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AbstrAct—Over the past two decades a significant wood flora has been discovered from the Ash Canyon Member of the Cre-
vasse canyon formation (campanian) and the Jose creek member of the mcrae formation (maastrichtian).  to date, at least 
10 types of dicots, three types of monocots, and 7 types of conifers are known from approximately 30 sectioned specimens. 
Woods of Celastraceae and Myrtaceae from the Jose Creek Member of the McRae Formation constitute the first occurrences 
of these families in the North american fossil wood record. fossil woods and leaves show congruent patterns of relationships 
to modern families, but in some cases woods document families not yet validly recognized from the cretaceous leaf record. 
Metcalfeoxylon, Paraphyllanthoxylon, Platanoxylon, Palmoxylon, and different types of conifer wood occur at coeval localities 
from northern New Mexico, west Texas, and northern Mexico, indicating that wood floras from the southern Western Interior 
shared a number of common elements during the campanian–maastrichtian. the minimal development of growth rings in all 
dicots and many conifers, and the occurrence of palm stems, reinforce evidence from paleosols and leaf macrofossils for warm 
subtropical to paratropical climates with minimal freezing and year-round precipitation. 

INTRODUCTION

The Campanian‒Maastrichtian of the southern Western Inte-
rior yields a number of floras of paratropical to warm subtropical 
aspect (wolfe and upchurch, 1987b; wolfe, 1990; upchurch and 
wolfe, 1993). familiar occurrences of leaf and wood macrofos-
sils include the laramie and denver formations of the denver 
Basin (Johnson et al., 2003), the raton and Vermejo formations 
of the raton Basin (Knowlton, 1917; ash and tidwell, 1976), 
the fruitland and Kirtland formations of the san Juan Basin 
(tidwell et al., 1981; wheeler et al., 1995; hudson, 2006), the 
aguja and Javelina formations of Big Bend, texas (wheeler et 
al., 1994; wheeler and lehman, 2000, 2009), and the olmos 
formation of the sabinas Basin (weber, 1972; estrada-ruiz et 
al., 2007, 2010, 2011). more recently, leaf and wood macrofos-
sils have been reported from the crevasse canyon and mcrae 
formations of the cutter sag/love ranch Basin (upchurch and 
mack, 1998; Bogner et al., 2007; estrada-ruiz et al., 2011). the 
Crevasse Canyon and McRae floras of southern New Mexico are 
noteworthy for their excellent preservation of leaf venation and 
wood anatomy, but they remain largely undescribed taxonomi-
cally. permineralized woods occur abundantly in these units, and 
many hundreds of specimens already have been collected.

over the past two years we have initiated a major study of 
the anatomy of angiosperm and conifer woods from the crevasse 
canyon and mcrae formations of south-central New mexico. to 
date, at least 20 different types of wood (≈species) have been 
recognized from approximately 30 thin-sectioned specimens, 
indicating that further study should produce a diverse and poten-
tially significant flora. Here we informally describe and illus-
trate important wood types from the ash canyon member of the 
crevasse canyon formation and the Jose creek member of the 
McRae Formation, and discuss their floristic and paleoclimatic 

significance. Woods from other units in the Crevasse Canyon and 
mcrae formations have been discovered recently, and will be the 
topic of future papers.

GEOLOGIC SETTING

the fossil woods reported here were collected by G. upchurch, 
G. mack and student co-workers in 1991, 1992, 1993, and 
1998 from the Campanian‒Maastrichtian of south-central New 
Mexico, along the northeastern flank of the Caballo Mountains 
and in the adjacent cutter sag (fig. 1). materials were collected 
from a single horizon in the ash canyon member of the crevasse 
canyon formation and from multiple horizons in the Jose creek 
Member of the McRae Formation. Both represent fluvial deposi-
tion at least 200 km upstream from the shoreline of the west-
ern Interior seaway (molenaar, 1983; roberts and Kirschbaum, 
1995). together with certain assemblages known from the cam-
panian aguja and maastrichtian Javelina formations of Big Bend, 
texas, they represent some of the few known late cretaceous 
wood floras from North America that are well removed from the 
western Interior or tethys seaways. 

the ash canyon member is dated as campanian, based on 
palynomorphs known from the lower member of the crevasse 
canyon formation (seager and mack, 2003) and on its angular-
unconformable upper contact with the mcrae formation (fig. 1). 
the Jose creek member of the mcrae formation is tentatively 
dated as early to middle maastrichtian, based on the species com-
position of its megaflora (especially conifers) (Upchurch and 
mack, 1998) and on its conformable contact with the overlying 
hall lake member, which contains late maastrichtian (lancian) 
dinosaur fossils in its lower part (lozinsky et al., 1984; Gillette 
et al., 1986; wolberg et al., 1986; lucas et al., 1998). No palyno-
morphs or dateable minerals have yet been recovered from either 
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the ash canyon member or Jose creek member, which makes 
age determinations somewhat tentative.

METHODS OF STUDY

the fossil woods described in this paper were found as both 
in situ trunks and float. Two types of dicots, Metcalfeoxylon and 
Paraphyllanthoxylon, were collected from a fossil forest horizon 
in the ash canyon member of the crevasse canyon formation 
(fig. 1). Metcalfeoxylon was found in situ, represented by three 
stumps rooted in the Bt horizon of an argillic paleosol, and clus-
ters of wood fragments suggestive of three additional stumps. 

the in situ stumps (now destroyed by looters) measured 0.4 to 
0.75 m in diameter at the top of the buttress roots (upchurch et 
al., 2003; estrada-ruiz et al., 2012). Paraphyllanthoxylon was 
collected as float in association with fragments of Metcalfeoxylon 
and conifer wood. 

multiple species of dicots, monocots, and conifers were col-
lected from in situ stumps and float in the Jose Creek Member 
of the mcrae formation. the in situ stumps were found in the 
argillic horizon of a paleosol in the fossil forest section, located 
73 m above the base of the Jose creek member (Buck and mack, 
1995; Seager and Mack, 2003). The float materials were collected 
from the fossil forest section immediately below the fossil 
forest horizon, and from additional stratigraphic sections where 
the overlying hall lake member of the mcrae formation and 
younger strata were absent. this minimized the odds of younger 
material eroding into regions with older exposed strata.

fossil woods were cut into small blocks and sectioned. for 
dicots and conifers, transverse, radial, and tangential sections 
were cut. for monocots, only transverse and tangential sections 
were cut. all samples were prepared by gluing the blocks to glass 
slides, cutting sections, and grinding the mounted samples until 
the details of internal anatomy were fully visible (haas and rowe, 
1999). Cover slips were affixed to slides using Norland Optical 
adhesive type 72 that was polymerized for at least 20 minutes 
using a sunlamp. thin sections were observed with a Zeiss photo-
scope I using brightfield optics, and photographed with a Canon 
eos digital rebel Xsi camera (12 megapixels resolution). 

we present a few wood anatomical terms because the termi-
nology of fossil wood anatomy is unfamiliar to many geologists. 
One important character in wood identification is the type of 
water-conducting element. a tracheid is an elongate cell with 
closed ends that has pits (small breaks in the cell walls) on its 
lateral walls and overlapping end walls (e.g., fig. 7d), while a 
vessel element is an open-ended cell that has pits on its lateral 
walls and perforations (holes) on its end walls (e.g., fig. 2c, 
arrow, fig. 2d, V). Vessel elements are connected end-to-end to 
form vessels. Vessel element perforations can be simple, consist-
ing of a single large opening (fig. 5f, arrows), or scalariform, 
consisting of multiple elongate and parallel openings (fig. 2c). 
the wood of all conifers is characterized by longitudinal tra-
cheids, which constitute approximately 90 percent of the wood 
volume and give the wood a uniform appearance in cross section 
(figs. 7a, 7e, 8a, 8d). In contrast, the wood of nearly all angio-
sperms is characterized by relatively wide vessel elements and 
narrower fibers, which give the wood a variable appearance in 
cross section (e.g., figs. 2B, 3f, 4a, 4d). 

A second important set of characters in wood identification 
is the arrangement of the storage tissue, or parenchyma. paren-
chyma in nearly all wood is organized into radial sheets of tissue 
termed rays (e.g., figs. 3B, 3c, r). rays, as viewed in transverse 
or tangential section, can be uniseriate, or one cell wide (fig. 
8e), biseriate, or two cells wide, and multiseriate, or 3 or more 
cells wide (figs. 3c and 4B, r). the wood of conifers typically 
has only uniseriate and biseriate rays, while the wood of angio-
sperms typically has a mix of uniseriate and multiseriate rays. In 
many woods there is additional parenchyma that is oriented lon-

fIGure 1. maps showing the location and geology of the study area 
south-central, New mexico, usa.
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gitudinally (parallel to the long axis of the conducting elements). 
this is termed axial parenchyma (e.g, fig. 8d, dark cells). 

many other anatomical characters are important in wood iden-
tification, including the pits between water-conducting cells and 
rays. these terms are discussed and illustrated in any basic plant 
anatomy text, such as that of evert (2006). for dicot woods, the 
details of terminology follow the recommendations of the Iawa 
committee (1989), and these terms are explained in the links 
section of the Insidewood web site (http://insidewood.lib.ncsu.
edu) (wheeler, 2011). for conifer woods, details of terminology 
follow the Iawa committee (2004) and philippe and Bamford 
(2008). 

None of the woods illustrated in this paper can be placed con-
fidently within an extant genus, and many cannot be placed con-
fidently within an extant family. For angiosperms, we place our 
woods systematically using the apG (angiosperm phylogeny 
Group) phylogenetic classification of families, orders, and higher 
level taxa. the apG system is based on dNa sequences from mul-
tiple genes and other molecular characters (apG, 2009; stevens, 
2001-onwards). In the apG system the familiar group known as 
“dicots” is broken up into three groups: eudicots (most of dicot 
diversity), magnoliids (magnolias, laurels, and their relatives), 
and basal lineages (not relevant here). monocots are retained as 
a separate lineage. the relationships of fossil angiosperm woods 
to modern taxa were determined by consulting published litera-
ture (e.g., metcalfe and chalk, 1950; détienne and Jacquet, 1983; 
Ilic 1987, 1991; tomlinson et al., 2011) and searching the online 
database Insidewood (Insidewood, 2004-onwards; wheeler, 
2011), which provides extensive coverage of “dicots”. 

the woods of conifers were treated differently than those of 
angiosperms. This is because the nomenclature and classification 
of fossil conifer woods are problematic and in a state of flux. 
we assigned our woods to the informal anatomical groups rec-
ognized by wheeler and lehman (2005) pending comprehensive 
revision of cretaceous conifer wood taxonomy. 

the fossil woods are housed in the paleobotanical collec-
tions of texas state university, san marcos. Individual pieces of 
wood are given a specimen number preceded by the abbreviation 
tXstate. the slide number used for each illustration is given in 
the figure captions preceded by “S”. 

DESCRIPTION OF WOODS

Angiosperms, Eudicots and Magnoliids

Ash Canyon Member, Crevasse Canyon Formation 
(Campanian)

two types of angiosperm wood are known from the fossil 
forest horizon of the ash canyon member. eudicot woods belong 
to Metcalfeoxylon, a common genus from the western Interior 
cretaceous, while probable magnoliid wood belongs to Para-
phyllanthoxylon, another widely known genus (e.g., wheeler et 
al., 1995; wheeler and lehman, 2000; estrada-ruiz et al., 2012). 

all in situ specimens belong to Metcalfeoxylon kirtlandense 
(fig. 2a). diagnostic features include large and solitary vessels, 

indistinct growth rings (fig. 2B), scalariform perforation plates 
(fig. 2c, arrow), and vessel-ray parenchyma pits of similar 
size as the intervessel pits. the parenchyma (storage tissue) is 
abundant and consists of both axial parenchyma (fig. 2B) and  
multiseriate rays with long uniseriate tails (fig. 2d) (wheeler et 
al., 1995). Metcalfeoxylon has been described from Campanian‒
maastrichtian localities of the Kirtland formation, aguja forma-
tion, and olmos formation. although Metcalfeoxylon was sug-
gested to be in the order malvales by upchurch et al. (2003), its 
affinities may actually be with the order Malpighiales (Wheeler, 
work in progress). our specimens consist of three stumps in 
growth position and three clusters of wood fragments from the 
same bedding plane that probably represent the remains of three 
additional stumps. the in situ stumps measure 0.4 to 0.75m in 
diameter at the top of the buttress roots (fig. 2a). In situ stumps 
of Metcalfeoxylon from the aguja formation measure up to 1.3 m 
in diameter (lehman and wheeler, 2001).

a single specimen of Paraphyllanthoxylon anazasii is known 
as float in association with Metcalfeoxylon stumps (estrada-ruiz 
et al., 2012). diagnostic features of P. anazasii include indistinct 
growth rings, vessels that are both solitary and in short radial 
multiples (groups), simple perforation plates, alternate interves-
sel pits, vessel-ray parenchyma pits with reduced borders, and 
common tyloses (ingrowths of parenchyma tissue that plug the 
vessels when they become non-functional). the rays are hetero-
cellular (that is, with two types of cells), and the fibers consist of a 
mix of septate and non-septate fibers. Paraphyllanthoxylon ana-
zasii has been described from the cretaceous of texas and New 
mexico, and other species of Paraphyllanthoxylon have been 
described from arizona, alabama, maryland, texas, europe and 
asia (e.g., cahoon, 1972; herendeen, 1991; wheeler et al. 1995, 
meijer, 2000; wheeler and lehman 2000; takahashi and suzuki, 
2003;  Gryc et al., 2009). although Paraphyllanthoxylon does not 
have the oil cells needed to definitively place it within Lauraceae, 
P. anazasii probably represents lauraceae. this is because wood 
with Paraphyllanthoxylon anatomy has been found in an axis 
attached to a fossil lauraceous fruit, and lauraceae are abundant 
in the cretaceous leaf macrofossil and dispersed cuticle records, 
just like Paraphyllanthoxylon is abundant in the wood record 
(estrada-ruiz et al., 2012, and references therein). the crevasse 
canyon Paraphyllanthoxylon represents an axis at least 14 cm 
in diameter, indicating that the parent plant was a small tree or 
larger, depending on whether the specimen represents trunk wood 
or branch wood. 

Jose Creek Member, McRae Formation (Maastrichtian)

Nine types of eudicots and magnoliids are known from the 
Jose creek member of the mcrae formation. the eudicots can 
be related to the extant families platanaceae (sycamore family), 
celastraceae (bittersweet family), and myrtaceae (myrtle family), 
and the orders ericales and malpighiales. the one magnoliid 
illustrated in this paper represents a taxon of unclear relationship 
to any extant family but shows its closest similarity to annona-
ceae (custard apple family).
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probable platanaceae are represented by two types of wood 
belonging to Platanoxylon (Figs. 3A‒B, F, G), a genus with fea-
tures characteristic of extant platanaceae. extant platanaceae are 

represented by a single genus, Platanus, with 8 species that typi-
cally grow along the margins of streams and lakes. cretaceous 
Platanaceae, however, were significantly more diverse than extant 

fIGure 2. Metcalfeoxylon kirtlandense. A, Metcalfeoxylon stump in growth position. scale is 15 cm long. B, transverse section (ts) solitary vessels 
and axial parenchyma. TXSTATE 1206–S1. Scale = 200 μm. C, radial longitudinal section (rls). scalariform perforation plate (arrow). tXstate 
1206–S4. Scale = 50 μm. D, tangential longitudinal section (tls) rays mostly two cells wide,, and vessels (V) without tyloses. tXstate 1206–s2. 
Scale = 200 μm.
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platanaceae. Platanoxylon sp. 2 (Figs. 3A‒E) is known from an 
in situ stump that measures 40 cm at the top of the buttress roots 
(fig. 3a). diagnostic features include indistinct growth rings, 
diffuse porous wood (fig. 3B), mostly solitary vessels (fig. 3B), 
predominantly scalariform perforation plates (fig. 3e) inter-
mixed with some simple perforation plates (fig. 3d), and small 
vessel-ray parenchyma pits with slightly reduced borders. the 
rays are homocellular (that is, with only one cell type) and  exclu-
sively multiseriate (fig. 3c). Platanoxylon sp. 1 (referred to as 
Platanoxylon sp. by estrada-ruiz et al., 2012) differs in having a 
more even mixture of solitary and tangential multiples of vessels 
(fig. 3f) and exclusively scalariform perforation plates (fig. 3G, 
arrows). features of the Jose creek fossils characteristic of extant 

platanaceae and the fossil genus Platanoxylon include narrow 
and solitary vessels, scalariform and simple perforation plates, 
opposite to scalariform intervessel pits, wide homocellular rays 
with procumbent (horizontally oriented) cells, and rare or absent 
uniseriate rays (wheeler et al., 1995; wheeler and lehman, 
2009). North american occurrences of Platanoxylon include the 
panoche formation of california, the Kirtland formation of New 
mexico, and the aguja formation of Big Bend National park, 
texas (page, 1968; wheeler et al., 1995). In the leaf record of 
the Jose creek member, the fossil record of platanaceae is rep-
resented by Platanus raynoldsii (upchurch and mack, 1998) and 
forms similar to Platanites marginatus. platanaceae were widely 
distributed in the Northern hemisphere during the cretaceous, 

fIGure 3. Platanoxylon. A–E, Platanoxylon sp. 2. A, Stump in growth position. tXstate 1212. scale is 15 cm long. B, (ts) solitary vessels and 
wide rays (R). TXSTATE 1212–S1. Scale = 200 μm. C, (TLS) Wide rays (R). TXSTATE 1212–S3. Scale = 350 μm. D, (rls) simple perforation plate 
(arrow). TXSTATE 1212–S11. Scale = 50 μm. E, (RLS) Scalariform perforation plate. TXSTATE 1212–S11. Scale = 40 μm. F–G, Platanoxylon sp. 1. 
F, (TS). Vessels solitary and in multiples. TXSTATE 1203–S1. Scale = 190 μm. G, (tls), wide rays and vessels (V) with scalariform perforation plate 
(arrows). TXSTATE 1203–S3. Scale = 336 μm.
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being known from leaves, woods, and reproductive structures. 
celastraceae are represented by Baasia armendarinsense (fig. 

4A–C), which constitutes the first record of fossil wood of Celas-
traceae from North america (estrada-ruiz et al., 2012). extant 
celastraceae consist of 92 genera and 1350 species that are pre-
dominantly tropical in distribution, with some temperate repre-
sentatives (mabberley, 2008). features diagnostic of celastraceae 
include indistinct growth rings, bands of thick-walled fibers that 
alternate with regions of thin-walled fibers (Fig. 4A), predomi-
nantly solitary vessels with exclusively scalariform perforation 
plates (fig. 4c, arrow), alternate to opposite intervessel pitting, 
vessel-ray parenchyma pitting similar to intervessel pitting (fig. 
4c), heterocellular rays (figs. 4B, c) and some imperforate ele-
ments with bordered pits. the one known specimen of B. arm-
endarisense represents an axis at least 14 cm in diameter and does 
not have the suite of anatomical features indicative of herb or 
vine habit. this suggests that the parent plant was a small tree or 
larger, depending on whether the specimen represents trunk wood 
or branch wood.

myrtaceae are represented by Fulleroxylon armendarisense 
(Figs. 4D–F), which constitutes the first record of fossil wood of 
myrtaceae in North america (estrada-ruiz et al., 2012). extant 
myrtaceae consist of 145 genera and 5500 species with wide 
distribution in tropical and warm-temperate regions of the world 
(mabberley, 2008). features diagnostic of myrtaceae include 
diffuse porous wood with vessels that tend to be of two distinct 
diameters (fig. 4d), exclusively simple perforation plates, vessel-
ray parenchyma pits with reduced borders, vasicentric tracheids 
(tracheids that surround vessel elements) (fig. 4e), diffuse axial 
parenchyma, and uniseriate to very rarely biseriate rays (fig. 4f, 
arrows). fossil woods of myrtaceae have been reported from the 
latest cretaceous to earliest tertiary deccan Intertrappan beds 
of India, and from the early tertiary of southern south america 
(Gregory et al., 2009). the one known specimen of F. armendari-
sense represents an axis 4.5 cm in diameter. In the absence of 
anatomical features indicative of a vine or herb, little can be said 
about growth habit.

ericales are an order that makes up nearly 6% of extant eudi-
cot diversity (magallón-puebla et al., 1999) and are a common 
element in Late Cretaceous wood floras from southern Western 
Interior (wheeler and lehman, 2009; estrada-ruiz et al., 2010). 
two types of ericales are present in the Jose creek member (fig. 
5a–d). Both are characterized by indistinct growth rings, over 
90% solitary vessels, scalariform perforation plates, fewer than 
50 bars per perforation plate, opposite to scalariform intervessel 
pitting, fiber-tracheids (cells intermediate between true tracheids 
and true fibers), and vasicentric tracheids (tracheids that surround 
the vessel elements). the two types differ in vessel density (14 
vs. 36 vessels per mm2), whether or not some of the vessel-ray 
pits have reduced borders, and whether or not true fibers are pres-
ent. one type (figs. 5a–B) resembles dB.d1 Xylotype 2 from 
the paleocene of the denver Basin (wheeler and michalski, 
2003). the other (figs. 5c–d) conforms to Group IIIB from the 
panoche formation (page, 1979).

Malpighiales are an order of tropical flowering plants that is 
structurally heterogeneous but forms a monophyletic group based 

on molecular systematics. extant malpighiales consist of approx-
imately 16,000 species and are an important component of the 
diversity of the understory in tropical rainforests (davis et al., 
2005). one wood type has a suite of features found in members of 
euphorbiaceae (spurge family) and chrysobalanacae. this suite 
of features includes indistinct growth rings, diffuse porous wood, 
vessels that are solitary and in radial multiples (fig. 5e), exclu-
sively simple perforation plates (fig. 5f, arrows), alternate and 
opposite to scalariform intervessel pits, vessel-ray parenchyma 
pits with reduced borders, diffuse axial parenchyma, and uniseri-
ate to very rarely biseriate rays (Insidewood, 2004-onwards). 

magnoliids are a linage of equal rank to eudicots and monocots. 
extant magnoliids consist of the orders magnoliales, laurales, 
canellales, and piperales (apG, 2009; stevens, 2001-onwards). 
Pygmaeoxylon paucipora (estrada-ruiz et al., 2012) is a magno-
liid with small vessels that are solitary and in radial multiples (fig. 
5G), simple perforation plates, alternate intervessel pits, vessel-
ray parenchyma pits with reduced borders, horizontally elongate 
parenchyma pits, rays up to 10 seriate, and enlarged cells in the 
rays with dark contents that probably represent oil cells (fig. 5h, 
arrows). the combination of simple perforation plates and oil 
cells in the rays occurs only in annonaceae (magnoliales) and 
lauraceae (laurales). rays in lauraceae are generally no wider 
that 4 seriate, while rays in annonaceae (custard apple family) 
are often very wide, with oil cells in the interior of the ray (Inside-
wood 2004-onwards; estrada-ruiz et al., 2012). the one known 
specimen of P. paucipora constitutes an axis approximately 2.5 
cm in diameter. the high volume of parenchyma indicates that it 
may represent root wood.

Angiosperms, Monocotyledons

a number of large monocot axes occur in the Jose creek 
member of the mcrae formation. large monocot stems can be 
distinguished from “dicot” and conifer wood by their vascular 
and support tissues, which are organized into fibrovascular bun-
dles that are scattered throughout the stem. monocot roots can be 
recognized on the basis of a pith (a region of non-vascular tissue 
in the center), which is absent from “dicot” and conifer roots. of 
the four monocot axes that have been sectioned, three have fea-
tures characteristic of palms (family arecaceae), and a fourth has 
a suite of features not yet found in any extant monocot.

sectioned axes of arecaceae (palms) consist of two stems, 
which we place in the genus Palmoxylon, and one stem frag-
ment with attached roots, which we place in the genus Rhizopal-
moxylon. Palmoxylon from mcrae formation is characterized by 
fibrovascular bundles randomly scattered in cross section (Fig. 
6A). Each fibrovascular bundle has 1–12 protoxylem trache-
ary elements and 2 (very rarely 3) large metaxylem vessel ele-
ments. the metaxylem vessel elements have scalariform perfora-
tion plates and scalariform intervessel pitting (fig. 6B, arrows). 
The ground tissue (i.e., the tissue surrounding the fibrovascular 
bundles) consists of two distinct cell types. The first surrounds 
the fibrovascular bundles and consists of compact cells, while 
the second forms the bulk of the ground tissue and consists of 
cells that are elongate to amoeboid in cross section and surround 
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numerous small lacunae (air spaces). the oldest North american 
record of Palmoxylon comes from coniacian–santonian magothy 
formation of New Jersey (Berry, 1916), as does the oldest North 
american record of palm leaves. In western North america and 
mexico, Palmoxylon has been described from paleogene Green 
river formation of utah (tidwell et al., 1972), the maastrichtian 

fox hills formation of wyoming (delevoryas, 1964), the cam-
panian aguja formation of texas (manchester et al., 2010) and 
the upper campanian-lower maastrichtian olmos formation of 
northern mexico (estrada-ruiz and cevallos-ferriz, 2009).

the mcrae Rhizopalmoxylon consists of numerous roots that 
originate from a stem (Fig. 6F). Each root has three well defined 

fIGure 4. celastraceae and myrtaceae. A‒C, celastraceae. A, (TS) Wood showing alternating zones of thin-walled and thick-walled fibers, vessels 
predominantly solitary. tXstate 1200–s1. scale = 264 µm. B, (tls) uniseriate (arrow) and multiseriate rays (r) and imperforate tracheary ele-
ments with bordered pits. tXstate 1200–s4. scale = 72 µm. C, scalariform perforation plate (arrow) and heterocellular ray. tXstate 1200–s9. 
scale = 91 µm. D‒F, myrtaceae. D, (ts) Vessels with tendency to be in two distinct diameter classes. tXstate 1201–s1. scale = 176 µm. E, (rls) 
Vasicentric tracheids. tXstate 1201–s6. scale = 60 µm. F, (tls) Vessels (V) and uniseriate rays (arrows). tXstate 1201–s3. scale = 60 µm.
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fIGure 5. ericales, malpighiales, and magnoliids. A‒B, ericales, type I. A, (ts) Growth rings absent, solitary vessels. tXstate 1213–s1. scale 
= 200 µm. B, (rls) scalariform perforation plate (arrow). tXstate 1213–s8. scale = 50 µm. C‒D, ericales, type II. C, (ts) Growth rings absent, 
solitary vessels. tXstate 1214–s1. scale = 80 µm. D, (tls) uniseriate and multiseriate rays. tXstate 1214–s5. scale = 73 µm. E, (ts) solitary 
vessels and in multiples radial, without growth ring. tXstate 1202–s1. scale = 96 µm. F, (rls) Vessel element (V) with simple perforation plate 
(arrows). tXstate 1202–s8. scale = 45 µm. G, Growth rings absent, vessels solitary and in radial multiples, wide rays. tXstate 1204–s3. scale = 
192 µm. H, (rls) some ray cells slightly enlarged and with dark contents (arrows). tXstate 1204–s10. scale = 192 µm.

areas: epidermis, cortex and vascular cylinder (fig. 6f). the 
cortex is divided into two distinct zones of cells, and the vascu-
lar cylinder has a distinct endodermis, a ring of primary xylem 
with vessel elements, and pith. the number of vessel elements is 
greater in large-diameter roots than in small-diameter roots. Rhi-
zopalmoxylon has fewer reported occurrences than Palmoxylon, 
being reported in western us North america from the tertiary 
(eocene) dipping Vat formation of central utah, usa (tidwell 
et al., 1972). 

a third type of axis represents a monocot stem with compound 
fibrovascular bundles (Fig. 6C, arrows) and simple (Fig. 6E) and 
scalariform perforation plates (Fig. 6D). Compound fibrovascu-
lar bundles consist of two or more fibrovascular bundles that are 

fused together to form a larger structure. most monocots, includ-
ing all palms, have simple fibrovascular bundles (Fig. 6A). Within 
extant monocots, compound fibrovascular bundles occur in the 
order pandanales (tomlinson and wilder, 1984), in the families 
pandanaceae (screw pine family) and cyclanthaceae (panama hat 
family). the Jose creek fossil is not a close match for either of 
these families because its compound vascular bundles consist of 
individual fibrovascular bundles that are fused together in a side-
by-side pattern. extant pandanaceae and cyclanthaceae have the 
individual fibrovascular bundles fused to form a small ring, with 
the xylem to the inside and the phloem and fibers to the outside 
(tomlinson and wilder, 1984; tomlinson, written communica-
tion, 2010). 
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Conifers, Jose Creek Member, McRae Formation

Jose Creek Member, McRae Formation

conifer woods are common in the Jose creek member of the 
mcrae formation. assigning valid taxonomic names to these 
and other cretaceous conifer woods is problematic. conifer 

woods are simpler in their anatomy than angiosperm woods, so 
the number of characters for conifer wood identification is lim-
ited, and a single species or even single individual can show 
significant anatomical variation (for example, wood in Sequoia, 
the coast redwood; Bailey and faull, 1934). the names used for 
fossil conifer woods are problematic due to misidentifications 
and the introduction of synonyms over the years, when woods 

fIGure 6. monocots. A, Palmoxylon sp. (TS) General view showing scattered distribution of the fibrovascular bundles. TXSTATE 1215–S1. Scale 
bar = 2200 µm. B, (tls) scalarariform perforation plate (arrows) and intervessel pits. tXstate 1215–s5. scale bar = 150 µm. C‒E, unknown mono-
cot. C, (ts) General view showing scattered distribution of the simple and compound vascular bundles (arrows). tXstate 1216–s1. scale bar = 1360 
µm. D, (tls) scalariform perforation plate (arrow). tXstate 1216–s12. scale bar = 68 µm. E, (tls) simple perforation plate (arrow). tXstate 
1216–s12. scale bar = 110 µm. F, Rhizopalmoxylon (ts) General view showing the roots. tXstate 1217–s1. scale bar = 2400 µm.
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were named without careful comparison to or knowledge of pre-
viously named taxa. efforts are underway to solve the nomencla-
tural problems for fossil conifer wood, but the most recent work 
has not yet been published (e.g., m. philippe, written communica-
tion, 2011). for these reasons we assign the conifer woods to gen-
eral morphotypes and provide photographs to document diversity. 

Araucarioid conifers

the araucarioid group of fossil conifer woods is character-
ized by a pattern of tracheid pitting found in extant araucariaceae 
(wheeler and lehman, 2005) (figs. 7d, 7G). In this pattern the 
pits are confluent with each other and flattened along their zone of 
contact. when two or more rows of pits are present in a tracheid, 
the pits alternate with each other along the length of the tracheid 
rather than being opposite as in other conifers (figs. 7d, 7G). 
among cretaceous conifers, this pattern of pitting is found in 
the families araucariaceae and cheirolepidiaceae, the latter now 
extinct.

two types of mcrae woods have the araucarioid pattern of tra-
cheid pitting. araucarioid type I is characterized by the absence 
of growth rings (fig. 7a). tracheid pits are crowded, uniseriate 
or alternately arranged. Biseriate and triseriate pitting are most 
common, but up to five rows of pits have been observed (Fig. 
7D). When uniseriate, pits are xenoxylean (i.e., contiguous, flat-
tened, up to twice as wide as tall) (phillipe and Bamford, 2008). 
The cross-field pits are araucarioid, arranged as 1–4 opposite pits 
in a single row or 3–9+ alternate pits crowded in multiple rows 
(fig. 7c, arrows). the rays are uniseriate, averaging 6 cells tall, 
with the tallest rays under 20 cells in height (fig. 7B). one cavity 
has been observed in cross section (fig. 7a). although tempting 
to interpret it as a resin duct, this cavity may represent an area 
where the wood was penetrated by some biological agent. 

araucarioid type II is also characterized by the absence of 
growth rings (fig. 7e). this type has predominately uniseri-
ate, xenoxylean tracheid pitting, but biseriate alternate pitting is 
common (fig. 7G), and triseriate alternate pitting is also present. 
The one to four pits per cross-field are either alternate or opposite 
in arrangement, in one or two rows. compared to araucarioid 
Type I, the cross-field pits are generally larger, rounded, and less 
crowded. axial parenchyma cells are present (fig. 7e, isolated 
dark cells). The rays are uniseriate, average five cells tall, and are 
rarely more than10 cells tall (fig. 7f). resin canals are absent. 
these characters are consistent with Agathoxylon (Bamford and 
philippe, 2001).

Taxodioid conifers

taxodioid conifers share a combination of traits that occur in 
modern conifers that were once placed within the family taxo-
diaceae (bald cypress family). this group is now recognized as 
the primitive evolutionary grade in the family cupressaceae and 
includes the coast redwood (Sequoia), Giant sequoia (Sequoia-
dendron) , and dawn redwood (Metasequoia).  

the largest in situ stump found in the Jose creek member is 
a taxodioid conifer (fig. 8a-c). the stump measures 1.5 m in 

diameter at the top of the buttress roots. It is rooted in a paleo-
sol that is overlain by a recrystallized volcanic ash. the ash con-
tains diverse leaf remains, including those of a taxodioid conifer. 
Growth rings are generally absent in this wood (fig. 8a). how-
ever, a single isolated ring was observed near the periphery of 
the trunk, perhaps produced by the tree as a response to being 
inundated with volcanic ash. tracheid pitting is predominantly 
uniseriate, with crassulae (transverse wall thickenings between 
pits) sometimes present (fig. 8c). occasionally zones of biseri-
ate opposite pitting are present. the rays show wide variation in 
size. less than half the rays are uniseriate as is typical for most 
conifers, whereas more than half the rays are either biseriate or 
triseriate (as is often seen in taxodioid conifers, especially in their 
roots) (fig. 8B). the rays average 12 cells tall and can be up to 
40 cells tall (fig. 8B). axial parenchyma is rare to absent, but 
septate tracheids are abundant (Fig. 8B, arrow). Cross-field pit-
ting usually consists of 1 - 2 (rarely 3) oppositely arranged pits 
(fig. 8c, arrows).

Cupressoid/podocarpoid conifers

the cupressoid/podocarpoid group is a collection of taxa that 
share a combination of traits  unique to extant cupressaceae and 
podocarpaceae (phillips, 1948). these traits include uniseriate 
tracheid pitting that is opposite when multiseriate, 1‒2 cupressoid 
to taxodioid pits per cross-field, predominantly uniseriate rays, 
and parenchyma with smooth walls.

Four of the McRae conifer wood types fit within the cupres-
soid/podocarpoid category as outlined by wheeler and lehman 
(2005). they exhibit uniseriate or opposite tracheid pitting, 
cupressoid to taxodioid cross-field pitting, and lack resin canals. 
They differ in the presence or absence of growth rings, cross-field 
pit type and arrangement, ray height, and the presence or absence 
of axial parenchyma. the number of species is unclear. more sec-
tioned specimens are needed to determine whether the anatomical 
variation between specimens is continuous or discontinuous.

cupressoid/podocarpoid type I is characterized by the 
absence of growth rings (fig. 8d). rays are uniseriate, average 
five cells tall, and are mostly 1–10 cells tall (Fig. 8E). Tracheid 
pitting is generally uniseriate and predominantly abietinean (that 
is, rounded, separated by crassulae or widely spaced, with fewer 
than 10% contiguous—philippe and Bamford, 2008). occasional 
areas of biseriate pitting are present, with oppositely arranged 
pits. Cross-field pits (Fig. 8F, arrows) are predominantly taxo-
dioid, but cupressoid type pits are also common. abundant axial 
parenchyma is visible in cross-section (fig. 8d, dark cells). this 
wood has features consistent with the “cupressoid/podocarpoid, 
short ray, growth rings not observed” category of the Javelina 
formation as described by wheeler and lehman (2005).

DISCUSSION

The wood floras of the Ash Canyon Member of the Crevasse 
canyon and the Jose creek member of the mcrae formation 
expand the number of taxa and occurrences of late cretaceous 
angiosperm and conifer wood. Perhaps most significant are the 
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occurrences of celastraceae (Baasia) and myrtaceae (Fulleroxy-
lon) in the Jose Creek Member. These constitute the first occur-
rences of celastraceae and myrtaceae in the fossil wood record of 
North america (estrada-ruiz et al., 2012). our studies also indi-
cate the importance of certain taxa in late cretaceous vegetation. 
a prime example is the eudicot Metacalfeoxylon, which was an 

important component of forests from the campanian–maastrich-
tian of the southern western Interior, including Big Bend, texas, 
the four corners region, New mexico, and coahuila, mexico 
(wheeler and lehman, 2000; estrada-ruiz et al., 2010, 2012).

comparison of the wood record with the leaf macrofossil 
record of the Jose creek member indicates congruence between 

fIGure 7. araucarioid type conifers. A‒D, araucarioid type I, A, (ts) Growth rings absent. tXstate 1218–s1. scale bar = 500 µm. B, (tls) 
uniseriate rays averaging 5 cells tall (arrows). tXstate 1218–s5. scale bar = 200 µm. C, (RLS) Araucarioid cross-field pitting (arrows). TXSTATE 
1223–s1. scale bar = 50 µm. D, araucarioid tracheid pitting, up to 5 rows of alternate pits. tXstate 1218–s10. scale bar = 90 µm. E‒G, araucarioid 
type II. E, (ts) General view showing absence of growth rings. tXstate 1219–s1. scale bar = 500 µm. F, (tls) uniseriate rays averaging 6 cells 
tall. tXstate 1219–s2. scale bar = 200 µm. G, (rls) tracheid pitting, combination of uniseriate and xenoxylean or alternate. tXstate 1219–s6. 
scale bar = 90 µm. 
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taxonomic affinities provided by woods and leaves. For angio-
sperms, both woods and leaves indicate the presence, in the 
cutter sag/love ranch Basin, of the extant families platanaceae, 
lauraceae, and arecaceae during the campanian–maastrichtian 
(cf. upchurch and mack, 1998). araucarioid woods correspond 
to the presence, in the leaf record, of araucariaceae (Brachyphyl-

lum macrocarpum, Araucarites-type shoots, and a recently dis-
covered araucarian cone scale) and probable cheirolepidiaceae 
(aff. Androvettia) (cf. upchurch and mack, 1998; unpublished 
data). taxodioid wood is congruent with the occurrence of a 
fossil redwood showing similarities  to the species Metasequoia 
cuneata (reported as “Sequoia” obovata by upchurch and mack, 

fIGure 8. taxodioid and cupressoid/podocarpoid type conifers. A‒C, taxodioid conifer. A, (ts) General view showing the absence of growth 
rings. tXstate 1220–s5. scale bar = 500 µm. B, (tls) septate tracheids (arrow) and biseriate to triseriate rays. tXstate 1220–s12. scale bar = 
200 µm. C, (RLS) Uniseriate tracheid pitting and cross-field pitting with 1‒2 (up to 4) pits per cross-field (arrow). TXSTATE 1220–S21. Scale bar = 
90 µm. D‒F, cupressoid/podocarpoid type II, D, (ts) General view showing growth rings absent; parenchyma abundant. tXstate 1221–s3. scale 
bar = 500 µm. E, (tls) uniseriate rays. tXstate 1221–s4. scale bar = 200 µm. F, (RLS) Abietinean tracheid pitting and cross-field pitting with 1‒3 
taxodioid pits per cross-field (arrows). TXSTATE 1221–S9. Scale bar = 90 µm. 



515wood flora from the upper cretaceous

1998). Patterns of co-occurrence also reinforce these affinities. 
araucarioid type I occurs in a bed of volcanic ash that yields 
abundant shoots and a cone scale of araucariaceae. the large 
taxodioid stump is rooted in a paleosol immediately beneath a 
volcanic ash that preserves a number of taxa, including shoots 
showing similarities to Metasequoia cuneata.

In some cases there is no direct correspondence between the 
woods and leaves of our study area. however, leaf macrofossil 
records from more northern regions of the western Interior indi-
cate the presence of the same taxonomic groups. these include 
celastraceae and euphorbiaceae, which are reported from cre-
taceous-tertiary boundary sections in the raton Basin of New 
mexico and colorado (wolfe and upchurch, 1987a). In other 
cases lack of correspondence between the wood and leaf record 
might reflect poor preservation or be another example of differ-
ences between families in which organs are most likely to be pre-
served. myrtaceae are one example, because leaves assigned to 
Myrtophyllum usually have insufficient preservation to determine 
their real taxonomic affinities (Upchurch and Dilcher, 1990). 
This is reinforced by the fact that flowers of Myrtaceae are known 
from the turonian of the atlantic coastal plain (crepet, 2008), 
and leaves of myrtaceae with attached reproductive structures are 
known from the eocene of western North america (manches-
ter et al., 1998). myrtaceae are well represented in the cenozoic 
floras of the Southern Hemisphere (Friis et al., 2011).

the fossil wood record of the southern western Interior shows 
a number of common elements during the campanian–maas-
trichtian. Paraphyllanthoxylon and Metcalfeoxylon from cre-
vasse canyon formation, and Platanoxylon, Palmoxylon, and 
diverse conifer wood types from mcrae formation, provide fur-
ther evidence of elements shared with other localities from the 
western Interior. for example, Metcalfeoxylon is known from 
the Kirtland formation (wheeler et al., 1995), aguja formation 
(wheeler et al., 1995; wheeler and lehman, 2000) and olmos 
formation (estrada-ruiz et al., 2010). Metcalfeoxylon occurs as 
in situ stumps in the crevasse canyon and aguja formations and 
may have represented tropical evergreen trees up to 40–50 m tall 
(lehman and wheeler, 2001; upchurch et al., 2003). Paraphyl-
lanthoxylon anazasii is known from the Kirtland and aguja for-
mations. Platanoxylon occurs in the Kirtland and aguja forma-
tions and the panoche formation (campanian-maastrichtian) of 
california (page, 1968; wheeler et al., 1995). of the occurrences 
of Platanoxylon, only Platanoxylon sp. 2 from mcrae forma-
tion is known in situ and comes from a stump that measures 40 
cm diameter above the buttress roots, indicating that it probably 
represents a small tree. large monocots also were an important 
element in the subtropical and tropical areas of the western Inte-
rior. Palmoxylon has been collected from the mcrae, aguja and 
Olmos formations. This supports the concept of a common flora 
in the southern western Interior during the campanian–maas-
trichtian that existed under warm subtropical to paratropical 
temperatures and moisture conditions ranging from semi-arid to 
rainforest (e.g., upchurch et al., 1999; estrada-ruiz et al., 2008).

The absence of well-defined growth rings in all angiosperm 
wood types, and the absence of growth rings in half the coni-
fer wood types, reinforce evidence from leaf macrofossils for 

the presence of warm subtropical to paratropical climates in the 
cutter sag/love ranch Basin and the southern western Interior 
during the campanian–maastrichtian (wolfe and upchurch, 
1987b; upchurch and wolfe, 1993; upchurch and mack, 1998; 
estrada-ruiz et al., 2008). the presence of palms in the Jose creek 
wood flora reinforces evidence from palm leaf macrofossils for 
a mean annual temperature greater than 13°c and a cold-month 
mean temperature greater than 5°c, based on the temperature tol-
erances of living palms (markwick, 2007). the presence of palm 
wood also reinforces evidence from paleosols for year-round pre-
cipitation during the deposition of the Jose creek member (Buck 
and mack, 1995), based on the need for living palms to have a 
readily available source of water (francko, 2003). 

the pattern of conifer wood co-occurrence in the Jose creek 
member is of particular interest in light of conifer wood distri-
bution in other areas. In Big Bend, texas, cupressioid/podocar-
poid and taxodioid woods show a different pattern of geographic 
distribution from araucarioid woods. cupressoid/podocarpoid 
and taxodioid woods are abundant near the coast and absent 
from more interior regions, while araucarioid woods are absent 
from the coast and occur abundantly in the interior (wheeler and 
lehman, 2005). a similar pattern is present in the Kirtland for-
mation of the four corners region, New mexico, where a coastal 
in situ fossil forest is dominated by large trunks of Cupressino-
xylon (davies-Vollum et al., 2011). for Big Bend, this pattern of 
ecological segregation has been attributed to climatic and edaphic 
differences between coastal and interior environments, in par-
ticular the presence of wetter climates and waterlogged soils in 
coastal environments, and drier climates and well-drained soils in 
interior environments (wheeler and lehman, 2005). the conifer 
wood flora of the Jose Creek Member has both coastal and inte-
rior groups occurring together in the same restricted area, rather 
than separated by more than one hundred kilometers as in Big 
Bend. this may be due to the co-occurrence of environmental 
factors in south-central New mexico that were spatially segre-
gated in Big Bend, texas. we propose that, in the Jose creek 
member, the critical mix of environmental factors was the pres-
ence of a humid to wet climate combined with an abundance of 
well-drained soils (Buck and mack, 1995).
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