
319

j

i

a cb d

e f hg

mk l

PP PP

PPPP

Text-fig. 10. Platanoxylon cf. haydenii, a, e, h: UF 279-34470; b, c, d, f g: UF 279-34469. a, b: Diffuse porous wood with vessels 
solitary and in small multiples, which are mostly tangential or oblique, diffuse and diffuse-in-aggregates axial parenchyma., TS. 
c–e: Scalariform perforation plates. f, g: Opposite intervessel pits, TLS. h: Two size classes of rays, TLS. Platanus sp., UF 279-
24552. i: Predominantly solitary vessels, diffuse and diffuse-in-aggregates parenchyma, growth ring boundary distinct, noded 
rays, TS. j: Simple perforation plates (PP), RLS. k: Body of ray with procumbent ray cells, RLS. l: Scalariform perforation plate, 
RLS. m: Rays of two sizes, wide rays >10-seriate, TLS. Scale bars: 200 µm in a, b, h, i, m; 100 µm in j, k: 50 µm in c, d, e, f, l.
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35, 37–40). Extant Craigia wood is distinguished from the 
fossil wood treated here by its helically thickened vessel 
elements, wider rays (>10-seriate), and lack of storied 
structure (Manchester et al. 2006). Fossils of flowers and 
fruits with the distinctive persistent calyx of Florissantia 
occur in eastern Asia (Manchester 1999: fig. 7B) as well 
as at various localities in North America. Pollen from the 
anthers of Florissantia flowers is similar to that of Tilia L. 
and Craigia (Manchester 1992, Kvaček et al. 2005). Based 
on circumstantial evidence of co-occurrence, it is possible 
that Wataria/Triplochitioxylon trees may have borne flowers 
corresponding to the genus Florissantia.

Family Platanaceae T.Lestib., 1826 nom. cons.

Genus Platanoxylon Andr., 1952 emend. by Süss  
and Müller-Stoll (1977)

Platanoxylon cf. haydenii (Felix) Süss  
et Müll.-Stoll, 1977

Text-fig. 10a–h

M a t e r i a l . UF279-34469; UF 279-34470, minimum 
estimated axis diameter 30 cm.

D e s c r i p t i o n . Growth rings present, marked by 
slightly noded rays and 1–2 rows of radially narrow fibers. 
Wood diffuse-porous.

Vessels solitary and in short multiples, some tangentially 
arranged (Text-fig. 10a, b); average tangential diameter 76 
(11) µm, range 59–96 µm; average 45/mm2. Perforation 
plates exclusively scalariform, generally with fewer than 
20 bars (Text-fig.  10c, d); intervessel pits opposite (Text-
fig. 10f, g), vessel-ray parenchyma pits not observed.

Fibers non-septate, pits not observed.
Axial parenchyma diffuse-in-aggregates, in interrupted 

short uniseriate lines (Text-fig. 10a, b, f).
Rays of two distinct sizes, larger rays often >20 cells 

wide (Text-fig.  10a, b, h), composed of procumbent 
cells, sometimes with 1–2 marginal rows of square cells; 
multiseriate ray height averages 3.05  mm, range 1.1–
5.53 mm.

R e m a r k s . Although vessel-ray parenchyma pits were 
not observed in these samples, their other characteristics 
indicate they are Platanoxylon (narrow numerous vessels, 
some in tangential multiples (Text-fig. 10a, b); scalariform 
perforation plates (Text-fig. 10c, d, e); opposite intervessel 
pits (Text-fig.  10f, g); diffuse-in-aggregates parenchyma; 
tall and wide rays composed mostly of procumbent cells 
(Text-fig.  10h). The characteristics that distinguish them 
from other woods with wide rays (e.g., Fagus and Euptelea) 
were detailed by Scott and Wheeler (1982) and discussed 
earlier with reference to Fagus dodgei. Platanoid woods 
are common in the Paleogene of western North America. 
Woods similar to Platanoxylon haydenii are common in the 
older Clarno Formation, with multiple samples occurring 
at both the Nut Beds (Wheeler and Manchester 2002) and 
Hancock Canyon (Wheeler and Manchester 2014). These 
Post Hammer woods with their exclusively scalariform 
perforation plates are similar to other Eocene platanoid 
woods and differ from present-day Platanus woods that 
have both simple and scalariform perforation plates.

Genus Platanus L., 1753

Platanus sp.
Text-fig. 10i–m

M a t e r i a l . UF 279-24552, minimum estimated axis 
diameter 30 cm.

D e s c r i p t i o n . Growth rings present, marked by 
noded rays, rows of radially narrow latewood fibers, 
and differences between vessel diameters between latest 
latewood and earliest earlywood. Wood diffuse-porous 
(Text-fig. 10i).

Vessels predominantly solitary, occasionally in oblique 
or tangential multiples; average tangential diameter 
58  (9)  µm, range 42–77 µm; 82–102 vessels/mm2. 
Perforation plates predominantly simple (Text-fig.  10j), 
rare scalariform perforation plates with fewer than 15 bars 
(Text-fig. 10l); scalariform intervessel pits observed at ends 
of vessel elements, vessel-ray parenchyma pits horizontally 
elongated. Vessel element lengths average 499 (100) µm, 
range 260–740 µm.

Fibers non-septate, thick-walled.
Axial parenchyma diffuse, diffuse-in-aggregates, and in 

interrupted short uniseriate lines (Text-fig. 10i).
Rays of two distinct sizes, narrow rays 1–3-seriate (Text-

fig.  10m), larger rays to 24 cells wide and 6.6  mm high; 
heterocellular, body of procumbent cells with 1–4 marginal 
rows of square to upright cells. In radial section, some ray 
cells appear enlarged and possibly crystalliferous (Text-
fig. 10k).

R e m a r k s . We place this wood in Platanus, rather 
than Platanoxylon, because it has predominantly simple 
perforation plates like the extant genus, in contrast 
with woods of Platanoxylon/Plataninium, which have 
exclusively or predominantly scalariform perforation plates. 
The horizontally elongate vessel-ray parenchyma pits are 
not typical of extant Platanus but occasionally occur in the 
Vietnamese species P.  kerrii Gagnep. The occurrence of 
multiple types of Platanaceae woods agrees with the leaf 
and fruit record.

Coeval megafossils of Platanaceae from the late Eocene 
of Oregon include dispersed fruits with the distinctive basal 
tuff of hairs diagnostic of extant Platanus from the Teater 
Road locality (Manchester and Lott, pers. obs.). Also present 
in the region during the late Eocene are leaves of the extinct 
genera Macginitiea J.A.Wolfe et Wehr (and associated 
fruits of Macginicarpa which lack dispersal hairs, late 
Eocene of Gray Butte and middle Eocene Clarno Formation 
sites), Platameliphyllum N.Maslova (Clarno Formation 
sites; Huegele et al. 2022) Platanites E.Forbes (John Day 
Gulch locality of the Clarno Formation) as well as extant 
Platanus leaves (Clarno Formation sites).

Family Sapindaceae Juss., 1789 nom. cons.

Genus Acer L., 1753

Acer Post Hammer sp. 1
Text-fig. 11a–e

M a t e r i a l . UF 279-34456 (minimum estimated 
diameter 12.5 cm).
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Text-fig. 11. Acer Post Hammer species 1, UF 279-34456. a, b: Diffuse-porous wood with distinct growth rings, marked by marginal 
parenchyma, vessels solitary and in short radial multiples, TS. c: Crowded alternate intervessel pits, TLS. d: Simple perforation plates, 
helical thickenings in vessel elements, TLS. e: Rays 2–3-seriate, gum deposit in vessel element, TLS. Acer Post Hammer species 2. 
UF 279-34466. f: Diffuse-porous wood with distinct growth rings, marked by marginal parenchyma, vessels solitary and in short radial 
multiples, TS. g: Alternate intervessel pits, helical thickenings in vessel elements, TLS. h: Rays 1–4(–5)-seriate, TLS. i: Crystalliferous 
strand, multiseriate ray, TLS. Trochodendron beckii, UF 279-24558. j, k: Distinct growth rings, abrupt transition from earlywood to 
latewood, vesselless, wide rays noded at growth ring boundaries, TS. l: Rays of two distinct sizes, uniseriate and multiseriates >10-seriate, 
TLS. m. Scalariform intertracheary pits. RLS. Scale bars: 500 µm in j; 200 µm in a, f, k, l; 100 µm in b, h; 50 µm in c, d, e, g, i, m.
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D e s c r i p t i o n . Growth rings distinct, marked by 
radially flattened fibers. Diffuse-porous (Text-fig.  11a, b). 
Vessels solitary (57  %) and in radial multiples of 2(–3); 
average tangential diameters 40 (SD = 10), range 24–63 
µm; vessel frequency 50–56/mm2; perforations exclusively 
simple (Text-fig.  11d); gum deposits appear accumulated 
at ends of vessel elements (Text-fig.  11e); intervessel 
pits crowded alternate, mostly polygonal in outline with 
included apertures (Text-fig. 11c), small to medium; vessel-
ray parenchyma pits similar in size and shape to intervessel 
pits; helical thickenings present along entire length of the 
vessel element (Text-fig. 11d).

Fibers non-septate, walls thin to medium, pitting not 
observed.

Axial parenchyma marginal. (Text-fig. 11a, b).
Rays 1–3(–4)-seriate (Text-fig.  11e). Homocellular, 

composed of procumbent cells; multiseriate ray height 
averages 238 (69) µm; 8–10 /mm.

Storied structure absent; crystals not observed.

Acer Post Hammer sp. 2
Text-fig. 11f–i

M a t e r i a l . UF 279-34466.

D e s c r i p t i o n . Growth rings distinct, marked by 
radially flattened fibers. Diffuse-porous (Text-fig.  11f). 
Vessels solitary (48  %) and in radial multiples of 2–4; 
average tangential diameter 55 (11), range 39–73 µm; vessel 
frequency 64–78/mm2; perforations simple; intervessel pits 
crowded alternate (Text-fig.  11g), rounded to polygonal 
in outline with included apertures, 8–10 µm; vessel-ray 
parenchyma pits similar in size and shape to intervessel pits; 
helical thickenings present along entire length of the vessel 
element; (Text-fig. 11g) vessel element lengths 275–495 µm; 
mean 390 µm (n = 12); tyloses absent. Fibers non-septate, 
walls of thin to medium thickness, pitting not observed. Axial 
parenchyma marginal (Text-fig.  11f), apparently diffuse; 
strands of chambered crystalliferous cells with more than 
16 chambers per strand (Text-fig. 11i); one crystal per chamber. 
Rays 1–4(–5)-seriate (Text-fig.  11h). Multiseriate rays 
homocellular, composed of procumbent cells; multiseriate 
ray height averages 512 (206) µm, range 175–850 µm;  
5–7/mm. Chambered crystalliferous cells, occasional, more 
than 16 chambers per strand; one crystal per chamber. 
Storied structure absent.

C o m p a r i s o n s  w i t h  e x t a n t  w o o d s . Woods 
of Acer are relatively easy to identify to genus because of 
their distinctive combination of features: diffuse-porosity 
(5p), vessels solitary and in short radial multiples (6a 7a 8a 
9a 10a 11a), exclusively simple perforation plates (13p 14a), 
alternate intervessel pits that are neither minute nor large 
(22p 24a 27a), vessel-ray parenchyma pits similar in size 
and shape to the intervessel pits (30p), spiral thickenings 
throughout the vessel elements (36p 37p), vessels not wide or 
few (42a 43a 46a), non-septate fibers with simple to minutely 
bordered pits (61p 65a 66p), non-storied homocellular rays 
that are not exclusively uniseriate or >10-seriate (96a 99a 
104p 118a), axial parenchyma not abundant and marginal 
parenchyma present (77a 79a 80a 83a 86a 89p) and in some 
species crystals in chambered axial parenchyma cells (e.g., 
Brazier and Franklin 1961, Panshin and DeZeeuw 1980).

Dipteronia Oliv. wood differs from Acer wood in that 
helical thickenings are uncommon and faint in the narrower 
vessel elements; it also differs from these Post maple woods 
as its rays are wider (to 6-seriate) and commonly >1  mm 
high (T. Itoh, personal communication).

Today there are ~125 Acer species (Mabberley 2017). 
It is not easy to identify an isolated piece of maple wood 
of unknown geographic origin to a  species or section. In 
Ogata’s (1967) monograph of the genus, he suggested ray 
shape, ray width in cell number, and crystal occurrence are 
useful for distinguishing sections in Acer. Based on these 
features we recognize two species of Acer in the UF 279 
assemblage.

C o m p a r i s o n s  w i t h  f o s s i l  w o o d s . The 
oldest known wood with features unique to Acer occurs 
in the middle Eocene Clarno Nut Beds (Wheeler and 
Manchester 2002). Takahashi and Suzuki (1988) reviewed 
the record for fossil Acer woods. More recently, fossil Acer 
woods have been reported from Asia (Jeong et al. 2009) and 
Turkey (Akkemik et al. 2016, 2018, Bayam et al. 2018). 
Table 5 compares their features; this table only includes 
reports for stem wood with reasonably complete anatomical 
descriptions and images. The Turkish Miocene woods are 
distinct from all other Acer fossil woods because of their 
markedly higher vessel frequency. Acer PH sp. 1, which 
lacks crystals, is similar to A. minokamoensis E.K.Jeong, 
Kyung.Kim et Mits.Suzuki in vessel diameter and ray size, 
but its description only notes that the vessels are numerous. 
Thus, it is not clear whether or not they are similar in vessel 
frequency. Acer PH sp. 2 differs from other crystal-bearing 
fossil Acer woods in vessel frequency and ray height. We are 
hesitant to provide diagnoses that rely heavily on differences 
in quantitative features for distinguishing species.

C o - o c c u r r i n g  f r u i t s / s e e d s  o r  l e a v e s . 
Wolfe and Tanai (1987) described seven species of Acer 
based on leaf and fruit remains from the Teater Road 
locality, which they referred to as Sheep Rock Creek. 
Dipteronia fruits are also recognized there (McClain and 
Manchester 2001).

Family Trochodendraceae Eichler, 1865 nom. cons.

Genus Trochodendron Siebold et Zucc., 1839

Trochodendron beckii (Hergert et H.K.Phinney) 
R.A.Scott et E.A.Wheeler, 1982

Text-fig. 11j–m

M a t e r i a l . UF279-24558 (estimated minimum 
diameter of stem 15 cm), USNM 326709 (holotype, 
estimated minimum diameter 18 cm).

D e s c r i p t i o n . Growth rings distinct, marked by noded 
rays and abrupt transition in radial diameters of latewood 
tracheids to the subsequent ring’s earlywood tracheids. 
Vessels absent. Transition from earlywood to latewood 
abrupt. Tangential diameter of earlywood tracheids 29 (7), 
15–51 µm; tangential diameter of latewood tracheids 26 
(5) µm, 17–42; scalariform intertracheary pitting observed 
on radial walls; axial parenchyma rare, occasional isolated 
cells; rays of two distinct sizes: uniseriates and multiseriates 
up to 15 cells wide; uniseriates numerous, composed 
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exclusively of upright cells; central cells of multiseriate rays 
procumbent, with up to 10 marginal rows of upright cells, 
heights of multiseriate portions of the rays 0.7–1.56 mm.

Note: We did not measure total ray height including 
the uniseriate margins because it was difficult to be sure of 
where the uniseriate margins ended.

R e m a r k s . Vesselless woods are rare among angio-
sperms, and this specimen with its wide heterocellular rays and 
scalariform bordered pits has features of Trochodendraceae 
(Bailey and Nast 1945, Hergert and Phinney 1954). This 
specimen from the Post Hammer locality (UF 279) further 
documents the occurrence of Trochodendron wood in the 
Eocene of Oregon (Scott and Wheeler 1982). This species 
was previously recognized from the Miocene of Oregon 
(Hergert and Phinney 1954) from the same formation 
where fossil trochodendraceous infructescences and leaves 
have been recognized (Manchester et al. 2018). There are 
differences in the quantitative features (tracheid diameters, 
ray width) between the woods from these separate 
occurrences, but we don’t consider them to be great enough 
to treat them as different species. Although the two extant 
genera of this family, Trochodendron and Tetracentron, are 
confined to eastern Asia, the family is well represented in the 
Cenozoic of western North America and known from leaves 
and fruits of both modern and extinct genera ranging from 
Paleocene to Miocene (Manchester et al. 2018, Manchester 
et al. 2021).

Conclusions

The wood assemblage from the late Eocene Post Hammer 
locality is smaller and less diverse than the middle Eocene 
Clarno Nut Beds wood assemblage. It includes woods with 

anatomy similar to extant genera: Pistacia (Anacardiaceae); 
Celtis (Cannabaceae), Cercidiphyllum (Cercidiphyllaceae), 
Fagus, Quercus of the red oak group (Fagaceae), Acer 
(Sapindaceae), Ulmus (Ulmaceae; Wheeler and Manchester 
2007), and Trochodendron (Trochodendraceae).

To the best of our knowledge, the Pistacia, Celtis, and 
Trochodendron woods are the oldest occurrences of woods 
with characteristics unique to these genera. There is also 
a permineralized palm stem (UF 279-24547) from the same 
site. Angiosperm woods that can be identified to family 
but have a combination of features found in more than one 
extant genus of that family are Lithocarpoxylon, resembling 
Lithocarpus, Notholithocarpus, and the evergreen Quercus 
species (Fagaceae); Hamamelidoxylon (Hamamelidaceae); 
and Pterocaryoxylon, with features shared with Juglans 
(butternut group) and Pterocarya (Juglandaceae). Two 
genera are likely extinct because they can be identified to 
family but have a  combination of features that does not 
conform to a  modern genus: Wataria (Malvaceae), which 
also occurs in Japan, and Platanoxylon (Platanaceae), 
one of the most commonly occurring fossil woods in the 
Paleogene of the Northern Hemisphere. Study of this wood 
assemblage is an example of how studying coeval fruit and 
seed assemblages, leaf compressions, and woods provides 
a better understanding of the vegetation (Tab. 6).

These taxa are consistent with warm temperate possibly 
to subtropical vegetation. Differences between the Post 
Hammer assemblage and the Clarno Nut Bed assemblage 
document changes in vegetation and functional traits as 
would be expected as a result of the middle to late Eocene 
climatic change, increased seasonality and decreased mean 
annual temperature. All Post Hammer woods have distinct 
growth ring boundaries, whereas one-third of the Nut 
Beds have indistinct growth ring boundaries (Wheeler and 

Table 5. Comparison of Acer species. Arranged by age, oldest to youngest. VTD = vessel tangential diameter in µm, mean (standard 
deviation) or minimum-average-maximum; V/mm2 = vessels per mm2, range or average as a single number; RW = ray width in cell 
number; MsRH = multiseriate ray height in µm, mean (standard deviation) or minimum-average-maximum; Cry = crystals present 
in long chambered strands; Eo = Eocene, Mio = Miocene, e = early, m = middle, l = late; OR = Oregon, WA = Washington.

Taxon (reference) VTD (µm) V/mm2 RW MsRH (µm) Cry Age Country

Acer integrifolioxylon (3) 48 (5)–50 (7) 88–97 1–3(–4) 297 (137)–546 (159) Yes m Eo OR, USA

Acer Post Hammer sp. 1 (this paper) 24-40-63 50–56 1–3(–4) 238 (69) No l Eo OR, USA

Acer Post Hammer sp. 2 (this paper) 39-55-73 64–78 1–4(–5) 512 (206) Yes l Eo OR, USA

A. momijiyamense (2, 5) 
20–75 (range) 20–70 1–4(–5) 50–600(–750)* Rare Ol Japan

24-50-79 numerous 1–4 47-500-932 No e Mio Korea

A. cf. amoenum (1) up to 75 µm ? 1–6(–9) up to 1200 Yes e Mio Japan

Acer spp. (7) 37 132 1–5 214 No e Mio Turkey

Acer spp (6) 55 206 1–5 220 No e Mio Turkey

A. minokamoensis (5) 24-43-55 numerous 1–3 79-290-505 No e Mio Korea

A. pohangensis (5) 24-39-55 numerous 1–4 32-600-1185 No e Mio Korea

A. watarianum (2) 30–90 (range) 15-35 1–5(–6) 70–460 (range) Yes e Mio Japan

A. beckianum (4) 31-60-82 23–35 1–3 237 (65) Yes m Mio WA, USA

A. berkhoffii (4) 35-65-90 17–24 1–3 365 (135) No m Mio WA, USA

A. olearyii (4) 30-59-80 52–71 1–7 437 (239) No m Mio WA, USA

A. puratanum (4) 30-53-72 18–26 1–4(–5) 230 (60) Yes m Mio WA, USA

1.	Watari (1952), 2.Takahashi and Suzuki (1988), 3.Wheeler and Manchester (2002), 4.Wheeler and Dillhoff (2008), 5. Jeong et al. (2009), 6. Bayam et al.  
(2018), 7. Akkemik et al. (2016)

*	 50–600 reported as range, with 750 µm given as outlier.
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Manchester 2002). Moreover, two of the Post Hammer 
woods are distinctly ring-porous, a trait not seen in any of 
the Nut Beds woods; ring-porosity is correlated with the 
deciduous habit and distinct seasonality.

As research continues, we will compare this assemblage 
with other wood localities in the region. The Dietz locality 
(UF 278), situated a  few km east of the Hammer locality, 
has also yielded well preserved woods in association with 
silicified fruits and seeds. Although we have encountered 
some of the same woods at UF 278 (Platanaceae, 
Ulmaceae), there are differences, including the presence of 
Magnoliaceae, Araliaceae, and more conifers.
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