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Abstract. A new megaflora composed of fossil woods and leaves is described. The bearing sediments overlie the Santa Cruz Formation (early
Miocene), making it one of the youngest fossil megafloras described from southern Patagonia. The fossil wood is carbonized and found as
clasts within a conglomerate. It includes a few specimens representing Araucariaceae (Agathoxylon sp.), Podocarpaceae (Phyllocladoxylon sp.), Cu-
pressaceae (Cupressinoxylon sp.) and two indeterminable angiosperms with anatomical features consistent with Nothofagaceae. Most leaves are
assigned to Nothofagaceae while a few specimens are related to Lauraceae, Typhaceae, Leguminosae, and a conifer. The recovered assemblage
suggests a temperate climate similar to that of northern Patagonia today, inhabited by extant relatives of the fossils described herein.
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Resumen. UNA NUEVA MEGAFLORA (MADERAS Y HOJAS FÓSILES) DEL MIOCENO DEL SUROESTE DE LA PATAGONIA. Una nueva megaflora
compuesta por maderas y hojas fósiles es presentada. Los sedimentos portadores sobreyacen a la Formación Santa Cruz (Mioceno inferior), por
lo tanto es una de las megafloras más jóvenes del sur patagónico descripta. Las maderas fósiles están carbonizadas y se encuentran como clas-
tos de un conglomerado. Están representadas por unos pocos especímenes de Araucariaceae (Agathoxylon sp.), Podocarpaceae (Phyllocladoxylon
sp.), Cupressaceae (Cupressinoxylon sp.) y dos angiospermas no determinadas que poseen una anatomía consistente con la de las Nothofagaceae.
Las hojas son en su mayoría asignadas a las Nothofagaceae, acompañadas por Lauraceae, Typhaceae, Leguminosae y una conífera. El conjunto
de fósiles sugiere un clima templado similar al actual de la Patagonia norte, donde viven parientes vivos de los fósiles descriptos.

Palabras clave. Maderas fósiles. Hojas fósiles. Arroyo de los Ciervos. Mioceno.
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CENOZOIC megafloras from southern Patagonia (Argentina)

have recently been the subject of numerous studies. The

pioneering articles of Dusén (1899), Berry (1922, 1925a,

1925b, 1928, 1935, 1937a, 1937b, 1938), Kräusel (1924),

Frenguelli (1941), and Hünicken (1955, 1967) were followed

in recent years by a number of papers on fossil wood and

leaves from southern Santa Cruz Province in Argentina

(Pujana, 2007, 2008, 2009a, b; Pujana et al., 2009; Martínez

and Pujana, 2010; Panti, 2010, 2011; Brea et al., 2012; Fer-

nández et al., 2013). Miocene megafloras, mostly fossil

leaves, have also been described for Patagonia and adjacent

regions (Dusén, 1899; Troncoso, 1991; Hinojosa, 2005; Poole

and Cantrill, 2007; Brea et al., 2012). Patagonian megafloras

younger than the early Miocene have not been documented. 

We describe herein a new wood- and leaf-bearing

megaflora from strata younger than “Santacrucense” (early

Miocene). In this article some specimens of fossil wood are

assigned to fossil-genera  while the leaves are assigned to

ten morphotypes. Comments about the composition of the

fossil forest and comparisons with other megafloras are

also included.

STRATIGRAPHIC SETTING

The studied material comes from Neogene strata ex-

posed at Arroyo de los Ciervos(, in the southwestern corner

of Santa Cruz Province, Argentina (Fig. 1). The fossil material

was collected from a 130 m succession of well-cemented,

rounded, clast-supported, medium-sized conglomerates,

with minor sandstone and mudstone intercalations (Fig. 2).

Below these beds lies a succession of fine to coarse tuffs

and tuffaceous sandstones, with some interbedded mud-

stone layers with preserved root horizons (Fig. 2). The con-
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tact between both sequences is sharp and marks an abrupt

change in sedimentation style. The top of the conglomerate

strata is marked by a conspicuous bed of up to 25 m of a ma-

trix-supported breccia (Fig. 2). Overlying it is a thick succes-

sion of loose, coarse conglomerates of the late Miocene

Cordillera Chica Formation (Malumián and Panza, 2000).

These fossil-bearing conglomerates were only men-

tioned by Brandmayr (1945), who included them within the

local, informally named “Santacrucense” stage. Malumián

and Panza (2000) included the underlying tuffaceous sedi-

ments and the overlying matrix-supported breccia within

the Santa Cruz Formation, but they did not mention the 130

m thick conglomeratic beds described here. Formal lithos-

tratigraphic assignment of these beds remains unclear.

According to the sedimentological features of these coarse-

grained deposits (Fig. 2), they might be a stratigraphic unit

different from the Santa Cruz Formation. The age of the

conglomeratic strata is restricted by the age of the under-

lying Santa Cruz Formation, which in the study area was

dated as early Miocene (18.1 ± 0.4 Ma) by Fosdick et al.

(2011). The conglomeratic beds described here overlie the

typical beds of the Santa Cruz Formation without transition.

This suggests a depositional hiatus and therefore a younger

age for the conglomerates. The minimum age for the fossil-

bearing conglomerates is restricted by the overlying Cordi-

llera Chica Formation, estimated to be late Miocene (Malu-

mián and Panza, 2000).

The studied carbonized fossil wood and fossil leaf im-

pressions were found within the middle section of the con-

glomerates (Fig. 2, 3). Fossils were collected at three points

along the Arroyo de los Ciervos section and are shown in

figure 1: “SC2” (51°33’27.90” S; 72°0’45.40” W) with fossil

leaves, “SC3” (51°33’12.85” S; 72°1’14.87” W) with fossil

leaves and wood and “SC7” (51°33’10.92” S; 72°1’17.97” W)

with fossil wood.

Brandmayr (1945) mentioned abundant silicified fossil

wood in the area where our material was collected; the

wood mentioned by Brandmayr are large pieces found as

clasts lying on the modern bed of a stream; they are of un-

known provenance and were not included in our study.

MATERIAL AND METHODS

Carbonized fossil wood (10 samples) was collected from

the conglomerates and some of it dried in stoves as it was

found under water. Preservation was good enough to ob-

serve diagnostic characters for assignment to fossil genera

in some samples, whereas only tracheids or vessels and a

few additional characters were observed in others. Small

fragments of wood were mounted for scanning electron mi-

croscopy (SEM) after being gold-coated. In addition, thin

sections and acetate peels following standard techniques

were obtained (Galtier and Phillips, 1999; Hass and Rowe,

1999), but wood anatomy was only superficially discernible.

Whenever possible, descriptions follow the IAWA code for

softwood (IAWA committee, 2004) and hardwood (IAWA

committee, 1989). The delimitation criteria of Philippe and

Bamford (2008) were followed for the gymnosperm fossil-

genera. Measurements are given by the average and, in
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Figure 1. Maps and satellite image of the fossiliferous points. 1, Map of South America; 2, Map of southern tip of South America; 3, Satellite
image showing the fossiliferous points (arrowheads).
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parentheses, the range.

Fossil leaves are preserved as impressions in sandstone

(21 samples). Fossil leaves are classified strictly as numerical

morphotypes based on morphological affinities, following

the procedures of Johnson (1989). Terminology and sys-

tematic descriptions follow Ellis et al. (2009). Fossil leaves

were compared to other southern South American fossils

and extant taxa. Suprageneric nomenclature follows Chase

and Reveal (2009) and Christenhusz et al. (2011) for gym-

nosperms and APG III (2009) for angiosperms.

The fossils are housed in the palaeobotanical collection

of the Museo Padre Molina in Santa Cruz under the accession

numbers MPM PB 14470 to 14479 for the fossil wood and

MPM PB 14933 to 14953 for the fossil leaves. Samples

(i.e., MPM PB 14942) may have one or more leaf imprints,

indicated as A, B, C, etc.

SYSTEMATIC PALAEOBOTANY

Fossil wood

Class EQUISETOPSIDA C. Agardh, 1825

Subclass PINIDAE Cronquist, Takht. and Zimmermann, 1966

Order ARAUCARIALES Gorozhankin, 1904

Family ARAUCARIACEAE Henkel and W. Hochstetter, 1865

nom. cons. 

Genus Agathoxylon Hartig, 1848

Type species. Agathoxylon cordaianum Hartig, 1848. Triassic, Coburg,
Freistaat Bayern, Germany.Figure 2. Schematic log of the Arroyo de los Ciervos outcrops.

Figure 3. Carbonized wood embedded in a conglomerate. Scale: 11 cm.
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Agathoxylon sp.

Figure 4.1–3

Material. MPM PB 14472 and 14473.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Radial pitting araucarian, usually biseriate,

sometimes triseriate and rarely uniseriate (Fig. 4.1–2). Ra-

dial pits 8.2 (7–10) µm in vertical height. Cross-fields with

2 to 5 contiguous cupressoid pits c. 7 µm in vertical height
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Figure 4. 1–3, Agathoxylon sp. 1, MPM PB 14472, alternate triseriate radial pitting; 2, MPM PB 14473, alternate biseriate radial pitting and
cross-fields with cupressoid pits (arrowheads); 3, MPM PB 14473, cross-fields with contiguous cupressoid pits (arrowheads). 4–6, Cupressi-
noxylon sp. 4, MPM PB 14479, window-like cross-field pitting; 5, MPM PB 14479, window-like cross-field pitting; 6, MPM PB 14479, uniseri-
ate low to medium rays. 7–9, Phyllocladoxylon sp. 7, MPM PB 14478, scattered uniseriate pitting; 8, MPM PB 14478, axial parenchyma; 9, MPM
PB 14478, cupressoid cross-field pitting, pits arranged in columns (arrowhead). Scale bar= 1, 3, 7, 9 = 20 µm; 2, 4–5 50 µm; 6, 8 = 100 µm.
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(Fig. 4.2–3). Rays uniseriate and low, 1–5 cells in height

(Fig. 4.3).

Remarks. Araucarian radial pitting and cross-field pitting

type allow us to assign these two samples to Agathoxylon

according to Philippe and Bamford (2008). Agathoxylon is a

valid name (Philippe and Bamford, 2008) commonly applied

to fossil wood with araucarian pitting and cross-field type

(Ottone and Medina, 1998; Zamuner and Falaschi, 2005;

Crisafulli and Herbst, 2008; Vera and Césari, 2012; Pujana et

al., 2014; Rößler et al., 2014). Poor preservation precludes

the use of other diagnostic characters (presence of resin

plugs, growth ring type, etc.) that would allow assignment

to fossil species. The wood anatomy is typical of the living

Araucariaceae, which have alternate pitting and contiguous

cupressoid pits in the cross-fields (Greguss, 1955). More-

over, the anatomy is consistent with that of Araucaria arau-

cana nowadays living in northern Patagonia (Tortorelli,

1956; Rancusi et al., 1987).

Araucariaceae is now almost restricted to the southern

hemisphere and comprises about 35 species (Eckenwalder,

2009). Araucariaceae megafossils are common in Patago-

nia since the Jurassic, but after a peak of abundance in the

Early Cretaceous, the family starts to decline (Panti et al.,

2012). The Patagonian fossil record of the family includes

wood, leaves, reproductive structures and pollen (Panti et

al., 2012). The family persists in Patagonia, where it occu-

pies a small area of distribution more than 1200 km north

from the fossiliferous locality described here (Enright et al.,

1995). Presence of Araucarian wood in the studied area is

consistent with a continuous record of the family in south-

western Patagonia until at least the latest Miocene.

Family PODOCARPACEAE Endler, 1847 nom. cons. 

Genus Phyllocladoxylon Gothan, 1905

Type species. Phyllocladoxylon antarcticum Gothan, 1908. Paleogene,
Marambio (Seymour) Island, Antarctica.

Phyllocladoxylon sp.

Figure 4.4–6

Material. MPM PB 14479.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Radial pitting abietinean, uniseriate. Cross-fields

with one large simple pit (oopore), circular to horizontally

elongate and with c. 8–9 µm in vertical height (Fig. 4.4–5).

Rays uniseriate and medium (3–8 cells) in height (Fig. 4.6).

Remarks. Pitting arrangement, absence of tertiary thicken-

ings and cross-field type (large oopores) allows assignment

of this sample to Phyllocladoxylon (Philippe and Bamford,

2008). Another wood fossil-genus of the Podocarpaceae is

Podocarpoxylon Gothan, which differs from Phyllocladoxylon

by having bordered and smaller cross-field pits and fre-

quently more than one pit per cross-field (Philippe and

Bamford, 2008; Pujana et al., 2014). Protophyllocladoxylon

Kräusel differs from Phyllocladoxylon by having mixed or

araucarian radial pitting, but shares with it the cross-field

type (Philippe and Bamford, 2008; Zhang et al., 2010).

Phyllocladoxylon, particularly abundant in the Eocene of

Antarctica (Pujana et al., 2014), was also mentioned for the

Cenozoic of Patagonia by Kräusel (1924), Nishida et al.

(1992) and Terada et al. (2006a), indicating that this fossil-

genus was a frequent element of the regional flora. In addi-

tion, Poole and Cantrill (2007) described a similar carbonized

wood (xylotype 5) from the Malvinas (Falkland) Islands.

Phyllocladoxylon is similar to the wood of several living

podocarpaceaen genera from the Southern Hemisphere

(Pujana et al., 2014). This includes Phyllocladus Mirbel

from Australasia and Halocarpus Quinn from New Zealand

(Eckenwalder, 2009). The Podocarpaceae comprises mainly

Southern Hemisphere conifers representing about 156

species of evergreen trees and shrubs (Eckenwalder, 2009).

Several species of the Podocarpaceae inhabit Patagonia

today, but none have Phyllocladoxylon wood type. 

Order CUPRESSALES Link 1829 

Family CUPRESSACEAE Gray 1822 nom. cons. 

Genus Cupressinoxylon Göppert 1850 nom. cons.

Type species. Cupressinoxylon gothanii Kräusel 1920 typ. cons.
Miocene, Węgliniec, Województwo dolnośląskie, Poland.

Cupressinoxylon sp.

Figure 4.7–9
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Material. MPM PB 14478.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Radial pitting abietinean, uniseriate (Fig. 4.6).

Radial pits 7–8 µm in vertical height. Cross-fields with fre-

quently 2, sometimes 1 to 4 spaced cupressoid pits c. 4–5

µm in vertical height, ordered in rows and columns (Fig. 4.9).

Rays uniseriate and very low, 1–3 cells in height (Fig. 4.8).

Axial parenchyma present (Fig. 4.8–9).

Remarks. Vaudois and Privé (1971), in a revision of cupres-

soid fossil wood, state that Cupressinoxylon has a wide

definition that can include almost all fossil woods of the

family. However, scattered uniseriate radial pitting (abi-

etinean) and cupressoid cross-field pits arranged in rows

and columns, allow us to assign this sample to Cupressi-

noxylon according to Philippe and Bamford (2008). Although

Cupressinoxylon can be assigned to the Podocarpaceae

with cupressoid cross-field pitting (Pujana et al., 2014),

the cross-field pits arranged in rows and columns –as ob-

served in the sample (Fig. 4.9)– and the very low rays,

suggest affinities with the Cupressaceae rather than the

Podocarpaceae. This fossil-genus has been previously

recorded in Patagonia (Kräusel, 1924; Nishida, 1984a, b;

Nishida and Nishida, 1988).

Cupressaceae is a conifer family present in both the

southern and northern hemispheres and includes about 136

species (Eckenwalder, 2009). The family is present in Pata-

gonia since the Jurassic (Escapa et al., 2008), but during the

Cenozoic it was a minor part of the forest vegetation. In

modern Patagonia there are three species characterized

by having a homogeneous wood anatomy (Roig, 1992). The

fossil shares characters with these species, but particularly

with Pilgerodendron uviferum (D. Don) Florin and Fitzroya

cupressoides (Molina) I.M. Johnston, which have very short

rays (Roig, 1992; Rancusi et al., 1987).

Subclass MAGNOLIIDAE Novák ex Takhtajan, 1967

Angiosperm wood 1

Figure 5.1–2

Material. MPM PB 14475.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Vessels solitary or in short (2–3) radial series

(Fig. 5.1–2). Perforation plates simple (Fig. 5.2). Vessel radial

diameter c. 17–22 µm.

Remarks. Only a few diagnostic characters are preserved in

this piece of wood. Those present (short radial series, small

vessels, simple perforation plates) are consistent with the

Nothofagaceae, but the few preserved characters do not

preclude other angiosperm families. The Nothofagaceae

dominate Patagonian fossil-wood assemblages since at

least the Oligocene (Pujana, 2008, 2009a) and numerous

fossil wood specimens of this family have been described

from this region (Poole, 2002; Terada et al., 2006a, b; Pu-
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Figure 5. 1–2, “Angiosperm wood 1”, MPM PB 14475; 1, Vessels solitary or in short radial series; 2, Vessel elements with simple perforation
plates. 3, “Angiosperm wood 2”, MPM PB 14477; scalariform intervessel pitting and simple perforation plates (arrowhead). Scale bar= 50 µm.



jana, 2009a; Brea et al., 2012). The abundance of leaves of

Nothofagaceae (see below) in the same sediments suggests

that this wood probably belongs in this family.

Angiosperm wood 2

Figure 5.3

Material. MPM PB 14476 and 14477.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Vessels with scalariform intervessel pitting

(Fig. 5.3). Perforation plates simple. Vessel radial diameter

c. 40–70 µm.

Remarks. These two samples are consistent with the

Nothofagaceae, particularly Nothofagus pumilio (Poeppig and

Endler) Krasser and Nothofagus antarctica (G. Forst.) Oersted

of the subgenus Nothofagus, which has scalariform inter-

vessel pitting (Rancusi et al., 1987).

Fossil leaves

Class EQUISETOPSIDA C. Agardh 1825

Subclass PINIDAE Cronquist, Takht. and Zimmermann 1966

? Order ARAUCARIALES Gorozhhankin 1904

Morphotype 1

Figure 6.1

Material. MPM PB 14949.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Shoots bearing linear lanceolate leaves up to 20

mm long and 4.7 mm wide. Leaf margins entire. Apex in-

complete and base poorly preserved, attachment to the

stem may be as wide as the leaf.

Remarks. This leaf resembles the previously described

“Type II” of de Laubenfels (1953). All families of living

conifers have this type of leaf at some ontogenetic stage

(de Laubenfels, 1953). The fossil is similar to Elatocladus

seymourensis Cantrill, Tosolni & Francis (Cantrill et al., 2001).

This conifer, as observed herein, is represented by shoots

bearing linear-lanceolate leaves with entire margins.

However, leaf attachment to the stem and venation are not

preserved in the studied material. Neither preserved are  the

apex and base of the leaves, precluding closer comparisons.

The presence of wood of the Araucariaceae and

Podocarpaceae in the same sediments suggests that this

morphotype is probably related to one or the other of these

families.

Subclass MAGNOLIIDAE Novák ex Takhtajan, 1967

Order POALES Small, 1903

Family TYPHACEAE Jussieu, 1789 nom. cons.

Morphotype 3

Figure 6.3

Material. MPM PB 14948.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Leaf incomplete, but probably linear and with

entire margins. Parallelodromous vein framework, with two

orders of veins regularly spaced. More than 15 veins of the

first order separated from each other by 0.7 mm. Between

these veins there are 9 to 12 minor veins, separated from

each other by 0.04 mm, arranged parallel to each other and

interconnected by subordinate veins. 

Remarks. Linear leaves with several parallel veins running

longitudinally are common in many monocotyledonean

families. The Poaceae, Cyperaceae, Restionaceae, Pota-

mogetonaceae, Hydrocharitaceae, Arecaceae, and Sparga-

niaceae/Typhaceae are families with reliable micro and/or

macrofossil records in Argentina (Gandolfo et al., 2010).

Monocot leaves described from Patagonia usually have

been assigned to Poacites sp. (Berry, 1925b, 1937b; Fiori,

1939). Other fossil-species are Chusquea oxyphylla Frenguelli

and Parodi (Frenguelli and Parodi, 1941) and Thypha kurtzii

Hünicken (Hünicken, 1995). Previous records of Poacites sp.

consist of a leaf fragment with longitudinal parallel vena-

tion (Berry, 1925b), a fragmentary specimen, which shows

three major veins running longitudinally and separated by

minor parallel veins (Berry, 1937b), and a small, parallel-

veined leaf (Fiori, 1939). Chusquea oxyphylla is represented
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by stems bearing linear-lanceolate and acuminate leaves

that are very small, 15–17 mm long (Frenguelli and Parodi,

1941), unlike the material described herein. The material

described here can be positively compared to Typha kurtzii

Hünicken based on lamina shape, parallel venation and size

(Hünicken, 1995). The frequency of the two orders of veins

resembles the studied material. According to Hünicken

(1995), Typha kurtzii differs from the extant Typha domin-

guensis Persoon by the number of minor veins that run

parallel between the major longitudinal veins. In our speci-

men these minor veins are not well preserved.

The southernmost distribution of extant Thyphaceae ex-

tends to northern Patagonia (Romanutti, 2012), suggesting

a wider distribution of this family at least until the latest

Miocene. Pollen of Thyphaceae is very similar to that of

Sparganiaceae and it is present in Patagonia since the

Palaeocene (Archangelsky, 1973).

Order LAURALES Jussieu ex Berchtold and J. Presl, 1820

Family LAURACEAE Jussieu, 1789 nom. cons.

Morphotype 2

Figure 6.2

Material. MPM PB 14938.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Marginal blade attachment, microphyll laminar

size, L:W ratio 3:1, elliptic laminar shape, with medial and

basal symmetry. Margin entire, with acute apex angle,

straight apex shape, acute base angle, and cuneate base

shape. Primary venation pinnate with no naked basal veins,

one basal vein and no agrophic veins. Primary vein curved
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Figure 6. 1, “Morphotype 1”, Araucariales, MPM PB 14949. 2, “Morphotype 2”, Lauraceae, MPM PB 14938. 3, “Morphotype 3”, Typhaceae,
MPM PB 14948. 4, “Morphotype 4”, Leguminosae, MPM PB 14940. 5, “Morphotype 4”, Leguminosae, MPM PB 14940. 6, “Morphotype 5”,
Nothofagaceae, MPM PB 14933. Scale bar= 1–2, 6 = 10 mm. 3–5 = 5 mm.
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towards the leaf base. Major secondaries simple, brochido-

dromous, with regular spacing, angles increasing proximally

and excurrent attachment to midvein. Interior secondaries,

minor secondaries, intersecondaries and intramarginal vein

absent. Intercostal tertiary veins reticulate, exterior ter-

tiaries looped.

Remarks. The venation pattern and overall leaf traits are

common to many angiosperm families. Among Patagonian

fossils, it is similar to Embothrium precoccineum Berry

(Berry, 1938). The two forms share an acute and cuneate

base shape, entire margin, and pinnate primary venation

with brochidodromous secondary veins. They differ in ter-

tiary vein order and leaf shape, which in E. precoccineum are

respectively percurrent and asymmetrical and oblong. Ex-

tant Embothrium coccineum J.R. Forster and G. Forster has

ovate to oblong or lanceolate, rarely linear-lanceolate leaves

with entire margin and tertiary veins categorized as random

reticulate, characters comparable with the morphotype

described here (González et al., 2007). The wide cuneate

base and the venation pattern are shared with fossils of the

Lauraceae in addition to E. precoccineum. Among these,

Nectandra prolifica Berry seems most similar, sharing the

acuminate base and apex, the prominent midvein more or

less curved, secondary veins openly spaced and sweepingly

curved and ascending, and overall leaf shape. This species

shows great variation in size and form, ranging from small,

slender, falcate, and acuminate forms to broader, more

ovate, and acuminate ones (Berry, 1938). The specimen

described here resembles the smaller-ones. A considerable

number of extant species belong to Nectandra Rol. ex Rottb

and have leaves resembling this morphotype.

Fossil leaves assigned to Lauraceae are common in

Patagonia (Berry, 1925b, 1938; Hünicken, 1967; Troncoso,

1991, 1992, 2002; Panti, 2010). Lauracean leaves were

described from cuticles from early Paleocene rocks of

Patagonia (Iglesias et al., 2008). The Lauraceae is a large

family distributed mainly in tropical regions, although some

genera (e.g., Persea) reach temperate areas (Heywood et al.,

2007). Today, Nectandra spp. inhabit northern Argentina

and are absent in Patagonia (Rohwer and Kubitzki, 1993).

Order FABALES Lindler, 1836

Family LEGUMINOSAE Jussieu, 1789 nom. cons.

Morphotype 4

Figure 6.4–5

Material. MPM PB 14940.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Leaves with marginal blade attachment, micro-

phyll laminar size, L:W ratio 4:1, elliptical laminar shape and

medial and basal symmetry. Margin entire with acute apex

angle, straight and somewhat retuse apex shape, acute

base angle, and cuneate base shape. Primary venation

pinnate with no naked basal veins, one basal vein and no

agrophic veins. Major secondaries simple brochidodromous

with regular spacing, angles increasing proximally and ex-

current attachment to midvein. Interior secondaries, minor

secondaries, intersecondaries absent and intramarginal vein

present. Intercostal tertiary veins reticulate, exterior ter-

tiaries looped.

Remarks. These specimens resemble Prosopis L. (Legumi-

nosae) as described by Anzótegui et al. (2007). They share

the acute apex, venation pattern, angle of divergence of the

secondary veins and its variations, and overall lamina shape.

The family Leguminosae is documented worldwide in

the Cenozoic fossil record. In Patagonia, fossils are repre-

sented by pollen, leaf impressions and wood (Anzótegui et

al., 2007; Pujana et al., 2011) and the first fossil leaves

from Patagonia were described by Berry (1938) from late

Paleocene rocks (Anzótegui et al., 2007). The family has

several modern representatives in Patagonia, mostly pa-

pilionoids of the Patagonian Steppe (Cabrera, 1971).

Order FAGALES Engler, 1892

Family NOTHOFAGACEAE Kuprianova, 1962

Morphotype 5

Figure 6.6

Material. MPM PB 14933, 14935.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).



Description. Leaves with marginal blade attachment, petiole

medium, 4 mm long; microphyll laminar size, L:W ratio 1–

2:1, ovate laminar shape with medial and basal symmetry.

Serrate margin with acute apex angle, straight apex, acute

base angle, and rounded base shape. Primary venation

pinnate with no naked basal veins, one basal vein and no

agrophic veins. Major secondaries craspedodromous with

irregular spacing, uniform angles and decurrent attachment

to midvein. Interior secondaries, minor secondaries and in-

tersecondaries absent. Intercostal tertiary veins percurrent.

Teeth are inconspicuous.

Remarks. The studied material can be compared to several

fossil species of Nothofagus. Among these, the fossil mor-

photype resembles N. simplicidens Dusén and N. variabilis

Dusén in leaf shape and venation (Dusén, 1899).Differences

include, for N. simplicidens, a leaf margin formed by teeth of

two orders and, for N. variabilis, a leaf margin formed by

simple teeth and the presence of a fimbrial vein (Tanai,

1986). The poor preservation of the leaf margin in the ana-

lyzed specimens prevents a closer comparison, but a closer

relationship to N. variabilis is indicated by the wide-ovate

lamina shape, the irregularly spaced secondary veins, and

the more widely spaced percurrent tertiaries.

According to Romero and Dibbern (1985) Nothofagus

variabilis is very similar to leaves of the extant species

Nothofagus obliqua (Mirbel) Oersted and Nothofagus glauca

(Philippi) Krasser. These are deciduous trees of the sub-

genus Lophozonia (Turczaninow) Krasser that live in Pata-

gonia today. Differences between these two species

include leaf symmetry and the course of the primary and

secondary veins.

The Nothofagaceae has a rich fossil record in Patagonia

and Antarctica that includes pollen, leaves and wood (Jor-

dan and Hill, 1999; Poole, 2002). The biogeography of the

family has been the subject of numerous studies (Hill and

Jordan, 1993; Swenson et al., 2001; Heads, 2006). Western

forests of Patagonia today are mainly composed of large

trees belonging to the Nothofagaceae. The family is also

present in New Zealand and Australasia (Heywood et al.,

2007).

Morphotype 6

Figure 7.1

Material. MPM PB 14942–14943.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Marginal blade attachment, microphyll laminar

size, L:W ratio 1–2:1, laminar shape ovate with medial and

basal symmetry. Margin serrate with acute apex angle,

straight apex, obtuse base angle, and convex to rounded

base shape. Primary venation pinnate with no naked basal

veins, one basal vein and no agrophic veins. Primary vena-

tion somewhat sinuous in the upper part of the blade. Major

secondaries simple, craspedodromous, decurrent attach-

ment to midvein, regularly spaced and emerging at acute

angles decreasing towards the base. Interior secondaries,

minor secondaries and intersecondaries absent. Intercostal

tertiary veins percurrent. Teeth poorly preserved.

Remarks. Venation and laminar shape suggest placing the

specimens in the genus Nothofagus. Among the fossil

species assigned to Nothofagus, they are more similar to N.

simplicidens Dusén, with which the fossil shares a some-

what sinuous midvein and craspedodromous secondaries

emerging at increasingly acute angles. A closer comparison

with N. simplicidens is precluded because certain diagnostic

characters (broadly ovate lamina with acute apex and

rounded and obtuse shape of base shape; Tanai, 1986) can-

not be assessed because of poor preservation. Apparently,

N. simplicidens lacks a close living relative. It is very similar

to another fossil species, N. australis Dusén (Romero and

Dibbern, 1985), and Tanai (1986) suggests that they are

synonyms.

Morphotype 7

Figure 7.2

Material. MPM PB 14950.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Lamina incomplete. Margin serrate with obtuse

apex angle, rounded apex, base not preserved. Primary ve-

nation pinnate. Primary venation sinuous in the upper part

of the blade. Major secondaries simple craspedodromous,
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regularly spaced and emerging at acute angles. Interior

secondaries, minor secondaries and intersecondaries ab-

sent. Teeth poorly preserved.

Remarks. This leaf type resembles the fossil species N. crenu-

lata Dusén (Dusén, 1908), which is characterized by small

leaves with obtuse, blunt apex and a pinnate midvein that is

sinuous towards the apex (Tanai, 1986). Our specimen is

larger than those described by Dusén, but they share regu-

larly spaced secondary veins. Dusén (1908) compared N.

crenulata to extant N. cunninghami, and Romero and Dibbern

(1985) underscored similarities to N. pumilio, which differs

from N. crenulata only in shape, pattern of third veins, and

angle of emergence of secondary veins. According to Tanai

(1986), N. crenulata is remarkably similar to the extant N.

antarctica (Forst.) Oerst from Patagonia.

Morphotype 8

Figure 7.3

Material. MPM PB 14934.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Marginal blade attachment, microphyll laminar

size, L:W ratio 2–3:1, ovate to lanceolate laminar shape. Pri-

mary venation pinnate, primary vein nearly straight. Major

secondaries simple craspedodromous, decurrent, attached

to midvein, regularly spaced and emerging at acute angles

from the midvein. Secondary veins straight in course and

abruptly curved towards the margin. Interior and minor
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secondaries and intersecondaries absent. Intercostal ter-

tiary veins percurrent. Teeth poorly preserved.

Remarks. This morphotype shares with Nothofagus subfer-

ruginea (Dusén) Tanai an ovate-lanceolate lamina shape, a

similar number of subopposite craspedodromous second-

ary veins (10 to 18) and percurrent tertiaries. According to

Tosolini et al. (2013), N. subferruginea has one order of evenly

spaced teeth, each having a concave acroscopic and convex

to flexous basiscopic side, simple apex and rounded sinus.

However, leaf margin of the specimen studied herein are

poorly preserved precluding further comparisons of the

teeth and secondary-vein development. In N. subferruginea

the secondaries abruptly arise along the basal side of the

tooth (Tanai, 1986). Morphotype 8 is also similar to Nothofa-

gus glaucifolia Dutra, but has opposite secondary veins and

an asymmetrical leaf base. Nothofagus subferruginea and

N. glaucifolia also differ by the margin; the former has a mostly

single-serrated margin, whereas the latter has a double-

serrated one. Despite these differences, our specimen shares

a greater number of features with N. subferruginea. Accord-

ing to Tanai (1986) the fossil leaves of N. subferruginea are

closely similar to the extant N. alessandri Espinosa.

Morphotype 9

Figure 7.4–5

Material. MPM PB 14938–14939, 14941, 14944–14945,

14953

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Marginal blade attachment, microphyll laminar

size, L:W ratio 1–2:1, ovate to elliptic-oblong laminar shape;

venation plicate. Margin serrate with acute apex angle, base

cuneate, broadly acute or obtuse. Primary venation pinnate,

primary vein nearly straight, somewhat sinuous towards the

apex. Secondary veins simple craspedodromous, decurrent

attached to midvein, regularly spaced and emerging at acute

angles. Secondary veins straight in course; interior and

minor secondaries and intersecondaries absent. Tertiary

veins percurrent. Teeth poorly preserved.

Remarks. This morphotype groups all the specimens that

have plicate venation, which is a reliable indication of de-

ciduousness in the genus Nothofagus (Hill and Jordan, 1993).

According to Tanai (1986), all species of the section Nothofa-

gus are deciduous and lack a fimbrial vein. This morphotype

has two forms, one more similar to the fossil N. densinervosa

(MPM PB 14941, 14953) and another similar to the fossil

N. crenulata (MPM PB 14938–39, 14944–45). These two

fossil-species are included in the section Nothofagus. How-

ever, many descriptions of these fossil-species (Dusén,

1899; Tanai, 1986) include illustrations of leaves that are

plicate as well as leaves that are not plicate, suggesting

that a revision of the fossil-species assigned to the genus

Nothofagus is necessary. According to Tanai (1986), N.

densinervosa is closely related to extant N. pumilio (Poepp.

et Endl.) Oerst. Plicate venation and size in N. densinervosa

is also comparable to extant deciduous N. gunnii (Hook.f.)

Oerst. living in Tasmania (Tosolini et al., 2013).

Incertae sedis

Morphotype 10

Figure 7.6

Material. MPM PB 14946.

Geographic occurrence. Arroyo de los Ciervos, Santa Cruz,

Argentina.

Stratigraphic occurrence. Arroyo de los Ciervos strata (Mio-

cene).

Description. Marginal blade attachment, microphyll laminar

size, L:W ratio 2:1, ovate laminar shape with medial and

basal symmetry. Serrate margin with acute apex angle,

straight apex, acute base angle, and convex to rounded base

shape. Primary venation pinnate with no naked basal veins,

one basal vein and no agrophic veins. Major secondaries

craspedodromous with regular spacing, uniform angles

and decurrent attachment to midvein. Interior and minor

secondaries and intersecondaries absent and fimbrial vein

present. Intercostal tertiary veins poorly preserved, appar-

ently percurrent. Tooth spacing regular, probably with a

single order of teeth. Sinus shape angular. Teeth poorly pre-

served.

Remarks. Although the fossil is not well preserved, the sec-

ondary veins and the teeth resemble some fossil Rosaceae,

like Acaena brandmayri Frenguelli, from the Oligocene of

southern Patagonia (Frenguelli, 1941). However, the leaf

apex in the specimen described here seems to be more
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acute and not rounded as in Acaena. In addition, there are

similarities in venation pattern and leaf margin and shape

with the fossil species Roophyllum serratum Dusén and

Roophyllum nordenskjoldi Dusén from southern Patagonia

(Dusén, 1899; Panti, 2011).

Fossil wood with similarities to the Rosaceae has been

found in older sediments from Patagonia (Nishida et al.,

1990; Pujana, 2009a). The Rosaceae are distributed world-

wide today, with maximum development in northern tem-

perate areas (Heywood et al., 2007) and their Cenozoic

fossils are abundant and cosmopolitan.

DISCUSSION

Four of the ten carbonized wood samples from Arroyo

de los Ciervos could be assigned to a fossil genus, although

quantitative features (e.g., pit diameter in gymnosperms or

vessel diameter in angiosperms) are apparently reduced

by the carbonization process, as previously documented

(Slocum et al., 1978). Three samples (MPM PB 14470,

14471 and 14474) are indeterminate gymnospermous

woods (only tracheids devoid of pits were observed).

Twenty one of 31 (68%) of the fossil leaf remains were

assigned to the Nothofagaceae. Some leaves were not pre-

served well enough to allow assignment to any family (leaf

fragments on MPM PB 14951 and 14952).

The presence of fossil Lauraceae and Leguminosae in

Arroyo de los Ciervos suggests a mixed flora dominated by

the Nothofagaceae and a significant presence of arboreal

conifers. The term mixed flora was defined for associations

bearing subantarctic, cool-temperate taxa mixed with sub-

tropical ones (Romero, 1978, 1986). Several mixed floras

with Nothofagaceae of middle Eocene or younger ages

have been described from the following Patagonian sites

(Hinojosa, 2005): Río Turbio (middle Eocene), Ñirihuau (late

Eocene/early Oligocene), Las Águilas (late Oligocene) and

Goterones/Navidad (early Miocene). The Río Turbio flora

has abundant Nothofagacaeae and tropical taxa, such as

Sapindaceae and Malpighiaceae (Berry, 1937; Frenguelli,

1941; Hünicken, 1955, 1967; Panti, 2010; Fernández et al.,

2012). The Ñirihuau flora described by Fiori (1931, 1939,

1940) is also considered a mixed flora (Hinojosa, 2005). The

Las Águilas flora has Nothofagaceae mixed with Lau-

raceae, Myrtaceae and Leguminosae (Hinojosa and Villa-

grán, 1997). The Goterones/Navidad flora, from the middle

Miocene of central Chile (Troncoso, 1991), is also dominated

by Nothofagaceae and it was described as a rainforest

mixed flora based on the presence of temperate and some

tropical families (e.g., Melastomataceae).

Recently, a flora from the Loreto Formation (late

Eocene) was described by Otero et al., (2012). It bears some

of the fossils mentioned by Dusén (1899) and is dominated

by the Nothofagaceae with presence of other temperate

families. The megaflora of Carmen Silva in Tierra del Fuego

is middle Miocene (Malumián and Olivero, 2006). It displays

abundant Nothofagaceae (Dusén, 1899), and is likely coeval

to the fossils described herein. The Carmen Silva megaflora

is probably the one most closely related to the Arroyo de los

Ciervos megaflora based on age and composition. All the

families found in Arroyo de los Ciervos, except for the Cu-

pressaceae, are present in the Río Leona Formation (Pu-

jana, 2008, 2009a, b; Barreda et al., 2009), an Oligocene

unit that crops out in the region, suggesting similar compo-

sition of the Miocene forests in southwestern Patagonia.

Nothofagaceae, Araucariaceae and Leguminosae wood and

Nothofagaceae leaves are also shared with a fossil flora re-

cently described from early Miocene rocks in Patagonia

(Santa Cruz Formation) (Brea et al., 2012). Poole and Cantrill

(2007) described a late Tertiary lignitized wood flora from

Malvinas (Falkland) Islands. They found representatives of

the families Podocarpaceae, Cupressaceae and probably

Cunoniaceae, suggesting a forest composition similar to

that described herein.

Most of the fossil plant families found at Arroyo de los

Ciervos have living relatives in the subantarctic forests of

Argentinean and Chilean Patagonia. The Arroyo de los Cier-

vos fossils, dominated by Nothofagaceae and conifers and

with fewer representatives of the Lauraceae and Legumi-

nosae, suggest a climate similar to that of temperate

forests to the north of the studied fossil flora, where com-

parable taxa occur today. This is consistent with plant geo-

graphic range shifts and extinctions influenced by global

climate deterioration of the latest Cenozoic (Zachos et al.,

2001). Unfortunately, the inability to observe growth rings

in the carbonized wood precludes assessment of climatic

seasonality. However, the palaeolatitude indicates a sea-

sonal climate.
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CONCLUSIONS

The fossil flora described herein is one of the younger

fossil megafloras from Patagonia. In particular, this paper

provides the only data known about forest composition for

the southwestern region of Patagonia during the middle or

late Miocene. Plant taxa present herein, which represent a

mixed flora with Nothofagaceae, are common to other

Cenozoic units from Patagonia and represent an assem-

blage that is also comparable to living plant associations

from northern Patagonia. Finally, this record contributes to-

ward filling the gap devoid of fossil plants from southern

Patagonia spanning the early Miocene to present.

ACKNOWLEDGMENTS
The authors would like to thank the reviewers for their comments
and corrections. The authors also thank T. Echelle for critical reading
of the ms. Funding for this work was provided by the grant PICT
2010-0649 and 2012-0911 of the ANPCyT.

REFERENCES
Anzótegui, L.M., Horn, Y., and Herbst, R. 2007. Paleoflora (Fabaceae

y Anacardiaceae) de la Formación Andalhuala (Plioceno Infe-
rior), provincia de Catamarca, Argentina. Ameghiniana 44: 525–
535.

APG III. 2009. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants.
Botanical Journal of the Linnean Society 161: 105–121.

Archangelsky, S. 1973. Palinologia del Paleoceno de Chubut. I. Des-
cripciones sistematicas. Ameghiniana 10: 339–399

Barreda, V.D., Palazzesi, L., and Marenssi, S.A. 2009. Palynological
record of the Paleogene Río Leona Formation (southernmost
South America): Stratigraphical and paleoenvironmental impli-
cations. Review of Palaeobotany and Palynology 154: 22–33.

Berry, E.W. 1922. The Flora of Concepción Arauco coal measures of
Chile. Johns Hopkins University Studies in Geology 4: 73–142.

Berry, E.W. 1925a. Fossil plants from the Tertiary of Patagonia and
their significance. Proceedings of the National Academy of Science
11: 404–405.

Berry, E.W. 1925b. A Miocene flora from Patagonia. Johns Hopkins
University Studies in Geology 6: 183–234.

Berry, E.W. 1928. Tertiary fossil plants from the Argentine Repub-
lic. Proceedings of the National Academy of Science 73: 1–27. 

Berry, E.W. 1935. The Monimiaceae and a new Laurelia. Botanical
Gazette 96: 751–754.

Berry, E.W. 1937a. A Paleocene flora from Patagonia. Johns Hopkins
University Studies in Geology 12: 33–50.

Berry, E.W. 1937b. Eogene plants from Río Turbio in the territory of
Santa Cruz. Johns Hopkins University Studies in Geology 12: 91–97.

Berry, E.W. 1938. Tertiary Flora from the Rio Pichileufu, Argentina.
Geological Society of America, Special Papers 12: 1–149.

Brandmayr, J. 1945. Contribución al conocimiento geológico del ex-
tremo sud-sudoeste del Territorio de Santa Cruz (Región Cerro
Cazador-Alto Río Turbio). Boletín de Informaciones Petroleras
256: 415–437.

Brea, M., Zucol, A.F., and Iglesias, A. 2012. Fossil plant studies from
late Early Miocene of the Santa Cruz Formation: paleoecology

and paleoclimatology at the passive margin of Patagonia, Ar-
gentina. In: S.F. Vizcaíno, R.F. Kay, and M.S. Bargo (Eds.), Early
Miocene Paleobiology in Patagonia: High-Latitude Paleocommuni-
ties of the Santa Cruz Formation. Cambridge University Press,
New York, p. 104–128.

Cabrera, A.L. 1971. Fitogeografía de la República Argentina. Boletín
de la Sociedad Argentina de Botánica 14: 1–42.

Cantrill, D.J., Tosolini, A.M.P., and Francis, J.E. 2011. Paleocene flora
from Seymour Island, Antarctica: revisión of Dusén’s (1908)
pteridophyte and conifer taxa. Alcheringa 35: 309–328. 

Chase, M., and Reveal, J. 2009. A phylogenetic classification of the
land plants to accompany APG III. Botanical Journal of the Linnean
Society 161: 122–127.

Christenhusz, M.J.M., Reveal, J.L., Farjon, A., Gardner, M.F., Mill, R.R.,
and Chase, M.W. 2011. A new classification and linear sequence
of extant gymnosperms. Phytotaxa 19: 55–70.

Crisafulli, A., and Herbst, R. 2008. Maderas gimnospérmicas de la
Formación Solca (Pérmico Inferior), provincia de La Rioja, Ar-
gentina. Ameghiniana 45: 737–751.

de Laubenfels, D.J. 1953. The external morphology of Coniferous
leaves. Phytomorphology 3: 1–20.

Dusén, P. 1899. Über die tertiäre Flora der Magallans-Länder. In:
O. Nordenskjsld (Ed.), Wissenschaftliche Ergebnisse der Schwedis-
chen Expedition nach den Magallans-Lander 1895–97, volume 4,
Stockholm, p. 1–27.

Dusén, P. 1908. Über die Tertiäre Flora der Seymour Insel. In: O.
Nordenskjöld, Wissenschaftliche Ergebnisse Der Schwedischen
Südpolar Expedition 1901-1903, volume 3. Lithographisches In-
stitut des Generalstabs, Stockholm, p. 1–27.

Eckenwalder, J.E. 2009. Conifers of the world. Timber Press, Portland,
720 p.

Ellis, B., Daly, D.C., Hickey, L.J., Johnson, K.R., Mitchell, J.D., Wilf, P.,
and Wing, S.L. 2009. Manual of Leaf Architecture. Cornell Uni-
versity Press, Ithaca, 216 p.

Enright, N.J., Hill, R.S., and Veblen, T.T. 1995. The southern conifers
- an introduction. In: N.J. Enright, and R.S. Hill (Eds.), Ecology of
the Southern Conifers, Melbourne University Press, Melbourne,
p. 1–9.

Escapa, I., Cúneo, R., and Axsmith, B.J. 2008. A new genus of the
Cupressaceae (sensu lato) from the Jurassic of Patagonia: im-
plications for conifer megasporangiate cone homologies. Re-
view of Palaeobotany and Palynology 151: 110–122. 

Fernández, D.A., Panti, C., Palazzesi, L., and Barreda, V.D. 2013. La
Presencia de una familia neotropical (Malpighiaceae) en el ex-
tremos más austral de Sudamérica durante el Eoceno. Revista
Brasileira de Paleontología 15: 386–391.

Fiori, A. 1931. Filliti terziarie della Patagonia, I. Fillite della riva me-
ridionale del Lago Nahuel Huapi. Giornale di Geologia 13: 1–27. 

Fiori, A. 1939. Filliti terziarie della Patagonia. II. Filliti del Río Ñiri-
huau. Giornale di Geologia 13: 41–67.

Fiori, A. 1940. Filliti terziarie della Patagonia III. Fillite del Río Chen-
queñiyen. Giornale di Geologia 14: 94–143.

Fosdick, J.C., Romans, B.W., Fildani, A., Bernhardt, A., Calderon, M.,
and Graham, S.A. 2011. Kinematic evolution of the Patagonian
retroarc fold-and-thrust belt and Magallanes foreland basin,
Chile and Argentina, 51°30′ S. Geological Society of America
Bulletin 123: 1679–1698.

Frenguelli, J. 1941. Nuevos elementos florísticos del Magellaniano
de Patagonia austral. Notas del Museo de la Plata, Paleontología
6: 173–202.

Frenguelli, J., and Parodi, L.R. 1941. Una Chusquea fósil de El Mira-
dor (Chubut). Notas del Museo de La Plata, Paleontología 6:
235–238.

AMEGHINIANA - 2015 - Volume 52 (2): xx – xx 

14

Administrador
Note
Nordenskjöld




Galtier, J., and Phillips, T.L. 1999. The acetate peel technique. In: T.P.
Jones, and N.P. Rowe (Eds.), Fossil Plants and Spores: Modern
Techniques. Geological Society, London, p. 67–70.

Gandolfo, M., Zamaloa, M.C., and Caviglia, N. 2010. Revisiting the
Argentinean monocotyledon fossil record. Botany 2010 (Provi-
dence), Abstracts 518.

Gonzalez, C.C., Gandolfo, M.A., Zamaloa, M.C., Cúneo, R.N., Wilf, P.,
and Johnson, K.R. 2007. Revision of the Proteaceae Macro-
fossil Record from Patagonia, Argentina. The Botanical Review
73: 235–266.

Greguss, P. 1955. Identification of living gymnosperms on the basis
of xylotomy. Akadémiai Kiadó, Budapest, 263 p.

Hass, H., and Rowe, N.P. 1999. Thin sections and wafering. In: T.P.
Jones, and N.P. Rowe (Eds.), Fossil Plants and Spores: Modern
Techniques. Geological Society, London, p. 76–81.

Heads, M. 2006. Panbiogeography of Nothofagus (Nothofagaceae):
analysis of the main species massings. Journal of Biogeography
33: 1066–1075.

Heywood, V., Brummitt, R., and Culham, A. 2007. Flowering Plant
Families of the World. Firefly Books, Ontario, 424 p.

Hill, R.S., and Jordan, G.J. 1993. The evolutionary history of Nothofa-
gus (Nothofagaceae). Australian Systematic Botany, 6: 111–126.

Hinojosa, L.F. 2005. Cambios climáticos y vegetacionales inferidos
a partir de paleofloras cenozoicas del sur de Sudamérica. Re-
vista Geológica de Chile 32: 95–115.

Hinojosa, L.F., and Villagrán, C. 1997. Historia de los bosques del
sur de Sudamérica, I: antecedentes paleobotánicos, geológicos
y climáticos del Terciario del cono sur de América. Revista Chi-
lena de Historia Natural 70: 225–239.

Hünicken, M.A. 1955. Depósitos neocretácicos y terciarios del ex-
tremo SSW de Santa Cruz. Cuenca carbonífera de Río Turbio.
Revista del Museo Argentino de Ciencias Naturales, Ciencias Geo-
lógicas 4: 1–164.

Hünicken, M.A. 1967. Flora terciaria de los estratos de Río Turbio,
Santa Cruz (niveles plantíferos del Arroyo Santa Flavia). Revista
Facultad de Ciencias Exactas, Físicas y Naturales, Universidad Na-
cional de Córdoba 17: 139–260.

Hünicken, M.A. 1995. Floras Cretácicas y Terciarias. In: P.N. Stipa-
nicic, and M.A. Hünicken (Eds.), Revisión y actualización de la obra
paleobotánica de Kurtz en la República Argentina (I, II, III, IV, V, VI y
VII). Academina Nacional de Ciencias, Córdoba, p. 199–219.

IAWA Committee. 1989. IAWA list of microscopic features for hard-
wood identification. IAWA Bulletin 10: 219–332.

IAWA Committee. 2004. IAWA list of microscopic features for soft-
wood identification. IAWA Journal 25: 1–70.

Iglesias, A., Wilf, P., Gandolfo, M., Little, S.A., Johnson, K., Zamuner,
A.B., Labandeira, C.C., and Cúneo, N. 2008. Paleocene Patago-
nian floras: in situ cuticles complement architectural data from
leaf compressions of Podocarpaceae, Lauraceae and Nothofa-
gaceae. Botany 2008 (Vancouver), Abstracts 449.

Johnson, K.R. 1989. [High-resolution megafloral biostratigraphy
spanning the Cretaceous-Tertiary boundary in the Northern
Great Plains. PhD Thesis, Yale University, New Haven, Connecti-
cut, 556 p. Unpublished.].

Jordan, G.J., and Hill, R.S. 1999. The phylogenetic affinities of
Nothofagus (Nothofagaceae) leaf fossils based on combined
molecular and morphological data. International Journal of Plant
Science 160: 1177–1188.

Kraüsel, R. 1924. Beiträge zur Kenntnis der fossilen Flora Su-
damerikas I. Fossile Hölzer aus Patagonien und benach-barten
Gebieten. Arkiv fur Botanik 19: 1–36.

Malumián, N., and Panza, J. 2000. Hoja Geológica 5172-III Yaci-
miento Río Turbio 1:250.000. Servicio Geológico Minero Argen-

tino 247: 1–108.
Malumián, N., and Olivero, E.B. 2006. El grupo Cabo Domingo Tie-

rra del Fuego: bioestratigrafía, paleoambientes y aconteci-
mientos del Eoceno-Mioceno marino. Revista de la Asociación
Geológica Argentina 61: 139–160.

Martínez, L.C.A., and Pujana, R.R. 2010. Sobre la presencia de Re-
sinaxylon schinusoides Pujana en la Formación San Julián (Oli-
goceno), Santa Cruz, Patagonia argentina. Ameghiniana 47:
535–539.

Nishida, M. 1984a. The anatomy and affinities of the petrified
plants from the Tertiary of Chile I. In: M. Nishida (Ed.), Contribu-
tions to the botany in the Andes I. Academia Scientific Book Inc.,
Tokyo, p. 81–85.

Nishida, M. 1984b. The anatomy and affinities of the petrified
plants from the Tertiary of Chile III. Petrified woods from Mocha
island, Central Chile. In: M. Nishida (Ed.), Contributions to the
botany in the Andes I. Academia Scientific Book Inc., Tokyo, p.
96–110.

Nishida, M., and Nishida, H. 1988. Preliminary studies on the petrified
plants from the Creto-Tertiary of Chile. In: M. Nishida (Ed.), A
report of the botanical survey to Bolivia and southern Chile
(1986–87). Academia Scientific Book Inc., Tokyo, p. 26–28.

Nishida, M., Ohsawa, T., and Nishida, H. 1990. Anatomy and affini-
ties of the petrified plants from the Tertiary of Chile (VI). The
Botanical Magazine, Tokyo 103: 255–268.

Nishida, M., Ohsawa, T., Nishida, H., and Rancusi, M.H. 1992. Per-
mineralized coniferous woods from the XI Region of Chile, cen-
tral Patagonia. Research Institute of Evolutionary Biology 7:
47–59.

Otero, R.A., Torres, T., Le Roux, J.P., Hervé, F., Fanning, C.M., Yury-
Yañez, R.E., and Rubilar-Rogers, D. 2012. A Late Eocene age
proposal for the Loreto Formation (Brunswick Peninsula, south-
ernmost Chile), based on fossil cartilaginous fishes, paleobotany
and radiometric evidence. Andean Geology 39: 180–200.

Ottone, E.G., and Medina, F.A. 1998. A wood from the Early Creta-
ceous of James Ross Island, Antarctica. Ameghiniana 35: 291–
298.

Panti, C. 2010. [Diversidad Florística durante el Paleógeno en Pa-
tagonia Austral. PhD Thesis, Facultad de Ciencias Exactas y
Naturales, Universidad de Buenos Aires, Buenos Aires, 210 p.
Unpublished.].

Panti, C. 2011. Análisis paleoflorístico de la Formación Río Gui-
llermo (Eoceno tardío-Oligoceno temprano?), Santa Cruz, Ar-
gentina. Ameghiniana 48: 320–335.

Panti, C., Pujana, R.R., Zamaloa, M.C., and Romero, E.J. 2012. Arau-
cariaceae macrofossil record from South America and Antarc-
tica. Alcheringa 36: 1–22. 

Philippe, M., and Bamford, M.K. 2008. A key to morphogenera used
for Mesozoic conifer-like woods. Review of Palaeobotany and
Palynology 148: 184–207.

Poole, I. 2002. Systematics of Cretaceous and Tertiary Nothofagoxy-
lon: implications for southern hemisphere biogeography and
evolution of the Nothofagaceae. Australian Systematic Botany
15: 247–276.

Poole, I., and Cantrill, D.J. 2007. The arboreal component of the
Neogene Forest Bed, West Point Island, Falkland Islands. IAWA
Journal 28: 423–444.

Pujana, R.R. 2007. New fossil woods of Proteaceae from the
Oligocene of southern Patagonia. Australian Systematic Botany
20: 119–125.

Pujana, R.R. 2008. [Estudio paleoxilológico del Paleógeno de Pata-
gonia austral (Formaciones Río Leona, Río Guillermo y Río Tur-
bio) y Antártida (Formación La Meseta). PhD Thesis, Facultad

PUJANA ET AL.: NEW MEGAFLORA FROM PATAGONIA

15



de Ciencias Exactas y Naturales, Universidad de Buenos Aires,
Buenos Aires, 182 p. Unpublished.].

Pujana, R.R. 2009a. Fossil woods from the Oligocene of south-
western Patagonia (Río Leona Formation). Rosaceae and
Nothofagaceae. Ameghiniana 46: 621–636.

Pujana, R.R. 2009b. Fossil woods from the Oligocene of southwest-
ern Patagonia (Río Leona Formation). Atherospermataceae,
Myrtaceae, Leguminosae and Anacardiaceae. Ameghiniana 46:
523–535.

Pujana, R.R., García Massini, J.L., Rodriguez Brizuela, R., and Bur-
rieza, H.P. 2009. Evidence of fungal activity in silicified gym-
nosperm wood from the Eocene of southern Patagonia
(Argentina). Geobios 42: 639–647.

Pujana, R.R., Martínez, L.C.A., and Brea, M. 2011. El registro de ma-
deras fósiles de Leguminosae de Sudamérica. Revista del Museo
Argentino de Ciencias Naturales 13: 183–194.

Pujana, R.R., Santillana, S.N., and Marenssi, S.A. 2014. Conifer fossil
woods from the La Meseta Formation (Eocene of Western
Antarctica): Evidence of Podocarpaceae-dominated forests. Re-
view of Palaeobotany and Palynology 200: 199–204.

Rancusi, M.H., Nishida, M., and Nishida, H. 1987. Xylotomy of im-
portant Chilean woods. In: M. Nishida (Ed.), Contributions to the
botany in the Andes II, volume II. Academia Scientific Book Inc.,
Tokyo, p. 68–153.

Rohwer, J.G., and Kubitzki, K. 1993. Ecogeographical differentiation in
Nectandra (Lauraceae), and its historical implications. Botanical
Acta 106: 88–99.

Roig, F.A. 1992. Comparative wood anatomy of Southern South
American Cupressaceae. IAWA Bulletin 13: 151–162.

Rößler, R., Philippe, M., van Konijnenburg-van Cittert, J.H.A.,
McLoughlin, S., Sakala, J., Zijlstra, G., Bamford, M., Booi, M.,
Brea, M., Crisafulli, A., Decombeix, A.L., Dolezych, M., Dutra, T.,
Esteban, L.G., Falaschi, P., Feng, Z., Gnaedinger, S., Sommer,
M.G., Harland, M., Herbst, R., Iamandei, E., Iamandei, S., Jiang,
H., Kunzmann, L., Kurzawe, F., Merlotti, S., Naugolnykh, S.,
Nishida, H., Noll, R., Oh, C., Orlova, O., de Palacios, P.P., Poole,
I., Pujana, R.R., Rajanikanth, A., Ryberg, P., Terada, K., Théve-
nard, F., Torres, T., Vera, E., Zhang, W., and Zheng, S. 2014.
Which name(s) should be used for Araucaria-like fossil wood?-
Results of a poll. Taxon 63: 177–184.

Romanutti, A. 2012. Typhaceae. In: A.M. Anton, and F.O. Zuloaga
(Eds.), Flora Argentina. World Wide Web: http://www.floraar-
gentina.edu.ar/

Romero, E.J. 1978. Paleoecología y paleofitogeografía de las tafo-
floras del Cenofítico de Argentina y áreas vecinas. Ameghiniana
15: 209–227.

Romero, E.J. 1986. Paleogene phytogeography and climatology of
South America. Annals of the Missouri Botanical Garden 73:
449–461.

Romero, E.J., and Dibbern, M.C. 1985. A review of the species descri-
bed as Fagus and Nothofagus by Dusén. Palaeontographica B
197: 123–137.

Slocum, D.H., McGinnes, E.A., and Beall, F.C. 1978. Charcoal yield,
shrinkage, and density changes during carbonization of Oak and
Hickory woods. Wood Science 11: 42–47. 

Swenson, U., Hill, R.S., and McLoughlin, S. 2001. Biogeography of
Nothofagus supports the sequence of Gondwana break-up.
Taxon 50: 1025–1041.

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

Terada, K., Asakawa, T.O., and Nishida, H. 2006a. Fossil woods from
the Loreto Formation of Las Minas, Magallanes (XII) region, Chile.
In: H. Nishida (Ed.), Post-Cretaceous floristic changes in Southern
Patagonia, Chile, p. 91–101.

Terada, K., Asakawa, T.O., and Nishida, H. 2006b. Fossil wood as-
semblage from Cerro Dorotea, Última Esperanza, Magallanes
(XII) region, Chile. In: H. Nishida (Ed.), Post-Cretaceous floristic
changes in Southern Patagonia, Chile, p. 67–90.

Tortorelli, L.A. 1956. Maderas y bosques argentinos. Acme Agency,
Buenos Aires, 910 p.

Tosolini, A.M.P., Cantrill, D.J., and Francis, J.E. 2013. Paleocene flora
from Seymour Island, Antarctica: revision of Dusén’s (1908)
angiosperm taxa. Alcheringa 37: 366–391.

Troncoso, A. 1991. Paleomegaflora de la Formación Navidad, Miem-
bro Navidad (Mioceno), en el área de Matanzas, Chile central
occidental. Boletín del Museo de Historia Natural 42: 131–168.

Troncoso, A. 1992. La tafoflora terciaria de Quinamavida (VII Re-
gión, Chile). Boletín del Museo Nacional de Historia Natural, Chile
43: 155–178.

Troncoso, A. 2002. Paleoflora de la Formación Ligorio Márquez (XI
Región, Chile) en su localidad tipo: sistemática, edad e impli-
cancias paleoclimáticas. Revista Geológica de Chile 29: 1–21.

Vaudois, N., and Privé, C. 1971. Révision des bois fossiles de Cu-
pessaceae. Palaeontographica B 134: 61–86.

Vera, E.I., and Césari, S.N. 2012. Fossil woods (Coniferales) from the
Baqueró Group (Aptian), Santa Cruz Province, Argentina. Anais
da Academia Brasileira de Ciências 84: 617–625.

Zachos, J., Pagani, M., Sloan, L., Thomas, E., and Billups, K. 2001.
Trends, rhythms, and aberrations in global climate 65 Ma to
present. Science 292: 686–93.

Zamuner, A.B., and Falaschi, P. 2005. Agathoxylon matildense n. sp.,
leño araucariaceo del Bosque Petrificado del cerro Madre e Hija,
Formación La Matilde (Jurásico medio), provincia de Santa Cruz,
Argentina. Ameghiniana 42: 339–346.

Zhang, Y., Wang, J., Liu, L., and Li, N. 2010. Protophyllocladoxylon
jingyuanense sp. nov., a gymnospermous wood of the Ser-
pukhovian (Late Mississippian) from Gansu, Northwest China.
Acta Geologica Sinica 84: 257–268.

doi: 10.5710/AMGH.05.01.2014.2805

Submitted: July 16th, 2014

Accepted: January 5th, 2015

AMEGHINIANA - 2015 - Volume 52 (2): xx – xx 

16

Administrador
Note
ok



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


