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ABSTRACT — Analysis of the type-material and new specimens from the Morro do Papaléo outcrop, in Rio Grande do
Sul State, permitted the reeval uation of Glossopterisoccidentalis White, 1908. The specific diagnosisis emended to include
new featuresrelated to venation (midrib structure, angles of emergence and divergence of secondary veins, mesh shapesand
vein density) and leaf shape. The emended diagnosis better discriminates this species from other members of the genus. The
geographic distribution of this species, originally constrained to localitiesin southern Santa Catarina State, is now extended
to Morro do Papaléo and Faxinal Mine localitiesin Rio Grande do Sul. Glossopteris occidentalis, considered previously to
be restricted to the Rio Bonito Formation, has now been recorded in the uppermost part of the Itararé Group, extending its
range from middle Sakmarian to early Artinskian.

K ey words: Glossopteris occidentalis, Parana Basin, Itararé Group, Rio Bonito Formation, Lower Permian, southern Brazil.

RESUMO — A andlise do material tipo e novos espécimes provenientes do afloramento Morro do Papaléo, no Rio Grande
do Sul, possibilitou areavaliagéo da espécie Glossopteris occidentalis White, 1908. A partir desta andlise foi proposta uma
emenda a diagnose original, onde foram incluidas novas caracteristicas quanto a venagéo (venacdo mediana, angulos de
emergénciaedivergénciadavenagdo secundaria, tipos de malhaformada pelavenagéo secundéria e densidade de venagdo) e
ao formato da folha. Esta nova diagnose permitiu uma comparagdo mais efetiva com as demais espécies ja descritas parao
género Glossopteris, o que confirmou G. occidentalis como um téxon valido. Além disso, foi possivel ampliar adistribuicéo
geogréfica desta espécie, originalmente descrita paralocalidades ao sul do Estado de Santa Catarina, para os afloramentos
Morro do Papaléo e Mina do Faxinal, ambos situados no Estado do Rio Grande do Sul. Em termos bioestratigréaficos, G.
occidentalis, um taxon até entdo restrito a Formagdo Rio Bonito, teve sua distribuicdo ampliada para o topo do Grupo
Itararé, estabelecendo assim sua ocorréncia para o Eopermiano (intervalo Sakmariano médio-Artinskiano precoce). As
demais ocorréncias fora da bacia do Parana foram brevemente rel atadas.

Palavras-chave: Glossopteris occidentalis, bacia do Parana, Grupo Itararé, Formagdo Rio Bonito, Permiano Inferior, Brasil.

INTRODUCTION

Glossopterid leaves are the most abundant terrestrial
macrof ossilsthroughout the Permian of Gondwana. However,
their limited range of characters has|eft them poorly resolved
taxonomically. Even the generic characters have been re-
evaluated many times over the past 200 years by authors
suchasBrongniart (1828), Schimper (1869), Feistmantel (1876,
1881), Arber (1905), Pant & Gupta (1968), Kovéacs-Endrody
(1976) and Chandra& Surange (1979).

The chief problems for species delimitation within the
genus are: (i) apparently great intraspecific variation in
venation pattern, (ii) the relatively few morphological
characters available in these simple leaves, and (iii) the
scarcity of leaveswith well-preserved cuticular charactersor
attached fructifications. Where only impressions are
available, theidentification of each glossopterid morphogenus
is based upon lamina modifications (e.g. presence/absence
of a sagittate base, secondary vein arrangement, and
presence/absence of anastomoses). L eaf shape and size have

generally been considered relevant only for morphospecies
discrimination (Chandra& Surange, 1979; Srivastava, 1991,
Chandra & Singh, 1992). Despite these difficulties,
glossopterid leaves and fructifications have been commonly
used to biostratigraphically subdivide the Permian
successions of many Gondwanan basins (Chandra &
Surange, 1979).

Glossopteris occidentalis was the only species of the
morphogenus Glossopteristo have been erected by D. White
in his “Report on the Fossil Flora of the Coa Measures of
Brazil”, published in the Final Report of the “Comissdo de
Estudos das Minas de Carvéo de Pedra do Brazil”, by I. C.
White (White, 1908). This species has become known asone
of theiconic fossils of the“ Glossopteris Flora’ inthe Parana
Basin, and was considered endemic to Brazil.

However, in recent decades, the adequate comparison
between D. White's speciesand other species of Glossopteris
has become impracticable, since the diagnoses of many of
the latter have been greatly extended to include a broad ran-
ge of diagnostic characters not considered in the
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circumscription of G. occidentalis. The morphological
parameters used by White for establishment of this species
are generally considered insufficient, nowadays, for clear
recognition of the species.

Recently, one of the authors (RI) re-examined the type
material of G. occidentalis. Additionally, new specimens
attributable to this species have been collected at the Morro
do Papaléo outcrop, southern Brazil, in recent years.
Therefore, the main goal of this study is to re-evaluate the
diagnostic characters of Glossopteris occidentalis White,
1908 based on the type material and new specimens housed
inthecollection at UFRGS (Federa University of Rio Grande
do Sul).

GEOLOGY

Thetype material of G. occidentaliswas collected during
the expeditions mentioned in the Final Report of |. C. White
(White, 1908), to the Rio do Rastro Road (SC 438), near the
city of Lauro Mdiller, inthe State of Santa Catarina, southern
Brazil. The specimens correspond to the Lot 3923 of White,
which is equivalent to Horizon Il (2) of Mendes (1952) and
Rigby (1972). According to Mendes (1952), Horizon Il is
located stratigraphically above the “Bonito Coal” layer and
bellow the“ Irapua Coa” layer, intheregion of Lauro Mller.
These coal layers are part of the Siderdpolis Member, top of
the Rio Bonito Formation in the coal basin of Santa Catarina
State, according to Bortoluzzi et al. (1978).

The fossiliferous layer consist of yellowish-gray
siltstones with weak lamination bearing indeterminate
lycopsid leaves, Glossopteris and Cordaites (=
Noeggerathiopsis) leaves, Paracalamites-type stems and
Fohenopteris-type fern fronds, according to White (1908)
and Righy (1972).
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In terms of depositional paleoenvironments, Bortoluzzi
et al. (1978) indicated that the Rio Bonito Formation in this
areaaccumulated in alow-gradient fluvial complex associated
with swampy lagoons on a coastal plain. Krebs (2004)
interpreted theinterrelated faciesidentified in the Siderdpolis
Member to represent deposition within alagoonal and deltaic
system, under fluvial and waveinfluence. In thiscontext, the
fossiliferous layers are considered to represent fluvial
floodplain deposits.

The new material comes from the Morro do Papaléo
outcrop representing an abandoned kaolin mine located in
the town of Mariana Pimentel, about 100 km southwest of
Porto Alegre city (Figure 1). Samples were collected in
stratigraphic context with reference to the profile measured
by lannuzzi et al. (2003a,b, 2006) representing the upper
portion of the outcrop (Figure 2). Beds N4, N7 and N8 host
Glossopteris occidentalis. Bed N4 represents the top of the
Itararé Group in the section according to lannuzzi et al.
(2003a,b, 2006) and is composed of finely laminated, light
gray siltstones bearing leafy axes of Phyllotheca and
Sephanophyllites, leaves of Glossopteris, Gangamopteris,
Cheirophyllum, ?Dicranophyllum, Kawizophyllum and
Cordaites, and seeds of the Samaropsis and Cordaicarpus
(Figure 2). BedsN7 and N8, located at the top of the exposed
section at Morro do Papaléo belong to the Rio Bonito
Formation, Guata Group (Figure 2), and are composed of lens-
shaped bodies of coarse, conglomeratic sandstone,
intercalated with fine whitish gray siltstones, as described
by lannuzzi et al. (2003a,b, 2006). Most of the material used
in this study, together with impressions of diverse stems,
fronds, leaves and seeds (Brasilodendron, Asterotheca,
Neomariopteris, Pecopteris, Sphenopteris, Glossopteris,
Gangamopteris, Arberia, Kawizophyllum, Cordaites,
Ginkgophytopsis, Samaropsis and Cordaicarpus) derive
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Figure 2. Stratigraphic section of the Morro do Papaléo outcrop
showing the plant-bearing levels (N1, N2, etc.) as described in the
text (modified from lannuzzi et al., 2006).
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from these siltstones. According to lannuzzi et al. (2003a,b,
fig. 1), the basal beds (N1 to N4), correspond to lagoonal or
lacustrine deposits (Itararé Group), whereas beds N7 and N8
represent typical floodplain deposits (Rio Bonito Formation,
GuataGroup).

MATERIAL AND METHODS

Four specimens constituting the type material (syntypes)
of Glossopteris occidentalis White, 1908 in the National
Museum of Natural History (Smithsonian Ingtitution), prefixed
USNM and 32 additional specimens collected from the Mor-
ro do Papal éo outcrop were analyzed. The latter are housed
in the Paleontology Museum (PM) of the Department of
Paleontology and Stratigraphy (DPE) of the Geosciences
Institute (1Geo) of the Federal University at Rio Grande do
Sul (UFRGS), cataloged under the code prefix M P-Ph.

The studied specimens are impressions, except for one
syntype (USNM 31944), which is a compression. Thus, the
material was studied using standard methodologies for |eaf
adpressions (observations and measurementswere made with
a stereomicroscope and caliper; the material was illustrated
with the aid of digital photography and camera-lucida line
drawings).

Leaf morphographic characteristics, such as the shape of
thelaminaand the types of leaf apices and bases, were defined
in accordance with the scheme adopted by Chandra& Surange
(1979) adapted from Dilcher (1974); the characteristicsof venation
density, emergent and divergent angles of secondary venation,
and the maximum width of themidrib venation follow thecriteria
of Rohn et al. (1984). Estimates of total leaf sizefor incomplete
specimensderivefromtheschemeof Ashetal. (1999) modified
of Webb (1959), in which seven classes of |eaf size are defined
according to the area of the lamina, namely: leptophyll,
nanophyll, microphyll, notophyll, mesophyll, macrophyll and
megaphyll. Terminology for vein anastomosesisthat of Tybusch
& lannuzzi (2008) as showed in Figure 3: (i) oblique cross-
connections (veinsoriginating at acute anglesfrom afork of the
secondary veins; (ii) tranverse cross-connections (veins
originating transversely from the dominant secondary veins,
i.e., those sub-paralel to the midrib that connect neighboring
secondaries); (iii) X-type cross-connections (veins originating
from the convergence or crossing of neighboring secondary
Veins).

The supra-generic classification used herein is that of
Stewart & Rothwell (1993).

SYSTEMATIC PALEONTOLOGY

Divison TRACHEOPHY TA
ClassGY MNOSPERMOPSIDA
Order GLOSSOPTERIDALES
Genus Glossopteris Brongniart, 1828

Type species. Glossopteris browniana Brongniart, 1828.

Glossopteris occidentalis White, 1908 emend.
(Figures4-6)

1941 Glossopteriscf. G ampla (auct. non.) Dana. Read, p. 76-
79,pl. 4,fig. 5.
1948 Taeniopteris sp. (auct. non.) Dalianiti, p. 17, pl. 6, fig. 1.
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Figure 3. Three categories of anastomoses present in glossopterid
leaves as defined by Tybusch & lannuzzi (2008). A, oblique cross-
connection; B, transverse cross-connection; C, X-type cross-
connection (from Tybusch & lannuzzi, 2008).

1953a Glossopteris stricta (auct. non.) Bunbury. Dolianiti, p.
2-4,pls. 1-2.

1953b Taeniopterisfeddeni (auct. non.) Feistmantel. Dolianiti,
p. 2-3,pls. 1-2.

Syntypes. USNM 31944, 31945, 31946 and 31947.

Additional material. MP-Pb 3570, 3650, 3696A , 3696B, 3711,
3712,3713A,3713B, 3716, 3717A, 3717B, 3718,3719, 3720, 3721,
3722, 3725, 3726, 3727, 37288bA, 3728abB, 37282D, 3728aE,
3751, 3940, 3981, 3982, 3983A, 3983C, 3934A, 3985A, 3985B.
Typelocality. Rio do Rastro Road (SC 438), near Lauro Ml er,
Santa Catarina State, southern Brazil.

L ocality of additional material. Morro do Papal o outcrop,
in the town of Mariana Pimentel, Rio Grande do Sul State,
southernmost Brazil.

Typehorizon. Lot 3923 of White, equivalent to Horizonte |
(2) of Mendes (1952) and Rigby (1972).
Stratigraphicposition of additional material. Fossiliferous
levels N4 (at the top of the Itararé Group) and N7 and N8 (Rio
Bonito Formation), according to lannuzzi et al. (2003a,b, 2006).
Age. Early Permian (middle Sakmarian-early Artinskian).
Emended diagnosis. Oblanceol ate to nearly oblanceolateleaf,
margin entire with acute apex, in some cases rounded, base
tapering acute, gradually contracting into abroad and winged
petiole. Midrib broad, composed of multiple well-defined,
thick, parallel veinsthat gradually decreasein width towards
the apex and are locally interconnected by oblique veins.
Secondary veinsemerge from themidrib at anglesof 15°-39°
and bend sharply, then follow a straight and parallel course
at nearly right anglesto the midrib to the margin, immediately

beforewhich they arch gently distally, reaching the margin at
angles of 60°-79°. Venation density uniform along the leaf:
36-55 veins per cm in both middle and distal portions of the
lamina. Secondary venation anastomosing, incorporating
oblong-polygonal and short meshes near the midrib and by
linear-oblong, trapezoid to polygonal meshesin the middle-
distal portion of the lamina; mesh density decreases towards
the margin. Transverse-type cross-connecting veins present
throughout the lamina.

Description of typematerial. See White (1908, p. 510-517)
and Figure 4 herein.

Description of additional material. Theadditiona specimens
from Rio Grande do Sul are completeto variably fragmented
impressionsthat all show excellent preservation of venation.
The leaves have entire margins and vary from notophyll to
macrophyll size; they may reach morethan 40.9 cmlong (e.g.
MP-Pb 3650: Figure 5B); widthsare 6.2-11.2 cmin themore
complete specimens, but may exceed 12.7 cm in some
fragmentary specimens. Thelaminavariesfrom oblanceolate
to narrowly oblanceolate (Figures 5B-D), but may include
some specimenswith atendency towards oblong shape (M P-
Pb 3984A, Figure 5A) wheremoreparallel marginsare evident.
Most specimens havetearsin the laminaal ong the secondary
veins. The apices are acute, though rounded in some cases
(Figures 5B-E); the bases contract acutely into a broad and
winged stalk or petiole (Figure 5D). Themidribiswell defined,
1.0-1.4cmwidein the proximal portions, but only 0.3-0.9wide
inthemiddle parts. Themidribisformed by abundle of around
19 to 20 thick parallel veinsin the proximal portion, 11-18
veins, in the middle portion, reducing to about 8-4 veinsin
the distal region; the midrib persiststo the apex. The midrib
veins are locally interconnected by oblique cross-veins. The
secondary venationisvery clear, especialy in specimen MP-
Pb 3570 (Figure 6), due to the contrast produced by a thin
coating of iron oxide on some specimens. The secondary
veins derive from the midrib venation at 15°-39°, and
immediately arch sharply then pass straight and parallel, at
almost right-angles to the midrib, towards the leaf margin
forming a taeniopteroid pattern; close to the margin, the
secondary veins curve slightly towards the apex, reaching
the margin at 60°-79° (Figure 6). Venation density isroughly
uniform throughout the laminain the range: 36-46 veins per
cm, although secondary vein density increases slightly from
the midrib to the margin (Figure 6). Very narrow, elongate
areolae occur between the secondary veins across most of
the lamina except near the midrib where they are oblong-
trapezoid/polygonal and slightly wider and shorter.
Transverse-type cross-connections are predominant between
the main secondary veins (Figure 6).

Discussion. There are strong similarities between the type
material and the additional specimens from Rio Grande do
Sul, although a few subtle differences are evident. Whereas
the Rio Grande do Sul leaves vary from oblanceolate to
narrowly oblanceolate (Figure 5), the syntype USNM 31944
(Figure 4B) has more parallel lateral margins suggesting a
narrowly oblong lamina. Only specimens M P-Pb 3984 (Figu-
re5A) and M P-Ph 3985A approach this shape. White (1908)
did not include gross shape charactersin his diagnosis of G.
occidentalis, since his material was limited and very
fragmented. The apparent oblong shape of USNM 31944 (Fi-
gure 4B), is probably a taphonomic artifact since the left
margin of the mid-laminaisslightly folded over itself.
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Another difference observed between the material
analyzed and the type material was the venation density.
While White's syntypes have venation densities of 48-55
veins per centimeter whereas that in the Rio Grande do Sul
specimens ranges from 36-46 veins per centimeter. Material
assigned by Bernardes-de-Oliveira (1969, 1977) to
Glossopteris cf. G. occidentalis also has |ess dense venation
(35-42 veing/cm). The latter specimens are from the Bainha
outcrop, situated in the city of Criciima, Santa Catarina State,
southern Brazil, and also belong to the Siderdpolis Member
of Rio Bonito Formation. Thus, this material islocated both
geographically and stratigraphically close to the source of
White's material. The high venation densities evident in the
four syntypes studied by White may represent extreme values
for the general population of this species (now represented
by over 90 specimens).

Towing to these extended ranges of intraspecific variation,
the original diagnosis has been emended. Additionally, the
new material provides new and more detailed characters that
allow more complete circumscription of the species and
comparison with others.

Many specimens of G. occidentalis are characterized by
deep and frequent lacerations across the lamina paralel to
venation (White, 1908; Dolianiti, 1948, 1953a,b; Bernardes-

de-Oliveira, 1969, 1977; present study Figures4A-B and 5A-
B). Thisfeature suggeststhat the laminawasthin, but tearing
was probably also facilitated by the strongly taeniopteroid
arrangement of the secondary venation and weak cross-
connections between the veins.

Few other species from Gondwana are similar to the
Brazilian G. occidentalis. The venation pattern in G.
occidentalisis broadly similar to Glossopteris gigas Pant &
Singh (in Chandra& Surange, 1979; Chandra& Singh, 1992),
G communis Feistmantel, G damudica Feistmantel, G indica
Schimper (cf. Kovacs-Endrody, 1976; Chandra & Surange,
1979; Chandra & Singh, 1992) and G. plumata McLoughlin
(in McLoughlin, 1993), with respect to the high density of
veins and areolae shapes. Glossopteris taeniopteroides
Feistmantel (in Maheshwari, 1965; Kovacs-Endrédy, 1976),
G waginanus Rigby (in Rigby et al., 1988) and G. ampla
Dana (in Archangel sky, 1958; Rigby, 1966; K ovacs-Endrody,
1976) areadikeintheoblong, trapezoidal to polygona meshes
abutting the midrib transitioning to very narrow and
elongated meshesin themiddle and distal portions of lamina.
However, G occidentalis, as redefined here, is distinguished
from G communis, G gigasand G plumatain (i) having more
uniform meshes across the leaf lamina (with meshes just a
littlewider closetothemidrib), (i) having less acute secondary

Figure 4. Glossopteris occidentalis (White) emended. A, syntype USNM 31945, showing the leaf base; B, syntype USNM 31944, median
region of leaf; C, syntype USNM 31946, apical region of leaf; D, syntype USNM 31947, fragment showing leaf apex. Scale bars = 1 cm.
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veins emerging from the midrib that are joined by
predominantly transverse-type cross-connections, and (iii)
presenting the oblanceolate shape of the lamina, except in
the case of G plumata which shows also a oblanceolate-
shaped leaf. It differsfrom G damudicain being larger with
oblanceolate to narrowly oblanceolate shape, entire margin,
acutely rounded apex, gradually contracted acute base and,
less obtuse secondary veins. Glossopterisindica shareswith
G. occidentalis an oblanceolate shape (specimens with
length/width ratio of 4:1), acute apex and the presence of
oblique cross-connections amongst the secondary venation.
However, G. occidentalis differsin having leaveswith greater
dimensions, bases truncate and acute bases that gradually
contract towards the petiole, and secondary veins that emer-
ge at less acute angles. Finally, G. occidentalis is also

distinguished from G taeniopteroides, G. waginanus and G.
ampla in having a persistent and very broad midrib, higher
venation density and oblanceolate to narrowly oblanceolate
shape.

Glossopterisoccidentalisis, thus, considered alegitimate
taxon and readily distinguished from other species on the
basis of characters outlined in the emended diagnosis.

Emendation is based on re-analysis of the syntypes and
morphological characters preserved in 32 specimens in the
paleabotanical collection of the Museum of Paleontology at
DPE-1Geo-UFRGS, recovered from the Morro do Papaléo
outcrop. The Rio Grande do Sul specimens provided key
charactersof the midrib and secondary venation not available
inthe syntypes, and this has allowed more precise comparison
with other Glossopteris morphospecies.

Figure 5. Glossopteris occidentalis (White) emended. A, specimen MP-Pb 3984A, leaf fragment with parallel margins, suggesting an
oblong lamina; B, specimen MP-Pb 3650, almost complete narrow oblanceolate leaf with acute apex; C, specimen MP-Pb 3728AE, almost
complete narrow oblanceolate leaf with acute apex, tapering gently to an acute base; D, reconstruction of the leaf form from specimens
MP-Pb 3728AE; E, specimen MP-Pb 3983A, apical and median region of oblanceolate leaf; F, specimen MP-Pb 3570, details of the venation.

Scale bars = 1 cm with exception of F (0.5 cm).
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Figure 6. Glossopteris occidentalis (White) emended, specimen MP-Pb 3570. A, photo showing details of the venation; B, drawing

showing the venation pattern. Scale bars = 1 cm.

DISTRIBUTION OF THE SPECIES

Originally described by White (1908) from a site near
Lauro Mdiller, southern Santa Catarina State, Brazil, the species
isnow also recognized from Bainhaoutcrop, city of Cricilma,
SantaCatarina(Dolianiti, 1948, 1953; Bernardes-de-Oliveira,
1969, 1977) and Morro do Papaléo outcrop, Rio Grande do
Sul (this study). Guerra-Sommer & Cazzulo-Klepzig (1993)
had earlier suggested the occurrence of G. occidentalis in
Rio Grande do Sul (Mina do Faxinal locality, Rio Bonito
Formation). However, the authors did not described or
illustrate the material.

Besides occurrencesin the Parana Basin, G. occidentalis
has been recognized in the Paganzo and San Rafael basins
(Archangelsky et al., 1996). Beyond South America,
Bernardes-de-Oliveira& Pons(1975) doubtfully recorded (as
Glossopteris cf. G. occidentalis) this species in the Zambasi
Basin, inthe Tetéregion of Mozambique, southeastern Africa.

Stratigraphically, G occidentaliswasoriginaly interpreted
to be restricted to the Rio Bonito Formation but its lower
range is now extended to the top of the Itararé Group, based
on its occurrences at the Morro do Papal o outcrop. Thus, it
is no longer exclusive to the Glossopteris/Rhodeopteridium
Zoneof Guerra-Sommer & Cazzulo-Klepzig (1993) but initiates
in the underlying Phyllotheca indica Subzone of the
Botrychiopsis plantiana Zone, as outlined by lannuzzi et al.
(2007). Therefore, it rangesfrom themiddle Sakmarianto early
Artinskian in the Parand Basin.

This agrees with its distribution in Argentina, where the
species is considered one of the index-fossils for the Early
Permian, occurring in the Lower Subzone of the
Gangamopteris Zone, according to Archangelsky et al.
(1996). In Argentina, this species has been recognized in the
Arroyo Totoral and LaColinaformationsin the Paganzo Basin
and in the lower member of the El Imperial Formation of the
San Rafael Basin, all considered to be of Asselian-Artinskian
age, according to Archangelsky et al. (1996). If confirmed in
Mozambique, G. occidentalisoccursinthe Produtive Series”
of the Zambezi Basin, tentatively assigned to the Artinskian
by Bernardes-de-Oliveira& Pons(1975). Thus, G occidentalis

characterizes L ower Permian assemblagesfrom intracratonic
basins of southwestern Gondwana (southern Brazil,
northwest Argentina and possibly Mozambique).
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