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FERNS FROM THE CHINLE FORMATION (UPPER TRIASSIC)
IN THE FORT WINGATE AREA, NEW MEXICO

By Soxey R. Asu

ABSTRACT

Fossil plant remains apparently were first reported from the
Upper Triassic rocks in the Southwest in 1850 by Lt. James H.
Simpson, who had discovered petrified wood in them in eastern
Arizona on September 5, 1849. Subsequently, similar petrified
wood was found in the same stratigraphic unit at many places
in the Southwest, particularly in northeastern Arizona. The
unit containing the wood was named the Chinle Formation by
Gregory in 1917 and was reported to contain Late Triassic
vertebrates.

Although fossil wood is abundant in the Chinle, leaf remains
are comparatively rare. A small, poorly preserved collection of
leaves was described by John S. Newberry in 1876 from the
lower part of what is now considered to be the Chinle Formation
in Arroyo del Cobre, northern New Mexico. Only a few other
leaves had been described before Lyman Daugherty published
his report (1941) on some collections obtained mostly from the
lower bart of the Petrified Forest Member of the Chinle For-
mation in Petrified Forest National Park. His collections were
larger and better preserved than any studied previously, and
his comprehensive report is the principal reference on the
Chinle flora.

Recently, some new collections were made from the lower
part of the Chinle in the lower red member near Fort Wingate,
N. Mex. and from some of Daugherty's old localities in the
Petrified Forest. Detailed redescriptions, based on some of this
new material and on the types described by Daugherty, are
given of the fertile and sterile leaves of Todites fragilis Daugh-
erty, Cynepteris lasiophore Ash, n. gen. and sp., Wingatea
plumosa (Daugherty) Ash, and Clathropteris walkeri Daugh-
erty. The sterile leaf of Cladophlebis daughertyi Ash, n. sp., is
also redescribed in detail.

Reinvestigation shows that the known Chinle megaflora con-
sists of 40 species referrable to 37 genera. It includes species
based on leaves, fructifications, and petrified stem material. One
species has been referred to the Fungi, two to the Equisetales,
two to the Lycopodiales, 12 to the Filicales, and 18 to the Gym-
nospermae. Five new species of uncertain classification are also
known. It had been thought that the Chinle fiora correlated cloge-
ly with the large fiora from the Upper Triassic Newark Group
of the Eastern United States and less closely with the rather
poorly known Late Triassic megaflora of Sonora, Mexico. These
conclusions seem to be erroneous, as they were based mostly

on misidentifications, as detailed study of the specimens in
question has shown. The only unit that unquestionably conteins
some of the same species is the Dockum Group in west Texas.

INTRODUCTION

The Chinle Formation of Late Triassic age, whicl: is
widely exposed in parts of the Southwestern United
States, contains fossil leaves and fertile structures at
several localities. Some of these fossils have been de-
scribed previously, but recent work has shown that much
remains to be learned about the flora. Not only have
some undescribed species been found, but well-preserved
specimens of certain previously described forms have
been collected, making it possible through the applica-
tion of specialized techniques to enlarge our knowledge
of them greatly.

During the last few years some large collections of
leaf fossils have been made from the Chinle Formation
near Fort Wingate in the Zuni Mountains of western
New Mexico (figs. 1,2). Before this, the most significant
collection had been made in Petrified Forest National
Park in eastern Arizona (fig. 2) during the 1930’s. That
flora was studied by Liyman Daugherty, and his report
(1941) is the most significant publication about the
Chinle flora.

This is the second in a series of reports which describe
in detail members of the Chinle flora. A new female
bennettitalean fructification was described in the first
report (Ash, 1968). The present study is divided into
two parts. The first part is a historical account of the
paleobotanical investigations in the Triassic formations
of the Southwest. The second part contains stratigraphic
data on the new localities at Fort Wingate, a discuscion
of the Chinle flora and its correlations, and detailed
redescriptions of the leaves of five ferns based primarily
on new material collected in the Fort Wingate area.
These species previously were known only from
Arizona.
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FERNS, CHINLE FORMATION (UPPER TRIASSIC), FORT WINGATE AREA, NEW MEXICO

for me to find Knowlton’s locality in that area and de-
termine for myself its stratigraphic location. The fossils
collected by Knowlton from the new copper mines are
not diagnostic, and I believe that the so-called new cop-
per mines are in rocks of Early Permian, not Late Trias-
sic, age. Additional work in Arroyo del Cobre may solve
this problem.

The collections made in Arroyo del Cobre by Powell
and Knowlton were the subject of a report by Fontaine
and Knowlton (1891) in which Fontaine described
and illustrated the specimens obtained from the
new copper mines. The specimens proved to be
the pith casts of the two species, Fquisetum
abiquiense and E. knowltoni. Fontaine also discussed
briefly the leaf remains collected from the old copper
mines and reported that they represented seven species,
including Zamites powelli n. sp. This species was de-
scribed in three short sentences and illustrated. Fontaine
concluded (Fontaine and Knowlton, 1891, p. 283) that
the fossils from these copper mines “indicate that the
beds are not older than the Rhetic [sic].” Several frag-
ments of wood collected from a shale bed a few feet
above the bed bearing the fossil leaves at the old copper
mines were studied by Knowlton and were referred to
Araucarionylon arizonicum. The specimens of wood ob-
tained from the strata containing leaves were to poorly
preserved to be identified, although Knowlton thought
they were coniferous.

A short popular account of the Petrified Forest of
Arizona by Knowlton (1913) included a generalized
diagnosis of the megascopic characteristic of Araucari-
oxylon arizonicum and Woodworthia arizonica.

LESTER F. WARD

The petrified forests which had been reported by
Sitgreaves, Woodhouse, Marcou, Kunz, and others in
northern Arizona remained relatively unknown until
the northern part of the territory was settled in the late
1870°s. From that time on they were threatened increas-
ingly by jewelers, casual souvenir hunters, professional
and amateur gem collectors, and various commercial
interests. On occasion entire logs were blasted apart for
the amethyst crystals they sometimes contained. During
the early 1890's, a mill was installed in the town of
Adamana to crush petrified logs from Chalcedony Park
into abrasives. Alarmed at the prospect of the total de-
struction of that petrified forest, the legislature of the
Territory of Arizona petitioned the United States Con-
gress in 1895 to have the area set aside as a national park.
As a result of the petition, paleobotanist Lester F.
Ward of the U.S. Geological Survey was instructed to
make an examination of the area (Ward, 1900b, p. 3;
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1901a, p. 292) and to report on “the advisability of
setting that locality apart as a national park.” During
the fall of 1899, Ward spent several weeks in north-
eastern Arizona working on his assignment and studly-
ing the geology of the Little Colorado River area. He
submitted the requested report to the Director of the
U.S. Geological Survey in 1900 and recommended that
the area containing Chalcedony Park be withdrewn
immediately from entry and established as a national
park. Shortly thereafter, the area was withdrawn, and
on December 8, 1906, President Theodore Roosevelt
established Petrified Forest National Monument.’ T} us,
this unusual natural wonder was preserved for the
enjoyment and study of succeeding generations of casnal
visitors and scientists.

The report containing Ward’s (1901a) recommenda-
tion about Chalcedony Park also included a summary
of the geology, paleontology, and history of the area.
A more technical report on the geology and paleontology
of the Petrified Forest-Little Colorado River region
(Ward, 1900a) was also based upon his work in Arizona
in 1899. During the spring of 1901, Ward returned to
Arizona and continued his geological investigations in
the same general area. His tindings were published first
in the American Journal of Science (Ward, 1901b);
later he included a revision of the article in his mono-
graph (Ward, 1905) on the Mesozoic flora of the United
States.

Ward (1905) divided the rocks between the Carbonif-
erous and Cretaceous strata into three formations—
the Moencopie Formation (at the base), the Shinarump
Formation (in the middle), and the Painted Desert
Formation (at the top), as shown in figure 8. The
Moencopie Formation, named for Moencopie Wash, was
said to be 600-T00 feet thick and to rest unconformably
on the Carboniferous rocks. Ward suggested (1905, p.
19) that the lower part of the Moencopie probably was
of Permian age, although he considered the upper to be
of Triassic age. The Shinarump, as defined by Ward
(1905, p. +14), was about 1,600 feet thick and included a
persistent bed of conglomerate at the base contairing
large quantities of petrified wood. This unit alone had
been called the Shinarump Conglomerate by Powell
(1876), but Ward extended the name to include all the
fossil-wood-bearing Triassic rocks in the region and
also raised it in rank. He indicated that the Shinarump
Formation was of Triassic age and divided it into two
members. The Jowest was named the Lithodendron
Member after Lithodendron Wash, where it was prom-

5 Subsequently, the monument was enlarged to include the petrified
forests in Lithodendron Wash, and Petrified Forest National Monument
was designated a national park on December 8, 1962,
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Ward (1905) Gregory (1917) Reeside and others (1957)
JURASSIC Wingate Sandstone
Painted )
Desert Wingate
Formation Division Sandstone
A
Division Owl Rock
Leroux Merber
Member Chinle
Forma-
%rona UPPER Petrified
ivisi TRIASSIC
? TRIASSIC Division Forest
TRIASSIC Chinle Member
Shinarump Forma-
Formation tion
X Division Unnamed
Litho- D memnber
dendron
Member
Shinarump Shinarump
Conglomerate Mermber
DeChelly
Sandstone LOWER "
Moencopie AND oenkopi
? Formation PERMIAN(?) Moenkopi MIDDLE(?) Formation
oenkopi
LPERMIAN Sandstone TRIASSIC

F16URE 8.—Nomenclature and age assignments of the Chinle Formation and overlying and underlying rocks in parts of north-
eastern Arizona. The exact position of the boundary between members of Ward’s Shinarump Formation is not known.

inently exposed. The member contained abundant petri-
fied wood, especially in the Petrified Forest, and the so-
called lower and upper forests of the Petrified Forest
occur in this unit. Ward reported that the Lithodendron
Member was 300-800 feet thick. The upper member of
the Shinarump Formation was named after Leroux
Wash which enters the Little Colorado about 25 miles
west of Chalcedony Park. According to Ward, the
Leroux Member, which was as much as 800 feet thick,
contained abundant petrified wood and included the
so-called middle forest of the Petrified Forest. He re-
ported (Ward, 1905, p. 37) that the overlying Painted
Desert Formation was as much as 1,200 feet thick and
that it contained a small amount of petrified wood
locally. The formation was also considered to be of
Triassic age.

Ward searched for leaf remains while he was in
Arizona, but the only specimens found were some poor-
1y preserved imprints in the Shinarump Formation near
Tanners Crossing. He thought that they represented
coniferous twigs and branches and he illustrated

(Ward, 1905, pls. 1, 2) some as Araucarites shinarump-
ensis n. sp. A petrified cone was collected by Ward
from the Shinarump Formation in the Valley of the
Little Colorado River northwest of the Petrified Forest.
The cone was described (Ward, 1900a) very briefly as
Araucarites chiquito n. sp. but was not illustrated. In
1901 Ward discovered some specimens of wood which
seemed to be typical Araucarioxylon arizonicun, except
that they contained rows of elliptical blisterlike objects.
Thinking that they were resin pockets, he (19(5, p. 35)
named the specimens of wood Araucarites monilifer.®
Until going on this trip, Ward had thought (1900a, p.
331-332) that all the petrified wood in the Triassic
formations was transported prior to burial. However,
he discovered more than 20 stumps in the Lerox Mem-
ber which he was convinced stood precisely wlere they
had grown (1905, p. 33-34).

¢ Daugherty demonstrated (1941, p. 44) that these bodies were pecky
heart rot caused by a wood-destroying fungus and that ttey are im-
bedded in typical 4. arizonicum wood. They were described as Polyporites
wardii by Daugherty.
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PAUL PLATEN AND E. C. JEFFREY

A specimen of fossil wood from the southern part of
what is now the Petrified Forest National Park
was described by Paul Platen (1908, p. 108) as Arau-
carioxylon sp. The material was not illustrated, how-
ever, and Platen’s contribution to the study of Triassic
paleobotany of the Southwest is small.

Dr. Edward C. Jefirey, a botanist at Harvard Uni-
versity described (1910) a new genus and species of
fossil plants based on petrified wood from the Petrified
Forest as Woodworthia arizonica. He demonstrated
that this form had the same type of internal structure
as members of the living Araucarineae, except that it
lacked the persistent leaf traces found in the secondary
wood. Another point of difference is the presence of
persistent short-shoots in Woodworthia, which show as
characteristic pits on the surface of the specimens,

INVESTIGATIONS SINCE 1917
H. E. GREGORY AND OTHERS

Herbert E. Gregory’s geologic report (1917) became
the basis of modern stratigraphic work in the Triassic
rocks of much of the Southwestern United States. Al-
though his report concerned primarily northeastern
Arizona and western New Mexico, many of the Triassic
units he recognized were soon demonstrated to extend
into northwestern Arizona, southern Nevada and Utah,
and parts of northern New Mexico. Rocks that Ward
had referred to the Shinarump Formation, Gregory
named the Chinle Formation, and the term Shinarump
was restricted to the basal conglomerate directly be-
low the Chinle Formation; this was a return to the
original definition of the Shinarump. (See fig. 8.) The
name Chinle was taken from the Chinle Valley, where
the formation is exposed. Gregory recognized four
mappable units in the Chinle, designating them, from
youngest to oldest, divisions A, B, C, and D. Division
A is equivalent to the basal part of Ward’s Painted
Desert Formation; division B and the upper part of
division C are equivalent to Ward’s Leroux Member;
and the lower part of division C and division D are
equivalent to Ward’s Lithodendron Member of the
Shinarump Formation. Gregory reported the occur-
rence of invertebrate and vertebrate fossils of Triassic
and Late Triassic age in the Chinle. He considered both
the Shinarump and the Chinle Formations to be of Late
Triassic age.

H. E. Gregory accepted the name Moenkopi (which
had been proposed by Ward) for the unit directly
underlying the Shinarump, although the spelling of
the name had been changed by the U.S. Geographic

339-930 0—89——3
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Board from the older form, Moencopie. The Moenkopi
Formation, which Ward had held to be of Triassic and
possibly of Permian age, was considered by Gregory
(1917, p. 30-31) to be entirely of Permian(?) age,
although he admitted that the paleontologic evidence
on the age was conflicting. David White had identified
some poorly preserved plant fossils from the Moenkopi
as Walchia piniformis and W. gracilis. These species,
according to White, are characteristic of rocks of
Permian age. However, some of the invertebrates sug-
gest a Permian age, although others were held to indi-
cate an early Triassic age by Girty. McKee (19%4)
summarized the evidence on the age of the Moenkopi
Formation. He showed that all the invertebrates and
vertebrates now known from the formation indicate
that the lower part of the Moenkopi is of Early Triassic
age and that the upper part may be Middle Triassic
age (McKee, 1954, p. 10-11). The problem of the “Ier-
mian” plant fossils in the Moenkopi has not been re-
solved, but it is generally accepted that the formation
is not of Permian age.

The petrified wood in the Chinle Formation and in
the Shinarump Conglomerate was discussed at length
by H. E. Gregory (1917, p. 49-50). He pointed out that
petrified wood is characteristic of both units; it is not
limited to particular horizons in either unit but is
usually present wherever they are exposed. The especi-
ally large concentrations of petrified wood in certain
areas were termed “fossil forests” by Gregory. These
included—in addition to the fossil forest in Lithoden-
dron Wash—one in Beautiful Valley (south of Chinle),
another at Round Rock (north of Chinle), one near
Willow Springs, and another south of Ganado. The
fossil forests in Chalcedony Park, south of Lithoden-
dron Wash, which are in the Petrified Forest National
Park were outside Gregory’s report area and, thus, vere
not included in his list.

Gregory was of the opinion that all the petrified wood
in the Chinle and Shinarump had been carried some
distance as driftwood by flooding streams before it was
buried and fossilized. His evidence included the fact
that most of the logs have worn surfaces on both ends
and rarely have roots or limbs attached. In addition,
many of the logs appear to be battered and are usually
without bark. According to Gregory, the stumps re-
ported to be in place by Ward (1905, p. 33-34) actually
did not have roots extending downward and obviously
did not grow where they are now found. He also noted
that the sandstone beds containing petrified wood are
crossbedded and lenticular, which suggests that they
were deposited in a fluviatile environment.
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Since 1917, most of the divisions recognized by
Gregory in the Chinle Formation have been given
formal names and in some cases, subdivided. In much of
east-central Arizona and west-central New Mexico,
division A is now included in the Wingate Sandstone,
and division B is called the Owl Rock Member of the
Chinle (fig. 8). Gregory himself named (1950) division
C, which contains most of the fossilized wood in the
Petrified Forest of Arizona, the Petrified Forest Mem-
ber of the Chinle Formation. Division D remains un-
named or is called informally the lower red member of
the Chinle in this area. The Shinarump is now con-
sidered to be the basal member of the Chinle Formation.
As discussed elsewhere in the present report, the Chinle
is generally thought to be of Late Triassic (Keuper)
age, the age determination being based mostly upon
vertebrate fossils.

The sandstone from which Newberry, Powell, and
Knowlton collected fossil plants in Arroyo del Cobre,
N. Mex., is the Agua Zarca Sandstone Member of the
Chinle, according to C. B. Read (written commun.,
1967) and is considered to be the basal member of the
Chinle in that area. In Arroyo del Cobre, Permian
vertebrates have been collected from localities several
hundred feet below the base of the Chinle (Vaughn,
1963), and Late Triassic vertebrates have been collected
from localities several hundred feet above it (Colbert,
1960) in a shale unit correlated with the Petrified Forest
Member of the Chinle. The bed containing fossil-plant
remains is generally considered to be of Late Triassic
(Keuper) age (Reeside and others, 1957).

E. W. BERRY

In 1921, a small collection of fossil leaves was made
from the Shinarump Conglomerate in southern Utah
by R. C. Moore (Gregory and Moore, 1931, p. 53). Dr.
Edward W. Berry (1927) of Johns Hopkins University
examined the fossils and reported that one species in the
collection was the same as Zamites powelli which had
been described from the Poleo Sandstone in northern
New Mexico by Fontaine. Berry concluded, however,
that the specimens of this form actually should be re-
ferred to the genus Otozamites, rather than Zamites.
Because of this change and because the species had not
been adequately described, Berry (1927, p. 805-307)
gave a detailed diagnosis of the form, calling it Ofoza-
mites powelli (Fontaine) Berry. Some cycad fronds
from the Shinarump Conglomerate in southeastern
Utah were determined to be a new species by Berry
(1930). He named them Pterophyllum baker: n. sp.

CONTRIBUTIONS TO PALEONTOLOGY

LYMAN H. DAUGHERTY

The one person who has done the most to increase our
knowledge of the flora of the Chinle Formaticn is Ly-
man H. Daugherty of San Jose State College, £'an Jose,
Calif., who began his work in 1932. In that year he was
given a specimen of fossil wood from the Petrified
Forest which proved to represent a new genus and was
subsequently described as Schilderia adamanica by
Daugherty (1934). This species is smaller then Arau-
carioxylon arizonicum and has a swollen fluted base.
The most striking microscopic characteristic of the
species is the large multiseriate rays of the her-ingbone
type found in the recent genus Ephedre and in a few
recent genera of dicotyledons. Two or three narrow
uniseriate rays occur between the multiseriate rays in
this curious species. It has been tentatively placed in
the Gnetales by Daugherty (1941, p. 95).

Daugherty made several collecting trips to the South-
west during 1933-37. Specimens were collected from the
Chinle at several localities in Arizona and Utah, from
the Poleo Sandstone in northern New Mexico near the
Arroyo del Cobre localities of Newberry, Powell, and
Knowlton, from the Dockum Group of eastern New
Mexico and west Texas, and from the Shinarump Con-
glomerate in southern Nevada. At the same time that
Daugherty was working in the Southwest, the park
naturalist of the Petrified Forest, M. V. Walker, was
collecting leaf fossils from some localities in the Petri-
fied Forest. Walker's collections were turned over to
Daugherty, who studied them as well as his own col-
lections, and published a report in 1941. This report was
the most comprehensive discussion of the Trias~ic floras
of the Southwest that had been published up to that
time. Furthermore, it has remained the only significant
report on the subject, although a few brief studies on
the Chinle plants have been published since 1941.

Daugherty discussed 41 species of fossil plants in his
report. Although most of the work was new, Daugherty
also repeated descriptions of most of the species previ-
ously described from the Chinle. Most of the species
were based upon leaf remains but two were based on
seeds, two on cones, five on fossilized wood or pithcasts,
and four on spores or pollen grains. The flora was found
to be dominated by the ferns, which were represented by
10 species, of which the largest family present was the
Osmundaceae with six members. Both the cycads and
the conifers were represented by six species each. Sev-
enteen of the forms were new species; seven were new
genera and new species; and only 11 forms were referred
to previously described species. The remaining six
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forms were too fragmentary or poorly known for spe-
cific identification.

All the spores and nearly all the leaves studied were
obtained from the lower part of the Chinle Formation
(division C) in the Petrified Forest. A few of the leaves
were found also at three localities in the Chinle else-
where in Arizona. Only one species, based on a leaf
fossil, Otozamites powelli, was found in both the Chinle
Formation in Arizona and the Dockum Group (con-
sidered to be approximately equivalent to the Chinle
Formation) in west Texas. One leaf fossil (Yuccites
poleoensis) was found only in the Poleo Sandstone in
northern New Mexico near Arroyo del Cobre. Specimens
of Araucarioxylon arizonicum and Woodworthia ari-
zonica were obtained from several localities in the
Chinle Formation in the Petrified Forest and from the
Dockum Group at one locality in Texas. A. arizonicum
was also reported from the Chinle Formation in south-
ern Utah and at several localities in Arizona outside the
Petrified Forest, from the Poleo Sandstone in north-
ern New Mexico, and from the Shinarump Conglomer-
ate in southern Nevada.

Daungherty reported that six species occurred in the
floras of both the Chinle Formation and the Newark
Group of the Eastern United States. In addition, he said
that both floras contained six closely related species.
He noted that two species were found in both the Chinle
Formation and the Keuper of Germany and that both
formations contained 11 other closely related species.
Seven species from the Chinle were found to resemble
forms from the Rhaetian of Greenland. A comparison
of the Chinle flora with the Rhaetian floras of Japan
showed that the two floras had four species that were
closely related. Daugherty concluded, therefore, that
the Chinle flora in the lower part of the Chinle is of
Keuper age, as it “closely resembled” the Newark and
the Keuper floras,

Daugherty has continued to do some work on the
Chinle flora. In 1960, he described /topsidema vanclea-
vei, a new genus tentatively referred to the Osmunda-
ceae. It was based on several fragments of an arbores-
cent stem collected in the Petrified Forest National
Monument. In 1963, he published a description of some
tertiary and secondary fossil roots, which were found
filling the hollow center of a log of Araucarioxylon ari-
zonicum in the Petrified Forest. The name Araucari-
orhiza joae was proposed for the roots, which Daugherty
(1963, p. 805) thought to be “those of a member of
the Araucarineae and possibly represent, roots of Arau-
carioxylon arizonicum.”
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M. V. WALKER

M. V. Walker, the park naturalist at the Petrified
Forest who discovered some of the fossil leaf remains
that Daugherty studied, investigated (Walker, 1938)
the ridgelike, channellike, and tunnellike structures in
many specimens of Araucariomylon arizonicum. He
attributed the structures to the action of several dif-
ferent species of insect larvae and suggested that the lar-
vae probably girdled and killed many of the trees that
were eventually petrified. Thus, the larvae may have
been responsible for the concentration of logs at a cer-
tain level in the park, as at least 50 percent of these
logs contain the structures he described.

R. W. BROWN

The late Roland W. Brown described two plant
fossils from the Upper Triassic Dolores Formaticn in
southwestern Colorado in 1956. One fossil he referred to
Brachyphyllum munsteri Schenk. The other is a p>lm-
like leaf, which he named Sanmiguelia lewisi. It has
large elliptical, strongly pleated leaves attached by
sheathing petioles to a rather stout stem. Unfortu-
nately, all the specimens of this interesting and highly
controversial fossil are impressions in a bed of very
fine grained standstone. As no organic remains of S.
lewisi have been found, it is difficult to establish its re-
lationships to other plants. Brown pointed out, how-
ever, that it does not resemble any other known plant,
living or extinct, except the palms and a few spncies
of the monocotyledons. If these specimens were found in
rocks of Tertiary age, they would undoubtedly b> ac-
cepted without hesitation as representing a palm, ac-
cording to Brown. Therefore, he tentatively regarded
8. lewisi as a primitive palm, although he stated
(Brown, 1956, p. 209) that “This species, if not a primi-
tive palm, is a palmlike monocotyledon * * *” If
Brown’s ideas are correct, then the specimens cf S.
lewist are the oldest known megascopic remains of the
angiosperms.

No new data bearing on the status of Sanmiguelia
has been published since Brown’s original study, and
the fossil has not been accepted unequivocally as an
angiosperm by all authorities. In a review of the evi-
dence of pre-Cretaceous angiosperms, Scott, Barghoorn,
and Leopold (1960) admit that Sanmiguelia ic the
best known example of a pre-Cretaceous angiosperm.
They argued, however, that ag its status is unsettled,
Sanmiguelia could be a cycadophyte because the Meso-
zoic members of that group have a wide range of s‘ruc-
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ture. Hughes (1961) suggests in his analysis of pre-
Cretaceous angiosperm evidence that Senmiguelia
could be an undescribed cycadophyte or ginkgophyte
just as well as an angiosperm, especially as it does not
show any conclusive angiosperm characters.

Bock (1962) reassigned Sanmiguelia to Paloreodox-
ites Knowlton, 1930, but other authors apparently have
not agreed with this change, although the genera are
at least superficially similar. In the same paper, Bock
also stated that the petiole of the form was elliptical in
cross section like a cycadophyte and had actually been
collected from rocks of Jurassic, not Triassic, age. Ac-
cording to Arnold (1964, p. 5), however, the stem
bearing an attached leaf of Sanmiguelia was misinter-
preted by Bock for the petiole. He also demonstrated
that Bock erred when he stated that 8. lewési was col-
lected from rocks of Jurassic, not Triassic, age. Arnold
regarded Sanmiguelia as an angiosperm because no
one “has shown any real cycadophytic or ginkgophytic
characters in it.”

During 1958, Roland Brown published a short paper
on the fossil quillworts. In it the plant fossils that
Daugherty (1941, p. 82) had described from the Chinle
as Lepacyclotes circularis Emmons and thought to
be “the basal portion of the flower of a Williamsonia”
were referred to [soetites circularis (Emmons) Brown,

n. comb.
C. A. ARNOLD

Dr. Chester A. Arnold of the University of Michi-
gan transferred (1947, p. 196-197) the species that
Daugherty had described as Laccopteris smithii to the
genus Phlebopteris. A few years later Arnold (1956)
reviewed the fossil ferns from North America refer-
able to the Matoniaceae. In his report, a new species,
Phlebopteris utensis, was described from the Chinle
Formation in southern Utah and compared with P.
smithii (Daugherty).

In 1964 Arnold described the occurrence of Cordaites-
type leaf fossils with Sanmiguelia lewisi in the Dolores
Formation of Colorado. He compared them with the
leaf Daugherty had described from the Poleo Sand-
stone in northern New Mexico as Yuccites poleoensis.
Arnold showed that Ywccites is preoccupied and that
Pelourdea Seward is the appropriate name for these
fossils. He therefore proposed the name Pelourdea
polecensis (Daugherty) n. comb. for these straplike
leaves from southwestern Colorado and northern New
Mexico and gave an amended diagnosis for the species.

R. A. SCOTT AND OTHERS

Richard A. Scott, of the U.S. Geological Survey,
demonstrated (1960a) that the spore identified by
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Daugherty as Equisetosporites.chinleana should be re-
ferred to the genus Ephedra. This form, now called
Ephedra chinleana (Daugherty) R. A. Scott, has also
been recognized at several localities in the Chinls For-
mation in southern Utah (Scott, 19602, p. 276). Scott
(1960b) has studied some of the petrified wood that is
often associated with uranium deposits in rocks of
Triassic age on the Colorado Plateau. All the specimens
that he examined belonged to Araucarioxylon arizoni-
cum Knowlton.

Personnel and students of the University of Arizona
have begun detailed microenvironmental studies in the
Petrified Forest National Park. These studies ccnsider
the stratigraphy, paleozoology, and palynology of the
Chinle Formation. In addition, electron-microscope
studies were made of the petrified wood. Two prelim-
inary reports describing their results have been issued
(Roadifer and others, 1964; Bryant and Ro~difer,
1965), and the final report is awaited with irterest.
More recently, some of the pollen and paleoeco'agical
work was briefly described in an abstract by Got‘esfeld
and Kremp (1968).

Charles N. Miller, Jr., of the University of Montana
reinvestigated (1968) Chinlea campii Daugher'y and
Osmundites walkeri Daugherty which were dereribed
from the Chinle Formation in eastern Arizona. The two
species were based on petrified stems and originally
were referred to the fern family Osmundaceae by
Daugherty (1941). Miller concluded that the two
species are conspecific and interpreted the stems to be
the ephemeral aerial shoots of a lepidophyte. The
binomial Chinlea campii Daugherty emended Miller, is
now the valid name for these stems. Some undetermined
stems described by Daugherty and similar stem~ from
the Chinle are called Chenlea sp., as diagnostic details
are not preserved.

PRESENT INVESTIGATION

The present investigation began in 1959 as part of my
work with the U.S. Geological Survey in Albuquerque,
N. Mex. That year I collected leaf remains in the Fort
Wingate area, New Mexico, at the suggestion of Charles
B. Read, who had collected there in 1941. Although
Read’s collections had not been described, they were
the basis for the reclassification of some of the rocks
below what is now called the Sonsela Sandstone Bed as
Upper Triassic, rather than Permian (Read and
Wanek, 1961, p. 3). After 1959, as time permitted, I
collected additional Triassic plant remains near Fort
Wingate and in other areas, including Petrified Forest
National Park in Arizona, Arroyo del Cobre in ncvthern
New Mexico, and west Texas. Some of the better pre-
served leaf and fertile structures were studied in Eng-
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land under the direction of Prof. T. M. Harris in 1964
66, and preliminary summaries of my findings were
published (Ash, 1967a, b). A detailed description of
Williamsonia nizhonia n. sp., a new bennettitalean
cone, was also published (Ash, 1968).

SUMMARY OF THE PRE-CENOZOIC STRATIGRAPHY IN
THE FORT WINGATE AREA, NEW MEXICO

Fort Wingate is about 12 miles southeast of Gallup
in west-central New Mexico and about 75 miles east of
Petrified Forest National Park, Ariz. (figs. 1, 2). Fort
Wingate was an important U.S. Army post during the
late 19th century. The buildings have since been used as
an Indian boarding school.

During the present investigation, the geology of the
area was studied in some detail, with particular regard
to the distribution and location of fossil plant material.
Several stratigraphic sections were measured, and a
composite section of the pre-Cenozoic rocks exposed
near Fort Wingate is shown in figure 9. Several sections
were also measured in the southern part of Petrified
Forest National Park, Ariz., and a composite section
for that area is given in figure 9, as well as suggested
correlations of some of the units between the two
places.

The geology in the vicinity of Fort Wingate was de-
scribed briefly by Callahan and Cushman (1955) in
their report on the ground-water resources of the area.
Read'and Wanek (1961) and Baars (1961) described the
Permian formations in connection with their studies
of the regional distribution of the Permian rocks in the
Colorado Plateau. Cooley (1957, 1959) reported on the
Triassic stratigraphy of parts of eastern Arizona and
western New Mexico. The principal formations exposed
in the area are shown on the map of a part of north-
western New Mexico published by O’Sullivan and Beau-
mont (1957) and on the more recent geologic map of
New Mexico (Dane and Bachman, 1965). These reports
and maps largely supersede earlier investigations in the
area.

PERMIAN SYSTEM

GLORIETA SANDSTONE

The Glorieta Sandstone is the oldest formation ex-
posed in the vicinity of Fort Wingate. There, it has a
total thickness of about 200 feet, as estimated from an
isopach map (Baars, 1961, fig. 17). The Glorieta is
exposed only in the walls and on the floor of Milk Ranch
Canyon, where the upper 43.5 feet of the formation
crops out. In the canyon the Glorieta can be divided
into two units. The lower unit is 30 feet thick and con-
sists of whitish to slightly yellowish well-cemented mas-
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sive coarse-grained sandstone. It contains tangential
cross-laminations which dip southwestward. The unit
weathers rounded to blocky and generally forms a cliff.
Its base is not exposed. The upper unit is about 13.5
feet thick and consists mostly of sandstone and a few
thin beds of shale. The sandstone is pinkish, well ce-
mented, thin bedded, and fine to medium grained. Typ-
ically, it forms a steep ledgy slope.

According to Baars (1961, p. 198), primary sedimen-
tary structures in the Glorieta imply that it wae de-
posited in an environment of “littoral to upper neritic
marine aspects, with local eolian conditions.” Although
no diagnostic fossils have been reported from the Glo-
rieta Sandstone, it is considered to be of Early Permian
(late Leonard) age because it is between two formations
of that age (Baars, 1961, p. 199).

SAN ANDRES LIMESTONE

The San Andres Limestone is exposed only or the
walls and adjacent slopes of Milk Ranch Canyon and
in the walls and on the floors of the three deep narrow
north-trending canyons that debouch into the valley
containing Fort Wingate. Its lower surface is exposed
only in Milk Ranch Canyon, whereas the upper surface,
which is very irregular, is exposed in all four canyons.
In the Fort Wingate area the thickness of the San
Andres ranges from 0 to 80 feet because of pre-
Moenkopi( ?) erosion.

This formation is composed mostly of grayish deeply
weathered medium- to thick-bedded dolomitic limestone
which generally weathers brownish. Locally, the San
Andres contains bluish chert and a few thin beds of red
siltstone and one bed of hard white sandstone. The upper
few feet of the formation is brownish red and contains
irregular masses of grayish limestone and greenish- and
yellowish-stained patches and stringers. Many small
vugs (as much as one-half inch in diameter, larger)
and thin undulating stringers (as much as one-quarter
inch across) filled with clear quartz occur throughout
the formation. Several irregular cracks in the San An-
dres Limestone in Milk Ranch Canyon contain mud-
stone and sandstone similar to that found in the overly-
ing Triassic rocks.

Poorly preserved remains of brachiopods, criroids,
and cephalopods, as well as quantities of fossil hash,
were noted in the San Andres by the author. Baars
(1961, p. 203) reported the occurrence of eight species of
marine invertebrates in the formation at a nearby lo-
cality, and conodonts have been reported (Clark and
Ethington, 1962) from the unit in the same general area.
The fossils indicate that the San Andres Limestons is a
marine deposit of Early Permian (Leonard) age.
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Fieure 9.—Composite stratigraphic sections of the lower part of the Chinle Formation in the southern part of Petrified Forest
National Park. Ariz., and in the Fort Wingate area, New Mexico.
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UNCONFORMITY BETWEEN THE PERMIAN AND
TRIASSIC ROCKS

The Permian rocks are separated from the overlying
Triassic rocks by an erosional unconformity which ex-
tends throughout the Colorado Plateau. Present knowl-
edge concerning the unconformity in the region has been
summarized by several authors, including McKee (1954,
p. 33-35), McKee and others (1959, p. 2), Baars (1961,
p. 209-210), and Repenning, Cooley and Akers (1969).
The unconformity was briefly described by Cooley
(1957, p. 26-27, 1959, p. 66) and Baars (1961, p. 209)
in the Fort Wingate area.

Generally, the unconformity has only slight relief,
but near the Fort Wingate area it has nearly 100 feet of
relief. In some places, such as in the vicinity of Milk
Ranch Canyon, steep-walled depressions have been cut
into the Permian rocks, and relief may be 30 or more feet
within a small area. Locally, the San Andres Limestone
is missing because of erosion and rocks of the Triassic
age lie on the Glorieta Sandstone.

At some places a limestone breccia in the San Andres
is directly below the unconformity; elsewhere, deeply
weathered limestone may underlie the unconformity.
In the Fort Wingate area the surface is overlain by
reddish thin-bedded flat-lying siltstone of the Moen-
kopi(?) Formation. The characteristics of the uncon-
formity and of the sediments above and below indicate
that the surface formed in the same type of environ-
ment in which modern karst topography forms.

The length of time represented by the unconformity
differs slightly in the Colorado Plateau. The underlying
sediments are of Early Permian age throughout the re-
gion, whereas the overlying sediments of the Moenkopi
Formation are of Early Triassic age in northwestern
Arizona, become progressively younger toward the
southeast, and may be of Middle Triassic age in eastern
Arizona and western New Mexico (Akers, 1964, p. 23—
24). Thus, in the Fort Wingate area the unconformity
may represent all of Late Permian time and most, if not
all, of Early Triassic time. However, until diagnostic
fossils are found in the Moenkopi( ?) in the Fort Win-
gate area, this is only conjecture—especially as there is
some question about the correlation of the “true” Moen-
kopi with the Moenkopi(?) Formation that overlies
the erosional unconformity in the Fort Wingate area.

TRIASSIC SYSTEM
MOENKOPI(?) FORMATION

In the present report, the rocks overlying the karst
erosional surface that is cut into the Permian rocks,
and underlying the Shinarump Member of the Chinle,
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are referred to as the Moenkopi( ?) Formation. As tleir
name implies, the rocks probably correlate with the
Moenkopi Formation, of Early and Middle(?) Triassic
age, which is widely distributed in parts of the South-
west. This correlation is thought to be reasonable, for
the Moenkopi is thickest in northwestern Arizona and
adjacent areas and thins southeastward to a featherelge
in western Colorado and eastern Arizona, according to
McKee (1954). Thus, a thin veneer of Moenkopi sadi-
ments in western New Mexico would be consistent vith
the regional distribution of the formation.

The Moenkopi in eastern Arizona has been correlsted
with the upper part of the formation in southeastern
Utah; therefore, the Moenkopi(?) Formation of the
Fort Wingate area probably correlates with only the
upper part of the formation. Several authors have re-
cognized this possibility, as indicated by the names they
applied to this unit in western New Mexico. For ex-
ample, Cooley (1959, p. 68-69) called it Upper Moen-
kopi(?) sediments, whereas Repenning, Cooley, and
Akers (1969, p. B12) later used the term Moenkopi( #)
Formation, which points out the possible correlation
but is not as awkward as the term previously used by
Cooley.

The Moenkopi(?) Formation in the Fort Wingate
area is composed of two units of contrasting lithology
and topographic expression. The lower unit consists of
reddish thin-bedded sandy siltstone and silty fne-
grained sandstone. In some places the sandstone con-
tains well-rounded grains of quartz and is crossbedded.
The unit is as much as 80 feet thick and forms a slope.
An unconformity with 1-5 feet of relief separates the
two units. The upper unit is composed of grayish coarse-
grained conglomeratic sandstone containing quartz,
jasper, and quartzite pebbles, some of which are as
much as 4 inches across. Although pebbles occur
throughout the unit, they are generally concentrested
in lenses that are particularly abundant in the lower
part. The unit contains generally low angle crosshed-
ding and ranges from 3 to 25 feet in thickness beccuse
of the unconformities that separate it from the under-
lying unit and the overlying Shinarump Member of the
Chinle Formation.

The age of the Moenkopi(?) Formation is problem-
atical, as no diagnostic fossils have been reported from
it. Theoretically, the Moenkopi(?) could be of ILate
Permian to early Late Triassic age, for it is between
rocks of Early Permian and middle Late Triassic age.
However, because regional study suggests that the
Moenkopi( #) Formation is correlative with the upper
part of the Moenkopi, it is considered to be of the same
age as that part of the formation, or possibly slightly



D20

younger (Cooley, 1959, p. 69). Cooley’s evidence is the
karst topography formed on the Permian rocks in the
Fort Wingate area and the unconformity of rather low
relief formed on the Permian rocks in adjacent areas in
eastern Arizona. This indicated to him that while the
basal sediments of the Moenkopi were being deposited
in eastern Arizona, the Permian rocks in western New
Mexico were still undergoing erosion; they were not
buried until some time later.

PRE-CHINLE UNCONFORMITY

The unconformity between the Chinle Formation
and the Moenkopi(?) Formation is exposed at many
localities in the vicinity of Fort Wingate. It is only
slightly irregular, and the local relief is usually less
than 1-2 feet, although its total relief may be 10-20
feet in the area. Elsewhere, the pre-Chinle unconform-
ity is one of the most conspicuous unconformities on the
Colorado Plateau. Its characteristics indicate that it
was formed by subaerial erosion, and McKee (1954, p.
38) believed that the unconformity formed over a long
period of time. In many places the unconformity is ex-
tremely irregular; it contains numerous channels,
which, according to Evensen (1958, p. 95), resemble the
channels of modern streams. The pre-Chinle uncon-
formity apparently formed during late Middle and early
Late Triassic time.

CHINLE FORMATION

The Chinle is widely exposed in the Fort Wingate
area. There, the exposures are typical of the formation,
as the mudstone units form steep soft slopes which are
relatively free of vegetation and are often quite color-
ful. The beds of sandstone and conglomerate hold up
ridges and form cliffs and are usually more subdued in
color. The formation at Fort Wingate can be divided
into five lithologic units that represent about half the
vertical thickness of the entire Chinle in the region. The
uppermost part of the formation is exposed outside the
immediate vicinity of Fort Wingate. The units recog-
nized at Fort Wingate are, from bottom to top, the
Shinarump Member, the lower red member, the Petri-
fied Forest Member (lower part), the Sonsela Sand-
stone Bed, and the Petrified Forest Member (upper
part). Fossil leaves have been collected from only the
lower red member, but petrified wood is common in all
members and is especially abundant in the Sonsela
Sandstone Bed.

The Chinle Formation is thought to have been de-
posited by streams flowing on “a relatively flat low-ly-
ing surface” (McKee and others, 1959, p. 14). The
fluvial origin is suggested by the lithology and the sedi-
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mentary structures in the formation, which are similar
to those of modern stream deposits (Poole, 1961, p.
C139). Poole (1961, C139) studied the cross-strata in
the Chinle and demonstrated that “drainage trends are
closely related to the positions of major Triassic high-
lands * * *.” He also determined that during the time
the Chinle sediments were deposited, streams flowed in
a northerly direction in what is now the Fort V7ingate
area (Poole, 1961, fig. 199.1). Apparently, the highland
in southern New Mexico and Arizona was the main
source of these sediments because the material in “the
lower part of the Chinle becomes coarser southward to-
ward the Mogollon highland region * * *.” (Poole,
1961, p. C141.)

SHINARUMP MEMBER

The Shinarump Member of the Chinle Formation is
divisible into two units of contrasting lithology. The
lower unit is about 15-35 feet thick and is composed of
massive sandy mudstone. It is typically bluish with a
purplish cast and may have yellow streaks. The unit is
well indurated, weathers hackly, and forms steep slopes
or nearly vertical cliffs. This lower unit is sevarated
from the underlying Moenkopi(?) Formation by a
slight erosional unconformity as described above. The
upper surface is also irregular and has 1-2 feet cf relief
locally, although it may have as much as 10 feet of relief
within the entire area.

The upper unit is about 15-25 feet thick and is com-
posed of gray, hard crossbedded sandstone that locally
contains small pebbles. Individual beds are thin, and the
unit weathers slabby. It often forms a bench witl* rather
steep sides and may overhang the lower unit. (See fig.
10.) The upper surface is poorly exposed in the area
but seems to be slightly irregular.

Plant remains are the only fossils reported from the
Shinarump. In many places in Arizona and Utah, the
member contains lenses and pockets of trashy carbona-
ceous material and petrified wood (Stewart and others,
1959, p. 505). Petrified wood is common in the Shin-
arump in the Fort Wingate area, also, but none has
been studied.

LOWER RED MEMBER

The lower red member in the Fort Wingate area can
be divided into a thick slope-forming lower unit and
a relatively thin ledge-forming upper unit. As tl'» name
implies, the member is typically red or reddish, al-
though in some places, such as along State Highway
400 south of the school, it is rather greenish es»ecially
in the lower part.

The lower unit consists of numerous lenticular beds
of claystone, mudstone, and silty sandstone. They inter-
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described, and it is premature to discuss that part of the
flora, except to note that it seems to compare rather
closely with the flora from Petrified Forest National
Park.

Ferns occur at USGS paleobotany localities 10058,
10059, and 10060 (near the base of the member), and
at locality 10061 (near the top), the upper locality
being about 125 feet stratigraphically above the lower,
as shown in figure 9. Comparison of the two floras shows
that the lower contains six species of ferns and the
upper contains three of the same species (table 1).
Differences probably are not significant, as the species
that occur in the lower flora are also in the overlying
Petrified Forest Member in Petrified Forest National
Park (table 1). None of the species has been reported
from localities in any other formation. Further dis-
cussion of the flora from the Fort Wingate area is
included in the section “Chinle Flora” of the present
report.

TaBLE 1.—Comparison of the fern leaves in the lower red member
of the Chinle Formation in the Fort Wingale area, New Mexico,
with those in the lower part of the Petrified Forest Member of the
Chinle Formation in Petrified Forest National Park, Ariz.

Lower red member in _ Petrified Forest
the Fort Wingate area Member (lower part)
———————  in Petrified Forest

Lower Upper National Park, Ariz.

flora flora
Todites fragilis - - . __ ____ X X X
Clathropteris walkeri.________ X X
Apachea arizonica ' ________________________ ?
Cynepteris lasiophora _ _______ X X X
Phlebopteris smithii - ____ __.__ X . X
Wingatea plumosa. . ____.__ X . X
Cladophlebis daughertys_ _ ____ X X X
Cladophlebis “reticulata’ _____ @ . X
Cladophlebis cf. denticulata_ _ . __ e X
Sphenopteris arizonica_ . _ . __________________ X

1 See discussion on the validity of this species in the systematic description of
Clathropteris walkers.

2 This species has not heen found in the Fort Wingate area. It was collected from the
base of the lower red member at a locality about 30 miles east of the Fort Wingate area.

Bones, teeth, and other vertebrate remains are com-
mon in the lower red member in the Fort Wingate area,
but most of the material is fragmentary and unidenti-
fiable. The remains of a thecodont, Acompsosaurus
wingatensis n. sp., were described from the badland ex-
posures of the member a short distance northeast of Fort
Wingate, and fragments thought to be referrable to
the phytosaur Paleorhinus were also reported from the
same locality (Mehl and others, 1916). Recently, Dr.
E. H. Colbert (written commun., 1967) identified the
remains of the amphibian Zupelor frasii and the phyto-
saur Rutiodon? from a horizon near the one containing
USGS paleobotany locality 10061.

D23

PETRIFIED FOREST MEMBER
Lower part

The lower part of the Petrified Forest Member of
the Chinle is about 130 feet thick in the Fort Wingate
area. It consists of mostly claystone and soft sandstone.
The claystone is composed mainly of montmorillonite
(Schultz, 1963, p. C36-C39). Near the base it contains
small amounts of kaolinite, chlorite, and illite; toward
the top of the unit, the chlorite increases, and the mont-
morillonite decreases. Usually, individual beds inter-
tongue and intergrade. The unit is predominantly
purple and the claystone weathers to form frothy-sur-
faced slopes.

Schultz concluded (p. 1963, C37-C38) that the clays
were of volcanic origin and that they had been trans-
ported by water from a source area in southern New
Mexico and Arizona. Some of the material was appar-
ently deposited as discrete particles of tuff, which was
then altered. Some of the clays may have formed in the
source areas before transportation and final disposition.

No fossils except petrified wood have been found in
this part of the Chinle in the Fort Wingate area, but,
as noted previously, the leaves in the Petrifed Forest
National Park occur in this part of the Petrified For-
est Member.

Sonsela Sandstone Bed

The Sonsela Sandstone Bed, which divides the Petri-
fied Forest Member of the Chinle into two units, caps
many of the cuestas and cliffs in the area. For example,
the cuestas north, of Fort Wingate Indian School are
capped with the Sonsela Sandstone Bed. (See fig. 6.) In
this area the Sonsela is about 32 feet thick and consists
of several intertonguing beds, some of which are com-
posed of fine- to medium-grained yellow to gray cross-
bedded sandstone. Others are composed of hard brown
conglomerate containing pebbles as much as 1 inch in
diameter. Beds of sandy conglomerate and conglcmer-
atic sandstone are also present in the unit. None of the
beds can be traced over a very long distance, as they
lens out or grade into an adjacent unit. The lower con-
tact of the Sonsela is irregular and has several feet
of relief; the upper contact is just slightly irregular.

Petrified wood is the only common fossil in the Son-
sela. One of the type specimens of Araucarioxylor. ari-
zonicwm mentioned previously was collected from this
unit in the Fort Wingate area.

Upper part

The upper part of the Petrified Forest Member gen-
erally is about 800 feet thick in west-central New Mexi-
co, but in the Fort Wingate area most of the unit has
been removed by erosion. There, the thickest section is



D24

on the hill south of the school, where about 200 feet is
preserved. Elsewhere in the area, only scattered thin
remnants remain on the Sonsela Sandstone Bed.

The unit is composed mostly of grayish-red-purple
mudstone and sandstone which usually looks reddish
brown from a distance. According to Schultz (1963),
the clay is mostly montmorillonite with small amounts
of illite and chlorite. Individual beds intertongue lat-
erally and intergrade, and as a result none of the beds
is persistent over a very large area.

Fragments of petrified wood are the only fossils
known in the unit at Fort Wingate.

CHINLE FLORA

STRATIGRAPHIC DISTRIBUTION

Nearly all the plant fossils described from the Chinle
Formation were collected in east-central Arizona and
west-central New Mexico. In most of this region the
Chinle Formation is usually divided into the six map-
pable units listed below (from top to base). The thick-
ness of each was taken from Cooley (1959).

Units of the Chinle Thickness

Formation (feet)

Owl Rock Member___________________ - 50-300
Petrified Forest Member :

Upper part-. . 800

Sonsela Sandstone Bed__.._______________ 35-200

Lower part.___________________________ 125-300

Lower red member__________________________ 0-270

Shinarump Member________________________ 0 75

Most plant fossils described from the Chinle occur be-
low the Sonsela Sandstone Bed in the lower part of the
formation. In the Fort Wingate area, fossil leaves were
collected from the lower red member; in Petrified For-
est National Park, leaves were obtained mainly from the
lower part of the Petrified Forest Member. Elsewhere
in the region, a few leaves have been identified from the
Chinle Formation, but the horizon from which they
came cannot be evaluated in terms of the members given
above. One poorly preserved species has been reported
from the Shinarump Member. Petrified wood occurs in
all but the Owl Rock Member, but the only wood that
has been described was collected from the lower part of
the Petrified Forest Member and the Sonsela Sandstone
Bed.

The floras in both the lower red member and the over-
lying Petrified Forest Member are similar. Seven of the
10 species of fern leaves known in the Petrified Forest
Member are in the lower red member (table 1). One of
the three species not represented in the lower red mem-
ber flora may be incorrectly identified and may be refer-
able to one of the other seven species. Thus, only two
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species based on fern foliage from the Petrified I"orest
Member definitely have not been collected from the
lower red member. Although all the leaves of Iigher
plants in the lower red member have not been examined
in detail, preliminary studies showed that many of the
species in the Petrified Forest Member also have been
collected from the lower red member. The principal dif-
ference in the two floras is the absence in the lowsr red
member of nearly all the species based on petrified
wood that have been described from the Petrified Iforest
Member. Some of these exceptions may be due to acci-
dents of preservation or collecting. Probably none are
of stratigraphic significance.

In the vicinity of Arroyo del Cobre, the Chinle is
divided into four members, as listed below from top to
base (Colbert, 1960). The thickness of each is also given.

Units of the Chinle Formation Thic*ness

Arroyo del Cobre area (feet)
Petrified Forest Member_.___________________ 400-£00
Poleo Sandstone Lentil _____________________ 60
Salitral Shale Tongue.__ e 0-100
Agua Zarca Sandstone Member______________ 100

Nearly all the fossil plants reported from Arroyo del
Cobre were collected from the sandstone bed at the
base of the Chinle Formation, which, as noted above,
isthe Agua Zarca Sandstone Member according to C. B.
Read (written commun., 1967). T'wo pith casts weve ob-
tained from a horizon thought to be of Triassic age by
Knowlton (Fontaine and Knowlton, 1890, p. 282), but
the locality description suggests that the casts were
actually derived from the underlying Permian rocks.
Daugherty collected several fossils on Poleo Mes~, and
I suspect that they were obtained from the Agua Zarca
or its equivalent.

The correlation of the Triassic rocks in the Arroyo del
Cobre area with those in east-central Arizona is difficult
because of large intervening areas where Triassic rocks
either are not exposed or have been removed by erosion.
Thus, correlations between the two areas have to be
based mainly on lithologic characteristics and vertebrate
fossils, and there is room for conflicting opinions.
Cooley (1959, p. 71-72) suggested that the Agua Zarca
correlates with the upper part of the lower red member;
the Salitral, with the lower part of the Petrified Forest
Member; the Poleo, with the Sonsela Sandstone Bed;
and the Petrified Forest Member, in this area, with the
upper part of the Petrified Forest Member in west-
central New Mexico and east-central Arizona. A some-
what different correlation was proposed by Colbert
(1960) and by Colbert and Gregory (in Reesic's and
others, 1957, p. 1462-1464). They correlated the Agua
Zarca and Salitral with the Shinarump Member, and
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the Poleo with the lower red member. However, they
also correlated the Petrified Forest Member in the Ar-
royo del Cobre area with the upper part of the Petrified
Forest Member of the Chinle in Arizona.

The Chinle flora in the Arroyo del Cobre area is not
well enough known to confirm or contradict any of these
correlations. The vertebrate fossils, on the other hand,
seem to be of some correlative value, according to J. T.
Gregory (1957, p. 13). He indicated that the vertebrates
from the Petrified Forest Member in this area seem to
be more advanced than those from the lower part of the
Petrified Forest Member in northeastern Arizona. In
addition, they are similar to those in the upper part of
the Petrified Forest Member in Arizona, according to
Colbert and Gregory (in Reeside and others, 1957, p.
1464). Thus, the faunal evidence seems to indicate that
the Chinle flora in Arroyo del Cobre occurs in the lower
part of the Chinle Formation, just as it does in western
New Mexico and eastern Arizona.

USGS PALEOBOTANY LOCALITIES

10058. In the lower part of the lower red member of
the Chinle Formation (about 90 ft above
the San Andres Limestone) in a roadcut on
the east side of New Mexico State Highway
400 approximately 114 miles south of the
Fort Wingate Post Office.

10059. In the lower part of the lower red member of
the Chinle Formation (about 85 ft above the
San Andres Limestone) in a roadcut on the
east side of New Mexico State Highway 400
approximately 114 miles south of the Fort

Wingate Post Office.

In the lower part of the lower red member of
the Chinle Formation (about 80 ft above the
San Andres Limestone) in the same roadcut
as the previous locality and approximately
100 feet south of it.

10060.

10061. In the upper part of the lower red member of
the Chinle Formation (about 225 ft above
the San Andres Limestone) in the badlands
about 114 miles southeast of the Fort Win-
gate Post Office. This may be the same as
USGS paleobotany locality 8958, which was
discovered by C. B. Read and W. E. Salter

in 1941.

In the Petrified Forest Member of the Chinle
Formation just below a thin tongue of the
Newspaper Rock Sandstone of Stagner
(1941) in the low hills on the west side of the

10062.
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principal road through Petrified Fores: Na-
tional Park, Ariz, SE1/ sec. 22, T. 18 17, R.
24 E. This is probably the same as Dsugh-
erty’s (1941) locality p9301-1.

COMPOSITION

The composition and status of the megaflora in the
Chinle Formation were discussed by Daugherty (1941,
p- 24-27) and have been summarized more recently by
Ash (1964, 1967a). The flora includes species based on
leaves, fructifications, and stem material. Some sveci-
mens are preserved as compressions, others as petrifi-
cations or impressions. At present, the flora consists of
40 reasonably well defined species referable to 37 ge-
nera. A few additional species have been reported or
briefly described, but in all cases the specimens are so
poorly preserved or of such a nature that they cennot
be critically evaluated. As collecting proceeds, the num-
bers, given above, will undoubtedly increase, but they
give an indication of the size of the flora as it is now
known.

Representatives of most major plant groups have
been described from the Chinle Formation. One spacies
has been referred to the Fungi, and two have been as-
signed to the Equisetales and to the Lycopodiales. The
best understood and second largest group in the flora is
the Filicales. It comprises 12 well-characterized sgecies
that are referrable to 10 genera. Five of the fern species
based on foliar material are redescribed in detail under
“Systematic Descriptions” of this report, and a cross-
referenced list of all the ferns and fernlike fossils is
included. The largest group in the flora is the Gymno-
spermae, which includes 16 described and two unde-
scribed new species. Although the classification of sev-
eral of the forms has not been determined, it is clear
that members of the Cordaitales, Bennettitales, Gink-
goales, and Coniferales are present. One species has
been referred tentatively to the Gnetales. Five new
species of uncertain classification are also known.

CORRELATION AND AGE

In his compresensive study of the Chinle flora,
Daugherty (1941) concluded that it was closely related
to the flora in the Upper Triassic Newark Group of the
Eastern United States. This conclusion was basel on
six species that he thought were common to both flaras
and six other species in the Chinle that he consider>d to
be similar to forms in the Newark. Daugherty (1941,
p- 87) stated that any differences “must be due in part
to different climatic conditions during the time of
deposition.”
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My own research on the Chinle flora suggests that
this flora is not closely related to the so-called “Newark
flora™ of the Eastern United States. The floras do con-
tain some of the same genera, but only one or two species
may be common to both. Otherwise, they seem to be
quite distinct.

The six species from the Chinle flora that Daugherty
held to be identical with the species in the Newark flora
are listed below, together with my own findings:

Oladophlebis microphylla. The specimens identified as
0. microphylla are here referred to C. daughertyi
n. sp. They do not appear to resemble any de-
seribed species in the Newark flora of the Eastern
United States.

Cladophlebis reticulata. A single small fragmentary
feaf was referred to this species. However, close
examination of the specimen suggests that it is
distinet from C. reticulata and does not closely re-
semble any described species in the Newark flora.
The leaf compares with specimens obtained re-
cently from the lower red member of the Chinle
at a locality about 30 miles east of Fort Wingate.
Possibly, all these specimens should be described
as a new species of Cladophlebis.

Lepacyclotes circularis. The several specimens Daugher-
ty assigned to this species were transferred tenta-
tively to [soetites circularis (Emmons) Brown.
They do look somewhat like those curious plant
fossils from the Newark flora, although they differ
in detail. The Chinle specimens may be correctly
assigned generically, but I think they should be
referred to a species other than circularis.

Lonchopteris wirginiensis. Specimens that have been
referred to this species are here assigned to Cynep-
teris lasiophora n. gen., n. sp. They do not resemble
any described form in the Newark flora.

Macrotaeniopteris magnifolia. The two specimens re-
ferred to this species were misidentified. They have
about 42 lateral veins per centimeter, whereas
M. magnifolia has only about 20 per centimeter.
These specimens do not resemble closely any in the
Newark flora. Cuticles of several specimens from
the Chinle that agree in gross morphology with
those- considered by Daugherty have been exam-
ined. Two specimens came from Daugherty’s local-
ity in Dinnebito Wash, Ariz., and the others were
collected from the upper part of the lower red
member of the Chinle Formation near Fort Win-
gate, N. Mex. All the specimens have syndetocheilic
stomata. Leaves with the gross morphology and
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cuticle shown by these specimens are usually re-
ferred to the genus Nilssoniopteris Nathorst. Al-
though it is assumed that Daugherty’s two
specimens also have syndetocheilic stomata, the
possibility exists that they do not. Until cuticle
preparations can be made of Daugherty’s speci-
mens, this question will remain open. Howevar, his
material probably does not vary greatly frcm the
specimens I have examined.

Neocalamites wirginiensis. The material that was re-
ferred to this rather imperfectly characterized
genus and species may be correctly identified. The
Chinle and Newark specimens need to be stucied in
detail, however, and the whole question of the status
of Neocalamites must be critically evaluated be-
fore any significant conclusions can be drawn
about their value as index fossils.

The six species that were held by Daugherty (1941,
p- 36-38) to be closely related to forms in the Newark
Group are Araucarioxylon arizonicum, Clathropteris
walkeri, Otozamites powelli, Pagiophyllum newberryi,
Phlebopteris (Laccopterss) smithii, and Podozamites
arizonicus. Three additional, but poorly known, svecies
(Lycostrobus chinleana, Zamites occidentalis, and
Equisetites sp.) in the Chinle were tentativelv con-
sidered also to be closely related to forms in the Newark.
In most cases, however, Daugherty did not svecify
which of the species in the Newark Group were closely
related to the nine forms in the Chinle which makes it
difficult to verify his conclusions.

Three of the species listed by Daugherty (C. walkert,
0. powelli, and P. smithii) definitely do not closely
resemble any species described from the Newark Group.
One species (4. arizonicum) may fairly closely resemble
A. woodworthi from the Newark, but both species have
not been reconsidered since they were originally de-
scribed in the late 1800’s. The other five species are too
poorly known because of poor preservation and limited
material to be compared with any forms in the Newark
Group with any assurance at all.

In summary, of the six species in the Chinle flora
identified with members of the Newark flora, four (C.
microphylla, C. reticulata, L. wvirginiensis, and M.
magnifolia) were apparently misidentified and seem-
ingly do not resemble any form in the Newark flora.
Furthermore, one species (L. ciroularis) is probably
wrongly identified and is not represented in the Newark
flora. The sixth (V. virginiensis) may be correctly iden-
tified, but its value as an index fossil is questionable.
Eight of the nine other species in the Chinle held to be
closely related to forms in the Newark Group are now
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Family DIPTERIDACEAE
Genus CLATHROPTERIS Brongniart, 1828
Clathropteris walkeri Daugherty, 1941
Figure 18, plate 4, figures 2-7

1941. Clathropteris walkeri Daugherty, p. 56-57, pl. 10, figs. 1-4.

E'mended diagnosis—Leaf of moderate size (16 cm
wide in largest, nearly complete specimen), fertile and
sterile leaves similar, palmate, orbicular as a whole,
petiole dividing into two short basal arms about 1 mm
wide, each arm bearing three to five segments (pinnae).
Pinnae linear lanceolate, gradually increasing in width
to middle, sides then usually subparallel until near apex,
where the pinna narrows abruptly, typically 4-10 cm
long (at least 15 cm long in largest fragment) and 2-3
cm wide, basal web uniting lamina of adjacent pinnae
for 24 cm. Pinnae margins strongly toothed, teeth com-
monly curving forward, apex obtuse to acute, divisions
between teeth typically extending less than one-quarter
the distance to pinna rachis, rarely more than one-
quarter. Substances of leaf rather thick.

Midrib of pinna sunken above, usually smooth, occa-
sionally channeled, slender, as much as 1 mm wide, pri-
mary branch veins sunken above, slender, as much as
0.5 mm wide, given off midrib at intervals of 5-8 mm,
alternate, typically arising at an angle of about 40°-50°
to midrib, rarely at a wider angle, straight, rarely bend-

Fieure 18.—Clathropteris walkeri Daugherty. B from USGS
paleobotany locality 10059 and @, H from USGS paleobotany
locality 10058, lower red member of Chinle Formation, Fort
Wingate, N. Mex. 4, C-F, I from USGS paleobotany locality
10062, Petrified Forest Member of Chinle Formation, Petrified
Forest National Park, Ariz. 4, Spore. USNM 42968, X 1,000.
B, Basal part of small pinna showing irregular polygonal
meshes formed by veins. USNM 42973, X 5. €, Three selected
sporangia (annulus alone visible). Sporangium at lower left
has dehisced. Transfer preparation, USNM 42969, X 100. D,
Part of vein mesh showing orientation and grouping of spo-
rangia; a tertiary vein is visible at top (impression on rock
matrix). USNM 42974, X 50. B, Three typical hairs from
fertile leaf. Transfer preparation, USNM 42969, X 100. F,
Stoma on lower epidermis, thick region near pore darkly
stippled. Irregular width of anticlinal cell walls apparently
due to slightly oblique compression of walls. Transfer prepa-
ration, USNM 42970, X 400. G, Part of typical sterile pinna
showing low, forward-pointing marginal teeth, prominent
midrib, and less prominent primary and secondary branch
veins, USNM 42976, X 1. H, Two marginal teeth of sterile
pinna. Midrib and primary, secondary, and some tertiary
branch veins are shown. Drawn on a photograph. USNM
42978, X 5. I, Venation of sterile part. Note numerous blind
vein endings. There appears to be a slight swelling at apex of
each such ending. Transfer preparation, USNM 42971, X 10.
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ing forward slightly near apex. Secondary branch veins
sunken, slender, about 65x-100x wide, occasionally
forming irregular rectangular meshes about 4 by 7 mm
in a large leaf. Tertiary branch veins delicate, about
24436y wide, tending to form straight-sided roughly
square or polygonal meshes usually 0.1 mm in largest
dimension; meshes may enclose blind vein endings.
Basal web betwen adjacent pinnae contains irregular
polygonal meshes. Surfaces of pinna midrib and pri-
mary and secondary branch veins show numerous fine
longitudinal cellular striations about 15x wide. Lower
surface of fertile and sterile leaves densely covered by
simple, curved, multicellular hairs, 250p~600u lcng,
about 15u—45u wide. Epidermis thin, cells irregulerly
shaped, 12p-30x wide, 40x—~106 long, long axis criented
parallel to veins in region of vein, elsewhere irregulsrly
oriented; anticlinal cell walls wavy to sinuous, ahout
1u thick. Stomata oval, scattered, orientation typcially
random, guard cell pair 3545y long, 20u—32p wide usu-
ally overlapping epidermal cells to small extent,
stomatal pore 12u~18u long. Trichome bases consist of
a small round cell, typically 15u-35u in diameter.

Sori irregularly distributed on lower surface of fertile
leaf, round, indistinct, typically containing 7-9 svo-
rangia, placenta obscure, Sporangia probably spheri~al,
175u—210p wide in surface view. Annulus complete,
oblique; a single row of 25-30 straight-walled cells about
90u long and 15u wide, radial walls about 10x thick.
Spores rounded triangular in polar view, 35u—42q in
diameter, triradiate mark simple, narrow with unorna-
mented margins extending nearly to the edge of the
spore, all surfaces of spore covered with irregularly
distributed short, small, warts about 0.5u high and 0.5u
wide at base.

Description—The emended diagnosis is based on the
holotype and paratypes designated by Daugherty
(1941) and on several dozen additional specimens which
I collected in New Mexico and Arizona. Several nearly
complete small leaves were collected, but most of the
specimens consist of small parts of rather large leaves.
Some transfer preparations were made of the new spoci-
mens, but only those from Petrified Forest National
Park showed epidermal features. The other specimens
are preserved only as stained impressions.

Comparisons—The teeth on the pinnae in Olathrop-
teris walkert are about the same size, shape, and propor-
tions as those in C. meniscoides that were figured by
Harris (1981, p. 90-91) from the Rhaetian of Green-
land. The pinnae of C. walkeri, however, lack the prom-
inent rectangular to meniscus-shaped (that is, concave
on one side, convex on the other) areas formed by the
primary branch veins and the secondary veins typical
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of specimens of €. meniscoides that have been described
from the Rhaetian of Greenland by Harris, from the
Lower and Middle Jurassic of Portugal (Teixeira,
1948), and from numerous other localities in rocks of
Jurassic age in Europe and Asia. The sporangia de-
scribed by Harris (1931, p. 89) from specimens of C.
meniscoides collected in Greenland are larger (250u in
diameter) than those borne by C. walkeri (150p—200pu
in diameter). Harris has reported that the sori in C.
meniscoides are composed of 10-15 sporangia, whereas
there are 7-9 sporangia in the sori of €. walkeri.

Some of the teeth on the pinnae of C. walker: are of
about the same shape and have the same proportions as
the teeth on the pinnae of the type specimens of C.
elegans Oishi (1931), but the primary branch veins slant
forward at a lower angle in O. walker: (40°-50°) than
in C. elegans (60°-70°). Furthermore, the fronds of C.
walkeri are larger than the fronds of (. elegans. The
teeth on the pinnae of C. walkeri are larger than those
on the pinnae of O. reticulata Kurr which has been de-
scribed from the Keuper of Germany by Frentzen
(1922). In addition, the primary branch veins in C.
walkeri slant forward at a slightly higher angle than the
veins in C. reticulata, and the pinnae of C. reticulata
contain fewer rectangular meshes formed by the pri-
mary and secondary veins than are present in the pin-
nae of C. walkers.

Superficially, O. walkeri resembles C. obovata Oishi
(1932, p. 291, pl. 30, fig. 2, and pl. 32, fig. 1), but they
differ in detail. Leaves of C. walkeri are slightly smaller
than those of €. obovata. Pinnae in C. obovaia are ob-
lanceolate to obovate, whereas they are lienar lanceolate
in C. walkeri. The teeth on the pinnae of C. walker:
generally are shorter than the teeth on C. obovata. In
specimens of (. obowata described from the Middle
Jurassic rocks of Yorkshire by Harris (1961, p. 123—
126), the sori are regularly distributed and are
surrounded by hairs which are apparently absent else-
where. In C. walkeri, the sori are irregularly distrib-
uted, and hairs occur over the entire lower surface of
the leaf. The primary branch veins in 0. walkeri are
nearly straight throughout their course and bend for-
ward near the margins of the pinnae, whereas in C.
obovata they bend forward near their base.

Several species of Clathropteris have been described
from the Upper Triassic rocks in the Eastern United
States, but none of them is very similar to C. walkeri.
The pinnules determined by Newberry (1888, p. 94)
as C. platyphylla Brongniart and those described as C.
platyphylla var. expansa Saporta by Fontaine (1883,
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p- 54-58) have primary branch veins that are nearly
perpendicular to the midrib, whereas comparable veins
are set at an angle of 40°-50° in C. walkeri. Also, the
fronds of these two forms are considerably larger than
those of C. walkeri, and the pinnae have ratler low
broad teeth in comparison with those of C. walkeri. C.
rectiusculus Hitchcock (1855, p. 22-25, fig. 2), which
was described from the Triassic rocks in Conrecticut,
seems to be of about the same size and to have the same
type of delicate veins as C. walkeri, as pointed out by
Daugherty (1941, p. 57). The specimen is small and
fragmentary, however, and the only illustration is so
poor that it is difficult to judge whether the two species
are identical.

Clathropteris walkeri resembles the single fragmen-
tary specimen on which Apachea arizonica Daugherty
was based. Both leaves are palmate and have spreading
pinnae, or lobes, originating from the base of the leaf.
The principal differences noted by Daugherty are the
marginal characters of the pinnae and the form and
venation of the leaf. According to Daugherty, the pin-
nae margins of 4. arizonica are entire, whereas they are
toothed in C. walkeri. Microscopic examination of the
holotype of A. arizonica, however, shows that there are
a few teeth of the same size and shape as those on
0. walkeri. These teeth also contain venation similar
to that occurring in €. walkeri. The venatior of the
lower part of the leaf of 4. arizonica resembles that in
a similar part of a leaf of 0. walker: and the venation
of the pinnae of C. walkeri. The differences in the form
of the leaf of A. arizonica are believed to be due to the
fragmentary nature of the fossil and to its position in
the rock relative to the rock surface. The lower surface
of the holotype of 4. arizonica is covered with a dense
mat of hairs that are similar in size, shape, and distri-
bution to those on the lower surface of CO. walkeri.
I believe that the specimen called A. arizonice is
actually the basal part of a leaf of O. walkeri. Until a
transfer can be made of the holotype of A. arizonica or
more complete specimens are collected, however, it will
be best to tentatively consider 4. arizonice as valid and
distinct from C. walkeri.

Material—Holotype:
UCMP 1551, 1552, 1553.

Distribution.—This easily recognized form 1~s been
collected from USGS paleobotany localities 1058 and
10059 in the Fort Wingate area, New Mexico, and from
locality 10062 in Petrified Forest National Park, Ariz.
(The type specimen was collected from this locality.)

UCMP 1550. Paratypes:
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UNCLASSIFIED FERNS
Form-genus CLADOPHLEBIS Brongniart, 1849
Cladophlebis daughertyi Ash, n. sp.

Figure 19; plate 5

1941. Cladophlebis microphylla auct. non Fontaine. Daugherty,
p. 4647, pl. 4, fig. 3, pl. 5, fig. 2 (not fig. 3).

Diagnosis—Lamina as a whole linear lanceolate,
twice pinnate, width typically about 6 cm (largest 29
cm, length possibly 60 cm, apex acute. Petiole unknown,
rachis slender as much as 2 mm wide, showing a broad
sharply defined channel about 0.5 mm wide; not punc-
tate, without hairs, marked with narrow cellular striae
about 154 wide. Pinnae acute, slightly falcate, largest
11 mm wide, 14.5 cm long, arising laterally, usually
alternate, at intervals of about 8-10 mm and at an angle
of about 140° in lower part of leaf, changing to 90° in
middle and to about 60° near apex of leaf.

Pinnules falcate, oblong (usually at least twice as long
as wide), typically 2 mm wide, 5 mm long, apex rather
obtuse. First pinnule arising on basiscopic side close to
main rachis, later ones alternating katadromically.
Pinnules typically arising at 60°-65° to pinnae rachis,
basal pinnule on acrosopic side tending to be parallel
with main rachis. Basal pinnule on basiscopic side
sialler than others but shape normal; basal pinnule on
acroscopic side rather enlarged; pinnules of both sides
otherwise similar. Adjacent pinnules connected by an
undivided laminae about 1 mm broad; pinnules rather
crowded, often slightly overlapping; margins of pin-
nules generally entire, occasionally showing low
rounded teeth. Midrib of pinnule stout, usually straight,
occasionally slightly undulating, running nearly to
apex. Veins making an angle of about 30°—40° to mid-
rib; first veins on basiscopic side originating near pin-
nae rachis and forking two or three times, later veins
forking once or imperfectly twice; venation sparse with
a concentration of about two to three vein branches per
millimeter at pinnule marging (veins are about 0.4 mm
apart), typically 18-22 veins per pinnule; veins ending
at a point about 100p—200u from pinnule margin.

Cells of upper and lower epidermis irregularly
shaped, often sinuous walled, usually moderately elon-
gated, distinctly elongated near margins of pinnules
and veins, randomly oriented except near margins,
where long axes of cells are parallel to margin, and
near veins, where they parallel veins. Anticlinal cell
walls about 2u thick, surfaces occasionally bearing
marks suggesting contact areas of mesophyll. Stomata
evenly distributed except along margin where stomata
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are typically absent, about 20-30 per square millimeter
on lower epidermis, four to five per square millimeter
on upper surface, parallel to neighboring veins, others
at random, shape round to oval, slightly longer than
wide. Guard cell pair 42,-52u long, 34p—45, wic's,
usually overlapping epidermal cells to some extent, sto-
matal pore 15,—20u long, surface of guard cells showing
radiating striations. Trichome bases common on lower
epidermis (about 30-45 per sq mm) less common (about
5 to 10 per sq mm) on upper epidermis, consisting of a
rather small polygonal cell, typically 15 wide, con-
taining a circular thickened scar about 10p in diameter,
free part of trichome unknown.

Description—The diagnosis is based on the two spec-
imens illustrated by Daugherty as Cladophlebis micro-
phylia (UCMP 1530, 1531) and the several dozen spec-
imens that T collected. Most of the specimens consist
of isolated and fragmentary pinna; however, in several
specimens the pinnae are attached to a rachis. Tre
largest specimen of the species shows a rachis about 2
mm broad, to which are attached 29 pinnae. Complete
piunae on the specimen are 14.5 cm long; pinnules are
2.5 mm wide, 6 mm long.

Acetate film transfers were made of seven specimens
and epidermal cells, usually from the lower epidermis,
showed in most preparations. (See fig. 197.) In these,
the tissue of the veins is still present, lying on top of
the lower epidermis, but no trace of the upper epidermis
was seen, and nothing of the mesophyll except probable
contact marks on the lower epidermis. I know of no
explanation of this strange feature of preservation. In
a few transfers both the upper and lower epidermis are
preserved (fig. 19Z, &), and the tissue of the veins is
present between them.

An epidermis with stomata similar to those occurring
in this fossil was noted in two Holocene mesophytic
ferns, Alloserus crispa and Struthiopteris germsanica.

Comparisons—Cladophlebis daughertyi differs from
C. microphylla Fontaine (1883, p. 51-52), with which
Daugherty identified it, as follows. The pinnules of C.
daughertyi ave distinetly oblong, not subquadrate; they
are inserted at a lower angle (typically 60° instead of
80°), and they are larger (typically 2X5 mm) than the
pinnules of €. microphylla (3 X3 mm). The midrib is
rather slender and extends nearly to the apex of the
pinnules in €. daughertyi, whereas in €. microphylla it
is quite stout and extends less than halfway up the
length of the pinnules. Venation is not as sparse in the
pinnules of C. daugherty: (about two veins per mm)
as in the pinnules of (. microphylla (about 1.5 veins
per mm). In €. daugherty: some of the lateral nerves
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fork more than once, especially in the lower part of the
pinnules, and the bifurcation usually occurs halfway
between the midrib and the pinnule margin. In C. micro-
phylla all the lateral nerves fork only once and at a
point near the midrib.

Daugherty considered Pecopteris mewicana New-
berry (described as P. mewicana but illustrated as Ale-
thopteris mexicana by Newberry, 1876, p. 143-144, pl.
6, figs. 2, 2a) to be the same as his C. microphylia. How-
ever, a comparison of C. daughertyi with the descrip-
tion and illustrations of P. mewicana and with a spec-
imen from a locality near the one which yielded the
type specimen of P. mewxicana shows that they are dif-
ferent. Typically, the pinnules of C. daughertyi are
twice as large as the pinnules of P. mewxicana, and there
are probably more veins per millimeter at the pinnule
margin in . daughertyi than in P. mexicana.

The only other species of Cladophlebis of which we
have anatomical knowledge is (. sahnii Vishnu-Mittre
(1959, p. 51, pl. 1, figs. 5, 6, text figs. 4, 5). Although
data concerning this Middle(?) Jurassic form are
comparatively meager, enough is known to demonstrate
that it differs from C. daughertyi in several respects.
The pinnules of O. daugherty: are considerably larger
than the pinnules of 0. sahnii (1-1.5X1-3 mm), and
there are no ridges of elongated cells along the pinnule

Fi1aure 19.—Cladophlebis daughertyi Ash, n. sp. A-D, F, H from
USGS paleobotany locality 10062, Petrified Forest Member
of Chinle Formation, Petrified Forest National Park, Ariz.
E, G from USGS paleobotany locality 10061, lower red member
of Chinle Formation, Fort Wingate, N. Mex. 4, Part of pinnule
(lower epidermis) ; stomatal apertures shown by short black
lines, trichome bases shown by large black dots; some of the
stomata and trichome bases probably missing. Transfer prepa-
ration, USNM 42981, X 25, B, Part of apical region of pinna;
overlapped edge of pinnule dotted. Transfer preparation,
USNM 42982, X b. C, Lower epidermis showing straight-walled
cells near margin at upper right of figure. Transfer prepara-
tion, USNM 42984, X 100. D, Part of typical pinna from central
part of leaf; overlapped edge of pinnules dotted. USNM
42986, X 5. E, Upper and lower epidermis from marginal area
of pinnule, viewed from outside (lower surface), margin is
on right; anticlinal cell walls of lower epidermis shown by
solid lines, those of upper epidermis shown by broken lines.
Transfer preparation, USNM 42987, X 400. F, Lower epidermis
(somewhat obliquely compressed) ; anticlinal cell walls darkly
stippled. Transfer preparation, USNM 42983, X 200. @, Upper
and lower epidermis, viewed from outside (lower surface) ;
anticlinal cell walls of lower epidermis shown by solid lines,
anticlinal cell walls of upper epidermis shown by broken lines.
Transfer preparation, USNM 42987, X 400. H, Lower epider-
mis showing narrow, straight-walled cells near margins of
adjacent pinnules and wavy-walled ordinary cells elsewhere.
Two veins are on right side of figure. Transfer preparation,
USNM 42985, X 100.
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margins of C. daughertyi as there are in C. sahnii. Fur-
thermore, the walls of the epidermal cells in the pin-
nules of C. daughertyi are not as sinuous as they are
in O. sahnii, and the stomata in €. daughertyi are round
or slightly oval, whereas they are considerably elon-
gated in C. sahnéi. Finally, trichomes are present on the
epidermis of C. daughertyi,; they have not been repor*-
ed on the epidermis of €. sahngi.

The most similar species known to me are C. svedberai
from the basal Liassic of Sweden (Johansson, 1922 p.
19-22) and Greenland (Harris, 1931, p. 54, 57, text-fig.
18) ; C. fontainei Seward (1907, p. 26) from the Juras-
sic of Turkestan; and O. grabauana Pan (1936) from
the Rhaetian of Shensi, China C. svedbergi is distir-
guished by having rather large pinnules (as much as 12
mm), a stout rachis, and pinnae that taper abruptly.
0. fontainei differs in that the pinnules are nearly equi-
dimensional, and venation is rather sparse (14 per pir-
nule). Because only one specimen of (. fontainei is
known, however, comparisons are incomplete. . gre-
bauana, though very similar, may be distinguished by
the rounded apices of the pinnules. Comparison with
this species is also incomplete, as only two small speci-
mens are known. Almost all other species that have
been compared have larger pinnules with more nu-
merous veins.

Remarks—The species is named for Lyman F.
Daugherty, who made the first comprehensive study
of the fossil leaves, spores, and wood in the Chinle
Formation and the Dockum Group of the Southwestern
United States.

There has been a mixup in the numbering of one of
the specimens of this species, described by Daugherty,
which is now in the collections of the University of Cali-
fornia Museum of Paleontology. Specimen 1532 in
that collection actually is Oladophlebis microphylla
(here referred to C. daughertyi n. sp.), not C. reticu-
lata; and specimen 1531 is C. reticulata, not C. micre-
phylla. These discrepancies apparently are due to th>
fact that the explanations of figures 2 and 3 on plate 5
have been reversed, as a comparison of the original
specimens with Daugherty’s descriptions shows.

Material—Holotype: USNM 42988. Paratypes:
UCMP 1530, 1532.

Distribution—This species occurs in the lower red
member of the Chinle Formation at USGS paleobotany
localities 10059 and 10061 in the Fort Wingate area,
New Mexico, and in the Petrified Forest Member (low-
er part) of the Chinle Formation at USGS paleobotany
locality 10062 in Petrified Forest National Park, Ariz.
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INDEX LIST OF FOSSIL FERNS

All the genera and species based on fern and fernlike
foliage described or reported from the Chinle Forma-
tion are listed below in alphabetical order. The several
petrified stems attributed to the ferns are also included.
This index list, in general, follows the style of the cata-
log part of LaMotte’s (1944) “Supplement. to Catalogue
of Mesozoic and Cenozoic Plants of North America.”
All references cited are included in the bibliography of
this report.

Data for each generic citation are arranged in the fol-
lowing order: The generic name, author, date of pub-
lication, page reference, and the name and author of the
type, or first-described species of the genus.

For each primary specific citation, data are arranged
as follows: The generic and specific name, the name of
the author, the year of publication, the page number,
and the plate or text-figure references. Then follow for-
mation and locality data for the type specimen of the
species and other specimens described or reported by
the author. Next, in chronological order, are listed cita-
tions of the species by later authors together with the
year of publication, page, plate and figure references,
and formation and locality information. Thus, addi-
tional discoveries of the species are connected with the
appropriate author and locality data. Brief annotations
concerning the fossil are enclosed in parentheses at the
end of the primary citation. Beneath each primary
citation are listed, in chronological order, synonyms of
the species, together with the author, year of publica-
tion, page, plate and text-figure references, and forma-
tion and locality data.

Apachea Daugherty, 1941, p. 55-56. Type species: A. arizonica
Daugherty.

A. arizonica Daugherty, 1941, p. 55-56, pl. 9, fig. 2. Petrified
Forest Member of the Chinle Formation, Petrified Forest
National Park, Ariz. (Sterile foliage, Dipteridaceae.
May be a poorly preserved specimen of Clathropteris wall-
eri. See p. D42 in this report.)

Chinlea Daugherty, 1941, p. 45—16, em. Miller, 1968. Type species :
C. campii Daugherty.

C. campii Daugherty, 1941, p. 45486, pl. 4, fig. 4 em. Miller,
1968, p. 113, figs. 1-13. Petrified Forest Member of the
Chinle Formation, St. Johns area, Arizona. (Poorly pre-
served petrified stems, Lepidophyta.)

Osmundites walkeri Daugherty, 1941, p. 50-52, pl. 5, fig. 1.
Petrified Forest Member of the Chinle Formation, Petri-
fied Forest National Park and St. Johns area, Arizona;
Chinle Formation, Dinnebito Wash, Ariz.

Chinlea sp. Miller, 1968, p. 113, fig. 11. Petrified Forest Member
of the Chinle Formation, Petrified Forest National Park
and St. Johns area, Arizona. (Poorly preserved petrified
stems, Lepidophyta.)
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Undetermined stem fragments. Daugherty, 1941, p. 100-101,
plL 19, fig. 2; pl. 20, figs. 1, 2. Petrified Forest Member of
the Chinle Formation, St. Johns area, Arizona.

C'ladophlebis daughertyi Ash, n. sp., p. D43-D45, this report, Pet-
rified Forest Member of the Chinle Formation, Petrified
Forest National Park, Ariz., and lower red member of
the Chinle Formation, Fort Wingate area, New Mexico.
(Sterile foliage.)

C'. microphylla auet. non Fontaine Daugherty, 1941, p. 46—~
47, pl. 4, fig. 3; pl. 5, fig. 2. Petrified Fores: National
Park, Ariz.

C. cf. denticulate (Brongniart) Fontaine. Ash, table 1, this pa-
per. Petrified Forest Member of the Chinle Formation, Petri-
fied Forest National Park, Ariz. (Sterile foliage.)

C. microphylle auct. non Fontaine. Daugherty=0. daughertyi
Ash.

C. reticulate auct. non Fontaine. Daugherty=?0ladophlebis n.
sp. (See p. D26 of this report.)

Clathropteris walkeri Daugherty, 1941, p. 56-57, pl. 10, figs. 1-4.
Petrified Forest Member of the Chinle Formatior. Petrified
Forest National Park, Ariz. Ash. p. D41-D42, tlis report;
lower red member of the Chinle Formation, Fort Wingate
area, New Mexico. (Fertile and sterile foliage, Dip-
teridaceae.)

Coniopteris plumose Daugherty=Wingatea plumosc (Daugh-
erty) Ash.

Cynepteris Ash, p. D31, this report. Type species: C. lasiophora
Ash,

C. lasiophore Ash, p. D31-D38, this report. Lower red member of
the Chinle Formation, Fort Wingate area, Ne~ Mexico;
Petrified Forest Member of the Chinle Formation, Petri-
fied Forest National Park, Ariz. (Fertile and sterile foli-
age, Cynepteridacea.)

Lonchopteris virginiensis auct. non Fontaine: Daugherty,
1941, p. 49, pl. 5, figs. 1, 2; pl. 6, figs. 1, 2. Petrified Forest
Member of the Chinle Formation, Petrified Forest Na-
tional Park, Ariz.; Chinle Formation near Nazlini, Ariz.

Lonchopteris (?) sp. Daugherty, 1941, p. 50, p'. 4, fig. 2.
Chinle Formation near Nazlini, Ariz.

Itopsidema Daugherty, 1960, p. 775. Type species: I. vancleavetf
Daugherty, 1960.

I. vancleavei Daugherty, 1960, p. 775, text-figs. 1-17 Petrified
Forest Member of the Chinle Formation, Petrified Forest
National Park, Ariz. (Petrified stem, ?Osmundaceae.)

Laccopteris smithii Daugherty=Phlebopteris smithii (Daugh-
erty) Arnold.

Lonchopteris virginiensis auct. non Fontaine. Daugherty=~Cy-
nepteris lasiophora Ash.

Lonchopteris? sp. Daugherty=Cynepteris lasiophora Ash.

Osmundites walkeri Daugherty=Chinlea campii Dau~herty em.
Miller.

Phlebopteris smithii (Daugherty) Arnold, 1947, p. 19¢-197, text-
figs. 91-92. Arnold, 1956, p. 119. Petrified Forest Member
of the Chinle Formation, Petrified Forest National Park.
Ash, this report, table 1. Lower red member of the Chinle
Formation, Fort Wingate area, New Mexico. (Fertile
and sterile foliage, Matoniaceae.)

Laccopteris smithii Daugherty, 1941, p. 53-54, r!. 7; pL §,
figs. 1-3; pl. 9, fig. 1. Petrified Forest Member of the
Chinle Formation, Petrified Forest National Fark, Ariz.;
Chinle Formation, Dinnebito Wash, Ariz.
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P. utensis Arnold, 1956, p. 119-120, pl. 16. Chinle Formation,
Garfield County, Utah. (Pertile and sterile foliage,
Matoniaceae.)

Sphenopteris arizonica Daugherty, 1941, p. 99, pl. 19, figs. 8, 4.
Petrified Forest Member of the Chinle Formation, Petrified
Forest National Park, Arizona. (Sterile fernlike foliage of
unknown affinities.)

Todites fragilis Daugherty, 1941, p. 52--53, pl. 6, figs. 3, 5. Petri-
fied Forest Member of the Chinle Formation, Petrified For-
est National Park, Ariz. Ash, this paper p. D27-D381. Lower
red member of the Chinle Formation, Fort Wingate area,
New Mexico. (Fertile and sterile foliage, Osmundaceae.)

Undetermined fertile frond. Daugherty, 1941, p. 99-100, pl. 6,
fig. 4. Chinle Formation, Nazlini, Ariz. (Probably a frag-
ment of W. plumosa.)

Wingatea Ash, p. D38, this report. Type species: . plumosa
(Daugherty) Ash.

W. plumosa (Daugherty) Ash, p. D38-D40, this report. Lower

red member of the Chinle Formation, Fort Wingate area,
New Mexico. (Fertile and sterile foliage, ?Gleicheniaceae.)

Coniopteris plumosa Daugherty, 1941, p. 54-55, pl. 9, figs.
3-5. Petrified Forest Member of the Chinle Formation,
Petrified Forest National Park, Ariz.
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PLATE 1

Ficures 1-10. Todites fragilis Daugherty, USGS paleobotany locality 10061 (p. D27).

1.
2, 3.
4.
5.
6, 7.

8.

10.

A multicellular sporangial stalk between two veins in surface view. Transfer preparation, USNM 4£936, X 200.

Central part of a leaf, X 1and X 2. The venation is clearly shown in some of the pinnules. USNM 42942.

Apex of a leaf showing the asymmetrical pinnae. USNM 42941, X 2.

Apical part of a sporangia showing the cells of the annulus and the stomium. Transfer preparation, UF'NM 42936,
X 200.

Two spores obtained by macerating a sporangia. Spore on right has been slightly crushed, whereas the other has

amore typical outline. USNM 42939, X 100.

Two spinelike hairs on the edge of a fertile pinnule. Broken hair in upper part of figure is attached to end of a
vein. Several multicellular hairs and two incomplete sporangia are also shown. Transfer preparation, USNM
42936, X 100.

Multicellular hairs in marginal area of pinnule. Pinna rachis is near bottom of figure. Transfer preparation,

USNM 42936, X 100.

Marginal part of fertile pinnule showing densely packed hairs and several incomplete sporangia. Transfer prep-

aration, USNM 42936, X 100.

































