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Abstract: Nothofagus sp. cf. N. obliqua, Nothofagus sp. aff. Nothofagus alessandri and Nothofagus magel-
haenica are reported for the first time for the Paleogene Rio Turbio Formation along with another five fossil-
species: Nothofagus simplicidens, Nothofagus variabilis, Nothofagus lanceolata, Nothofagus subferruginea and
Nothofagus dicksonii. Around one hundred specimens of fossil leaves were recorded and analysed throughout the
unit, but they are fairly more abundant in the upper member of the Rio Turbio Formation where they reach 68%
of the overall assemblage. The observed increasing trend in Nothofagus abundance throughout the unit coincides
with the beginning of the flora turnover that characterized Patagonian ecosystems from the Late Eocene onwards
and it is in agreement with the marked global cooling trend of the terminal Paleogene.
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Resumen: Hojas fosiles de Nothofagus (Nothofagaceae) provenientes de la Formacién Rio Turbio
(Eocene-?0ligocene), Provincia de Santa Cruz, Argentina. Nothofagus sp. cf. N. obliqua, Nothofagus sp.
aff. Nothofagus alessandri y Nothofagus magelhaenica son registradas por primera vez para la Formacion Rio
Turbio (provincia de Santa Cruz, Argentina) junto con otras cinco especies fésiles: Nothofagus simplicidens,
Nothofagus variabilis, Nothofagus lanceolata, Nothofagus subferruginea y Nothofagus dicksonii. Alrededor de
cien especimenes f6siles fueron registrados y analizados a lo largo de toda la formacién, resultando ser mucho
mas abundantes en el miembro superior de la unidad dénde se encuentra representando el 68% de la asociacién
recuperada. El aumento observado en la abundancia de los ejemplares de Nothofagus a lo largo de la unidad,
coincide con el comienzo del cambio floristico observado en el ecosistema patagénico que tuvo lugar a partir del
Eoceno tardio siendo ademaés coincidente con el descenso en las temperaturas globales que se registran hacia fines
del Paleégeno.
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INTRODUCTION Chile (McQueen, 1976; Donoso, 1996). Below 372
south in both, Chile and Argentina, Nothofagus
occurs in two broad types of forests: temperate
rainforests on climatically favourable sites, gene-
rally associated with Maytenus magellanica, Dri-
mys winteri, Pilgerodendron uviferum and Em-
bothrium coccineum among others and, a pure or
nearly pure Nothofagus forests on less favoura-
ble sites referred to as Patagonian or Subantartic
Nothofagus forests (Veblen et al., 1996). In parti-
cular, the extant vegetation of the Rio Turbio area
corresponds to an ecotone between the Patago-

Nothofagus Blume belongs to the monogene-
ric family Nothofagaceae and includes 43 extant
species of trees (Christenhusz & Byng, 2016)
grouped in four monophyletic subgenera (Hill &
Read, 1991). The temperate subgenera (Notho-
fagus, Lophozonia and Fuscospora) are mainly
distributed in temperate regions of the Southern
Hemisphere (New Zealand, Australia and South
America) with some taxa (subgenus Brassospo-
ra) extending northward into the tropics (New
Guinea and New Caledonia). In South America,

Nothofagaceae is represented by 10 species, most
of them deciduous, distributed in the Andean Re-
gion from 33° to 56° S latitude, with the northern
limit determined by the seasonally arid condi-
tions of the Mediterranean climate of central

nian cool temperate rainforest dominated by No-
thofagus pumilio (Poepp. & Endl.) Krasser (Len-
ga) followed by Nothofagus antarctica (G.Forst.)
Oerst. (Nire) (Leon et al., 1998; Cavallaro, 2006)
and the steppe dominated by shrubs and herbs.
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The oldest fossil records of Nothofagus came
from the Upper Cretaceous of Antarctica (Cam-
panian, c¢. 83 Ma), South America and Australia
(Maastrichtian, ¢. 70 Ma) and correspond to po-
llen grains (Romero, 1973; Archangelsky & Ro-
mero, 1974; Dettmann et al., 1990; Dettmann,
1994; Dutra & Batten, 2000; Moreira Munoz,
2004). Imprints of leaves related to Nothofagus
were recently mentioned by Leppe et al. (2017)
from the Lower Maastrichtian of Chile but these
fossils remain undescribed in detail. Confident
imprints of leaves with Nothofagus affinity were
recorded in the Paleocene of Antarctica (Dusén,
1908; Tosolini et al., 2013) and in the Paleocene/
Eocene boundary of central Patagonia (Okuda et
al., 2006; Hinojosa et al., 2015) but the lineage
only became widespread and diverse after the
middle Eocene becoming more abundant during
the Oligocene (Barreda & Palazzesi, 2007; Hino-
josa, 2015). Moreover, the middle Eocene-early
Oligocene interval was characterized by the inva-
sion of Nothofagus forests in Patagonia in close
agreement with a marked cooling trend (Barreda
& Palazzesi, 2007). Fossil woods of Nothofaga-
ceae were recorded from several regions in An-
tarctica (Poole, 2002 and references therein) and
in Patagonia (Poole, 2002; Pujana, 2009; Brea
et al., 2015; Pujana et al., 2015; Egerton et al.,
2016; Terada et al., 2006). Records of Nothofa-
gacean leaves from the Paleogene of Patagonia
are fairly abundant (eg. Enghelhardt, 1891; Du-
sén, 1899; Fiori 1931, 1939, 1940; Troncoso &
Encinas, 2006; Torres et al., 2009; Panti, 2008,
2010, 2011; Vento & Pramparo, 2016, 2018; Cé-
sari et al., 2015). In particular, for the Rio Turbio
Formation, fossil leaves of Nothofagus only have
been mentioned and sometimes described for iso-
lated localities (Tab. 1). This is the first attempt
to analyse the record of the family throughout
the entire Formation, a unit deposited during the
time of expansion of Nothofagus in Patagonia.

In this paper 107 specimens referable to 8
taxonomic units of Nothofagus are described.
Some of them are reported for the first time for
the Rio Turbio Formation. Distribution of fossil
Nothofagacean leaves throughout the unit is also
analysed with the aim of quantifying the disper-
sion of the southern beach forests in southern
Patagonia during the Eocene/Oligocene.

Geological Settings

The Rio Turbio Formation (RTF) (Leanza,
1972) crops out in the south western tip of Santa
Cruz province, Argentina (Fig. 1) and is mainly
composed of mudstones and sandstones deposited

in shallow marine and estuarine environments
during a period of sea level rise (Malumién et al.,
2000). This sequence overlies the Early Paleoce-
ne Cerro Dorotea Formation and is separated by
an erosional contact from the overlying Rio Gui-
llermo Formation (Guerstein et al., 2014). The
unit was informally divided into two members:
lower and upper (Malumian & Caramés, 1997).
Micro and mega-faunistic differences along with
the existence of a glauconitic level at the base of
the upper member point towards the presence of
at least one hiatus of indefinable magnitude bet-
ween both members (Malumiéan ez al., 2000). The
Rio Turbio Formation is recognized in literature
by its abundant fossil plant content; it includes
leaves, woods and palynomorphs (Berry, 1937,
Frengiielli, 1941; Hiinicken, 1955, 1967, 1995;
Archangelsky, 1968, 1969, 1972, Archangelsky &
Fasola, 1971; Romero, 1977; Romero & Castro,
1986; Romero & Zamaloa, 1985; Ancibor, 1990;
Brea, 1993; Pujana, 2008; Pujana & Ruiz, 2017,
Panti, 2010, 2014a, 2018 and Fernandez et al.,
2012).

Evidence for the age of the RTF comes
mainly from two sources. Dinoflagellates suggest
an early/middle Eocene and middle/late Eocene
ages for the lower and upper members, respecti-
vely (Guerstein et al., 2010; Gonzalez Estebenet
et al., 2015). Detrital zircon U/Pb geochronology
(Fosdick et al., 2015) restricts the lower member
to the Eocene (47-46 Ma) and indicate a signifi-
cantly younger age for the upper member, Eoce-
ne-Oligocene (34-27 Ma).

MATERIALS AND METHODS

The leaf imprints described in this paper
were collected by the author in different out-
crops where both, lower and upper members are
exposed (Fig. 2). Because leaves imprints lack
organic preservation, comparisons and identi-
fication of the fossil impressions were made by
use of autopomorphies at species level and then
at the generic level by default (Hill, 2001). The
specimens with well-preserved venation were
studied using modern leaf architectural analysis.
Terminology and systematic descriptions follow
Ellis et al. (2009) and Hickey & Wolfe (1975). For
detailed illustration and detailed analysis, speci-
mens were photographed under unilateral low-
angle light with a Nikon DS.Fil-U2 digital came-
ra attached to a Nikon SMZ800 stereomicrosco-
pe. Draws of the venation patterns and scaling
of images were accomplished using Corel Draw
X7. Suprageneric nomenclature follows APG IV
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Fig. 1. Location map (A) and location-bearing samples (B). LM: Lower member; UM: Upper member.

Table 1. Species of Nothofagus mentioned and/or described for the Rio Turbio Formation.

Presence at

Nothofagus species the Rio Turbio References
Formation

Nothofagus australis Dusén Upper Member Frenguelli (1941)

Nothofagus variabilis Dusén Lower and Upper Berry (1937); Frenguelli (1941); Hiinicken
Member (1967)

Nothofagus elongata Dusén emend. Romero Lower and Upper Berry (1937); Frenguelli (1941); Hiinicken

& Dibbern Member (1967)

Nothofagus densi-nervosa Dusén Lower Member Hiinicken (1967)

Nothofagus subferruginea (Dusén) Tanai Lower and Upper Berry (1937); Frenguelli (1941); Hiinicken
Member (1967)

Nothofagus simplicidens Dusén Upper Member Frenguelli (1941); Vento & Pramparo (2018)

Nothofagus dicksoni (Dusén) Tanai Upper Member Berry (1937); Frenguelli (1941)

Nothofagus densinervosa Dusén Lower Member Hiinicken (1967).

Nothofagus serrulata Dusén Lower Member Hiinicken (1967).

Nothofagus lanceolata Dusén Upper Member Frenguelli (1941)

Nothofagus sp Lower Member Hiinicken (1967).

(2016). Plant fossils are held in the Paleobota-
nical Collection of the Museo Regional Padre
Manuel Jests Molina (MPM PB) located in Rio
Gallegos, Santa Cruz province, Argentina.

RESULTS
Systematic Palaeontology

Order FAGALES Engler, 1892
Family NOTHOFAGACEAE Kuprian, 1962

Genus Nothofagus Blume, 1851

Type species. Nothofagus antarctica (G. Forster)
Oersted, 1871

The genus Nothofagus is divided into four mo-
nophyletic subgenera Brassospora Nothofagus,
Lophozonia and Fuscospora, based on pollen, leaf
and reproductive morphology (Dettman et al.,
1990; Hill & Read, 1991). All recently inferred
phylogenies (Hill & Jordan, 1993; Manos, 1997;
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Fig. 2. Schematic log of the Rio Turbio Formation
showing the location of the samples. LM: Lower mem-
ber (A); UM: Upper member (B).

Jordan & Hill, 1999; Knapp et al., 2005; Sauquet
et al., 2012; Vento & Agrain, 2018) support the
monophyly of these four subgenera. Recently,
Vento & Agrain (2018) tested the relationships of
some South America fossil-species of Nothofagus
with the four monophyletic subgenera, suppor-
ting their hypothesis that fossils Nothofagus are
closely related to the modern species currently
distributed in Southern Patagonia.

South American Nothofagus leaves have pin-
nate venation with simple craspedodromous,
curved or recurved secondaries and at least one

outer secondary; tertiary veins orthogonal reti-
culate or percurrent, highest vein order is always
fifth, marginal venation is looped with open loops
and areoles always small (Romero 1980, Gandol-
fo & Romero 1992, Premoli 1996). Fossil leaves of
Nothofagus vary from very small (less than 1 cm
in length) to medium-sized forms (about 9 cm)
with rounded to acute marginal teeth, and a few
to many secondary veins (Tanai, 1986). All the
leaves here described are simple, with variable
shape and symmetry. The margin can be serrate
or crenate with simple or compound teeth. The
venation is pinnate and simple craspedodromous
with secondaries veins variable in number (7 to
at least 10 pairs) and straight or curved towards
the margin. The secondary veins emerge at acu-
te angles from the midvein (402-602). Tertiary
veins percurrent, straight or sinuous and obtuse
to the midvein. Four and fifth order veins are re-
ticular and some have fimbrial and none, one or
two agrophic veins.

Following the strict consensus tree obtai-
ned by Vento & Agrain (2018) and based on the
comparison of the fossil studied with the extant
species, the fossils described where grouped
according to its possible subgenus categories.

Subgenus Nothofagus Hill & Read 1991
Nothofagus simplicidens Dusén, 1899
Fig. 3(A-C), Fig. 6 (A-B)

1899 Nothofagus simplicidens Dusén, p. 100, pl. 9, figs.
20-25.

1899 Nothofagus magellanica (Engelhardt) Dusén;
[part]. ibid. p. 97, pl. 10, figs. 8, 10-11 (non figs.
2,7,9).

1899 Nothofagus australis Dusén. ibid. p. 100, pl. 8,
figs. 9-10.

1939 Nothofagus australis Dusén; Fiori, p. 49, pl. 1, fig.
14.

1939 Nothofagus cf. lanceolata Dusén; Fiori, p. 49, pl.
1, figs. 19-20.

1891 Fagus magelhaenica Engelhardt; p. 648, pl. 2, fig.
19 (non figs. 17-18).

1931 ? Fagus cf. dicksoni Dusén; Fiori, p. 112; pl. 1,
fig. 13.

Material. MPM PB 3132 A-B (Lm24), MPM PB
3152 a/b (Lm29), MPM PB 3160 (Lm24); MPM
PB 3001 (Um11), MPM PB 3153 B (Um7)-3154
a/b (Um9), MPM PB 3155-3157 a/b (Um9a),
MPM PB 3158 (Um10)-3159 A (Um9a), MPM
PB 18309 (Um11).

Description. Leaf simple, symmetrical. Lami-
nar shape oblong to ovate, the apex wide-acute,
convex, base rounded to convex. Lamina ap-
proximately 2.5 cm long by 1.2 cm wide. Petiole
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marginal. Margin toothed, serrate and crenate.
Teeth simple, convex/convex, regular spaced and
angular sinuses. Secondary veins ending in the
simple teeth, entering along the basal side of
the tooth. Venation pinnate and simple craspe-
dodromous, the primary vein moderately thick
and nearly straight. At least 7 pairs of secondary
veins emerging at acute divergence angle of less
than or equal to 419, straight in course curving
up near the margin. Tertiary order venation per-
current, straight to sinuous, with obtuse angle in
relation to the midvein. Quaternary veins poorly
preserved, seems to be reticulate.

Remarks. The leaf shape along with the vena-
tion pattern and the convex/convex simple tooth
shape are characters that match the description
of Nothofagus simplicidens. This species was
formerly described by Dusén (1899) as petiolate
leaves of variable size and shape, mainly oblong
to oval (sometimes lanceolate) with eight to ten
straight secondary veins each supplying the
tooth apex. Later, Romero & Dibbern (1985) in
their revision of Nothofagus species described by
Dusén add the characterization of the leaf mar-
gin formed by convex/convex simple tooth. Ta-
nai (1986) revised the species of Nothofagus or
Nothofagus-like fossil leaves from South America
and West Antarctica. This author considered N.
simplicidens distinguishable by its single-serrate
margin with obtuse teeth and regularly percur-
rent tertiary veins with the secondary vein enter-
ing straight the main teeth along the basal side
of tooth. Vento & Pramparo (2018) mentioned
the presence of Nothofagus simplicidens for the
Rio Turbio Formation. Their specimens are com-
parable to the ones here described in the leaf size
and shape, the simple serrate margin, number of
secondary veins and venation pattern.
According to Tanai (1986), five living South Amer-
ican Nothofagus species (Nothofagus alessandri,
N. alpina, N. glauca, N. obliqua and N. procera)
are characterized by secondary veins that enter
the main teeth strait along the basal side of tooth
and have percurrent tertiary veins and areoles
similar to those described for N. simplicidens.
Among all of these, the fossil-species was com-
pared with extant N. obliqua (Mirb.) Oerst. from
South America, despite this taxon usually has
bi-serrate margin. The Patagonian Nothofagus
betuloides (Mirb.) Oerst. is similar to N. simpli-
cidens in the crenulate-serrate margin composed
by simple broad teeth but, unlike the fossils,
the secondary veins forks near the leaf margin.

Nothofagus variabilis Dusén, 1899
Fig. 3 (D-F), Fig. 6C

1899 Nothofagus variabilis Dusén, p. 96, pl. 9, figs.
8-13.

1967 Nothofagus variabilis Dusén form. microphylla
auct. non Dusén; Hunicken, p. 167, pl. 2, figs. 3-6.

Material. MPM PB 18310-18311 (Lm24); MPM
PB 2981 A (Um9a), MPM PB 2986 (Um9a), MPM
PB 2989 (Um10), MPM PB 2999 (Um10) MPM
PB 3002 A (Um11), MPM PB 3075 a/b (Um15),
MPM PB 3076 (Um15), MPM PB 3078 (Um15).
Description. Leaf simple, symmetrical. Laminar
shape ovate, the apex acute, convex, the base
convex to rounded. Lamina approximately 2.5
cm long by 1.2 cm wide. Petiole marginal. Mar-
gin toothed, serrate, compound teeth irregularly
spaced, principal tooth feed by main secondary
vein, pointed convex/convex to straight/straight
and one to tree secondary teeth irrigated by ram-
ifications of the secondary veins with angular
sinuses. Teeth seems to be glandular (Fig. 3D).
Venation pinnate and simple craspedodromous,
the primary vein moderately thick and nearly
straight or slightly sinuous with least 5 to 7
pairs of opposite to sub-opposite secondary veins
emerging at narrow divergence angle of less than
or equal to 459, straight in course ending at the
main teeth. Tertiary order venation percurrent,
with obtuse angle to the midvein, quaternary
and quintenary vein both reticulate. Fimbrial
vein present.

Remarks. These specimens are characterized by
the double serrate margin, well developed fimbri-
al vein along the margin and the secondary veins
entering centrally the principal teeth. These
characters match the description of Nothofagus
variabilis Dusén (1899, p. 96, pl. IX, figs. 8-13).
These leaves are variable in their shape and size
reason why Dusén defined three different forms:
oblonga, subrotundata and

microphylla but according to Tanai (1986) these
three forms are difficult to distinguish taxonomi-
cally as independent varieties due to gradation of
leaf forms that its fossil record possesses. Rome-
ro & Dibbern (1985) also abolish these variations
and they are no longer considered.

Among the extant species, Tanai (1986) rela-
ted Nothofagus variabilis with N. fusca (Hook.
f.) Oerst. and N. truncata (Colenso) Cockayne
mainly due to “the presence of the marginal vein
and the secondary veins that enter centrally the
main teeth which have glandular tip” but ins-
tead, both species have simple teeth. Among the
species of South America, N. variabilis shares the
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Fig. 3. A-C. Nothofagus simplicidens: A. MPM PB 3152; B. MPM PB 3160; C. MPM PB 3158.
D-F. Nothofagus variabilis: D. MPM PB 3002, the arrows shows the glandular teeth and fim-
brial vein; E. MPM PB 3078, F. MPM PB 3076. G-J. Nothofagus magelhaenica: G. MPM PB
2983; H-J. MPM PB 2979. All scale bars represent 5 mm, except E-F and I-J which is 2.5 mm.
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compound serrate margin and the presence of a
fimbrial vein with N. dombeyi (Mirb.) Oerst. and
N. betuloides (Mirb.) Oerst., but differs from both
in the termination of the secondary veins which
forks near the margin and the apical branch rea-
ches the sinus bottom while the basal branch en-
ters the glandular tooth apex centrally.

Subgenus Lophozonia (Turcz.) Krasser, 1896.
Nothofagus magelhaenica (Engelhardt) Dusén,
1899
Fig. 3 (G-J)

1899 Nothofagus magellanica (Engelhardt) Dusén; p.
97, pl. X, figs. 2, 7-11.

1891 Fagus magelhaenica Engelhardt; p. 648, pl. 2, fig.
18 (non figs. 17, 19).

1937 Nothofagus elongata auct. non Dusén; Berry, p.
94, pl. 18, fig. 7.

Material. MPM PB 2978 (Lm4); MPM PB 2979
(Um9)-2980 A-B (Um9a), MPM PB 2981 B
(Um9a), MPM PB 2982 a/b (Um9a), MPM PB
2983 a/b (Um9a), MPM PB 2984-2985 (Um9a),
MPM PB 2987 (Um9a)-2988 (Um10), MPM PB
2990-2998 (Um10), MPM PB 3000 (Um10), MPM
PB 3003 A-B (Um11), MPM PB 3073 (Um11)-
3074 (Um12), MPM PB 3077 a/b (Um15), MPM
PB 3112 F (Um9), MPM PB 18312-18313
(Um11), MPM PB 18314 (Um9).

Description. Leaves simple, symmetrical. Lami-
nar shape elliptic, the apex acute, the base con-
cave to cuneate. Lamina approximately 3 cm
long and 1.5 cm wide. Petiole marginal. Margin
serrate with compound teeth, principal tooth
acute feed by main secondary vein, pointed con-
vex/convex to straight. A branch from the sec-
ondary vein curves upward and supplies the apex
of the subsidiary tooth. Venation pinnate and
simple craspedodromous. Primary vein straight
or slightly arcuate, with at least 8 pairs of op-
posite to sub-opposite secondary veins emerging
at acute angle (47?) from the midvein, straight
course. Tertiary veins opposite percurrent,
straight to sinuous, with obtuse angle to the mid-
vein. Quaternary and quinternary veins reticu-
late. Some specimens show plicate vernation.
Remarks. These specimens fit the description
given by Tanai (1986) for N. magelhaenica, rep-
resented by elliptic leaves with acute to obtuse
base, craspedodromous secondary veins diverg-
ing from the pinnate midvein at acute angles
and margin serrate with two orders of teeth. Ta-
nai (1986) accepts this combination despite she
considered that all the specimens illustrated by

Dusén (1899) are single-toothed in margin and
not belong to N. magelhaenica. Although none
of the specimens described by Dusén as N. ma-
gelhaenica seem to have a complete margin, in
some of these it is possible to infer the compound
teeth by the bifurcation of the secondary vein
near the margin. Both authors, Dusén and Ta-
nai, compare the fossils of N. magelhaenica with
the extant N. obliqua (Mirbel) Oerst. based on
the similarities observed in their venation and
marginal characters.

Nothofagus sp. cf. N. obliqua (Mirb.) Oerst.,
1871
Fig. 4 (A-D), Fig. 6 (D-E)

Material. MPM PB 3176-3177 (Um15).
Description. Leaves ovate in shape, petiolate with
convex base and acute apex, asymmetrical at the
base, about 1.2 cm long by 0.6 cm wide (L:W ratio
2:1), nanophyll. Margin serrate with compound
teeth, sinus shape angular, primary tooth acute
whose sides are convex in the apical side and
convex to straight in the basal side. The second-
ary veins end in the main tooth apex which is
accompanied with a small subsidiary tooth in
their basal side. A branch from the secondary
vein curves upward and supplies the apex of the
subsidiary tooth. Venation pinnate, primary vein
curved, major secondary veins craspedodromous
(at least 5 pairs), with regular spacing, emerging
at acute angle and decurrent attachment to mid-
vein. Basal secondary with agrophic veins devel-
oped on one side only. Intercostal tertiary veins
percurrent. Plicate vernation.

Remarks. The two specimens are comparable
with the extant species Nothofagus obliqua
(Mirb.) Oerst and N. glauca (Phill.) Krasser
but the last lacks of agrophic veins (Gandolfo
& Romero 1992). Nothofagus obliqua and the
studied specimensshow unequal laminas, more
than 6 secondary veins, basal secondary veins
with outer secondary upon one half of the lam-
ina, tertiary mainly alternate and the principal
sinus, which separates two composite teeth, is
equidistant from the two adjacent secondary
veins (Gandolfo & Romero 1992). Nothofagus
cf. obliqua was defined by Dusén (1899) upon
specimens that show a higher number of second-
ary veins. Among the fossil-species of Nothofa-
gus, is the new samples are also comparable
to Nothofagus magelhaenica in their venation
and marginal characters but the specimens de-
scribed have less number of secondary veins.
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Nothofagus elongata Dusén, 1899 emend.
Romero & Dibbern 1985
Fig. 4 (E-F), Fig. 6F

1899 Nothofagus lanceolata Dusén; p. 101, pl. VIII, fig.
13.

1899 Nothofagus cf. obliqua auct non. Mirb. Dusén; p.
98. pl. X. fig. 1.

1937 Nothofagus elongata Dusén; Berry, p. 94, pl
XVIII, fig. 7.

1941 Nothofagus lanceolata Dusén; Frenguelli, p. 182,
pl. IV, fig. 1.

1967 Nothofagus cf. elongata Dusén; Huinicken, p. 166,
pl. 2. fig. 1.

Material. MPM PB 3132 C (Lm24); MPM PB
3130 (Um9)-3131 (Um10), MPM PB 18316
(Um10).

Description. Leaf simple. Lamina shape elliptic
to ovate, with apex acute and straight and base
convex to decurrent. Lamina microphyll, ap-
proximately 2 cm long by 0.6 cm wide L:W ratio
3:1. Petiole marginal. Margin serrate, teeth com-
pound. Principal tooth feed by main secondary
vein, pointed convex/convex to straight/straight
and one to tree secondary teeth irrigated by ram-
ifications of the secondary veins with angular
sinuses. Venation pinnate and simple craspedo-
dromous, the primary vein moderately thick and
slightly sinuous with least 9 pairs of opposite sec-
ondary veins emerging at narrow divergence an-
gle of less than or equal to 452, straight in course
ending at the main teeth. Tertiary veins hardly
observables, seems to be percurrent, with obtuse
angle to the midvein.

Remarks. These specimens match the descrip-
tion of Nothofagus lanceolata Dusén (1899,
p-101, pl. VIII, fig. 13). Nothofagus lanceolata
and the studied fossil leaves are quite similar
in the lamina shape, venation type and toothed
margin however, the specimen described by Du-
sén seems to be slightly asymmetrical towards
the base (Fig. 4G).

In their revision of the Fagaceae and Nothofa-
gaceae leaves described by Dusén(1899), Romero
& Dibbern (1985) propose that there are no di-
fferences between N. lanceolata and N. elongata.
Dusén defined these two species upon the diffe-
rences in their margin, base shape and number
of secondary veins. According to Romero & Dib-
bern (1985) both fossil-species are composed by
leaves with composite teeth and similar number
of secondary veins ranging from 9 to 12 repre-
senting a single species. Tanai (1986) considered
N. lanceolata and N. elongata as questionable
species referable to Nothofagus but still recog-

nized as two different taxa which differ mainly
by the presence of a compound serrate margin
in N. lanceolata and a single serrate margin in
N. elongata.

Among the extant species N. lanceolata was
compared by Dusén with Nothofagus dombeyi
but they differ in the number (higher in the fos-
sil-species) and terminations of secondary veins
(Tanai, 1986). Romero & Dibbern (1985) mentio-
ned Nothofagus variabilis like the most similar
species being more comparable in the number of
secondary veins and the presence of tertiary tee-
th occasionally.

Subgenus Fuscospora Hill & Read, 1991
Nothofagus subferruginea (Dusén) Tanai, 1986
Fig. 4 (H-K), Fig. 6G

1899 Fagus subferruginea Dusén, p. 94, pl. 8, figs. 1-8.

1937 Fagus subferruginea Dusén, Berry, p. 93, pl. 18,
fig. 6.

1941 Fagus subferruginea Dusén; Frenguelli, p. 180,
pL. V, pl. VI, fig. 2

1967 Fagus subferruginea Dusén, Hiinicken, p. 163, pl.
1, figs. 12-18.

1899 Fagus integrifolia Dusén, p. 95, pl. 8, fig. 12.

1937 Fagus integrifolia Dusén; Berry, p. 94.

1941 Fagus integrifolia Dusén; Frenguelli, p. 180, pl.
V.

1908 Fagus obscura Dusén, p. 9, pl. 1, fig. 23.

1967 Fagus obscura Dusén; Hiinicken, p. 165, pl.1, fig.
19.

1940 Fagus gortanii Fiori, p. 14, pl. 5, figs. 5-6.

1940 Nothofagus cf. engelhardtiana Fiori, p. 108, pl.
5, fig. 7.

Material. MPM PB 3089-3090 a/b (Lm4), MPM
PB 3091 a/b (Lm4), MPM PB 3096 (Lm4); MPM
PB 2981 (Um9a), MPM PB 3092 (Um9a)-3093
a/b A-B (Um15), MPM PB 3094-3095 (Um16),
MPM PB 3097 (Um10), MPM PB 3098-3099
(Um11), MPM PB 3159 B-C (Um9a).

Description. Leaf simple. Lamina shape elliptic
to ovate, with apex acute to attenuated and base
wide acute to obtuse and convex to rounded in
shape, slightly asymmetrical. Lamina approxi-
mately more than 6 cm long by 2 cm wide, L:'W
ratio 3:1. Petiole marginal, thick and recurved.
Margin double serrated, sometimes simple ser-
rated towards the apex, teeth regularly spaced
feed by main secondary vein, pointed concave to
straight/convex to concave with rounded sinuses.
Venation pinnate the primary vein straight. Sec-
ondary veins simple craspedodromous, with at
least 11 pairs secondary veins emerging at nar-
row divergence angle of 422, (312-619), straight
in course ending at the main teeth, one branch
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Fig. 4. A-D. Nothofagus sp. cf. N. obliqua: A. MPM PB 3177; B. MPM PB 3176, general view of the fossil leaf;
C. MPM PB 3176, detail of the teeth; and D. MPM PB 3176, detail showing the outer secondary veins. E-G.
Nothofagus elongata: E. MPM PB 3132; F. MPM PB 3131; G. Nothofagus lanceolata Dusén, (5165061, Swedish
Museum, Stockholm). H-K. Nothofagus subferruginea: H. MPM PB 3096; I. MPM PB 3989; J. Detail of the vena-
tion of MPM PB 3096; K. MPM PB 3091. Scale bars: A-B=2.5 mm; C-D=1 mm; E-G, J-K=5mm; H-I=10 mm.
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emerging basally, and ending in a subsidiary
teeth apex Secondary veins sub-opposite to alter-
nate. Tertiary veins percurrent, obtuse to mid-
vein. Quaternary and quinternary hardly observ-
able, seems to be reticulate.

Remarks. Among the fossil-species, the studied
specimens match the description of Nothofagus
subferruginea (Dusén) Tanai in their size, shape,
number of secondary veins and margin. Accord-
ing to Tanai (1986) leaves of N. subferruginea are
sometimes simple toothed on the upper margin of
the blade as do in the extant N. alessandri. This is
in agreement with the specimen illustrated in the
Fig. 4K. This fossil-species, formerly described
as Fagus subferruginea, is a common element
found in the fossil associations recovered from
the Paleogene of Patagonia (see Tanai, 1986, p.
532) and Antarctica (Barton, 1964, Zastawniak,
1981, Zastawniak et al., 1985, Torres, 1990). It
was emended by Tanai (1986) due to the pres-
ence of secondary veins directly entering to the
teeth with one or three branching veinlets and
synonymized with other “Fagus” species also
described by Dusén (eg. Fagus obscura and Fa-
gus intergifoglia). As noted by Tanai (1986) the
fossils described as N. subferruginea are closely
similar to the extant Nothofagus alessandri Es-
pinosa in their lamina shape, venation pattern
and tooth. Also, she found resemblances between
N. alessandri and Fagus novae-zealandica Oliver
and F. australis Oliver from the upper Miocene
of New Zealand (Oliver, 1936) and pointed out
that N. subferruginea and both New Zeland fos-
sils may be closely related.

Nothofagus dicksonii (Dusén) Tanai, 1986
Fig.5 (A-B), Fig. 6H

1899 Fagus dicksont Dusén, p.95, pl. 8, figs. 14-16.

1908 Fagus dicksont Dusén, p. 9, pl. 1, fig. 12.

1937 Fagus dicksoni Dusén; Berry, p. 93, pl. 18, fig. 1.

1941 Fagus dicksoni Dusén; Frenguelli, p. 180, pl. IV,
fig. 4.

Material. MPM PB 2982 A, C (Um9a), MPM PB
3112 (Um9), MPM PB 3113-3115 A-B (Um9a),
MPM PB 3116-3117 A-B (Um9a), MPM PB
3118-3120 A-D (Um 9a), MPM PB 3121-3125
(Um9a), MPM PB 3126 a/b (Um10), MPM PB
3127-3129 (Um10), MPM PB 3159 A-I (Um9a).
Description. Leaf simple, symmetrical. Lamina
shape elliptic, with apex acute and straight and
base acute and cuneate to decurrent. Lamina ap-
proximately 3.5 cm long by 2 cm wide, L:W ratio
2:1. Petiole marginal. Margin deeply serrated,
teeth regularly spaced feed by main secondary

vein, pointed convex/convex with rounded sinus-
es. Venation pinnate the primary vein thick and
nearly straight. Secondary veins simple craspe-
dodromous, with at least 7 pairs secondary veins
emerging at narrow divergence angle of 422,
(30°-509), straight in course ending at the main
teeth. Secondary veins opposite to sub-opposite
at the leaf base becoming alternate towards the
apex. Tertiary veins hardly observables, seems to
be percurrent. Fimbrial vein present.

Remarks. These specimens are comparable to Fa-
gus dicksonii described by Dusén (1899, p.95, pl.
VIII, figs. 14-16) and characterized by “a rough-
ly serrate margin, with regularly spaced blunt
teeth separated by rounded sinus”. Tanai (1986)
emended the fossil-species due to the presence of
large elongate teeth, secondary veins centrally
entering teeth and a thick fimbrial vein along the
margin, characters that according to him are not
related to Fagus but to some Nothofagus.

From the Rio Turbio Formation this species
was described by Berry (1937) and mentioned
by Frengtelli (1941) and Hiinicken (1955). Re-
cently, two fragmented specimens belonging
to the Hiinicken’s collection were described by
Vento & Pramparo (2018) and assigned to No-
thofagus sp. cf. N. dicksonii due to its poor pre-
servation. The several specimens here described
fit the description given for Nothofagus dickso-
nii sharing the prominently toothed margin and
highly characteristic form of the teeth, despite
the variations that can be observed in the deep of
the teeth among the specimens.

According to Tanai (1986) there are no extant
leaves which closely match these fossil leaves in
all characters. Among the Nothofagaceae he re-
lated Nothofagus dicksoni to N. fusca (Hook. f)
Oerst. and N. truncata (Colenso) Cock. despite
the notorious differences in size, number of se-
condary veins and less conspicuous teeth.

Nothofagus sp. aff. N. alessandri Espinosa.
Fig. 5 (C-E), Fig. 61

Material. MPM PB 3175 (Lm24); MPM PB 18315
(Um11).

Description. Leaf elliptic to ovate in shape, peti-
olate with obtuse and convex to rounded base,
apex not preserved, at least 3.4 cm long and 2.4
cm wide, microhpyll. Margin serrate, with com-
pound teeth, primary teeth acute whose sides are
concave in the apical side and concave to flexu-
ous on the basal side. Secondary veins end in the
main tooth apex, a branch of the secondary veins
seems to feed subsidiary tooth. Venation pinnate,
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Fig. 5. A-B. Nothofagus dicksonii. A. MPM PB 3113; B. MPMP PB 3126. C-E. Nothofagus sp. aff. N. alessandri:
C. MPM PB 3175, view of the fossil leaf; D. MPM PB 3175, detail showing the outer secondary veins; E. MPM PB
3175, detail of the teeth. Scale bars: A, C=10 mm; B, D=5 mm; E=2.5 mm.

primary vein straight and stout. Major second-
ary veins craspedodromous (at least 6 pairs),
opposite to sub-opposite, with regular spacing
emerging at acute angle (542, 432-749) from mid-
vein. Basal secondary with simple agrophic veins
developed on one side only. Intercostal tertiary
veins opposite percurrent, straight to sinuous,
with obtuse angle to the midvein. Quaternary
vein fabric reticulate.
Remarks. Nothofagus spp. mentioned by Tron-
coso & Encinas (2006, fig. 3G) seem to be similar
to the specimen here described. Both share the
lamina shape, margin type and the general ve-
nation pattern. Unfortunately, these specimens
were not described in detail, precluding more
precise comparisons.

Following the key of leaves of living species
of Nothofagus developed by Gandolfo & Romero
(1992), among the species that have outer secon-

dary veins the studied specimen seems to be si-
milar to Nothofagus alessandri. They share the
composite teeth, the rounded base, the presence
of outer secondary veins developed only on one
side of the leaf and tertiary veins percurrent.
Also, both show a principal sinus, which separa-
tes two composite teeth, located just above each
secondary.

DISCUSSION AND CONCLUSIONS

One hundred and seven specimens of Notho-
fagaceae were studied and assigned to two taxo-
nomic units similar to extant species (Nothofa-
gus sp. cf. N. obliqua and Nothofagus sp. aff. N.
alessandri), and to six fossil-species. These are:
Nothofagus simplicidens, Nothofagus variabi-
lis, Nothofagus lanceolata, Nothofagus subfe-
rruginea, Nothofagus dicksonii and Nothofagus
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magelhaenica, being the last species reported
for the first time for the unit. With few excep-
tions (Nothofagus dicksonii and Nothofagus sp.
cf. N. obliqua) most of the Nothofagus species
are present in both members of the Rio Turbio
Formation (Tab. 2). However, if we analysed the
distribution of the specimens through the entire
formation, we observed significant differences in
their abundance (Fig. 6). The upper member of
the RTF concentrates the 68 % of the Nothofa-

)

N

/

/

©

J““'A gus abundance toward the upper levels of the Rio
\ Turbio Formation.

: The deposition of the Rio Turbio Formation
took place during a particular time-interval cha-
racterized by a progressive cooling trend estima-
ted by climate proxy data (Zachos et al., 2001).
The associations of leaves recovered from the Rio
Turbio Formation show a mixture of species with
subtropical or tropical affinities (e.g. Lauraceae,
Sapindaceae, Malpighiaceae) with others deve-
loped in cold temperate climate (see Appendix
1), mainly represented by Nothofagus (Romero,
1978, 1986a; Panti, 20145).

Even when leaves of Nothofagus were re-
corded in Patagonia from the Paleocene Ligorio
Marquez Formation (Hinojosa et al., 2015), they
still remain absent in several associations reco-
vered from the early Eocene (e.g. Rio Pichileufa
(Berry,1938), Laguna del Hunco (Berry, 1925,
Wilf et al., 2003, 2005), Quinamavida (Tron-
coso, 1992) and the floras from Arauco, Cale-
ta Cocholgiie and Lota Coronel, (Engelhardt,
1891; Moreno-Chacén, 2000; Moreno-Chacén et
al., 2000, 2001; Gayo, 2001)). It is not until the
middle Eocene-early Oligocene that the increase
in abundance and diversity of Nothofagus occurs
(Barreda & Palazzesi, 2007; Hinojosa & Villa-
gran, 1997; Romero, 1978, 1986b). These ancient
Nothofagus forests progressively evolve through
the Neogene, and they still survive in the Patago-
nian Andean Region.

The observed increase in the abundance of
cold temperate species such as Nothofagus along

J gacean specimens while in the lower member the
_j 1 specimens barely reaches the 17% (Fig. 7). This
NG represents a four-time increase in the Nothofa-

Fig. 6. Line drawings showing venation and margin de-
tails. A-B. Nothofagus simplicidens: A. MPM PB 3152;
B. MPM PB 3160. C. Nothofagus variabilis: MPM PB
3002. D-E. Nothofagus sp. cf. N. obliqua: D. MPM
PB 3177; E. MPM PB 3176. E. Nothofagus elongata:
MPMP PB 3132. G. Nothofagus dicksonii: MPMP PB
3126. H. Nothofagus subferruginea: MPM PB 3096. 1.
Nothofagus sp. aff. N. alessandri: MPM PB 3175. Scale
bars: A-C, F=5 mm; D-E, [=2.5 mm; G-H=10 mm.
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Table 2. Nothofagus species described and specimens number discriminated by member.

Nothofagaceae species

Specimens number at the
Lower member

Specimens number at the
Upper member

Nothofagus simplicidens
Nothofagus variabilis
Nothofagus magelhaenica
Nothofagus sp. cf. N. obliqua
Nothofagus elongata
Nothofagus subferruginea
Nothofagus dicksonii
Nothofagus sp. aff. N. alessandri

4

—_ O BN = O N

9
8
29
2
3
11
31
1

Nothofagus dicksonii
Nothofagus subferruginea
Nothofagus elongata
Nothofagus sp. aff. N. alessandri
Nothofagus sp. cf. N. obliqua
Nothofagus magelhaenica
Nothofagus variabilis

Nothofagus simplicidens

0 10 20 30 40

Specimens number

Fig. 7. Number of specimens per species discriminated
by member. Dark gray, upper member; light grey, lower
member.

with the decrease in richness and abundance of
the megathermal taxa towards the upper mem-
ber of the Rio Turbio Formation (Menéndez,
1971; Panti, 201456, 2018) would be in line with
the global cooling trend. This turnover may have
marked the beginning of a new floristic scenario,
with a widespread cool-adapted flora across the-
se southern latitudes.

ACKNOWLEDGEMENTS

The author would like to thank S.N. Césari, S.
Marenssi, R.R. Pujana and V. Barreda for their
assistance in the fieldwork, the reviewers Tania
Dutra and Anne-Marie Tosolini for their valuable
comments and efforts to improve the manuscript.
The funds were provided by the CONICET (Ar-
gentina) [grant number PIP 2014-0259].

Appendix 1. Supplementary data to this article

can be found online at http://revista.macn.gob.

ar/ojs/index.php/RevMus/rt/suppFiles/626/0
REFERENCES

Ancibor, E. 1990. Determinacion xilolégica de la made-

® Nothofagaceae
u Lauraceae

= Malpighiaceae

u Vitaceae

® Anacardiaceae

® Sapindaceae
Myrtaceae

= Rhamnaceae
Winteraceae

= Myricaceae

Fig. 8. Abundance (%) of the specimens per family re-
corded at the lower (A) and upper members (B) of the
Rio Turbio Formation.

ra f6sil de una fagacea, de la Formacién Rio Turbio,
(Eoceno), Santa Cruz, Argentina. Ameghiniana
27(1-2): 179-184.

APG IV. 2016. An update of the Angiosperm Phylogeny
Group classification for the orders and families of
flowering plants. Botanical Journal of the Linnean
Society 181: 1-20.

Archangelsky, S. 1968. Sobre el paleomicroplancton del


http://revista.macn.gob.ar/ojs/index.php/RevMus/rt/suppFiles/626/0
http://revista.macn.gob.ar/ojs/index.php/RevMus/rt/suppFiles/626/0

82 Revista del Museo Argentino de Ciencias Naturales, n. s. 21(1), 2019

Terciario inferior de Rio Turbio, Provincia de San-
ta Cruz. Ameghiniana 5(10): 406-416.

Archangelsky, S. 1969. Estudio del paleomicroplancton
de la Formacion Rio Turbio (Eoceno), provincia de
Santa Cruz. Ameghiniana 6(3): 181-218.

Archangelsky, S. 1972. Esporas de la Formacién Rio
Turbio (Eoceno). Revista del Museo de La Plata
(n.s.) Seccién Paleontologia 6: 65-100.

Archangelsky, S. & A. Fasola. 1971. Algunos elemen-
tos del paleomicroplancton del Terciario inferior de
Patagonia (Argentina y Chile). Revista del Museo
de La Plata (n.s) Seccion Paleontologia 6: 1-17.

Archangelsky, S. & E.J. Romero. 1974. Los registros
maés antiguos del polen de Nothofagus (Fagaceae)
de Patagonia (Argentina y Chile). Boletin de la So-
ciedad Botdnica de México 33: 13-29.

Barreda, V.D. & L. Palazzesi. 2007. Patagonian ve-
getation turnovers during the Paleogene—early
Neogene: origin of arid-adapted floras. Botanical
Review 73(1): 31-50. DOI: 10.1663/0006-8101-
(2007)73[31:PVTDTP]2.0.CO;2

Barton, C.M. 1964. Significance of the Tertiary fos-
sil floras of King George Island, South Shetland
Island. In: R.J. Adie (ed), Antarctic Geology, pp.
603-608. North Holland Publishing Company,
Amsterdam.

Berry, E.W. 1925. A Miocene flora from Patagonia. John
Hopkins University Studies in Geology 6: 183-233.

Berry, E.-W. 1937. Eogene plants from Rio Turbio in the
territory of Santa Cruz, Patagonia. John Hopkins
University Studies in Geology 12: 91-97.

Berry, E.-W. 1938. Tertiary Flora from the Rio Pichileu-
fu, Argentina. Geological Society of America, Spe-
cial Papers 12: 1-149.

Blume, C.L. 1851. Museum Botanicum Lugduno-Bata-
vum sive stirpium Exoticarum, Novarum vel Min-
us Cognitarum ex Vivis aut Siccis Brevis Expositio
et Descriptio 1: 307.

Brea, M. 1993. Inferencias paleoclimaticas a partir del
estudio de los anillos de crecimiento de lenos fésiles
de la Formacion Rio Turbio, Santa Cruz, Argenti-
na. I. Nothofagoxylon paraprocera Ancibor, 1990.
Ameghiniana 30(2): 135-141.

Brea, M., A.E. Artabe, J.R. Franzese, A.F. Zucol, L.A.
Spalletti, E.M. Morel, G.D. Veiga & D.G. Ganu-
za. 2015. Reconstruction of a fossil forest reveals
details of the palaeoecology, palaeoenvironments
and climatic conditions in the late Oligocene of
South America. Palaeogeography, Palaeoclima-
tology, Palaeoecology 418: 19-42. DOI: 10.1016/j.
palaeo.2014.11.013

Cavallaro, S. 2006. Vegetaciéon y Fauna. In: D. Rastelli
(ed.), Estudio del Impacto Ambiental Central Ter-
moeléctrica Rio Turbio, Provincia de Santa Cruz.
Servicio Geolégico Minero Argentino, pp. 101-111.

Césari, S.N., C. Panti, R.R. Pujana, J.E. Francis & S.A.
Marenssi. 2015. The late Oligocene flora from the
Rio Leona Formation, Argentinian Patagonia. Re-
view of Palaeobotany and Palynology 216: 143-158.
DOI: 10.1016/j.revpalbo.2015.01.002.

Christenhusz, M.JM & J.W. Byng. 2016. The number
of known plants species in the world and its an-

nual increase. Phytotaxa 261(3): 201-217. DOLI:
10.11646/phytotaxa.261.3.1

Dettmann, M.E. 1994. Cretaceous vegetation: the mi-
crofossil record. In: R.S. Hill (ed.), History of the
Australian Vegetation, pp. 143-170. Cambridge
University Press, Cambridge.

Dettmann, M.E., D.T. Pocknall, E.J. Romero & M.C.
Zamaloa. 1990. Nothofagidites Erdtman ex Poto-
nié, 1960: a catalogue species with notes on the
Paleogeographic distribution of Nothofagus Bl
(southern Beech). New Zealand Geological Survey
Paleontological Bulletin 60: 79 pp.

Donoso, C. 1996. Ecology of Nothofagus Forests in
Central Chile. In: T.T. Veblen, R.S. Hill & J. Read
(eds.), The ecology and biogeography of Nothofagus
forests, pp. 271-292. Yale University Press.

Dusén, P 1899. Uber die tertidre Flora der Magellans-
lander. In: Nordenskjold O. (ed.), Wissenchtaftliche
Ergebnisse der Schwedischen Expedition nach der
Magellanslander 1895-1897, 4: 84-1017.

Dusén, P 1908. Uber Die Tertiare Flora der Seymour
Insel. In: Nordenskjold O. (ed.), Wissenschaftliche
Ergebnisse der Schwedischen Siidpolar—Expedition
1901-1903, Geologie und Paldiontologie, 3: 1-217.

Dutra, T.L. & D.J. Batten, 2000. Upper Cretaceous flo-
ras of King George Island, West Antarctica, and
their palaeoenvironmental and phytogeographic
implications. Cretaceous Research 21(2-3): 181-
209. DOI: 10.1006/cres.2000.0221.

Egerton, VM., C.J. Williams & K.J. Lacovara 2016.
A new Late Cretaceous (late Campanian to early
Maastrichtian) wood flora from southern Pa-
tagonia.  Palaeogeography,  Palaeoclimatology,
Palaeoecology 441(2): 305-316. DOI: 10.1016/;.
palaeo.2015.07.011

Ellis, B., C.D. Douglas, L.J. Hickey, K.R. Johnson, J.D.
Mitchell, P Wilf & S.L. Wing. 2009. Manual of Leaf
Architecture. The New York Botanical Garden
Press and Cornell University Press, New York, 220
pp.

Engelhardt, H. 1891. Ueber Tertidrpflanzen von Chi-
le. Senckenbergische Naturwissenschaftlichen Ge-
sellschaft Abhandlungen 16: 629-692.

Engler, A. 1892. Syllabus der Pflanzenfamilien: eine
Ubersicht iiber das gesamte pflanzensystem mit
Berticksichtigung der Medicinal-und Nutzpflan-
zen. Gebriider Borntraeger Verlag, Berlin 233 pp.

Fernandez, D.A., C. Panti, L. Palazzesi, & V.D. Barre-
da. 2012. La presencia de una familia neotropi-
cal (Malpighiaceae) en el extremo méas austral de
Sudameérica durante el Eoceno. Revista Brasileira
de Paleontologia 15(3): 386-391. DOI: 10.4072/
rbp.2012.3.13

Fiori, A. 1931. Fillite terziare della Patagonia. I. Filli-
te della rive meridionalle del Lago Nahuel Huapi.
Giornale di Geologia 4: 101-106.

Fiori, A. 1939. Fillite terziare della Patagonia. II. Fillite
del Rio Nirihuau. Giornale di Geologia 13: 41-65.

Fiori, A. 1940. Fillite terziare della Patagonia. III. Filli-
te del Rio Chenqueniyeu. Giornale di Geologia 14:
94-143.

Fosdick, J.C., J.E. Bostelmann, J. Leonard, R. Ugalde,


http://dx.doi.org/10.11646/phytotaxa.261.3.1

Panti: Nothofagaceae fossil leaves from the Rio Turbio Formation 83

J.L. Oyarzan & M. Griffin. 2015. Timing and rates
of foreland sedimentation: new detrital zircon U/
Pb geochronology of the Cerro Dorotea, Rio Tur-
bio, and Rio Guillermo formations, Magallanes ba-
sin. In: Proceedings of the XIV Congreso Geolégico
Chileno, La Serena, Chile, 763-766.

Frenguelli, J. 1941. Nuevos elementos floristicos del
Magellaniano de Patagonia Austral. Notas del
Museo de La Plata, Seccién Paleontologia 6(30):
173-202.

Gandolfo, M.A. & E.J. Romero. 1992. Leaf Morphology
and a key to species of Nothofagus Bl. Bulletin of
the Torrey Botanical Club 119(2): 152-166. DOI:
10.2307/2997028

Gay6, E. 2001. Estudio taxondémico y fisionémico-cli-
matico de la tafoflora Caleta Cocholgiie (362 35’ s
y 722 58’ w), Eoceno inferior, Chile Central. PhD
thesis, Universidad de Chile, Chile, 164 pp.

Gonzales Estebenet M.S., G.R. Guerstein & S. Casadio
2015. Estudio bioestratigrafico y paleoambiental
de la Formacién Rio Turbio (Eoceno Medio—Supe-
rior) en el sudoeste de Patagonia (Argentina) basa-
do en quistes de dinoflagelados. Revista Brasilera
de Paleontologia 18(3): 429-442. DOI: 10.4072/
rbp.2015.3.08

Guerstein, G.R., M.S. Gonzéles Estebenet, M.1. Alperin,
S.A. Casadio & S. Archangelsky. 2014. Correlation
and paleoenvironments of middle Paleogene mari-
ne beds based on dinoflagellate cyst in southwes-
tern Patagonia, Argentina. Journal of South Ame-
rican Earth Sciences 52: 166-178. DOI: 10.1016/j.
jsames.2014.02.011

Guerstein, G.R., M.R. Rodriguez Raising, S. Casa-
dio, S. Marenssi & O. Cardenas 2010. Palinologia
del Miembro Inferior de la Formaciéon Rio Tur-
bio (Eoceno inferior a medio) en el canén del rio
Guillermo, suroeste de Santa Cruz, Argentina. In:
Proceedings of the X Congreso Argentino de Pa-
leontologia y Bioestratigrafia, La Plata, Argentina.
Restimenes: 93.

Hickey, L.J. & J.A. Wolfe 1975. The bases of Angios-
perm phylogeny. Vegetative morphology. Annals
of the Missourt Botanical Garden 62(3): 538-589.
DOI: 10.2307/2395267.

Hill,R.S. 2001. Biogeography, evolution and palaeoecolo-
gy of Nothofagus (Nothofagaceae): the contribution
of the fossil record. Australian Journal of Botany
49: 321-332. DOI: 10.1080/03115518808619134.

Hill, R.S. & J. Jordan. 1993. The evolutionary history
of Nothofagus (Nothofagaceae). Australian Syste-
matic Botany 6: 111-126.

Hill, R.S. & J. Read. 1991. A revised infrageneric clas-
sification of Nothofagus (Fagaceae). Biological Jo-
urnal of the Linnean Society 105(1): 37-72. DOI:
10.1111/5.1095-8339.1991.tb00199.x

Hinojosa, L.F. & C. Villagran. 1997. Historia de los bos-
ques del sur de Sudamérica, I: antecedentes paleo-
boténicos, geolégicos y climaticos del Terciario del
cono sur de América. Revista Chilena de Historia
Natural 70: 225-239.

Hinojosa, L.F,, A. Gaxiola, M.F. Pérez, F. Carvajal, M.F.
Campano, M. Quattrocchio, H. Nishida, K. Uemu-

ra, A. Yabe, R. Bustamante & M.T.K. Arroyo. 2015.
Non-congruent fossil and phylogenetic evidence on
the evolution of climatic niche in the Gondwana
genus Nothofagus. Journal of Biogeography 43(3):
555-567. DOI: 10.1111/jbi.12650.

Hunicken, M. 1955. Depositos neocretécicos y ter-
ciarios del extremo SSW de Santa Cruz (cuenca
carbonifera de Rio Turbio). Revista del Instituto
Nacional de Ciencias Naturales y Museo Argenti-
no de Ciencias Naturales “Bernardino Rivadavia”,
Ciencias geolégicas 4: 1-164.

Hinicken, M. 1967. Flora terciaria de los estratos de
Rio Turbio, Santa Cruz (niveles plantiferos del
arroyo Santa Flavia). Revista de la Facultad de
Ciencias Exactas Fisicas y Naturales de la Univer-
sidad de Cérdoba 27: 139-2217.

Hunicken, M. 1995. Floras cretacicas y terciarias. In:
PN. Stipanicic & M.A. Hunicken (eds.), Revision
y actualizacion de la obra paleobotanica de Kurtz
en la Republica Argentina (I, II, III, IV, V, VI y
VID), pp. 199-219, Academia Nacional de Ciencias,
Coérdoba.

Jordan, G.J., & R.S. Hill. 1999. The phylogenetic af-
finities of Nothofagus (Nothofagaceae) leaf fossils
based on combined molecular and morphologi-
cal data. International Journal of Plant Sciences
160(6): 1177-1188. DOI: 10.1086/314207.

Knapp, M., K. Stockler, D. Havell, F. Delsuc, F. Sebas-
tiani & PdJ. Lockhart. 2005. Relaxed molecular
clock provides evidence for long-distance dispersal
of Nothofagus (southern beech). PLoS Biology 3:
3843. DOI: 10.1371/journal.pbio.0030014

Krasser, F. 1896. Bemerkungen zur Systematik der Bu-
chen. Annalen des Naturhistorischen Hofmuseums
Wien 11: 155-163.

Kuprianova, E.S. 1962. First International Conference
of Palinology, Reports Sovietic Palinolinology, 21.

Leanza, A.F. 1972. Andes patagénicos australes. In: A.F.
Leanza (ed.), Geologia regional argentina, 689-706.
Academia Nacional de Ciencias, Cordoba.

Leén, R.J.C., D. Bran, M. Collantes, J.M. Paruelo & A.
Soriano. 1998. Grandes unidades de vegetacion de
la Patagonia extra andina [Main vegetational units
of the extra—andean Patagonial. Ecologia Austral
8(2): 125-144.

Leppe, M., F. Hinojosa, H. Nishida, T. Dutra, T. Wilber-
ger, C. Trevisan, M.J. Ortuya, J.P. Pino, H. Mansi-
lla & V. Lobos. 2017. Asyncronic oldest record of
Nothofagus leaves in Antarctica and Patagonia.
Boletin de la Asociacion Latinoamericana de Pale-
obotdnica y Palinologia 16: 1-321.

Malumian, N. & A. Caramés. 1997. Upper Campanian—
Paleogene from the Rio Turbio coal measures in
southern Argentina: micropaleontology and the
Paleocene/Eocene boundary. Journal of Ameri-
can Earth Sciences 10(2): 189-201. DOI: 10.1016/
S50895-9811(97)00015-1

Malumiéan, N., J. Panza, C. Parisi, C. Nanez, A. Caramés
& E. Torre. 2000. Hoja Geoldgica 5172-111-Yacimien-
to Rio Turbio, Provincia de Santa Cruz, 1:250.000.
Boletin del Servicio Geolégico Minero 247: 108 pp.

Manos, PS. 1997. Systematics of Nothofagus (Notho-


https://doi.org/10.1111/j.1095-8339.1991.tb00199.x
https://doi.org/10.1111/jbi.12650
https://doi.org/10.1371/journal.pbio.0030014
http://dx.doi.org/10.1016/S0895-9811(97)00015-1
http://dx.doi.org/10.1016/S0895-9811(97)00015-1

84 Revista del Museo Argentino de Ciencias Naturales, n. s. 21(1), 2019

fagaceae) based on rDNA spacer sequences (ITS):
taxonomic congruence with morphology and plas-
tid sequences. American Journal of Botany 84(9):
1137-1155.

Mecqueen, D.R. 1976. The ecology of Nothofagus and as-
sociated vegetation in South America. Part I. Vege-
tation and soils in Southern Patagonia and Tierra
del Fuego. Tuatara 22(1): 38-68.

Menéndez, C.A. 1971. Floras terciarias de la Argentina.
Ameghiniana 8(3-4): 357-370.

Moreira Munoz, A. 2004. Nothofagus Bl., pieza clave
en la reconstruccion biogeografica del hemisferio
austral. Revista Chagual (Jardin Botdnico de San-
tiago) 2: 48-56.

Moreno-Chacén, M. 2000. Estudio de la arquitectura
foliar de Angiospermas fésiles del Paleégeno de Co-
cholgiie, VIII regién (Chile). Tesis doctoral, Univer-
sidad de Concepcion, Chile, 30 pp.

Moreno-Chacén, M., S. Palma-Heldt & M. Leppe. 2000.
Estudio de la arquitectura foliar de angiospermas
fosiles del Paledgeno de Cocholgiie, VIII region
(Chile). In: XII Reunién Anual de la Sociedad Bo-
tanica de Chile-XXVII Jornadas Argentinas de Bo-
tanica. Concepcién, Chile. Gayana, Bot., 57: 54.

Moreno-Chacén, M., M. Leppe & S. Palma-Heldt. 2001.
Arquitectura foliar y aproximaciones paleoclimati-
cas de improntas del paleégeno de Cocholgiie, VIII
Region, Chile. In: XIII Reunién Anual de la Socie-
dad de Botdnica de Chile, La Serena, Chile. Gaya-
na, Bot., 58: 71.

Oersted, A.S. 1871. Kongelige Danske videnskabernes
selskabs skrifter. Naturvidensk. Math. Afd. Ser. V
4: 354,

Okuda, M., H. Nishida, K. Uemura & A. Yabe. 2006.
Paleocene/Eocene pollen assemblages from the Li-
gorio Marquez Formation, Central Patagonia, XI
Region, Chile. In: H. Nishida (ed.), Post—Cretaceous
Floristic Changes in Southern Patagonia, Chile,
pp. 37-43, Chuo University Press, Tokyo.

Panti, C. 2010. Diversidad floristica durante el Pale6-
geno en Patagonia

Austral. Tesis doctoral, Universidad de Buenos Aires,
Ciudad Auténoma de Buenos Aires, 209 pp.

Panti, C. 2011. Analisis paleofloristico de la Formacién
Rio Guillermo (Eoceno Tardio-Oligoceno Tempra-
no?), Santa Cruz, Argentina. Ameghiniana 48(3):
320-335.

Panti, C. 2014a. Myrtaceae fossil leaves from the Rio
Turbio Formation (middle Eocene), Santa Cruz
province, Argentina. Historical Biology 28(4): 459—
469. DOI: 10.1080/08912963.2014.976635.

Panti, C. 2014b. Paleotemperature estimations for the
Rio Turbio Formation (Santa Cruz, Argentina): a
key for understanding the Eocene climate deterio-
ration. In: 4th International Paleontological Con-
gress; Mendoza, Argentina.

Panti, C. 2018. Fossil leaves of subtropical lineages
in the Eocene-?Oligocene of southern Patagonia.
Historical Biology, published on line 27 June 2018.
DOI: 10.1080/08912963.2018.1488934.

Panti, C., S.A. Marenssi & E.B. Olivero. 2008. Paleoge-
ne flora of the Sloggett Formation, Tierra del Fue-

go, Argentina. Ameghiniana 45(4): 677-692.

Poole, 1. 2002. Systematics of Cretaceous and Tertiary
Nothofagoxylon: implications for southern hemis-
phere biogeography and evolution of the Nothofa-
gaceae. Australian Systematic Botany 15(2): 247-
276. DOI: 10.1071/SB01014.

Premoli, A. 1996. Leaf architecture of South American
Nothofagus (Nothofagaceae) using traditional and
new methods in morphometrics. Botanical Journal
of the Linnean Society 121: 25-40.

Pujana, R.R. 2008. Estudio paleoxiloldgico del Paledge-
no de Patagonia austral (Formaciones Rio Leona,
Rio Guillermo y Rio Turbio) y Antartida (Forma-
cién La Meseta). Tesis doctoral, de la Universidad
de Buenos Aires, Ciudad Auténoma de Buenos Ai-
res, 182 pp.

Pujana, R.R. 2009. Fossil woods from the Oligocene of
southwestern Patagonia (Rio Leona Formation).
Rosaceae and Nothofagaceae. Ameghiniana 46(4):
621-636.

Pujana, R.R. & D.P. Ruiz. 2017. Podocarpoxylon Gothan
reviewed in light of a new species from the Eocene
of Patagonia. IAWA Journal 38(2): 220-244. DOLI:
10.1163/22941932-20170169.

Pujana, R.R., C. Panti, J.I. Cuitino, J.L. Garcia Massi-
ni & S.L. Mirabelli. 2015. A new megaflora (fossil
wood, and leaves) from the Miocene of southwes-
tern Patagonia. Ameghiniana 52(3): 350-366. DOI:
10.5710/AMGH.05.01.2014.2805.

Romero, E.J. 1968. Paleoecologia y paleofitogeografia
de las tafofloras del Cenofitico de Argentina y areas
vecinas. Ameghiniana 15: 209-227.

Romero, E.J. 1973. Polen f6sil de Nohofagus (Nothofa-
gidites) del Cretacico y Paleoceno de Patagonia. Re-
vista del Museo de La Plata (Nueva serie), Seccion
Paleontologia 7(47): 291-303.

Romero, E.J. 1977. Polen de gimnospermas y fagaceas
de la Formacién Rio Turbio (Eoceno), Santa Cruz,
Argentina. Fundacién para la Educacion, la Cien-
cia y la Cultura, Buenos Aires, 219 pp.

Romero, E.J. 1978. Paleoecologia y paleofitografia de
las tafofloras del Cenofitico de Argentina y areas
vecinas. Ameghiniana 15(1-2): 209-2217.

Romero, E.J. 1980. Arquitectura foliar de las especies
sudamericanas de Nothofagus Bl. Boletin de la So-
ciedad Argentina de Botdnica 19 (1-2): 289-308.

Romero, E.J. 1986a. Paleogene phytogeography and
climatology of South America. Annals of the Mis-
sourt Botanical Garden 73(2): 449-461.

Romero, E.J. 1986b. Fossil evidence regarding the evo-
lution of Nothofagus Blume. Annals of the Missouri
Botanical Garden 73(2): 276-283.

Romero, E.J. & M.J. Castro. 1986. Material fangico y
granos de polen de angiospermas de la Formacién
Rio Turbio (Eoceno), provincia de Santa Cruz,
Republica Argentina. Ameghiniana 23(1-2): 101-
118.

Romero, E.J & M.C. Dibbern, 1985. A review of the
species described as Fagus and Nothofagus by Du-
sén. Palaeontographica B 197: 123-137.

Romero, E.J & M.C. Zamaloa. 1985. Polen de angios-
permas de la Formacién Rio Turbio (Eoceno),


https://doi.org/10.1163/22941932-20170169

Panti: Nothofagaceae fossil leaves from the Rio Turbio Formation 85

provincia de Santa Cruz, Republica Argentina.
Ameghiniana 22(1-2): 43-51.

Sauquet, H., S.Y. Ho, M.A. Gandolfo, G.J. Jordan,
P Wilf, D. Cantrill, M.J. Bayly, L. Bromham, G.
Brown, R. Carpenter, D. Lee, D. Murphy, J.M. Kale
Sniderman & F. Udovicic. 2012. Testing the impact
of calibration on molecular divergence times using
s fossil-rich group: the case of Nothofagus (Faga-
les). Systematic Biology 61: 289-313.

Tanai, T. 1986. Phytogeographic and phylogenetic
history of the genus Nothofagus Bl. (Fagaceae) in
the southern hemisphere. Journal of the Facul-
ty of Science, Hokkaido University Series IV 21:
505-582.

Terada, K., T.O. Asakawa & H. Nishida. 2006. Fos-
sil wood assemblage from Cerro Dorotea, Ultima
Esperanza, Magallanes (XII) region, Chile. In: H.
Nishida (ed.) Post-Cretaceous floristic changes in
southern Patagonia, Chile, pp. 67-90, Faculty of
Science and Engineering, Chuo University.

Torres, T.G. 1990. Etude Paléobotanique du Tertiare
des iles Roi Georges et Seymour, Antarctique. PhD
thesis, Université Claude-Bernard, Lyon, 210 pp.

Torres, T.G., M. Cisterna, A. Llanos, H. Galleguillos &
J.P. Le Roux. 2009. Nuevos registros de Nothofagus
Bl en Sierra Baguales, Ultima Esperanza, Pata-
gonia, Chile. In: XII Congreso Geoldgico Chileno,
Santiago, Chile. Extended Abstracts, S12-S19.

Torres, T.G., N.M. Gutiérrez, E. Bostelmann, J.P. Le
Roux, J.L. Oyarzan, R. Ugalde, R. Otero & F. Hervé
2013. Exceptionally preserved fossil flora of the Rio
Leona Formation in Sierra Baguales, Magallanes,
Chile: insights into the early Neogene Patagonian
ecosystems. Geosur 352-355.

Tosolini, AAM.P, D.J. Cantrill & J.E. Francis. 2013.
Paleocene flora from Seymour Island, Antarctica:
revision of Dusén’s angiosperm taxa. Alcheringa
37(3): 366-391.

Troncoso, A. 1992. La tafoflora terciaria de Quinama-
vida (VII Regi6n, Chile). Boletin del Museo de His-
toria Natural de Chile 43: 155-178.

Troncoso, A. & A. Encinas. 2006. La tafoflora de cerro
Centinela (Chile, VI Region): vegetacién y clima
de Chile central a fines del Mioceno—comienzos del
Plioceno. Ameghiniana 43(1): 171-180.

Veblen, T.T., C. Donoso, T. Kitzberger & A.J. Rebertus.
1996. Ecology of Southern Chilean and Argenti-

nean Nothofagus Forests. In: T.T. Veblen, R.S. Hill
& J. Read (eds.), The ecology and biogeography of
Nothofagus forests, pp. 293-353.

Vento, B. & FA. Agrain. 2018. Phylogenetic relation-
ships and time-calibration of the South American
fossil and extant species of southern beeches (No-
thofagus). Acta Palaeontologica Polonica 63 (4):
815-825.

Vento, B. & M. Pramparo. 2018. Angiosperm asso-
ciation from the Rio Turbio Formation (Eocene-
?0ligocene) Santa Cruz, Argentina: revision of
Hiinicken’s (1955) fossil leaves collection. Al-
cheringa published online 7 January 2018. DOI:
10.1080/03115518.2017.1408854.

Vento, B., M.A. Gandolfo, K.C. Nixon & M. Pramparo.
2016. Paleofloristic assemblage from the Paleogene
Rio Guillermo Formation, Argentina: preliminar
results of phyogenetic relationships of Nothofagus
in South America. Historical Biology 29(1): 93-107.
DOI: 10.1080/03115518.2017.1408854.

Wilf, P, N.R. Caneo, K.R. Johnson, J.F. Hicks, S.L.. Wing
& J.D. Obradovich 2003. High Plant Diversity in
Eocene South America: Evidence from Patagonia.
Science 300(5616): 122-125.

Wilf, P, K.R. Johnson, R. Ctaneo, E. Smith, B.S. Sin-
ger & A. Gandolfo. 2005. Eocene plant diversity
at Laguna del Hunco and Rio Pichileufi, Patago-
nia, Argentina. The American Naturalist 165(6):
634-650.

Zachos, J., M. Pagani, L. Sloan, E. Thomas & K. Bi-
llups. 2001. Trends, rhythms, and aberrations in
global climate 65 Ma to present. Science (5517),
292: 686-693.

Zastawniak, E., 1981. Tertiary leaf flora from the Point
Hennequin Group of King George Island (South
Shetland Islands, Antarctica). Preliminary Report.
Geological Results of the Polish Antarctic Expedi-
tions 72: 97-112.

Zastawniak, E., R., Wrona, A. Gazdzicki & K. Birken-
majer. 1985. Plant remains from the top part of the
Point Hennequin Group (Upper Oligocene), King
George Island (South Shetland Islands, Antarcti-
ca). Geological Results of the Polish Antarctic Ex-
peditions 81: 143-170.

Doi: 10.22179/REVMACN.21.626

Recibido: 7-11-2019
Aceptado: 13-VI-2019



