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LATE CRETACEOUS WOODY DICOTS FROM THE AGUJA AND
JAVELINA FORMATIONS, BIG BEND NATIONAL PARK, TEXAS, USA

by
E.A.Wheeler! & T.M. Lehman?

SUMMARY

Angiosperm woods occur throughout Upper Cretaceous (84666 mil-
lion years old) continental strata of Big Bend National Park, Texas,
USA. Vertebrate remains occur along the same stratigraphic levels, pro-
viding a rare opportunity to reconstruct associations of sedimentary
facies, wood remains, and vertebrate remains. The wood collection sites
span a vertical stratigraphic succession that corresponds to an environ-
mental transect from poorly-drained coastal salt- or brackish water
swamps to progressively better drained freshwater yood-plains lying
at increasingly greater distance from the shoreline of the inland Creta-
ceous sea and at higher elevations. The eight dicot wood types of the
Aguja Formation differ from the pve types of the Javelina Formation,
paralleling a change from a fauna dominated by duckbill and horned
dinosaurs to a fauna dominated by the large sauropod, Alamosaurus.
These woods increase the known diversity of Cretaceous woods, and
include the earliest example of wood with characteristics of the Malvales.
The lower part of the upper shale member of the Aguja contains numer-
ous narrow axes, some seemingly in growth position, of the platanoid/
icacinoid type, and of another wood that has a suite of features con-
sidered primitive in the Baileyan sense. Duckbill dinosaur remains are
common in the facies with these woods. In contrast to other Cretaceous
localities with dicot wood, Paraphyllanthoxylon is not common. Dico-
tyledonous trees are most abundant at the top of the Aguja and the lower
part of the Javelina Formations in sediments indicating well-drained
inland yuvial yood-plain environments. One locality has logs and in-
situ stumps, with an average spacing of 12613 metres between each
tree, and trees nearly 1 metre in diameter. To our knowledge this is the
prst report of anatomically preserved in situ Cretaceous dicot trees.
Javelinoxylon wood occurs at all levels where remains of the giant sauro-
pod Alamosaurus occur. The vertebrate faunas of the late Cretaceous of
New Mexico and Texas are said to comprise a ésouthernd fauna distinct
from the dnorthern faunad of Alberta and Montana. The wood remains
are consistent with such provincialism. It has been suggested that dicots
were not commonly trees in the late Cretaceous of the northern part of
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the western interior of North America. The Big Bend woods provide
direct evidence for dicot trees having more than a subordinate role in
Cretaceous vegetation at lower latitudes. Most of the dicot wood types
of Big Bend are characterized by high proportions of parenchyma, over
50% in one type. Whether these high proportions of parenchyma are
correlated with the higher CO, levels of the Cretaceous and/or the pres-
sures exerted by aggressive browsing by large dinosaur herbivores is
unknown.

Key words: Paleobotany, fossil wood, wood anatomy, Cretaceous, Aguja
Formation, Javelina Formation, Big Bend National Park, Malvales.

INTRODUCTION

A continuous sequence of Upper Cretaceous (CampaniandMaastrichtian) through
Lower Tertiary (Paleocene) continental strata is exposed in Big Bend National Park
of southwestern Texas (Fig. 1). These deposits have yielded vertebrate faunas includ-
ing dinosaurs (Alamosaurus, the last of the giant sauropods), pterosaurs (Quetzalco-
atlus, with a 12 metre wing span that was the largest yying animal ever), crocodilians
(Deinosuchus, a 20 ton crocodile with a skull over 2 metres long), and a variety of
smaller turtles, psh and mammals (Lawson 1975, 1976; Lehman 1987, 1997; Rowe
et al. 1992). These are North Americads most southerly well-studied Late Cretaceous
vertebrate faunas. Preserved in the same deposits are petriped woods of conifers and
angiosperms.

This paper is part of a continuing study documenting the types of fossil woods that
occur in Big Bend National Park, and their associations with sedimentary facies and
vertebrate faunas. Because woods and vertebrate remains are found together along
the same stratigraphic levels, the Big Bend fossils provide a rare opportunity to re-
construct such associations. This paper describes dicotyledonous woods from the
Aguja Formation (middle Campaniandearly Maastrichtian, approximately 843874
million years ago) and the Javelina Formation (earlydlate Maastrichtian, approximat-
ely 74666 million years ago). Previous reports described the dicot woods Javelin-
oxylon, the most common wood in the Javelina Formation (Wheeler et al. 1994), and
Paraphyllanthoxylon (abundant, hundreds of logs) and Plataninium (rare, 1 sample)
from the overlying Paleocene Black Peaks Formation (Wheeler 1991).

For the whole world, most samples of mature Cretaceous dicotyledonous woods
(trunk wood some distance from the pith) conform to the phyllanthoid or platanoid/
icacinoid type. These two wood types are the earliest known dicot wood types
(Herendeen 1991a, 1991b; Thayn et al. 1983, 1985); the phyllanthoid wood type
is particularly common at late Cretaceous localities in the northern hemisphere.
Phyllanthoid and platanoid/icacinoid types occur at Big Bend, but are not the most
common Cretaceous wood types. This report documents additional diversity among
Late Cretaceous dicotyledonous wood types. The distinctive anatomy of some of these
woods may reyect a response to elevated Cretaceous atmospheric CO, levels, or to
intense dinosaur herbivory.
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Fig. 1. Map showing location of wood collection sites and exposures of Upper Cretaceous
sedimentary rocks (stippled) in Big Bend National Park, Texas. Shown above is a cross sec-
tion indicating the general stratigraphic relationships of the Aguja and Javelina Formations,
and the relative stratigraphic positions of wood collection sites discussed in the text.

The wood collection sites in the Aguja and Javelina Formation span a vertical strati-
graphic succession that corresponds to an environmental transect from poorly-drained
coastal salt- or brackish water swamps, to progressively better drained freshwater
yood-plains lying at increasingly greater distance from the shoreline and at higher
elevation. The restricted stratigraphic and facies distribution of wood types strongly
suggests preservation in situ of characteristic vegetational associations. Some sedi-
mentary facies have only conifer and palm wood, while others have only dicotyle-
dons. It is also apparent that some of the Big Bend dicot trees grew on relatively
stable substrates, a preference not yet demonstrated for more northerly Cretaceous
yoras (Wing & Boucher 1998).
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There is considerable uncertainty regarding exactly which plants comprised the
typical fodder for dinosaurian herbivores. There have been inferences about the
signipcance of dicotyledonous trees in dinosaur diets, e.g., 0Late Cretaceous angio-
sperm tree trunks were mainly less than 10 cm in diameter and thus were of a size that
they could have easily been knocked over by ceratopsids [horned dinosaurs]6 (Dodson
1993: 230). Putative dinosaur stomach contents and coprolites (which are few) sug-
gest that Late Cretaceous dinosaur herbivores fed primarily on conifers, although
angiosperms were common in many environments by that time (review by Taggart
& Cross 1997). The Big Bend dinosaur faunas are dominated by large herbivores; in
the Aguja Formation the 6duck-billedd hadrosaur Kritosaurus and horned ceratopsian
Chasmosaurus, in the Javelina Formation the sauropod Alamosaurus (Lehman 1987).
The repeated spatial association of herbivorous dinosaur remains with specipc angio-
sperm wood types in Big Bend suggests an ecological relationship.

Late Cretaceous faunas of the Big Bend region are distinct from correlative faunas
known from the northern Great Plains region of Wyoming, Montana, and Alberta.
The latitudinal separation between these faunas corresponds to the transition from the
northern Aquilapollinites to the southern Normapolles palynoyoral provinces (Lehman
1987, 1997). Although Late Cretaceous angiosperms were diverse and dominated
palynoyoras and compression yoras (Crane 1987; Wolfe & Upchurch 1987; Upchurch
& Wolfe 1987,1993), it has been suggested that Cretaceous dicotyledonous trees were
dweedyband restricted to disturbed habitats (Wing et al. 1993; Wing & Boucher 1998).
Such inferences are, however, based primarily on evidence from the northern yoras.

Direct evidence for the stature of fossil dicotyledons comes from fossil woods.
Large dicotyledonous logs, over 1 meter in diameter, are locally abundant at some
Cretaceous localities in the United States, e.g., Alabama (Cenomanian: Cahoon 1972),
southern Illinois (Maastrichtian: Wheeler et al. 1987). Logs of Javelinoxylon from
Big Bend exceeded 70 cm in diameter (Wheeler et al. 1994). Additional Big Bend
woods described in this report show that dicotyledonous trees with large diameter
trunks were not only present, but locally dominated some Cretaceous forests in this
region.

STRATIGRAPHY

Upper Cretaceous strata are well exposed in the Big Bend region of Texas, and con-
sist of a gradational series of marine, paralic, and terrestrial deposits (Fig. 1). Marine
shale of the Pen Formation grades upward into coastal sandstone, shale, and coal of
the Aguja Formation, which grades upward into inland yuvial yood-plain deposits of
the Javelina Formation (Maxwell et al. 1967). These deposits record the gradual re-
treat of the Cretaceous Interior Seaway from North America at the end of Cretaceous
time, and offer an excellent opportunity to document changes in dicotyledonous wood
types in a conformable sequence through the Late Cretaceous and Early Tertiary.
Marine and paralic strata in the Pen and Aguja Formations preserve a molluscan
fauna with ammonites, ostreid bivalves, and inoceramid bivalves that allow for
biostratigraphic correlation with Upper Cretaceous strata in the Western Interior and
Gulf Coast provinces of North America (Lehman 1985). Similarly, continental strata
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in the Aguja and Javelina Formations preserve a diverse terrestrial vertebrate fauna
with a wide variety of dinosaurs, crocodilians, turtles, and mammals (Lawson 1975,
1976; Lehman 1985; Rowe et al. 1992). These vertebrate faunas allow for biostrati-
graphic correlation of the non-marine section. Hence, the ages of dicotyledonous wood
types described herein are fairly well constrained with biostratigraphic data.

Aguja Formation

Lehman (1985) subdivided the Aguja Formation into several informal members
(Fig. 2). Wood samples were collected from terrestrial deposits in both the lower shale
member and upper shale member of the Aguja Formation.
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Fig. 2. Generalized stratigraphic column of the Aguja and Javelina Formations, showing the
inferred depositional environments, relative positions of wood collection localities, and the
distribution of wood types described in the text.
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Lower shale member A The lower shale member of the Aguja Formation consists
primarily of dark organic-rich shale, lignite, and coal. These sediments accumulated
in poorly-drained coastal marshes and swamps immediately adjacent to the shoreline.
The associated invertebrate faunas suggest that these environments were subject to
saline or brackish water conditions, at least periodically (Lehman 1985). Although
wood is common in these lignite shales, it is typically carbonized and poorly pre-
served. Two well-preserved dicotyledonous wood types (Bombacoxylon, at locality
RM-11, and Pageoxylon, at locality RM-13) are represented, however. This interval
is middle Campanian in age.

Upper shale member A The upper shale member of the Aguja Formation consists
primarily of drab olive, yellow, and tan shale with lenticular beds of sandstone. These
sediments accumulated in coastal plain environments progressively farther removed
from the shoreline. Wood samples were collected from three successive intervals in
the upper shale member.

The lowermost part of the upper shale member (lower 10 to 20 m, Fig. 2) consists
of dark, organic-rich shale similar to that found in the lower shale member. These
sediments likewise accumulated in a poorly drained coastal swamp environment very
near the shoreline, although evidence for saline conditions is not as pronounced here
as in the lower shale member. Several wood samples of platanoid/icacinoid types,
and 6Baileyan Big Bend Wood Type 16 were collected from this part of the section
(localities: GH-6, GH-6a, WPA-2, RM-27, RM-28). This interval is early late Cam-
panian in age.

The central part of the upper shale member (20 to 50 m from base, Fig. 2) consists
of olive, yellow, and tan shale with prominent thick lenses of sandstone. These sedi-
ments accumulated in a moderately well-drained yuvial yood-plain environment, at
least several kilometers from the shoreline. Exclusively freshwater conditions pre-
vailed in this setting. Soils are immature and poorly developed in these yood-plain
deposits. Several wood samples were collected from this part of the section (locali-
ties: CR2-6, CR2-6b, CR2-6¢). This interval is late Campanian in age.

The uppermost part of the upper shale member (50 to 80 m from base, Fig. 2) con-
sists of banded purple, gray, and olive shale with thick sandstone beds. These sediments
accumulated in a very well-drained inland yuvial yood-plain environment at great
distance from the shoreline. These yood-plains experienced extended periods of soil
formation which resulted in well-differentiated soils (Lehman 1989, 1990). Wood is
particularly abundant in this interval, and numerous specimens were collected here
(localities: GH-9, GH-10, MCS 18), some with trunk diameters of 608100 cm. This
interval is latest Campanian to early Maastrichtian in age.

Javelina Formation

The Javelina Formation consists of an alternating series of purple and gray shales
with abundant calcium carbonate nodules, and thick lenticular conglomeratic sand-
stone beds. These sediments are gradational with the underlying upper shale member
of the Aguja Formation, and likewise accumulated in a very well-drained yuvial yood-
plain environment. Evidence for extended periods of yood-plain soil development
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are particularly striking in the Javelina Formation, where mature well-differentiated
soil proples are preserved (Lehman 1989). Sedimentological and isotopic data sug-
gest that a warm, dry climate prevailed during deposition of the Javelina Formation
(Ferguson et al. 1991). Javelinoxylon multiporosum, a wood type described in an
earlier paper (Wheeler et al. 1994), occurs throughout the Javelina Formation. At one
locality (Dagger Flats, DF), there is a log jam dominated by this species. Two addi-
tional wood types (6 The Javelina Vined, from the DC 3w locality, and 6Baileyan Big
Bend Wood Type 113, GSS locality) were collected from the Javelina, which is middle
to late Maastrichtian in age.

MATERIALS AND METHODS

The woods described in this paper are from localities that are relatively accessible
and were visited during 198981995. Thin sections of cross, radial, and tangential
faces were prepared. Quantitative data and descriptive terminology follow recom-
mendations of an IAWA Committee (1989). For quantitative features sample means
are given followed by standard deviations in parentheses. When a wood type is rep-
resented by multiple samples, the range of sample means and those sampleds indi-
vidual standard deviations are given. In cases where it was not possible to obtain as
many measurements as recommended for computing a mean for a sample, the range
is given. If a mean was computed using fewer than the recommended number of
measurements, then the number of measurements is given. Samples are deposited at
the Smithsonian Institution (USNM).

Comparative work P Afpnities of the fossils initially were assessed by consulting
descriptions in 6Anatomy of the Dicotyledonsd (Metcalfe & Chalk 1950), and through
searches of the computerized OPCN wood database that contains more than 5000
coded descriptions of extant dicotyledonous wood (Pearson & Wheeler 1981; Wheeler
et al. 1986; LaPasha & Wheeler 1987). Subsequently, the material was compared
with slides of extant genera from the wood collections at Kew, Leiden, North Caro-
lina State University, and the Bailey-Wetmore Laboratory of Anatomy and Mor-
phology, Harvard, more recent literature as listed by Gregory (1994) and wood an-
atomical atlases (e.g. llic 1991). Initial comparisons to other fossil dicotyledonous
woods were done by reference to a database for fossil dicotyledonous woods prepar-
ed in 1991 (Wheeler & Baas 1991), and subsequently enlarged using more recent
literature.

Because Cretaceous dicotyledonous woods often have a generalized structure that
is seen in more than one extant family, order, or even subclass, their classipcation and
naming has prompted some debate. Page (1979, 1980, 1981) classiped a large suite of
Late Cretaceous woods from California into structural types, based mainly on vessel
characteristics and axial parenchyma type. Suzuki et al. (1996) also classiped Japa-
nese and Russian Cretaceous woods into types, using ray features as well as vessel
and parenchyma features. We are assigning binomials to some of the woods, but not
to the platanoid/icacinoid types, the two woods that have a suite of primitive features
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as depned by the Baileyan trends and whose characteristics pt three or more fossil
wood genera, and the vine-like wood, in which critical diagnostic features are not
preserved. We are also indicating to which of Pageds structural types the woods be-
long. Woods are described in a sequence generally corresponding to the stratigraphic
level they are prst encountered.

DESCRIPTIONS

Bombacoxylon (Carr.) Gottwald 1969

Bombacoxylon langstoni sp. nov. (Fig. 3)

Growth rings indistinct, marked by radially yattened pbres.

Diffuse-porous; vessels solitary and in short radial multiples of 264; 17631% soli-
tary; mean tangential diameters 95 (18)8119 (27) Hm; 8816 per mm2; mean vessel
element lengths 337 (34)3575 (126) Hm; exclusively simple perforations; crowded
alternate intervessel pits, 8011 Hm across; vessel-ray parenchyma pits of similar size
as intervessel pits and throughout the ray, not restricted to the marginal rows; thin-
walled bubble-like tyloses common.

Axial parenchyma abundant diffuse and diffuse-in-aggregates, up to 8 cells per
strand.

Rays: multiseriate rays 285, mostly 3, cells wide, 33 (8)857 (15) Hm; heterocellu-
lar with body of multiseriate rays composed entirely of procumbent cells with 162
rows of square to slightly upright cells to sub-homocellular composed entirely of
procumbent cells with ill-depned marginal rows; in tangential view some rays tend-
ing to have two distinct sizes of ray cells, but in radial view no obvious tile cells
visible; multiseriate ray heights 319 (93)8383 (226) Hm; uniseriate rays extremely
rare; rays not storied; 6813, mostly 9811 per mm.

Fibres: pits not distinguishable; walls medium-thick.

Inclusions: solitary prismatic crystals sometimes present, rare in marginal ray cells
(USNM 507018).

Holotype: USNM 507018 (RM 11-4).

Paratypes: USNM 507019 (RM 11-2), USNM 507020 (RM 11-3), USNM 507021 (RM 11-8).

Stratum: Upper Cretaceous, Aguja Formation / Lower Shale Member.

Derivation of name: The specipc name recognizes Wann Langston Jr. for his many contribu-
tions to the vertebrate paleontology of the Big Bend region.

Comments A The combination of vessels solitary and in radial multiples (Fig. 3a, b),
simple perforations (Fig. 3c), alternate pits (Fig. 3c), abundant diffuse-in-aggregates
parenchyma (Fig. 3a, b), pbres without distinctly bordered pits, multiseriate rays (Fig.
3f, g) that are not markedly heterocellular or homocellular, rare uniseriate rays, and
crystals in non-chambered cells (Fig. 3g) suggests afpnities with the Bombacaceae
or Malvaceae s.l. The presence of two size classes of ray cells is consistent with this
suggestion. The anatomy of these woods is similar to other fossil woods that have
been assigned to the genus Bombacoxylon Gottwald (1969) (syn. Dombeyoxylon
Carruthers). These Big Bend woods represent the oldest known occurrence of woods
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of this type as well as the prst report for the western United States. Bombacoxylon
woods have been reported from the Paleogene (epoch unknown), Oligocene, and
Miocene of north Africa (Koeniguer 1967; Gevin et al. 1971; Beauchamp et al. 1973;
Beauchamp & Lemoigne 1973; Lemoigne 1978), and the Eocene, Oligocene and
Miocene of Europe (Hofmann 1952; Prive-Gill & Pelletier 1981; Selmeier 1985).
These samples pt Pageds (1979) Group XA (vessels present, solitary and in groups,
perforations simple, alternate intervessel pits, apotracheal parenchyma present).

Fig. 3. Bombacoxylon langstoni sp. nov. (USNM 507018) A A: Vessels solitary and in radial
multiples. XS. & B: Diffuse and diffuse-in-aggregates axial parenchyma. XS. 6 C: Crowded al-
ternate intervessel pits. Thin-walled tyloses. Simple perforation plates. TLS. 8 D, E: Vessel-ray
parenchyma pits. RLS. & F: Prismatic crystal (arrow) in procumbent ray parenchyma cell. RLS.
0 G: Ray cells tending to be of two sizes. TLS. f Scale bar = 250 Hm for A; 100 Hm for B, G;
50 Hm for C, F; 25 Hm for D, E.

Legends for Fig. 3813: RLS = radial section; TLS = tangential section; XS = cross section.
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Fig. 4. Pageoxylon cretaceum gen. et sp. nov. (USNM 507022) /A A: Vessels solitary and in
radial multiples. XS. & B: Diffuse axial parenchyma. XS. & C: Scalariform perforation plate,
opposite pitting (arrow). RLS. 0 D: Wall markings suggesting helical thickenings (arrow) in
vessel element. TLS. & E: Alternate intervessel pitting. TLS. d F: Square/upright ray paren-
chyma cells (left). Vessel-ray parenchyma pits (right). RLS. & G: Vessel-ray parenchyma pits



