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Abstract

Las Violetas Fossil Forest of the Salamanca Formation was a mixed forest of
Paleocene age located in the Golfo San Jorge Basin, central Patagonia of Argentina, which
includes conifers (previously studied), dicots and palms. In the present work, the dicot
fossil woods outcropping in one of the fossiliferous levels (L3) of the Salamanca Formation
are described, taxonomically assigned, and their affinities are discussed. They are three new
species, including a new genus related to the Myrtaceae and Laurales. The complete
fossiliferous assemblage is used to infer the climate and environment of the fossil forest.
This assemblage represents a parautochtonous fossil plant association that lived either on
the margins of channels or exposed bars in well-drained soils, probably tropical red-soils,
close to their depositional setting (tidal channels and bars of an estuary). Warm and humid
conditions and porous host-rocks favored the silicification of woods and pigmentation with
Fe, resulting in yellow-orange and green fossil woods. We apply growth ring analysis to the
conifer woods. For the dicots, wood anatomical characters influenced by the environment
were analyzed, and the Vulnerability and Mesomorphy indices were used. These methods,
comparisons with extant forests and the sedimentology, suggest that the Las Violetas Fossil
Forest was an evergreen forest that developed under uniform growing seasons that ended

abruptly, with an abundant water supply and high mean annual temperatures.

Key words. Salamanca Formation; Golfo San Jorge Basin; dicot woods; Myrtaceae;

Laurales; growth rings.



1. Introduction

The early Cenozoic was a period of globally warm temperatures and high
concentrations of greenhouse gases. Paleocene climate reconstructions indicate that during
this time, the Earth experienced extreme variability (e.g., Zachos et al., 2001). Most global
models of early Paleogene climatic conditions come from the Northern Hemisphere (Pagani
et al., 2006; Sluijs et al., 2006; Zachos et al., 2006, among others). In contrast, there are few
data for Paleocene climates in the Southern Hemisphere (Woodburne et al., 2013). Early
Paleocene climatic considerations with focus on Patagonia come from plant remains
(Petriella, 1972; Petriella and Archangelsky, 1975; Brea et al., 2005a, 2005b, 2008, 2011,
Barreda and Palazzesi, 2007; Iglesias et al., 2007; Raigemborn et al., 2009, 2018a; Scafati
et al., 2009), paleofauna (Pascual and Ortiz-Jaureguizar, 1990; Pascual et al., 1996; Gelfo et
al., 2009; Bona et al., 2018), and sedimentological evidences (Andreis et al., 1975; Andreis,
1977). Biotic proxies indicate humid and warm conditions, which are consistent with the

warm off-shore seawater temperatures inferred from abiotic proxies.

The Salamanca Formation, an early—middle Danian (early Paleocene; ca. 65.7-63.5
Ma; following Clyde et al., 2014) shallow marine unit of the Golfo San Jorge Basin (GSJB)
of central Patagonia, Argentina (Fig. 1A) (Feruglio, 1949; Andreis et al., 1975; Martinez,
1992; Somoza et al., 1995; Matheos et al., 2001; Iglesias, 2007; Foix et al., 2015; Comer et
al., 2015; among others), records a high richness of fossil remains. It includes microfossils
(Camacho, 1967; Méndez, 1966; Chebli and Serraiotto, 1974), bivalves and brachiopods
(Chebli and Serraiotto, 1974), echinoids (Parma and Casadio, 2005), turtles and alligators
(Staesche, 1929; Simpson, 1937; Bona, 2005, 2007; Bona and De La Fuente, 2005; Bona et

al., 2018), and mammals (Bonaparte et al., 1993; Bonaparte and Morales, 1997; Pascual et



al., 1992, 2002; Forasiepi and Martinelli, 2003; Gelfo and Pascual, 2001; Gelfo, 2007,
Gelfo et al., 2007, 2009). Plant remains are also abundant, with leaves (Martinez, 1992;
Iglesias, 2007; Iglesias et al., 2007; Jud et al., 2017), flowers (Jud et al., 2017; Jud et al.,
2018a, 2018b), palm stipes (Romero, 1968), palm fruits (Futey et al., 2012), and
palynomorphs (Archangelsky, 1973, 1976; Romero, 1973; Archangelsky and Romero,
1974; Archangelsky and Zamaloa, 1986; Clyde et al., 2014). Fossil woods are also
abundant in the Salamanca Formation (Berry, 1932; Ragonese, 1980; Brea et al., 2005a,
2005b, 2007, 2008, 2011; Ruiz et al., 2017). Paleoclimatic inferences from all these fossils
arrive at the same conclusion inferred by other proxies that suggest that the Paleocene flora
from the Salamanca Formation developed under humid and warm-temperate conditions,
and without limiting factors. The presence of thermophilic groups such as palms (Romero,
1968; Futey et al., 2012; Ruiz et al., 2017), alligators (Bona, 2007; Bona et al., 2018), and
podocarps that grow in nearly exclusively high rainfall environments (lglesias et al., 2007)
suggest a warm and humid climate during the deposition of the Salamanca Formation.
Mean annual temperature of 14.1 + 2.6 °C and mean annual precipitation of at least 115 cm
(+50/-35 cm) were estimated based on standard techniques of leaf-margin analyses
(Iglesias et al., 2007). Fossil wood growth rings from the Victor Szlapelis and Ormaechea
Petrified Forests (also Salamanca Formation, south of the study area) and the Ameghino
Petrified Forest (north of the study area) were analyzed (Brea et al., 2005a, 2005b, 2011),

and also conclude that the forests lived under humid and warm conditions.

Las Violetas Fossil Forest (Estancia Las Violetas; North Flank of the GSJB, Fig.
1A—C) is the most recently known fossil forest mentioned for the Salamanca Formation. At

this locality, four fossiliferous levels (L1, L2, L3, and L4; Fig. 2) were defined throughout



the outcrops of the unit. These levels include conifer and dicot permineralized trunks,
branches and twigs, palm stipes, palm fruits and seeds, and leaf impressions (Somoza et al.,
1995; Futey et al., 2012; Ruiz et al., 2017), and are evidence of forested coastal settings that
developed during the early Paleocene at middle—high paleolatitudes of South America. This
fossil forest provides an excellent opportunity to (1) expand the knowledge of Paleocene
dicot wood anatomy by describing and taxonomically assigning new dicot fossil woods
recovered in the fossiliferous level L3 from the Salamanca Formation, and (2) increase
paleoclimate information from South America by incorporating climatic inferences based

on fossil wood anatomy of the assemblage cropping out in fossiliferous levels L2 and L3

from the Las Violetas Fossil Forest.

2. Materials and methods

The samples come from the Estancia Las Violetas locality (Salamanca Formation),
Chubut Province, Argentina (45° 04’ S, 66° 59’ W) (Fig. 1). The stratigraphic position of
the fossiliferous levels included in this study (L2 and L3) were referred to the
sedimentological section published by Ruiz et al. (2017, see Fig. 2), and consequently,
sedimentological inferences are the same. Colors of the paleobotanical materials, including
petrified woods and fruits, were described using the Geological Rock-Color Chart (2009).
Colored wood-samples from L2 and L3 were selected to characterize the mineralogy of
fossil woods using X-Ray Diffraction (XRD) following the methodology described in

Raigemborn et al. (2014). Diffractograms were run on X PANalytical model X'Pert PRO



diffractometer, using Cu/Ni radiation and generation settings of 40 KV and 40 mA (Centro
de Investigaciones Geoldgicas, La Plata, Argentina).

Four fossiliferous levels were identified (L1-L4) (Fig. 2) (see also Ruiz et al., 2017)
comprising gymnosperm and dicot woods, palm stipes and palm fruit remains. Anatomy
and systematics of the gymnosperm woods from L2 were previously studied (Ruiz et al.,
2017), and work is in progress on the fossil woods from L4 and palm remains from all the
fossiliferous levels. In the present contribution, we focused on the anatomy and systematic
affinities of 10 dicot fossil woods from L3, and the paleoclimatic inferences from the fossil
assemblage of the fossiliferous levels L2 and L3.

For the study of the fossil woods, we obtain thin sections of all the samples in the
three standard sections used in the study of wood anatomy: transverse section (TS),
tangential longitudinal section (TLS), and radial longitudinal section (RLS).

Descriptions and comparisons follow the anatomical terminology recommended by
the IAWA list of the microscopic features for hardwood identification (IAWA Hardwood
Committee, 1989). An extensive bibliography was consulted for assignments and
comparisons (InsideWood, 2004-onwards; Wheeler, 2011; Gregory et al., 2009, among
others). The characters used for InsideWood database searches are followed with their
numerical code between parentheses (all searches with 0 allowed mismatching).

The specimens were observed using a Nikon Eclipse E200 and a Leica DM2500 -
light microscopes, and the pictures were taken with a Nikon Coolpix S4 digital Camera and
Leica DFC290 digital camera. An average of at least 25 measurements is given for each
value, followed by the minimum and maximum in parentheses. The percentage of vessels
per square mm were counted individually, truly counted all the vessels per square mm (i.e.

including all the vessels in radial multiples or groups); the percentage of solitary vessels



and radial multiples were calculated counting groups as a unit (i.e., a radial multiple of
three was counted as, 1 not as 3). The studied material is deposited in the paleobotanical
collection at the Museo Paleontoldgico Egidio Feruglio, Trelew, Chubut Province,
Argentina (labelled as MPEF-Pb 8385-8390, 8392—-8401).

Fossil woods were analyzed with different methods to get paleoclimatic
information. Growth ring analysis included: the presence or absence of growth ring
boundaries (indicative of seasonal or non-seasonal climates respectively), detection of false
rings (caused by drought, fire and/or insect attack) and detection of frost rings (caused by
freezing temperatures during the growth season) (Fritts, 1976; Schweingruber, 1988).
Measurements like mean ring width, mean maximum ring width, mean minimum ring
width, narrowest ring, and widest ring were calculated in all the specimens with distinct
growth ring boundaries as an indicator of growth conditions. Annual Sensitivity (AS) and
Mean Sensitivity (MS) were calculated in those samples with ten or more measurable
growth-rings. The former indicates the variability in growth ring width from year to year,
and the latter is an indicator of the variability in growth rate over the lifespan of the tree
(Fritts, 1976; Creber and Francis, 1999). A value of 0.3 is taken to distinguish between
“‘complacent” trees that grew under a favorable and uniform climate (MS < 0.3) from those
that are “sensitive” to fluctuating climate parameters (MS > 0.3).

The growth rings were analyzed using the classification scheme of Creber and
Chaloner (1984) to categorize different earlywood/latewood relationships, and the method
described by Falcon-Lang (2000a, 2000b) to analyze the relationship between leaf
longevity and the distinctiveness of the growth ring boundary. A minimum of 30 cells of
width per ring was required. The cumulative algebraic sum of each cell’s deviation from

the mean of the radial diameters was calculated for each growth ring increment and plotted



as a zero-trending curve (CSDM curve) (Creber and Chaloner, 1984). For each ring
increment, the percentage skew of the zenith of CSDM curves from the center of the plot
was calculated. Deciduous conifers give CSDM curves that are dominantly left-skewed or
symmetrical, whereas evergreen conifers have right-skewed CSDM curves (Falcon-Lang,
2000a, 2000b) dominantly. Growth rings can be wider in the younger parts of the tree near
the piths, and that could affect tree ring analyze. In this case, the estimated trunk diameter,
grossly based on the ring curvature and the divergence of the rays, indicates all the samples
were from matures parts of the trees, far from the pith.

Carlquist (1977) discussed the correlations between xylem anatomy and habitat.
Herein we apply the two formulae he devised as indicators of the plants’ adaptation to the
available water in their habitat. They are the Vulnerability index (V= mean vessel diameter
divided by the mean vessel frequency) and the Mesomorphy index (M= V multiplied by the
mean vessel member length). V is an indicator of hydraulic conductivity and risk of
suffering embolisms, with high V values typical of efficient water conductors. M indicates
if the wood structure is adapted to a mesomorphic environment (ca. M>200) or to a xeric
condition (ca. M<75).

Besides the characters employed by Carlquist (1977), there are other anatomical
characters of dicotyledonous woods which are related to the climate (i.e. porosity, vessel
diameter, presence of vessels with helical thickenings, distribution of axial parenchyma,
presence of septate fibres and others) (Wheeler and Baas, 1991, 1993, 2019; Wheeler et al.,
2007; Baas and Wheeler, 2011; Carlquist, 2012). Besides, anatomical characters are also
used to estimate temperature and precipitation values (Wiemann et al., 1998, 1999).
Although we could not apply the Wiemann et al. (1998, 1999) equations due to the limited

number of samples, dicotyledonous woods from L3 were analyzed, taking into account



those characters of paleoecological importance and their correlation with climatic variables

to obtain some general paleoclimatic inferences.

3. Geological and sedimentological framewor k

Las Violetas Fossil Forest is located in the eastern part of the north flank of the
Golfo San Jorge Basin (hereafter GSJB), towards the north of Comodoro Rivadavia City
(Fig. 1A and B). The GSJB is a mainly extensional basin in central Argentinean Patagonia
related to the Gondwana break-up during the Late Jurassic and Early Cretaceous (Fitzgerald
et al., 1990). The shallow marine Salamanca Formation (early—mid Danian; Clyde et al.,
2014) represents the first Atlantic transgressive event in the GSJB (e.g., Malumian and
Nafiez, 2011). Its deposition exceeded the north Cretaceous limit of the GSJB, and towards
the northeast of the study area the limestones of the lower part of the Salamanca Formation,
the Bustamante Member (following Andreis et al., 1975), took place directly over the
Jurassic volcanic rocks of the Marifil Complex. However, in the study area, the outcrops of
the Salamanca Formation are characterized by the siliciclastic deposits of the middle—upper
Hansen Member (sensu Andreis et al., 1975), which are known Barthe Verdeand the
Banco Negro Inferioffollowing Feruglio, 1949). The former unit is followed by the
“Niveles Transicionalésas was defined by Raigemborn et al. (2010), and by the
continental deposits of the Rio Chico Group (lower Paleocene—middle Eocene; Krause et
al., 2017) which are overlying by the marine Chenque Formation (lower Miocene; Cuitifio

et al., 2015), and the glaciofluvidRbdados PatagonicbgFig. 1B).

In the Las Violetas Fossil Forest, the regionally exterBBetco Verdeonsists of

greenish conglomerates, sandstones, and siltstones arranged in a fine-grained upward



succession of ~16 m-thick that correspond to an estuarine setting dominated by tidal
currents (Ruiz et al., 2017) (Fig. 2). In the deposits corresponding to sub-environments of
tidal flat, tidal channels, and tidal bars Ruiz et al. (2017) identified four fossiliferous levels
(L1 to L4) (see Fig. 2 for reference). Sandy tidal flat deposits of the central estuary bear
twigs, stipes and palm fruits of the L1. High-energy tidal bar and tidal channel deposits of
the central-inner estuary bear the plant levels L2 to L4. The L2, previously studied by Ruiz
et al. (2017), preserves a parautochtonous association of vegetative parts (trunks, branches,
twigs) and reproductive structures (palm fruits). Petrified woods at this level range in colors
from dark yellowish-orange (10YR 6/6) through moderate brown (5YR 4/4) to dusky

brown (5YR 2/2), and from pale greenish yellow (10Y 8/2) through grayish yellow-green
(5GY 7/2) to light green (5G 7/4). Palm fruits are grayish yellow-green (5GY 7/2) or

grayish green (10GY 5/2) in color. The L3 preserves dicot trunks and branches (whose
anatomy and systematic affinities are discussed in the present work), and palm stipites and
fruits. Fossil remains at this level are characterized by the presence of large trunks (up to
ca. 1.5 m), unrounded branches, and twigs with colors that range from very pale orange
(10YR 8/2) through moderate yellow-green (5GY 7/4) to brownish-black (5YR 2/1). Palm
fruits are rounded and have the same color as fruits from L2. X-ray diffraction analysis of
woods of both L2 and L3 indicates that the dominant mineral in the fossil wood samples is
silica. Finally, the fossiliferous level L4 bears still undescribed trunks, branches, twigs,
stipes, and palm fruits that will be studied. Deposits of sand flat areas of the outer part of
the central estuary overlie beds bearing the mentioned fossil plants. The estuarine
succession of the Salamanca Formation ends with blackish pedogenically modified coastal
plain deposits (i.e., swamp deposits) of Bamco Negro Inferiofe.g., Raigemborn et al.,

2010; Ruiz et al., 2017) (Fig. 2). Sedimentological and biological (fossil plants, fossil



traces) features of this succession of the Salamanca Formation was interpreted by Ruiz et
al. (2017) as a tidal-influence littoral environment, located very close to the coastline, that

grades upward to coastal swamp settings.

4. Systematic paleontology

Order Myrtales Juss. ex Bercht. and J. Presl, 1820

Family Myrtaceae Juss., 1789

Fossil-genudyrceugenellitedNishida, Nishida and Nasa, 1988

Type speciesMyrceugenellites maytenoiddishida, Nishida and Nasa, 1988
Synonymy.

2001.Myrceugenelloxylon maytenoid@dishida, Nishida and Nasa) Poole, Hunt and

Cantrill: 44, figs. 39-46.

Myrceugenellites grandiporosusp. nov. Ruiz, Brea and Pujana

Fig. 3

Diagnosis.Secondary xylem with indistinct growth ring boundaries. Vessel diameters
medium (-wide), exclusively solitary (90% or more). Less than 50 vessels geMessel
elements length >800m. Perforation plates scalariform with numerous bars (>20).
Intervessel pits scalariform to opposite. Vessel-ray pits bordered, circular and opposite.
Diffuse and scanty paratracheal axial parenchyma. Nonseptate fibres with distinctly
bordered pits. Rays uniseriate or uniseriate with bi-triseriate portions almost the same width

than the uniseriate parts.



Derivation nominisThe specific nameyrandiporosumrefers to the relatively wide

diameters of the vessel elements compare with the other species of the same genus.

Holotype. MPEF-Pb 8393.

Paratype. MPEF-Pb 8392.

Other material. MPEF-Pb 8394, 8395, 8396, 8397 and 8398.

Type locality. Estancia Las Violetas, Chubut, Argentina.

Type stratigraphic horizon. L3 fossiliferous level, Hansen Men®&n¢o Verdg
Salamanca Formation.

Age. Early Paleocene, Chron 28n, Danian.

DescriptionDicot wood. Growth ring boundaries are indistinct, marked by the reduction of
the radial diameter of the last rows of latewood fibers (Fig. 3A). Wood is diffuse-porous,
with 14 (9-20) vessels per mMnYessels are solitary (96%), rarely in tangential pairs (2%),
in clusters (1%), or in radial multiples of two (1%) (Fig. 3A—C). Vessels are circular in
outline; 145 (62—194)m in tangential diameter, 134 (43-18@) in radial diameter; 1728
(1133-2384)um in length. Vessel elements have tails; end walls are steeply inclined;
perforation plates are scalariform with 34 (24-44) bars (Fig. 3E-G). Some perforation
plates have forked bars (Fig. 3G). Intervessel pits are scalariform to opposite (circular or
transitional) (Fig. 3H, 1), with a vertical diameter of 5.5 (4.0—@r)and a horizontal

diameter of 10.2 (6—35.7ym.

Axial parenchyma is scanty paratracheal and diffuse. Parenchyma cells have small,

circular, and opposite pits (Fig. 3 D, O-Q).



Nonseptate fibers are 28.2 (15.3-428) in tangential diameter. They have
distinctly bordered pits on radial and tangential walls, 8.1 (6.5x874h vertical diameter,
and elongate cross apertures (Fig. 30-Q). Fiber walls seem to be thick, but we could not
observe them accurately because they have some degradation or collapse.

Rays are mostly uniseriate (ca. 90%) (Fig. 3N), homocellular with all upright cells.
There are also heterocellular rays (ca. 10%) with long uniseriate portions composed of
upright cells similar to the uniseriate rays (Fig. 3N—-P), and bi- or triseriate portions as wide
as the uniseriate portions composed of procumbent cells (Fig. 3N-P). There are 11 (8-14)
rays per mm, 2.8 (0.6-5.7) mm, and 18 (4-18) cell high. Rays are 32.3 (14.5+89.3)
wide. Vessel-ray pits are circular and opposite, similar to the circular intervessel pits (Fig.

3J-M), and with a diameter of 6.1 (3.9-8.8). Ray cells have dark contents (Fig. 3P).

Remarks. MPEF-Pb 8392 and 8393 have excellent preservation; the other five samples
assigned to this fossil-species are not well preserved. All measurements are from the
holotype. The seven specimens do not exhibit any significant variation among them other

than a slight variation in the quantitative characters like vessel tangential diameter.

4.1. Affinity and comparisons

The combination of characters of diffuse-porous wood, commonly solitary vessels,
circular or elliptical in outline, vessels bearing steeply inclined end walls, exclusively
scalariform perforation plates with numerous bars (sometimes forked bars), intervessel pits
circular or elliptical, opposite and scalariform, axial parenchyma scarcely visible, rays 1- to
3-seriate, vessel-ray pits circular to elliptical opposite or scattered are present in

MyrceugenelliteNishida, Nishida and Nasa (Nishida et al., 1988). There are two species of



MyrceugenellitesMyrceugenellites maytenoiddishida, Nishida and Nasa and
Myrceugenellites oligocenuRujana, and both are different frdviyrceugenellites
grandiporosunin the number of vessels per Mmessel tangential diameter and type of

axial parenchyma (Nishida et al., 1988; Pujana, 2009; Tabldytgeugenellites
maytenoidegan also be differentiated by its sometimes scalariform vessel-ray pits (Nishida
et al., 1988) andl. oligocenunby having exclusively opposite intervessel pits and the
absence of triseriate rays (Pujana, 2009) (Table 1). Because of these differences, the fossil

woods from the Salamanca Formation are assigned to a new spaedigsaigenellites

There are other nine fossil-genera with diffuse-porous wood (5r), solitary vessels
(9n), exclusively scalariform perforation plates with numerous bars (14r, 17r) and 1- to 3-

seriate rays (97r), but they differ fravtyrceugenellitesn the following characters:

1- AextoxicoxylomNishida, Nishida and Nasa has scalariform perforation plates with
numerous up to 110 bars, intervessel pits most frequently scalariform, vessel-ray pits

horizontally elongated and fibers without distinctly bordered pits (Nishida et al., 1988).

2- CercidiphylloxylonPrakash, Bezinova and Bzek has small vessels and diffuse

axial parenchyma commonly associated with the growth rings (Prakash et al., 1971).

3- CornoxylonConwentz has tangentially zonate axial parenchyma (Conwentz,

1882; Vater, 1884)

4- Ericaceoxylorivan del Burgh has both simple and scalariform perforation plates,
helical thickenings in vessels, banded axial parenchyma, wider rays (up to seven cells wide)

and intervessel pits are not observed (Van del Burgh, 1964).



5- Hamamelidoxylorignier has vessel-ray pits horizontally elongated (Grambast-
Fessard, 1969; Van der Burgh, 1973; Gottwald, 1992; Wheeler and Manchester, 2002;

Takahashi and Suzuki, 2003).

6- lllicioxylon Gottwald hasvider rays (up to six cells wide), vessel-ray pits
horizontally elongate, possible helical thickenings, and sclerotic cells included in the wood

with rhomboidal crystals and druses (Gottwald, 1992).

7- MastixioxylonGottwald has wider rays (up to 12 cells wide), vessel-ray pits

horizontally elongate to scalariform and resin canals (Gottwald, 1992).

8- Weinmannioxyloetriella has wider rays (up to six cells wide) and more

abundant apotracheal axial parenchyma (Petriella, 1972; Pujana et al., 2018).

9- SchimoxylorKramer has vessel-ray pits horizontally elongate to scalariform

(Kramer, 1974).

Nishida et al. (1988) relateddyrceugenellites maytenoidesth the Myrtaceae
based on the diffuse-porous wood, the solitary vessels, the diffuse axial parenchyma, the
scalariform perforation plates, the multiseriate rays with uniseriate margins and the fused
rays (two or three rays fused at their uniseriate margins). Pujana (2009) also related the
genus with the Myrtaceae, and discarded other families from Patagonia with similar wood
anatomy (Cunoniaceae, Monimiaceae, Atherospermataceae, and Lauraceae) mainly by the
presence of horizontally elongated vessel-ray pits with opposite to scalariform arrangement.
However, no comparisons with woods outside the Patagonian region were carried out,

making this affinity doubtful.



Extant woods from different families appear when looking for extant species with
the main characters Myrceugenellitesdiffuse-porous wood (5r), solitary vessels (9r),
scalariform perforation plates (14r) with numerous bars (17p), fibers with bordered pits
(62r), scanty paratracheal axial parenchyma (78p) and rays 1- to 3-seriate (97r). However,
these families also present other characters that make them unsuitable to include
MyrceugenellitesBuxaceae woods have very small vessels, and markedly heterocellular
rays and onlBuxusL. has paratracheal parenchyma (Metcalfe and Chalk, 1950;
InsideWood, 2004-onwards). Within the Ctenolophonaceae Gielyolophon englerianus
Mildbr. shares the mentioned features, and has alternate intervessel pits, more abundant
axial parenchyma (including vasicentric, aliform, confluent and diffuse-in-aggregates),
occasionally rays 4-10 cells wide, disjunctive parenchyma and prismatic crystals in
chambered axial parenchyma cells (Metcalfe and Chalk, 1950; InsideWood, 2004-
onwards)WeigelaThunb.from the Caprifoliaceae is also very similaMgrceugenellites
but, like most of the members of this family, is a shrub with small or very small vessels
(Metcalfe and Chalk, 1950; InsideWood, 2004-onwards). Hamamelidaceae woods have
small vessels, large and horizontally elongate vessel-ray pits, apotracheal axial
parenchyma, and exclusively heterocellular rays (Metcalfe and Chalk, 1950; InsideWood,
2004-onwards). llliciaceae woods have very to moderately small vessels, scalariform
perforation plates with very numerous bars (up to 150), vessel-ray pits horizontally
elongate, and heterocellular rays (Metcalfe and Chalk, 1950; InsideWood, 2004-onwards).
Olacaceae also has large and simple vessel-ray pits (Metcalfe and Chalk, 1950;
InsideWood, 2004-onwards). Pentaphylacaceae members are shrubs or small trees
commonly from Asia, anéddinandraJack is similar to the fossil but has large and

horizontally elongate vessel-ray pits (Metcalfe and Chalk, 1950; InsideWood, 2004-



onwards). Symplocaceae woods have small and angular vessels, often with spiral
thickenings, only apotracheal axial parenchyma and fibers commonly with spiral
thickenings (Metcalfe and Chalk, 1950; InsideWood, 2004-onwards). Humiriaceae and
Icacinaceae have exclusively heterocellular rays (Metcalfe and Chalk, 1950; InsideWood,

2004-onwards).

Consequently, Myrtaceae is the most suitable family for includipgeugenellites
grandiporosumMyrtaceae species have both small and large vessels, solitary vessels, both
exclusively simple or scalariform perforation platesMiyrceugeniaO. Berg andVlyrtus
L.) with a large number of bars, intervessel pits typically alternate but also opposite (in
MyrceugeniaandMyrtus), vessel-ray pits small, axial parenchyma can be both apotracheal
or paratracheal, rays typically up to 2-3 cells wide, exclusively uniseriate or with only
occasional biseriate parts, both homogeneous and heterogeneous rays, fibers typically with
bordered pits both in tangential and in radial walls, that can be septate or nonseptate.
Besides, there are fossil leaves of Myrtaceae in the Salamanca Formation (Iglesias, 2007)
and it is recorded since the cretaceous to the present in Patagonia (Passalia et al., 2001;

Pramparo et al., 2007; Gandolfo et al., 2007; Iglesias et al., 2007).

Order Laurales Juss. ex Bercht. and J. Presl, 1820

Fossil-genu®atagonoxylorgen. nov. Ruiz, Brea and Pujana
Diagnosis Diffuse-porous wood. Vessels solitary and in radial multiples. Scalariform

perforation plates. Opposite intervessel pits. Scanty paratracheal and diffuse axial



parenchyma. Fibers with distinctly bordered pits. Homocellular and heterocellular rays,
multiseriate. Scalariform vessel-ray pits. Idioblasts in rays.
Derivation nominis. Patagonoxylaefers to the geographical (Patagonia) provenance of

the specimen.

Type specieRatagonoxylon scalariformgp. nov. Ruiz, Brea and Pujana

Fig. 4

Diagnosis.Growth rings boundaries absent. Vessels solitary or in radial multiples mostly of
two. Perforation plates scalariform with less than 20 bars.

Derivation nominisThe specific namescalariforme refers to the type of perforation

plates.

Holotype. MPEF-Pb 8399.

Type locality. Estancia Las Violetas, Chubut, Argentina.

Type stratigraphic horizon. L3 fossiliferous level, Hansen Men®@&n¢o Verdg
Salamanca Formation.

Age. Early Paleocene, Chron 28n, Danian.

DescriptionDicot wood.Growth ring boundaries are absent. Wood is diffuse-porous with
29 (16-51) vessels per MnVessels solitary (66.6%), in radial multiples of two or three
vessels (27.0%), in radial multiples of four or more (4.4%), clusters (1.5%), and in
tangential pairs (0.5%) (Fig. 4A—C). Vessels are circular to oval in outline, with a tangential
diameter of 60 (18-104)m, and a radial diameter of 86 (44—13#%). Vessel elements are

771 (506-1158)m long, and they usually have tails. Perforation plates are deeply inclined



and scalariform with 9 (4-16) bars (Fig. 4E, F, J). Intervessel pits are scalariform to
opposite (Fig. 4G, H) and opposite to alternate (Fig. 41), with a vertical diameter of 6.3

(4.6-8.0)um. Tyloses are common (Fig. 4P).

Axial parenchyma is scanty paratracheal and diffuse (Fig. 40, P).

Fibers have some decay, and therefore measurements of the lumen diameter and
wall thickness could not be taken. They have borderecbpBs3 (4.2—6.2um in vertical

diameter with elliptic apertures (Fig. 4R, S).

Rays are fusiform in shape, mostly homocellular, composed exclusively of
procumbent cells, although some are heterocellular with body ray cells procumbent and one
or two rows of upright marginal cells (Fig. 4J, M). There are 7 (6—8) rays per mm. Rays are
multiseriate, 4 (3—7) cells, and 78 (44-138) wide; 28 (9—78) cells and 1.2 (0.3-2.7) mm
in height. Rays have large oil cells (idioblasts) in the body or in their margins (Fig. 4N, Q,
R). Vessel-ray pits are scalariform, with reduced borders and a vertical diameter of 9.0

(3.8-14.0)um (Fig. 4K, L).

4.2. Affinity and comparisons

Patagonoxylons characterized by the diffuse-porous wood (5r), scalariform
perforation plates (14r), larger rays commonly 4-10 seriate (98p), and the presence of oil
cells (304r). There are other fossil-genera with these characteristics but easily
distinguishable fronPatagonoxylonCinnamomoxyloriottwald is a Lauraceae wood that
differs fromPatagonoxylorby its simple perforation plates (in addition to the scalariform

ones) and alternate intervessel pits (Gottwald, 19%rinium Unger was originally



included in the Lauraceae, with a vague description, and many of the fossil-species were
later transferred thaurinoxylon(see Dupéron-Laudoueneix and Dupéron, 2005).
Nevertheless, apart from its taxonomic problems, this fossil-genus has a majority of simple
perforation plates and alternate intervessel pits (Unger, 1845; Dupéron-Laudoueneix and
Dupéron, 2005). Another Lauraceae waaodilar toPatagonoxylons LaurinoxylonFelix
emend Dupérorfakala and Dupéron-Laudoueneix, but it has simple or simple and
scalariform perforation plates (never exclusively scalariform) and alternate intervessel pits.
Laurinoxylon intermediuriuard and.. aniboidesSuss and Madel have exclusively
scalariform perforation plates and scalariform intervessel pits, but they are different from
Patagonoxylorbecause of their apotracheal axial parenchyma in tangential bands. Besides,
due to their exclusively scalariform perforation plates, these two species should not be
placed inLaurinoxylon(Felix, 1883 Siuss and Madel, 1958; Huard, 1967; Dupéron et al.,
2008). The Monimiaceae genektherospermoxylofKrausel) Madel and
ProtoatherospermoxyloMadel, also resembleatagonoxylonbut they have exclusively
apotracheal axial parenchyma (Madel, 1960; Poole and Gottwald, 2001).

The combination of features presenPi@tagonoxylormakes it difficult to include
it in an extant family. Canellaceae and Dilleniaceae are characterized by having exclusively
scalariform perforation plates and large oil cells (idioblasts), but they have exclusively
solitary vessels and different type of rays tRatagonoxylor{Metcalfe and Chalk, 1950).
Other families with scalariform perforation plates and large oil cells (idioblasts) are
Magnoliaceae and Monimiaceae, but they have predominantly apotracheal axial
parenchyma, occasionally in tangential bands (Metcalfe and Chalk, 1950). Lauraceae have

oil cells commonly, but they have alternate intervessel pits and do not have exclusively



scalariform perforation platealthoughthey can be both simple and scalariform in some
extant and fossil species (Metcalfe and Chalk, 1950; Dupéron-Laudoueneix and Dupéron,
2005). The combination of characterdRatagonoxylons not present in any extant wood

and can not be associated precisely with any family (Metcalfe and Chalk, 1950;
InsideWood, 2004-onwards). SinBatagonoxylorhas many characters in common with
Monimiaceae and Lauraceae, most of the similar fossil genera are from these families, and
both families are Laurales (APG 1V, 2016), we inclikégagonoxylonnto this order

without a definitive family.

Order Laurales Juss. ex Bercht. and J. Presl, 1820
Family Lauraceae Juss., 1789
Fossil-genudezilaurinoxylonWheeler and Manchester, 2002

Type speciedMezilaurinoxylon eiporosuriVheeler and Manchester, 2002

Mezilaurinoxylon oleiferunsp. nov. Ruiz, Brea and Pujana

Fig. 5

Diagnosis Vessels solitary and in radial multiples mostly of two. Vessel mean tangential
diameter >10Qum, perforation plates simple, intervessel pits transitional and alternate.
Vessel-ray parenchyma pits mostly enlarged, also scalariform and opposite. Axial
parenchyma scanty paratracheal. Rays multiseriate, heterocellular, up to 6 cells wide, some
with uniseriate margins of upright cells. Oil cells in rays or occasionally among fibers.

Derivation nominisThe specific namaleiferum refers to the presence of the oil cells.



Holotype. MPEF-Pb 8400.

Paratype. MPEF-Pb 8401.

Type locality. Estancia Las Violetas, Chubut, Argentina.

Type stratigraphic horizon. L3 fossiliferous level, Hansen Men®@&n¢o Verdg
Salamanca Formation.

Age. Early Paleocene, Chron 28n, Danian.

Description.Growth ring boundaries are absent. Wood is diffuse-porous with 16 (8—26)
vessels per mMmVessels are solitary (59.0%), in short, radial multiples of two or three cells
(34.0%), long radial multiples of four or more cells (4.7 %), and in clusters (2.3%) (Fig.
5A-C). Solitary vessel elements are circular to oval in outline and are 137 (7g+188)
tangential diameter, 121 (67-192) in radial diameter, and 575 (387x®08)length.
Perforation plates are simple (Fig. 5E). Intervessel pits are circular in outline, alternate to
occasionally opposite (Fig. 5 F-I), with a tangential diameter of 9.9 (7.0-+18.7yloses

are common (Fig. 5 J, O, Q).

Fibers are septate (Fig. 5P, Q), with a tangential diameter of 18.7 (7.7m26add

a wall thickness of 3.0 (1.7-5.0Qin.
Axial parenchyma is scanty paratracheal (Fig. 5D, G, Q).

Rays are mostly heterocellular (Fig. 5J) and in tangential section, sometimes
fusiform in shape (Fig. 50, P); 956 (160—-28(0) high. Most rays are multiseriate (88%),
4 (2-8) cells, and 88.2 (26.3—-15700 wide. Some of them have uniseriate margins with
one to seven upright cells. There are also multiseriate rays connected by uniseriate portions

or by thinner multiseriate portions. In a smaller proportion (12 %), there are exclusively



uniseriate rays, 1-6 cells high, similar to the uniseriate portions of the multiseriate rays.
Most of the ray-vessel pits are enlarged or fenestriform [window-like] (Fig 5K, L) with a
vertical diameter of 24.6 (10.8-2942n, some are smaller, circular and bordered (Fig. 5K)
and some are horizontally elongate with slightly reduced borders (Fig. 5M).

Large oil cells (idioblasts) with orange contents that fill almost all the cell occur in
the margins of multiseriate rays or as one of the cells of the uniseriate portion between two
multiseriate portions of rays. They are also very rarely isolated between fibers (Fig. 5N-Q).

Also, some parenchyma ray cells have dark drops (Fig. 5L, N).

Remarks. Measurements were taken from the holotype. The two specimens do not exhibit
any significant variation among them other than a slight variation in the quantitative
characters like vessel tangential diameter. Some of the intervessel pits seem to be vestured
(Fig. 5H, 1), but this could be an artifact result of later permineralization , or accumulation

of extractives around pit apertures. Both samples have fungal hyphae and probable conidia

inside the fibers and the vessels (Fig. 5R-T).

4.3. Affinity and comparisons

The main characters of the fossils, i.e., diffuse-porous wood (5r), simple perforation
plates (13r), alternate intervessel pits (22r), multiseriate rays more than 4 cells wide (98p)
and oil cells (304r), are found in in at least 10 fossil-genera (sensu InsideWood, 2004-
onwards) from whictMezilaurinoxylonis the one with more characters in common (Table
2). DuguetiaxylorSoares, Kloster, Gnaedinger, Riker, Lima and M&ttdyalthioxylon
Estrada-Ruiz, Upchurch, Wheeler and Mack Bggmaeoxyloiande are three

Monimiaceae easily distinguish frolhezilaurinoxylon They have different type of vessel-



ray pits, different types of axial parenchyma distribution, and exclusively homocellular rays
(exceptDuguetiaxylon (Bande, 1973; Estrada-Ruiz, Upchurch, Wheeler and Mack, 2012;
Soares et al., 2017). Besides, oil cells are not mentioned in the original
diagnosis/descriptions @fuguetiaxylonrandPolyalthioxylon(Bande, 1973; Soares et al.,
2017). The rest of the comparable fossil woods (Table 2) are related to the Lauraceae, and
they areBeilschmiedioxylo®upéron-Laudoueneix and Dupér@gryodaphnopsoxylon
Gottwald andCryptocaryoxylorLeisman with scalariform vessel-ray pits, different type of
axial parenchyma and different oil cell distribution (Leisman, 1986; Gottwald, 1992;
Dupéron-Laudoueneix and Dupéron, 20@ihnamomoxyloiGottwald has both simple
and scalariform perforation plates, and oil cells in rays and axial parenchyma (Wheeler and
Manchester, 2002; Dupéron-Laudoueneix and Dupéron, 2008B)niumUnger also has
similar characters (sensu InsideWood, 2004-onwards), but it is a synothguarwfoxylon
which is a nomen conservadum (sensu Dupéron et al., 2008)noxylonFelix emend
Dupéron, Sakala and Dupéron-Laudoueneix has fibers with bordered pits, and the
description is not clear about the type of vessel-ray pits, the septation of the fibers and the
position of the oil cells (Dupéron et al., 2008).

According to the original diagnosis bfezilaurinoxylon it has alternate intervessel
pits and enlarged vessel ray pigezilaurinoxylon oleiferunmas alternate to transitional
intervessel pits and not only enlarged but also small and scalariform vessel-ray pits. We do
not consider those differences significant enough to establish a new fossil-genus.
Consequently, the fossils are described as a new spedieziddurinoxylon

The characteristics dflezilaurinoxylomare commonly found in lauraceous woods:
vessels solitary and in short radial multiples, simple perforation plates, large vessel-ray pits,

paratracheal parenchyma, septate fiber, and oil cells.



5. Results
5.1.Growth rings analysis

Growth ring analysis was carried out only in the conifer woods from the L2
because they all have distinct growth ring boundaries. In the dicot woods from L3, growth
rings boundaries can be observed onlilyrceugenellites grandiporosyrand they are
indistinct and difficult to observe; therefore, these woods were set aside from this analysis.

A total of 70 ring series were measured, most of them short (8-21 rings), because
growth rings are very wide, 2.20 (0.26-5.20) mm (Table 3 and Fig. 6). The minimum
required of ten rings per sequence to calculate the Annual Sensitivity (AS) and the Mean
Sensitivity (MS) indices were counted only in three samples (Table 3 and Figs. 6 and 7).
MPEF-Pb 8388 and MPEF-Pb 8390 (bGQilppressinoxylonshowed to be complacent but,
although both MS values are very similar (0.26 and 0.20), AS values are not (Table 3 and
Fig. 7). This indicates that the sample MPEF-Pb 8388 (with SA values up to 1) could be
affected by extreme climatic events (Table 3 and Fig. 7). The sample MPEF-Pb 8385
(Podocarpoxylon multiparenchymatosusimows AS and MS values typical of a sensitive

wood (Table 3 and Fig. 7).

Except for the sample MPEF-Pb 83&ipressinoxylon artabegall the conifers
have growth rings with 30 or more cells of width and the CSDM curves from Creber and
Chaloner (1984) could be calculated (Fig. 8). The percentage of latewood is low, with a
maximum of 23.39% (Table 4). The rings are type D and E following Creber and Chaloner
(1984) classification. These two types are essentially similar, and both indicate growing

seasons that are relatively uniform, but each has a terminal event representing a cessation or



retardation of cambial activity. In type D, the ring boundary is more marked, while in type

E, it is so faint that it almost escapes notice (Creber and Chaloner, 1984).

Skewvalues are all higher than 12 (Table 4), indicating that all the trees were
evergreen (Falcon-Lang, 2000a). Ring marked index (RMI) values are all low, most of
them lower than 20 (Table 4) except for MPEF-Pb 8387 with a RMI of 23.69. The lower
values would indicate a foliar retention between 3 and 15 years like the Asdanaria
araucana(Molina) K. Koch and a RMI of 23.69 would indicate a foliar retention of 3—-6
years likeCedrus libaniA. Rich.,or 3-5 years lik®icea abiegL.) H. Karst. The low
percentage of latewood with a maximum of 23.39% (Table 4) is also in agreement with
those results. On the other hand, the percentage of diminution has high values (Table 4),
which corresponds to species from deciduous to six years of foliar retention. Making
consensus of the obtained results, the conifer trees from Las Violetas Fossil Forest would

have been evergreen with a foliar retention of about 3—6 years.

False rings are present@upressinoxylon artabeaand cf.CupressinoxyloifTable
3). They are marked by the gradual decrease of tracheid radial diameter and a later gradual

increase of it. This suggests a new water supply before the stop of the growing season.

5.2.Vulnerability and Mesomorphy indices

The Vulnerability (V) and Mesomorphy (M) indices of the dicot fossil wood from
L3 are shown in table 5. The three species have very high values of both indexes (V=2.07—
10.36 and M=4923.44-17897.14), suggesting a markedly mesomorphic environment, with

an abundant water supply and free from frost and/or droughts.

5.3.Wood characters influenced by the environment



Anatomical characters of paleoecological significance in dicot fossil woods from
L3 were analyzed to obtain some general paleoclimatic inferences. The relatively wide
tangential diameter of vessels fityrceugenellites grandiporosuandMezilaurinoxylon
oleiferun) and the low density of vessel per mfim the three taxa) are common in present-
day tropical regions (Van der Graaff and Baas, 1974; Baas and Xinying, 1986;
Schweingruber, 1988; Wheeler and Baas, 1991, 1993; Carlquist, 2001; Baas and Wheeler,
2011). Two of the three taxMyrceugenellites grandiporosuandPatagonoxylon
scalariformg have scalariform perforation plates, a character typical of woods from cool-
temperate to polar climates, or environments with stable humidity (Baas and
Schweingruber, 1987; Wheeler and Baas, 1991, 1993, 2019; Baas, 1982; Wheeler et al.,
2007; Carlquist, 2012). Helical thickenings are absent in the three taxa, and this would be
consistent with tropical and humid environments. However, this character does not appear
until the Eocene in the Southern Hemisphere (Van der Graaff and Baas, 1974; Baas and
Xinying, 1986; Baas and Schweingruber, 1987; Wheeler and Baas, 1991, 1993; Wheeler et
al., 2007; Carlquist, 2001, 2012), and hence it was not included in the paleoclimatic study.
Myrceugenellites grandipororundMezilaurinoxylon oleiferunhave septate fibers, a
character more common in tropical floras than in temperate floras (Schweingruber, 1988;
Baas and Schweingruber, 1987; Wheeler and Baas, 1991; Wheeler et al., 2007). The three
taxa have scanty paratracheal axial parenchyma, which is commonly found (although not
exclusively) in places with low temperatures (Morris et al., 2016; Plavcova et al., 2016).
However, more elaborate patterns of paratracheal axial parenchyma are not common until

the Eocene (Wheeler and Baas, 1991, 1993).



Because we only studied three different dicot woods, the presence or absence of
these indicative characters only allow us to make some suggestions about the past climate

and compare them with the rest of the results.

6. Discussion

6.1.Paleoclimatic inferences from fossil woods

Growth rings boundaries are well marked in all the conifer woods from Las Violetas
Fossil Forest but not in the dicot woods. At present, this situation is common in tropical
regions without a marked seasonality (Wheeler and Bass, 1993). It is notable the average
ring width of ca. 2 mm and the maximum of 5 mm, indicating great periods of growth, with
an abundant water supply and high temperatures (Brea et al., 2005a). These values are
similar than those obtained for other Paleocene forests of the same basin (Table 6). The
percentage of latewood is low, and this could be related to a decrease in the amount of
water availability at the end of the season. AS and MS values are consistent with that;
although they were complacent woods living in an environment without major climatic
disturbances, extreme events could happen eventually such as extreme precipitation or
floods, or on the other hand, prolonged droughts and fires. Growth rings types D and E
(Creber and Chaloner, 1984) reinforce this assumption because they indicate relatively
uniform growing seasons but with a terminal event representing a cessation or retardation

of cambial activity (Creber and Chaloner, 1984).

The high values obtained, both of Vulnerability and Mesomorphy indices (V=2.07—

10.36 and M=4923.44-17897.14) suggest that the early Paleocene in the Golfo San Jorge



Basin was a period of abundant water availability and the dicots were mesophytes or
hydrophytes. The environment was free of frost and/or drought. This suggestion is also
supported by the presence of wood characters influenced by the environment like
scalariform perforation plates (Baas, 1982; Baas and Schweingruber, 1987; Wheeler and
Baas, 1991, 1993; Wheeler et al., 2007; Carlquist, 2012). False rings are in agreement with
a favorable hydric environment too. They suggest water supply fluctuation, which can be

related to additional rains at the end of the growing season.

The most reliable wood characters influenced by the environment to take into
account in this case are the wide tangential diameter of the vessels, the low frequency of
vessels per mMmthe presence of septate fibers, and the absence of helical thickenings.
Those characters are all expected in environments with warm temperatures (Van der Graaff
and Baas, 1974; Baas and Xinying, 1986; Baas and Schweingruber, 1987; Schweingruber,
1988; Wheeler and Baas, 1991; Carlquist, 2001, 2012; Wheeler et al., 2007). On the other
hand, axial parenchyma is scarce in all the samples and in recent floras that could be
considered indicative of low temperatures (Morris et al., 2016; Plavcova et al., 2016;
Wheeler and Baas, 2019). However, during the Paleocene abundant axial parenchyma in
elaborated patterns was not common in the Southern Hemisphere (Wheeler and Baas, 1991,
1993), making this feature unsuitable to use as a paleoclimate indicator in this case. The
same case would be the ring porosity, another feature common in warm environments (and
absent in Las Violetas Fossil Forest) but with a scarce record in the Southern Hemisphere
(Wheeler and Baas, 1991, 1993, 2019; Wheeler et al., 2007; Baas and Wheeler, 2011).
Finally, the scalariform perforation plates are indicative of both cold temperature and

montane tropical climate where water supply is abundant (Baas, 1982; Baas and



Schweingruber, 1987; Wheeler and Baas, 1991, 1993; Wheeler et al., 2007; Carlquist,
2012). Nevertheless, we also have to be cautious with this feature because it is a
plesiomorphic one, and its abundance could be related to age and not with the
environmental conditions. It is important to notice that in all cases, there are only three
different dicots recorded, and the low number of taxa could bias the real proportions of

these anatomical characters in the forest.

6.2.Comparisons with other Paleocene fossil forests

Forests were widely distributed in Patagonia during the Paleocene. Those fossil
forests have also been studied from a paleoenvironmental and paleoclimatic point of view

(Brea et al., 2005a, 2005b, 2011) (Table 6).

Three other fossil forests are known from the Salamanca Formation: 1) Victor
Szlapelis Petrified Forests (45° 57' 31" S - 69° 18’ 49” W), 2) Ormaechea Petrified
Forests (45° 48’ 53” S - 69° 04’ 01” W), and 3) Ameghino Petrified Forest (43° 33’ 12" S
and 66° 15’ 58” W). Gymnosperms dominated these three fossil forests. The woods
described from Victor Szlapelis Petrified Forest (Brea et al., 2005a) have mean growth ring
widths of 1.31-6.03 mm, with a mean width of 2.66 mm. The maximum ring width is 11.30
mm. The Mean Sensitivity (MS) ranges from 0.39 to 1.42, with an average of 0.68 (Table
6). The woods from the Ormaechea Petrified Forest, also known as the Sarmiento Petrified
Forest (Brea et al., 2005b), have a mean growth ring width of 2.10 (0.28-6.59) mm. The
MS values range from 0.34 to 0.95, with an average of 0.59 (Table 6). False rings were

observed in many wood specimens from both of these two fossiliferous localities (Table 6).



All samples have very narrow regions of latewood, indicating a very rapid cessation of
growth. The well-developed earlywood indicates that the trees grew fast in a very favorable
environment during the growing season or may be attributable to the inherent genetic
characteristics of the tree. The presence of false rings and high MS values might reflect that
these trees grew near the forest borders as well as near the climatically-determined limits of
their distribution. Tree rings analysis suggests that these trees grew under warm-temperate
and humid climatic conditions, with dry summers and rainy springs (Brea et al., 2005a).

The high MS (Mean Sensitivity) and AS (Annual Sensitivity) values in these forests

indicate that there was a marked seasonality with extensive favorable growth periods and
restricted unfavorable ones. Las Violetas Fossil Forest is very similar to these two forests,
and the same conditions can be assumed. The only notable difference is the MS mean
value, which is lower in Las Violetas, being in the limit between sensitive and complacent,
and not markedly sensitive like in Victor Szlapelis and Ormaechea Petrified Forests (Table
6). Nevertheless, this might be either due to the lower number of samples or to that the trees
were not in the borders of the forests. Finally, fossil woods from Ameghino Petrified Forest
(Brea et al., 2011), have mean ring widths of 1.23 (1.11-2.69) mm, and this is the only one
that is markedly complacent (MS=0.19), and false rings are not recorded. The uniform
width of the rings is a signal of stable environments where no single limiting factor existed.
This type of growth is correlated with trees that grow in forest interiors (Fritts et al., 1965;

Francis, 1986) and is also a feature of extensive and dense forests (Taylor et al., 1990).

The Bororod Fossil Forest is located 200 km west of the Ameghino Petrified Forest
(Cerro Borord Formation, Paleocene). This forest, like the Las Violetas Fossil Forest, has

not only conifers but also dicot trunks and palm stipes (Petriella, 1972). This forest was



probably humid, with abundant water supply along the entire growing season and had warm

mean annual temperatures higher than 20°C and without frosts (Ruiz, 2018).

Another important plant association from the Salamanca Formation is that of
Palacio de Los Loros, where 36 angiosperm leaf species were described, including some
related with the Myrtaceae and Lauraceae (Iglesias, 2007; Iglesias et al., 2007). Moreover,
using standard techniques of leaf-margin and leaf-area analyses from 33 dicot leaves,
Iglesias et al. (2007) estimated a mean annual temperature of 14.1 + 2.6 °C and mean

annual precipitation of at least 115 cm (+50/-35 cm).

The Antarctic Peninsula also has records of Paleocene forests. One of them is from
the Sobral Formation (Lower Paleocene) in Seymour (Marambio) Island, where
Araucariaceae dominates the assemblage, but also with dicots (Mirabelli et al., 2017).
Growth rings had a width of 1.29 (2.0-4.6) mm and a MS of 0.17 (Francis, 1986).

Overlying the Sobral Formation is the Cross Valley Formation of late Paleocene age, where
there is a virtual absence of angiosperm woods and conifers are dominant, especially the
Araucariaceae (Pujana et al., 2015). Growth rings of Cross Valley Formation are 1.29
(0.67-2.8) mm, narrower than those of the Sobral Formation (Table 6). MS is 0.26, being

complacent like most of the Paleocene forests (Table 6).

Australia has an abundant paleobotanical record, but there are only a few Paleocene
localities like the late Paleocene macroflora from Lake Bungarby that contains at least 40
taxa includingeucryphig Proteaceae, Lauraceae, Cunoniaceae, Podocarpaceae,

Cupressaceae and putatiethofagugHill, 1994).



6.3.Comparisons with extant forests

As mentioned before, conifers and palms are present in L2 and dicots and palms in
L3. Even though those fossiliferous levels could be separated by an undefined period of
time, they probably constituted the same type of fossil forest with continuous development,
free from important environmental changes. Reasons to make this assumption are the
continuous record of palms and the same type of sediments (see also section 6.4). The
record of only conifers in L2 and only dicots in L3 could be due to sampling size or due to
their spatial distribution among the forest. Nowadays, conifers of the Southern Hemisphere
usually occur in patches among angiosperms in mixed forests. This is the case of Andean
Patagonian forests, where stands dominateiusyrocedrus chilensi®. Don) Pic. Serm.
and Bizzarriare is inserted within other forest types, usually with Nothofagaceae, depending
on the latitude (Armesto et al., 1996). Sometimes it is also common an altitudinal zonation,
like in Malaysia, where conifers are dominant at high altitudes near the treeline (3000-3900
m) (Johns, 1982).

Thus, as previously proposed (Ruiz et al., 2017), considering only the conifers, the
closest modern ecological equivalent of the Las Violetas Fossil Forest would be the
rainforests in the coastal areas of New Zealand, New Caledonia, southeastern Australia
(Hill, 1994; Jaffré, 1995), Atlantic forests (Hueck, 1978) and temperate Andean Patagonian
forests (Donoso, 1993; Armesto et al., 1996; Garndner and Lara, 2003). In New Caledonia,
conifers are mostly found in very wet conditions (in dense rainforests, at higher altitudes
and the margins of watercourses) and are adapted to extreme habitat conditions (except for
aridity) (Jaffré, 1995; Farjon, 2007). They also grow along stream-sides and appear

perfectly adjusted to temporary inundation.



Taking into account the dicot woods, these extant forests scenarios also fit well with
the probable environment of Las Violetas Fossil Forest, where the Myrtaceae and Laurales
are the most common dicots in the fossil assemblage until the date. In the north of New
Caledonia, the swampy forests and some degraded coastal sites are dominated by
Myrtaceae species, and only two species of conifers are strictly confined to river margins
and marshes. These d@acrydium guillatiminiilimited to just four localities scattered
along several kilometers on the margins of riversR@tlophyllum mingrwhich grows at
the margins of several watercourses and more rarely on lateritic duricrust in shallow
depressions, flooded from time to time (Jaffré, 1995). The New Caledonia forests are also
rich in palms and tree-ferns such@gatheaSm. andDicksonialL'Hér. (Jaffré, 1995).

Forests with Proteaceae, Myrtaceae, and Lauraceae occur in at least six of the extant
Australian rainforest types (Webb, 1959; Hill, 1994), and a similar scenario is common in
New Guinea. Extant Australian species of Myrtaceae grow as canopy dominants of

subtropical-warm temperate rainforest of the east coast (Hill, 1994).

The Atlantic Forests of South America comprise a dense ombrophilous forest that
encompasses the mixed coastal rainforest with mairdycariaandPodocarpusand
dominated by Lauraceae in the soaotlits distribution, including mangroves, sandy-soil
forests, shrubs and grasslands (Galindo-Leal and Gusmé&o Camara, 2003). In Misiones
(northeastern Argentina), there are evergreen trees, including species of the Lauraceae,
Fabaceae, Myrtaceae, and Meliaceae, among others, and also palms. No species is
dominant because many species share space in densities that vary as a result of small soil or

microclimatic differences. This area counts with clear water rivers, stone-filled channels,



rapids and falls, and deep alluvial soils on their banks (Galindo-Leal and Gusmé&o Camara,
2003).

Mediterranean region of central Chile has a mesophytic vegetation, with
precipitation of 20—100 cm/year and mean annual temperatures between 15-20° C. The
flora is characterized by a Chilean endemic pdumbaea chilensigMolina) Baill,
restricted to some humid valleys and piedmonts of the Relict Coastal Cordillera in the
Maule Region (32—-34°S). It coexists with Rosaceae, Lauraceae, Cunoniaceae, Winteraceae,
Myrtaceae. and Nothofagaceae. In these forests, there are also Cupressaceae in pure stands
and confined to the margins of rivers (Donoso, 1993; Armesto et al., 1996; Garndner and
Lara, 2003).

The presence of palm remains in Las Violetas Fossil Forest is an important
component of the fossil association from the environmental point of view. Palms occur
nowadays in the forests mentioned before, with a distribution mostly limited by the 18° C
mean annual temperature isotherm. The only exceptions are New Zealand with an isotherm
of 12° C (Volkheimer, 1971) and El Maule in Chile with a 15° C isotherm (Flores et al.,
2016). Although the detailed anatomy descriptions of the palm stipes and fruits from Las
Violetas Fossil Forest is still in preparation, it is relevant for this paleoenvironmental study
to mention and highlight that some of the fossil stipes present aerenchyma (Fig. 9). This
type of parenchyma is present in plants that grow in anoxic soils and could indicate hypoxic
or temporarily flooded soils, where air spaces or channels in the stipes allows exchanges of

gases in the submerged tissues.

6.4.Paleoenvironmental reconstruction



As was interpreted in previous works (Clyde et al., 2014; Comer et al., 2015; Ruiz
et al., 2017), the flora of the Salamanca Formation grew in coastal lowland forests
associated with a tidal estuarine environment. Similarly to the previously analyzed L2
(Ruiz et al., 2017), fossil plants of the currently analyzed L3 appear to have been deposited
not far from where they grew (i.e., the association of diverse big trunks with different
preservation, together with unrounded branches and twigs, and rounded fruits).
Consequently, we consider plant fossil assemblages of the L3 as a parautochtonous
association (following Gastaldo, 2001) that was not transported out of their habitat (i.e.,
was preserved in their growth environment, although not in life position) to the burial sites.
In estuarine settings as those of the Salamanca Formation, intertidal flat areas (i.e., tidal
flat, tidal sand flats, coastal marshes), the margins of tidal channels, and terrestrial
freshwater settings (i.e., stream banks and exposed bar forms) can develop soils that

support marginal or riparian vegetation (e.g., Allen and Gastaldo, 2006).

Considering that L2 and L3 are parautochtonous assemblages, it is possible that
these plants were living close to their depositional setting (tidal channels and tidal bars),
possibly on the margins of the channels and/or on exposed bars between channel belts,
where well-drained soils can develop. Channel erosion during high-velocity floods or tidal
cycles would have undercut channel bank margins, incorporating the plants into the
adjacent channel. Nevertheless, we do not discard the possibility that some plants (e.g.,
palms) were living in environments with greater moisture availability, impeded drainage,
and lower elevation than between channel belts, subjected to periodic floods or tidal cycles.
Although there are no preserved paleosol levels or rooting bases in L2 and L3 that would

represent the substratum where plants grew and can provide paleoclimatic information,



plant macrofossils suggest that Las Violetas Fossil Forest was a rainforest. Modern and
ancient soils that support tropical and warm-humid forests, like those of the Las Violetas
Fossil Forest, are Oxisols (tropical deeply weathered soils) and Ultisols (base-poor forest
soils) (Retallack, 2001). Paleo-Ultisols and -Oxisols can include Fe-rich indurated horizons
(duricrusts and plinthites) (Retallack, 2001; Krause et al., 2010; Raigemborn et al., 2018b).
For example, modern-day analogs for the hypothesized paleosols of the Salamanca
Formation occur in Misiones (northeastern Argentina; ~27° SL) where the native forest

develops over red Fe-rich and well-drained Oxisols and Ultisols (e.g., Panigatti, 2010).

Using the mineralization and coloring of fossilized woods (i.e., presence of
chemical elements), we can speculate about their preservational environment (e.qg.,
Williams et al., 2010; Mustoe and Acosta, 2016). According to Buurman (1972), the
silicification of woods, as in the L2 and L3, is favored by warm and humid climates and
porous host-rocks that allow percolating of silica-rich groundwater (Buurman, 1972). In
both L2 and L3, there are specimens with yellow-orange- and green-hues. These colors
could be attributed mainly to the occurrence of trace amounts of Fe in the structure of silica
(e.g., Mustoe and Acosta, 2016). The source of colorant phases, in this case the Fe, could
be derived from matrix enclosing the buried woods and/or derived from elements
transported from a more distant source by groundwater (Mustoe and Acosta, 2016). In both
study cases, plants of L2 and L3 are preserved in greenish coarse facies (conglomerates and
sandstones) containing glauconite (see Ruiz et al., 2017), a Fe-rich green mineral, which
could be a source for Fe in these woods. However, we do not dismiss the possibility that
groundwater transported Fe from the hypothesized Fe-rich soils (i.e., Ultisols and Oxisols)

where the plants grew. These types of soils are rich in Fe-minerals such as hematite (red)



and goethite (yellow-brown), which would source the pigment for coloring silicified woods

of the Las Violetas Fossil Forest.

7. Conclusions

Las Violetas Fossil Forest developed during the early Paleocene in the north of the
Golfo San Jorge Basin. In the early stages, the forest comprised a variety of conifers and

also palms (L2), and later woody angiosperms appear (L3).

The fossil assemblage of L2 and L3 represents a parautochtonous fossil plant
association that lived either on the margins of channels or along exposed bars in well-
drained soils, probably tropical red-soils like Ultisols and/or Oxisols, developed close to
their depositional setting (tidal channels and bars of an estuary). Warm and humid
conditions, together with the porous nature of the channels and bars that host the fossils,
favored the silicification of woods and its pigmentation with Fe, resulting in yellow-orange

and green fossil woods.

All the wood samples of the L3 are angiosperms. They include a new species of
Myrtaceae lyrceugenellites grandiporosyma new species of Lauraceae
(Mezilaurinoxylon oleiferum and a new genus related to the Laurdkagggonoxylon

scalariformg.

Fossil tree ring analysis, Vulnerability and Mesomorphy indices, and the analysis of
wood characters influenced by the environment suggest that this was an evergreen forest

that developed under relatively uniform growing seasons, abundant water supply, and high



mean annual temperatures, where frosts and droughts were uncommon or absent. Eventual

excesses of water, including flooding, could have occurred.

These paleoenvironmental and paleoclimatological conclusions are in agreement
with the ones observed in other fossil forests of similar ages in Patagonia, Antarctica, and

Australasia.

The systematic composition of the fossil forest also agrees with the paleoclimatic
and paleoenvironmental inferences. The same association of families, including
Cupressaceae and/or Podocarpaceae, Lauraceae, Myrtaceae, and palms, are found
nowadays in warm-temperate and humid evergreen forests. Their extant equivalents of Las
Violetas Fossil Forest would be forests like those found in Australasia, the Maule Region

(in Chile), and the Atlantic Forest (Southern Brazil and Misiones Province in Argentina).
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FIGURES

Fig. 1. Location of the study area. A- Map showing position and boundaries of the
Cretaceous Golfo San Jorge Basin (long-dash line) and limits of the North Flank (short-
dash line) following Figari et al. (1999), and the position of the study area. B- Geological
map of the Estancia Las Violetas area, showing the position of the Las Violetas forest

(modified from Raigemborn et al., 2010 and Ruiz et al., 2017). C- General appearance of



the Cenozoic outcrops at the study area (SF: Salamanca Formation; RCG: Rio Chico

Group; CF: Chenque Formatiof@-column]

Fig. 2. Sedimentary profile, at Estancia Las Violetas locality showing the position of the
fossiliferous plant levels (L1 to L4). FAL to FA4 corresponds to the facies associations

described and interpreted in Ruiz et al. (2017). [2-column]

Fig. 3. Myrceugendlites grandiporosum M PEF-Pb 8393. A-B- TS: a general view and
indistinct growth ring boundaries (arrowheads). C-D- TS: diffuse axial parenchyma (white
arrowheads) and scanty paratracheal axial parenchyma (black arrowheads). E-F- RLS:
scalariform perforation plates. G- TLS: scalariform perforation plate with some forked bars
(white arrowhead). H- TLS: scalariform to opposite intervessel pits (black arrowhead) and
opposite intervessel pits (white arrowhead). |- TLS: opposite intervessel pits. J- RLS:
general view of a heterocellular ray and ray-vessel pits (arrowhead). K-M- RLS: circular,
bordered, and opposite ray-vessel pits (white arrowheads). N- TLS: general view with
uniseriate rays and partly biseriate rays (arrowhead). O- TLS: scanty paratracheal axial
parenchyma (white arrowhead) and fibers with bordered pits (black arrowhead). P- TLS:
diffuse axial parenchyma (white arrowhead) and parenchyma ray cells with dark contents
(black arrowhead). Q- TLS: detail of fiber pits (white arrowhead) and axial parenchyma
pits (black arrowhead). Bars: A: 1 mm, B,N: 508; C,J,0: 20Qum; E-G,P: 10Qum;

D,H,I,K—M,Q: 50pum. [2-column]

Fig. 4- Patagonoxylon scalariforme M PEF-Pb 8399. A-B- TS: general view. C- TS: axial

parenchyma (black arrowheads) and oil cell (white arrowhead). D- TS: axial parenchyma



(arrowhead). E—F- RLS: scalariform perforation plates. G—H- TLS: scalariform to opposite
intervessel pits. |- TLS: opposite intervessel pits. J- RLS: general view with homocellular
rays and scalariform perforation plates (arrowhead). K—L- RLS: vessel-ray pits
(arrowheads). M- TLS: general view of multiseriate rays. N- TLS: multiseriate rays with oil
cells (arrowhead). O- TLS: diffuse axial parenchyma (arrowhead). P- LTS: scanty
paratracheal axial parenchyma (arrowhead) and tyloses (black arrowhead). Q- TLS: oil
cells detail (arrowhead). R-S- TLS: fibers with bordered pits (arrowheads) ABA/st:

500um; C,J,N: 20Qum; O,P: 10Qum; D—I,K,L,Q-S: 50um. [2-column]

Fig. 5- Mezlaurinoxylon oleiferum M PEF-Pb 8400. A- TS: general view. B-C - TS:

tyloses (white arrowheads) and oil cells (black arrowheads). D - TS: paratracheal axial
parenchyma (arrowheads). E- RLS: simple perforation plates (white arrowheads). F- TLS:
opposite to alternate intervessel (white arrowhead) and oil cell detail (black arrowhead). G-
TLS: transitional and alternate intervessel pits and scanty paratracheal axial parenchyma
(white arrowheads). H-I- RLS: transitional and alternate intervessel pits probably vestured
(white arrowheads). J- RLS: general view of heterocellular rays and oil cells (white
arrowheads). K- RLS: enlarged vessel-ray pits (white arrowhead) and small opposite
vessel-ray pits (black arrowhead). L-G- RLS: enlarged vessel-ray pits detail (white
arrowhead) and ray parenchyma cell with dark contents (black arrowhead). M- RLS:
scalariform vessel-ray pits N- RLS: detail of oil cells. O- TLS: tyloses (black arrowheads)
and oil cell in a ray (white arrowheads). P- TLS: septate fibers (white arrowheads) and oll
cells (black arrowhead). Q- TLS: oil cell among fibers (white arrowhead) and scanty
paratracheal axial parenchyma (black arrowhead). R- TS: fungal hyphae (white arrowhead).

S- TLS: fungal conidia (black arrowhealy) PEF-Pb 8401. T- TLS: fungal hyphae (white



arrowhead). Bars: A,J,0: 5Q@0n; B,E,P,Q: 20Qum; C,K: 100um; D,F,G,H,L-N,T: 50

um; I,R,S: 25um. [2-column]

Fig. 6- Graphics showing variation in growth-ring sequences of the samples with more than

ten rings. Ring width in mm. [Single column]

Fig. 7- Histograms of annual sensitivities (AS). The pointed lines indicate the position of

the Mean Sensitivity (MS]Single column]

Fig. 8- Mean tracheid radial diameters of one cell increment (continuous line) and CSDM
curves (pointed line) both wm. The vertical lines mark the zenith of the curve, and their
position at the right side respect the center of the CSDM curve indicates the trees were

evergreen. [2-column]

Fig. 9-Palmoxylon sp. MPEF-Pb 8401. A-B- TS: aerenchyma (arrowheads). Bars: A: 500

um; B: 200pm. [Single column]



Table 1

Comparison of anatomical wood features amitygceugenellites speciesGR (growth rings): P= presents, I= indistinct, Dstilict;

Po (Porosity): D= difusse-porous wood; VA (vessel arrangement): S= solitary, R= in radial multiples, P= pairs, G= in groups; PP
(perforation plates): S= scalariform, number of bars in parentheses; VETD (vessel elements mean tangential diaméEr) in

(intervessel pits): E= scalariform, O= opposite; AP (axial parenchyma): SP= scanty paratracheal, D= difusse, A= absent; R (rays): He=
heterocellular, Ho= homocellulars; RS (rays seriation); RVP (ray vessels pits); F (fibers with bordered pits): P= present, A= absent;
OC (oil cells): A= absent, P= present. In bold are the characters shatityg deygenellites grandiporosum and the other fossil

species.
Fossil-species Formation GR Po VA vessels per o, VETD  IP AP R RS Raysper  pvp F ocC
and age mm mm
Myrceugenellites Salamanca Fm. | D S 14 S 145 EtoO SP, He, 1s and 10-15 Bordered, P A
grandiporosum (Paleocene), Chubut, (R, A) (9-20) (24-44) D Ho 2-3s with 1s circular and
sp. nov. Ruiz, Brea Argentina extremes opposite
and Pujana, this
paper
Myrceugenellites Mina Chilena Fm. (Late D D S 430 S 42.5 EtoO D He 2(3)swith1s ? Scalariformto ? A
maytenoides Oligocene—Early (R, G) (200-590)  (14-60) extremes, circular and
Nishida, Nishida Miocene) and/or The rarely 1s opposite
and Nasa, 1988 Filaret Fm. (Late
Miocene), Cerro
Dorotea, Chile
Myrceugenellites Rio Leona Fm. D D S, P 250 S 29 (0] ? ? 1s and 2s with 10-16 Bordered, P A
oligocenum Pujana, (Miocene), Santa Cruz, (102-380) (25-45) 1s extremes circular and
2009 Argentina opposite




Table 2

Comparative features of fossil-genera with diffuse porous wood, rays with 4 or more cells wide and presence of oil cells. VA (vessel arrangement): So=
solitary, R=in radial multiples, C= in clusters; PP (perforation plates): Sca= Scalariform, Si= simple; IP (intervessel pits): O= opposite, Alt= alternate, Sca=
scalarifom; VRP (vessel-ray pits); AP (axial parenchyma): SP= scanty paratracheal, Pa= paratracheal, VC= vasicentric, Al= Aliform, Co= confluent, B=
banded, R= reticular, T=terminal, Di= diffuse; SF (septate fibers): A=absent, P= present; FB (fibers with bordered pits): A= absent, P= present; Rays: He=
heterocellular, Ho= homocellular; RW (ray width) in cells. DOC (distribution of oil cells). In bold are the characters sharing by Patagonoxylon and other

fossil genera.

Fossil-genera VA PP 1P VRP AP Rays DOC Comments and other characters
Patagoxylon gen. nov. Ruiz, So, R Sca Scato O  Scalariform SP,D He, Ho In rays
Brea and Pujana, this paper
Beilschmiedioxylon Dupéron- So, C Si Alt Scalariform Pa,B, T He Among fibers
Laudoueneix and Dupéron, 2005
Caryodaphnopsoxylon Gottwald,  So, R Si Alt Scalariform VC He Among axial
1992 parenchyma
Cinnamomoxylon Gottwald, So, R Si Alt Oval to VC, Al, He In rays and axial
1997 and scalariform SP aprenchyma

Sca
Cryptocaryoxylon Leisman, 1986 So, R Si Alt Scalariform B Ho Occasionally in

groups, in rays

Laurinoxylon Felix, 1883 emend So, R Si, Si Alt ? Pa He ? Rays>1mm high
Dupéron, Sakala and Dupéron- and
Laudoueneix, 2008 Sca
Mezilaurinoxylon Wheeler and So, R Si Alt Oval to SF, vC He In rays
Manchester, 2002 windows like
Atherospermoxylon (Krausel, So, R Sca ScatoO Ovalto Di He Absent or in rays Rays commonly <1mm high
1939) Madel, 1960 scalariform
Protoatherospermoxylon Médel,  So, R Sca ScatoO Ovalto Di He In rays Rays commonly >1mm high
1960 scalariform
Duguetiaxylon Amaral Soares, So, R Si Alt Alternate B Ho, He In rays Oil cells not mentioned in the
Cabral Kloster, Gnaedinger, generic diagnosis but present in
Riker, da Cruz Lima and Motta, Present irD. amazonicum
2017
Pygmaeoxylon Estrada-Ruiz, So, R Si Alt Scalariform SP Ho In rays Vessels <10@um in diameter
Upchurch,
Wheeler and Mack, 2012
Polyalthioxylon Bande, 1973 So, F, Si Alt ? VC,B,R Ho In rays Qil cells are not mention in the

original description




Table3

Summary of the growth-ring data of Paleocene conifer wood from the fossiliferous level
L2. MRW: mean ring width, MaW: maximal ring width, MiW: minimal ring width, SD:
standard deviation, AS: Annual Sensitivity, MS: Mean Sensitivity. Width values in mm.

Sample No. of False Frost .

numger growth ring rings rings MRW Maw Miw o AS MS
MPEF-Pb 8385 14 0 0 1.59 3.00 0.26 0.79 0.00-1.54 0.41
MPEF-Pb 8386 7 0 0 2.25 3.55 1.32 0.87 -
MPEF-Pb 8387 8 0 0 3.75 5.20 0.86 151 ---
MPEF-Pb 8388 21 3 0 0.80 1.42 0.27 0.33 0.01-1.01 0.26
MPEF-Pb 8389 9 1 0 2.16 291 0.87 0.76 -
MPEF-Pb 8390 11 0 0 2.67 4.17 1.57 0.81 0.01-0.46 0.20
Mean 0 2.20 3.75 0.86 0.84 0.01-1.00 0.29




Table4
Results of the quantification of growth-rings markedness parameters of Paleocene
conifer woods from the fossiliferous level L2. RMI: Ring Markness Index.

Sample number Per centage of Per centage Skew Pgrgentgge of RMI
earlywood of latewood percentage diminution

MPEF-Pb 8385 93.15% 6.85% 67.12% 71.44% 4.89

MPEF-Pb 8386 78.43% 21.57% 13.72% 70.61% 15.23

MPEF-Pb 8387 76.61% 23.39% 47,22% 89.78% 23.69

M PEF-Pb 8389 86.00 % 14.00% 22.00% 69.60% 11.13

MPEF-Pb 8390 86.36% 13.64% 36.36% 71.94% 9.80




Table5
Anatomical wood data of Paleocene dicot woods from the fossiliferous level L3 used to
calculate the Vulnerability Index (V) and the Mesomorphy Index (M).

Vessel tangential  Vesselsper Vessel v M
diameter square mm? elements lenght
Myrceugenellites grandiporosum 145 14 1728 10.36 17897.14
Patagonoxylon scalariforme 60 29 771 2.07 1595.17

Mezilaurinoxylon oleiferum 137 16 575 8.56 4923.44




Table 6

Comparison of results in growth rings analysis of Paleocene forests in Patagonia and Antarctica. AS: Annual Sensivity, MS

Sensivity, S: sensitive, C: complacent, P: present, A: absent.

Fossil forest Formation N° of analyzed Mean ring Mean interval Minimum Maximum Interval of Mean Interval of MS False
rings width of ring widths ring width ring width AS values MS values rings

Victor Szlapelis, Salamanca Fm

Chubut, Argentina (Brea " 236 2.66 1.31-6.03 0.17 11.30 0-1.70 0.68 (S) 0.39-1.42 P
(Paleocene)

et al., 2005a)

Ormachaea, Chubut , Salamanca Fm

Argentina (Brea et al., (Paleocene) T 2.10 0.28 6.59 0.59 (S) 0.34 -0.95 P

2005b)

Ameghino, Chubut, Salamanca Fm

Argentina (Brea et al., © 169 1.23 1.11-2.69 0.63 3.62 0.05-0.72 0.19 (C) 0.09-0.29 ---
(Paleocene)

2011)

Las Violetas, Chubut, - Salamanca Fm. 2.20 0.86-3.75 0.26 5.20 0.01-1.00 029(C)  0.20-0.40 P

Argentina (this paper)  (Paleocene)

Seymour Island Sobral Fm.

(Francis, 1986) (Paleocene) 21 2.58 2.00 460 017(C) - A

Seymour Island Cross Valley 56 1.29 0.67 2.80 0.26 (C) » A

(Francis, 1986)

Fm. (Paleocene)

: Mean
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Highlights

The mixed forest Las Violetas developed in Central Patagonia during the Paleocene.
Dicots of the fossil forest were represented by Myrtaceae and Lauraceae.

The forest represents a parautochtonous association of plants living on an estuary.

Fossil woods analysis suggest a warm-temperate and humid evergreen forest.
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