5) μm x 42 (16–98, 249 

sd = 21) μm; they are 33 (14–67, sd = 13) μm high and are thick-walled (walls are thicker 250 

than the lumen and ca. 8–11 μm in thickness) in longitudinal section (Fig. 5F). Epithelial cells 251 

were not observed. 252 

  Specimen MPM PB 18277 (the one with TRC) shows decay of the wood. At lower 253 

magnification it is possible to identify large areas of the woody tissue in transverse and 254 

longitudinal sections with highly deformed cells partial or completely disconnected from 255 

neighboring cells due to degradation of the middle lamella (Fig. 6A, B). In other areas of the 256 

wood, the cells do not show any structural changes of the wall layers and have opaque 257 

compounds in the cell lumens (Fig. 6C). In those cells in which the middle lamella is 258 

selectively degraded, it is possible to identify hyphae in the cell lumen (Fig. 6D). The hyphae 259 
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have hyaline walls, a diameter of ca. 3–8 μm, and transverse septa (Fig. 6D, E). In some 260 

cases, hyphae branches dichotomously (Fig. 6F) 261 

 262 

Comparisons with fossil woods. These two woods are characterized by: (1) distinct growth 263 

ring boundaries, (2) absence of axial parenchyma, (3) mixed tracheid radial pitting, (4) 264 

uniseriate radial pitting, (5) uniseriate rays, and (6) araucarioid cross-fields with 1–8 circular 265 

half-bordered pits per cross-field. These characteristics match Brachyoxylon following 266 

Philippe and Bamford (2008). 267 

Hollick and Jeffrey (1909) included fossil woods in Brachyoxylon with the following 268 

characters: tracheid radial pits not all alternate or flattened, but more frequently rounded and 269 

not contiguous, normal resiniferous canals absent (only TRC) and cross-fields araucarioid. 270 

This fossil genus is characterized by a mixed type of radial pitting, generally circular uni- to 271 

multiseriate radial pits, araucarioid cross-fields and predominantly uniseriate rays (Bamford 272 

and Philippe, 2001; Philippe and Bamford, 2008). 273 

Agathoxylon and Shimakuroxylon Philippe, Boura, Oh and Pons resemble 274 

Brachyoxylon in having araucarioid cross-fields, but they differ mainly by the radial pits 275 

arrangement. Agathoxylon has araucarian radial pits that, according to Philippe and 276 

Bamford (2008), is when more than 90% of pits on the radial wall of tracheids are contiguous 277 

with neighbouring pits. In this state pits are often somewhat flattened and when multiseriate 278 

are always alternately arranged. Shimakuroxylon has at least 10% of radial pits of the 279 

japonicum type, which is opposite to slightly sub-opposite and mutually flattened pits, which 280 

gives them a squarish outline (Philippe et al., 2014). Two more genera have mixed radial 281 

pitting like Brachyoxylon, but cupressoid cross-fields: Zonaloxylon Grauvogel-Stamm, 282 

Mayer-Berthaud and Vozenin-Serra, and Protocupressinoxylon Eckhold. This cupressoid 283 

cross-field type has spaced half-bordered pits, mostly ordered and never clearly alternate 284 
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(Philippe and Bamford, 2008); alternatively, cross-fields with continuous, unordered, and 285 

often alternate, half-bordered pits (araucarioid) characterize Brachyoxylon.  286 

Brachyoxylon patagonicum was compared to most similar species of Brachyoxylon 287 

in Table 1. According to Philippe et al. (2014) and Iamandei et al. (2018), the following 288 

species should not be included in Brachyoxylon: B. boureauii Serra, B. desnoyersii 289 

Lemoigne, B. nipponicum Nishida, B. nonakai Yamazaki and Tsunada, B. orientale Serra 290 

and B. urkutense Greguss. 291 

It is worth to mention that B. raritanense Torrey from the Upper Cretaceous of North 292 

America shares most of the diagnostic characteristics with B. patagonicum (absence of axial 293 

parenchyma, radial pits uniseriate and mixed, uniseriate rays, and araucarioid cross-fields 294 

with ca. 1–8 pits per cross-field). However, B. raritanense is characterized by its indistinct 295 

(or absent) growth ring boundaries (Table 1). Torrey (1923) described poorly marked growth 296 

rings for this species, sometimes delimited by a slight narrowing of tracheids, but he 297 

indicated that they could be false rings. In the Cerro Fortaleza specimens, the growth rings 298 

boundaries are distinct; these are delimited by a few cells (1–4 rows of flattened and 299 

thickened tracheids). B. patagonicum could be included in Brachyoxylon sp. cf. B. currumilii 300 

described by Vera et al. (2019) from Patagonia, since it shares all the diagnostic characters 301 

with it, and differs only by the presence of axial parenchyma in the holotype described by 302 

Bodnar et al. (2013). B. patagonicum also shares most of its characters with Brachyoxylon 303 

trautii (Barale) Philippe, including the presence of false rings and resiniferous tracheids. 304 

However, in B. trautii cross-fields usually have more pits, and growth rings are 95% false 305 

according to Philippe (1995). 306 

  Traumatic resin canals in Brachyoxylon cannot be considered of diagnostic value as 307 

these are only secondary formed in response to biotic or abiotic elicitors (see discussion).  308 

 309 

5. Discussion 310 
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 311 

5.1 The Cheirolepidiaceae 312 

 313 

Brachyoxylon has been related to various conifer families including Araucariaceae, 314 

Cupressaceae, and Protopinaceae (e.g., Hollick and Jeffrey 1909; Seward, 1919; Iamandei 315 

and Iamandei, 2005). However, it is assumed to belong to the Cheirolepidiaceae based on 316 

its frequent co-occurrence with other fossil genera assigned to this family (e.g., pollen, seed 317 

cones, leaves) (Alvin et al., 1981; Alvin, 1982; Zhou, 1983; Machhour and Pons, 1992; 318 

Rothwell et al., 2007; Limarino et al., 2012; Hieger et al., 2015). Patagonian records of this 319 

fossil genus are mostly related to the Cheirolepidiaceae (Bodnar et al., 2013; Vera and 320 

Césari, 2015; Greppi et al., 2020, 2021). However, Brachyoxylon is not the unique fossil 321 

wood genus associated with this family, and other, such as Telephragmoxylon, 322 

Pomperaugoxylon, and some species of Protocupressinoxylon, Protopodocarpoxylon 323 

Eckhold and Agathoxylon have been also considered to be in this family (Harris, 1979; Alvin 324 

et al., 1981; Zhou, 1983; Iamandei et al., 2005; Hickey et al., 2011). 325 

This extinct family had a cosmopolitan distribution, mainly in low latitudes, from the 326 

Late Triassic (e.g., Norris, 1965; Playford and Dettmann, 1965) to the Cretaceous-327 

Paleogene boundary (Barreda et al., 2012), showing greater diversity during the Jurassic–328 

Cretaceous (Alvin, 1982; Greppi et al. 2021). Fossils have been found in riparian 329 

environments with marine influence to purely continental environments (Vakhrameev, 1970, 330 

1981; Barnard and Miller, 1976; Batten, 1996). Cheirolepidiaceae were more common in 331 

arid and semi-arid environments, in subtropical to tropical climates (Doyle et al., 1982; 332 

Watson, 1988; Vakharameev, 1991; Abbink et al., 2004). However, its frequent presence 333 

along with Araucariaceae in the same fossil assemblages indicates that the 334 

Cheirolepidiaceae was also present in temperate climates (Vakharameev, 1981). 335 
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Brachyoxylon has been documented from the Permian to the Late Cretaceous, and 336 

is more frequent in northern latitudes (e.g., the United States, Tunisia, Japan, Cambodia, 337 

Thailand, France and Romania) than in Gondwana (Philippe et al., 2004). The affinity of 338 

Permian Brachyoxylon spp. have been questioned (e.g., Kurtzawe and Merlotti, 2010; 339 

Kurtzawe et al., 2012) based on the lack of enough diagnostic features to distinguish them 340 

from other fossil woods with similar anatomy. In Argentina, it has been recorded from 341 

sediments of the Lower–Middle Jurassic to the Upper Cretaceous of central and southern 342 

Patagonia (Bodnar et al., 2013; Vera and Césari, 2015; Vera et al., 2019; Greppi et al., 2020, 343 

2021).  344 

Fossils of the Cheirolepidiaceae in Mesozoic paleofloristic associations in Patagonia 345 

also include leaves (e.g., Tomaxiella biforme Archangelsky; Archangelsky, 1968), cones 346 

(e.g., Pararaucaria delfueyoae Escapa, Cúneo, Rothwell and Stockey; Escapa et al., 2013) 347 

and Classopollis-type pollen grains (e.g., Archangelsky et al., 1981; Archangelsky and 348 

Archangelsky, 2004). The widespread occurrence of Cheirolepidiaceae in Jurassic and 349 

Cretaceous deposits in Patagonia is consistent with the great diversity and abundance of 350 

fossils and prominence of this family in a wide array of habitats with different ecological 351 

requirements (Greppi et al., 2021). Based on the analysis of a palynological sequence from 352 

the Paleocene that contains Classopollis-like pollen, some species of the family 353 

Cheirolepidiaceae may have been early colonizers of disturbed environments (Barreda et 354 

al., 2012). 355 

 356 

5.2 Cerro Fortaleza Formation paleobotany  357 

 358 

Egerton et al. (2016) described conifer and angiosperm fossil woods from the Cerro 359 

Fortaleza locality (Fig. 1 in Egerton et al., 2016). Among the conifers, they described three 360 

taxonomic units with mixed radial pitting: Planoxylon sp., Taxodioxylon sp. 1, and 361 
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Taxodioxylon sp. 2. A specimen was assigned to Planoxylon sp. mainly because of the 362 

presence of ray cell walls pitted or thickened (Abietineentüpfelung). These thickenings are 363 

present on the transverse walls of the ray cells. This character is difficult to observe in the 364 

microphotographs Fig. 4G–H of Egerton et al. (2016) and is the only character that 365 

differentiates it from Brachyoxylon patagonicum. Taxodioxylon sp. 1 has, according to the 366 

description, 2–6 pits per cross-field, but illustrations show that it frequently has one or two 367 

(Fig. 6C–D in Egerton et al., 2016), less than in B. patagonicum. In addition, Taxodioxylon 368 

has axial parenchyma, and taxodioid cross-field pits (which are not clearly illustrated) that 369 

are not observed in B. patagonicum. Taxodioxylon sp. 2 has axial parenchyma, sometimes 370 

biseriate pits, and taxodioid cross-field pits (Egerton et al., 2016), which are characters that 371 

have not been observed in B. patagonicum. In addition, Varela et al. (2016) assigned one 372 

specimen (MPM PB 1568, pmLPPB1937) from Los Hornos Hill (in Mata Amarilla Formation, 373 

suggested as equivalent to the Cerro Fortaleza Formation) to Podocarpoxylon garciae Del 374 

Fueyo, but the specimen was not illustrated. 375 

   Pollen grains and microplankton palynomorphs were described from the middle and 376 

upper levels of the Puesto La Asunción of the Cerro Fortaleza Formation (Oviedo, 1982). 377 

Archangelsky in Riccardi (1984) recognized tricolporate, triporate and tricolpate pollen 378 

grains (angiosperms) in deposits along the eastern bank of the La Leona River on Cerro 379 

Fortaleza. Povilauskas et al. (2006) also described a palynoflora to the south of Viedma 380 

Lake and close to the La Leona River. These authors highlighted the presence of spores of 381 

bryophytes and ferns, pollen grains of gymnosperms and angiosperms, and colonies of 382 

Pediastrum Meyen, and sparse microplankton. However, they mentioned that the recovered 383 

palynomorphs are not diagnostic indicators of the age of the deposits. 384 

Finally, there are a few mentions of fossil leaf fragments, which are poorly preserved 385 

and could not be identified (Riccardi and Rolleri, 1980; Arbe and Hechem, 1984; Maceralli 386 

et al., 1989; Kraemer and Riccardi, 1997; Tettamanti et al., 2018). In addition, Villar de 387 
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Seoane in Novas et al. (2002) reported the presence of poorly preserved imprints of cycads 388 

and conifers from Los Hornos Hill. 389 

 390 

5.3 Growth ring boundaries 391 

 392 

The study of growth rings contributes to infer the paleoclimate and the 393 

paleoenvironmental characteristics of ancient ecosystems (Creber and Chaloner, 1984; 394 

Francis, 1984; Francis and Hill, 1996; Morgans et al., 1999). The presence of distinct growth 395 

ring boundaries indicates seasonality, whereas their absence indicates lack of climatic 396 

seasons (Creber, 1977; Brison et al., 2001; Pujana et al., 2007, 2020). The fossil woods 397 

recovered from Los Hornos Hill locality have distinct growth ring boundaries, suggesting 398 

seasonality. 399 

The growth ring width in fossil woods has been used as an indicator to characterize 400 

the growing season (Fritts, 1976). The development of growth rings depends fundamentally 401 

on environmental factors (e.g., temperature, rainfall, available water, among others), which 402 

may vary depending on the year (Fritts, 1976). Wide rings indicate rapid growth, which is 403 

typical of favorable environmental conditions, whereas narrower rings in the same taxa of 404 

similar ontogenic age represent slower growth, and unfavorable environmental conditions 405 

(Fritts, 1976). Based on the width of the growth rings, B. patagonicum shows a growth of ca. 406 

3.2 mm of annual diameter and a maximum of 5.6 mm (average growth ring width is 1.6 mm 407 

and the widest is 2.8 mm). This indicates that they would have grown more than the global 408 

mean ring width of the extant conifers, estimated at approximately 1.1 mm (Falcon-Lang, 409 

2005). 410 

A minimum age, based on the width of the rings and the diameter, was estimated for 411 

the specimens of B. patagonicum of ca. 70 years. Based on the diameter of the specimens, 412 

and using the formulae of Niklas (1994) and Mosbrugger et al. (1994), we can infer that the 413 

Jo
urn

al 
Pre-

pro
of



 

woods were part of trees of ca. 10–20 m of height. Consequently, the studied specimens 414 

were mature trees. 415 

 416 

5.4 Traumatic resin canals 417 

 418 

Traumatic resin canals (TRC) may be formed in the secondary xylem on extant 419 

conifers, as in Pinaceae and a few Cupressaceae and some Taxodiaceae, and also in the 420 

phloem and primary xylem, as in Araucariaceae (Hudgins et al., 2004; Krokene et al., 2008). 421 

TRC originate in genera of the Pinaceae that also have normal resin canals (Cathaya Chun 422 

and Kuang, Keteleeria Carrière, Larix Mill, Nothotsuga Hu, Picea Link, Pinus Linneo and 423 

Pseudotsuga Carrière), as well as in those that lack them (Abies Mill, Cedrus Trew, 424 

Pseudolarix Gordon and Tsuga Carrière) (IAWA Committee, 2004; Esteban, 2020). In turn, 425 

TRC have been cited in some Cupressaceae (Sequoia Endlicher, Metasequoia Hu and 426 

Cheng, Sequoiadendron (Lindley) Buchholz, Microbiota Komarov and Tetraclinis Masters) 427 

that lack normal resin canals (Jeffrey, 1903; Bailey and Faull, 1934; Benkova and 428 

Schweingruber, 2004; Esteban et al., 2015; Vazquez-González et al., 2020). TRC can be 429 

both axial and horizontal (IAWA Committee, 2004). The uniseriate layer of cells adjacent to 430 

the resin canal is called the epithelium, whereas the remaining parenchyma and chain 431 

tracheids outside the epithelium are the subsidiary cells (Wiedenhoeft and Miller, 2002). 432 

Apparently, in B. patagonicum only subsidiary cells preserved their structure.  433 

TRC originate in response to various biotic (e.g., attacks by pathogenic insects or 434 

fungi) or abiotic disturbances, such as fire and frost damage and geomorphological events 435 

(e.g., avalanches, rock falls or floods) (Franceschi et al., 2002; Hudgins et al., 2004; Krokene 436 

et al., 2008). 437 

TRC are produced in the same way as normal axial canals, by schizogenesis 438 

between incipient epithelial cells when they are still close to the cambial zone and are 439 
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sometimes surrounded by parenchymal cells filled with grains of starch and phenolic 440 

compounds (Krokene et al., 2008). When the inducing stimulus for the formation of TRC is 441 

strong, it can produce a complete tangential ring as occurs in fir (Christiansen et al., 1999) 442 

and apparently as in B. patagonicum. The occurrence of discrete tangential rows, 443 

concentrically arranged parallel to the growth rings in the secondary xylem in B. 444 

patagonicum is similar to how these are formed after a traumatic stimulus, as in Pinaceae, 445 

Cupressaceae and Taxodiaceae (IAWA Committee, 2004; Esteban, 2020). On the other 446 

hand, in other genera (Abies, Tsuga, Cedrus and Pseudolarix) TRC are formed mainly in 447 

the vicinity of the wounds (Bannan, 1936; Wu and Hu, 1997).  448 

In addition to the presence of a series of conspicuous tangential rows of TRC in B. 449 

patagonicum, their irregular contours are also consistent with a traumatic origin (IAWA 450 

Committee, 2004). Moreover, the presence of unaltered cells with lumens blocked by 451 

opaque compounds in areas of the fossil woods also with presence of fungal hyphae may 452 

be interpreted as a chemical response by the host. (Otjen and Blanchette, 1982, 1984). This 453 

evidence and the presence of TRC in the analyzed wood could indicate possible natural 454 

defensive barriers against invasive fungi (Otjen and Blanchette, 1982; Krekling et al., 2004; 455 

Krokene et al., 2008). Alternatively, the TRC may been formed as response to abiotic factors, 456 

such from breakage of windblown branches and trunks.  457 

About 45% of the species of Brachyoxylon have one or more rows of TRC, which is 458 

a frequent characteristic of this fossil genus (e.g., Torrey, 1923; Iamandei and Iamandei, 459 

2005; Iamandei et al., 2018; Jiang et al., 2020). Presence of TRC was documented in 460 

Telephragmoxylon, another fossil genus related to Cheirolepidiaceae (Torrey, 1921; 461 

Iamandei et al., 2005). The size and shape of the TRC in Brachyoxylon are very similar in 462 

many of the species of the genus, and they are also usually arranged in tangential rows as 463 

in B. patagonicum (e.g., B. comachense Torrey, B. lagonense (Laudoueneix) Duperón-464 

Laudoueneix, B. woodworthianum Torrey and B. zhouii Jiang, Wu, Tian, Wan and Xie). 465 
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However, sometimes TRC are significatively bigger (B. sp. Oh, Kim, Paik, Lim) or smaller 466 

(B. avramii Iamandei and Iamandei, and B. notabile) than in B. patagonicum. These 467 

differences may correspond to a greater or lesser biosynthesis of resin and energy invested 468 

by the plant at the time of generating a defensive barrier, as it occurs in extant conifers 469 

(Arbellay et al., 2014). Higher resin levels are related to an increase in the size of canals, 470 

whereas lower levels correspond to canals of increasingly lower sizes (Arbellay et al., 2014). 471 

Finally, there are some species such as B. holbavicum Iamandei, Iamandei and Grǎdinaru 472 

and B. saurinii Boureau and Serra that present isolated TRC (Boureau and Serra, 1961; 473 

Iamandei et al., 2018). 474 

In extant conifer woods, TRC are mainly distributed in the latewood; although, in 475 

some species they show up in the earlywood (Esteban et al., 2003). It is difficult to determine 476 

the position of the TRC identified in B. patagonicum because of the presence of false growth 477 

rings. However, they apparently develop in the middle of the ring or close to the latewood. 478 

 479 

6. Conclusions 480 

 481 

A new species, Brachyoxylon patagonicum is described. This has distinct growth ring 482 

boundaries, uniseriate radial pitting, araucarioid cross-fields, uniseriate rays, and lacks axial 483 

parenchyma.  484 

One specimen has well-preserved axial TRC ordered in tangential rows. Formation 485 

of the TRC may have been triggered by abiotic factors, such as breakage from windblown, 486 

or else, that they may have formed as a response to a biotic trigger, in which case presence 487 

of fungal remains and decay patterns may have been involved in it. 488 

This record is consistent with the abundance and diversity of the Cheirolepidiaceae 489 

in the Cretaceous of Patagonia, and adds an example that showsthe presence of traumatic 490 

resin canals, as is in other previously described Brachyoxylon. 491 

Jo
urn

al 
Pre-

pro
of



 

 492 

Acknowledgments 493 

 494 

Funds were provided by grants PICT 2017-0671 (ANPCyT) and PIP 2014-0259 495 

(CONICET). We also appreciate the suggestions and comments made by the editor-in-chief, 496 

Eduardo Koutsoukos, and the two anonymous reviewers, which greatly improved the 497 

manuscript.  498 

 499 

References 500 

 501 

Abbink, O.A., Van Konijnenburg-Van Citter, J.H.A., Visscher, H., 2004. A sporomorph 502 

ecogroup model for the Northwest European Jurassic–Lower Cretaceous: concepts 503 

and framework. Netherlands Journal of Geosciences/Geologie en Mijnbouw 83, 17–504 

38. 505 

Afonin, M.A., 2013. Fossil wood Sequoioxylon dimyense sp. nov. (Cupressaceae) from the 506 

Upper Cretaceous of Zeya–Bureya Basin, Russian Far East. Paleontological Journal 507 

47, 631–640. 508 

Akkemik, Ü., Mantzouka, D., Kiran Yildirim, D., 2020. The first report of Lesbosoxylon Süss 509 

and Velitzelos from the early-middle Miocene of eastern Anatolia. Geodiversitas 42, 510 

427–441. https://doi.org/10.5252/geodiversitas2020v42a23. 511 

Alvin, K.L., 1982. Cheirolepidiaceae: biology, structure and paleoecology. Review of 512 

Palaeobotany and Palynology 37, 71–98. 513 

Alvin, K.L, Spicer, R.A., Watson, J., 1978. A Classopollis-containing male cone associated 514 

with Pseudofrenelopsis. Palaeontology 21, 847–856. 515 

Jo
urn

al 
Pre-

pro
of



 

Alvin, K.L., Fraser, C.J., Spicer, R.A., 1981. Anatomy and paleoecology of 516 

Pseudofrenelopsis and associated conifers in the English Wealden. Palaeontology 517 

24, 759–778.  518 

Arbe, H.A., Hechem, J. J., 1984. Estratigrafía y facies de depósitos continentales, litorales, 519 

y marinos del Cretácico Superior, Lago Argentino. Actas IX Congreso Geológico 520 

Argentino, Bariloche 7, 124–158. 521 

Arbellay, E., Stoffel, M., Sutherland, E.K., Smith, K.T., Falk, D.A., 2014. Resin duct size and 522 

density as ecophysiological traits in fire scars of Pseudotsuga menziesii and Larix 523 

occidentalis. Annals of Botany 114, 973–980.  524 

Archangelsky, S., 1968. On the genus Tomaxellia (Coniferae) from the Lower Cretaceous of 525 

Patagonia (Argentina) and its male and female cones. Botanical Journal of the 526 

Linnean Society 61, 153–165. 527 

Archangelsky, S., Archangelsky, A., 2004. Palinología estadística en el Cretácico de 528 

la Cuenca Austral, Plataforma Continental Argentina. II. Seis perforaciones del área 529 

Gallegos. III. Discusión y conclusiones. Revista del Museo Argentino de Ciencias 530 

Naturales 6, 245–255. 531 

Archangelsky, S., Baldoni, A., Gamerro, J.C., Palamarczuk, S., Seiler, J., 1981. Palinología 532 

estratigráfica del Cretácico de Argentina Austral. Diagrama de grupos polínicos del 533 

suroeste de Chubut y noroeste de Santa Cruz. Actas VIII Congreso Geológico 534 

Argentino, San Luis 4, 719–742. 535 

Archangelsky, S., Barreda, V., Passalia, M.G., Gandolfo, M., Prámparo, M., Romero, E., 536 

Cúneo, R., Zamuner, A., Iglesias, A., Llorens, M., Puebla, G.G., Quattrocchio, M., 537 

Volkheimer, W., 2009. Early angiosperm diversification: evidence from southern 538 

South America. Cretaceous Research 30, 1073–1082.  539 

Jo
urn

al 
Pre-

pro
of



 

Arthur, M.A., Dean, W.E., Pratt, L.M., 1988. Geochemical and climatic effects of increased 540 

marine organic carbon burial at the Cenomanian/Turonian boundary. Nature 335, 541 

714–717. 542 

Axsmith, B.J., Krings, M., Waselkov, K., 2004. Conifer pollen cones from the Cretaceous of 543 

Arkansas: Implications for diversity and reproduction in the Cheirolepidiaceae. 544 

Journal of Paleontology 78, 402–409. 545 

Bailey, I.W., Faull, A.F., 1934. The cambium and its derivative tissues: Nº. IX. Structural 546 

variability in redwood, Sequoia sempervirens, and its significance in the identification 547 

of fossil woods. Journal of the Arnold Arboretum 15, 233–254. 548 

Bamford, M.K., Philippe, M., 2001. Jurassic–Early Cretaceous Gondwanan homoxylous 549 

wood: a nomenclatural revision of the genera with taxonomic notes. Review of 550 

Palaeobotany and Palynology 113, 287–297. 551 

Bannan, M.W., 1936. Vertical resin ducts in the secondary wood of the abietineae. New 552 

Phytologist 35, 11–46. 553 

Barbacka, M., Ziaja, J., Wcisło-Luraniec, E., Reymanówna, M., 2007. Hirmeriella muensteri 554 

(Schenk) Jung from Odrowąż (Poland), with female and male cones, and in situ 555 

Classopollis pollen grain. Acta Palaeobotanica 47, 339–357. 556 

Barnad, P.D.W., Miller, J.C., 1976. Flora of the Shemshak Formation (Elburz, Iran), Part 3: 557 

Middle Jurassic (Dogger) plants from Kutumbargah Vasek Gah and Iman Manak. 558 

Palaeontographica Abteilung B 155, 31–117. 559 

Barreda, V.D., Cúneo, N.R., Wilf, P., Currano, E.D., Scasso, R.A., Brinkhuis, H., 560 

2012. Cretaceous/Paleogene floral turnover in Patagonia: drop in diversity, low 561 

extinction, and a Classopollis spike. PloS One 7, e52455. 562 

Batten, D.J., 1996. Palynofacies and paleoenvironmental interpretation. In: Jansonius, J., 563 

McGregor, D.C. (Eds.), Palynology: principles and applications, vol. 3. American 564 

Assosiation of Stratigraphic Palynologists Foundation, Dallas, pp. 1011–1064. 565 

Jo
urn

al 
Pre-

pro
of



 

Benkova, V.E., Schweingruber, F.H., 2004. Anatomy of russian woods. An atlas for the 566 

identification of trees, shrubs, dwarf shrubs and woody lianas from Russia. Haupt 567 

Verlag, Switzerland, pp. 456. 568 

Berner, R.A., 1990. Atmospheric carbon dioxide levels over Phanerozoic time. Science 249, 569 

1382–1386. 570 

Biddle, K.T., Uliana, M.A., Mitchum, R.M., Fitzgerald, M., Wright, R., 1986. The stratigraphic 571 

and structural evolution of central and eastern Magallanes Basin, Southern America. 572 

In: Allen, P., Homewood, P. (Eds.), Foreland basins. International Association of 573 

Sedimentologists, Special Publication 8, pp. 41–61.  574 

Blokhina, N.I., Afonin, M.A., 2009. New species of Piceoxylon Gothan (Pinaceae) from the 575 

Cretaceous and Paleogene of the northwestern Kamchatka Peninsula. 576 

Paleontological Journal 43, 1190–1201. 577 

Blokhina, N.I., Afonin, M.A., Popov, A.M., 2006. Fossil wood of Keteleerioxylon 578 

kamtschatkiense sp. nov. (Pinaceae) from the Cretaceous of the Northwestern 579 

Kamchatka Peninsula. Paleontological Journal 40, 678–686. 580 

Bodnar, J., Escapa, I., Cúneo, N.R., Gnaedinger, S., 2013. First record of conifer wood from 581 

The Cañadón Asfalto Formation (Early–Middle Jurassic), Chubut Province, Argentina. 582 

Ameghiniana 50, 227–239. 583 

Boureau, E., Serra, C., 1961. Sur les structures normales et traumatiques d’un bois 584 

mésozoïque du Cambodge, le Brachyoxylon saurinii, n.sp. Revue Générale de 585 

Botanique 68, 373–393. 586 

Brea, M., Bellosi, E.S., Umazano, A.M., Krause, J.M., 2016. Aptian–Albian Cupressaceae 587 

(sensu stricto) woods from Canadón Asfalto Basin, Patagonia Argentina. Cretaceous 588 

Research 58, 17–28. https://doi.org/10.1016.j.cretres.2015.09.020. 589 

Brison, A.L., Philippe, M., Thévenard, F., 2001. Are Mesozoic wood growth rings climate-590 

induced? Palaeobiology 27, 531–538. 591 

Jo
urn

al 
Pre-

pro
of



 

Brown, H.P., Panshin, A.J., Forsaith, C.C., 1949. Textbook of wood technology. Vol. I. 592 

Structure, identification, defects and uses of the commercial woods of the United 593 

States. McGraw-Hill, New York, pp. 652.  594 

Carrizo, M.A., Del Fueyo, G.M., 2015. The Early Cretaceous megaflora of the Springhill 595 

Formation, Patagonia. Paleofloristic and Paleonvironmental inferences. Cretaceous 596 

Research 56, 93–109. https://doi.org/10.1016/j.cretres.2015.03.006. 597 

Christiansen, E., Franceschi, V.R., Nagy, N.E., Krekling. T., Berryman, A.A., Krokene, P., 598 

Solheim, H., 1999. Traumatic resin duct formation in Norway Spruce (Picea abies (L.) 599 

Karst.) after wounding or infection with a bark beetle-associated blue-stain fungus, 600 

Ceratocystis polonica. In: Lieutier, F., Mattson, W.J., Wagner, M.R. (Eds.), Physiology 601 

and genetics of tree-phytophage interactions. Les Colloques de I’INRA, Versailles, 602 

pp. 79–89. 603 

Creber, G.T., 1977. Tree rings: a natural data-storage system. Biological Reviews 52, 349–604 

383. 605 

Creber, G.T., Chaloner, W.G., 1984. Climatic indications from growth rings in fossil woods. 606 

In: Brenchley, P. (Ed.), Fossils and climate. John Wiley and Sons Ltd., London, pp. 607 

49–73. 608 

Cuitiño, J.I., Varela, A.N., Ghiglione, M.C., Richiano, S., Poiré, D.G., 2019. The Austral-609 

Magallanes Basin (Southern Patagonia): a synthesis of its stratigraphy and evolution. 610 

Latin American Journal of Sedimentology and Basin Analysis 26, 155–166.  611 

Del Fueyo, G.M., 1998. Coniferous wood from the Upper Cretaceous of Patagonia, 612 

Argentina. Revista Española de Paleontología 13, 43–50. 613 

Del Fueyo, G.M., Villar de Seoane, L., Archangelsky, A., Guler, V., Llorens, M., Archangelsky, 614 

A., Gamerro, J.C., Mussachio, E.A., Passalia, M.G., Barreda, V.D., 2007. 615 

Biodiversidad de las paleofloras de Patagonia Austral durante el Cretácico Inferior. 616 

Publicación Especial de la Asociación Paleontológica Argentina 11, 101–122. 617 

Jo
urn

al 
Pre-

pro
of



 

Ding, Q., Tiang, N., Wang, Y., Jiang, Z., Chen, S., Wang, D., Zhang, W., Zheng, S., Xie, A., 618 

Zhang, G., Liu, Z., 2016. Fossil coniferous wood from the Early Cretaceous Jehol 619 

Biota in western Liaoning, NE China: New material and palaeoclimate implications. 620 

Cretaceous Research 61, 57–70. https://doi.org/10.1016/j.cretres.2015.12.011. 621 

Doyle, J.A., Jardié, S., Doerenkamp, A., 1982. Afropollis, a new genus of angiosperm pollen, 622 

with notes on the Cretaceous palynostratigraphy and paleoenvironments of Northern 623 

Gondwana. Bulletin des Centres de Recherches Exploration-Production Elf-624 

Aquitaine 6, 39–117. 625 

Du, B., Sun, B., Ferguson, D.K., Yan, D., Dong, C., Jin, P., 2013. Two Brachyphyllum species 626 

from the Lower Cretaceous of Jiuquan Basin, Gansu Province, NW China and their 627 

affinities and palaeoenvironmental implications. Cretaceous Research 41, 242–255. 628 

Egerton, V.M., Williams, C.J., Lacovara, K.J., 2016. A new Late Cretaceous (late Campanian 629 

to early Maastrichtian) wood flora from southern Patagonia. Palaeogeography, 630 

Palaeoclimatology, Palaeoecology 441, 305–316. 631 

https://doi.org/10.1016/j.palaeo.2015.07.011. 632 

Escapa, I.H., Cúneo, N.R., Rothwell, G.W., Stockey, R.A., 2013. Pararaucaria 633 

delfueyoi sp. nov. from the late Jurassic Cañadón Calcáreo Formation, Chubut, 634 

Argentina: insights into the evolution of the Cheirolepidiaceae. International Journal 635 

of Plant Sciences 174, 458–470. 636 

Esteban, L.G., 2020. Viaje al centro de la madera. Real Academia de Ingeniería, Madrid, pp. 637 

158.  638 

Esteban, L.G., Guindeo, A., Peraza, C., de Palacios, P., 2003. La madera y su anatomía. 639 

Fundación Conde del Valle de Salazar, Mundi-prensa y AiTiM, Madrid, pp. 327.  640 

Esteban, L.G., de Palacios, P., García-Iruela, A., Román-Jordán, E., García Fernández, F.,  641 

Jo
urn

al 
Pre-

pro
of



 

Díaz Fernández, S., Conde, M., 2015. Wood anatomy of Tetraclinis articulata from its natural 642 

distribution area in southeast Spain. IAWA Journal 36, 22–35. 643 

https://doi.org/10.1163/22941932-00000082. 644 

Ezcurra, M.D., Agnolin, F.L., Novas, F.E., 2010. An abelisauroid dinosaur with a non-645 

atrophied manus from the Late Cretaceous Pari Aike Formation of southern 646 

Patagonia. Zootaxa 2450, 1–25.  647 

Falcon-Lang, H.J., 2005. Global climate analysis of growth rings in woods, and its 648 

implications for deep-time paleoclimate studies. Paleobiology 31, 434–444. 649 

Feruglio, E., 1944. Estudios geológicos y glaciológicos en la región del lago Argentino 650 

(Patagonia). Boletín de la Academia Nacional de Ciencias 37, 3–255. 651 

Fossa Mancini, E., Feruglio, E., Yussem de Campama, J., 1938. Una región de geólogos 652 

de Yacimientos Petrolíferos Fiscales y el problema de la terminología estratigráfica. 653 

Boletín de Informaciones Petrolíferas 171, 31–95.  654 

Franceschi, V.R., Krekling, T., Christiansen, E., 2002. Application of methyl jasmonate on 655 

Picea abies (Pinaceae) stems induces defense related responses in phloem and 656 

xylem. American Journal of Botany 89, 578–586. 657 

Francis, J.E., 1984. The seasonal environment of the Purbeck (Upper Jurassic) fossil forests. 658 

Palaeogeography, Palaeoclimatology, Palaeoecology 48, 285–307. 659 

Francis, J. E., Hill, R.S., 1996. Fossil plants from the Pliocene Sirius Group, Transantarctic 660 

Mountains: evidence for climate from growth rings and fossil leaves. Palaios 11, 389–661 

396. 662 

Fritts, H.C., 1976. Tree-rings and climate. Academic Press, Nueva York, pp. 567. 663 

Furque, G., 1973. Descripción geológica de la hoja 58b, Lago Argentino. Servicio Nacional 664 

de Mineralogía y Geología 140, 1–49. 665 

Gnaedinger, S., Coria, R.A., Kopphelus, E., Casadío, S., Tunik, M., Currie, P., 2017. First 666 

Lower Cretaceous record of Podocarpaceae wood associated with dinosaur remains 667 

Jo
urn

al 
Pre-

pro
of



 

from Patagonia, Neuquén Province, Argentina. Cretaceous Research 78, 228–239. 668 

https://doi.org/10.1016/j.cretres.2017.06.014. 669 

Greppi, C.D., Pujana, R.R., Scasso, R.A., 2020. Fossil woods from the Lower Cretaceous 670 

Tres Lagunas Formation of central Patagonia (Chubut Province, Argentina). 671 

Cretaceous Research 108, 104322. https://doi.org/10.1016/j.cretres.2019.104322. 672 

Greppi, C.D., Pujana, R.R., Umazano, M.A., Bellosi, E.S., 2021. Early Cretaceous 673 

Brachyoxylon woods from Argentinean Patagonia and comments on the 674 

Cheirolepidiaceae distribution. Journal of South American Earth Science 106, 103050. 675 

https://doi.org/10.1016/j.jsames.2020.103050. 676 

Harris, T.M., 1979. The Yorkshire Jurassic flora, V. Coniferales. British Museum Natural 677 

History, London, pp. 167. 678 

Hass, H., Rowe, N.P., 1999. Thin sections and wafering. In: Jones T.P. and Rowe N.P. (Eds.), 679 

Fossil plants and spores: modern techniques. Geological Society, London, pp. 76–680 

81. 681 

Hickey, L.J., Hu, S., Skinner, B.J., 2011. A new genus of silicified conifer wood from the Late 682 

Triassic of Connecticut. American Journal of Science 311, 608–631.  683 

Hieger, T.J., Serbet, R., Harper, C.J., Taylor, T.N., Taylor, E.L., Gulbranson, E.L., 2015. 684 

Cheirolepidiaceous diversity: An anatomically preserved pollen cone from the Lower 685 

Jurassic of southern Victoria Land, Antarctica. Review of Palaeobotany and 686 

Palynology 220, 78–87. https://doi.org/10.1016/j.revpalbo.2015.05.003. 687 

Holden, R., 1913. Contributions to the anatomy of Mesozoic conifers. Nº I. Jurassic 688 

coniferous woods from Yorkshire. Annals of Botany 27, 533–549. 689 

Hollick, A., Jeffrey, E.C., 1909. Studies of Cretaceous coniferous remains from Kreischerville, 690 

New York. Memoirs of New York Botanical Garden 3, 1–138. 691 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1016/j.cretres.2019.104322
https://doi.org/10.1016/j.jsames.2020.103050
https://doi.org/10.1016/j.revpalbo.2015.05.003


 

Hudgins, J.W., Christiansen, E., Franceschi, V.R., 2004. Induction of anatomically based 692 

defense responses in stems of diverse conifers by methyl jasmonate: a phylogenetic 693 

perspective. Tree Physiology 24, 251–264. 694 

Iamandei, E., Iamandei, S., 2005. Early Cretaceous Protopinaceous fossil wood from South 695 

Dobrogea, Romania. Acta Palaeontologica Romaniae 5, 231–247. 696 

Iamandei, E., Iamandei, S., Codrea, V., 2005. Telephragmoxylon transsylvanicum sp. nov. 697 

(Cheirolepidiaceae), in Latest Cretaceous from Oarda–Lancrăm and Râpa Roşie, 698 

Romania. Studia Universitatis Babeş-Bolyai 50, 41–52. 699 

Iamandei, S., Iamandei, E., Grădinaru, E., 2018. Contriburions to the study of the Early 700 

Jurassic petrified forest of Holbav and Cristian Areas (Brașov Region, South 701 

Carpathians, Romania). 1st Part. Acta Palaeontologica Romaniae 14, 3–34.  702 

IAWA Softwood Committee, 2004. IAWA list of microscopic features for softwood 703 

identification. IAWA Journal 25, 1–70.  704 

Jeffrey, E.C., 1903. The comparative anatomy and phylogeny of the Coniferales. Part 1. The 705 

genus Sequoia. Boston Society of Natural History 5, 441–459. 706 

Jiang, Z., Wu, H., Tian, N., Wang, Y., Xie, A., 2020. A new species of conifer wood 707 

Brachyoxylon from the Cretaceous of eastern China and its paleoclimate significance. 708 

Historical Biology, https://doi.org/10.1080/08912963.1755282. 709 

Kraemer, P.E., Riccardi, A.C., 1997. Estratigrafía de la región comprendida entre los lagos 710 

Argentino y Viedma (49° 40'–50° 10' lat. S), provincia de Santa Cruz. Revista de la 711 

Asociación Geológica Argentina 52, 333–360. 712 

Kreling, T., Franceschi, P.K., Solheim, H., 2004. Differential anatomical response of Norway 713 

spruce steam tissues to sterile and fungus infected inoculations. Trees 18, 1–9. 714 

Krokene, P., Nagy, N.E., Krekling, T., 2008. Traumatic resin ducts and polyphenolic 715 

parenchyma cells in conifers. In: Schaller, A. (Ed.), Induced plant resistance to 716 

herbivory. Springer, Netherlands, pp. 147–169. 717 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1080/08912963.1755282


 

Kurzawe, F., Merlotti, S., 2010. O complexo Dadoxylon-Araucarioxylon, Carbonífero e 718 

Permiano do Gondwana: estudo taxonômico do gênero Araucarioxylon. Pesquisas 719 

em Geociências 37, 41–50.  720 

Kurzawe, F., Iannuzzi, R., Merlotti, S., 2012. On the Permian permineralized woods of the 721 

“The fossil flora of the Coal Measures of Brazil” (D. White, 1908): taxonomic re-722 

evaluation. Palaeobotanist 61, 57–65. 723 

Lacovara, K.J., Lamanna, M.C., Ibiricu, L.M., Poole, J.C., Schroeter, E.R., Ullmann, P.V., 724 

Voegele, K.K., Boles, Z.M., Carter, A.M., Fowler, E.K., Egerton, V.M., Moyer, A.E., 725 

Coughenour, C.L., Schein, J.P., Harris, J.D., Martínez, R.D., Novas, F.E., 2014. A 726 

gigantic, exceptionally complete titanosaurian sauropod dinosaur from Southern 727 

Patagonia, Argentina. Scientific Reports 4, 1–9. 728 

Leanza, A.F., 1972. Andes patagónicos australes. In: Leanza, A.F., (Ed.), Geología regional 729 

Argentina. Academia Nacional de Ciencias, Córdoba, pp. 689–706.  730 

Limarino, C.O., Passalía, M.G., Llorens, M., Vera, E.I., Perez Loinaze,V.S., Césari, S.N., 731 

2012. Depositional environments and vegetation of Aptian sequences affected by 732 

volcanism in Patagonia. Palaeogeography, Palaeoclimatology, Palaeoecology 323–733 

325, 22–41. 734 

Macellari, C. E., 1988. Late Cretaceous Kossmaticeratidae (Ammonoidea) from the 735 

Magallanes Basin (Chile). Journal of Paleontology 62, 889–905. 736 

Macellari, C.E., Barrio, C.A., Manassero, M.J., 1989. Upper Cretaceous to Paleocene 737 

depositional sequences and sandstone petrography of southwestern Patagonia 738 

(Argentina and Chile). Journal of South American Earth Science 2, 223–239. 739 

Machhour, L., Pons, D., 1992. Bois de coniférales dans l’Albien du synclinal du Beausset 740 

(Var, SE France): Signification paléogéographique et paléoclimatique. Geobios 25, 741 

181–193.  742 

Jo
urn

al 
Pre-

pro
of



 

Marenssi, S.A., Casadio, S., Santillana, S.N., 2003. Estratigrafía y sedimentología de las 743 

unidades del Cretácico superior–Paleógeno aflorantes en la margen sureste del lago 744 

Viedma, provincia de Santa Cruz, Argentina. Revista de la Asociación Geológica 745 

Argentina 58, 403–416. 746 

Martínez, L.C.A., Lutz, A.I., 2007. Especies nuevas de Baieroxylon Greguss y 747 

Circoporoxylon Kraüsel en las formaciones Rayoso y Huincul (Cretácico), provincia 748 

de Neuquén, Argentina. Ameghiniana 44, 537–546. 749 

Morgans, H.S., Hesselbo, S.P., Spicer, R.A., 1999. Seasonal climate of the Early–Middle 750 

Jurassic, Cleveland Basin, England. Palaios 14, 261–272. 751 

Mosbrugger, V., Gee, C.T., Belz, G., Ashraf, A.R., 1994. Three-dimensional reconstruction 752 

of an in-situ Miocene peat forest from the Lower Rhine Embayment, northwestern 753 

Germany—new methods in palaeovegetation analysis. Palaeogeography, 754 

Palaeoclimatology, Palaeoecolology 110, 295–317. 755 

Niklas, K.J., 1994. Predicting the height of fossil plants remains: an allometric approach to 756 

an old problem. American Journal of Botany 81, 1235–1242.  757 

Nishida, M., 1974. Oguraxylon, a new genus belonging to the family Taxodiaceae, from the 758 

Cretaceous of Hokkaido. Botanical Magazine Tokyo 87, 113–119. 759 

Nishida, M., Ohsawa, T., Nishida, H., Rancusi, M., 1992. Permineralized coniferous wood 760 

from the XI Region of Chile, Central Patagonia. Research Institute of Evolutionary 761 

Biology 7, 47–59.  762 

Norris, G., 1965. Triassic and Jurassic miospores and acritarchs from the Beacon and Ferrar 763 

groups, Victoria Land, Antarctica. New Zealand Journal of Geology and Geophysics 764 

8, 236–277. 765 

Novas, F.E., Bellosi, E.S., Ambrosio, A., 2002. Los “Estratos con Dinosaurios” del lago 766 

Viedma y río La Leona (Cretácico, Santa Cruz): sedimentología y contenido fosilífero. 767 

Actas XV Congreso Geológico Argentino, Calafate 1, pp. 596–602.  768 

Jo
urn

al 
Pre-

pro
of



 

Novas, F.E., Cambiaso, A.V., Ambrosio, A., 2004. A new basal iguanodontian (Dinosauria, 769 

Ornithischia) from the Upper Cretaceous of Patagonia. Ameghiniana 41, 75–82. 770 

Novas, F.E., Ezcurra, M.D., Lecuona, A., 2008. Orkoraptor burkei nov. gen. et sp., a large 771 

theropod from the Maastrichtian Pari Aike Formation, southern Patagonia, Argentina. 772 

Cretaceous Research 29, 468–480. 773 

Novas, F.E., Agnolin, F.L., Rozadilla, S., Aranciaga-Rolando, A.M., Brisson-Egli, F., Motta, 774 

M.J., Cerroni, M., Ezcurra, M.D., Martinelli, A.G., D´Angelo, J.S., Alvarez-Herrera, G., 775 

Gentil, A.R., Bogan, S., Chimento, N.R., García-Marsà, J.A., Lo Coco, G., Miquel, 776 

S.E., Brito, F.F., Vera, E.I., Valeria S. Perez Loinaze, V.S., Fernández, M.S., Salgado, 777 

L., 2019. Paleontological discoveries in the Chorrillo Formation (upper Campanian–778 

lower Maastrichtian, Upper Cretaceous), Santa Cruz Province, Patagonia, Argentina. 779 

Revista del Museo Argentino de Ciencias Naturales 21, 217–293. 780 

https://doi.org/10.22179/revmacn.21.655. 781 

Nullo, F., Proserpio, C.A., Blasco de Nullo, G., 1981. El Cretácico de la Cuenca Austral entre 782 

el lago San Martín y río Turbio. In: Volkheimer, W., Mussachio, E. (Eds.), Cuencas 783 

sedimentarias del Jurásico y Cretácico de América del Sur.  Boletín de la Academia 784 

Nacional de Ciencias, Córdoba, pp. 181–220.   785 

Nunes, C.I., Pujana, R.R., Escapa, I.H., Gandolfo, M.A., Cúneo, R.N., 2018. A new species 786 

of Carlquistoxylon from the Early Cretaceous of Patagonia (Chubut Province, 787 

Argentina): The oldest record of angiosperm wood from South America. IAWA Journal 788 

39, 406–426. https://doi.org/10.1163/229411932-20170206. 789 

Nunes, C.I., Bodnar, J., Escapa, I.H., Gandolfo, M.A., Cúneo, N.R., 2019. A new 790 

cupressaceous wood from the Lower Cretaceous of Central Patagonia reveals 791 

possible clonal growth habit. Cretaceous Research 99, 133–148. 792 

https://doi.org/10.1016/j.cretres.2019.02.013.  793 

Jo
urn

al 
Pre-

pro
of

http://dx.doi.org/10.22179/REVMACN.21.655


 

Oh, C., Kim, K., Paik, I., Lim, J., 2011. Cretaceous conifer woods of Korea: Occurrences and 794 

palaeobiological implications. Review of Palaeobotany and Palynology 164, 67–83. 795 

Otjen, L., Blanchette, R.A., 1982. Patterns of decay caused by Inonutus dryophilus 796 

(Aphyllophorales: Hymenochaetaceae), a white-pocket rot fungus of oaks, Canadian 797 

Journal of Botany 60, 2770–2779.  798 

Otjen, L., Blanchette, R.A., 1984. Xylobolus frustulatus decay of oak: patterns of selective 799 

delignification and subsequent cellulose removal. Applied and Environmental 800 

Microbiology 47, 670–676. 801 

Oviedo, E., 1982. Geología del valle del Río Leona, Santa Cruz (Unpubl. Bachelor thesis). 802 

Universidad de Buenos Aires, 117 pp. 803 

Passalía, M.G., 2004. Gimnospermas cretácicas de Patagonia como indicadores de CO2 804 

atmosférico. XI Reunião de Paleobotânicos e Palinólogos (Gramados), vol. 112. 805 

Boletín de Resumos. 806 

Philippe, M., 1995. Bois fossiles du Jurassique de Franche-Comté (NE-France). 807 

Palaeontographica Abteilung B 236, 45–103. 808 

Philippe, M., Bamford, M.K., 2008. A key to morphogenera used for Mesozoic conifer-like 809 

woods. Review of Palaeobotany and Palynology 148, 184–207.  810 

Philippe, M., Bamford, M.K., McLoughlin, S., Alves, L.S.R., Falcon-Lang, H.J., Gnaedinger, 811 

S., Ottone, E.G., Pole, M., Rajanikanth, A., Shoemaker, R.E., Torres, T., Zamuner, A., 812 

2004. Biogeographic analysis of Jurassic–Early Cretaceous wood assemblages from 813 

Gondwana. Review of Palaeobotany and Palynology 129, 141–173. 814 

Philippe, M., Boura, A., Oh, C., Pons, D., 2014. Shikamuroxylon a new homoxylous 815 

Mesozoic wood genus from Asia, with palaeogeographical and palaeoecological 816 

implication. Review of Palaeobotany and Palynology 204, 18–26. 817 

Playford, G., Dettmann, M.E., 1965. Rhaeto–Liassic plant microfossils from the Leigh Creek 818 

Coal Measures, South Australia. Senckenbergiana Lethaea 46, 127–181. 819 

Jo
urn

al 
Pre-

pro
of

https://www.researchgate.net/journal/Palaeontographica-Abteilung-B-Stuttgart-0375-0299


 

Povilauskas, L., Palamarczuk, S., Barreda, V., Bellosi, E., Novas, F., Ambrosio, A., Ottone, 820 

E., 2006. Edad y paleoambiente de depósitos del Cretácico Tardío del SO de la 821 

provincia de Santa Cruz: evidencias palinológicas. Actas XIII Simposio Argentino de 822 

Paleobotánica y Palinología, Corrientes, pp. 51. 823 

Povilauskas, L., Barreda, V., Marenssi, S., 2008. Pollen and spores of the La Irene 824 

Formation (Maastrichtian), southwestern Santa Cruz Province: First results. Geobios 825 

41, 819–831. 826 

Prámparo, M.B., 2012. Non-marine Cretaceous palynomorph biostratigraphy of Argentina, 827 

a brief summary. Journal of Stratigraphy 36, 212–228. 828 

Prámparo, M.B., Vento, B., Narváez, P., Mego, N., Puebla G.G., 2018. Cretaceous climatic 829 

reconstruction from Argentina based on palynological data. Boletín Geológico y 830 

Minero 129, 615–632. https://doi.org/10.21701/bolgeomin.129.4.002. 831 

Price, G.D., Twitchett, R.J., Wheeley, J.R., Buono, G. 2013. Isotopic evidence for long term 832 

warmth in the Mesozoic. Scientific Reports 3, 1–5. 833 

Pujana, R.R., Umazano, A.M., Bellosi, E.S., 2007. Maderas fósiles afines a Araucariaceae 834 

de la Formación Bajo Barreal, Cretácico Tardío de Patagonia central (Argentina). 835 

Revista del Museo Argentino de Ciencias Naturales 9, 161–167.  836 

Pujana, R.R., Ruiz, D.P., Martínez, L.C.A., Zhang, Y., 2016. Proposals for quantifying two 837 

characteristics of tracheid pit arrangement in gymnosperm woods. Revista del Museo 838 

Argentino de Ciencias Naturales 18, 117–124. 839 

https://doi.org/10.22179/revmacn.18.455. 840 

Pujana, R.R., Wilf, P., Gandolfo, M.A., 2020. Conifer wood assemblage dominated by 841 

Podocarpaceae, early Eocene of Laguna del Hunco, central Argentinean Patagonia. 842 

PhytoKeys 156, 81–102. https://doi.org/10.3897/phytokeys.156.54175. 843 

Quattrocchio, M.E., Martínez, M.A., Carpinelli Pavisich, C., Wolkheimer, W., 2006. Early 844 

Cretaceous palynostratigraphy, palynofacies and palaeoenvironments of well 845 

Jo
urn

al 
Pre-

pro
of

http://dx.doi.org/10.22179/REVMACN.18.455


 

sections in northeastern Tierra del Fuego, Argentina. Cretaceous Research 27, 584–846 

602. 847 

Riccardi, A. C., 1983. Kossmaticeratidae (Ammonitina) y nomenclatura estratigráfica del 848 

Cretácico Tardío en lago Argentino, Santa Cruz, Argentina. Ameghiniana 20, 317–849 

345.  850 

Riccardi, A.C., 1984. Informe paleontológico de los perfiles Estancia Alta vista, Arroyo El 851 

Turbio. Yacimientos Petrolíferos Fiscales, Informe inédito.  852 

Riccardi, A.C., Rolleri, E.O., 1980. Cordillera patagónica austral. Actas II Simposio Geología 853 

Regional Argentina. Academia Nacional de Ciencias, Córdoba 2, pp. 1173–1306. 854 

Robbiano, J., Arbe, H., Gangui, A., 1996. Cuenca Austral marina. In: Ramos, V., Turic, M. 855 

(Eds.), Geología y recursos naturales de la plataforma continental Argentina. Actas 856 

XIII Congreso Geológico Argentino y III Congreso de Exploración de Hidrocarburos, 857 

Buenos Aires 15, pp. 343–358. 858 

Romero, E.J., Paredes, J.M., Passalia, M.G., 2019. The Chubut Group at the San Bernardo 859 

fold belt, Golfo San Jorge basin, Argentina: A review of fossil plant localities and its 860 

sedimentological setting. Journal of South American Earth Sciences 95, 102310 861 

https://doi.org/10.1016/j.jsames.2019.102310. 862 

Rothwell, G.W., Mapes, G., Hilton, J., Hollingworth, N.T., 2007. Pollen cone anatomy of 863 

Classostrobus crossii sp. nov. (Cheirolepidiaceae). International Journal of Coal 864 

Geology 69, 55–67.  865 

Sakala, J., Selmeczi, I., Hably, L., 2018. Reappraisal of Greguss’ fossil wood types and 866 

figured specimens from the Cenozoic of Hungary: overview, corrected geology and 867 

systematical notes. Fossil Imprint 74, 101–114. https://doi.org/10.2478/if-2018-0008. 868 

Schwarz, E., Veiga, G.D., Spalletti, L.A., Massaferro, J.L., 2011. The transgressive infill of 869 

an inherited-valley system: The Springhill Formation (Lower Cretaceous) in southern 870 

Austral Basin, Argentina. Marine and Petroleum Geology 28, 1218–1241.  871 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1016/j.jsames.2019.102310
http://dx.doi.org/10.2478/if-2018-0008


 

Selmeier, A., Grosser, D., 2011. Lower Cretaceous conifer drift wood from Sverdrup Basin, 872 

Canadian Arctic Archipelago. Zitteliana 51, 19–35. 873 

Seward, A.C., 1919. Fossil plants, Vol. 4. University Biological Press, Cambridge, pp. 543. 874 

Shimakura, M., 1937. Studies on fossil woods from Japan and adjacent lands contribution 875 

II. The Cretaceous woods from Japan, Saghalien, and Manchoukuo. Science Reports 876 

of the Tohoku Imperial University 19, 1–30.  877 

Sickmann, Z.T., Schwartz, T.M., Graham, S.A., 2018. Refining stratigraphy and tectonic 878 

history using detrital zircon maximum depositional age: An example from the Cerro 879 

Fortaleza Formation, Austral Basin, Southern Patagonia. Basin Research 30, 708–880 

729. https://doi.org/10.1111/bre.12272. 881 

Sickmann, Z.T., Schwartz, T.M., Malkowski, M.A., Dobbs S.C., Graham, S.A., 2019. 882 

Interpreting large detrital geochronology data sets in retroarc foreland basins: An 883 

example from the Magallanes-Austral Basin, southernmost Patagonia. Lithosphere 884 

11, 620–642. https://doi.org/10.1130/l1060.1. 885 

Spalletti, L.A., Franzese, J.R., 2007. Mesozoic paleogeography and paleoenvironmental 886 

evolution of Patagonia (Southern South America). In: Gasparini, Z., Salgado, L., Coria, 887 

R.A. (Eds.), Patagonian Mesozoic reptiles. Bloomington Indiana University Press, 888 

Indiana, pp. 29–49. 889 

Spicer, R.A., Corfield, R.M., 1992. A review of terrestrial and marine climates in the 890 

Cretaceous with implications for modelling the ‘Greenhouse Earth’. Geological 891 

Magazine 129, 169–180. 892 

Süss, H., Velitzelos, E., 1997. Fossile Holzer der Familie Taxodiaceae aus tertiaren 893 

Schichten des Versteinerten Waldes von Lesbos, Griechenland. Feddes Repertorium 894 

108, 1–30. 895 

Tettamanti, C., Moyano Paz, D., Varela, A.N., Tineo, D.E., Gómez-Peral, L.E., Poiré, D.G., 896 

Cereceda, A., Odino Barreto, A.L., 2018. Sedimentology and fluvial styles of the 897 

Jo
urn

al 
Pre-

pro
of

http://dx.doi.org/10.1111/bre.12272
http://dx.doi.org/10.1130/L1060.1


 

Uppermost Cretaceous continental deposits of the Austral-Magallanes Basin, 898 

Patagonia, Argentina. Latin American Journal of Sedimentology and Basin Analysis 899 

25, 149–168. 900 

Torrey, R.E., 1921. Telephragmoxylon and the origin of wood parenchyma. Annals of Botany 901 

35, 73–78.  902 

Torrey, R.E., 1923. The comparative anatomy and phylogeny of the Coniferales, part 3: 903 

Mesozoic and Tertiary coniferous woods. Memoirs of Boston Society of Natural 904 

History 6, 39–106. 905 

Tortorelli, L.A., 1941. Paleomicroxilografía de una especie patagónica. Anales de la 906 

Sociedad Científica Argentina 131, 111–122.  907 

Varela, A.N., 2015. Tectonic control of accommodation space and sediment supply within 908 

the Mata Amarilla Formation (lower Upper Cretaceous) Patagonia, Argentina. 909 

Sedimentology 62, 867–896. https://doi.org/10.1111/sed.12164. 910 

Varela, A.N., Poiré, D.G., Martin, T., Gerdes, A., Goin, F.J., Gelfo, J.N., Hoffmann, S., 2012. 911 

U-Pb zircon constraints on the age of the Cretaceous Mata Amarilla Formation, 912 

southern Patagonia, Argentina: its relationship with the evolution of the Austral Basin. 913 

Andean Geology 39, 359–379. 914 

Varela, A.N., Iglesias, A., Poiré, D.G., Zamuner, A.B., Richiano, S., Brea, M., 2016. Fossil 915 

forests in the Austral Basin (Argentina) marking a Cenomanian heterogeneous forced 916 

regressive surface. Geobiology 14, 293–313. https:/doi.org/10.1111/gbi.12169. 917 

Vakhrameev, V.A., 1970. Range and paleoecology of Mesozoic conifers, the 918 

Cheirolepidiaceae. Paleontologicheskiy Zhurnal 1, 19–34. 919 

Vakhrameev, V.A., 1991. Jurassic and Cretaceous floras and climates of the Earth. 920 

Cambridge University Press, Cambridge, pp. 318. 921 

Jo
urn

al 
Pre-

pro
of



 

Vázquez-González, C., Zas, R., Erbilgin, N., Ferrenberg, S., Rozas, V., Sampedro, L., 2020. 922 

Resin ducts as resistance traits in conifers: linking dendrochronology and resin-based 923 

defences. Tree Physiology 40, 1313–1326. https://doi.org/10.1093/treephys/tpaa064. 924 

Vera, E.I., Césari, S. N., 2015. New species of conifer wood from The Baqueró Group (Early 925 

Cretaceous) of Patagonia. Ameghiniana 52, 468–471. 926 

https://doi.org/10.5710/amgh.23.06.2015.2583. 927 

Vera, E.I., Perez Loinaze, V.S., Llorens, M., Paez, M., Passalía, M.G., 2019. Fossil woods 928 

with coniferalean affinities from the Upper Cretaceous (Campanian–Maastrichtian) 929 

Puntudo Chico Formation, Chubut Province, Argentina. Cretaceous Research 99, 930 

321–333. https://doi.org/10.1016/j.cretres.2019.01.022. 931 

Vera, E.I., Perez Loinaze, V.S., Llorens, M., Passalía, M.G., 2020. The fossil genus 932 

Aextoxicoxylon (Magnoliopsida) in the Upper Cretaceous Puntudo Chico Formation, 933 

Chubut Province, Argentina. Cretaceous Research 107, 104315. 934 

https://doi.org/10.1016/j.cretres.2019.104315. 935 

Watson, J., 1988. The Cheirolepidiaceae. In: Beck, C.D. (Ed.), Origin and evolution of 936 

gymnosperms. Columbia University Press, New York, pp. 382–447.  937 

Wiedenhoeft, A.C., Miller, R.B., 2002. Brief comments on the nomenclature of softwood axial 938 

resin canals and their associated cells. IAWA Journal. 23, 299–303. 939 

Wu, H., Hu, Z.H., 1997. Comparative anatomy of resin ducts of the Pinaceae. Trees 940 

Structure and Function 11, 135–143. 941 

Youssef, S.G.M., El-Saadawi, W.E., Kedeves, M., Mostafa, R.M., 2000. Wood anatomy of a 942 

silicified trunk from The Kharga Oasis, Egypt. Plant Cell Biology and Development 943 

12, 30–39. 944 

Zhou, Z., 1983. A heterophyllous conifer from the Cretaceous of east China. Palaeontology 945 

26, 789–811. 946 

 947 

Jo
urn

al 
Pre-

pro
of

http://dx.doi.org/10.1093/treephys/tpaa064


 

Table 1. Comparison of Brachyoxylon patagonicum with other species of Brachyoxylon with 948 

distinct to indistinct (not absent) growth ring boundaries, uni- to biseriate radial pitting, and 949 

exclusively or predominantly uniseriate rays. Abbreviations: GRB = Growth ring boundary; 950 

IPS = Intertracheary pitting seriation; PxCF = Pit per cross-field; RS = Ray seriation; RH = 951 

Ray height [cells]; AP = Axial parenchyma; C = Crassulae; TRC = Resin canal; D = Distinct; 952 

I = Indistinct; A = Absent; P = Present; ? = doubtful/unknown. Bold letter indicates 953 

coincidences with Brachyoxylon patagonicum. All the authorities' citations are in the 954 

references. 955 

 956 

Fig. 1. Map showing the fossiliferous locality (green star). 957 

 958 

Fig. 2. The two specimens studied. A, MPM PB 18277 with a branch scar, that apparently 959 

departed ca. 90º from the trunk. Scale bar: 2 cm. B, MPM PB 18278 laterally compressed.  960 

Scale bar: 2 cm.  961 

 962 

Fig. 3. Brachyoxylon patagonicum sp. nov. A, distinct growth ring boundaries (transverse 963 

section, TS). MPM PB 18277 (b) Holotype. Scale bar: 500 μm. B, detail of distinct growth 964 

ring boundaries showing two or three rows of flattened tracheids (TS). MPM PB 18277 (b) 965 

Holotype. Scale bar: 200 μm. C, ray cells (white arrowhead) and some tracheids (yellow 966 

arrowhead) near the rays with dark, probably resiniferous, contents (TS). MPM PB (a) 18277 967 

Holotype. Scale bar: 100μm. D, uniseriate mixed radial pitting and a tracheid with 968 

resiniferous content (arrowhead) (radial longitudinal section, RLS). MPM PB (e) 18277 969 

Holotype. Scale bar: 50 μm. E, uniseriate mixed radial pitting (RLS). MPM PB (j) 18278 970 

Paratype. Scale bar: 50 μm. F, homocellular rays, with horizontal and end walls of ray 971 

parenchyma cells smooth (RLS). MPM PB (d) 18277 Holotype. Scale bar: 50 μm. G, cross-972 

fields (RLS). MPM PB 18277 (d) Holotype. Scale Bar: 20 μm. H, uniseriate rays (tangential 973 
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longitudinal section, TLS). MPM PB 18277 (f) Holotype. Scale bar: 200 μm. I, uniseriate rays 974 

with resiniferous content (arrowhead) (TLS). MPM PB 18277 (f) Holotype. Scale bar: 100 975 

μm. 976 

 977 

Fig. 4. Brachyoxylon patagonicum sp. nov. A–B, uniseriate mixed radial pitting (scanning 978 

electron microscopy, SEM). MPM PB 18277 Holotype (A) and MPM PB 18278 Paratype (B). 979 

Scale bars: 20 μm. C, cross-fields (SEM). MPM PB 18277 Holotype. Scale bar: 20 μm. 980 

 981 

Fig. 5. Traumatic resin canals (TRC) of the specimen MPM PB 18277. A, two rows of TRC 982 

in the secondary xylem (arrowhead) (transverse section, TS) (b). Scale bar: 1000 μm. B, a 983 

row of TRC in another section of the wood (arrowhead) (TS) (a). Scale bar: 1000 μm. C, 984 

detail of the row of TRC (TS) (a). Scale bar: 200 μm. D, detail of two TRC (TS) (a). Scale 985 

bar: 100 μm. E, TRC and rays (radial longitudinal section, RLS) (e). Scale bar: 200 μm. F, 986 

detail of a TRC (RLS) (e). Scale bar: 50 μm. Abbreviations: rc= resin content, sc= subsidiary 987 

cell, t= tracheid and r= ray. 988 

 989 

Fig. 6. Fungal evidence of the specimen MPM PB 18277. A, highly deformed and degraded 990 

cells in transverse section (TS). Note how the middle lamella between neighboring cells was 991 

completely removed (red arrowheads) (a). Scale bar: 50 μm. B, cells partially disconnected 992 

by dissolution of the middle lamella (red arrowheads) in radial longitudinal section (RLS) (e). 993 

Scale bar: 50 μm. C, cells without structural alteration and lumens blocked by opaque 994 

substances (TS) (a). Scale bar: 50 μm. D, cells partially disconnected and degraded with 995 

the presence of hyphae in their lumens (green arrowheads) and in the area where the middle 996 

lamella was consumed (white arrowhead) (TS) (a). Scale bar: 20 μm. E, hypha with 997 

transverse septa (yellow arrowhead) (RLS) (c). Scale bar: 10 μm. F, dichotomous branching 998 

hypha (purple arrowhead) (TS) (a). Scale bar: 20 μm. 999 

Jo
urn

al 
Pre-

pro
of



 

 
 

Fossil species Age Country GRB IPS PxCF RS, 
RH  

AP C TRC Other differences with B. patagonicum 

B. comanchense Torrey 1923 Cretaceous USA D 1(2)s Up to 12 1s, 1–

6 

A ? P Radial pits on large tracheids often horizontally 

elongate. Pith with sclerenchyma 

B. cristianicum Iamandei, Iamandei and 

Grǎdinaru 2018 

Lower Jurassic Romania D 1–2s 1–6 1(2)s, 

1–20 

P A A  

B. currumilii Bodnar, Escapa, Cúneo and 

Gnaedinger 2013 

Early–Middle 

Jurassic 

Argentina D 1(2)s 4–11 1s, 1–

10 

P A A  

B. eboracense (Holden 1913) Philippe 2002  Jurassic England D 1–2s numerous 1s, 

low  

A A A Bars of Sahnio, undetailed description 

B. holvavicum Iamandei, Iamandei and 

Grǎdinaru 2018 

Lower Jurassic Romania I–D 1(2)s 1–6(9) 1–2s, 

1–25 

A A P  

B. liebermannii Philippe 1995 Jurassic France I  1s 5–12  1s, 

low  

A A A  

B. notabile Hollick & Jeffrey 1909 Late Cretaceous USA D 1–2s 5–11  1s, 1–

8 

A P P Crassulae 

B. nummularium (White 1908) Kurzawe, 

Iannuzzi and Merlotti 2012 

Permian Brazil I 1–2s 1–6  1(2)s, 

1–39  

A A A  

B. raritanense Torrey 1923 Cretaceous USA I? 1s 1–9  1s, 1–

15 

A A A Indistinct (or absent) growth ring boundaries 

B. serrae Philippe, Suttethorn and 

Buffetaut, 2011  

Early Cretaceous Thailand D 1–2s 5–16  1s, 1–

15 

A A P  

B. trautii (Barale 1981) Philippe 1995 Middle Jurassic France I-D? 1(2)s 4–9  1s, 1–

10 

A A A Numerous (at least 95%) false rings 

Brachyoxylon patagonicum sp. nov. Late Cretaceous Argentina D 1s 1–8  1s, 1–
18  

A A P  
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Highlights 

Two specimens of fossil woods were collected from the Cerro Fortaleza Formation (Upper 

Cretaceous of Patagonia). 

A new species of Brachyoxylon is proposed. 

One specimen has very well-preserved traumatic resin canals arranged in three tangential 

rows. 

This record adds to the abundance of Cheirolepidiaceae in the Creataceous of Patagonia. 

 

 
 

Jo
urn

al 
Pre-

pro
of



Declaration of interests 
 

☒ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
 

☐The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests:  
 

 

 

 
 

 

Jo
urn

al 
Pre-

pro
of


