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First record of Annonaceae
wood for the Neogene of South America,
Amazon Basin, Brazil

Primeiro registro de madeira de Annonaceae para
o Nedgeno da América do Sul, Bacia do Amazonas, Brasil

Emilio Alberto Amaral Soares?, Adriana Cabral Kloster?*, Silvia Cristina Gnaedinger?,
Silvio Roberto Riker?, Felipe José da Cruz Lima3, Marcelo Batista Motta®

ABSTRACT: The relief of the regions of Manaus and Itacoatiara,
Central Amazon, is supported by Neogene siliciclastic rocks, bounded
at the base and top by lateritic paleosols and covered by quaternary se-
dimentary deposits from the Solimées-Amazon river system. This unit
is informally assigned to the Novo Remanso Formation, consists of
usually reddish and ferruginized sandstones, conglomerates and pelites,
with few identified fossil records, a fact that has hindered its stratigra-
phic position, and the paleoenvironmental reconstruction of the last
phase of the Amazon Basin settling. This study describes, for the first
time, the occurrence of fossil wood in outcroppings of the left bank of
the Amazon River, where anatomical and morphological data has ena-
bled its characterization to the species level. Thus, the data marks the
record of the Annonaceae in South America, as well as the depositio-
nal processes related to incorporation of organic material in the sandy
layer and the fossilization processes that allowed its preservation. In an
unprecedented way, this study has described Duguetiaxylon amazoni-
cum nov. gen and sp. and provided information on the anatomical and
systematic character, as well as data on plant-insect interaction, and a
better understanding of the family.

KEYWORDS: Annonaceae; Duguetiaxylon; Neogene Deposit;
Amazon Basin.

RESUMO: O relevo das regives de Manaus e Itacoatiara, na Amazinia
Central, é suportado por rochas silicicldsticas neogénicas, delimitadas na
base e no topo por paleossolos lateriticos e cobertas por depdsitos sedi-
mentares quaterndrios do sistema fluvial Solimées-Amazonas. Essa uni-
dade é informalmente atribuida & Formagio Novo Remanso, constituida
geralmente de arenitos avermelhados e ferruginizados, conglomerados e
pelitos, com poucos registros fosseis identificados, fato que tem impedido
sua posigdo estratigrdfica e a reconstrugdo paleoambiental da iiltima fase
do assentamento da Bacia Amazdnica. Este estudo descreve, pela primeira
vez, a ocorréncia de madeira fossil em afloramentos da margem esquerda
do Rio Amazonas, onde dados anatéomicos e morfoldgicos possibilitaram
sua caracterizagio ao nivel da espécie. Assim, os dados marcam o registro
de Annonaceae na América do Sul, bem como os processos deposiciona-
is relacionados & incorporagio de material orginico na camada arenosa
e os processos de fossilizagio que permitiram sua preservagio. De modo
sem precedentes, este estudo descreve Duguetiaxylon amazonicum nov.
gen e sp. e fornece informagées sobre as caracteristicas anatémicas e
sistemdticas, bem como dados sobre a interagio planta-inseto ¢ melhor
compreensio da familia.

PALAVRAS-CHAVE: Annonaceae; Duguetiaxylon; Depdsito Nedge-
no; Bacia Amazonica.
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INTRODUCTION

The Amazon, Solimoes and Acre sedimentary basins, respec-
tively delimited by the structural arches of Iquitos, Purus and
Gurupa, present expressive Paleogene-Neogene sedimentation.
In the Solimées and Acre basins, this sedimentary record has
been attributed to the Solimoes Formation, which contains
varied fossiliferous contents, such as mollusks (Vonhof ez a/.
1998), fishes (Richter 1984, 1989), chelonians (Bocquentin
and Guilherme 1997), crocodiles (Souza Filho 1998), birds
(Alvarenga and Guilherme 2003), mammals (Cozzuol ez 4l.
2006), primates (Kay and Cozzuol 2006), ostracods (Ramos
et al. 2001), palynomorphs (Latrubesse ¢t al. 2007), sheets
(Maury 1937) and fossil woods (Mussa et 2. 2002; Kloster
etal. 2013, 2015; Machado ez al. 2012). As yet litdle studied,
the Amazon basin’s equivalent sedimentary record has been
informally designated Novo Remanso Formation (Neogene),
where few fossilized wood occurrences have been identified
(Oliveira and Nogueira 2006, Soares 2007, Dino ez al. 2012;
Lima et al. 2013). However, neither systematic and/nor tapho-
nomic study has been carried out aiming their classification
and/or paleoenvironmental reconstitution.

The present study has carried out the analysis of a fossili-
zed wood collected in the Novo Remanso Formation, on the
left bank of the Amazon River, in the Amazon Basin (Fig. 1).
The anatomical and morphological data of the cellular struc-
tures allowed relating the fossil sample to the Annonaceae
family, thus being the first record reported in South America.
The Annonaceae Juss. family is currently distributed in the
Neotropics. For South America, there is an average of 40 genera

and about 650 species with distribution centers in the Brazilian

Amazon and Guianas (Ribeiro ez 2/. 1999).

GEOLOGICAL SETTING

The relief of the Central Amazon is supported by sili-
ciclastic rocks from the Miocene unit — informally called
Novo Remanso Formation — outcrops between the cities
of Manaus and Itacoatiara. In the local stratigraphic context,
this unit discordantly recovers the Cretaceous unit (Alter do
Chao Formation), being delimited in the base, in the interme-
diate portion and on the top by lateritic paleosols and being
partially covered by Quaternary fluvial deposits (Soares ez a/.
2010; Dino ez al. 2012, Gongalves Jr. er al. 2016) (Fig. 2).

The Alter do Chao Formation consists of sandstones, siltstones,
mudstones and conglomerates (Caputo 1984, Soares ez /. 2010,
Dino et al. 2012), characteristic to a fluvial-lacustrine palacoenvi-
ronment (Caputo ezal. 1971; Cunha ez al. 1994; Dino ez al. 1999;
Nogueira et al. 1999; Cunha et al. 2007, Mendes et al. 2012).
In general, it displays silicified discontinuous-leaved variegated
colors of red, yellow and white. Plant fossils are scarce in this for-
mation, with angiosperm leaf debris standing out in sandstones
of Serra da Paituna, municipality of Monte Alegre, Northwestern
Pard state (Duarte 1987), in addition to fragmented, and much
replaced fossilized woods, associated to paleosol levels in the vici-
nity of Manaus, Amazon (Vieira 1999; Nogueira ez al. 1999;
Horbe ez al. 2006; Soares 2007), and amber — with spores and
fungi included — in this Formation’s voucher drillings (Dino
et al. 1999; Pereira et al. 2006).

2i400 km

3°0'0"S

% Studied site

o Main cities
—— Main highways
—— Secondary roads
> Drainage

[ Alter do Chao and

CARTOGRAPHIC CONVENTIONS REGIONAL STRATIGRAPHIC CHART
[ | Quaternary Deposits

Novo Remanso Formations

Figure 1. Map of the location and access to the studied outcrop (Site BM-102), at the locality of Novo Remanso, on
the left bank of the Amazon River (Modified from CPRM, 2006).
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Rozo et al. (2005) informally denominated the term
Novo Remanso Formation for the essentially sandy depo-
sits, which discordantly cover the cretaceous unit of the
homonymous locality, eastward from Manaus (Amazonas).
In general, this unit exhibits around 10 to 20 m outcropping
thickness; it is made up of sandstones with subordinated
pelites and conglomerates, characteristic to a meandering
fluvial paleoenvironment, bounded in both bottom and top
by discontinuity surfaces, marked by lateritic crust and/or
erosive contact (Soares 2007; Dino et al. 2012; Soares et al.
2015). Locally, records of fossilized plant fragments have
been cited in some regional studies of this formation out-
crops on the banks of the Negro (in Paricatuba, Oliveira
and Nogueira 2006), Solimées (in Manacapuru, Dino ez al.
2012) and Amazonas (in Novo Remanso, Lima ez /. 2013,
Kloster et al. 2013) rivers.

Based on palinological data, the age of Alter do Chio
Formation was placed at Mid-Albian/Turonian (Daemon
1975) and Aptian-Cenomanian (Dino et /. 1999), and
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Figure 2. Stratigraphic chart illustrating the column of
Cretaceous, Paleogene and Neogene of the central portion
of the Amazon Basin (Modified from Dino et al. 2012).
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Novo Remanso Formation’s at Middle Miocene (Dino ez al.
2012; Soares et al. 2015).

Extensive deposits of pleistocene-holocene fluvial
terraces constitute the alluvial plain of the Solimaes-
Amazonas system, partially covering the Miocene unit in
canal and plain areas (Soares et a/. 2010; Gongalves Jr.
et al. 2016).

METHODOLOGY

The fossil wood was recovered from a Novo Remanso site
(03°15°02,2”S and 58°55°49,3”W) on the Amazon River’s
left bank during the receding water period (September
2011 and December 2013) (Fig. 1). Litotypes, geological
contacts and stratigraphic position of fossils are shown in
photo mosaic and columnar section (Fig. 3).

A fragment of silicified wood with external inlays of fer-
ruginous sandstone, showing very good cellular preserva-
tion, was analyzed. Petrographic thin sections of 30-40 pm
thick were prepared from the wood fragments; three thin
sections were made, orientated along three sections: trans-
verse section (ST), tangential longitudinal section (TLS),
and radial longitudinal section (RLS), at the Geological
Survey of Brazil (CPRM) Lamination Laboratory (Manaus
Regional Superintendence).

Wood and rock portions were pulverized and subjec-
ted to an x-ray diffraction analysis, using the PANalytical
Brand, X’PERT PRO MPD (PW 3040/60) model, x-ray
difractometer of the CPRM/Laboratory of mineral analysis
(LAMIN) Difraction Laboratory.

The collected fossil wood sample lied at the CPRM/
LAMIN Difraction Laboratory, under number BM-R-
102B. These thin sections were thoroughly studied using
a Leica DM500 microscope, with an attached EC2 (LM)
camera, and some fragments were also observed using a
Leitz M50 stereoscopic microscope. Observations were
made using a Jeol5800 LV scanning electron micros-
cope (SEM), at Universidad Nacional del Nordeste,
Corrientes, Argentina.

For the various anatomical elements studied, at least
20 individual measurements were recorded, with means
and minimum-maximum values determined according to
Chattaway (1932). The diagnostic for Annonaceae anato-
mical characters were taken from Kribs (1935), Metcalfe
and Chalk (1950), Détienne and Jacquet (1983), the IAWA
recommendations for hardwood identification terminology
(IAWA Committee, 1989), Carlquist (2001), the Inside
Wood Database 2004 (Inside Wood 2004), and also from
Gregorys's list (Gregory ez al. 2009). Systematics follows the
APG III (2009) classification.
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RESULTS

Sedimentologic, stratigraphic
and diagenetic data

The outcrop studied exhibits around 10 to 20 m
outcropping thickness, divided into two portions in
this study. The lower portion consists of whitish, red-
dish blended pinkish to brownish colored sandstone and
pelite centimetric to metric interbedded layers, while the
upper one is predominantly yellowish colored, clayey
and massive, due to the intense pedogenesis (Fig. 3).
It occurs discordantly on the cretaceous unit (Alter do
Chiao Formation), and is bounded in both bottom and
top by lateritic ferruginous crusts, informally denomi-
nated here as S1 and S2 (Fig. 3). In general, crusts exhi-
bit a massive and columnar aspect — at times seemingly
fragmented —, up to 3 m thick and kilometric exten-
sion, covered by yellow latosol.

The layers of sandstones of the studied section exhibit
massive aspect and/or cross-stratification with SE paleocur-
rent (Fig. 3, columnar section). They are mainly made up by
quartz grains (monocrystalline and polycrystalline) and, more
seldom, by rock fragments (sedimentary); they are fractured
and exhibit weak to strong undulating extinction and corro-
ded edges (Figs. 4A and Al). Grains are poorly sorted (fine
to coarse granulometry), they range from angular to rounded,
and display low to average spherecity. The grain arrangement
defines an open framework, with point and floating contacts,
cemented by goethite (containing amorphous portions), accor-
ding to x-ray diffraction data (Figs. 4A, Al and A2).

The basal — nearly 50 to 60 cm thick — Novo Remanso
Formation’s ferruginous sandstone layer, on the studied
outcrop, lies discordantly on the ferruginous lateritic crust,
developed from the overlying Alter do Chao Formation
(Fig. 3, columnar section). There is concentration of fossili-
zed woods in this layer, fragmented in varying sizes, arranged
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Figure 3. (A) Panoramic and columnar view of the studied outcrop’s (Point BM-102) showing a lareritic crust-
marked discordant contact between cretaceous (base) and miocene (top) units. (B) Miocene unit’s bottom
highlighting the sandstone with fossilized remains layer overlying the lateristic crust. (C) Annonaceae fossil
wood (sample BM-R-102B).
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horizontally and randomly. The wood’s inner structure was
replaced by goethite, according to the petrographic and dif-
fraction data (Figs. 4B, B1 and B2).

This study only analyzed sample BM-R-102B, which is 70 cm
length and is partally compressed, according to data from the
elipsoidal cross-section, which exhibits up to 30 cm on its lar-
gest axis (Fig. 5A). Dispersed in the same layer, there are smal-
ler plant fragments, up to 7 cm long and 0.3 to 0.5 cm wide, as
well as two portions resembling fruits and/or seeds of rounded
to ellipsoidal external contour (2.0 x 1.5 cm), which need future
morphological studies for further classification (Figure 5B, B1)

Systematic Palacobotany

Order Magnoliales Bromhead

Family Annonaceae Jussieu

Genus Duguetiaxylon gen. nov.

Type Specie Duguctiaxylon amazonicum sp. nov. (this work)

Generic Diagnosis. Growth rings indistinct/not obser-
ved, diffuse porous, solitary and multiple vessels, numerous
vessels per mm?, simple perforation plates, small and alter-
nate pits, vessel-ray pits similar to intervessel pits, simple
fibers not septated, axial parenchyma apotracheal in lines,
high and homogeneous tending to heterogeneous rays.

Etymology. Nominis derivations from the extant genus
Duguetia Augustin Saint-Hilaire. Their specific epithet deri-
vates from the Amazon region.

Duguetiaxylon amazonicum sp. nov. (this work)

(Figs. 6 to 8)

Holotype: BM-R-102B

Stratigraphic Horizon: Novo Remanso Formation

Specific Diagnosis: Growth rings indistinct/not obser-
ved. Small vessels. Solitary and multiples of 2, 3 and 4 vessels.
Density of 20 vessels per mm?. Simple perforation plates.
Vessel-ray pits, similar to intervessel ones. Intervessel pits
minute, alternate. Parenchyma 1-2 seriate lines. Fibers not
septated. High rays and commonly 4-10 seriate, homoge-
neous. Presence of oil/mucilage cells in rays.

Description

The fossil sample presents 70 cm of length and 30 cm of
diameter. Phloem is absent. Growth rings are indistinct/not
observed, there are diffuse porous, vessels in diagonal/radial
pattern, and solitary and multiple vessels of 2, 3 and 4 groups
of vessels (Figs. 6A and 6B). Density of 20 vessels per mm?,
tangential diameter of vessels of 58 pm (45-115) (Figs. 7A,
8A and 8B), vessel’s elements length of 144 um (100-300),
simple perforation plates (Figs. 6C and 7B), alternate and
minute intervessel pits (2-4 pm) (Figs. 6C, 7B and 7C),
vessel-ray pits similar to intervessel ones. Non-septate fibers
with simple to minutely bordered pits (Fig. 6D). Axial apo-
tracheal parenchyma reticulate of 1-2 cells wide, disjunctive
parenchyma present as well (Figs. 6A, 6B, 6D, 7D, 7E, 8C
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Figure 4. (A) Shows fossiliferous sandstone layer photomicrograph highlighting the quartz grains (Qz) and rock fragments
(Fr) loose packing, with goethite-enveloped point and floating contacts. (A1) Shows amorphous portions-associated
goethite crystals, as illustrated in the diffractogram (A2). (B and B1) Show the plant tissue well preserved by the
goethite replacement (as demonstrated in B2’s diffractogram). Abbreviations: Q - quartz, G - Goethite.
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and 8D). Homogeneous rays, tending to heterogeneous 4 to
10 seriate — most (3-8 seriate) formed by procumbent cells
(Figs. 6E, 6F and 7F). One upright cell, 8 rays per mm linear,
476-1,583 pm high and 55 pm wide and 46 cells high on ave-
rage. Some rays > 1 mm (Figs. 6E, 6F and 7F). Oil/mucilage
cells present in rays cells (Fig. 8E — black arrow). Prismatic
crystals observed in axial parenchyma (Fig. 8E — red arrow).
Storied structure not observed.

DISCUSSION

Anatomical features described in the fossil wood — such
as short-length, vessel elements, simple perforation plates,
axial apotracheal parenchyma reticulate, multiseriate and high

rays — are distinctive characters of the Annonaceae family

(Metcalf and Chalk 1950). Our sample was further com-
pared to the fossil and extant genus essential bibliography
of Prakash (1978), Détienne and Jacquet (1983), Wheeler
and Manchester (2002), Inside Wood (2004 onwards), Le4n
(2007) and Gregory ez al. (2009).

Therefore, the absence of a fossil genus that shares all
the characteristics with the fossil wood studied here justi-
fies the creation of a new fossil genus. Current Duguetia
Augustin Saint-Hilaire presents most similarities with the
fossil sample, since Duguetia is the genus with small vessel
diameter and intravascular pits inside the family (Détienne
and Jacquet 1983; Léon 2007).

Comparison with fossil wood
According to Gregory ez al. (2009), Annonaceae has only
two fossil genera: the Annonoxylon Boureau and Polyalthiaxylon

Transversal section

2,5 cm
S

Figure 5. (A) Fossil wood longitudinal and transverse view (sample BM-R-102B); (B) fossilized vegetal fragments

fruits/seeds.
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Figure 6. (A,B) Transversal section. Diffuse. porous vessels in diagonal/radial pattern, vessels solitary and multiple vessels
of 2,3 and 4. Density of vessels per mm?, mean, vessel’s tangential diameter 58 pm (A) fossil and (B) extant; (C) fossil (radial
longitudinal section), simple perforation plate, intervessel pits alternate and minute (2-4 pm); (D) (transversal section)
fibers with simple to minutely bordered pits and not septated; (E,F) (tangential longitudinal section) rays homogeneous
tending to heterogeneous 4 to 10 seriate, most (3-8 seriate), formed by procumbent cells and, in some, one upright cell,
some rays > 1 mm; (E) fossil and (F) extant. Scale bars A,B,G,H (200 pm); C,D (100 pm); E,F (50 pm).
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Figure 7. Scanning electron microscope. (A to E) (radial longitudinal section). (A) Arrow indicating a vessel element.
Scale bar (50 pm); (B) arrow indicating a simple perforation plate; (B,C) intervessel pits. Scales bar (25 pm); (D)
general view of parenchyma cells and presence of fungus (arrow). Scale bar (50 pm); (E) detail of cell containing
fungus (white arrow), and the indicating disjunctive parenchyma (black arrow). Scale bar (15 pm); (F) (Tangential
Longitudinal Section) arrow indicating a ray. Scale bar (100 pm).
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Figure 8. Fungi and insect-plant interactions. (A to E) Fungi. (A,B) (transversal section) hyphae are observed in the
parenchyma cells and vessels; (C,D) (longitudinal radial section) arrow indicating hyphae fungi; (E) (longitudinal
tangential section). cavities forming T-branches or L-branching are caused by the thin penetration of hyphae
(white arrow), oil/mucilage cells found in rays (black arrow) and Prismatic crystals observed in axial parenchyma
(red arrow); (F,G) (longitudinal tangential section) galleries caused by insects; (H) (longitudinal radial section)
damage caused by insect. Scales bar: A,B (50 pm); C,D (25 pm); E (50 pm); F,G (200 pm) and H (100 pm).
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Bande, most species from Africa, Asia and Europe, and
only one record from North America, Annonoxylon bonesii
(Wheeler and Manchester 2002). The sample studied here
is compared to the eight fossil species of the Annonaceae
family (Table 1), the sample differs from Annonoxylon
striatum (Boureau 1950) by having major density of
vessels by mm?, higher rays, less axial parenchyma and
the presence of oil cells. It differs from Annonoxylon
edegense (Boureau 1954) by having smaller diameter of
vessels, less density of vessels by mm? and axial paren-
chyma. It differs from Annonoxylon bonesii (Wheeler and
Manchester 2002) by having smaller diameter of ves-
sels, higher density of vessels by mm?, rays with a major
number of wide cells and the presence of crystal and oil
cells. It differs from Polyalthioxylon parapaniense (Bande
1973), Polyalthioxylon platymitroides (Kramer 1974) and
Polyalthioxylon oldhavenense by having smaller diame-
ter of vessels, less parenchyma cells and the presence of
crystal and oil cells. It differs from Polyalthioxylon stele-
chocarpoides (Kramer 1974) and Polyalthioxylon indicum
(Prakash 1978) by having different diameter of vessels
by mm?, smaller intervessel pits than P indicum and the
presence of crystals in ray cells (Table 1).

Table 1. Comparison between fossil woods

Comparisons with extant wood

Among modern species, the fossil wood described and
denominated as Duguetiaxylon amazonicum strongly resem-
bles the extant genus Duguetia Augustin Saint-Hilaire, and
can be distinguished from others genera of Annonaceae by
the presence of small vessels diameter (Figs. 6A and 6B),
the small size of intervasculary pits (Figs. 6C, 6D, 7B and
7C), the high and multiseriate rays (Figs. 6G and 6H)
and the presence of oil and crystal in ray cells (Fig. 8E)
(Détienne and Jacquet, 1983; Le6n 2007). Léon (2007),
in his paper about the wood anatomy of 26 species of
Annonaceae from Venezuela, exposed a high xylem homo-
geneity, which makes difficult the differentiation between
genera and species. Oil cells were found in only two spe-
cies of Xylopia and Duguetia, while Oxandra and Duguetia
are characterized by smaller diameters of vessels. Both rays’
height and the length of their fibers and vessel elements
also characters as rays, fiber lenth and vessels elements can
show trends where genders can be differentiated (Table 2).
Over all the characteristics presented by the fossil sample,
the most similar extant genus is Duguetia, especially by the
diameter of vessels, the small diameter of intervessel pits

and the presence of oil cells in rays.

Diameter Axial
. of Vessels/ , Rays high Rays parenchy 0il cells
BEEEE vessels mm? e (pm) width cells -ma Sl in rays
(um) cells
*Annonoxylon. striatum 50 - 100 5 nd > 350 4-10 3 N _
Boureau 1950, Sahara
*Annonoxylon edengense
Boureau 1954, Sahara > 200 3 nd >1mm 4-10 3 * *
Annonoxylon bonesii
Wheller & Manchester 155 4-13 4-6 250-1750 | 1- 6(3-4) 1-2 - -
2002, USA
*Polyalthioxylon
parapaniense 50 - 200 5-20 nd >1mm 4-10 3 - +
Bande 1973, India
*Polyalthioxylon
Platymitroides 50 - 200 5-20 nd >1mm 4-10 3 - -
Kramer 1974, Borneo
*Polyalthioxylon
stelechocarpoides 50 - 100 2-40 nd > 1lmm 4-10 3 - +
Kramer 1974, West Java
Polyalthioxylon indicum
Prakash 1978, India 60 -195 4-11 4-6 132 -2.475 6-10 2 - +
*Polyalthioxylon
oldhavenense 50 - 200 20 - 40 nd >1mm 4-10 3 - -
Crawley 2001, Britain
Duguetiaxylon
amazonicum (This work) 45 -115 20 2-4 500 - 1538 4-8 1-2 + +
Brazil
*InsideWood. 2004 - onwards; - = absent; + = presente; nd = no data
104
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Palaeoecological inferences:
organic evidence of fungi
and insect-plant interactions

In the studied sample, evidence of fungal decay and
hyphae of fungi, as well as related galleries insect activities
are registered — Plates II (Fig. 7) and III (Fig. 8). The axial
alignment of tracheids, vessels and fibers, and the radial
arrangement of the xylem ray parenchyma facilitate access
into the wood and allow a widespread distribution of hyphae
within the xylem (Rayde and Boddy 1988 apud Schwarze
2007). The colonization of wood by hyphae is observed in
the parenchyma cells and vessels (Figs. 7D, 7E, 8A and 8B).
The hyphae are septate, with simple branches and random
arrangement within cellular elements (Figs. 7D, 7E and
8B). It is possible to observe the formation of the secon-
dary wall cavities in the fibers. These cavities have the form
of T-branches or L-branching and are a result of the thin
penetration of the hyphae (Schwarze 2007) (Figs. 8C to 8E).
The structures of the cavities and the formation of multi-
ple L-branching colonization, associated with hyphae, are
typical of a soft rot, more precisely basidiomycete (Schwarze
2007, Schwarze et al. 2004).

Furthermore, the presence of circular-shaped galleries
of about 1.3 mm in diameter, caused by insects which are
likely to be the first ones to enter the wood, facilitates the
invasion by fungi or vice versa (Schweingruber ez /. 2006;
Schweingruber 2007) (Figs. 8F to 8H).

This interaction occurs in current ecosystems, enabling us
to infer an active plant/insect interaction, and the presence of
fungi in Miocene as well confirms Novo Remanso Formation
to have had hot and humid weather (typically tropical).

Novo Remanso Formation depositional
paleoenvironment

Sedimentary facies (channel bottom, fluvial bars and
crevasse splay deposits), described for the Novo Remanso

Formation, by Dino ez a/. (2012) and Soares ez 4. (2015), are
representative of the meandering fluvial paleoenvironment
which implanted itself on the Amazon Basin in the Miocene.
‘The characterization of this continental paleoenvironment is
corroborated by the presence of algae (such as Bosryococcus)
indicating a fresh to brackish water environment, as well
as the lack of elements of marine microphytoplankton, in
which there was a predominance of paleovegetation of palm
trees (Mauritia, Grimsdalea), (Grimineae, Bombacacae) and
aquatic elements (Deltoidospora, Botryococcus).

Under this context, the presence of fragments of fossil
plants on top and inside the sandy spit bars of this Miocene
fluvial system is an indicative of alternating periods of subae-
rial exposure and sedimentation of the bar, which may be
related to seasonal variations (receding and rising water
levels of the Amazonian rivers, respectively), and persist up
to now in Amazon. Furthermore, the fragmentation of the
fossil plants along the studied layer indicates them to have
been reworked and inserted into the fluvial bars during
deposition, generating an autochthonous accumulation.
However, the evidence of insect-plant interaction described
in the studied sample shows plants to have been exposed to
insect biotic activity prior to their burial.

The open framework of the studied sandstone layer is
indicative of an incipient mechanical compactation, which
characterizes a shallow diagenesis (eodiagenesis). This datum
is consistent with the stratigraphic positioning of Novo
Remanso Formation, which represents the Amazon Basin’s
sedimentary cover, and indicates this unit not to have under-
gone deep burial.

It appears that the cementation of goethite was preco-
cious, preventing the advance of the mechanical compaction
and also filling up gigantic and secondary pores (in some
grain boundaries), formed by intra-stratified dissolution.
These data indicate this unit to have undergone some
changes on its framework’s composition by the time it was

Table 2. Comparison between extant genera of Annonaceae. Adapted from Léon (2007).

Genus of Diameter of - . Rays high Rays width 0il cells in
Annonaceae vessels (pm) el (imindy BT (pm) cells rays
Annona 50 - 100 8-16 =5 300 - 1300 1-9 -
Bocageopsis 100 - 200 5-8 <5 700 - 1400 3-10 -
Duguetia 60 - 100 15-20 <5 300 - 1600 3-8 +
Guatteria 100 - 200 3-5 =5 300 - 2400 3-14 -
Oxandra 50 - 100 15 =5 58 - 384 3-6 -
Porcelia 100 - 200 11-15 =5 570 - 1200 1-3 -
Rollinia 100 - 200 4-8 =5 300 - 1000 2-6 -
Unonopsis 100 - 200 9-10 =5 700 - 1700 5-10 -
Xylopia 100 - 200 5-12 <5 200 - 1200 1-8 +
- = absent; + = presente
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subjected to the eodiagenesis field. This field is marked by
an abundant presence of iron (goethite), which may have
been originated while the just-deposited sediment was still
in contact with the environment, according to the process

suggested by Carvalho ez al. (2010).

CONCLUSIONS

This study describes a new fossil wood occurrence in
the Amazon Basin’s Neogene unit, informally called Novo
Remanso Formation. The sample was collected in an out-
crop on the left bank of the Amazon River and, despite
the absence of a precise stratigraphic positioning for the
studied fossiliferous layer, it can be associated to the other
occurrences in outcrops in the same formation, identified
on the banks of the Negro (Paricatuba Town) and Solimées
(Manacapuru Town) rivers.

The present study has analyzed a sample of a fossil wood
and their anatomical characteristics — such as short length
vessel elements, simple perforation plates, apotracheal reti-
culate axial parenchyma, multiseriate and high rays — have
enabled it to be related to the Annonaceae family. This dis-
covery becomes relevant, since it is the first record of this
species in South America and may contribute to new pale-
ofloristic studies in the Americas.

The preserved fungus inside the parenchyma cells and ves-
sels, along with the presence of insect galleries, support the
hypothesis of a hot and humid climate in Central Amazon
during the Novo Remanso Formation’s deposition in the
Miocene, and therefore consistent with the paleoclimatic data

obtained from the regional palynological studies conducted on
this Formation by Dino ez a/. (2012) and Soares ez 4/. (2015).

The fossil plants random arrangement and fragmenta-
tion degree in the studied sandy bar, as well as the described
plant-insect interaction data, are indicative of — prior to
deposition — subaerial exposure and reworking, for gene-
rating the autochthonous deposit.

The studied open sandstone layer framework may be rela-
ted to the early development of ferruginous cement (goethite)
between the grains, which prevented physical compaction
advancement in a shallow silting zone (Eodiagenesis stage).
This is consistent with the stratigraphic positioning of Novo
Remanso Formation, which discordantly overlays the creta-
ceous unit and makes up most of the Central Amazon’ relief.

The Novo Remanso Formation fossil wood study, despite
its being a punctual analysis, has demonstrated its value as
a paleoenvironmental indicator for the Amazon’s Neogene.
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