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ABSTRACT
Two new conifer morphospecies represented by a secondary xylem are reported for the Lower Cretaceous
Baquerd Group (Santa Cruz Province, Argentina). Agathoxylon sp. is characterized by poorly defined
growth rings, predominantly uniseriate pitting in the radial wall of the tracheids, cross fields with 1-6 pits
and uniseriate rays. These features are shared with the leafy branches described for the unit as Araucaria
grandifolia Feruglio emend. Del Fueyo and Archangelsky. The second taxon, Brachyoxylon sp.
cf. B. boureaui, possesses poorly defined growth rings, mixed wood with predominantly uniseriate radial
pitting, cross fields with 8-26 pits and uniseriate rays. These taxa represent the first fossil woods described

for Baqueroan strata.

Key words: Fossil woods, Agathoxylon, Brachyoxylon, Lower Cretaceous, Patagonia, Baquerd Group.

INTRODUCTION

The Baquerd flora represents one of the most
exhaustively studied fossil communities of the
Early Cretaceous of Gondwana. The research made
since the early twenties of the twentieth century has
resulted in an extensive list of taxa, as well as in
several biostratigraphical and palaeoecologial studies
(see Archangelsky (2003), Del Fueyo et al. (2007),
and Limarino et al. (2012) for a detailed review).
Most megafloral remains of the unit are preserved as
impression fossils, whereas compressions of leaves
and branches with preserved cuticles are abundant in
some fossiliferous levels.

Conifers of the Baquerd Group are represented
by four families (Araucariaceae, Podocarpaceae,
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Cupressaceae and Cheirolepidiaceae). Araucarian
taxa include sterile branches (Araucaria
grandifolia Feruglio emend. Del Fueyo and
Archangelsky 2002), branches with fertile
structures (Nothopehuen brevis Del Fueyo 1991 and
Alkastrobus peltatus Del Fueyo and Archangelsky
2005), isolated ovuliferous scales (Araucarites
spp.) and isolated pollen grains (Araucarites,
Balmeiopsis, Cyclusphaera) (Archangelsky 2003,
Del Fueyo and Archangelsky 2002, Del Fueyo
and Archangelsky 2005). On the other hand, the
fossil family Cheirolepidiaceae is somewhat less
diverse, and is represented by fertile branches
included in several species of Tomaxellia and
abundant pollen grains of the genus Classopollis
(Archangelsky 2003). The most diverse conifer
family of the Baqueroan strata is the Podocar-
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paceae, represented by fertile (Apterocladus
lanceolatus Archangelsky 1966, Squamastrobus
tigrensis Archangelsky and Del Fueyo 1989,
Morenoa fertilis Del Fueyo, Archangelsky and
Taylor 1990, Trisacocladus tigrensis Archangelsky
1966) and sterile (Podocarpus dubius Archangelsky
1966, Podocarpus? palissyafolia (Berry) Florin)
branches, and isolated pollen grains (distributed
in the genera Callialasporites, Dacrydiumites,
Gamerroites, Microcachrydites, Podocarpidites
and Trisaccites) (Archangelsky 2003). Finally,
Cupressaceae are represented exclusively by the
leafy branch Athrotaxis ungeri Halle emend. Villar
de Seoane 1998 (Archangelsky 2003).

Fossil woods have been reported from
Baqueroan sediments since the beginning of the
field studies in the area (Archangelsky 1967).
However, for the time being, no description has
been provided in the literature for these remains.
In this contribution, several fossil wood specimens
collected from several fossiliferous localities are
described in detail and referred to the conifer genera
Agathoxylon Hartig 1848 sensu Philippe 1995 and
Brachyoxylon Hollick and Jeffrey 1909.

The Baquerd Group occurs in the central
region of the Santa Cruz Province (Argentina), in
the Macizo de Deseado Basin. Deposits included
in this Group are mostly continental, consisting
of lacustrine and fluvial sediments (Cladera
et al. 2002). Cladera et al. (2002) recognize
three formational units in this group, named the
Anfiteatro de Tico, Bajo Tigre and Punta del
Barco formations. Recently, Limarino et al. (2012)
recognized within this Group three depositional
sequences, and identified 13
stratigraphic levels. Radiometric ages obtained
for these deposits revealed ages of 111.8 +/- 7.40
Ma and 118.56 +/- 1.40 Ma for the Anfiteatro de
Tico (Corbella, 2001, 2006) and 114.67 +/- 0.18
Ma for the Punta del Barco Formation (Césari et
al. 2011), placing the deposition of the Baquerd
Group during the late Aptian.

fossiliferous
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MATERIALS AND METHODS

The studied specimens come from sediments
of the Baquer6 Group and were collected at
four fossiliferous localities: Cerro  Testigo
(48°30'35.75"S 69°5'47.14"W), Estancia El Verano
(48°38'29.40"S 69°8'5.34"W), Punta del Barco Sur
(48°39'30"S 69° 7'18"W) and Anfiteatro de Ticod
(48°30'34.27"S 69°14'13.44"W) (Fig. 1). For each
specimen, the Stratigraphic Level (sensu Limarino
et al. 2012) from where it was collected, is given.
All the studied specimens are deposited in the
Museo Regional Provincial Padre Manuel JesuUs
Molina, Santa Cruz province, Argentina, under
MPM PB catalog numbers.

Specimens consist of silicifications and charcoa-
lifications. Silicifications were thin-sectioned in
transverse (TS), longitudinal tangential (LTS) and
longitudinal radial (LRS) sections. Silicified specimens
were studied under Light Microscopy (Olympus
BX51) and Scanning Electronic Microscopy (SEM,
Philips XL30 TMP). Charcoalifications
observed exclusively under SEM.

For the generic classification of the studied
woods we followed the key for fossil morphogenera
proposed by Philippe and Bamford (2008).

were

SYSTEMATIC PALAEONTOLOGY
Order Coniferales
Agathoxylon Hartig 1848, sensu Philippe 1995

Type Species: Agathoxylon cordaianum Hartig 1848

The use of the form-genera Agathoxylon Hartig
1848 and Araucarioxylon Kraus (in Schimper 1870)
for fossil woods with the anatomy similar to the
extant Araucariaceae is long established. However,
several views regarding the legitimity of these genera
have been published elsewhere. In particular, some
authors concluded that these fossil woods should be
included in Agathoxylon, leaving Araucarioxylon as
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Fig. 1 - Location map showing fossiliferous localities. Locality references: 1. Punta del Barco Sur; 2. Estancia El Verano; 3. Anfiteatro de Tico;

4. Cerro Testigo.

a junior synonym of Pinites Witham 1833 (Philippe
1993, 1995, Bamford and Philippe 2001, Philippe
and Bamford 2008). Although the original diagnosis
of the genus Agathoxylon Hartig (Hartig 1848,
Philippe and Bamford 2008) includes the presence
of axial parenchyma as a diagnostic character (a
feature absent in several specimens referred to
Agathoxylon), Philippe (1995) reformulated the

original diagnosis proposed by Hartig (1848),
allowing the inclusion of woods with and without
axial parenchyma. We believe this taxonomic
decision is adequate since a high number of
genera have already been proposed, and erecting
another one for including Agathoxylon-like
woods without axial parenchyma would lead to
a more confuse taxonomy.

An Acad Bras Cienc (2012) 84 (3)
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Fig. 2 - Agathoxylon sp. (A) General view of the transverse section (TS) (MPM PB 3178), scale bar = 1 mm. (B) Detail of (A) showing
the limit of a growth ring, scale bar = 200 um. (C) Tracheids in longitudinal radial section (LRS) (MPM PB 3178), scale bar = 200 pm.
(D) Radial pitting of the tracheids (LRS) (MPM PB 3178), scale bar = 50 um. (E) Biseriate radial pitting of the tracheids (LRS) (MPM PB
3178), scale bar = 50 um. (F) Cross-field region (LRS) (MPM PB 3178), scale bar = 50 um. (G) Detail of cross-field pitting (LRS) (MPM
PB 3178), scale bar = 20 pum. (H) Detail of cross-field pitting (LRS) (MPM PB 3178), scale bar = 50 pm. (1) Uniseriate rays in longitudinal
tangential section (LTS) (MPM PB 3178), scale bar = 1 mm. (J) Detail of uniseriate rays (LTS) (MPM PB 3178), scale bar = 200 pm.
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Agathoxylon sp.

Reference specimen: MPM PB 3178

Locality of the reference specimen: Cerro Testigo,
Estancia Bajo Tigre, Santa Cruz Province, Argentina.

Horizon of the reference specimen: Punta del
Barco Formation, Stratigraphic Level 9.

Additional specimens (localities and strati-
graphic horizons): MPM PB 3179 (Estancia El
Verano, Santa Cruz Province, Argentina; Anfiteatro
de Ticé Formation, Stratigraphic Level 1) and MPM
PB 3180 (Punta del Barco Sur, Meseta Baquero,
Santa Cruz Province, Argentina; Punta del Barco
Formation, Stratigraphic Level 12).

Age: Early Cretaceous/Aptian

Description: This description is based on three
specimens composed exclusively of secondary xylem.

In transverse section, growth rings are indistinct,
sometimes with a narrow zone (1-3 cells in width)
of late wood. Early wood tracheids are 51 (31-72)
pum in diameter, with thick walls (14 (7.5-13) um in
thickness) (Fig. 2A, B).

In radial section, tracheids present circular to
polygonal bordered pits arranged predominantly in
uniseriate rows (Fig. 2C, D). Biseriate pitting pattern
is less common, and when present, the pits are
arranged alternate to opposite (Fig. 2E). Pits measure
10 (6-13) pm in diameter, with circular apertures
(ca. 3 um in diameter). Cross-field regions are of the
araucarioid type and characterized by the presence of
1-6 (mean 3, median 3) circular pits (6.6 (5.8-7.5) um
in diameter) (Fig. 2F-H). Pit apertures are obliquely
—oriented, slit like, measuring 4 um in its greater axis.

In tangential section, rays are exclusively uni-
seriate 1-13 (mean 6, median 7) cells tall (Fig 21, J).
Ray cells are parenchymatic and measure 26 (21-31)
pum in height and 20 (17-23) um in width. Generally,
35 rays per mm? are observed.

Comparisons: The fossil record of Agathoxylon-
type wood is extensive, with more than 60 species

(and many referred as Agathoxylon sp.) listed by
Philippe et al. (2004a) for Gondwana. As previous
authors have expressed (e.g. Bamford and Philippe
2001, Poole and Mirzaie Ataabadi 2005), a
comprehensive revision of the species referred to
this genus is pending. Since such revision exceeds
the objectives of the present work, no attempt was
made to place the studied specimens in one of the
currently recognized species.

Leafy araucarian branches have been pre-
viously reported for the Baquerd Group, first
by Feruglio (1951) and later by Del Fueyo and
Archangelsky (2002), and referred to Araucaria
grandifolia Feruglio emend. Del Fueyo and
Archangelsky. These specimens, collected in
the volcaniclastic strata of the Punta del Barco
Formation, have anatomical features similar to
the ones present in Agathoxylon sp., such as the
presence of uniseriate pitting in the radial walls
of the tracheids, uniseriate rays and cross fields
with 5-6 pits. Since both taxa were found in the
Baquer6 Group, it is possible that they may have
been originated from a single biological entity.

Affinities: Among extant conifers, Agathoxylon-
type wood (characterized by the presence of
araucarian tracheid pitting and araucarioid
cross-field pits) is recorded exclusively in the
Araucariaceae (Philippe et al. 2004a). However,
Pteridospermales and Cheirolepidiaceae also
possessed this type of wood (Philippe et al. 2004a).
As pointed above, Agathoxylon sp. and Araucaria
grandifolia share many anatomical features, and
they may have been part of the same biological
species (referable to the Araucariaceae).

Brachyoxylon Hollick and Jeffrey 1909

Type species: Brachyoxylon notabile Hollick and
Jeffrey 1909

Protopodocarpoxylon  Eckhold includes
in its diagnosis the presence of podocarpoid

An Acad Bras Cienc (2012) 84 (3)
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Fig. 3 - Brachyoxylon sp. cf. B. boureaui Serra. (A) General view of the transverse section (TS) (MPM PB 3181), scale bar = 500 pm. (B)
Detail of (A) showing the limit of a growth ring (TS), scale bar = 200 um. (C) Tracheids in longitudinal radial section (LRS) (MPM PB
3181), scale bar = 200 um. (D) Uniseriate and triseriate pitting in the tracheids (LRS) (MPM PB 3181), scale bar = 100 pm. (E) Cross-field
regions (LRS) (MPM PB 3181), scale bar = 50 um. (F) Cross-field regions (LRS) (MPM PB 3181), scale bar =20 um. (G) Uniseriate rays
in longitudinal tangential section (LTS) (MPM PB 3181), scale bar = 100 um. (H) Detail of (E) showing two cross-field regions (LRS), scale
bar = 20 pm. (1) Cross field regions (LTS) (MPM PB 3184), scale bar = 25 um.
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fields. However, Protopodocarpoxylon
blenvillense, the first species referred to this
genus (and thus, it’s Type Species), possesses
araucarioid cross fields. If this species remained
as the type species, this genus should be regarded
as a junior synonym of Brachyoxylon (Bamford
and Philippe 2001). Recently, Philippe et al.
(2002) have proposed a nomina conservanda for
the genus Protopodocarpoxylon using as neotype
the species Protopodocarpoxylon bedfordense
Stopes, which has podocarpoid cross fields. This
proposal, accepted by the Committee for Fossil
Plants (Skog 2003), is here followed, and the
studied specimens are referred to (Brachyoxylon
Hollick and Jeffrey 1909).

Cross

Brachyoxylon sp.
cf. Brachyoxylon boureaui Serra 1966

Reference specimen: MPM PB 3181

Locality of the reference specimen: Anfiteatro de
Tico. Santa Cruz Province, Argentina.

Horizon of the reference specimen: Anfiteatro de
Tico Formation, Stratigraphic Level 5.

Additional specimens (localities and stratigra-
phic horizons): MPM PB 3182, MPM PM 3183,
MPM PB 3184 and MPM PB 3185 (Punta
del Barco Sur, Meseta Baquerd, Santa Cruz
Province, Argentina; Punta del Barco Formation,
Stratigraphic Level 12)

Age: Early Cretaceous/Aptian

Description: This description is based on five
specimens composed exclusively of a secondary
xylem.

In transverse section, growth rings are
indistinct, sometimes with a narrow zone (1-3 cells
in width) of late wood (Fig. 3A, B). Early wood
tracheids are 33 (17-64) um in diameter, with
thick (4.7 (2.8-6.6) um) walls. Approximately 6
(2-12) series of tracheids are present between the
parenchymatic rays.

In radial section, tracheids present circular to
polygonal bordered pits arranged predominantly in
uniseriate rows. The biseriate and triseriate pitting
pattern is also present, but is less common (Fig 3C, D).
The pitting pattern of the radial walls of the tracheids
is typical of a mixed wood, with 50% of abietinoid-
type and 50 % of araucarioid-type. Pits measure 24
(16-32) um in diameter, with circular apertures (10
(7-15) um in diameter). Cross-field regions (Fig. 3E,
F, H, ) are characterized by the presence of 8-26
circular pits (5.7 (4.7-6.7) um in diameter) arranged
in 2-4 rows. Pit apertures are obliquely —oriented, slit
like, measuring 1.8-4.5 um in its greater axis.

In tangential section, rays are exclusively
uniseriate, 1-9 (median 4, mean 4) cells tall (Fig.
3G). Ray cells are parenchymatic and measure
73 (44-102) um in height and 13-57 um in width.
Generally 20 (10-30) rays per mm? are observed.

Comparisons: The studied specimens are compa-
rable with Brachyoxylon boureaui Serra 1966
identified from the Late Jurassic Phu Kradung
Formation in Thailand and coeval units in Cambodia
(Serra 1966, Philippe et al. 2004b). This species is
characterized by a high (up to 37) number of pits
per cross fields, mostly uniseriate radial pitting
of the tracheids, and low rays, features shared
with the Baqueroan specimens. Based on spatial
and temporal differences, we prefer to refer our
specimens to Brachyoxylon boureaui with reserves.

Affinities: Brachyoxylon type of wood has
been found in association with conifer leaves
and Classopollis-bearing cones (Zhou 1983), sug-
gesting that this xylotype is closely related to the
Cheirolepidiaceae, a group of plants already identified
in Baqueroan strata (e.g. Archangelsky 2003).

CONCLUSIONS

In this work, the number of taxa reported for the
Baquerd Groups is expanded with the description of
Brachyoxylon sp. cf. B. boureaui and Agathoxylon
sp.. They represent the first fossil woods described
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for the Baqueroan deposits, although the presence
of wood had been reported previously in the
literature. Agathoxylon sp., characterized by the
presence of predominantly uniseriate pitting on
the radial walls of the tracheids and one to six pits
per cross field, could be adscribed to Araucaria
grandifolia Feruglio emend. Del Fueyo and
Archangelsky, previously reported as impressions/
compressions of leafy branches. On the other hand,
Brachyoxylon sp. cf. B. boureaui represents one of
the scarce records of this genus in South America
(Philippe et al. 2004a, Gnaedinger et al. 2009) and
provides new information about the presence of this
xylotype in the Mesozoic of Western Gondwana.
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RESUMO

Duas novas morfoespécies de coniferas representadas
por xilema secundario sdo reportadas para o Cretaceo
Inferior do Grupo Baquerd (Provincia de Santa
Cruz, Argentina). Agathoxylon sp. é caracterizada
por anéis de crescimento poucos definidos, sulcos
predominantemente uniseriados na parede radial dos
traqueideos, campos de cruzamento com 1-6 perfuragdes
e raios uniseriados. Estas caracteristicas sdo comuns
com os ramos frondosos descritos para a unidade como
Araucaria grandifolia Feruglio emend. Del Fueyo e
Archangelsky. O segundo taxon, Brachyoxylon sp.

An Acad Bras Cienc (2012) 84 (3)

cf. B. boureaui, possui anéis de crescimento poucos
definidos, lenho misto com predominancia de sulcos
radiais uniseriados, campos de cruzamento com
8-26 perfuragdes e raios uniseriados. Estes taxons
representam a primeira descricdo de madeira fossil
para o Grupo Baquero.

Palavras-chave: Madeiras fossis, Agathoxylon, Brachy-
oxylon, Cretaceo Inferior, Patagonia, Grupo Baquerd.
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