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Abstract

Premise: The rise of angiosperm-dominated tropical rainforests has been proposed to
have occurred shortly after the Cretaceous-Paleogene transition. Paleocene fossil
wood assemblages are rare yet provide important data for understanding these forests
and whether their wood anatomical features can be used to document the changes
that occurred during this transition.

Methods: We used standard techniques to section 11 fossil wood specimens of
Paleocene-age, described the anatomy using standard terminology, and investigated
their affinities to present-day taxa.

Results: We report here the first middle Paleocene fossil wood specimens from
Myanmar, which at the time was near the equator and anchored to India. Some fossils
share affinities with Arecaceae, Sapindales (Anacardiaceae, Meliaceae) and Moraceae
and possibly Fabaceae or Lauraceae. One specimen is described as a new species and
genus: Compitoxylon paleocenicum gen. et sp. nov.

Conclusions: This assemblage reveals the long-lasting presence of these aforemen-
tioned groups in South Asia and suggests the early presence of multiple taxa of
Laurasian affinity in Myanmar and India. The wood anatomical features of the
dicotyledonous specimens reveal that both “modern” and “primitive” features (in a
Baileyan scheme) are present with proportions similar to features in specimens from
Paleocene Indian localities. Their anatomical diversity corroborates that tropical flora
display “modern” features early in the history of angiosperms and that their high
diversity remained steady afterward.
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Tropical forests are renowned hotspots of biodiversity and
concentrate most of the angiosperm diversity (Gentry, 1992;
Morley, 2000; Hill and Hill, 2001). The origin of this high
diversity, the mechanisms and early chronology of angiosperm
diversification in tropical forests are still poorly understood
(Hill and Hill, 2001; Mittelbach et al, 2007; Pennington
et al, 2015 and references therein). Climate change and
ecological disturbance during the Cretaceous—Paleogene (K-Pg)
transition might have played a role in the early diversification of
angiosperms in rainforests (Jaramillo et al, 2010; Carvalho
et al,, 2021). Modern tropical rainforests became established in

the next ca. 6 Myr (Carvalho et al, 2021) with an important
turnover in floral assemblages recorded in fossil pollen
(Morley, 2000; Carvalho et al., 2021).

Fossil woods might also have recorded this biotic
turnover and the differential diversification between high
and low latitudes (Wheeler and Baas, 2019). Few localities in
the world have yielded Paleocene wood specimens
(Poole, 2000), and about 43% of all Paleocene fossil woods
in the InsideWood database (InsideWood, 2004 on;
Wheeler, 2011) are from India, mainly from the Deccan
intertrappean beds. The Deccan fossil wood specimens are
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dated to the latest Maastrichtian—earliest Paleocene (67-65
Ma according to recent redating of Deccan basalts; Schoene
et al, 2019) and located near the equator at that time.
Seemingly, their taxonomic diversity (many Malpighiales,
Malvales, and Sapindales) is already quite close to modern or
Miocene India (Wheeler et al., 2017). The anatomical features
of these wood specimens are also surprisingly “modern” in a
Baileyan way (Bailey and Tupper, 1918) compared to other
paleotropical fossil woods from the same age around the
world (Wheeler et al., 2017). Wheeler et al. (2017) proposed
that hot, tropical conditions at low latitudes accelerated
adaptive xylem evolution to fit the high demands for
hydraulic efficiency typical for the tropical lowlands. These
observations support the role of the Indian subcontinent as a
cradle for many taxa of angiosperms and a “raft” for biotic
dispersal between Africa and Asia, supporting the “out-of-
India” biogeographical hypothesis (Prasad et al., 2018; Bansal
et al., 2022; Bolotov et al., 2022; Sanil et al., 2022). The lack of
other early Paleocene fossil wood assemblages in low-latitude
South Asia hamper further testing of this hypothesis and
raise questions about the temporal continuity of these early
angiosperm-dominated forests.

So far, Myanmar has yielded Miocene wood assemblages
(Gottwald, 1994; Gentis et al.,, 2022), late middle Eocene wood
(Privé-Gill et al., 2004; Licht et al., 2014, 2015), and wood and
palm stem specimens of poorly constrained age (Sahni, 1964;

Prakash, 1965a-c, 1973; Prakash and Bande, 1980; Du, 1988).
Here we document a new fossil site dated to the mid
Paleocene of Myanmar (ca. 61 million years ago [Ma]), which
was close to the equator and to India at that time. We studied
11 specimens (Appendix 1) and compared their anatomy
with modern and fossil taxa to better document low-latitude
floras in Asia through wood anatomical features and
taxonomic diversity in the light of the most recent hypotheses
for wood evolution and biogeography.

GEOLOGICAL CONTEXT

The fossil wood material comes from a volcanic tuft from the
Paunggyi Formation, a late Maastrichtian-Paleocene geologi-
cal unit from the Minbu Basin (Figure 1A, B), part of the
Paleogene forearc basin of the Burma Terrane (Bender, 1983;
Cai et al., 2019). During the late Maastrichtian-Paleocene, the
Burma Terrane was part of an active island arc spread across
the Neotethys (the Transtethyan Arc, the wider Kohistan-
Ladakh Island Arc) and was located at ca. 10 £ 5°S (Figure 1C;
Westerweel et al, 2019; Westerweel, 2020). The Paunggyi
Formation consists of continental and shallow marine silici-
and volcaniclastic deposits sourced from the nearby Burmese
volcanic arc (the Wuntho-Popa Arc). These volcaniclastic
deposits crop out in many places of Ngape Township
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FIGURE 1 (A) Geological map of Myanmar showing the location of the field sites. Green star: location of fossil site. Cb: Chindwin Basin; Mb: Minbu

Basin; WPA: Wuntho-Popa Arc (volcanic arc of central Myanmar). (B) Stratigraphy of the Minbu Basin (after Licht et al., 2016). Green star: paleolocation of

fossil site. Fm: Formation. (C) Paleogeography of South Asia in the Paleocene, after Westerweel (2020). Green star: fossil site. (D) Tuff layer with isolated

pieces of carbonized wood (camera cover diameter: 5 cm).
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(Cai et al,, 2019). The volcanic tuff yielding fossil woods and
palm stems material is north of Ngape along the main road
(20°14'25.6”"N, 94°20'14.3"E). Fossil material is carbonized
and mineralized and found in situ in the tuff layer (Figure 1D)
forming a bed of plant debris. The tuff layer was dated by
U-Pb zircon geochronology to 61.3 + 1.6 Ma (early Selandian)
at the University of Washington following state-of-the-art
extraction and data reduction methods (Appendix S1; methods
detailed by Shekut and Licht, 2020). This age directly follows
the first pieces of evidence of ophiolite obduction on the
Indian passive margin and the accretion of India to
the Transtethyan Arc (Ding et al., 2005; Martin et al., 2020).
The Paleocene is an epoch characterized by a warm and wet
climate with higher average temperatures than today (about
8-10°C warmer) (Zachos et al, 2001, 2008); tropical,
subtropical, and paratropical conditions prevailed in addition
to temperate, ice-free poles (Akhmetiev, 2007; Williams
et al,, 2009; Wing et al., 2009). Water availably was regionally
variable, and arid or semi-arid zones might have been present
with some degree of seasonality (Zachos et al. 2008). In Asia,
tropical climate was present near the equator (northern India
and South-East Asia) and drier climate in southern India and
Central-East China (Quan et al., 2014; Bhatia et al., 2023).
Beside the Paleocene-Eocene Thermal Maximum, the Paleo-
cene is also marked by short hyperthermal climatic events
characterized by abrupt increases in temperature that could
have altered the environmental conditions and changed
seasonality and vegetation types in some areas (Speijer, 2003;
Bernaola et al., 2008; Hyland et al., 2015; Jehle et al., 2015). The
first hyperthermal events, during the Thanetian, postdate the
age of the studied fossil bed (Gradstein et al., 2020).

MATERIALS AND METHODS

Eleven specimens of fossil wood from the Paunggyi Forma-
tion were collected in 2018 (20°14'25.6”N, 94°20'14.3"E).
They are small lignified fragments from 0.9 to 4.6 cm long
and were found in situ in the volcanic tuffs. Transverse
sections (Ts), tangential longitudinal sections (Tls), and radial
longitudinal sections (Rls) of the fossil wood specimens were
prepared using standard techniques (Hass and Rowe, 1999) at
the Muséum national d'Histoire naturelle (MNHN), Paris,
France. Fossils were all embedded and glued with Araldite AY
103 (Huntsman Advanced Materials, Basel, Switzerland) and
covered with Araldite 2020 (Huntsman Advanced Materials).
Wood anatomy is described following the IAWA lists of
microscopic features for hardwood identification (IAWA
Committee, 1989) and the list of anatomical features for palm
stems from Thomas (2011a) and Thomas and De Franceschi
(2013). Pit diameters were measured horizontally. The
minimum stem diameter was roughly estimated on the slides
using the average geometrical intersection of the rays to locate
a virtual center (De Franceschi et al, 2008; Dufraisse
et al., 2020) and ranges from 3 to 16.5 cm and is frequently
under 10 cm, which means some of the fragments may
represent juvenile wood. Botanical affinities were determined

using the InsideWood database (InsideWood, 2004 onward;
Wheeler, 2011; Wheeler et al., 2020) and literature on fossil
(Gregory et al., 2009) and references therein. For most of the
specimens, we first searched the InsideWood database for
affinities using a small list of obviously present features. Using
an Excel spreadsheet, we then extracted the resulting potential
matches and used combinations of features (e.g., scanty OR
vasicentric paratracheal parenchyma) to manually filter out
any with ambiguous characters. This approach yielded a wider
range of potential botanical affinities, that are discussed and
compared with the fossils. Additionally, we described each
specimen in IJAWA Feature codes as is done on InsideWood
(the numbers correspond to the IAWA features, with “v” for
the variable presence of the feature and “?” for the uncertain
presence of the feature). Features that are numbered in the
300's are unique to the fossil wood database. All microscopic
slides were deposited in the MNHN (Appendix 1). The
remains of the original specimens are to be sent back to the
collection of the Department of Geology at the University of
Yangon (Myanmar) and are temporarily stored at the MNHN
until they can be safely returned to their country of origin.
Dicototyledenous specimens are individually described
and separated in three groups: (1) multiseriate rays; (2)
uni-biseriate rays, (3) scalariform perforations.

RESULTS

The assemblage includes 11 distinct taxa. Two were identified
to the family level, five have proposed affinities to the family
level, two to the order level, and two are incertae sedis.

Monocotyledons

Order—Arecales Bromhead

Family—Arecaceae Bercht. & J.Presl

Subfamily—Arecoideae Burnett or (?) Coryphoideae
Burnett

Genus—Palmoxylon Schenk

Palmoxylon sp.1 (Figure 2)

Material—Slides MNHN.F.50226.1 to MNHN.F.50226.3
(field number of original specimen: PPP3)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—This specimen is a fragment of stem
(3.8 cm long [L] x 1.5 cm wide [/] x 1.0 cm high [H])
lignified and laterally compressed. Likely near the central
zone because of the vaguely oriented fibrovascular bundles
(fvb) and the markedly spheroid shape of the parenchyma
cells. No epidermis nor cortex zone are recognized.
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Cocos-Type stem organization: (1) the density of the
fibrovascular bundles, d(fvb), is constant throughout
the section, d(fvb): 43-57 fvb/cm? (mean 49/cm?); (2) the
fibrous vascular surface area ratio, f/v (f= surface area of the
fibrous part; v=surface area of the vascular part), is
constant throughout the section, f/v: 0.68-2.05 (mean
1.48); (3) the fibrous covering index R (or FCI) (defined
as the ratio R=a/A with a = the surface area of the fibrous
part of all the fvb in an examined transverse section and
A =the whole surface of this area) is almost regular
throughout the section, R 0.092-0.133 (mean 0.115). The
shape of the fvb is round, and the fibrous dorsal cap appears
reniforma (Figure 2A-C). The fvb have the following mean

p
=2
=

i
Y

dimensions: Hyay = 680 um, Ly =615 um, Hy,s =405 pum,
lyasc =410 um. Fibrous bundles are absent. Auricular sinus
absent (or possibly weakly rounded) (Figure 2B, C). No fibrous
part adjacent to the xylem is visible (Figure 2B, D, E). Vascular
bridges are absent. Vascular zone excluded with mostly 1 vessel
element per fvb (sometimes 2) (Figure 2A-C), vessel diameter
170-335pum (mean 250 um). Only one phloem strand
(Figure 2A-C). Radiating and tabular parenchyma are absent
(Figure 2B, C). Phytoliths are globular echinate and abundant
throughout the central cylinder (Figure 2F, G), 17-21 ym in
diameter (mean 19 um). The ground parenchyma is spheroid
and compact or with small lacunae (Figure 2A-C, G),
parenchyma cell diameter of 51-139 um (mean 88 um). The

FIGURE 2 Palmoxylon sp.1 (Arecaceae). (A-C) MNHN.F.50226.1, transverse sections; (D-G) MNHN.F.50226.3, tangential longitudinal sections.

(A) Arrangement of fibrous-vascular bundles (fvb) in a mostly spheroid-compact ground parenchyma with some small lacunae and the beginning of a leaf

trace (arrowhead). Boxes outline the area detailed in B and C. (B, C) A fvb with reniforma fibrous dorsal cap. Phloem cells are missing, the perivascular
parenchyma is developed. Mostly one vessel element is present in each fvb (arrowheads: bars of scalariform perforations). (D) “Oblique” scalariform
perforation with 20 bars on average, surrounded by perivascular parenchyma. (E) Perivascular parenchyma and vessel-parenchyma pits. (F) Globular
echinate phytoliths. (G) Globular echinate phytoliths (arrowheads) surrounding the fibers of a fibrous dorsal cap, spheroid (to slightly elongated cells) and
compact ground parenchyma on each side. Scale bars: (A) 1 mm; (B-E, G) 200 pm; (F, 25 um).
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scalariform perforations of the end wall of vessels have 20 bars
on average, and the slope is “oblique” (end wall length 3 times
the end wall width in average) (Figure 2D).

Affinities and remarks

The anatomy of this fossil is characteristic of the Arecaceae,
with the presence of the typical fibrovascular bundles (fvb) and
phytoliths. Although the arrangement of fvb and ground
parenchyma suggests a central zone, it is still uncertain due to
the small size of the specimen. As a consequence, some critical
features of fossil palms cannot be estimated such as the general
stem pattern or the possible secondary growth of some cells.
This fossil is described with a Cocos-Type stem organization by
default because the size of the specimen limits the possible size
variation of the fvb. Some taxa can be dismissed as potential
modern analogues using the online identification key Palm-ID
(Thomas, 2011b) or comparison with individual features for
each subfamily mentioned by Thomas and De Franceschi (2013,
table 2: Calamoideae, Nypoideae, Ceroxyloideae, Coryphoideae;
Arecoideae are not in the table). The most discriminating
feature is the number of wide metaxylem elements per fvb, 1(2)
in this fossil (Figure 2A-C). This feature is frequent in the
subfamilies Arecoideae and Calamoideae and in some Cor-
yphoideae. Considering the ground parenchyma as spheroid
and compact (Figure 2A-C, G) further restricts the results. The
closest analogues are found in Arecoideae and Coryphoideae-
Borasseae-Lataniinae. The anatomy of the Arecoideae is less
extensively studied; because it is the largest subfamily in
Arecaceae, the diversity of stem anatomy is also large. Spheroid,
compact parenchyma is found in many tribes with Cocosae
having in addition one vessel element near the periphery and
two vessel elements near the center of the cylinder.
Coryphoideae-Borasseae-Lataniinae mostly have a Corypha-
Type stem organization, reniforma to lunaria fibrous part; the
perivascular parenchyma is well developed as in our fossil (it
looks more like parenchyma than fibers as seen in tangential
section, Figure 2D, E), phytoliths are abundant but the
parenchyma sometimes has slightly elongated cells with small
lacunae. We thus suggest a potential affinity with Arecoideae or
Coryphoideae-Borasseae.

Few fossil palm stems are known from Myanmar,
although palm pollen is commonly found (Huang
et al., 2020 for instance). Sahni (1964) described five
species from imprecisely described localities and dates
(Oligo-Miocene or Mio-Pliocene of the Pegu-Irrawaddy
groups), but none are similar to our taxa because the
ground parenchyma is never spheroid-compact and
radiating, or tabular parenchyma is present. Numerous
fossil palm stems have been described from India. More
than 82 species are referred as Palmoxylon (e.g.,
Bonde, 2008). Among them, the vast majority are from
the Deccan intertraps or dated to the Cretaceous. Few have
mostly one vessel element and spheroid-compact to
slightly lacunar ground parenchyma. But all these features
often vary from the cortex to the central zone. Palmoxylon
sinuosum Sahni and P. megalosiphon Sahni (Sahni, 1964)
have fvb similar to the present fossil, but parenchyma cells
are less round in P. sinuosum and much too lacunar to be

P. megalosiphon. All other Palmoxylon from India greatly
differ from the present specimen.

Order—Arecales Bromhead

Family—Arecaceae Bercht. & J.Presl

Subfamily—Coryphoideae Burnett or (?) Arecoideae
Burnett

Genus—Palmoxylon Schenk

Palmoxylon sp.2 (Figure 3)

Material —-MNHN.F.50227.1 to MNHN.F.50227.4 (field
number of original specimen: PPP4)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—This specimen is a fragment of lignified stem
(5.2cm L x 3.6 cm Ix 2.5 cm H) and locally compressed. A side
difference in the size of the fibrous part between the inner
portion and the outer portion (Figure 3A) suggests it is part of
the central and transitional zones. No epidermis was recognized.
Identified as Corypha-Type stem organization: (1) the density of
the fibrovascular bundles, d(fvb), does not significantly vary
throughout the section, d(fvb): 95-150 fvb/cm* (mean
124/cm?), d(fvb),,/d(fvb);, = 1,15; (2) the fibrous vascular
surface ratio, f/v, is more variable throughout the section,
f/vi 020-3.68 (8.38) (mean 1.25), (Vou)/(fVin) =374 (3)
the fibrous covering index is almost regular throughout the
section, R: 0.174-0.195 (mean 0.164), Ry, /Ri, = 1.47. The shape
of the fvb is generally round, and the fibrous dorsal cap appears
reniforma (to complanata?) (Figure 3B, C). The fvb have the
following average dimensions: Hax =540 pm, Iy, =431 pm,
Hypse =312 pm, 1,6 = 345 um. Possible fibrous part centrifugal
differentiation. Fibrous bundles are absent. Raphide sacs present
(Figure 3D-F), 14-28pm in diameter (mean 20 pm),
38-353(860)/cm” (although not all preserved), containing
125-140 needle-shaped crystals. Auricular sinuses are likely
absent. No fibrous part is visible adjacent to the xylem. Vascular
bridges are absent. Vascular zone excluded, with mostly two
vessel elements per fvb (sometimes 3, 4 or more)
(Figure 3A-C), vessel diameter 120-334 um (mean 226 pm).
Only one phloem strand. Radiating and tabular parenchyma not
visible. Phytoliths are globular echinate and abundant through-
out the central cylinder, 14-28 ym of diameter (mean 20 um)
(Figure 3G, H). The ground parenchyma type is likely globular
in the inner part or with lacunae and compressed or tangentially
elongated cells in the outer part (Figure 3A-D), still with some
round lacunae that could be enlarged parenchyma cells that
used to contain raphides. The scalariform perforations average 5
cross bars (from 3 to 10), and the slope is “slightly oblique” (end
wall length 1-1.3 times the end wall width in average)
(Figure 3I).

Affinities and remarks

As for Palmoxylon sp.l, the anatomy of this fossil is
characteristic of the Arecaceae. However, its preservation state
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FIGURE 3  Palmoxylon sp.2 (Arecaceae). (A-E) MNHN.F.50227.1, transverse sections; (F-I) MNHN.F.50227 4, tangential longitudinal sections.
(A) Transitional or subcortical zone with fibrous-vascular bundles (fvb) showing developed dorsal fiber caps (left) and central cylinder with poorly
developed dorsal fiber caps (right) and mostly two vessels per fvb; leaf traces regularly visible (arrowhead). (B) Detail of fvb with round dorsal fibrous cap in
compressed or tangentially arranged parenchyma. (C) A fvb with two vessel elements, few perivascular parenchyma and stegmata all around the fibrous part

containing the phytoliths (arrowhead), compressed or tangentially arranged parenchyma all around. (D) Raphide sacs (arrowheads). (E) Detail of a raphide
sac with needle-like crystalline raphides. (F) Longitudinal view of raphides. (G) Vessel-parenchyma pits (left) and globular echinate phytoliths (right).
(H) Abundant globular echinate phytoliths. (I) “Slightly oblique” scalariform perforation plates with 5 bars on average. Scale bars: (A) 1 mm; (B) 500 pm;

(D) 250 pm; (C) 200 um; (G) 100 um; (F, I) 50 pm; (E, H) 25 pm.

does not allow us to precisely assess the nature of the ground
parenchyma and all the details of the fibrovascular bundles. It
is likely that the area with most-developed fibrous part and
relatively frequent leaf traces (Figure 3A) is the “subcortical”
or “transition” zone. As for Palmoxylon sp. 1, we dismissed
some taxa as potential modern analogues using the online
identification key Palm-ID (Thomas, 2011b) or by compari-
sons with each subfamily mentioned by Thomas and De
Franceschi (2013). The combined features of our fossil suggest
an affinity to the subfamily Coryphoideae, especially with the

tribe Borasseae-Hyphaeninae, Sabaleae and Trachycarpeae
(especially regarding the type of fibrous part, the nature and
arrangement of phytoliths, and the average number of vessel
elements). Some tribes of the subfamily Arecoideae have two
vessel elements depending on the climate conditions or the
position of the fvb in the cylinder. This subfamily is the largest
of the Arecaceae, and little information about its stem anatomy
is available (see Palmoxylon sp.1). Thus, Arecoideae cannot
totally be dismissed. One feature is quite remarkable in our
specimen: the abundance of raphide sacs (Figure 3D-F).
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However, no comprehensive study has yet included raphides
in a comparative study of palm stems, so we cannot rely
on this trait to help with identification. It is a very variable
feature (Tomlinson et al, 2011) found in Coryphoideae,
Ceroxyloideae, and Arecoideae (Zona, 2004) or supposedly
more common in the stipes of Arecoideae (Cocosae) than
Coryphoideae (Thomas, 2011a).

As for Palmosylon sp.1, we had difficulty finding a fossil
species that matched the features of our specimen. Raphides
are never described, although rare idioblasts are mentioned
for P. scottii Dayal & Menon or P. pondicherriense Sahni
(Sahni, 1943; Menon, 1964). Although many species have
mostly two vessel elements per bundle, only P. scleroder-
mum has vessels with a relatively larger size compared to the
fibrous part, close to each other, separated by one or two
rows of parenchyma cells (Sahni, 1943). But it is also
described with a Mauritia-Type stem organization, and the
paratracheal parenchyma is more developed than in our
fossil. Our comparison falls short because the arrangement
of the parenchyma in our specimen was difficult to assess.

Dicotyledons
Group 1: Multiseriate rays

Wood-type 1-a (Figure 4)
Affinity—Sapindales (Meliaceae) or Fabales? (Fabaceae?)

Material -MNHN.F.50228.1 to MNHN.F.50228.6 (field
number of original specimen: PPP0)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood  diffuse-porous. Growth ring
boundaries faint, marked by marginal parenchyma bands,
3-4 cells wide (Figure 4A), a change of the vessel diameter,
change of fiber radial diameter (Figure 4C, J) and less
confluent parenchyma close to growth ring boundary.
Vessels mostly solitary (70%) or in pairs (30%), rarely in
3's; evenly distributed, oval to round in cross-sectional
outline, 1-4/mm” (mean 2/mm?®); tangential diameter
75-220 um (mean 130 pm) (Figure 4B); radial diameter
93-200 um (mean 144 pum). Tyloses not observed. Vessel
element length 188-307 um (mean 252 um). Perforation
plates simple. Intervessel pits alternate, minute to small,
3-6 um wide (mean 4 um) (Figure 4I). Vessel-ray pits
similar in size and shape to intervessel pits (Figure 4H).
Axial parenchyma predominantly confluent to banded
(Figure 4A, B). These bands are paratracheal, wavy,
sometimes discontinuous or anastomosed; 1-6 cells wide
(mostly 3-4 cells), 2-7 bands/mm (mean 4); otherwise
aliform parenchyma with long, thin wings; also in a

vasicentric sheath 2-4 cells thick; parenchyma cells
50-127 um (mean 87 pm) long, 10-40 um (mean 23 pm)
wide; 2-4 cells per parenchyma strand, probably up to 5-6
cells; crystals present in chambered axial parenchyma cells
(Figure 4E), up to 10 crystals per strand, 15-45pum
(mean 26 pm) of diameter. Rays fusiform, 1-5-seriate,
mostly 3-4-seriate (Figure 4D-E), (1-seriate: 10%, 2-
seriate: 23%, 3-seriate: 33%, 4-seriate: 32%, 5-seriate: 3%),
5-8(9) rays/mm (mean 7/mm), 95-580 pm (mean 280 pm)
or 4-29 cells (mean 13 cells) high, uniseriate rays about 4-8
cells high; heterocellular to weakly heterocellular with
procumbent body cells and mostly 1 marginal row of
square (or larger procumbent) cells (Figure 4F). Kribs's ray
type heterogeneous IIB (faintly homogeneous I). End-to-
end connections rare; square cells might have contained
crystals. Fibers non-septate, 9-28 um in tangential diameter
(mean 17 pm) (Figure 4C), walls partially visible in radial
section, mostly arranged in radial rows, distinct pits on radial
walls 2.5-5.6um of diameter (mean 4.2 um), simple or
minutely bordered (Figure 4G).

Estimated minimal diameter—5-6 cm

Description in InsideWood codes (fossil code in
parentheses)—2 5 13 22 24 25 30 42 46 52 612 622 66 79
80 82 83 85 86 89 92 93v 97v 98 106 115 136 1372 142 168
(301 302 3077 308 313 315)

Affinities and remarks

This specimen is characterized by (1) diffuse-porous
wood, (2) confluent to banded axial parenchyma, (3)
abundant crystals in chambered parenchyma, (4) hetero-
cellular rays with one row of marginal cells, (5) at least 4
cells per parenchyma strand, (5) 1-5-seriate rays, (6) vessel
density less than 5/mm? (7) vessel-ray pits similar to
intervessel pits. In addition, the presence of distinctive fiber
pits is noteworthy, as are the tendency to ring boundaries
marked by changes in vessel diameter, fiber radial diameter,
spacing between parenchyma bands and marginal paren-
chyma (Figure 4A-C, J). Searching InsideWood (2004
onward) with various combinations of the above characters
consistently yields family Fabaceae and the order Sapin-
dales. Most species of Fabaceae have vestured pits, which
are not seen in this fossil; however, the observation of
vestures is uncertain (Wheeler et al., 2020). The few
Fabaceae with non-vestured pits, in subfamilies Dialioideae,
Duparquetioideae, and Cercidoideae (LPWG, 2017) are not
similar to the present fossil (Gasson et al,, 2003; Inside-
Wood, 2004 onward). Fabaceae with vestured pits, larger
than 3-seriate heterocellular rays, more than 2 cells per
parenchyma strand, banded parenchyma and non-storied
features are mostly found in the Detarioideae subfamily
(Gasson et al., 2003; InsideWood, 2004 onward), but they
also commonly display secretory canals (Prioria Griseb.,
Detarium Juss.) or regular bands (Cynometra L.). Consider-
ing the anatomical diversity among Fabaceae, this family
cannot be totally dismissed.

The Sapindales are well documented, both in phylogeny
(APG 1V, 2016; Muellner-Riehl et al., 2016) and wood
anatomy (e.g., Pace et al, 2022). Kirkiaceae, Burseraceae,
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and Anacardiaceae differ from our fossil in having large
intervessel pits and vessel-ray pits with reduced borders.
Among the remaining families, Meliaceae is the most
convincing, having small to minute intervessel pits and
predominantly paratracheal axial parenchyma, in some
genera confluent to banded, axial parenchyma is often
crystalliferous (Metcalfe and Chalk, 1950; InsideWood, 2004
onward). Meliaceae include two subfamilies that are
distinctive phylogenetically and anatomically (Pennington
and Styles, 1975; InsideWood, 2004 onward; Heads, 2019):
Some Cedreloideae are similar to this fossil (Lovoa Harms,
Neobeguea ].-F.Leroy, Entandrophragma C.DC.) in ray
width being mostly more than 3-seriate, but differ in having
less paratracheal parenchyma and crystals mainly in ray
cells; some Melioideae resemble our fossil (Guarea Allemao
ex L., Heynea Roxb., Sandoricum Cav., Owenia F.Muell.)
because of frequent confluent and crystalliferous paren-
chyma, but their rays are mainly 1-2-seriate. We thus
suggest that this fossil may belong to the Meliaceae and is
possibly phylogenetically close to the Melioideae (near the
node at the base of Melioideae and Cedreloideae splitting).
Alternate affiliations would be close to the Fabaceae.

Among fossils related to Dialioideae and Cercidoideae,
the genus Tzotziloxylon Pérez-Lara ¢ Estrada-Ruiz (Pérez-
Lara et al, 2019) covers fossils sharing features of both
subfamilies which include non-vestured intervessel pits,
aliform to occasionally confluent axial parenchyma as well
as diffuse and sometimes banded up to 3-cells thick, 1-4-
seriate rays, crystalliferous axial parenchyma and a non-
storied structure. The present fossil has more frequent
confluent and banded axial parenchyma that is over 3 cell
layers thick and rays larger on average than the two species
described in the genus (Pérez-Lara et al., 2019). Other genera
such as Bauhinia Plum. ex L., Bauhinium Trivedi & Panjwani,
Dialioxylon Lemoigne, Beauchamp & Samuel, Dialiumoxylon
(Lemoigne & Beauchamp) Lemoigne and Koompassioxylon
Kramer differ for one or more of these features: storied rays
(also parenchyma strands and vessel elements), thinner rays
(1-3-seriate), regularly spaced bands of axial parenchyma or
wider intervessel pits (6-8 pum) (Ramanujam and Rao, 1966;
Kramer, 1974; Lemoigne et al., 1974; Lemoigne, 1978;
Guleria, 1984; Trivedi and Panjwani, 1986; Awasthi and
Prakash, 1987; Awasthi and Mehrotra, 1990).

Fossils related to Meliaceae are diverse in their anatomy
and frequently vary in axial parenchyma abundance and in
ray distribution and structure (Appendix S2), but all have
paratracheal axial parenchyma, and their intervessel pits are

almost always described as minute to small (3-6 um).
Confluent/banded, vasicentric parenchyma and 3(or more)-
seriate rays are found in the genera Carapoxylon (Madel)
Gottwald with marginal and banded parenchyma and
exclusively septate fibers and Entandrophragminium
Prakash with mostly marginal and vasicentric parenchyma
(Prakash, 1976; Gottwald, 1997; Selmeier, 1999). Several
species have traumatic canals, unlike this specimen. A
review of most species described under these two genera (as
well as several other close genera) is provided in the
Appendix S2. It reveals a continuum of individual
differences unrelated to specific genera that suggest inter-
or intraspecific variation rather than intergeneric differ-
ences. As mentioned by Pennington and Styles (1975)
intrageneric variations are sometimes more striking than
intergeneric variations in Meliaceae, especially in the
arrangement of axial parenchyma. Entandrophgrama is a
good example, having parenchyma ranging from scanty
paratracheal to almost exclusively banded. Pending a
comprehensive review of fossil Meliaceae wood, it seems
appropriate to solely consider it as a member of the
Sapindales, most likely with the Meliaceae and with some
resemblance to Entandrophragminium and Carapoxylon.

Wood-type 1-b (Figure 5)
Affinity—Rosales (Moraceae) or Sapindales? (Anacardia-
ceae?, Kirkiaceae?)

Material —-MNHN.F.50229.1 to MNHN.F.50229.6 (field
number of original specimen: PPP9)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood  diffuse-porous.  Growth-ring
boundaries indistinct. Vessels solitary (68%) and in radial
multiples of 2-3, occasionally 4-6 (Figure 5A, B), solitary
and non-compressed vessels are round to slightly oval in
outline (Figure 5C), values for vessel density vary with
position in the slide and the state of preservation, 4-23/mm?
(mean 12/mm?®) (Figure 5A), tangential diameter
44-184 um (mean 96 pm). Tyloses present in some vessels
(Figure 5D). Vessel elements 150-350 um long (mean
225 um). Perforations simple (Figure 5K). Intervessel pits

FIGURE 4 Wood-type 1-a (Meliaceae, Fabaceae?). (B, C) MNHN.F.50228.1, transverse sections; (D, E) MNHN.F.50228.3, tangential longitudinal

sections; (F-J) MNHN.F.50228.5, radial longitudinal sections. (A) Line drawing of the transverse section highlighting the confluent to banded parenchyma
and aliform parenchyma with one band, which might be marginal parenchyma (arrowhead). (B) Detail of the vessels with confluent-banded and aliform
parenchyma. (C) Detail of growth-ring boundary with marginal parenchyma (arrowhead) and radially narrowed fibers. (D) Mostly 3—4-seriate fusiform rays.
(E) Rays (3-4-seriate) and parenchyma with crystals in chambered cells (arrowhead). (F) Rays with 1 marginal row of square or upright cells (or enlarged
procumbent cells) (arrowheads). (G) Simple fiber pits. (H) Vessel-ray pits similar to intervessel pits. (I) Minute to small non-vestured intervessel pits.

(J) Growth boundary as in (C) with a difference between fibers with a small radial diameter (left) and larger radial diameter (right). Scale bars: (A) 2.5 mm;

(B, D) 500 pm; (C, E) 200 pm; (F, J) 100 pm; (G, H) 50 pmy; (I) 20 pm.
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alternate, crowded but only slightly polygonal in outline,
5.6-12 um (mean 8.6 um) long, non-vestured with large
ellipsoidal to lenticular apertures (Figure 5F, K). Vessel-ray
parenchyma pits of variable shapes with reduced borders or
apparently simple, 5.3-14.5um (mean 8.7pum) large
(Figure 5K, L). Vessel-axial parenchyma pits almost
of the same size as intervessel pits but with a reduced
border, larger lenticular aperture and less crowded
(Figure 5K, L). Parenchyma indistinct in transverse section
(Figure 5C), visible in longitudinal sections as vasicentric
(Figure 5G), perhaps diffuse or aliform as well, up to 5(9)
cells per strand (Figure 5H), some cells look subdivided
(Figure 5I), but this could also be a form of degradation. Axial
parenchyma cells 37-133 pm (mean 70 um) long and 12-35 ym
(mean 22um) wide in tangential section (Figure 5H).
Rays 1-5(-6-)seriate, mostly 2-4-seriate (1-seriate: 3%,
2-seriate: 22%, 3-seriate: 39%, 4-seriate: 31%, 5-seriate: 5%)
(Figure 5D, E), 2-6/mm (mean 4/mm), ray height 82-614 um
(mean 265um) or 5-40 cells (mean 17 cells) high; rays
heterocellular with procumbent body cells with 1(-2) marginal
row(s) of either square/upright or enlarged procumbent cells
(Figure 5]). Kribs's ray type heterogeneous IIB to homogeneous
L. Intercellular spaces sometimes visible in tangential section
between ray cells (Figure 5E). Mean length to height ratio of the
procumbent cells of 4.7, with abundant small pits at the edges of
the cells (Figure 5]). Fibers seemingly non-septate, arranged in
radial rows, 11-29 ym in tangential diameter (mean 20 um),
thin-to-thick walled (lumen about 1 time the double-wall
thickness). One small branch trace present in tangential section
(Figure 5M).

Estimated minimal diameter—between 7 and 16 cm

Description in InsideWood codes (fossil code in
parentheses)—5 13 22 26 27v 31 41 422 47 52 56v 652 66
69 762 79 80? 832 92 93 97 98 104? 106 114 115 136 142 168
(300 302 308 313 315)

Affinities and remarks

This wood is characterized by (1) simple perforation
plates, (2) medium to large, alternate intervessel pits, (3)
vessel-ray parenchyma pits with reduced borders or simple,
(4) parenchyma mostly paratracheal, (5) rays commonly >3-
seriate, (6) rays heterocellular with procumbent body cells
and a few marginal rows of square/upright cells, (7) vessel
element length short to medium, (8) tyloses present. These
features are all present and commonly occur in Moraceae
(Metcalfe and Chalk, 1950; Koek-Noonnan et al., 1984a, b;
ter Welle et al., 1986a, b; InsideWood, 2004 onward; Ogata
et al., 2008), but not found all together in a single genus or

species. A few differences can be pointed out. Vessels with
an average diameter <100 um is not a common character
among Moraceae (22%, InsideWood, 2004 onward), nor is
vessel density over 20/mm? (about 16%, InsideWood, 2004
onward). Moraceae commonly have an average vessel
diameter between 100-200 pm and a vessel density between
5 and 10/mm?. The tribe Moreae gather some of the genera
that share common features with the present fossil: crystals
in chambered axial parenchyma, absence of laticifer (e.g.,
Batocarpus H. Karst., Prainea King ex Hook.f., Trophis
P.Browne, Streblus Lour., Maclura Nutt.) that is otherwise a
common feature of the family. Intercellular space between
ray cells (Figure 5E) occur in some Moraceae (Antiaris
Lesch., Parartocarpus Baill) and in some Malvaceae,
Euphorbiaceae, and Fabaceae Ogata et al. (2008). It is also
seen in some Combretaceae and Sapotaceae (D. De
Franceschi, personal observation). For fossil woods, this
feature might not have diagnostic value because it is difficult
to determine whether it is a genuine feature of the specimen
or a result of taphonomy. Beside Moraceae, some
combinations of features present in our fossil are suggestive
of other families: Anacardiaceae (thinner rays, uniseriate
more common), Kirkiaceae (rare or scanty paratracheal
parenchyma), and Cannabaceae, Malvaceae, Lamiaceae,
Euphorbiaceae, or even Lauraceae that lack oil cells.

Anacardiaceae and Kirkiaceae are phylogenetically close
(Muellner-Riehl et al., 2016), but Kirkiaceae only have rare
or scanty paratracheal parenchyma. Several Anacardiaceae
have radial canals, and many have common uniseriate rays
(InsideWood, 2004 onward). Diffuse-porous wood, rays >3-
seriate, and no radial canals (InsideWood, 2004 onward):
Antrocaryon Pierre, Buchanania Spreng., Dracontomelon
Blume, Haematostaphis Hook. f., Harpephyllum Bernh.,
Nothopegia Blume, Ozoroa Delile, Pachycormus Coville ex
Standl. or Semecarpus L. f. They all differ slightly from this
fossil in the presence of taller upright marginal ray cells,
thinner rays, or abundant septate fibers. These differences
are not significant enough to dismiss a potential affinity
with Anacardiaceae.

Most of the fossil wood specimens of Moraceae are
affiliated with either the extant genus Ficus L. or the
fossil genus Ficoxylon Kaiser (Gregory et al., 2009). Both
commonly have larger rays than in our fossil and banded
parenchyma and sometimes weakly differentiated sheath
cells (Kaiser, 1880; Schenk, 1883, Koek-Noonnan et al.,
1984Db). Laticifers are absent in the fossil woods of Antiaris,
Cudranioxylon Dupéron-Laudoueneix, Moroxylon Selmeier,

FIGURE 5 Wood type 1-b (Moraceae, Anarcardiaceae?, Kirkiaceae?). (A-C) MNHN.F.50229.2, transverse sections; (D-I, M) MNHN.F.50229.4,
tangential longitudinal sections; (J-L) MNHN.F.50229.5, radial longitudinal sections. (A) Wood diffuse-porous, vessels solitary and in multiples
(arrowhead). (B, C) Detail of vessels, often filled with orange material and surrounded by vasicentric parenchyma (arrowhead). (D) Fusiform 1-5-(6-)seriate

rays and tyloses in vessel. (E) Detail of 4-seriate ray showing intercellular spaces (arrowhead). (F) Large, non-vestured intervessel pits. (G) Vasicentric axial
parenchyma. (H) Parenchyma strand with at least up to five cells (arrowheads). (I) Parenchyma cells subdivided (arrowheads). (J) Heterocellular ray with
body of procumbent cells and one marginal row of square/upright cells; numerous simple pits between ray parenchyma cells are visible (arrowhead). (K)

Group of narrow vessels with simple perforation plates, apparently simple vessel-ray parenchyma pits (white arrowheads), intervessel pits (black arrowhead),
and simple vessel-axial parenchyma pits (grey arrowhead). (L) Simple vessel-ray parenchyma pits (white arrowheads) and simple vessel-axial parenchyma
pits (grey arrowhead). (M) Small branch trace. Scale bars: (A) 1 mm; (M) 500 um; (B-D) 200 um; (G, H, J) 100 um; (E, I, K, L) 50 um; (F) 25 um.
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Aginoxylon Dupéron, Soroceaxylon Franco, Milicioxylon
Shukla, Mehrotra & Guleria (Dupéron, 1975; Dupéron-
Laudoueneix, 1980; Awasthi, 1989; Selmeier, 1993;
Franco, 2010; Shukla et al., 2013), Maclura (Martinez-
Cabrera and Cevallos-Ferriz, 2006). Markedly radially
longer than tall procumbent ray cells with many small
punctuations are reported in Crudanioxylon (Dupéron-
Laudoueneix, 1980) and in some extant genera (e.g.,
Antiaris, Castilla Cerv., Perebea Aubl., Maquira Aubl;
Koek-Noonnan et al., 1984a). Fossil Moraceae woods differ
from our fossil either because of ring-porous wood,
common laticifers, distinct sheath cells, different vessel-ray
pits, larger or thinner rays, more abundant axial paren-
chyma and wider vessels. It is difficult to assign our fossil to
any existing genus, and it seems unwarranted to create a
new one because many important diagnostic features are
poorly visible in this fossil (the vessel diameter, the
abundance of axial parenchyma and its arrangement, the
presence of laticifers or septate fibers) or are variable (vessel
density and diameter).

Among Anacardiaceae that have rays >3-seriate and no
radial canals, the ones that most resemble the present fossil are
Dracontomeloxylon Prakash, but species in that genus have a
lower vessel density and wider vessels (Prakash, 1979), and
Coahuiloxylon Estrada-Ruiz, Martinez-Cabrera & Cevallos-
Ferriz differs in having smaller intervessel pits and a lower
vessel density (Estrada-Ruiz et al., 2010).

Wood-type 1-c (Figure 6)
Affinity—Sapindales?

Material —-MNHN.F.50230.1 to MNHN.F.50230.6 (field
number of original specimen: PPP2)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood diffuse-porous. Growth ring
boundaries absent. Vessels hardly visible due to compres-
sion. Few counted (N=36) but they seem to be solitary
(about 80%), and in pairs; round to oval in outline
(Figure 6A), about 3-8/mm’ (mean 4/mm?®), tangential
diameter 35-190 um (mean 104 um), radial diameter
90-185 um (mean 126 pm). Tyloses not observed. Vessel
element lengths 125-280 um (mean 189 um) long. Perfora-
tions simple (Figure 6E). Intervessel pits alternate, non-
vestured, borders not visible, aperture oval, 3-6 um (mean
4.5 um) wide (Figure 6F). Vessel-ray parenchyma pits not
visible; large pits with reduced borders to almost simple
could be vessel-axial parenchyma pits (Figure 6I). Axial
parenchyma arrangement difficult to determine, appears
rare, 60-85 um (mean 77 um, N =5) long, 18-24 um (mean
20 um, N = 6) wide; Figure 6D, G). Rays 1-4-seriate, mostly
2-3-seriate (1-seriate: 18%, 2-seriate: 42%, 3-seriate: 40%,

4-seriate: 10%), 5-12/mm (mean 8/mm), ray height
200-800 pm (mean 370 um) or 6-41 cells (mean 19 cells)
(Figure 6B), possibly up to 76 cells; multiseriate rays are
heterocellular with body composed of procumbent cells
with at least 1-3 marginal rows of square or upright cells
(Figure 6H), uniseriate rays have mixed square, upright
and procumbent cells. Kribs's ray type heterogeneous IIB.
Sheath cells absent. Fibers apparently non-septate, arranged
in radial rows (Figure 6A), 7-23 in tangential diameter
(mean 15 um). No mineral inclusion seen.

Estimated minimal diameter—Imprecise due to poor
preservation, between 5-16.5 cm (more likely 12-16.5 cm)

Description in InsideWood codes (fossil code in
parentheses)—2 5 13 22 25 42 46? 47¢ 52 752 762 792 97
98v 106 107 115 168 (302 303v 313 315)

Affinities and remarks

This specimen does not show any distinctive diagnostic
features. We searched the InsideWood database (2004 onward)
using the following features: diffuse-porous wood with simple
perforation plates (5p, 13p, 14a), alternate non-vestured
intervessel pits (IVP) (20a, 22p, 29a), absence of large IVP
(27a), vessels between 100-200 pm in tangential diameter and
fewer than 20/mm® (40a, 42p, 48a, 49a, 50a), short vessel
elements (52p), 1-3-seriate rays not of two sizes (96a, 97p, 99a,
103a), rays commonly with 1-4 marginal cells (105a, 106p,
107p, 115p), absence of storied rays (118a) and radial canals
(130a). This combination of features occurs in 18 families.
Among them, the taxa with the closest anatomy are found in
Anacardiaceae, Burseraceae, Cannabaceae, Clusiaceae, Ruta-
ceae, and Sapotaceae. However, Anacardiaceae and Burser-
aceae usually have wider intervessel pitting (>7 pm), few
uniseriate rays and sometimes radial canals; Burseraceae have
septate fibers; Cannabaceae generally have obvious paratra-
cheal parenchyma and wider rays (mostly over 4-seriate);
Clusiaceae often have higher rays (>1 mm); Rutaceae often
have homocellular rays with few uniseriate ones and vessels in
radial multiples are common; Sapotaceae have frequent tyloses
and markedly heterocellular rays (Metcalfe and Chalk, 1950;
InsideWood, 2004 onward). Many important features such as
the presence or absence of septate fibers, the axial parenchyma
distribution, the original density and diameter of vessels, and
vessel-ray parenchyma pits cannot be accurately discerned in
our fossil. Our observations indicate possible affinities with
some taxa from the orders Ericales (Sapotaceae), Malpighiales
(Clusiaceae), Rosales (Cannabaceae) or Sapindales (Anacardia-
ceae, Burseraceae, Rutaceae), but it is impossible to be more
conclusive.

This specimen differs from Wood-type 1-a because of
the apparent scarcity of the parenchyma, 2-3-seriate rays
(against mostly 3-4-seriate) and the shape of the rays being
less fusiform. It more resembles Wood-type 1-b regarding
its ray composition (Figure 6C). But rays of this specimen
are narrower on average than Wood-type 1-b, and the
procumbent cells are less elongated. In addition, intervessel
pits seems smaller in this specimen, although only the
aperture is visible. This comparison is speculative because
vessel-parenchyma pits could not be observed.
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FIGURE 6 Wood-type 1-c (Sapindales?). (A) MNHN.F.50230.1, transverse section; (B-D, F-G, I) MNHN.F.50230.3, tangential longitudinal sections;
(E, H) MNHN.F.50230.5, radial longitudinal sections. (A) Poorly preserved wood with some round and mostly solitary vessel poorly preserved (arrowhead).
(B) Rays (1-4-seriate). (C) Detail of ray displaying intercellular spaces (arrowheads). (D) Vasicentric parenchyma marked by rare end walls (arrowheads).
(E) Simple perforation plates. (F) Non-vestured intervessel pits. (G) Detail of parenchyma cells in upper corner of (C). (H) Heterocellular ray with
procumbent cells (white arrowhead) and 1-3 marginal rows of square/upright cells (black arrowhead). (I) Likely vessel-axial parenchyma pits, with reduced
borders to apparently simple. Scale bars: (A) 500 um; (B, D) 200 pum; (E, H) 100 um; (C, G) 50 um; (F, I) 25 um.

Wood-type 1-d (Figure 7)
Affinity—Laurales? (Lauraceae?)

Material —-MNHN.F.50231.1 to MNHN.F.50231.7 (field
number of original specimen: PPP6)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood diffuse-porous. No distinct growth-
ring boundaries observed. Vessels mostly solitary (90%) and

in radial multiples of 2-3 (10%) (Figure 7A); non-compressed
vessels round in outline (Figure 7C), 5-11/mm?* (mean 8/
mm?), vessel tangential diameter 45-170 um (mean 87 um),
minimum and mean likely underestimated due to compres-
sion, radial diameter 50-175pum (mean 111 pum). Tyloses
absent. Vessel element length 85-335um (mean 195 pum).
Perforation plates simple. Intervessel pits alternate, non-
vestured, 7-11.5pum (mean 9.2 um) wide, with large oval
apertures (Figure 7D, E). Borders appear smaller close to
perforations. Pits that could be vessel-ray parenchyma or
vessel-axial parenchyma pits appear to be simple or with
reduced borders (Figure 7K). Axial parenchyma only visible
in longitudinal sections, paratracheal (probably scanty para-
tracheal to vasicentric) (Figure 7I), maybe also apotracheal, at
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least up to 4 cells per strand (Figure 7H). Parenchyma cells
55-180 um (mean 94 um) long and 17-39 pm (mean 27 pm)
wide. Parenchyma strands sometimes look subdivided
(Figure 7M), but this could be an artifact due to degradation.
Rays 1-5-seriate, mostly 2-4-seriate (1-seriate: 5%, 2-seriate:
30%, 3-seriate: 39%, 4-seriate: 23%, 5-seriate: 3%), 4-11/mm
(mean 7/mm), ray height 100-1530 pm (mean 470 um) or
4-60 cells (mean 21 cells) (Figure 7F); some rays with end-to-
end connections; heterocellular with procumbent body cells
with 1-2 (maybe more) marginal rows of square to upright
cells (Figure 7], L), with a possible tendency for ray cell types
to be intermixed in the rays. Kribs's ray type heterogeneous
IIB. Sheath cells absent. Fibers arranged in radial rows,
16-31 um in tangential diameter (mean 23 um). Lacunae,
possibly idioblasts (oil cells) or evidence of decay, visible in
tangential section (Figure 7G). Some cells in transverse
section (Figure 7B, arrowhead) could represent these possible
oil cells or axial parenchyma cells.

Estimated minimal diameter—between 5 and 8 cm

Description in InsideWood codes (fossil code in
parentheses)—5 9 13 22 26 27v 30? 312 322 41? 42?2 47 52
652 66 78 79 80? 92 932 97 98 102v 106 107v 115 136 142
168 (3007 302 308 313 315)

Affinities and remarks—

In this wood, it is difficult to ascertain some
important diagnostic features, such as the axial paren-
chyma arrangement, type of vessel-ray parenchyma pits,
presence of crystals and septate fibers. The combined
features of the specimen are not found in any extant
species in the InsideWood (2004 onward) database. We
searched the InsideWood database (following the
spreadsheet method mentioned in Materials and Meth-
ods) using the following features: diffuse-porous wood
(5p), exclusively simple perforation plates (13p, 14a),
alternate, non-vestured pitting that is not minute, at least
medium (22p, 24a, 26p, 29a), vessel diameter, neither
narrow or wide (40a, 43a) between 5 and 40 vessels/mm?
(46a, 49a, 50a), paratracheal parenchyma (78p and/or 79p
and/or 80p), 1-3- and 4-10-seriate rays (96a, 97p, 98p,
99a, 100a), heterocellular rays (104a, 105a), 2 or more
cells per axial parenchyma strand (90a), and excluding
rare or absent parenchyma (75a), sheath cells (110a
or 110v), storied rays (118a) and radial canals (130a or
130v). The database vyielded seven families with
these features: Anacardiaceae, Cannabaceae, Lauraceae,
Moraceae, Phyllanthaceae, Rhamnaceae, Meliaceae.

The enlarged marginal ray cells (Figure 7L) could be
oil cells or crystalliferous idioblasts. In tangential sections,
large lacunae are sometimes observed (Figure 7G) and
could be a result of wood decay or represent large oil cells
(yellowish droplets in these shapes could be oil). The
presence of oil cells would indicate that this wood is a
Lauraceae, close to the genus Beilschmiedia Nees, a genus
that has vasicentric parenchyma, few oil cells among
fibers, and few septate fibers. Actinodaphne Nees, Aspi-
dostemon Rohwer & H.G.Richt. and some Ocotea Aubl
share some similarities, especially regarding the paren-
chyma arrangement, the few oil cells sometimes among
fibers, and the size of rays or the diameter of vessels for
some species. The oil cells found in Aniba rosodora Ducke,
Licaria triandra (Sw.) Kosterm. or Persea borbonia (L.)
Spreng., either among fibers or among rays (Figure 7L),
also look similar to those of the present fossil. But these
three species have rays rarely over 3-seriate and numerous
septa in fibers (InsideWood, 2004 onward). Lauraceae
often have tyloses, longer vessel elements, and sometimes
septate fibers (Metcalfe and Chalk, 1950; InsideWood, 2004
onward). Anacardiaceae have mostly rays narrower than
3-seriate and crystals in rays. Cannabaceae have mostly
wider rays, often confluent parenchyma and crystals in ray
cells. Phyllanthaceae are very variable with tall, numerous,
and very heterocellular rays. Rhamnaceae often display
distinct growth rings (although maybe not near the
equator in the Paleocene), smaller intervessel pits and
bordered vessel-ray parenchyma pits. Meliaceae are
dismissed by their small intervessel pits. This specimen
resembles Wood-type 1-b (affinity with Moraceae) but is
less well preserved. Both have scanty paratracheal to
vasicentric parenchyma, large and non-polygonal inter-
vessel pits, same general vessel disposition, well-defined
procumbent ray parenchyma cells (see affinities and
remarks for Wood-type 1-b), and no laticifers. However,
it has taller rays, no tyloses, no clear vessel-ray paren-
chyma pits, more abundant axial parenchyma and
narrower and fewer vessels. These differences could be
due to anatomical variation and poor preservation.
Indeed, in fossil Wood-type 1-b, some very sporadic
lacunae are visible, but they are likely a preservation
artifact. Thus, this specimen appears to be closer to
Lauraceae than the other families mentioned above,
although they are not totally dismissed, especially
Moraceae, which is the best affinity for Wood-type 1-b.

FIGURE 7 Wood-type 1-d (Lauraceae?). (A-C) MNHN.F.50231.1, transverse sections; (D-H, M) MNHN.F.50231.3, tangential longitudinal sections;
(I-L) MNHN.F.50231.6, radial longitudinal sections. (A) Diffuse-porous wood with mostly solitary vessels, presence of small pores that could be large fibers,
axial parenchyma cells, small vessels or oil cells. (B) Small vessels with likely axial parenchyma or oil cells around them (arrowheads). (C) Detail of round
and non-compressed vessel surrounded by vasicentric (to aliform?) parenchyma. (D, E) Large, non-vestured intervessel pits (arrowhead). (F) Rays

(1-5-seriate) with cells of different size, square or upright marginal cell (black arrowhead). (G) Lacunae either due to wood decay or possible large oil cells;
the surrounding rays and fibers seem to follow the shape of the lacunae. (H) Parenchyma with at least 4 cells per strand. (I) Vasicentric parenchyma around
a vessel (arrowhead). (J) Heterocellular ray with procumbent body cells and 1-2 marginal rows of square or upright cells. (K) Possible simple vessel-ray pits.

(L) Ray with one enlarged upright marginal cell (originally containing crystal?/small oil cell?). (M) Possibly subdivided parenchyma strand with half of a
degraded ray on the right. Scale bars: (A, F) 500 um; (B, C, G, J) 200 um; (D, E) 25 um; (H, I, L) 100 pm; (K, M) 50 um.
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The genus Ubiquitoxylon Wheeler was instituted for
fossil woods with a combination of features that occurs in
multiple families, including the Anacardiaceae and Laur-
aceae. Wood-type 1-d shares most of the features of this
genus, including the occurrence of enlarged marginal ray
cells, but it does not have idioblasts amongst the fibers and
axial parenchyma is rare to scanty paratracheal (Wheeler
et al., 2019). However, given the poor state of preservation
of sample MNHN.F.50231 (PPP6), it seems unwise to assign
it to a genus.

Group 2: Uni-biseriate rays

Wood-type 2-a (Figure 8)
Affinity—Sapindales (Anacardiaceae)

Material —-MNHN.F.50232.1 to MNHN.F.50232.6 (field
number of original specimen: PPP5)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene (Danian-
Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood diffuse-porous. No growth ring
boundaries visible. Vessels mainly solitary (about 70-82%)
or in radial multiples of 2-3 (rarely 4) (18-30%)
(Figure 8A); solitary vessels probably round to oval in
outline (Figure 8B), 3-9/mm* (mean 6/mm?), tangential
diameter 50-225um (mean 155pum), radial diameter of
the less compressed vessels 87-160 um (mean 122 pm).
Tyloses present (Figure 8B, F). Vessel element length (115)
190-445 pm (mean 260 um). Perforation simple (Figure 8I).
Intervessel pits alternate, non-vestured, 5.8-13.5 um (mean
9um) wide with a large lenticular aperture (Figure 8G).
Vessel-ray parenchyma pits mostly of the same size as
intervessel pits, sometimes elongated, with reduced borders
to apparently simple, 2-9 per ray cell (Figure 8I). Vessel-
axial parenchyma pits apparently the same as vessel-ray
parenchyma pits. Axial parenchyma appears to be scanty
paratracheal to vasicentric (Figure 8B), tangential sections
show axial parenchyma strands adjacent to vessels, with
up to 4 cells per strand (Figure 8E). Parenchyma cells
50-175pum (mean 100pum) long and 20-35um (mean
27 um) wide in tangential section. Rays 1-2-(3-)seriate, (1-
seriate: 60-72%, 2-seriate: 27-39%, 3-seriate: 1%), rays often
uniseriate for most of their height, with a small biseriate
part 1-2 cells high, 4-9/mm (mean 6/mm), ray height (105)
130-600 um (mean 260 um) or 4-26 cells (mean 10 cells)
(Figure 8D); ray heterocellular with a variable composition,
multiseriate rays with procumbent (to almost square) body
cells with 1-4 marginal rows of square or upright cells
Figure 8H), uniseriate rays tend to be composed of square
and upright cells. Kribs's ray type heterogeneous III to IIA.
Sheath cells absent. Fibers probably non-septate, poorly

preserved, arranged in radial rows, 12-28 um in tangential
diameter (mean 20 pm). No mineral inclusions. Two smalls
branch traces present (Figure 8J). Helical thickenings
present in the elements of the branch traces, likely primary
xylem (Figure 8C).

Estimated minimal diameter—Difficult to estimate due
to poor preservation, between 3 and 7 cm, (more likely
4 cm)

Description in InsideWood codes (fossil code in
parentheses)—2 5 13 22 25 26 27 31 42 47 52 56 66 78?
792 92 97 106v 107v 108v 109v 115 168 (300 302 313 315)

Affinities and remarks

Diffuse-porous wood (5p), with simple perforation
plates (13p), intervessel pits large, non-vestured and
alternate (22p, 24a, 27p, 29a), vessel-ray pits with reduced
borders to apparently simple (31p), tyloses (56p), vasicentric
parenchyma (79p), short rays uni- and biseriate (97p, 98a,
99a, 102a), heterocellular (104a, 105a) strongly recall
Anacardiaceae and Burseraceae (InsideWood, 2004
onward). Other families including Lauraceae, Cannabaceae
and some Bonnetiaceae, or Euphorbiaceae share similar
features. Burseraceae always have septate fibers, only rare or
scanty paratracheal parenchyma, sometimes radial canals,
often crystals in ray cells (Metcalfe and Chalk, 1950;
InsideWood, 2004 onward) and always large intervessel pits
(>8 um; Pace et al., 2022). Anacardiaceae are very similar to
Burseraceae with few differences such as less frequent
tyloses, septate and non-septate fibers, sometimes shorter
vessel elements, parenchyma mostly scanty paratracheal and
vasicentric, as well as sometimes more developed in aliform,
confluent and banded; they can have many rows of marginal
ray cells (Metcalfe and Chalk, 1950; InsideWood, 2004
onward) and intervessel pits <8 um (Pace et al., 2022). The
absence of septate fibers and the presence of vasicentric
parenchyma in our specimen thus suggest a more likely
affinity to Anacardiaceae and to the Mangifera-Gluta-
Anacardium group, which has rare radial canals, frequent
uniseriate rays, few or no septate fibers, and tyloses
common (Metcalfe and Chalk, 1950; InsideWood, 2004
onward). This group includes Fegimanra Pierre, Anacar-
dium L., Bouea Meisn., Mangifera L., Swintonia Grift, Gluta
L. (Weeks et al., 2014; Muellner-Riehl et al., 2016).
However, Gluta often have banded parenchyma and some
radial canals (InsideWood, 2004 onward). The preservation
state of our specimen does not allow a more precise
identification.

The fossil record of wood related to Anacardiaceae is
large (Gregory et al, 2009): Estrada-Ruiz et al. (2010)
counted more than 75 published fossils. The specimens with
1-3-seriate rays and mostly vasicentric parenchyma are
described under the genera Anacardioxylon Felix, Bouea,
Buchananioxylon Ghosh & Roy, Holigarnoxylon Prakash &
Awasthi, Glutoxylon (Chowdhury) Prakash & Tripathi,
Mangiferoxylon Awasthi, Tapirira Aubl. and Llanodelacru-
zoxylon Rodriguez-Reyes, Estrada-Ruiz & Gasson. This
specimen is most similar to Anacardioxylon and Mangifer-
oxylon. The other genera differ in having either radial
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canals, diffuse or aliform-confluent to banded parenchyma
(Gupta, 1935; Chowdhury, 1936; Prakash and Awasthi, 1970;
Bande and Prakash, 1984; Agarwal, 1988; Srivastava and
Saxena, 1998; Wheeler and Manchester, 2002; Rodriguez-
Reyes et al., 2020). Mangiferoxylon has mostly 1-2-seriate
rays, non-septate fibers but also aliform to confluent and
terminal parenchyma, and frequent crystals in ray cells
(Awasthi, 1966). Many fossils are described as Anacardiox-
ylon; they mostly have narrow vasicentric parenchyma, 1-2-
seriate rays, which are heterocellular with 1-3 rows or
marginal cells, and vessels mostly solitary. The remaining
features are more heterogeneous between specimens
(Schonfeld, 1947; Prakash and Dayal, 1965; Awasthi, 1974;
Prakash and Tripathi, 1976; Lemoigne, 1978; Crawley, 2001).
Nonetheless, our fossil cannot be attributed to these genera
with any confidence because some diagnostic features are
poorly preserved (septa, arrangement of the parenchyma,
growth rings boundaries, terminal parenchyma, and crystal
occurrences).

Wood-type 2-b (Figure 9)
Affinity—Sapindales or Myrtales? (Combretaceae?)

Material —-MNHN.F.50233.1 to MNHN.F.50233.8 (field
number of original specimen: PPP7), sample compressed

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene (Danian-
Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood diffuse-porous. No growth-ring
boundaries visible. Vessels mainly solitary (95%, N =27),
likely originally oval in outline (Figure 9A), 4-6/mm?,
tangential diameter 22-94um (mean 58 um) and radial
diameter 70-220 um (mean 140 um; true diameter before
compression being likely larger). Tyloses not observed.
Vessel element length not measurable. Perforations seem
simple. Intervessel pits alternate, non-vestured, 5.7-12.5 um
in horizontal diameter (mean 9.6um), with large
oval lenticular apertures (Figure 9C). Vessel-ray paren-
chyma pits usually similar in size to intervessel pits,
sometimes enlarged, but likely with reduced borders
to apparently simple, with borders of variable size,
5-103um (mean 7.8um) large (Figure 8F-H). Axial
parenchyma rarely observed, only visible in tangential section
as scanty paratracheal (or vasicentric). Rays 1-2-seriate,

predominantly uniseriate (1-seriate: 92%, 2-seriate: 8%),
5-12/mm (mean 9/mm), ray height 87-720um (mean
246 um) or 2-30 cells (mean 10 cells) (Figure 9B); hetero-
cellular, made of procumbent body cells with 1 row of square
or upright marginal cells (rarely 2-3 rows) (Figure 9D, E),
sometimes a faint tendency for square and procumbent cells
intermixed throughout the rays (Figure 9D); the shorter rays
are probably only composed of square or upright cells. Kribs's
ray type heterogeneous III. Fibers apparently non-septate, cell
walls poorly defined, radially aligned, 8-24 pm in tangential
diameter (mean 15.5 pm). Crystals maybe present in upright
and procumbent ray cells (Figure 9B, D, E).

Estimated minimal diameter—Difficult to estimate due
to bad preservation and compression, between 4 and 7 cm

Description in InsideWood codes (fossil code in
parentheses)—2 5 9?2 13 22 26 27 30 31v 41? 42?2 467 47?
66 78 96 106 115 136 137 138 168 (300v 302 307 313 315)

Affinities and remarks

This specimen is characterized by (1) diffuse-porous
wood, (2) simple perforation plates, (3) large, non-vestured,
alternate intervessel pits, (4) vessel-ray parenchyma pits
with reduced borders to apparently simple, (5) scanty
paratracheal or vasicentric parenchyma, (6) <30 cells high
uniseriate rays, (7) heterocellular rays with mostly 1 row of
upright marginal cells, (8) crystals in ray cells. This wood
differs from Wood-type 2-a in having possibly bordered
vessel-ray pits, almost exclusively uniseriate rays (compared
to commonly 1-2-seriate), a greater ray density (up to 5-12/
mm vs. 4-9/mm) and maybe crystals in ray cells. A search
of InsideWood for diffuse-porous wood (5p) with exclu-
sively simple perforation plates (13p, 14a), alternate, non-
vestured intervessel pits not minute, at least medium (22p,
24a, 26p or 27p, 29a), heterocellular uniseriate rays (96p,
104a, 106p) and prismatic crystals (136p) gave several
results, mostly species of Anacardiaceae, Burseraceae,
Combretaceae, and Sapindaceae and a few Euphorbiaceae
and Rhamnaceae. Only few species among Anacardiaceae
and Burseraceae have exclusively uniseriate rays (10-16%
according to InsideWood, 2004 onward). Both families
frequently have radial canals (about half of the taxa;
InsideWood, 2004 onward) and vessel-ray parenchyma pits
always with reduced borders to apparently simple. The
vessel-ray parenchyma pits of our fossil seem to have
reduced borders (Figure 9G, H); even some simple pits are
visible (Figure 9F). Among Combretaceae, only some
Terminalia L. species have non-vestured pits (Inside-
Wood, 2004 onward), but their parenchyma is mostly
aliform, and rays can be very numerous. Euphorbiaceae,

FIGURE 8 Wood-type 2-a (Anacardiaceae). (A, B) MNHN.F.50232.1, transverse sections; (D, E, J) MNHN.F.50232.3, tangential longitudinal sections;
(C, F-I) MNHNL.F.50232.5, radial longitudinal sections. (A) Vessel solitary (arrowhead) or in short radial multiples. (B) Solitary vessel surrounded by
vasicentric parenchyma (or scanty paratracheal) (white arrowhead), tyloses in vessel (black arrowhead). (C) Helical thickening in the small elements of a
branch trace, probably primary xylem (arrowhead). (D) Rays (1-2-seriate). (E) Paratracheal axial parenchyma associated with vessel with up to 4 cells per
strand. (F) Vessel plugged with tyloses. (G) Non-vestured intervessel pits. (H) Heterocellular ray with procumbent body cells (black arrowhead) and 1-4
marginal rows of square or upright cells (white arrowhead). (I) Simple perforation plate and crowded simple vessel-ray pits. (J) One of the two small branch
traces. Scale bars: (A, J) 500 um; (B, D) 200 um; (C, E, F, H) 100 um; (G, I) 50 pm.
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FIGURE 9 Wood-type 2-b (Sapindales, Combretaceae?). (A) MNHN.F.50233.1, transverse section; (B) MNHN.F.50233.3, tangential longitudinal
sections; (C-H), MNHN.F.50233.6, radial longitudinal sections. (A) Poorly preserved and laterally compressed vessels. (B) Uniseriate rays with some cells
probably containing crystals (arrowheads), non-septate fibers. (C) Large non-vestured intervessel pits. (D) Heterocellular ray with 1 marginal row of upright
cells (black arrowhead), likely crystals in procumbent to almost square ray cells (white arrowhead). (E) Crystal in upright marginal ray cell (arrowhead).
(F) Intervessel pits (black arrowhead), possible simple vessel-ray pits (white arrowhead). (G, H) Other possible vessel-ray parenchyma pits but seemingly
with more or less reduced borders. Scale bars: (A) 500 pm; (B) 200 um; (C, F-H) 25 um; (D, E) 100 pm.

mostly have very heterocellular and numerous rays,
frequently over 1 mm high, and axial parenchyma is mostly
apotracheal (InsideWood, 2004 onward). Rhamnaceae
mostly have multiseriate rays except for Ziziphus Mill.
Sapindaceae often have marginal parenchyma, intervessel
pits mostly small, never large, rays often uniseriate
sometimes heterocellular, vessel-ray pits similar to inter-
vessel pits and crystals more frequent in parenchyma than
rays (Metcalfe and Chalk, 1950; InsideWood, 2004 onward).

Fossil woods sharing the diagnostic features of the
specimen are also found in Anacardiaceae, Burseraceae,
Combretaceae, Ebenaceae, and Euphorbiaceae. The main
differences between this fossil and the Anacardiaceae are

that the rays of the Anacardiaceae are generally not
exclusively uniseriate, axial parenchyma is more common,
and radial canals are common. The differences with
Burseraceae are that they always have septate fibers, mostly
multiseriate rays, and often radial canals. One fossil of
Burseraceae has dominantly uniseriate rays and very sparse
parenchyma: Tetragastroxylon Martinez-Cabrera, Cevallos-
Ferriz & Poole. The differences from Tetragastroxylon are
very large vessels (>200 pm) and some wide rays containing
canals (Martinez-Cabrera et al., 2006). Among Combreta-
ceae, the genus Terminalioxylon has mostly uniseriate
rays, septate or non-septate fibers, parenchyma ranging
from scanty paratracheal to confluent-banded. The main

85U8017 SUOWILLOD 3A T80 3|qedt[dde auyy Aq peuenob ke Sapie YO ‘8sh JO Sa|Nn 10j Ar1q1T 8UIIUO 48]/ UO (SUONIPUOD-PUR-SWB D" A3 1M AReq 1 BUl [UO//:SANL) SUORIPUOD pUe SWis | 841 89S *[¢202/T0/92] Uo Ariqi]auliuo A8]IM ‘Z49 Wepsiod wniuez-z)joyweH Aq 6529T 24 /z00T 0T/10p/wod Ae |im Areiqjpuluo'sgndesay/sdny woiy pspeojumoq ‘T ‘v20Z ‘L6TZ.EST



20 of 35 |

FIRST MID-PALEOCENE FOSSIL WOODS AND PALM STEMS FROM MYANMAR

differences are vestured intervessel pits and rays weakly
heterocellular with crystals in enlarged or upright cells in
the middle of procumbent cells (Méadel-Angeliewa and
Miiller-Stoll, 1973). The preservation state of our fossil
makes some features hard to determine, so it is difficult to
be more conclusive; an affinity with Sapindales or less
likely with Combretaceae, (both in Malvids) is thus only
suggested.

Wood-type 2-c (Figure 10)
Affinity—Sapindales? (Anacardiaceae?)

Material -MNHN.F.50234.1 to MNHN.F.50234.6 (field
number of original specimen: PPP8), poorly preserved

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene (Danian-
Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood diftuse-porous. Growth-ring bound-
aries indistinct. Vessels are solitary (85%) or in pairs (15%),
solitary vessels round to oval in outline, 5-13/mm? (mean 6/
mm?), tangential diameter 50-155 um (mean 105 pm), radial
diameter 70-120(150) um (mean 100 pm) (Figure 10A, B).
Vessel element length 185-535 um (mean 305 pm). Perfora-
tions simple (Figure 10C). Intervessel pits alternate, non-
vestured with oval apertures more or less elongated, 6-12 pm
in horizontal diameter (mean 8.6 um) (Figure 10C). Only a
few vessel-ray parenchyma pits observed, likely with reduced
borders (Figure 10G). Axial parenchyma barely visible in
tangential or radial sections as scanty paratracheal or
vasicentric (Figure 10D). Axial parenchyma cells poorly
preserved, 60-100 um (mean 78 um) long and 18-30 pm
(mean 24 pm) wide (Figure 10E). Rays 1-2(-3-)seriate, (1-
seriate: 76%, 2-seriate: 21%, 3-seriate: 3%), 2-7/mm (mean 4/
mm), ray height (90)123-475 pm (mean 240 um) or 3-17 cells
(mean 9 cells) (Figure 10D, F); heterocellular made of
procumbent body cells (sometimes almost square) with 1-3
marginal rows of square or upright cells (Figure F, H, I).
Kribs's ray type heterogeneous III to IIA or IIB.
Fibers seemingly non-septate (Figure 10F), radially and often
tangentially aligned, 13-31 in tangential diameter
(mean 21 um).

Estimated minimal diameter—between 5 and 7 cm

Description in InsideWood codes (fossil code in
parentheses)—2 5 13 22 26 27 31?2 412 422 47 52 66 78 79
97 106 107 114v 115v 168 (3007 302 313 315)

Affinities and remarks

As for the other Group 2 specimens, this sample is
characterized by (1) diffuse-porous wood, (2) simple
perforation plates, (3) large, non-vestured, alternate inter-
vessel pits, (4) scanty paratracheal or vasicentric paren-
chyma, (5) mostly short (<30 cells high) 1-3-seriate rays, (6)
heterocellular rays with 1-3 row of square or upright
marginal cells. Although similar to Wood-type 2-a (in ray

size and composition, axial parenchyma type, tyloses, and
vessels density), this specimen differs from the previous
ones because of its narrow and more numerous vessels,
and its shorter rays (up to 17 cells high vs. 26 and 30—
although the average height is similar: 9-10 cells). It is
possible that these differences are related to preservation
factors or intraspecific variation. This fossil shares features
with Anacardiaceae (InsideWood, 2004 onward), and
particularly with the Mangifera-Gluta-Anacardium group,
which frequently has heterocellular uniseriate rays, mostly
vasicentric parenchyma, commonly non-septate fibers and
large intervessel pits. Two rays in our fossil are remarkably
larger than the others (over 4-seriate); they could be due to
either the vicinity of radial canals (which are sometime
present in Anacardiaceae) or a growth perturbation.
Although the few observable vessel-ray pits seem to have
a reduced border (Figure 10G), their nature is ambiguous.
The intervessel pits themselves have sometimes barely
visible borders, either by nature or because of degradation.

The affinities and remarks about the resemblance of
Wood-type 2-a to previously published fossil woods of
Anacardiaceae applies to this wood.

Wood-type 2-d (Figure 11)
Affinity—Incertae sedis

Material —-MNHN.F.50235.1 to MNHN.F.50235.6 (field
number of original specimen: PPP10)

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Locality—Ngape Township, Minbu District, Magway
Region, Myanmar

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Description—Wood strongly compressed, almost all
vessels are crushed (Figure 11A). Likely diffuse-porous.
Growth-ring boundaries absent. Solitary vessels probably
oval in outline (?), radial groups of 2 seen in radial section,
4-10/mm* (?), tangential diameter 63-76 um (mean
70 um, N=7), radial diameter 60-170 um (mean
110 um, N =15). Tyloses not observed, vessels sometimes
filled with brown contents (Figure 11A). Vessel elements
142-320 um (mean 225pm, N=10) long. Perforation
simple. Intervessel pits only seen in radial section,
alternate, with a lenticular aperture, non-vestured,
6-11.5um (mean 8.1 um) large (Figure 11C). Vessel-ray
parenchyma pits not clearly seen, either similar to
intervessel pits (Figure 11I) or with a reduced border to
apparently simple (Figure 11H), sometime enlarged,
6-13 um (mean 9.9 um) large. Vessel-axial parenchyma
pits similar to intervessel pits although less crowded and
sometimes enlarged (Figure 11G). Parenchyma vasicentric
or scanty paratracheal, only visible in radial section
(Figure 11G). Parenchyma cells 40-70 pm (mean 58 um)
long and 20-28 um (mean 24 um) wide. Rays 1-3-seriate,
mostly 1-2-seriate (1-seriate: 41%, 2-seriate: 55%,
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3-seriate: 4%), 3-7/mm (mean 5/mm), ray height
63-450 pm (mean 215 um) or 4-21 cells (mean 11 cells)
(Figure 11D); heterocellular made of procumbent
body cells with 1(-3) marginal rows of square or upright
cells (Figure 11E, F), sometimes small uniseriate rays
are composed only of square or upright cells. Kribs's ray
type heterogeneous IIB (to IIA). Fibers non-septate,
arranged in radial rows, 9-22 um in tangential diameter
(mean 16 um). Crystals in (sometimes enlarged) ray cells,
mostly the upright ones, 23-27 um maximum diameter
(Figure 11B, E, F).

Estimated minimal
determine

Description in InsideWood codes (fossil code in
parentheses)—2 5 13 22 26 27v 30? 312 41?2 42?2 472 52 66
782 79 97 106 107v 115 136 137 1562 168 (3007 302 307
313 315)

Affinities and remarks

This specimen is very similar to the other Group 2
specimens: (1) diffuse-porous wood with simple perforation
plates, (2) alternate, non-vestured intervessel pits, (3) thin
rays mainly 1-2-seriate, less than 30 cells high, (4)
heterocellular rays with 1-3 marginal rows of upright cells,
(5) scanty paratracheal or vasicentric parenchyma. This
combination of features, as for the previous specimens,
recalls the Anacardiaceae (Burseraceae are dismissed
because they always display septate fibers, which are not
present in our fossil.). The presence of crystals in ray cells
that sometimes appear enlarged (Figure 11F) is consistent
with the family and can be seen, for instance, in Astronium
Jacq. (InsideWood, 2004 onward). This feature is shared by
Wood-type 2-b as is the presence of crystals in rays and
possibly borders in vessel-ray parenchyma pits. However,
this specimen differs from the other Group 2 specimens
because of mostly 2-seriate rays. Vessel-ray pits seem to
have reduced borders (Figure 11H), but because intervessel
pits have a wide aperture with a narrow border, the
distinction between both intervessel and vessel-parenchyma
pits is not clear. Vessel-ray parenchyma pits may be
bordered, similar to intervessel pits (Figure 11I), which
would bring the fossil closer to the Rhamnaceae or
Sapindaceae families (see Wood-type 2-b). Because some
key features are ambiguous or not clearly visible, we cannot
confidently assign this specimen to any taxon, but we do
note a resemblance to the Anacardiaceae.

For comparison with fossil taxa, see the affinities and
remarks for Wood-types 2-a and 2-b.

diameter—not possible to

Group 3: Scalariform perforation

Affinity—Incertae sedis

Genus—Compitoxylon Gentis, De Franceschi et Boura
gen. nov.

Type species—Compitoxylon paleocenicum Gentis, De
Franceschi et Boura sp. nov.

Generic diagnosis—Wood diffuse-porous. Scalariform
perforation plates. Intervessel pits alternate, non-vestured.
Axial parenchyma diffuse to diffuse-in-aggregates. Rays
uniseriate and multiseriate, >1 mm high, almost exclusively
made of square and upright ray cells. Sheath cells present.
Fibers non-septate.

Etymology—The name Compitoxylon comes from the
Latin compitum for crossroad or intersection (referring to
the anatomical features of the genus found in diverse,
unrelated extant taxa) and the suffix -xylon used for
fossil wood.

Compitoxylon paleocenicum Gentis, De Franceschi et
Boura sp. nov. (Figure 12)

Specific diagnosis

Wood diffuse-porous, vessels solitary and in radial
multiples, vessel diameter <150 um, vessel density between
10-40/mm?. Vessel element length >350 um. Perforation
plates exclusively scalariform with <20 bars. Intervessel pits
alternate, non-vestured with round apertures. Parenchyma
diffuse to diffuse-in-aggregates. Rays 1-7-seriate, up to
5 mm high and averaging >1 mm. Sheath cells present. Rays
composed almost exclusively of square and upright cells.
Fibers non-septate.

Holotype—Slides from MNHN.F.50236.1 to 50236.6
(field number of original specimen: PPP1)

Type locality—Ngape Township, Minbu District, Mag-
way Region, Myanmar

Repository—Slides: plant fossil collection of the
MNHN, Paris. Remains of original specimen: pending
restitution to the collection of the Department of Geology at
the University of Yangon (Myanmar)

Age and stratigraphic position—Mid-Paleocene
(Danian-Selandian), 61.3 + 1.6 Ma, Paunggyi Formation

Etymology—The epithet paleocenicum refers to the age
of the Paunggyi Formation from which the fossil comes.

Description—Wood diffuse-porous. No clear growth-
ring boundaries visible although the vessel density seems to
vary (Figure 12A). Vessels solitary (45-80%) and in radial
multiples of 2-7 (mostly 2-3) (20-55%) (Figure 12F), rarely
in small clusters; solitary vessels round to oval, 13-35/mm?

FIGURE 10 Wood-type 2-c (Anacardiaceae?). (A, B) MNHN.F.50234.1, transverse sections; (C-F) MNHN.F.50234.3, tangential longitudinal sections;
(G-I), MNHN.F.50234.6, radial longitudinal sections. (A) Poorly preserved vessels, radially compressed. (B) Solitary vessels filled with orange-brown
material. (C) Simple perforation plate and non-vestured intervessel pits. (D) Rays (1-2-seriate), axial parenchyma associated with vessels (arrowhead).
(E) Detail of parenchyma strands with arrowheads pointing to end walls. (F) Rays (1-2-seriate) with obvious upright marginal cells (arrowheads).

(G) Possible simple vessel-ray parenchyma pits. (H) Heterocellular rays with mostly square and upright cells (arrowhead). (I) Heterocellular ray with
procumbent body cells (white arrowhead) and one marginal row of upright cells (black arrowhead). Scale bars: (A) 500 um; (D, F, H) 200 pm; (B, I) 100 pm;

(E) 50 um; (C, G) 25 pum.
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FIGURE 11 Wood-type 2-d (incertae sedis). (A, B) MNHN.F.50235.1, transverse sections; (C, E-G) MNHN.F.50235.5, radial longitudinal sections;
(D) MNHN.F.50235.3, tangential longitudinal section. (A) Tangentially compressed wood, making it difficult to distinguish vessels (arrowheads). (B) Crystal
in a ray parenchyma cell. (C) Large non-vestured intervessel pits. (D) Rays mostly 2-seriate but also uniseriate (arrowhead). (E) Heterocellular rays with
procumbent cells and mostly 1 marginal row of upright cells. (F) Crystals in marginal ray cells (arrowheads); the bottom one is in an enlarged cell.

(G) Vessel-axial parenchyma seemingly bordered pits. (H) Possible vessel-ray parenchyma pits, enlarged with reduced borders. (I) Possible vessel-ray
parenchyma pits, with narrow borders. Scale bars: (A, D) 200 pm; (B, E, F) 100 um; (C, I) 25 pm; (G, H) 50 pm.

(mean 22/mm?); tangential diameter 50-140 um (mean
93 um), radial diameter 40-140 pm (mean 88 um). Tyloses
sometimes present (Figure 12E). Vessel element length
340-715um (mean 500 um) long. Perforation exclusively
scalariform, 8-16 bars, occasionally forked (Figure 12L),
bars 1.5-5.5pum thick (mean 3.1 um) and separated by
8-30 um (mean 18 pm), the wider vessels have fewer bars
and greater spaces between them. Intervessel pits alternate,
with a faint tendency to a polygonal outline, non-vestured,
5-9um (mean 7um) wide, with round aperture
(Figure 12G). Vessel-ray parenchyma pits and vessel-axial
parenchyma pits likely similar in size and shape to
intervessel pits (Figure 12H, K), with borders, sometimes
reduced, 5-12 pm (mean 7 um). Some larger pits are seen,

but their nature is ambiguous (Figure 12]). Parenchyma
barely visible in transverse section, some unicellular
tangential lines with some cells with different content than
other cells could be parenchyma (Figure 12B). Axial
parenchyma strands visible in radial section, likely diffuse
to diffuse-in-aggregates (Figure 12C); parenchyma cells
70-200 pm (mean 139 um) long, 16-30 um (mean 22 pm)
wide in tangential section; up to 6 cells per strand,
maybe more; no crystals. Rays 1-6-(7-)seriate, mostly
1- and 3-4-seriate, (1-seriate: 23-29%, 2-seriate: 15%, 3-
seriate: 25%, 4-seriate: 25%, 5-seriate: 4-9%, 6-seriate:
1-3%), 5-9 rays/mm (mean 7/mm), ray height
640-4100(5100) um (mean 1840 um) or 13-70(140) cells
(Figure 12D, E); uniseriate rays can be as long as
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multiseriate rays; homocellular to weakly heterocellular
almost exclusively made of square or upright cells
(Figure 12I); square cells are more common in the middle
portion and upright cells at the ends forming uniseriate
marginal rows that extend up to 8-13 cells; some rare
procumbent cells occur in the middle of the rays
(Figure 12I). Kribs's ray type heterogeneous I. Sheath cells
are sometimes present (Figure 12E). Fibers apparently non-
septate, radially aligned, 11-26 pm in tangential diameter
(mean 18 um), thin-to-thick walled (lumen about 1.2 times
the double wall thickness) (Figure 12B).

Estimated minimal diameter—mean 7 cm (4-10 cm)

InsideWood code (fossil code in brackets)—2 5 14 15
16 22 25 26 30v 31v 41 42v 47 48 53 56v 66 69 77 782 792 93
942 97 98 102 105 108v 109v 110 115 168 (300v 302 313 315)

Affinities and remarks

Results of a search of InsideWood (2004 onward) for
diffuse porous wood (5p), scalariform perforation plates
with <20 bars (14p, 17a, 18a), alternate intervessel pits
(22p), >20 vessels/mm?* (46a, 48p), diffuse or diffuse-in-
aggregates parenchyma (76p/77p), larger rays >4-seriate and
>1 mm high (96a, 98p, 102p) returned some Cornaceae
(Alangium Lam.), Lecythidaceae, Myricaceae, and Phyl-
lanthaceae (Aporosa Blume, Baccaurea Lour., Wielandia
Baill.). Without any vessel density restriction, it adds
Garryaceae (Garrya Douglas ex Lindl.), Sabiaceae (Melios-
ma Blume, although parenchyma is rare or scanty) and
Styracaceae (Styrax L.). The combination of some of these
features also occurs in Violaceae, Pandaceae, Putranjivaceae
(Putranjiva Wall.), Symplocaceae (Symplocos Jacq.), Sipar-
unaceae (Siparuna Aubl.), Celastraceae, and Stemonuraceae.
Exclusively scalariform perforation plates with few bars,
alternate intervessel pits, parenchyma diffuse-in-aggregates,
and tall rays with mostly square and upright cells do not
occur in combination in any of the families cited above. As a
consequence, the present fossil could either be placed at the
base of the asterids, close to Malpighiales, close to Proteales
at the base of Eudicots, or even in Laurales.

In the fossil wood database of InsideWood, there are
only a few descriptions for woods with alternate intervessel
pits and scalariform perforation plates with relatively few
bars. Alangioxylon Awasthi has diffuse to diffuse-in-
aggregates parenchyma, sheath cells and rays up to
2250 um high, but rays have procumbent cells in the
median portion, perforation plates are both simple and
scalariform and intervessel pits with linear apertures

(Awasthi, 1969). Alangium oregonensis Scott & Wheeler
has diffuse to diffuse-in-aggregates parenchyma, tall rays,
similar ray size and density, but with mainly procumbent
cells in the median portion, mostly only reaching 4-seriate,
simple and scalariform perforation plates with fewer bars
(1-10) (Scott and Wheeler, 1982). There are other fossil
woods that partly share some features with our fossil: (1) the
Upper Cretaceous Big Bend Ericalean Wood Type I
(Wheeler and Lehman, 2009), (2) the Eocene Nut Beds
Xylotype IB-3 (Wheeler and Manchester, 2002), (3) the
Eocene Nut Beds Xylotype IA-1, (4) one specimen of Page's
classification Group IIIB3 (Page, 1979). Only three fossils
with scalariform perforation plates are described from the
Deccan intertraps (Wheeler et al., 2017), but they do not
resemble our fossil because of opposite pitting, narrow rays,
and rare parenchyma (Bande and Khatri, 1980; Srivastava
et al., 2019). Overall, the combination of few bars per
scalariform perforation plates and alternate intervessel pits
features rarely occurs. When it does, the parenchyma is less
developed or the rays have mostly procumbent cells, which
is not the case with our specimen. A new genus and species
are thus created for this specimen: Compitoxylon paleoce-
nicum gen. et sp. nov.

DISCUSSION
Deposition, preservation, and type of material

The fossil specimens have undergone various degrees of
chemical and/or biological degradation, as well as some
compression. The fragments are small with some rounded
edges. They were found randomly dispersed without
orientation in the tuffaceous material. Figure 1D shows
that most of the plant debris of these tuffaceous beds are
wood fragments; no leaves, large axes nor fruits were found.
These taphonomic features suggest that a pyroclastic flow
broke down and carbonized plant parts as it flowed
downslope; it also recalls some of the volcanic deposits
illustrated by Tosal et al. (2022: p. 9, fig. 6b). The estimated
original diameters are between 4 and 15 cm on average.
Larger plant parts, such as trunks, might have remained
near their original location, while smaller branches (from
young individuals, bushes or understorey trees) were more
easily transported. Our set of specimens may thus represent
a diverse range of ecosystems, from the volcano foothills to

FIGURE 12  Compitoxylon paleocenicum gen. et sp. nov. (incertae sedis). (A, B, F) MNHN.F.50236.1, transverse sections; (D, E) MNHN.F.50236.3,

tangential longitudinal sections; (C, G-L) MNHN.F.50235.5, radial longitudinal sections. (A) Numerous small, mostly solitary vessels, sometimes anomalous
holes (arrowhead). (B) Detail of radial vessel multiple of two, multiseriate rays, uniseriate rays (grey arrowheads), fibers and possible diffuse-in-aggregates
axial parenchyma (white arrowhead). (C) Axial parenchyma strands, either diffuse-in-aggregates or diffuse; (D) Uniseriate ray (white arrowhead) and very
high 5-seriate ray (black arrowhead). (E) Uniseriate ray (white arrowhead), multiseriate rays with long rows of marginal cells, sheath cells in 4-seriate ray

(black arrowhead), tyloses in vessel (grey arrowhead). (F) Vessel solitary and in short radial multiples; one vessel shows a scalariform perforation plate
(arrowhead). (G) Round to slightly polygonal non-vestured intervessel pits with round apertures. (H) Possible bordered vessel-ray pits. (I) High rays with
mostly square and upright cells, also some almost square procumbent cells (arrowhead). (J) Vessel-ray parenchyma or vessel-axial parenchyma pits.

(K) Bordered vessel-ray parenchyma pits (in upright cells). (L) Scalariform perforation plate with 16 bars, bars sometimes forked. Scale bars: (A, D) 500 pm;

(E-F, I) 200 um; (B, H) 100 pm; (C, J-L) 50 pm; (G) 25 pum.
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the coast, with certain taxa potentially over-represented or
eliminated.

Diversity of the assemblage
Monocotyledons

The identification of taxa within the Arecaceae family can
be challenging, particularly when using the anatomy of the
stipes (Thomas, 2011a). The variability within and among
individuals can be significant and depend on factors such as
the location within the stem. The presence of two distinct
Arecaceae indicates a subtropical to tropical environment
(Baker and Couvreur, 2013a). The family was already
widespread in the Cretaceous with various centers of
diversification and dispersal pathways in both Laurasia
(e.g., Coryphoideae) and Gondwana (e.g., Arecoideae)
(Baker and Couvreur, 2013a, b). Many palm fossils are
known from the late Cretaceous—early Paleocene of India,
including Coryphoideae (Srivastava et al, 2014). It has
been suggested that the Indian Plate played a significant
role in dispersal of the subfamily (Srivastava et al., 2014),
though this hypothesis remains controversial (Baker and
Couvreur, 2013b). Our fossils from the Burma Terrane,
anchored to India at that time, corroborate the presence of
palms in South Asian Paleocene ecosystems.

Dicotyledons

Some of our dicotyledenous specimens share similarities
with Sapindales, especially with Anacardiaceae and
Meliaceae. Anacardiaceae are pantropical from wet to dry
ecosystems, with some species in temperate climates (Weeks
et al, 2014). The precursor of Anacardiaceae (and
particularly the Mangifera-Gluta-Anacardium group) has
been proposed to have originated in tropical wet southeast
Asia and to have expanded to Sub-Saharan Africa near the
Cretaceous—Paleogene boundary (Weeks et al., 2014). Fossil
woods from the Late Cretaceous to Eocene of North
America and Europe and from the late Cretaceous-early
Paleocene Deccan intertraps highlight the wide early
distribution of the family (Gregory et al., 2009 and
references therein; Weeks et al., 2014). Meliaceae are almost
pantropical, with some representatives outside the tropics
(Heads, 2019). They display very diverse morphologies and
anatomies and are present in various climates, which
implies that the family likely had a large ancestral
geographic and climatic distribution (Heads, 2019).

Moraceae are widely distributed and considered
cosmopolitan from tropical rainforests to temperate areas
(Zerega et al., 2005). Most species are found in tropical Asia
and the Indo-Pacific Islands; they are thought to originate
in Laurasia (Zerega et al., 2005). Fossil woods related to
Moraceae are present in the Deccan intertraps (Mehrotra
et al., 1984; Wheeler et al., 2017).

Combretaceae are pantropical, with Terminalia primar-
ily found in Southeast Asia (Gere, 2013). The center of
diversification of this genus is considered to be in Southeast
Asia, although its origin, like the rest of the family, is
believed to be in Africa (Gere, 2013).

Fabaceae occur worldwide and in almost every environ-
ment. The evolutionary history of Fabaceae is poorly
understood, mostly due to their huge diversity in morphol-
ogy, anatomy, and ecology and their wide distribution and
difficulties in identifying their fragments in isolation.
Widespread during the Eocene (Epihov et al., 2017), the
scarcer Paleocene fossil record of Fabaceae indicates an
earlier presence of the family in South America (Herrera
et al, 2019) and Africa (Koeniguer et al, 1971;
Crawley, 1988). The Indian Fabaceae of the late
Paleocene-early Eocene suggest a dispersal from Africa to
Asia during that time (Chandra et al., 2022; Bhatia
et al.,, 2023).

Lauraceae are an old pantropical lineage, with few
species outside the tropics. Their origin is both presumed in
Gondwana and Laurasia (Chanderbali et al, 2001).
Although the Gondwanan origin is favored, most of the
modern Lauraceae are thought to come from Laurasian
clades (Chanderbali et al., 2001). The fossil record of the
family is large, mostly dated from the Eocene or later
(Dupéron-Laudoueneix and Dupéron, 2005; Gregory
et al., 2009; and references therein). A few Paleocene
Lauraceae fossils are recorded in England (Crawley, 1989),
the United States (Herendeen et al., 1994; Wheeler
et al., 2019), Cameroon (Dupéron-Laudoueneix and Dupér-
on, 2005), and in ancient islands of the Indian Ocean
(Carpenter et al., 2010) and Australia (Vadala and
Greenwood, 2001), attesting that the family was already
widespread at this time.

Implications

Sapindales and Arecaceae are frequent in the Deccan
intertraps (in addition to Malpighiales and Malvales), which
indicates some resemblance between our Burmese and the
Deccan fossil wood assemblages. The possible affinity of
the Wood-type 1-a and the Fabaceae is also consistent with
the fact that Fabaceae are absent in the Deccan assemblages
but present in younger Paleocene formations (although not
as wood). Lauraceae are not reported in the Deccan
assemblages. Awasthi and Jafar (1990) recorded poorly
dated (likely Paleocene-Eocene) fossil wood attributed
to Lauraceae from the Andaman-Nicobar Islands. They
questioned the possible origin of the material from the
nearby Burmese region, which would make, beside the
Indian record, the closest record of possibly Paleocene wood
from the Paunggyi Formation. Today's tropical to sub-
tropical Myanmar ecosystems also include some Moraceae
(Artocarpus ]J.R.Forst. & G.Forst.), Anacardiaceae (Swinto-
nia), Ebenaceae (Diospyros L.), Rhamnaceae (Ziziphus),
Combretaceae (Terminalia), Fabaceae (Xylia Benth.),
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several species of Meliaceae, Sabiaceae, a few Burseraceae,
and species of palms (Kress et al., 2003). Therefore, our
assemblage indicates a long-lasting regional presence of
Sapindales, Arecaceae, and possibly Moraceae and Fabaceae.
However, one of the present-day dominant families of
Southeast Asian forests (Dipterocarpaceae) has not been
identified here.

Anacardiaceae, Arecaceae-Coryphoideae, and Moraceae are
believed to have originated in Laurasia (Zerega et al, 2005;
Baker and Couvreur, 2013a; Weeks et al, 2014).
Their presence in suggests floral exchanges between Eurasia
and Myanmar (and adjacent India) as early as the mid
Paleocene. By contrast, families that dispersed and diversified
within India, in relation to the Africa-India floristic inter-
changes, such as the Dipterocarpaceae (Bansal et al., 2022) have
not been identified. Fossils of dipterocarps are rare in the
Paleogene records in comparison to the Neogene. They are
present in the Deccan intertraps only as leaves (Khan et al., 2020).
The earliest records of dipterocarps are pollen from the
Maastrichian in Sudan (Bansal et al, 2022) and the late
Paleocene/early Eocene in India (Prasad et al, 2009; Bansal
et al.,, 2022). The earliest reference of dipterocarp wood is from
the lower Eocene in India (Rust et al., 2010), though these fossils
are poorly preserved, and from the middle Eocene in Myanmar
(Licht et al, 2014). There are various explanations for this
apparent scarcity including (1) the presence of dipterocarps in
environments that are poorly represented in the fossil record
(distal floodplains, foothills, or higher altitudes); (2) the minor
presence of dipterocarps in the floral assemblage, so they are not
represented at the Paleocene sites due to the limited amount of
samples; (3) the volcanic events may not have impacted
dipterocarp trees the same way as the flora sampled here, as they
are typically taller than other trees; (4) the family's initial
evolution may have involved a prolonged period of mosaic
evolution, (5) early fossils might have lacked distinctive
anatomical characteristics of the dipterocarps. Unless a fossil
wood is well preserved it can be difficult to see important
diagnostic features of the Dipterocarpaceae such as vasicentric
tracheids and secretory canals (which may be absent, as seen for
canals in the Monoteoideae subfamily).

Anatomical interpretations and functional
traits

Ecological interpretations

A summary of the anatomical features of our
dicotyledonous specimens is presented in Table 1. Several
features of the assemblage support an origin from branches
or axes of small individuals, such as understorey trees or
bushes, growing under everwet tropical conditions.
Tending to narrow vessels (between 80 um and 100 pm
in average diameter in some of our specimens) and short
vessel elements (<350 um in average for eight of nine dicot
specimens) is commonly associated with small individuals,
branches, bushes, or plants growing in seasonal to dry area

(Lindorf, 1994; Baas et al., 1983, 2004; Carlquist, 2012).
Shorter vessel elements are more common in juvenile wood
(close to pith) than in mature wood (e.g., Baas, 1976). The
small size of the closely spaced nodes found in Type 2-a also
suggests that it came from a small branch. Palm species with
mostly one large vessel or with large vessels (>183 pm of
diameter, as for Palmoxylon sp.1 and Palmoxylon sp. 2) are
mostly represented in tropical rainforests (Thomas and
Boura, 2015). The presence of faint growth-ring boundaries
in Wood-type 1-a, 1-b, and Compitoxylon paleocenicum gen.
et sp. nov. suggest that the water availability is not uniform
throughout the year. However, the medium to large non-
vestured intervessel pits in six specimens indicate that water
stress was limited. Indeed, large, non-vestured pits are
considered less safe against embolism and water stress than
small or vestured pits (Lindorf, 1994; Carlquist, 2001;
Wheeler et al, 2007; Silva et al., 2021). Scalariform
perforations are more common in mesic environments or
those with low temperature and low evaporation
(Baas, 1976). At present-day tropical latitudes, some species
display scalariform perforation plates (about 10%), although
less frequently than at temperate latitudes (about 20%;
Wheeler and Baas, 2019). Scalariform perforation plates can
be present within lineages that mostly display simple
perforation plates and are common in specific lineages (cf.
Myristicaceae, basal clades such as Magnoliaceae or basal
asterids such as Cornales and Ericales). The presence of
scalariform perforation plates (with few bars) in Compitox-
ylon paleocenicum gen. et sp. nov. is consistent with the
hypothesis of an environment with a steady water supply.
Finally, parenchyma is generally more commonly para-
tracheal in tropical floras than in flora of higher latitudes
where it is mainly apotracheal (e.g., Wheeler et al., 2007;
Morris et al., 2016).

Evolutionary trends

Our assemblage displays many “modern” features such as
marginal and aliform-confluent axial parenchyma, alter-
nate intervessel pits, exclusively uniseriate rays, rays
weakly heterocellular, and dominantly simple perforation
plates (see Wheeler and Baas, 2019). “Primitive” features
such as scalariform perforation plates (11% compared to
3% in the Deccan, 10-45% in other Paleocene localities),
tall rays (>1 mm) with almost exclusively square and
upright cells, numerous narrow vessels, long vessel
elements and diffuse-in-aggregates parenchyma are also
found. Thus, “primitive” and “modern” features are
present in both the assemblage and within the same
specimens (as in C. paleocenicum gen. et sp. nov.). The
anatomical diversity of our assemblage is high but not very
different from modern ones or the assemblage of
intertrappean beds (Wheeler et al., 2017; Wheeler and
Baas, 2019). Our findings thus support the observations of
Wheeler et al. (2017) and Wheeler and Baas (2019)
suggesting that low-latitude tropical flora display modern-
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like anatomical diversity earlier than other floras. The high
anatomical diversity of our relatively small assemblage
supports the hypothesis that low latitudes favor the
diversification of wood anatomy, but it remains unclear
if they work as a “cradle” of diversification (a source of
new features), or as a “museum” (existing features are
maintained even in few proportions).

CONCLUSIONS

Our Paleocene assemblage includes relatives of Arecaceae,
Sapindales, Rosales and possibly Fabales, Myrtales, Mal-
pighiales, Proteales, and even Laurales. Most specimens
are likely branches or small axes, transported by a volcanic
event. They indicate a tropical environment with limited
seasonal water stress, as expected at low latitudes.
Anacardiaceae, Arecaceae-Coryphoideae, and Moraceae
identified here are of supposed Laurasian origin; these
affinities indicate the early dispersal of Laurasian elements
into the Burma Terrane and adjacent India. Families that
are widespread in modern South Asian forests (i.e.,
Dipterocarpacae and Fabaceae) or are thought to have
dispersed as early as the Paleocene to India (Dipterocar-
paceae) have not been identified, suggesting that “modern”
South Asian rainforests emerged later in the Cenozoic.
The anatomical diversity of our assemblage corroborates
that tropical flora display “modern” features early in the
history of angiosperms and that their high diversity
remained steady through time; low latitudes might have
thus accelerated adaptive xylem evolution. It is thus crucial
to further investigate low-latitude Paleocene assemblages
because they represent key elements to understand the
biogeography of tropical lineages as well as the early
evolution and diversification of wood anatomy.
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Appendix 1. Correspondences between field numbers, the MNHN.F specimen numbers cited in the article and the

pages on https://science.mnhn.fr.

Specimen field no.

Specimen no. for corresponding slides

PPP3
PPP4
PPPO
PPP9
PPP2
PPP6
PPP5
PPP7
PPP8
PPP10

PPP1

MNHN.F.50226.1, 50226.2, 50226.3

MNHN.F.50227.1, 50227.2, 50227.3, 50227.4

MNHN.F.50228, 50228.2, 50228.3, 50228.4, 50228.5, 50228.6

MNHN.50229.1, 50229.2, 50229.3, 50229.4, 50229.5, 50229.6

MNHN.50230.1, 50230.2, 50230.3, 50230.4, 50230.5, 50230.6
MNHN.F.50231.1, 50231.2, 50231.3, 50231.4, 50231.5, 50231.6, 50231.7
MNHN.F.50232.1, 50232.2, 50232.3, 50232.4, 50232.5, 50232.6
MNHN.F.50233.1, 50233.2, 50233.3, 50233.4, 50233.5, 50233.6, 50233.7, 50233.8
MNHN.F.50234.1, 50234.2, 50234.3, 50234.4, 50234.5, 50234.6
MNHN.F.50235.1, 50235.2, 50235.3, 50235.4, 50235.5, 50235.6

MNHN.F.50236.1, 50236.2, 50236.3, 50236.4, 50236.5, 50236.6
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