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MIOCENE FOSSIL. WOODS FROM THE COLUMBIA
BASALTS OF CENTRAL WASHINGTON

U PrAkKASH AND ELso S. BARGHOORN

OVER EXTENSIVE AREAS of the northwestern United States, especially 1n
Central Washington, there occur thick accumulations of basalt and related
pyroclastic sediments. These are known as the Columbia Lava Series and
contain within them numerous fossil woods, in places preserved virtually
as fossil forests in situ. One of the areas most extensively investigated has
been designated locally as the Russell Forests, the term proposed by Beck

(1945a). The area included under this designation comprises several hun-
dred square miles in an area centered around Vantage, in the Columbia
Valley. Beck (1955-1956) noted that in botanical composition and age,
the fossil forests are quite comparable in botanical identity, on the generic
level. with the well-known leaf impressions from the Latah beds in and
around the city of Spokane, Washington. In Beck’s extensive studies, he
listed (1945a) thirteen localities in which fossil woods had been found 1n
varving abundance.

In a series of informal notes and publications, Beck presented an 1m-

pressive list of identified fossil dicotyledonous and coniferous woods (Beck
1941a—e: 1942a—c: 1942—-43: 1944a—c: 1945a—c; 1948; 1955a—c; 1955-
56: 1956). Unfortunately, however, the identifications are, with few
exceptions, not associated with illustration, anatomical description and
formal binomial designation. Hence, they do not constitute permanent
accessible additions to palaeobotanical and palaeogeographic literature.
The authors are in full acreement with the validity and accuracy of Beck's
investications on the fossil woods of central Washington and wish to dedi-
cate this study. in part, to commemoration and formalization of his many
years of painstaking work in this difficult aspect of palaeobotanical re-
search. The genera and species described in this paper comprise only a
fraction of those which have been determined from the Columbia Basalt
fossil forests. and it is proposed to expand our taxonomic treatment of this
flora as additional material is examined.

The locality of particular interest is near the town of Vantage, Kittitas
Countv, Washington, on the west bank of the Columbia River about 28
miles east of Ellensburg. From Beck's study (1945a) and our own obser-
vations. it is evident that the Vantage locality is rich in quantity and
diversity of fossil woods. Tt is of much interest also to note that this region,
once covered by a rich deciduous forest, is now featured by a semiarid sage-
brush vegetation (Artemisia). The various causes for extinction of the
forest, the pronounced changes in climate and topography of the region
and other related problems will be dealt with in a subsequent paper whaen
the flora and its ecological significance are more fully known.
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This paper deals with the systematic description of woods belonging to
the families Aceraceae, Ebenaceae, F agaceae, Hamamelidaceae, Juglanda-
ceae, Leguminosae, Platanaceae, and Ulmaceae. The field collection was
made in 1954 by Mr. Jay O'Leary while he was a student in Harvard
College. Our determinations are based on his specimens and preparations
supplemented by additional thin-sections.

In general, the preservation of structural details of the wood is quite
good, although not consistently so. The siliceous matrix fluctuates from
hyaline to microcrystalline but is not accompanied, to any serious degree,
by opaque minerals. Some specimens are varicolored by iron mineral stain,
but even in these cases the woody structure is well preserved.

The age of the fossil woods described in this study 1s Upper Miocene.
This determination is consistent with the presently accepted stratigraphic
position of the Columbia basalts in this area of Washington.

ACERACEAE

[. Acer puratanum Prakash & Barghoorn, sp. nov. (Fics. 25-28. 30)

Growth rings: Fairly distinct (Fic. 27). delimited by 2 or 3 rows of
thick-walled fibers.

Vessels: Small, 30-72u in tangential diameter (mean 53u); chiefly
solitary (F16. 27), often in multiples of 2—several cells. quite uniform in
size and evenly distributed, thin-walled. the solitary vessels round to oval
In cross-section. Vessel elements 150-350u long, with spiral thickenings
(Fic. 26). Perforation plates exclusively simple, oblique, often tailed.
Intervascular pit-pairs bordered (Fic. 30), alternate. orbicular or angular
where crowded, 57, in diameter, with linear apertures, ‘Tyloses absent:
vessels often plugged with vellow or brown gummy deposits.

Parenchyma: Sparse, restricted to occasional cells: terminal and para-
tracheal. Terminal parenchyma occurring as scattered cells associated with
the narrow terminal bands of thick-walled fibers. Paratracheal paren-
chyma (Fi1c. 25) scanty, occurring as a few cells in association with the
vessels. Parenchyma cells sometimes crystalliferous.

X vlem rays: Homogeneous (Kribs Homogeneous Type 1), composed
chiefly of procumbent cells (F1c. 28). nonstoried. 1-5 cells wide; uniseriate
rays quite common, 1-15 (often 3-8) cells high: multiseriate rays mostly
3—4 cells broad and 0.56 mm. high:; up to 812 rays per mm. Ray cells
square, rectangular or oval in tangential section. thin- to moderately thick-
walled and 10-204 in diameter.

Imperforate tracheary elements: Fiber tracheids (Fic. 25) thin- to
moderately thick-walled, especially through the late-wood zone near the
growth ring, usually polygonal in cross-section with a small to large lumen,
8—20un In diameter, nonseptate; pits bordered.

MAT#RIAL. A single specimen of silicified, mature. secondary xylem
measuring 4 > 4 % 3 cm.

Hororvpe. Palaeobotanical Collections, Harvard University, No. 55200.
The name is derived from Sanskrit, puratan, meaning ancient.
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There is close agreement in almost all details of structure of this wood
with that of Acer. The fossil wood shows also a superficial resemblance to
the mature secondary xylem of Betula as seen in transverse and tangential
sections. However., in Betula, the perforation plates are scalariform, in
contrast with the simple plates in Acer. Also, spiral thickenings are present
in the vessels of Acer but absent in Betula. A survey of available woods of
Acer indicates that the nearest affinity of the fossil within this genus 1s
with A. circinatum Pursh and A. mandschuricum Maxim., especially with
the former. Our survey included the study of thin-sections of the woods
of 29 species of the genus and published descriptions ot 14 other species.
The latter are A. oblongum Wall., A. caesium Wall.., A. thomsonu Miq.
(Pearson and Brown, 1932, pp. 299-308, figs. 107-111), A. pseudoplatanus
.. (Kribs, 1959, fig. 61), A. cissifolium C. Koch., A. rufinerve Sieb. &
Zucc. (Kanehira, 1921a, pp. 17, 18), A. rubescens Hay., A. kawakamiu
Koidz.. A. duplicato-serratum Hay., A. oliverianum Pax var. nakaharai
Hay., A. taiton-montanum Hay., A. morrisonense Hay. (Kanehira, 1921b,
pp. 74-176, pl. 14, figs. 79-81), Acer circinatum Pursh, and A. leucoderme
Small (Stark, 1954, pp. 8, 10).

The size and distribution of the vessels in Acer puratanum agree with
the distributional pattern in A. circinatum. Tangential diameter of vessels
in A. puratanum (30-72p) is quite comparable to the measurements secured
from comparable secondary xylem of A. circinatum (25-72p). Both in A.
circinatum and in the fossil species the perforations are simple and the in-
tervascular pit-pairs are alternate, bordered, orbicular, or angular where
crowded, with linear apertures. However, the vessels are more closely
placed in the fossil wood than in the modern wood ot A. circinatum.

The distribution of parenchyma appears to be almost identical in both,
as is the fiber and ray structure. However, conspicuous differences between
the two species are in the crystalliferous parenchyma and the distribution
of thick-walled fibers. The crystalliferous parenchyma is occasionally
present in the fossil wood but absent in Acer circinatum, although it 1s
known to occur in a number of other species of Acer. Also, A. circinatum
shows alternate areas of thin- and thick-walled fibers (Stark, 1954, p. 8),
whereas in A. puratanum thick-walled fibers are found only in the late
wood.

Fossil woods related to Acer are known from the Cretaceous onward
under the names Acerinum Unger (1842), Aceroxylon Loubiere (1939),
and Acer L. These woods are Acerinum danubiale Unger (1842), from the
Tertiary of Upper Austria; A. borussicum Caspary (1888) and A. ter-
raecoeruleae Caspary (1888), from the Tertiary (7) of East Prussia; A.
aegypticum Schenk (1888, 1890), from the Tertiary of Egypt; A. astianum
Pampaloni (1904), from the Tertiary of the Piedmont; Aceroxylon mada-
gascariense, from the Cretaceous of Madagascar (Loubiere, 1939); Acero-
xvlon cf. paleosaccharinum Greguss (1943), from Hungary: Aceroxvion
sp., from the Oligocene of Prambachkirchen, Austria (Hofmann, 1944,
1952): Acer sp. (Szafer, 1914; Fietz, 1926b). from the Pleistocene of

Poland, and from the prehistoric deposits of Czechoslovakia; Acer iwatense
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Watar:r (1941, 1952) and Acer cf. amoenum Carr. (Watari, 1952), from
the Tertiary of Japan. However, our present fossil wood differs distinctly
from all the known species. Thus, Acer cf. amoenum (Watari, 1952)
differs from A. puratanum in having broad xylem rays 1-9 cells wide and
in the presence of diffuse parenchvma in addition to paratracheal and
terminal types. Diffuse parenchvma is absent from A. puratanum. Simi-
larly, A. iwatense (Watari, 1941, 1952) also differs from A. puratanum
in having broad, homogeneous to heterogeneous xylem rays, 1-7 cells wide,
and n the presence of only diffuse parenchyma.

The family Aceraceae is composed of two genera and about 150 species.
One genus, Dipteronia, comprises two species of small trees indigenous to
China. The other, Acer, composed of numerous species of small to large
deciduous trees, is widely distributed over the Northern Hemisphere, one
form extending south of the equator to the mountains of Java. It attains
its greatest development in eastern Asia and eastern North America (Rec-
ord and Hess, 1943; Stark, 1954). There are only thirteen species of Acer
indigenous to the United States. Acer saccharum Marsh. and A nigrum
Michx. occur in most of the eastern hardwood region of the United States
and Canada and also locally in northeastern South Dakota. with the best
stands near the Great Lakes and in northern New [England and the St.
Lawrence Valley (Munns, 1938, maps 148, 149: Record and Hess. 19043).
Acer saccharum Marsh. also grows in southwestern Manitoba, eastern
Oklahoma and northeastern Texas. The two principal soft maples, A.
rubrum L. and A. saccharinum L., have much the same range, but extend
farther south and attain their best development in the lowlands of the
Ohio Valley (Munns, 1938, maps 150, 151). Acer macrophvllum Pursh
grows along the Pacific Coast, from British Columbia to southern Cali-
lornia, with the greatest development in Washington and Oregon (Munns,
1938, map 147). Acer pennsvivanicum L. (Munns, 1938 map 146) and
A. spicatum Lam. grow in the undergrowth of the northeastern hardwood
forests and also south in the mountains to northern (zeorgia ( Record and
Hess, 1943). Acer circinatum Pursh grows naturally along streams and
lakes, often forming impenetrable thickets. from British Columbia to
northern California, mainly near the coast (Britton. 1908. p. 642). Acer
negundo L. ranges naturally from western Vermont to western New Jersey
and central Florida, westward to Ontario. Manitoba. central Saskatchewan,
southern Alberta, central Montana. Wyoming, Utah, California. and
Mexico (Munns, 1938, map 152: Little, 1953). Acer leucoderme Small
inhabits rocky river-banks and ravines from North Carolina and (zeorgia,
westward to southeastern Oklahoma and Louisiana. Acer grandidentatum
Nutt. is a species of the Rocky Mountain region and ranges from northern
Montana to eastern Utah, Wyoming, western Texas. and New Mexico,
extending southward into Mexico. Acer barbatum Michx. (A. floridanum
(Chapm.) Pax) grows naturally from southeastern Virginia to central
Florida and is reported to exist farther west in Texas. northern Mexico,
and north in the Mississippi Valley to southeastern Missouri. Acer glabrum
Torrey grows from Montana, southwestern Oregon, and Tdaho to Wyoming,
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western Nebraska, and throughout Colorado to New Mexico and Arizona,
and also the Sierra Nevada of California (Britton, 1908, pp. 640-36;
Little, 1953).

2. Acer beckianum Prakash & Barghoorn, sp. nov. (F1cs. 59-63)

Growth rings: Distinct, delimited by 1 or 2 layers of flattened thick-
walled fibers.

Vessels: Small, 30.6-81.5u in tangential diameter (mean diameter 60u),
chiefly solitary (Fi1c. 62), sometimes in multiples of 2 or 3 or rarely 4 or
5 cells, uniform in size and evenly distributed, slightly thick-walled, the
solitary vessels round to oval in cross-section (Fics 61, 62). Vessel seg-
ments 102—408, long with spiral thickenings (F1c. 59): end walls usually
oblique, sometimes horizontal and often tailed. Perforation plates ex-
clusively simple. Intervascular pit-pairs (F1c. 60) bordered, alternate, 7-
8, in diameter, orbicular (or angular where crowded) with linear aper-
tures. Tvloses absent; vessels sometimes plugged with brown or black
cummy deposits.

Parenchyma: Sparse, terminal and paratracheal. Terminal parenchyma
scanty, associated with the growth ring. Paratracheal parenchyma found
as 1-few cells in association with some vessels.

Xvlem ravs: Homogeneous (Kribs Homogeneous Type 1) composed
chiefly of procumbent cells, nonstoried; 1-3 cells wide; uniseriate rays
quite frequent, 3—16 cells high; multiseriate rays mostly 3 cells broad and
0.7 mm high: up to 12—16 rays per mm. Ray cells round to oval, some-
times vertically elongate in tangential section, thick-walled and 7-14p 1n
diameter.

Imperforate tracheary elements: Fiber tracheids polygonal in cross-
section, 10—18u in diameter, the walls thin to thick, with a small to large
lumen, non-septate; pits bordered.

MATERIAL. A single specimen of silicified, mature, secondary xylem
measuring 4 X 2.5 X 3 cm.

Horotrvre. Palaeobotanical Collections, Harvard University, No. 55226.
The species is named in honor of George F. Beck, of Yakima, Washington,
who pioneered the work on the fossil woods of Vantage and its neighboring
areas.

A survey of all available woods of the genus Acer indicates that the
nearest affinity of the fossil is with Acer negundo L. The size and distribu-
tion of the vessels of A. beckianum agree with the distributional pattern in
A. negundo var. violaceum Jaeg. & Beissn. The tangential diameter of the
vessels in the fossil wood (30.6—-81.5ux) 1s somewhat similar to the measure-
ments secured from comparable secondary xylem of A. negundo (25-80u).
The only obvious difference between the two species is in the shape of the
vessels which are mostly oval and slightly angular in 4. negundo but almost
always round in A. beckianum.

The distribution of parenchyma appears to be almost identical in both,
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as 1s the fiber and ray structure. However, a minor difference between the
two species 1s 1n lower and rarely 4-seriate rays in A. negundo; the rays
are slightly higher and up to 3-seriate in A. beckianum.

As previously noted, a number of fossil woods related to Acer are known
and all of them differ from Acer beckianum in certain features. The fossil
wood of 4. puratanum Prakash & Barghoorn, described in the preceding
pages and from the same locality, also differs distinctly from A. beckianum.

3. Acer oleary1 Prakash & Barghoorn, sp. nov. (F1es. 55-58)

Growth rings: Shlightly distinct, delineated by flattened, thick-walled
fibers.

Vessels: Small, 30-80u in tangential diameter (Fic. 55), (mean diameter
58.5u1) : commonly in multiples of 2—8 cells, often solitary, almost uniform
in size and evenly distributed, thin-walled, the solitary vessels round to oval
or slightly angular in cross-section, radially compressed when in multiples.
Vessel elements with spiral thickenings, the end walls probably oblique.
Perforation plates exclusively simple. Intervascular pit-pairs bordered,
alternate, slightly loosely arranged, 5-7u in diameter, orbicular (or angular
when crowded), with linear to lenticular apertures. Tvloses absent, but
vessels commonly plugged with brown or black gummy deposits (Fic. 55).

Parenchyma: Scanty, terminal, paratracheal and diffuse. Terminal
parenchyma occurs as occasional cells associated with the rows of thick-
walled fibers at the growth ring. Paratracheal parenchyma very sparse,
I-few cells associated with the vessels, sometimes forming incomplete
sheaths.

Xvlem rays: Homogeneous (Kribs Homogeneous Type 1), composed of
procumbent cells (Fic. 58), nonstoried, 1-7 cells wide; uniseriate rays
common, 3-16 cells high; multiseriate rays mostly 5 or 6 cells broad and
.05 mm. high; up to 8-10 rays per mm. Ray cells square, rectangular, or
polygonal in tangential section and 8—15u in diameter.

Imperforate tracheary elements: Fiber tracheids oval to angular in cross-
section, 12-25u in diameter, the wall thin to thick with a small to large
lumen, non-septate; pits bordered.

MATERIAL. A single specimen of silicified, mature, secondary xylem
measuring 3.5 X 4 X 2.5 cm.

Hovrorvpre. Palaeobotanical Collections, Harvard University No. 55311.
This species is named for Mr. Jay O'Leary, who collected this material.

A survey of all available woods of the genus Acer indicates that the
nearest affinity of the fossil is with Acer grandidentatum Nutt. Both in
Acer olearyi and the modern wood of 4. grandidentatum the vessel size
and their distribution, the nature of the perforation plates, the intervascular
pit-pairs, the parenchyma distribution, and the ray and fiber structure are
similar. However, the only obvious difference between the two species is
that the vessels are more crowded and with a slightly greater frequency of
the vessel multiples in A. grandidentatum than in A. olearvi.
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Acer grandidentatum Nutt. occurs in the western United States and
ranges from northern Montana to eastern Utah, Wyoming, western Texas,
and New Mexico. extending southward into Mexico (Britton, 1908, p.
652). The present fossil wood differs from all extant species examined as
well as from the other fossil species described so far.

EBENACEAE

4. Diospyros washingtoniana Prakash & Barghoorn, sp. nov.
(Fics. 46-50)

Growth rings: Distinct; wood semi-ring-porous (F16. 47).

Vessels: Large vessels in the early wood, gradually decreasing in size
towards the outer margin of the ring (Fic. 47), 40-240p in tangential
diameter (mean diameter 146u); sometimes solitary, usually in radial
rows of 2—4 cells, evenly distributed and somewhat widely placed, thick-
walled: solitary vessels round to oval or elliptical in cross-section (FIGs.
47. 49). sometimes irregular in shape. Vessel elements 190-310. long with
horizontal to oblique end walls. Perforation plates exclusively simple.
Intervascular pit-pairs bordered, minute, 3—5x in diameter, orbicular to
oval, with linear apertures, sometimes confluent. Vessels often plugged
with black or brownish gummy deposits and tyloses (Fic. 50).

Parenchyma: Paratracheal, metatracheal, and terminal. Paratracheal
parenchyma confined to immediate vicinity of the vessels, the sheath being
narrow. 1- or 2-seriate but incomplete. Metatracheal parenchyma distin-
guishable with difficulty in cross-section because of bad preservation, but
apparently quite abundant and arranged in broken, irregular tangential
bands 1-3 cells thick, sometimes ending blindly. Terminal parenchyma
forming a 1- or 2-seriate tangential band at the growth ring. Parenchyma
cells usually larger than the fibers, variously shaped, those occurring in
close association with the vessels flattened to conform to the vessel wall,
those found elsewhere oval to rectangular in shape.

Xvlem ravs: Homogeneous to heterogeneous, storied (Fic. 48) but
slightly irregular in some places, 1-2 (mostly 2)-seriate and 0.45 mm. high;
uniseriate rays 2—13 cells high; biseriate rays up to 18 cells high. Ray cells
thick-walled, broadly oval to vertically elongate in tangential section, 10—

20u 1n diameter.
Imperforate tracheary elements: Slightly thick-walled fiber tracheids

variously shaped, more or less angled in cross-section, 20-35u In diameter,
non-septate; pits bordered, with slit-like vertical apertures.

MATERIAL. A single specimen of mature secondary xylem, measuring
0 W 6 % 5 cm. Structural preservation of the fossil wood 1s poor.

Horotvpe. Palaeobotanical Collections, Harvard University, No. 55305.

The affinity of the fossil wood is clearly with the genus Diospyros, al-
though it shows a superficial resemblance to the mature secondary xylem
of Carva. The broad rays of Carya, however, are nonstoried, whereas the

fossil possesses conspicuously storied, narrow rays.
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A survey of all of the available woods of the genus Diospvyros indicates
that the nearest affinity of the fossil is with D. virginiana 1.. Our survey
included the study of thin sections of woods of 19 species of the genus and
published descriptions of 15 other species (Kanehira, 1921a, pp. 38, 39,
fig. 26 1921b, pp. 141144 pl. 27, fig. 160: 1924, pp. 41, 42; Pearson and
Brown, 1932, pp. 698, 699, 706708, figs. 226, 229; Reves, 1938, pp. 408-
412, 414-415, pl. 79, fg. 3, pl. 80, figs. 1-3; Kribs, 1959, pp. 38, 39, figs.
129,358, 359).

The size and distribution of the vessels of Diospyros washingtoniana
agree with the distribution pattern in D. virginiana. ‘The tangential
diameter of the vessels in the fossil wood (40-240u) is quite close to the
measurements secured from comparable secondary xvlem of D. virginiana
(35-220p1). The only obvious difference between the two species is in
slightly more thickened vessel walls in D. virginiana which also shows
vessel groups up to 7 cells. However, both in D. virginiana and in the
tossil species, the perforations are simple and the intervascular pit-pairs
are bordered, alternate, orbicular to oval with linear aperture.

The distribution of parenchyma appears to be almost identical in both
as 1s also the fiber structure.

The xylem rays of the fossil wood and of Diospyros virginiana are
basically similar, although there are slight differences. In both they are
homogeneous to heterogeneous and storied, although the storied structure
1s shightly irregular in certain areas of the fossil. The rays of D. virginiana
are 1-3 (mostly 1 or 2) cells broad. often with long, uniseriate wings,
whereas in D). washingtoniana they are 1 or 2 (mostly 2) cells broad with
short uniseriate wings.

Only two other fossil woods of Diospyros are known. These are
Diospyros sp. (Schonfeld, 1925), from the Tertiary of Germany, and
Diwospyros sp. (Slijper, 1932), from the Pliocene of Holland. Tt is interest-
ing to note that a fossil wood, Ebenoxvion speciosum, showing resemblance
to Diospyros is also known from the Tertiary of California (Platen, 1908).

The genus Diospyros is composed of 160 or more species, mostly trees,
more abundant in tropical Asia than elsewhere. Diospvros virginiana 1.
1s the only representative in temperate North America. It grows in forests.
primarily on dry soil, from Rhode Island to southern New York, Towa,
Kansas, Florida, and Texas (Britton, 1908; Munns, 1938, map 162).

F."\(; .ACE.’XE

5. Quercus leuca Prakash & Barghoorn, sp. nov. (F1cs. 39-45)

Growth rings: Distinct; wood ring-porous. Transition between early
and late wood abrupt.

Vessels: Large vessels in the early wood, 130-390u in tangential diameter
(mean 252u) (Fics. 43, 45), solitary, forming a conspicuous band 1-2
pores in width, thin-walled, vessels round to oval in cross-section. Vessel
elements up to 400x long. Perforation plates exclusively simple, usually
horizontal. Intervascular pit-pairs alternate, bordered, and round to oval
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in shape. Tyloses common. Late-wood vessels small (Fi1c. 45), 25-75u 1n
tangential diameter (mean 47u), scattered in radially aligned, tlame-shaped
tracts (Fics. 43, 45) of light-colored tissue, usually solitary, sometimes in
pairs, rarely in threes, open, angular in cross-section. Perforation plates
and intervascular pit-pairs similar to earlyv-wood vessels.

Parenchyma: Abundant, paratracheal and metatracheal. Paratracheal
parenchyma intermingled with the tracheids, (1) forming part of the
conjunctive tissue between the earlv wood vessels and the rays, (2) com-
prising most of the tissue in the flame-shaped tracts (Fic. 41) in which
late-wood vessels are inserted. Metatracheal parenchyma scanty (Fi1c. 42),
restricted to fibrous tracts, mostly in the outer half of the growth ring
where 1t occurs as diffuse, i1solated cells or in broken, wavering lines 1 or
2 cells (mostly 1) thick. Parenchyvma cells thin walled (Fic. 42), slightly
larger than the fiber, very often containing brownish, gummy deposits.
Crystalliferous parenchyma abundant, cells slightly swollen (Fic. 39) with
rectangular to polygonal crystals.

X vlem ravs: Homogeneous (Kribs Homogeneous Type 1), composed of
procumbent cells; both narrow and aggregate (Fi1c. 44); narrow rays
mostly uniseriate, rarely partly biseriate, 2—-29 cells high; aggregate ravs
18-35 cells broad and 14.5 mm. high. Ray cells thin-walled, variously
shaped in tangential section and 7-25u in diameter, sometimes with
crvstals in swollen elements.

Imperforate tracheary elements: Libriform fibers and vasicentric tra-
cheids. Thick-walled fibers well developed between the spaces among the
tlame-shaped tracts, polygonal in cross-section, 12-20u in diameter, non-
septate; pits simple. Vasicentric tracheids intermingled with parenchyma,
(1) forming most of the conjunctive tissue between the early-wood vessels
and the rays and, (2) comprising part of the flame-shaped tracts in which
the late-wood vessels are distributed: pits bordered, round and in 1 or 2
rows, aperture round to elliptic (Fic. 40).

MATERIAL. A single specimen of silicified mature secondary xylem
measuring 7.5 X 2.5 X 13 cm.

Hororype. Palaeobotanical Collections, Harvard University, No. 54916.

The woods of the various species of oaks exhibit considerable variation
but possess many features in common. Anatomically, two groups of species
can be readily distinguished, the white oak group and the red-black oak
group (Record and Hess, 1943, p. 168). These divisions correspond to
important botanical differences. The woods can also be grouped into ring-
porous, from deciduous trees, and diffuse-porous, from the evergreen or
so-called live oaks, but these distinctions are not taxonomic. The red oaks
can be distinguished from the white oaks by the following anatomical
characters (Brown, Panshin, and Forsaith, 1949, p. 544):

WHITE OAKS RED OAKS

Transition from early to late wood Transition from early to late wood
generally abrupt. gradual to more or less abrupt.





























































































