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INTRODUCTION
Scope of the Problem

The purpose of this study is to clarify end enlarge upon a
previous research which defined the fossil flora of the Lower Coal
Measures of Missouri. The former study was based almost entirely on
materials that had been collected by individuals in Henry County,
Missouri, who had forwarded the floral elements to Washington, D. C.
for identification. Since such collections usually are made up of
better preserved materials rather than of all the taxa that may be
presenty it was felt that the previous collections may have contained
& bilas and hence the report did not give a complete picture of the
flora. Recent information on the Rowe coal reveals an extensive area
in which the stratum is exposed. It is questionsble whether the
previous study, based on a very limited area, gave a true representa-
tion of the fossil flora found stratigraphically between the Rowe
coal and the Drywood coal. It is also questionable whether the
strete were accurately defined if the specimens were mail order.

Therefore, the major goals of this study were to collect
plant macrofossils over a larger area to obtain a larger sample and
to carefully define the strata from which these fossils were taken.
Secondarily, the flora was also to be more carefully identified in
light of the numerous studies mede on the Pennsylvanian floras since
the original work by White (1899). The flora will be compared with

floras from other areas in order to determine similarities and to



more clearly define the stratigraphic problems involved.



CHAPTER I

HISTORICAL REVIEW OF LITERATURE OF
AMERICAN FLORAS OF PENNSYLVANIAN AGE

The study of the fossil floras of Pennsylvanian age in the
United States has been in progress for almost 150 years. Granger,
in 1820, presented the first paper dealing with a Fennsylvanian
age flora. He studied vegetable impressions connected with the Coal
Formation of Zanesville, Ohio. Harlan published a paper in 1834
vhich dealt with fossil plant remains from bituminous coals of
Pennsylvania. In 1836, Hildreth reported Op the Bitumipous Coal

e Ohio Valle With Notes on Fossil Organic Remains

Lyell and Bunbury (1846) reported their observations on the fossil
plants of the coal field of Tuscaloosa, Alabama. The following year,
ir 1847, Bunbury described fossil plants from a coal field near
Richmond, Virginia.

The decade of the 1850's marked the beginnings of an increased
amount of pelecbotanical research. Foster (1854) and Newberry (1853)
both reported on fossil plants of Pennsylvanian age from Ohio., Two
studies were made by Newberry on the Ohio flora and were published
in 1854. Lesquereux, in 1854, published the first of mumerous
papers dealing with Pemnsylvanian age floras. The papers reported
new fossil species in the anthracite and bituminous coal fields of
Permsylvania. Lesquereux (1857) presented a paper entitled
Paleont cal Re Flora of the C es of Weste



Kentucky. The 1857 paper was followed closely by another in 1858,
in which Lesquereux described mew species of fossil plants from the
Coal Measures of the United States.

In the decade of the 1860's, contributions were made by only

two researchers. H. C» Wood, in the years 1860 and 1866, wrote

Contributions to the Carboniferous Flores of the United States and

United States, respectively. In the years 1860, 1861, 1868, and 1869,
lesquereux published reports on the fossil floras of Arkansas,
Kentucky, Illinolg and the Main Sewanee Jackson Coal of Tennessee,
respectively.

The years between 1870 and 1880 were the most productive in
descriptions of American Pennsylvenian age fossil floras. In the
year 1870, lesquereux reported on the fossil plants of the Illinois
coal fields. Fossil plants from the Cosl Measures of Ohio were
deseribed by Newberry in 1873. Andrews (1875) published two papers
describing Ohio plant fossils.

oal Plants from the Alabams Fields by Lesquereux were publicshed in

the same year, 1875. In 1876, Lesquereux described species of marine

plants from the Carboniferous Measures in the Seventh Amnual Report

of the Geological Survey of Indiana. During the Years 1878 and 1879,

Lesquereux published two papers dealing with the genus Cordaites.
The latter year also saw the publication of the first volume of




Formations in Pennsylvania and Throughout the United States. Two

subsequent volumes appeared in the years 1880 and 1884. Fontaine
and I. C. White (1880) described the Fermian or Upper Carboniferous
flora of West Virginia and southwestern Pemnsylvania. Iesquereux
(1887) wrote a paper on the character and distribution of Paleozoic
plants. Lesley's three volume Dictionary of the Fossils of Pennsyle-
venie and Neighboring States Nemed in the Reports snd Catalogue of
the Survey appeared in 1889 to 1890.

The decade of the 1890's was most significant in regard to

the present study of Missouri's fossil flora. Hambach (1890)
listed 92 specles of vascular plants occurring in the Coal Measures
of Missouri. David White, in 1893, reported on the Flora of the
Outlying Carboniferous Basins of Southwestern Missouri. In 1897 and

1899 he reported on fossil plants from the McAlester Coal Field,
Indian Territory, and in 1899, the United States Geological Survey

published his significant contribution, Fossil Flora of the ILower
Coal Measures of Missouri, in Monograph #37.

The prolific reports by White continued into the early 1900's.

In 1900, two papers appeared; The Stratigraphic Succession of the
Fossil Floras of the Pottsville Formation and the Southern Anthracite
Coal Fields, and the Relative Ages of Kanawha Alle Series
a8 Indicated by the Fossll Plants. In 1903, U.S.G.S. Bulletin 211,
dealing with the Upper Carboniferous stratigraphy and paleontology
of Kansas, was published by Adams, Girty, and White. Here, D. White
reported on the fossil plants from the Upper Carboniferous rocks and
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and Permian formations. This was the first publication dealing with
a fossil flora of Kansas. Unger gave an account of the various con=
tributions made to our kmowledge of Pennsylvanian age fossil floras
in Pemngylvania in 1907. That same year White presented a report
on fossil plants from the Coal Measures of Arkansas. In 1908, Sell~-
ards provided a fairly extensive study in his Fossll Flants of the
Upper Paleozoic of Kansas. White (1908) attempted to eorrelate the
upper Paleozoic floras of the United States in regerd to their
succession and range. This publication was followed by two more by
White. In 1913, he reported om the fossil flora of West Virginia
end in 1915, he provided some notes on the fossil floras in Missouri.
The first detailed study of Pennsylvanian age fossil plants in
Indiana was provided by Jackson (1916).

Few studles were concerned with Pennsylvanian age fossil
plants in the decade of the 1920's. Noé (1923) wrote about a flora
of the Western Kentucky coal fileld. The paper was followed by one
in 1925 by the same writer concerning a Pemmsylvanian flors of
northern Illinois. Round (1926) correlated the coal flora in Henry
County, Missouri, and those of the Narragansett Basin of Rhode Island.

Interest in research devoted to Pennsylvanian age floras
revived in the 1930's. Read (1934) described such a flora in his
A Flora of Pottsville Age from the Mosquito Range, Colorado. The
same year three other significent paepers appeared. Arnmold (193%)
published a preliminary study of the fossil floras of the Michigan
Coal Basin. Jongmnans and Gothan presented a paper on the floral
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succession and comparative stratigrephy of the eastern United States,
and compared it with that of western Europe. A amall section of this
paper discussed Pemnsylvanian age fossils. Hendricks and Read (1934)
presented a paper dealing with correlations of Penmsylvanian strata
in Arkansas and Oklahome coal fields. In 1936, Darrah presented a
paper on the American Carboniferous Floras. A concurrent publication
written by Flias, described the character and sigpificence of the late
Paleozoic flora of Garnett, Kansas. Elias, in 1937, dealt with ele-
ments of the Stephanien age flora im the midcontinent region of the
United States. In the first of several papers, Janssen (1937)

published A Key for the Identification of Flant Impressions from the
Middle Pennsylvanian of Illinois. The following year e dissertation

wes written by MacKnight on the flora of the Grape Creek coal at
Danville, Illinois. In 1939, the Illinois State Museum published

Janssen's leaves and Stems from Fossil Forests, In 1940, Janssen's

second paper, Some Fossil Plent Types of Illinois, was published by
the ITllinois State Musewm., In the same year Read and Merriam

reported an early Pennsylvanian age flors from Central Oregon. In
1947, Read presented a paper in the Journal of Geology dealing with
Permsylvanian floral zones and floral provinces. A significant
addition to palecbotanicel literature was Arnold's 1949 paper,
Fossil Floras of the Michigen Coal Basin.

The 1950's were a productive period for paleobotanical
studies of Pennsylvanien age. Stewart (i950) gave his report on
the Cearr end Daniels collections of fossil plents from Mazon Creek,



I1linois. Condit and Miller, in 1951, described concretions from
Iowa which were like those collected around the Mazon Creek area.
In 1952, Baxter presented the first two papers describing the coal
age flora of Kansas. Subsequent papers appeared in 1953 and 1954
in which he was coauthor with Roth and Hartman, respectively. The
papers dealt with specific genera or speciles rather than presenting
a review of an entire floras, as many previous studies had done. A
second study dealing with the Oregon early Pennsylvanian age material
was reported by Arnold in 1953. In 1954, Wood and Canright
evaluated the status of paleobotany in Indiana with reference to
Pennsylvanian age floras. Later a paper was published by Shutts and
Canright (1955) describing collections of Pennsylvanian plant fossils
in Indiana. Mamay and Read made additions to the flore of the Spotted
Ridge formation in central Oregon in 1956. Another publication
dealing with the famous Mazon Creek concretionary material was present~-
ed by Langford in 1958. The publication was entitled The Wilmington
Coal Flora from s Pennsylvanian Deposit in Will County, Illinois.
Canright (1959) published a report of the fossil plants of Indiana.
The present decade appears to be following along in the path
set by the preceding decade. Read and Memay (1960) presented a
paper dealing with the upper Paleozoic floral zones of the United
States. Wood, in 1963, presented a paper entitled The Stanley

Cemetery Flors (Farly Permsylvanian) of Greene County, Indiana. Also

appearing in 1963 was the paper written by Cridlend, Morris, and

Baxter concerning the Pennsylvanian plants of Kansas and their



stratigraphic significance.



CHAPTER II
METHODS AND MATERIALS

The specimens for this study were collected from sites in
Henry and Cedar Counties, Missouri. In addition to the sites from
which fosails were taken, the writer examined other localities in
Barton, Cedar, Dade, Henry, and Vernon Counties, Missouri. The
prospective areas or sites were determined by checking the locations
of mines or quarries on the general highway maps of the respective
counties and guadrangle maps. Another source of likely fossiliferous
localities was the previous literature dealing with 1) the Rowe coel,
or more specifically, the Drywood formation, 2) the fossil floras
in Missouri, and 3) other specifically named arees, such as Henry
County, Clinton, Deepwater, or Gilkerson's Ford. The collection
site east of Caplinger Mills, Missouri, was brought to the
attention of the writer by Dr. Carl Chapman, Professor of Anthropology,
University of Missowri, Columbia, Missouri.

Dr. W. V. Searight of the Division of Geological Survey and
Water Resources of the State of Missouri, graciously provided
cropline maps for the Rowe coal, which were carefully followed and
the outerops checked for the overlying Drywood formation and its
assoclated plant fossils.

As 1s often the case, more sites were visited than were
productive. The site identifications in older publications were of
limited value because the localities of previous collections, in
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some cases, were not accurately identified. In deseribing the
Pitecher shaft from which large collections of fossil plants were
made, Winslow (1891, p. 139) said that the "shaft is about a mile
and a half southwest of the Kinney slope and is about three miles
from Clinton."” The Kinney slope was "about two miles southeast of
Clinton." In addition, general county highway maps and quadrangle
maps used a single symbol for a variety of mining operations. The
same gymbol was used to designate limestone quarries, coal ghaft
mines, or coal strip pits. The two latter mining operations were
the preferred sites; however, accessability to any fossil plant
material varied with the condition of the mine. In same cases the
shafts had slumped in, and the dump heaps alongside were considerably
overgrown with vegetation, some with elm trees as tall as 40 or 50
feet in height.

A few of the sites which were visited in Hemry County, Missouri,
and which proved to be unproductive for fossils were:
SWi SBf sec. 17, T.4O N., R.26W.
SEf 8B sec. 3, ThO N., R.26 W.

Clinton South
Wi NBE sec. 2, T 40 N., R.26 W.

Quadrangle, Missouri
33% Mﬁ' 8sEC. 35, Tol&l Nb, 3026 We ?

swi NEY sec. 11, T.hi Ne, R.26 W.
8w NBE sec. 17, T.41 N., R.25 W. Gaines Quadrangle,
Net 8wl sec. 17, T.41 N., R.25 W. Miasouri
The Rowe cropline is rather extensive and follows a highly
convoluted pattern extending from the northeast cormer to the south-
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west corner of Barton County, where the cropline is most extensive.
The cropline also extends into Cedar, Dade, Jasper, and Vernon
Counties, Missouri, but to & lesser degree than in Barton County.
Although possessing the Rowe coal and overlying shales and sandstones,
a trip to the areas showed them to be campletely lacking in plant
fossil meterial, or the plant fossile were in such a fragmentary
condition as to make their idemtification impossible. Rather than
follow the entire cropline across country, particuler emphasis was
placed on studying those sites where the cropline crossed various
types of roads or where it was particularly prominent on a hillside.
The Rowe coal cropline maps were followed for two reasons, 1) to
ascertaln whether the coal was present and the overlying strata
contained plant fossils, and 2) to ascertain whether the shales had
any fossils in places where the coal was absent.

One site of the Irywood formetion was the outcrop near the
bridge across the Dry Wood Creek, north of U. S. Highway 54, in the
NE{ SWs sec.5, T.35 N., R.32 W., Vernon County, Missouri, ss taken
from Searight (1959, p. 26). The succession did have & few
fragmentary plant materials, which due to their poor comdition,
were not included in this study.

Once located the samples were gathered either from newly
exposed faces in the shales above the Rowe coal or from different
lithologic facles also above the Rowe coal. The sections from which
the samples were taken were carefully noted and measured colummnar

sections were made. The specimens were collected in such a manner
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to include specimens from the vertical exposure of the entire
fossiliferous layer in the sample. This was accomplished by split -
tWngthe shale layers and then placing the samples on cardboard
trays in a single layer for transport back to the laboratory. The
careful placement and handling prevented the loss of valuable spec=-
inens through abrasion of the carbonaceous compressions. Specimens
with a great deal of mud or debris adhering were rinsed under tap
water and allowed to air dry. In the laboratory a small strip of
vhite paint was appllied to a non=fossiliferous area of each specimen.
A catalogue mumber in India ink was applied to each white strip.

The writer had considered giving & letter designation to those
pleces of shale which were counterparts; however, in many

cages there was more than one specimen on each plece of shale. In
some instances the ghale pleces were further split, at which time

& new number was glven to each piece of shale. The method of desige
nation might have caused an increase in the total number of individ-
ual plant remains, but this was taken into sccount when the relative
frequency classification<=-rare, not common, or common was applied
to each genus or species.

In conjunction wilth the catalogue number, a small dot of
colored enamel was applied beside the white strip. The colored dot
was indicative of a gpecific collection site and helped to differen~
tiate between similar specimens from different sites with the same
lithology. A catalogue was established containing the mmbered
list of specimens and & color key to the collection sites. After
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the specimens were marked, they were grouped on the basis of morpho=-
logical similarity in order that identification of similar genera
and species could be accomplished more rapidly.

In some instances the fosslls were difficult to visualize
and identify. When the rock split on different planes, it sometimes
left part of the metrix overlying the plant material. A small
teasing needle was used to chip or pry away the overlyinq material.
Another difficulty in identification was the lack of color differ-
entiation between the fossil and the rock matrix. To overcome this,
the surface of the specimen was moistened with xylene in order to
increase the contrast between the fossil and the matrix. As the
specimens were ldentified, the generic and specles epithets were
placed in the catalogue next to the corresponding catalogue number
for each specimen. In some cases there was more than one genus
and species on the specimen. Here, the additional names were added
to thelr respective specimen mmmber in the catalogue. The best
example of each taxon was then set aside to be photographed.
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stone bed (Tebo) and the Jordan bed. However, he did not relate the
two beds or define their areas. Numerous plant remains and the
discovery of a large mumber of fine specimens by Ir. J. H. Britts,
of Clinton, Missouri, from the Kinney slope 2 miles southeast of
Clinton, were mentioned by Winslow (1891, p. 139). These specimens
were distributed to many prominent paleontologists in the country.
It should be noted here that Dr. Britts had an operating coal mine
on his own land northwest of Clinton, but the cosl taken was from
the Tebo coal bed.

The majority of the botanical materisl used by White (1897,
p. 288) had been obtained from several localities in the vicinity
of Clinton from what was known as the "Jordan coal". The remainder
of his material came from a second higher seam, 45 feet above the
Jordan coal, located on the Grand River near Gilkerson's Ford. A
section by Broadhead (1873, p. 17) was devoted to the Gilkerson's
Ford site, "three quarters of a mile west of the Jordan mine, in
about the center of sec. 26, T. 41 N., R. 26 W'. The following
section (Fig. 6) was made for the outcrop about 150 yards
upstream (west) from the ford, and is the same location from which
the writer collected materials for this study.

The Cherckee group in Henry County was divided into two
divisions by Marbut (1898). The upper beds, extending from the base
of the Tebo coal to the top of the Cherokee group, were considered to
be consistent enough in character and distribution to be correlated

with reasonsble certainty across the entire State and beyond into
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the Jordan, though it is more likely that these troughs

and basins of comparatively thick coal are distributed

irregularly through the lower part of the Cherokee forma-

tion.
The Mammoth coal bed was mined at lewis and the Bowen Trough near
Windasor. Both of the locations are in Henry County, Missouri.
Subsequent geological studles have been done in these areas; however,
the relationships between the coal beds have not been demonstrated.
Furthermorey the paucity of fossil plant material in this area does
not afford the opportunity to shed any light on the problem. A
possible reason for the dearth of correlation studies is suggested
by Hinds and Greene (1915, p. 40). According to these writers the
lower Cherokee beds were lald down on the irregular surface of older
rocks in more or less disconnected bays and estuaries. This
accounted for the regional discontinuity of the strate and was
the reason that contemporaneous beds varied greatly from place to
place. The depth of the Jordan coal was set at 80 to 100 feet
below the Bevier coal horizon by Hinds and Greeme, (1915, p. 48),
but no direct conmection was made between the Jordan cosl and the
more persistent strata of the upper Cherckee. The Jordan coal is
important because the shales above it have been known for a long
time to be plant bearing strata, moreover, White included it in his
correlation studies of American and European floras.

Hinds (1912, p. 8) further added to our knowledge of the
structure of Pennsylvanian strats in Missouri. He asserted the
rocks were nearly horizontal over large areas, but that south of

the Missouri River, the strata dipped in general northwest. The
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the beds surrounding the conglomeratic sandstone was not determined.

Another question of contemporaneity to the Drywood formation
was raised by Greene and Pond (1926, pe 35) in their study of Vernon
County, Missouri. The Dederick shale was proposed by Greene and Pond
for the lowermost shales in the Cherokee where it crops out in
Vernon County. They stated (1926, p. 43) that "The Dederick shale
appears to be contemporaneous in age with that over the Jordan coal
of Henry County which has furnished many species of fossil plants.”
The subsequent study by T. K. Searight, (1952) has shown this
correlation to be incorrect.

In his study of the Humansville Quadrangle, Missouri, which
15 just east of the Arnica Quadrangle, T. K. Searight (1952, p. 58)
reported that the plant remains taken from the Dederick subgroup
were so fragmented that identification wvas impossible. Thin bedded
sandstones of the Graydon formetion were also found to contain
fragmented plant materials. The term Riverton supersedes the name
Dederick formation in Missouri. The Warnew raised to formational
rank by W. Searight and others (1953), replaces the term Graydon
conglomerate, includes the beds above the Riverton coal, and extends
upward to the top of the Neutral coal. Because the present~day
stratigraphic colurn places the Riverton formetion and the Werner
formation below the Rowe coal, therefore below the Drywood formation,
it must be assumed that no fossils representing the Drywood formation
were present.

In 1937, Pierce and Courtier made a study of some of the



30
strata in eastern Crawford County, Kansas. At that time,they
suggested the name Rowe for & coal cropping out near the Rowe School.
This coal was found to be of Cherokee age.

Mich of the problem with earlier stratigraphic studles was

due to the fact that each State, and in some cases local areas, had
&8 different name for the same formation where it outeropped in their
respective areas. W. Searight and others (1953, ) who were repre-
sentatives of five northern mid-continent states met at Nevada,
Missouri, for a conference' on classification and nomenclature of
rocks of Cherokee age. The men involved reached complete agreement
on division, classlfication and nomenclature of pre-Marmaton
Desmoinesian beds. The nomenclature retained, with scame re-definition,
the older established names. The geologlcal surveys of the respective
States, participating in the conference, recognized the cyclic
sedimentation in Cherokee rocks as the basis for formational division.
It was also recognized that the ‘most persistent units in the success-
ion were the coal beds. Therefore, the divisions of formational rank
were made to include the top of one coal to the top of the next
higher coal bed.

, In his 1954 study, Millman divided the Cherokee into three
groups. The Lower Beds consisted of, from bottom to top, sandy
gray shale, calcareous sandstone, and dark gray shale. The Middle
Beds were composed of massive, brownish-yellow and brownish-red
micaceous quartz sandstone and gray shale. The upper beds consisted
of all the strata ebove the Middle Cherokee sandstone. In some
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west dip of the strata. A generalized section for the Drywood Fore
mation in the Clinton North derangle; made up of the information
supplied by Carver (1959, p. 40), revealeda bottom phosphatic shale
with a maximum thickness of 4 feet. It is usually black to dark
brown and grades into overlying strata. A dark gray argillaceous,
fosslliferous, weathered limestone up to 2 feet in thickness over-
lies the shale. Carver (1959, p. 4l) stated: "above the phosphatic
shale lies an irreguler succession of interbedded siltstones and
stigmarian sandstones." Both contain abundant carbonized plant
fragments. Carver (1959, p. 42) found the underclay of the Drywood
coal averages 4 feet in thickness. The underclay, which is light
to dark gray, also contains abundant fragments of carbonized plant
material. The Drywood coal was found to vary in thickness up to
0.6 feet. As can be seen by the sbove descriptions, no identifiable
plant fossils were found in this area, although it closely adjoins
the collection sites. It is interesting to note that elthough
stigmarian material was found in the Clinton North Quadrangle, none
was found in the sites from which plant fossils were obtained for
this investigation.

' Velker (1961) working in the Filley Quadrangle, Missouri,
which is adjacent and west of the writer's Caplinger Mills sites,
found good sections of the Rowe and Drywood formations. Walker
(1961, p. 99) statea:

The Drywood formation within the Filley Quadrangle comsists

of claystone or siltstone, shale underclay, and coal.
The claystone consists of a micaceous, dark gray to gray









Paleoecdlogical Implications

The flora of this study, the lithology of the strata in
vhich the flora was located, and a review of the literature relating
to the enviromments of coal floras allowed the writer to make some
tentative conclusions concerning the conditions present during the
period of coal deposition and subsequent deposition of fossil plant
material in a variety of sedimentary rocks in the eollection ares.

In an early paper dealing with Missouri's coals, Winslow
(1891, p. 25) proposed several conditions, which he hypothesized
must have been present during the process of deposition of the
Missouri strata. The first condition, which is considered indicative
of an enviromment marginal to a continent, was brackish water.
Winslow considered that the brackish condition was favorable for
coal bed formation. The second condition wasg that, "the strata,
during the process of deposition, must have been at intervals, at
or near the water surface, permitting the growth of the coal flora
and the accumulation of coal." Since the coal was not accumulated
at the time, a possible interpretation of the preceding quotation
is that the plant or organic materials accumilated, and under the
proper conditions of pressure and time, were converted into coal.
Winslow's third condition was that the coal beds were all deposited
in basins of varying area and depth. The basing represented great
lagoons or swamps in which the organic material accumulated. The
lenticular nature of the beds was explained on the hasils of the
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contain an abundance of woody plant materlals, are indicative of
deltaic deposits and arec similar to the Mississippl delts of today
(Shepard, 1959, ps 145)+ In & paper dealing with marine sediments,
Shepard pointed out that shales may be deposited under a varilety
of conditions. If the deposition was rapid, the stratification
vas preserved. It was likewise preserved if deposition took place
in bays or in deep holes along the continental shelf where there
were gtagnant areas in the water mass. The fine sediments were
deposited only where the currents were wesk.

Another predaminant rock type in the Drywood formation is
sandstone. Sandstone deposition takes place under conditions which
suggest a slowingedown of a rapidly moving body of water. This
allows the heavier and larger particles to be dropped. Carver (1959,
pe 31), wrote of the varisble types of Cherokee sandstones found
in Filley Quadrangle, Missouri. He stated "...the sandstones contain
only plant fragments as fossils and may be of deltaic or continental
origin.” In addition, he asserted that the presence of fossilized
wood, which he did not define as compression, petrifaction, etec.,
could not be taken as definite evidence for a freshwater origin
since fossilized wood could also be expected in rocks deposited
near shore along & swampy coaste This theory gained further support
from Dunbar and Rodgers (1957, p. 63), who‘ﬂsuggested that non-marine
material, such as logs, drift to sea and become buried in marine
sediments. ILeaves, however, are not likely to survive such
transportation and the more complete specimens are usually buried
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close to their origin. White (1911) concluded from the relative
gbundance and condition of the plant fossils in marine deposits
that they were good indicators of distance from origin. A finding
vhich further substantiates freshwater deposition, noted by this
writer, was the complete absence of marine fossils. Thus, it may
be suggested that the plant fossils were contained in shales and
sandstones, which were deposited under freshwater conditions.

A precaution in interpreting studies of past enviromments
and plants comes from the researchers inability to determine past
enviromment on the basis of the present flora. The present flora
and its structure cammot refelet precisely the past enviromment
previous plants lived in due to subsequent evolutionary chenges
and adaptations. As Arnold (1947, p. 390) pointed out, the
inferences, which we draw concerning the probable enviromments of
ancient times, based on structural similarities to today's living
plants found in certain enviromments, must be tempered.

An example of misinterpretetion is illustrated by Arnold's
refutation of conclusions drawn by Potonié in his comparison of
the relationships between fossil remains, present floras, and pest
climatic conditions. It was pointed out by Armold (1947, p. 394)
that Potoni€ advocated a tropicel enviromment for deposition of
Pennsylvenian coals. Potonié believed that the abundance of
fern-like plants was to be compared to the prevalence of ferns in
Recent tropical forests. Potonié further based his theory on the
absence of annual rings in trees of Penmsylvanian age. Arnold
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(i.e. stems, lesves and seeds) and a variety of lithologies at the
different collection sites, it must be concluded that the depositional
enviromment veried at each site and that each site wvas at a
different distance from the original site of plant growth. In two
cases, the Hilty mine and the drainage ditch beside Route J in
Cedar County, M ssouri, seeds were found embedded in a sandstone
matrix. Two possible interpretations may be given these seed
findings. They may represent a depositional situation having
been deposited with the sandstones as a heavier sediment, or the
seeds in the samples may be representative of an upland species
in the flora collected in the srea in vhich they originally fell.

The problem of determining the distance between the original
site of plant growth and the site of subsequent burial was
considered by the writer. Ome specimen of Spiropteris sp. was found
during the present study. This genus of fern represents a cir~
cinately coiled frond, that is, the frond is in a tightly coiled
position. In an attempt to determine whether the enviromment had
any effect upon the coiled frond subsequent to removal from the
parent plant, but prior to its burial, samples of circinately coiled
fronds of Pteridium sp. were c¢ollected and placed in water, on
moist soll, and on a dry surface.

The experiment was run for a period of a month during which
time the length and number of pinnule pairs visible on each crogier
were recorded. The specimens upon the moist soil and dry surface
lost length in the first week; after that time those conditions of
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the experiment were discontinued. The specimens in the water
gained an average of 3.25 cm. in length and uncoiled on the average
of three pinnule pairs.

From the foregoing results it might be possible to theorize
that although fern fronds may have been ripped or torn from the
parents plant in the circinate condition, the subsequent period of
imnersion in water allowed the frond to uncoil at least to & slight
amount so that the Spiropteris condition would be relatively rare.
In the cases vhere the Spiropteris condition was preserved, it
might be postulated that the specimens were deposited close to their
original site of growth and were buried quickly, preventing
elongation and uncoiling. Thus, exsmples of Spiropteris in the
fossil flora possibly indicate a burial close to the originel site
of growth.



CHAPTER IV
FOSSBIL CONTENT
Iist of Flanis

The fossil plants listed below were obtained from shales,
beds of iron carbonate, and sandstones sbove the Rowe (Jordan)
Coal in Henry and Cedar Counties, Missouri. Their relative gbundance
is indicated as follows: rerare, 5 specimens or less; nc-not

common, 5 to 20 specimens; c-common, more than 20 specimens.

Phylum Tracheophyta
Subphylum Lycopsida
Order lepidodendrales

Asolanus camptotaenia Wood (e¢)

Aspidiaria sp. Presl (nc)

Knorris sp. Sternberg (r)

Lepidocystis fraxiniformis (Goepp.) Lesquereux (nc)
Lepidophloios van~ingeni White (c)
iepidophloios sp. Sternberg (nc)
Lepidophyllum sp. Brongniart (c)
Lepidostrobophyllum jenneyi (White) Bell (r)
L. missouriense (White) comb. nov. (me)

L. sp. Hirmer (nc)

Lycopodites sp. Brongniart (c)
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Subphylum Sphenopsida
Order Equisetales
Annularia scicularis (Dawson) White (r)
Annularis gelioides (Lindley and Hutton) Kidston (r)
A. sphenophylloides (Zenker) Gutbier (¢)
A. stellata (Scholtheim) Wood (¢)

Asterophyllites equisetiformis (Schlotheim)
Brongniart (r)

Calamites carinatus Sternberg (r)

C. eisti Brongniart (nc)

C. cruciatus Sternberg (r)

C. suckowi Brongniart (nc)
Calamostachys peniculata Weiss (r)
C. tuberculata (Sternberg) Weiss (r)

Order Sphenophyllales
Sphenophyllum emarginatum Brongnisrt (nc)
8. fasciculatum (Lesquereux) White (r)
8. longifolium Germar (r)

Subphylum Pteropsida
Orders Filicales and Cycadofilicales
"Alethopterids"
Alethopteris davreuxi (Brongniart) Goeppert (r)
A. decurrens (Artis) Zeiller (nc)
A. grandini (Brongniart)Goeppert (r)
A. serlii (Brongniart) Goeppert (nc)
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. missouriensis lesquereux (nc)

N. ovata Hoffmen forme flexuoss (Sternberg)
Crookall (nc)

N. scheuchzeri Hoffman (c)

Miscellaneous Pteridophyll Orgsus
Spiropteris sp. Schimper (r)
Cycadofilicalean Seeds

Holcospermun Nathorst sp. ? (r)

Order Cordaitales
Artisia trensversa (Artis) Sternberg (r)
Cardiocarpon crassus Lesquereux (r)
Ce. late-alatum Lewquereux (r)
C. ovalis ILesquereux (nc)
Cordaites crassinervis Heer (c)
C. principalis (Germar) Geinitz (c)
Dorycordaites palmaeformis (Goeppert) Zeiller (c)
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of the outer cortical surface.

The specimens compare favorably with White's illustrations
(1899, P1. LXIX; Pl. LXX, fig. 1, 3, L) and with those figured by
Bell (1938, Pl. 10k, figs. 1-3).

walton (1953, p. 42) stated that the systematic position of
Asolanus is uncertain. This has been shown by the mmerous attempts
to place the cortical materisl within varied generic groups. White
(1899, p. 230) placed Asolanus Wood in synonomy with Sigillaria
Brongniart and identified his specimens as Sigillaria (Asolamus)
camptotaenia. White (1899, p. 232) based his reason for doing this
by the following statement, "follar cicatrices borne on smell
bolsters...probably in vertical rows, though plainly affecting a
spiral arrangement." It was the character of having leaf scars
in vertical rows that motiveted White to place his specimens in
Sigillaria. Grand'Baury (1890, p. 262) placed a group of similar
decorticated stem types under the group term Sigillariae«camptotaeniae.
This group had previously been placed in the genus Pseudosigillaria
in the Lepidodendrae. For generic use, for the type described by
Wood, Grand'Bury employed the name Sigillaria-cemptotaenis monostigma
Lesquereux. White (1899, p. 238) further pointed out, "Potonié
rightly points out the propriety of retaining for Wood's genus,
amended, the original name Asolanus."

Lesquereux's Figures (1879, Pl. LXXIII, figs. 3, 5) of
8, monostigma compare very well with the material at hand. Jongmans
(1913, p. 4) placed S, monostigma, S. camptotaenia, and
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Pseudosigillaria monostigma in synonomy with Asolanus camptotaenia.

To further complicate this matter, several specimens were
found which bear a strong resemblance to those figured by White
(1899, PL. IXX, fig. 2) and assigned to Sigillaria (Asolanus)
sigillarioides Lesquereux. White's Figure is of very poor quality
end does not permit a comparison of materials. This species had
originally been assigned by Lesquereux (1880, p. 425) to
lepidophloios. Jongmaens (1930, p. 443) said that White's specimens
of 8. (Asolsnus) sigillarioldes looked like an Asolamus. Jongmans
considered lesquereux's illustration completely worthless and
indeterminable. White (1899, pp. 239-2L1) gave a general discussion
relating to S. sigillarioides, which Lesquereux had identified as
Lepidophloios ? gigillarioides. White felt that the two speciles
were closely related, but based their differences mainly on the
leaf scar which vas more angular above, the entire vertical diameter
being much greater, and the lower margins much more convex in 8.
sigillarioides. One of the specimens at band shows a variation
in vertical size of some of the leaf scars even on the same stem
section. The question is raised i1f the specimens which show a
variation in the size of the leaf scar and which in some instances
have the leaf cushions overlapping the leaf scars are not the
result of unequal compression during deposition and therefore not
valid as different species.

Several specimens at hand show two layers of the cortical
tissue. The internal layer (the cortical layer below the perideim)
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as Lepldocystis vescicularis and L. fraxiniformis, respectively.

The generic epithet Carpolithes has been retained for
seeds while Lepidocystis bas been erected as & genus for detached
sporangia.

The area between the two longitudinal grooves here is
interpreted as being the area which was attached to or appressed
to the sporophyll. The two lateral wings are interpreted as being
sides of the sporangium which have peeled back from the line of
rupture. If one may plcture L. vescicularis as a ruptured sporangium,
it is not too difficult to picture ke fraxiniformis as a sporanglum
vhich has not split open.

These specimens at hand are specifically indistinguishsble
from L. fraxiniformis (Goepp.) lx. as White (1899, p. 217) has
polnted out. In the opinion of the writer, the rules of priority
indicate that L. fraxiniformis is the valid name and should be
retained.

As Jongmans (1930, p. 405) pointed out in referring to L.
yesicularis, "the remains are completely worthless, as far as the
formation of & judgment permits." (Writer's translation). It seems
that such variasbility of shape and size is too much dependent upon

vagaries of preservation to accurately determine specific epithets.

Lepidophloios van-ingeni White
Plate 2, figure 4

1899. lLepidophloios van~ingeni White, Fossil Flora of the Lower






54
by White (1809, PL. IVI, figs. 1, 2a, 2b). Ibwever, none of the
stem specimens collected compere with those figured by White (1899,
Fl. VI, fig. 2; Pl. LVII). The other Figures listed by White are
detached bolsters and lepidodendrid leaves which will be discussed
in their respective groups.

One of the major problems encountered in dealing with frag-
ments of stems is the vertical orientation. There has been a great
deal of controversy concerning the position of the leaf ascar on the
bolster. Kidston (1805), in his excellent historical review of the
genus and the problems related thereto, pointed out that many
investigators believed that the only differemce between the genus
Lepidophlolos and the genus Lomstophlolos rested on the position
of the leaf scar. He (1895, p. 531) stated that "in Lepidophloios
the leaf cushions are directed downward and in Lomatophlolos they
are directed upwards. Kidston felt that this single difference was
far too insignificant a character for the separation of allied
species into different genera, even if the character was constant.
But he went on to show that this supposed difference does not hold,
even specifically. White (1899, p. 202) stated that the scale~like
leaf cushions exhibit the leaf cicatrice at or near the summit.
Janssen (1939, p+ 47) concluded that the leaf scar was normally
found at or very near, the top of the cushion, but that in older
stems the leaf scar may be at the very bottom of the cushion.
Arnold (1947, p. 97) noted that the leaf scar is below the middle
line.









o7
White reported Sigillaris stems from near Clinton, Missouri, but
not in the ‘Gilkerson's Ford material where his Sigillaris (dsolanus)
camptotaenie wes found. (m the other hand Lepidophloios stem
fraguents were found in the Gilkerson's Ford material.:
Arnold (1949, ps 116) stated, "The detached leaves of
lepidodendron snd lepidophloios are pleced in the orgen genus
mses, and those of Sigillarias In
Biglilariopsis.” He further went onm to comment that it is usually
dmpossible to distinguish between the leaves of the different stem
genera; those of Bigillaris are longer than those of Lepidodendron.
He also noted Grahem's study (1935) of the anetomy of the leaves of
meke the single and the double xylem strand the distinguishing
| m and Siglllariopsls respectively. This
can only be dome with petrifactions. |
| Janseen (1939, p. U5) believed that Asolamis wes & distinct
gemus closely related to lepi

On the basis of the fact that 1) no sigillarian stem meter-
12l was definitely found during this study in the area in which
the lycopod leaves were found, and that 2) Lepidophloios stem
fragments were found in the same matrix, the lycopod leaves from
this study are placed in the organ genus Lepi Brgt.

GOPHY.L AU
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given by White (1899, p. 216) for sporophylls collected at the
same Missourl site as the present study.

It appears to be more correct to place the detached
sporophylls in the genus erected by Hirmer (1927, p. 231) for such
a categorys. For this reason,the specimen is referred to Hirmer's
genus.

It must be agreed, as Hirmer and Abbott pointed out, that
the characteristics of the laminate portions of isolated sporophylls
glone do not provide good criteria for gemeric differentiation.
Since the present material was not assoclated with strobili, it
must, therefore, be placed in the isolated sporophyll genus. There
is really no doubt in the writer's opinion that Abbott's ido~
strobopsis missouriensis 1s the same as Lepidostrobophylluwm missou~
riense. Abbott (1963, pp. 99, 112) made two very appropriate
comments which should be borne in mind vwhen dealing with such
entities as isolated sporophylls: 1) isolated sporophylls should
not be classifled under a separate genus when identification with
a specific cone is positive, 2) the lamina is significant in
specific determination, and the pedicel is significant in generic
determination.

It may be true that the lamina and pedicel are significant
in specific and generic determinstion, respectively, but the
isolated sporophylls in the present study do not provide any
identification with a specific cone. Therefore, the isolated sporo=
phylls are referred to Hirmer's genus Lepidostrobophyllum.

Hirmer (1927, p. 231) placed missouriensis in the genus
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Remerks., - The specimens at hand are tentatively referred to the
herbaceous lycopod gemus of Lycopodites. Since the stem structure
revealed nothing significant, the leaves were of major importance
in assigning these specimens to Lycopodites. It is possible that
these specimens are in actuality smaller branches of Bothrodendron.
Arnold (1949, p. 125) suggested that the resemblance between the
two was close. Comperison to soame of the herbaceous lycopod
materials figured by lesquereux (1880) was mades the size of the
leaves of the present material is larger. Lesquereux used the
term obsolete in describing the venation of the leaves. This
appears to be a good description since only the midrib is distine
guishable in the specimens st hand. The maberial compares favorably
in habit with the specimen figured by Lesquereux (1879, Pl. LXII,
figs. 8, 8a) and labelled Lepidodendron weltbeimiamum, although the
leaves are possibly a little more reflexed in the present semples.

Andrews (1955, p. 182) stated that Seward pointed out that
Brongniart first applied the epithet Lycopodites to a conifer.
Since the term has been used so frequently for herbaceous Lycopods
the epithet is used here in the latter sense.

Since there is & question whether the materisl at band is
a matured herbaceous lycopod or a snmall branch of a larger lycopod,
the specimens are questionably referred to the genus Lycopodites.




































(1860, p. 310) when he described the leaves of Asterophyllites
gracilis in the following mammer: "The leaves, never flattened,
are imbedded in the stone in such a way that the horizontal section
shows only their thickness and their direction." He felt that the
weculiar disposition of all the vwhorls, which indicated the leaf
bardness, separated it from other species. The present material
appears to have the same characteristic.

The present material compares well with specimens
figured by Bell (1940, p. 129, pl. X, fig. 3) but assigned by him
to Asterophyllites charaeformis.

The material at hand also fits within the description given
by Abbott (1958, pp. 342,344), but it does not correspond as well
to the Figures shown by her (pl. 37, figs. 25-28; pl. 48, fig. 84).
The latter Figure, a portion of the original material, shows more
opposite branching than the present material.

Sphenophyllunm fasciculatum may be distinguished from A.
charaeformis, with which it may be confused, on the basis of the
billobed leaves and opposite branches, which are present on the
former. Abbott (1958, p. 343) referred to Lesquereux's Figure (1878,
pl. III, fig. 1), of A. faseiculatus which she identified as 8.
fasciculatum. Lesquereux's Figure and Abbott's Figure (pl. 46,
fig. Th), both of which were identified as 8, fascleulatum, might
be easily be confused with A. charaeformis on the basis of general
habit.

White (1899, p. 183) transferred A. fasciculstus Ix. to
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the pinpule 1s prinardly in its lower thirds Plomiles attached morve
ww&mwmwumm,vmw,mmmww
2 mme of the lanina. The upper pimmgic mergin sometimes contracted
Midrib of pimmeile clearly visible and contimes almost to apex of
nnule, lateral veins given off 0.5 mn. apart on the midrib,
arising at an angle of 75 to 80 degrees and dividing once. 'The
veins owwe out fram the midridb omly slightly and thereafter their
course is ratber straight. There are subsidiary veins from the
midrid also entering the pinoule directly from the piuna rachis.

arks. = The specdmen ot band comperes well with that described
by Crookall {1955, p. 8). The numorous fine lsterel veins leaving
the pimmile at @ greater than €0 degree angle help to distingaish
Crockall (1955, p. 10) gave

Let) g decurrens Zeiller, Imss. Houill. de Valenciemnes,
=+ LA M)) E\l' mxdv, Tigss 2, 3; ple =xxv,
m.l;m»mi,m 3, b
Antipn. ~ Plonules linear, obligue to the rachis, approwimately
2 ems in length, 2 to 3 mme wide, slightly
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Description. = Pinmules terminating bluntly, 15«20 mm. long, 4-5 mm.
wide, bearing broad shallow blunt lobes, oblique to the rachis.
Midrib well defined close to the rachis, becoming indistinct about
two~thirds up the pinmule. Iateral veins of a pinmile leave the
pinmile midrib at an acute angle of 45 degrees and ususlly divide
two to three times, the first fork occurs within 1 mm. of the midrib,
the other two forks occur randomly between the first fork and the
mergin of the pinnule, each lobe of the pinnule receiving its total
venation from a single branch of the midrib. Some of the pinnules
on the pinna are decurrent and others exhibit a base which is free.

Remarks. = As Crookall (1955, p. 16) stated, A. yalids shows scame
resemblance to A. integra Gothan on the basis of the entire or
slightly lobed structures which occur in the apical portions of the
frond. Bell (1938, p. 69) united Validopteris integrs and A. valida
because of the intermingling of the two forms of primary pinnee on
& frond « one the entire, comnate, alethopterid pimmules, the other
the elongate, lobate pinmules. He also noted the close similarity
of Desmopteris integra Gothan to A. valida which P. Bertrand had
pointed out. The gems Validopteris was apparently erected by P.
Bertrand (1932, p. 103) to include those characteristics exhibited
by the apical region of a frond from a large Alethopteris, notably
A. velida Boulsy.

Crookall (1955, p. 17) found A. validas to be almost wholly
confined to Westphallan A and B.






(1899, p. 17) to be part of the marginal portion of a frond of
Eremopteris missouriensis. Further, White was unable to find any
distinctive characters by which Missouri specimens, labelled £.
8pinosa Goeppert and 8. gplendens by Lesquereux, could be separated
even as a varlety from E. missouriensis.

Bell (1938, p. 27, pl. X, f£ig. 3; pl. XI, fig. 2) placed very
comparable specimens under Sphenmopteris missouriensis ? (Lesquereux)
White. The present writer believes this material to be the same
as the specimens in this study and completely different from that
described by White (1899, p. 43, pl. XIV, figs. 1, 2).

Janssen (1940, pp. 56-58) placed Hymenophyllites splendens
Ix. under Diplothmems zobeli Goeppert. He compared his material
with Iesquereux's specimen of Hymenophyllites splendens and found
them to be the same. He also said that his specimen bore a marked
similarity to Eremopteris missouriensis ILx. and that they belonged
to the same specles since they had no characters by which they could
be differentiated. Janssen concluded H. splendens Ix. did not
represent a distinct form and referred it to D. zobeli. However,
his illustration is rather poor and does not allow a judgment to be
made on the basis of illustrated material. Jongmans (1960, p. 11L0)
did not relate D. zobeli to D. furcatum; however, since Jongmans
probably did not examine the specimens, Janssen's conclusion would
be more valid.

Jongmans and Dijkstra (1960, pp. 1117-1119) discussed the
problem of synonymies in Diplotlkmems furcatum which he found to be
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to a degree. Therefore, the material at hend is not referred to any
species. The closest comparison is with the specimen figured by
White (1899, pl. XIX, figs. 2, 2a) and referred by him to
Sphenopteris cf. gravenhorstii Brongniart. As White pointed out,
this was a very questionable assigmment. There appears to be scme
conflict as to the separation of the entities involved in the 8.
gravenhorstil - S. chaerophylloides - S. cristats complex. Vhite
(1899, p. 50) considered a thorough revision of this group of
Sphenopterids necessary in order to properly distinguish which
species had been identified from the vicinity of Clinton, Missouri.

Asterotheca Presl sp. ?

Plate 14, figure 1

Description. - Plnnules at least three times longer than broad,

alternate. Fructifications borne on each side of the midrib along
the pinnule margins. Venation poorly preserved on the specimens at
hand. Fructifications oblong, clustered, apparently united at the

base to form small groups of four to five sporangia. No pedicel
is apparent.

Remarks. - The fertile material found during the course of this

study was very poorly preserved. Efforts were made to increase
visualization by the use of xylene, but even this technique did not
permit specles determination. Slides of peels were made which revealed

structures similar to those figured by Gothan and Remy (1957, p. 141)
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pinnules the primary vein rather prominent, in others, the primary
veln not distinct; primary vein departing from the rachis at a
very acute angle and arching and branching graduslly.

Remarks. ~ The specimens at hand agree very well with the material
figured by lesquereux (1879, p. 214, plL. LII, figs. 9~10a) and by
White (1893, p. 47, pl. I, figs. 5-8, 5a; pl. II, figs. 1-3, 3a).

White placed the specimens in the genus Mariopteris, rather
than Pseudopecopteris, as Lesquereux had done, because he felt tha
broad, flat rachises, which dichotomized below, indicated their
position in Mariopteris. White (1893, p. 43) was quite hesitant
about referring his specimens to Mariopteris (Pseudopecopteris)
decipiens. He concluded that the species, om the basis of descrip-
tions and Figures, was either extremely polymorphous or quite 111~
defined. He further felt that his Missouri materials would represent
a new species if it was necessary to separate it from Pseudopecopteris
decipiens because of its slight agreement with Pigures and descrip-
tions of the type material. This revision and redefinition of the
species would necessitate examination of the types and the material
originally studied by both Lesquereux and White and definitely should
be done at some later date. Until such & reexamination can be

accomplished the writer is of the opinion that the designation
Mariopteris (Pseudopecopteris) decipiens (Lx.) D. White is Jjustified.
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4.0 cm. apart at the rachis, wider at the middle than at the base.
Secondary pinnae alternate to subopposite, approximately 6 mm. apart
upper ones obligue; the middle pinnae nearly at right angles; the
lover pinnae sometimes reflexed and shorter, linear-lanceolate,
1e2=3.5 cm. long, 3-T7 mm. wide, tapering gently to an obtusely
acuminate point. Pinnules alternate, more or less triangular, some-~

what arched, obtusely pointed.

Remarks. ~ When compared with Lesquereux's (1879, p. 240, pl. XLIV,
figs. 4, ba) Figures of P. dentata, there 1s very poor agreement,
but his Figures of P. penneeformis (pl. XLV, figs. 1-2a) are in
complete sgreement with the present material. White (1899, p. 76)
sald Lesquereux's material was P. dentata. There is excellent
egreement with the specimens figured by White (1899, pl. XXIV, figs.
1~2; pl. XXV; pl. XXVII). The general area of collection, Henry
County, Missouri, was the area from which White's material was
obtained.

The material at hand also comperes well with the specimens
figured by Zeiller (1886, pl. XXVI, figs. 1-2E; pl. XXVII, figs.
1-k; pl. XXVIII, figs. 5, 5a) and referred by him to Pecopteris

Dactylotheca) dentata Brongniart.

Jongmans and Dijkstra (1962, pp. 2260-2265) provided an
excellent review of the specles, a large mumber of which were taken
from White's rather extensive list, assigned to comparsble specimens.
There appears to be a gradation of characteristics ranging from P.









102
pinmules. Many of these have been found in direct assoclation with

Neuropteris pinmules and assigned to them as rachial pinnules.
Janssen (1939, p. 157) stated:

Nearly every leaf is slightly different from the next,

and various species have been made by authors to accommodate

such differences. Such specles names are of little value,

and it is more satisfactory to refer all detached specimens

to C. trichomanoides which has priority as & form name.

Because of the generally accepted opinion that Cyclopterid
pimnules have no stratigraphic value, Janssen's suggestion bears
merit in relieving the problem of such a mass of nemes.

White (1893, p. 98) pointed out that American species of
N, dilatata appeared to conform more closely to the description
and characters of C. trichomanoides. His 1899 publication showed
Figures (pl. XLI, fig. 6; pl. XLII, figs. 1, la; pl. LXIIT3 pl.
XLIV, fig. 2) of N. dilatata, which, in the opinion of the present

writer, should be included under C. trichomanoides.

Cyclopteris sp. Brongniart
Plate 24, figure 1

Deseription. =~ Unattached cyclopterid pinnules; variable in size,
but generally small, oval, oblong, or round. Leaf margin entire.
Attachment point close to center. Venmation radiating from point
of attachment.

Remarks. - No effort 1s made here to relate these unmattached cyclop=
terid pinnules to a specific entity. There is no way to determine
vhether they are basal pinnules or rachial pinnules.
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Remarks, = The specimens at hand are referred to White's species on
the basis of the awn-like prolongation of the lower auricle, which
appears to be a rather prominent and constant characteristic. The
venation of the present specimens is poor, but as White (1893, p. 88)
pointed out, the nervation is nephropteroild -~ the midrib consists
of a band of vascular bundles forking and diverging, the secondary
veins obscure in the thick textured pinnules. Such appears to be
the case with the specimens at hand. ‘

Neuropteris elacerata sp. nov.
Flate 20, figure 1

‘Deseription. = Oblong neurcpterid pimnules, amount preserved 2.9 «
3.1 cm. long, 0.8 « 1.3 om. wide, exhibiting fimbriase from 0.1 - 1.1
cm. in 1ehgbh. Fimbriae usmliy taper from the base to a aharﬁ
point, each supplied with one vascular bundle; the fimbrise appear
first above the middle of the pinnule. The margins of the pimnule
parallel or almost so up to the point of fimbriation. The upper
angle (lobe) formed between each fimbra and the main axis is rounded.
A fairly prominent groove in the midrid region runs for a greater
length of the pinnule; lateral veins depart from the midrib at an
angle of 45 degrees or less, arching to the margins. The lateral
veins mumber from 18-22 per cm. along the margin, where they meet

it at about 45 degrees. The lower veins depart at a smaller angle
than the more distal ones.
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Remarks. - The first impression gained from the single specimen at
hand 1s that here are neuropterid pinmiles which have undergone &
great deal of rough treatment. These pinmules do not compare with
Lesquereux's specimens, as shown by Crookall (1959, p. 151, fig. 49),
which were assigned to Cyclopteris fimbriata. They were first figured
in 1858.

The present specimens a&re not cyclopterid nor are they ovate
in shape. Crookall (1959, p. 150) stated fimbriated cyclopterids
probably all belonged to Neuropteris ovaeta Hoffman gensu generali.

Because of the difference in shape of the pinnules and
fimbriase of the present material from those figured by many other
investigators such as Lesquereux (1858, 1880), White (1893), Bertrand
(1930), and Crookall (1959), it seems advisable to deseribe the
Missourl specimen as new. The possibility that the condition of the
pinnmules was caused by poor preservation is ruled out because the
lobes of the lamina between fimbriase are rounded and not torn or
lacerated.

These specimens were not described in White's Flora probably
because any specimens of this sort, if they were found, were not
considered as perfect specimens and may have been thrown away.

Type specimen: No. 913

Locality: Clary Pit, Deepwater, Missouri

Repository: » Paleobotanical Collection, University of Missouri






N. beterophylle
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Remarks. ~ The specimen at hand compares well with that figured by
Wood (1963, p. 112, pl. 9, fig. 6) and White (1893, pp. 9193,
pl. V, figs. 1-5) and assigned by them to N. flexuoes Sternberg.

The present specimen also campares with Crookall's (1959, pp.
158-162, pl. XXXVII, fig. 1 and text fig. 66C, J) Figures except
in the shape and length of the terminal pinnule. In general, the
present specimens are larger.

As pointed out by other authors, there is a great deal of
variability in this group, but the pinnule shape and venation appear
to be rather comstant. Because of the variability allowed for
within Crookall's assigmment, the present material is placed in the
specles and form.

Crookall (1959, p. 155) claimed thet N. flexuose Sternberg
corresponded to N. vermicularis Lesquereux. ILesquereux's plate
(1879, pl. X, figs. 5-10) shows a terminel pinmule, but the material
at hand dces not compare favorably with that illustration. However,
the pinmules shown by Lesquereux (1879, pl. X, fig. 6) do compare
well with present samples. Dijkstra and Jongmans (1961, p. 1851)
noted the comparison between N. vermicularis Ix. and N. gvatas forms
flexuosa. |

The present specimens, in regard to rachis and terminal
pinmule, compare with the specimens figured by Lesquereux (1879,
pl. XII, figs. 1,3) and essigned to N. tepuifolla Ix. Bolton
(1926, p. 307) found the existence of & series of intermediate

forms linking N. temuifolia Schloth. (sp.), Ne flexuosa Stermb.,
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pilmnule, or as in the figure shown, prominent only one fourth the
length, veinlets mmerous branching from the midridb and arching
toward the margins, forking one to five times. Numerous short
hairs are present on the pinnule surface.

Remarks. « All of the specimens in this study essigned to this
species are isolated pinmules. As can be seen by the asbove synonomy
list, a variety of species of neuropterid leaves have been grouped
together giving a great amount of variation to those pinnules within
the group. Wood (1963, p. 60), in his remarks, discussed, but
excluded the addition of N. fascleulata Ix. which Janssen (1940,
pps 45, U6) concluded did not constitute a distinct species, but
should be referred to N. gcheuchzeri. Wood also noted that Janssen
added N. decipiens to the list. In referring to Janssen's study
(1940, ps« 46) the impression is gained that Sellards (1908, p. 4ik)
divided Lesquereux's Kansas specimens of N, fasciculats into N.
pcheuchrzeri and N. decipiens. Janssen went on to state that "the
distinction between the two latter species is not clear cut, and
there is a tendency among some authors to unite them."” Jongmans
(1961, p. 1823) felt that perhaps N._decipiens belonged under N.
Scheuchzeri as & large form of the latter. Specimens of N. decipiens
were not encountered in this study.

Gothan and Remy (1957, p. 135) placed N. scheuchzeri Hoffm.
under the genus Raripteris, which they erected to encompass all
Neuropterids which were terminated by two pinnules and which did not
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belong to the Medullossn ferns. The writer is of the opinion that
since a valid genus has been recognized for 50 many years; the
erection of a new genus, based on the pinmile arrangement on a
pinna, 153 not as useful as 1t might appear since much of our
material consiste of isolated pinnules whose arrangement on the
pinne is, in most cases, unknown.

Holcospermum Nathorst sp.?
Plate 19, figure 5

1914. Holcospermum Nathost, Nacht. zur Palaoz. Flora Spitzbergens.
Degeription. - Seed, 2.5 cm. long, 1.7 cm. wide, flat.

Bemarks., « The greater part of the organic materisl has been lost
from this compression making the identification of this single
specimen difficult. The specimen at hand is tentatively referred
to Nathorst's genus on the basis of its general shape and size.

Janssen (1939, p. 164) pointed out that seeds of this type
have been found in close association with pimmules of Neuropteris
scheuchzert, and that possibly one form of Holcospermum may have
been borne by this seed ferm. The single specimen found in this
study was embedded with N. scheuchzeri, as well as other fern types,
so that Janssen's statement is neither disproved nor proved by this
study.

There is fair agreement between the present specimen and that
shown by Wood (1963, pl. 11, fig. 1) and by Canright (1959, pl. 5,
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Description. - Portion of a strap-like leaf. Parallel veins of
equal or nearly equal size and close together, approximately 0.25 mm.
apart. Leaf apex lacking. One fragment measures 45 cm. long,
width varies from 4.5-7.0 cm.

Remarks. - Janssen (1939, p. Tl) in discussing cordaitean leaves
and their placement in the three groups erected by Grand'Eury,
discussed the specific epithet pslmaeformis under the ganus Dorye-
cordaltes Goeppert because of the size and shape of the leaf.
Dorycordaites included large leaves with pointed tips. 8ince tips
are lacking in all of the specimens at hand,only the venation
characteristic and width of the leaf were used to determine the
taxonomic position.

The material at hand compares well with that figured by
Zeiller (1888, pl. XCIII, figs. 1, 2, 2a) and labelled Dorycordaites
wforﬁis Goeppert (sp.).



CHAPTER V
COMPARISON OF THIS FLORA WITH OTHER PENNSYLVANIAN FLORAS

A Review of Previous Stratigraphic Studies Dealing with

Missouri Foesil Florss

Five previous studies have been concerned with Missouri's
Pennsylvanian age floras. Four have dealt more or less with the
flora presently under study. The fifth described the flora found
in the ironstone concretions at Windsor, Missouri; however, the
Windsor flora is younger than the flora under study.

Hambach's study in 1890 camnot be utilized for correlation
purposes since Hambach merely listed the species present, named the
county in which they had been found, and noted that the specimens
were from the Coal Measures.

Lesquereux (1884) provided a summary list of the fossil
plants fram the Coal Measures of Missouri. This comprised an
enumeration of the species described or identified from Henry and
Vernon Counties up to that date. Of the 85 species listed by
Lesquereux, 15 species were also found in the present study.

In 1893 White published a study of the flora of the south~
western Missouri basins located in Jaspar and Lawrence Counties,
Missouri. Of the 34 species listed by White, 12 species are found
in the Drywood flora. White also compared his flora with floras

from Cannelton, Pennsylvanis; Clinton, Missouri; Mazon Creek,
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Illinois; and the British provinces. He found that the greatest
agreement was reached with the Clinton~Cannelton floras, but said
that his flora appeared to be "rather younger" than the Clinton
plants.

White, in 1897, published & report concerning the ege of the
lower coals of Henry County, Missouri. He noted that inferences of
correlative aid must be cautiously drawn when dealing with fossil
plants which are new or restricted to one region, and when dealing
with species having a wide vertical range.

White correlated the lower coals of Henry County with a
stage later than the Morris, Brookville, and Clarion horizons in
the Illinois, Ohio, and Pennsylvania Bituminous series, but
probably not extending above the Kittamming group. When compared
to the Anthracite series, the fossil florav of Henry County compares
with the fossil flora of the Marcy (D) coal in the Northern Anthracite
field. It was White's opinion that his flora was not older but was
younger than the Middle Coal Measures of Great Britain, and that the
flora was presumably as late as the Transition Series. These Series
would be comparsble to the present-iay Westphalian and Staffordian
series, respectively. White further qualified his correlation by
stating that posasibly the flora was comparable with the flora from
the basal portion of the Upper Coal Measures or Radstockian series.

White atated that the rlora‘ of the lower coals of Henry
County and the flora of the Bully-Grenay zone of the Valencienne

Basin of the Franco-Belgian coalfield wers nearly synchronous. He
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qualified his deeision by stating that it was probable that the
Missouri plant beds were slightly younger, since the Missouri
pecopterid forms contained species of Stephanian character.

A study of the distribution of the Henry County fossil flore
in other European basins allowed White to conclude that contempo-
raneous stages were found in the Geislautern beds near the top of the
Saarbruck series of the Rhenish coal regions, in the upper part of
the Schatzler series, and in the Radnitz series in cenmtral Bohemia.

The study which has most importance in regard to the present
study was that done in 1899 by White. White reported about 120
species 30 of which were found during the course of this study. It
is significant to note that there are 21 species in the present study
of the Drywood formation fossil flora which have not been previously
reported in Hambach's, lesquereux‘'s, or White's lists of plants from
that area. This mumber of new species climinates the possibility
of duplicate names and misinterpretations.

White conecluded that the Nenry County flors was older than
the planta of Mazon Creek and the Morris coal in Illinois, and that
they were very likely older thaun the upper Kittanning coal of
R@ylmia. In & comparison with plants of Creat Britain, white.
decided that the Henry County flora was an intermediate between the
Middle and Upper Coal Measures.

Specles of fossil plants from the Valencienne coal basin of
France, studied by Zeiller (1888), had s remarkably high correlation

with White's Missouri flora. More specifically, the Missouri flora
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had & very marked and preponderant affinity with the flora of the
zone of Bully-Crenay. This was Zelller's third or upper zone of the
Westphalian. The presence of speciles more common in the Stephanian
than in the Westphalian, in the Henry County flora indicated to
White that his flors was transitionsl between the upper Valencienne
(Westphalian) and lower Stephanian.

White (1899) also made comparisons to the floras of Germany
by Geinitz (1855, 1858), Stur (1875, 1877),and Felstmantel (1874).
These comparisons provided further support for the assumption that
the Missouri flora bore evidence of & transition flora between the
Westphalian and Stephanian of Europe.

In 1915, David White published an account of the fossil
florae of the Pennsylvanian in Missouri. In the paper White reviewed
and revised certain conclusions he had published in his U.8.G.S.
Monograph 37 dealing with the age of the Henry County flora. White
(1897) had correlated this coal flora with that of the middle or
Kittanning group of coals in the Allegheny formation. In the 1915
publication White concluded that the flora was upper Pottsville
because of the presence of such cheilanthites as Eremopteris bilobata,
and Diplothmema obtusiloba. Another very distinctly uppermost Potts~

ville indicator, was Mariopteris sphenopteroides. White considered

this taxon to be characteristic of the highest coal of the Kanawba
formation (upper Pottsville), the Mercer coal. White stated that
Neuropteris missouriensis belonged unguestionably to the N. flexuosa
group and that this group had no known representation above the



Mercer cosals in any American coal field.
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Comparison with Fossil Floras of the United States

One of the most extensive studies of the American cosl
floras was conducted by Lesquereux (1880, 1884); however, lLesquereux
erected so many new species, provided such terse deseriptions, and
used such a cumberaome lettering aystem for his coals, that
correlation with other floras is of questionable quality.

Wnite (1900) stated that the floras of the entire lower half
of the Kanawha formation were compsrable, if not actually older than
the Clarion and Kittanning floras which follow them higher in the
same section. VWhen the fossil floras presented by White were compared
to the present fossil flora of the Drywood formation, the beat
correlation was made 'with the fossil flora occurring in the Kanawha
series. Seventeen fossil species from White's list of species found
in the Kanawha series were found in this study in the Drywood
formation flora. Fourteen of white'a species found in the Allegheny
series correlated with identical species in the present fossil
flore. Since the mmber of identical species from the two series
is so similar, it may be assumed that there is within the Drywood
flora, a representative transition fossil flora. These species,
which transgress the time boundary, cannot be assigned a definite

position within one of the two series discussed.
Of the 61 species of fossil plants found in the Drywood

formation and identified in this study, six similar species were

also found in the Upper Lykens coal flora. White (190Ca) had listed
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151 speciles of fossil plants as occurring within the Pottsville
formation in the type region of the southern anthracite field.
None of the species identified for this study have been reported
from collections from the Lower Lykens coal group. For the most
part, the six comparable fossil species in the Upper ILykens are those
with extensive vertical ranges beginning in at least early wﬁatpha-
lian. The finding of six similar species does not indicate that
the Drywood formation is comparsble in age to early Westphalian.
Rather, the finding indicates that the plants persisted in the flora.

The fossil floras from the Arkansas coal fields were reported
by White (1907) to be the same age as the Kansas Cherokee formation
flora and the Henry County, Missouri, basal cosl measures flora.
Vhite's several coal floras were divided into groups and related to
othér floras. The Coal Hill coal of Arkansas was placed at the
level of the Brookville coal in the Allegheny formation in the
Appalachian region. The Coal Ridge floras was considered by White to
be the same age as, or older then the lower Kittanning coal flora
of the Allegheny formation. The Paris coal and its associated flora
was placed as upper Kittamning or younger.

Of the approximately 25 species listed as occurring in the
flora of the Coal Hill coal, 10 species occur in the flora under
study. This flora, White concluded, represented a basal Alleghenian
flora in which a few traces of Pottsville development could still
be seen.

Seven species found by the present writer in the Drywood
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formation flora were identified by White in the flora of the Coal
Ridge coal, which contained approximately 15 species. White pointed
to an approximate contemporaneity between the lower coal in Henry
County, Missouri, and the Coal Ridge flora. Ie doubted whether the
flora was younger than the lLower or Middle Kittanning.

White's list of plants from the Paris flora of Arkansas
contained only one specles of the total of seven which iz comparable
to a species in the present study.

His list of 28 epecies of the Van Buren flora of Arkansas
contained 12 species i1dentical with those of the present study. The
Van Buren flora was not considered by White to be younger than the
Coal Ridge flora (basal Allegheny). The present writer would place
the Van Buren flora and the flora of the Drywood formation as
contemporaneous, although exhibiting some different species from
each other. This might be attributed to the natural differences
found in different collecting sites.

In 1913, White published The Fossil Flora of West Virginia.

In this publication were listed species of fossil plants ranging
from the Mississippian system to the FPleistocene series.

The first occurrence of a comparable species in the West
Virginia floras to that of the Drywood formation is found in the
Sewell formation (Pennsylvanian, Pottasville group). Of the 42
species listed, only one species, Alethopteris serlii, is found in the
Drywood. White listed 24 species of fossil plants from the
sandstone l§nti1 of the Sewell formation, and of these, three apecies
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are found in the flora of Missouri collected by the writer. One
hundred fourteen specles of fossil plants were found in the Kanawha
formation (Pennsylvanian, Pottsville group) of West Virginia, and
of these, 18 species are in the current fossil flora. Of the 46
gspecies listed from the Allegheny formation fossil flora, 10
species are present in the Drywood formation fossil flora. VWhite
listed 23 species from the Conemaugh formation. Four of the species
listed by White are in the flora under study. Only one of these
was found in the Monogahela formation (Pemnsylvanian) of West

Virginia. This was the wide ranging Neuropteris scheuchgeri.

The foregoing comparisons illustrate that the best correlation
of fossil floras between the Drywood formation and a comparable
formation in West Virginia is made with the Allegheny formation.

Round (1926), in her study of the fossil flora of the
Narragansett Basin of Rhode Island, made specific comparisons with
White's 1899 flora of Henry County. Round found that over 50 per
cent of the Rhode Island fossil plant species had been reported from
Missouri by White. Of the 37 species listed by Round, 15 species
are reported in this present study of the Missouri flora. There is
a very close relationship between these two floras even though they
are 8o widely separated geographically.

A review of White's 1940 publication revealed no similarity
between the fossil flora of the Stanley shale and Jackfork sandatone
in the Morrow Series (southeast Cklahoma and west Arkansas) and the

fossil flora of the Drywood formation c¢ollected by the writer in
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Missouri. White equated the floras of Oklahomam and Arkansas
with the Culm of Europe, thieh is considered to be the early
Pennsylvanian of England.

Read (1947) recognized nine successive floral zones in the
Upper Paleozoic (numbered from the bottom up) in the eastern and
mid-continent regions of North America. No representatives of
Read's Zones 1 and 2 were found in this study. The Drywood formation
flora contains such elements of Read's Zone 3 as Alethopteris decurrens
(not common), Mariopteris speciosa (common), Cordaites principalis
(common), and Sphenophyllum longifolium (rare).

No plant species were found in the present study whieh could
be related to the species assigned to Read's Zone k.

The only elements of the Drywood flora which correspond to

Read's Zone 5 are Neuropteris scheuchseri and lepidophyllum sp.,

both of which are common in this flora. However, as noted earlier,

N. scheuchzeri is a wide ranging species. Moreover, the identified
Iepidophyllum sp. is not specific enough to use as a stratigraphic

indicator. This zone was supposed to be characteristic of the major
portion of the Kanawha formation and, according to Read, also
characteristic of the floras in the rocks in the Lampssas group in
the mid-continent region.

Read noted that the flora of Zone 6 occurred in the lower
part of the Allegheny formation in the Appalachian region and in
the lower part of the Desmoines group in the mid~continent region.

In common with those species listed by Fead as characteristic of



132
Zone 6, were Alethopteris serlii, N. scheuchzeri, Calamites suckowi,

Annularia stellata, and Sphenophyllum emarginatum from the flora
under atudy.

Read characterized Zone 7 as "the Zone of N. flexuosa and
the appearance of abundant Pecopteris species.” This agrees
somewhat with the writer's flora. Read's Zome T occurs in the
upper part of the Allegheny formation, or its equivalent the upper
part of the Desmoines group. The extent of Read's Zone 7 is
questioned sinee the speclimens were recovered from the Drywood
formation which is definitely considered to be lower Desmoinesian.

Read's Zones 8 and 9 cannot be separated in the mid-continent
region. They are represented in the Missouri flora by Alethopteris
grendini, N. scheuchzeri, end Ammularia stellata.

The closest correlation between the Drywood formation flora
and Read's zones 1s found in Zone 6. This is based on the species
found in Zone 6 and on the general geologic range of each species.

As noted by Cridland et al. (1963, p. 60), Bode (1958)
criticized Read's classification because it ignored some obvious
similarities existing between European Carboniferous and American
Pennsylvanian plant amenblages. Read made no comparison between
EBuropean and American rocks based on plant fossils nor did he make
any comparison with previous Buropean work on Upper Carboniferous
classification. Cridland et al. also observed that Read stressed
relatively lesser known American species of perhaps only local
significance.
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Although these criticisms were well founded, it should be
noted that Read was one of the first paleobotanists to relate all
of the floras of the United Btates.

Arnold (1949, p. 149) distinguished at least two, and probe
ably three floral zones within the Michigen coal basin. Of the 88
species listed by Arnold in his revised list of fossil plants
oceurring in Michigan, 18 also occur in this Missouri flora.

Of the distinctive species occurring in the Saginaw coal,
the "lower" flors which is the lowest coal horizon in Michigan,
only Diplothmemsa obtugiloba occurs in the Missouri flora at hand.
Armold's "intermediate" flora contains several representative species.

Of these, only Ne zerd occurs in the Drywood

Pormation flora« Armold pointed out that there was an intergradation
of the "intermediate" flora with both the "lower" and "upper" floras.
The "upper” flora was characterized by the initial appesrsnce of

Sphegophyllum emarginatum, Palmatopteris furcats, Anmularie stellata
and A. sphenophylloides.

Investigators have stated that the faunas of the Saginaw
group are lampasan or Desmoinesisn in age and equivalent to the
Kanawha or Allegheny, respectively. Arnold correlated his Saginaw
coal flora with Read's Zone 3 and Dix's floral Zone D of South Wales.
According to Arnold (1949 p. 153), the "intermediste" flora probably
belonged to Read's Zome 5. The view was taken that the "upper"
flora contained some lower Allegheny entities but was, in general,
probably not older than latest Kanawha. Arnold thought the "upper"
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flora was a transition flora to the Allegheny flora.

Some specimens are found in the present flora which are
comparable to those in Arnold's "lower" and "intermediate" floras;
however, in the opinion of the present writer, the flora under
study bears more resemblance to the "upper" flora although it is
probably slightly younger. Arnold (1949, p. 158) stated that the
"wpper" flora was not a true Allegheny flora, since the pecopterids
vhich characterized the floras of Mazon Creek, Illinois and Henry
County, Missouri were absent in his flora. He felt such plants
as Neuropteris ovate, J. flemioss, Alethopteris gerlii, Pecopteris
dentata and P. pennaeformis were typical Allegheny species and these
were lacking in the Michigan flors.

In commentary sbout the flora of the Michigan coal basin,
Arnold (1949, p. 152) noted that the study vas made difficult by
the extremely unsatisfactory and sketchy condition of the information
relative to Pennsylvanian floras elsewhere in the eastern United
States. He concluded that floras of many important coal horizons
vere unknown, up-to-date descriptions of the Appalachian plant
types were lacking, and some specles were not properly figured or
illustrated. Arnold claimed that it was necessary to‘ resort to the
more ample and coplously lllustrated literature on Buropean coal
floras even though this method had the disadvantege of relying too
heavily on foreign literature. Arnold felt there were many plant
forms in the American Carboniferous that closely resembled conteme
porary European forms but which, if critically examined would be
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recognized as specifically different. Further, Arnold concluded
that comparison with Buropean types would only tend to exaggerate
differences between the floras of neighboring areas in the United
States.

Cridland et al. (1963) stated that the Pennsylvanian of North
Anerica and the Upper Carboniferous of Europe have many specles in
common, and that thelr geologic succession is similar. They
referred to Bode's conclusion that the differences which do exist
between the floras of the two continents are no greater than the
diffemmes existing between several European coal basins.

Stewvart (1950) listed 103 species im his report on the Carr
and Daniels collections of fossil plants from Mazon Creek, Illinois.
Twenty=two of the species in the Mazon Creek flora are also in the
Drywood flora. Stratigraphically, the Mazon Creek flora is from a
group higher in the colwm than the group in which the Drywood
formation flora is located. For this reason, it may be tentatively
concluded that the two floras are not contemporaneous, although
similar specles are present in both. The extensive mumber of Pecop-
Leris specles in the Mazon Creek flora also suggests that it is
younger than the flora under study.

In 1960, Read and Mamay published a paper dealing with the
stratigraphic and lateral distribution of upper Paleogzoic megafossil
floras in the United States. Although they divided the Mississippilan,
Pernsylvanian and Permian systems into 15 florsal zones, only Zénea 9
(Mid Pennsylvanian),and 10 (Upper Pemnsylvenian) concern the present
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study. Zone 9 contained the characteristic plants Pecopteris vestita,
Variopteris occidentalls, Neuropteris ovats, linopteris rubells,
and cyatheold pecopterids. This zone was related to the lower part
of the Allegheny formation in the Appalachian region, the upper
part of the Sharp Mountain conglomerate member, and Pottsville
formation of the southern anthracite field. It was also represen=~
tative of the lower part of the Desmoines series in the mid-conbtinent
region.

Zone 10, which is comparable to Read's Zone T, was correlated
with the lower part of the Conemaugh formation and upper part of the
Allegheny formation of the Appalechian region and the upper part of
the Desmoines series in the midecontinent region.

As previously noted in the discussion of Reads zones, the
closer correlation of the Irywood formation is made with Read's
Zone 6, comparsble to Zome 9 of Read and Mamay. The writer's
flors 1s transitiomal, fitting either Zone 9 or 10, but the position
of the Drywood formation stratigraphically indicates the placement
in Read and Mamay's Zone 9.

In the Pennsylvenian flora of Kansas, Cridland, Morris,and
Baxter (1963) found only Alethopteris grendini in the Krebs formation.
The rest of the specimens in their study came from younger formations.
Seventy-eight species were listed by Cridland et al. Of the Kansas
species, 19 are also found in the Missowri flora.

Cridland et al. (1963, p. 61) correlated the Kansas Pennsyl-
venian plants from the Cabaniss formation with those occurring in
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the upper part of the Westphalian and the Stephanian of Europe.
Support for placement in Westphalian D was derived from the occurrence
of Alethopteris serlii, Neuropteris ovata, N. scheuchzeri, and
Sphenopteris obtusiloba in the Kansas flora. These specles are not
commonly found above Westphallan D in Burope. It was noted that
these species do in fact occur in older rocks. Other specles found
in younger rocks were related to Stephanian age plants in Europe.

The Kansas flora is definitely younger than the Missouri floras
'Linder study, although there are common species represented in both.
These should be interpreted as species with long ranges which are
not reliable as indicators of a specific age.

Cridland et al. (1963, p. 64) stated that the plants from the
Kansas Cabaniss formation agreed fairly well with those which White
(1899) described from the Cherokee group near Clinton, Missouri, and
with those which White (1893) described from southwestern Missouri.
Agreement of floras was also found with the Windsor, Missouri iron-
stone concretion assemblage, studied by Bode (1958). This flora
occurs In the shale above the Croweburg coal. This assemblage
occurring above the Drywood formation in Missouri was found to have
Stepbanian age plants as well as Westphalian. Cridland et al.
suggested that the Windsor plants are from the upper part of the
Westphalian D. However, because of the unavailability of Bode's
publication, no comparison was made between Bode's and the Drywood
flora.

In the 1956 Correlation chart compilled by Siever, found in



Wanless' (1956) Classifics
a8 of 1956, the Drywood formation of Missowri is correlated with
the Tradewater group of Illinois and with the Pottaville series of
Indianas More specifically, this correlates with the range of the
Lower and Upper Block coals of Indiens from which Wood (1963)
obtained the Stanley Cemetery flora.

A comparison of the Drywood fossil flora with the Lower
Block coal flora of Indiana (Wood, 1963) revealed 25 species in
common. Wood found that the Indlans flora consisted of 86 species.
There is a very close relationship between these two floras because
both possess fossll species which are indicative of transitional
m and D. obtusiloba are
indicators of a more primitive fern flora than the pecopterids vhich

stages. Buch specics as

alao appear in both floras. It would appear that there is a closer
correlation between the two floras than iz evident in comparison of
nuwbers of species. Wood compared the Indiana flora to White's
(1899) flora of Henry County, but stated that his flora was more
closely similer to that of the Michigan coal basin.

Un the basis of the foregoing discussions, it may be concluded
that the Drywood Yormation fossil assemblage contains both Kanawvhan
and Alleghenian taxs.



Comparison with Fossil Floras of Canadea

Marie Stopes (191hk) found that of the over 80 species described
periodically from the "Fern Ledges" flora of St. John, only about 40
were of value in comparing her flora with others. Of the 4l species
listed by Stopes, omnly 10 species were identified in the Drywood
flora. In another 1list of principal species, 28 species listed,
Stopes reported five species which were identical to those reported
by White (1899) from Missouri beds, and two species which were
exceedingly similar if not identical. Stopes concluded that the
Fern ledge flora corresponded to the lowest zone of the middle Weste
phalian.

Bell (1938, 1940, 194k, 1961) has provided scientists with
almost all of their recent knowledge of the Canadian fossil floras.

In 1938, Bell divided the Morien series of the Sydney coalfield,

Nova Scotia, into three zones. The zones in ascending order were:

Zone of lLonchopteris eschweileriana and of Alethopteris lonchitica,
Zone of Linopteris obligua, and Zone of Piychocarpus unitas.

The Lonchopteris zone contained 24 species, nine of which are
found in the Drywood formation. Bell related this zome to Westphalian
B and the lower Westphalian C, since those species most characteristic
of Westphalian C, for example, Neuropteris scheuchzeri and Alethopteris
serlii,were few in mumber.

Bell's Linopteris obliqua zone was comprised of 88 species.

At least 16 species are identical to species in the present Missouri
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study. This zone, Bell concluded, comprised a flora characteristic
of Yorkian specles intermixed with species characteristic of the

Radstockian. It was, consequently, Staffordien in age. Such species

as Neuropteris gcheuchzeri, N. ovata, N. heterophylla, Alethopteris
serlii, Annularia sphenophylloides, A. stellata, and Sphenophyllum
emarginatum range up into the Radstockian. Several of the species
listed above, such as N. seheuchzeri, N. heterophylla, Annularia
sphenophyllioides, and A. stellats, are common in the Drywood flora.
Bell compared the Linopteris obliqua zone with Zeiller's flora C of
northern France. He also stated that this zone is approximately
the same age as the flora of Henry County, Missouri.

Bell's third zone, the Ptychocarpus unitas zone, contained
84 species. The present flora contains 17 species found in the
Ptychocarpus zone, which Bell concluded was comparable to the
Radstockian. Bell found a close affinity existing between the flora
of the Ptychocarpus unitas zone and the uppermost flora of the
McAlester coalfield, Oklahoma. He further stated that the Kittamning
group of the Allegheny series was equivalent in age to either an
upper part of the Jinopteris obliqua zone or a basal part of the

Ptychocarpus unitas zome.
The greatest degree of similarity was found between the flora

of the lowest zone in Nova Scotia and the Drywood formation flora,
but most of these were not common in the Missouri flora. Only

Annularia sphenophylioides might be considered common; the rest were

infrequent in their occurrence. Therefore, a conclusion in agreement



141
with Bell may be drawn. The Drywood formation fossil flora correlates
with the Linopteris obligua zone of Nova Scotia.

In his study of the Plctou coalfield, Bell (1940) divided the
Pennsylvanian into four series: Canso (Nemurian), Cumberland
(Westphalian lower B), Stellarton (Westphalian C and Westphalian
upper B), and Pictou (?Westphalian upper B).

The Canso series ineluded freshwater strata that directly
overlaid Mississipplan age strata and contained only three species,
none of vwhich was found in this Missourl flora. Only seven species
were listed for the Cumberland series and of these, only Cordaites
principalis is represented in this flora.

The Stellarton series of the Plctou coalfield was divided

into two divisions. Bell found no fossils dlagnostic of age in the

lower division but did mention Cordaites principalis, Cardiocarpon,
Neuropteris, Sigillaris, Ssmaropels cornute, and a single pinmile
of Alethopteris grandini. This is insufficient evidence for a
comparison. On the other hand, Division II of the Stellarton
contained 46 species of which nine are in the flora under study. Of
the three members maeking up Division II, eight of the nine species
comparable with this Drywood flora were found in the Thorburn member.
Bell concluded that the Thorburn member was of Westphalian C age
because of such characteristic species as Neuropteris scheuchzeri
Alethopteris serlii, snd Sphenophyllum emarginatum. Furthermore,
Bell concluded the Thorburn member was probably contemporaneous with
a part of the Linopteris gbliqua zone of the Morien series of the
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Sydney coalfield. Of the six species listed by Bell (1940, p. 51)
for the Pictou series, Anmnularis sphenophylloides snd Sphenophyllum
cmarginatum are also present in the Drywood formation. Bell
indicated that the Pictou series and the Stellarton were of similar
age.

Bell's (1944) study of the Carboniferous rocks and fossil
floras of Northern Nova Scotia listed species from the Riversdale,
Cumberland, and Pictou groups. Bell found 50 species in the
Riversdale group and of these, only seven are in this Missouri flora.
Bell listed 82 species from the Cumberland group. Of the 11 species
also occurring in the writer's flora, only two species were considered
by Bell to be confined to the Cumberland group. As in Bell's 1938
study, the best correlation between the Drywood formation flors
and a Nova Scotian flora was made with the Pictou group. In the
Pictou group was found the zome of Linopteris gbliqua. Bell
concluded that the age of the Pictou group in the Northerm Nova
Scotia area was mainly Westphalian C and D.

The most recent of Bell's studies was published in 1962 and
dealt with the flora of the Pennsylvanian Pictou group of New
Brunswick. Of the 65 species listed by Bell as occurring in the
New Brunswick flora, 1k species occur in the Drywood formation flora.
Of these 14 species, three were found in only the upper Linopteris
gbligua zone, four occurred only in the lower portion of the Linopteris
cbligua zone, and seven specles occurred in both the upper and lower
zones. Bell correlated the Pictou group of New Brunswick with the
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Westphalian C. Again, the presence of such species as Neuropteris
gcheuchzeri, Sphepophyllum emarginatum, Anmilaris sphenophylloides,
and Asolanus camptotaenia gave support to Bell's premise that his
flora was of Westphalian C age. The findings of the present study
support B 11's conclusions and concur that the Canadisn floras of
the Linopteris obliqua zome, on the whole, are camparable to the
flora found in the Henry County, Missouri, ares.



Comparison with Fossil Floras of Burope

In 1888, Zeiller published his excellent study of the
Valencienne coal basin and the fossil flors located there. Zeiller
found a total of 166 species. He divided the flora of the basin
into three divisions and grouped under each division the general
collection area indicating whether it was considered to be lower,
middle, or upper zone. Vhen the Irywood formation fossil flora
was compared to Zeiller's fossil flora, seven Missouri species
were found in common with Zeiller's lower zone. Eighteen Drywood
fossil species were found in Zeiller's middle zone. Twenty=-one
Missouri species were found in the upper zone flora. The highest
degree of correlation between the Drywood fossil flora and
Zeiller's Valenciemnne coal basin may be drawn with Zeiller's upper
zone.

Of the 61 species identified in the present study of the
Drywood formation fossil flora, only 6 species are also found in
Kidston's (1923-25) Fossil Plants of the Carboniferous Rocks of

Great Britain. One species, Diplothmema furcatum ranges from
lenarkian to Westphalian deposits. Two species, Sphenopteris mixta

and Mariopteris speciosa are confined to Westphalian deposits.
Sphenopteris obtusiloba ranges from Lenarkian to Staffordian strata,
while M. sphenopteroides is confined to those rocks of Staffordian
age. Pecopteris dentata was found in strata ranging in age from
lanarkian to Radstockian.
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Only a very general comparison can be drawn due to the limited
number of similer species found between the two fossil floras, but
it would seem that the Drywood fossil flora has a greater similarity
to fossil plants from the Westphalian of England than those of
older or younger ages

There can be no correlations drawn between the Drywood flora
in Missouri and the coal ball flora deseribed by Koopmans (1928)
from the Westphalisn A of the Netherlends. Each of the 61 species
in the Drywood fossil flore was different than the 68 species in the
Koopmans flora.

In 1933, Dix proposed the establishment of nine zomes for the
Upper Carboniferous rocks in Wales. §She further related the broad
plant zones of Weles to those Bertrand found in northern France,
and to the floral divisions identified in Holland by Jongmans, in
Belgium by Renier, in Westphalis by Gothan and others, and in the
Donetz coalfield by Zalessky.

Only six species are common between the Drywood formation
and the 33 species listed under Dix's Flora C. Of Dix's Flora D,
which contains 4O species, eight are found in this flora. Flora E
contained 106 species, 15 of which are found in the Drywood formation
fossil flora. Flora F, which contained T9 species, compared with
only 11 species in the writer's flora. Fourteen of the species found
in the Missouri flora were also found among the 82 species of Flora
G. Eleven of the Dix's T3 species of Flora H, were found in the

Drywood flora. The uppermost zone, Flora I, contained 69 species
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but only nine of them are found in this flora.

The greatest correlations between the floras reported by Dix
and this Missouri flora are in Floras C, D, and Ge-they are 18, 20,
and 17 per cent, respectively. The entire range of these floras
would extend from the lower Westphalian (Yorkian) to the Middle of
the Stephanian.

There are 127 specles listed in the summary chart, presented
by Gothan and Remy (1957), of plants found often in the Paleozoilc
of Germeny. In addition to the listing of these plants, a vertical
range was given for each. Of the 127 fossil species reported by
Gothan and Remy, 20 fossil specles were limited to ranges completely
outside of the Westphalisn-Stephanian ages; that is, they occur
in the Dinant and Rotliegend strata. These species were not consld-
ered in the comparison of floras. When the 21 species which occur
in the Drywood formation fossil flora and the German flora are
compared in respect to their corresponding ranges in Europe, 19
of the 21 species are found to have Westphalian C age in common.

Wagner (1962) published an account of the floral sucecession
of the Carbonifercus in northwest Spain. This suecession ranged
from the Visean to the Autunian. Of the nine ages presented, the
closest correlation of floras between the Drywood formation and
Spanish Carboniferous is made with that flora which Wagner considered
to be Westphalian D. Of the 31 Westphallan D species listed by
Wagner, six occur in the Missouri flora, but these are generally

long ranging species and thus are not as significant in determining
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age. The second closest relationship is found with the flora which
Wegner considered to be Stephanian A. This flora contained 47
species of which 5 species are found here. There appears to be a
higher degree of correlation with floras of younger age in northwest
Spain than with what is ususlly considered to be correlative floras
of the more northerly Buropean countries. The significance of this
is not known at the present time.

In the 19%4 publication by Moore et al. Correlation of Fenn-
gylvanian Formations of North America, the Missouri columm is blank
in the range where the Drywood formetion should be located. But,
from what is known of the present-day position of the formation and
according to Moore gt al., the Drywood formation should be correlated
with Westphalian C, the Flammkohle of Germany, the Staffordian of
England, Dix's Zone of Neuropteris rarinervis, and Read's Zone 6 ==
Zone of Neuropteris rarinervis. An actual correlation of floras
has shown such & generalized correlation to be misleading in some

cases.



Comparison with Fossil Floras of North Africa

Jongmans (1953) published a report of North African Paleozoic
floras and theilr correlations with floras of other regions of the
world. Of the several locations in Algeris and Morocco and their
associated floras, the closest correlations to the Missouri flora
are with the floras of the Kenada Basin, Djebel Mezarif, and Sidl
Brahim. The flora of the Kenads Basin contained 28 species éight
of which were found in the Drywood formation. This flora was consid-
ered to be of Westiphalian C age. The Djebel Mezarif flora contained
34 xpecies. Ten camparable species were found in Missouri. Jongmans
considered this flora to be upper Westphelian C and possibly lower
Westphalian D. The best comparison is found with the flora of Sidi
Brehim which contained 13 species, four of which were also found
in the present flora. This flora was considered to be Westphalian B.

¥hen interpreting the importamnce of the correlations, not
mich emphasis is placed on the greater similarity to the 8idi Brahim
flora. The percentages of the Drywood flora as compared to the
African floras are all very similar; Kenada Basin (28.5 per cent),
Djebel Mezarif (29.L4 per cenmt), and Sidi Brahim (30.7 per cent),
respectively. Such a close percentage comparison with a succession
of ages lends support to the conclusion that the Drywood fossil
flora is a transitional type.



CHAPTER VI
CONCLUSIONS CONCERNING THE AGE OF THE DRYWOOD FORMATION
FLORA OF MISSOURI AND ITS STRATIGRAPHIC VALUE

A comparison of the flora from the Drywood formation of
Missouri, with the fossil floras in other areas of the United States,
Cenada, England, Wales, France, Germany, Spain, and North Africa
reveals that the flora under study is possibly of upper Kanawban,
upper Pottsville age, or lower Allegheny age and would be correlated
with floras ranging from Westphalian B to Staffordian. The closest
correlation 1s with the Westphalian C stage.

In this assemblage, a large number of specimens of Annularis
are found which intergrade between A. acicularis, which is the older
species (lower Pottsville to lower Allegheny per Abbott, 1958, p. 306),
and A. stellata, which is the younger species (Pottsville to Dunkard
per Abbott, 1958, p. 322). The intergradation suggests that a shift
from the older species to the younger has occurred in this flors.

The shift would be indicative of a transitional period.

The presence of such species as Asterophyllites equisetiformis,
Diplothmems furcatum, Alethopteris decurrens, and Cordaites princi-
palis indicate a Kanawhan age for a portion of the flora.

The presence of such species as Alethopteris grandini, A.

serlii, Neuropteris ovata forma flexuosa, and Pecopteris demtats
indicate an Alleghenian or Desmoinesiaen age for another portion

of the flora.
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Because such a wide age span is indicated, it is difficult to date
the strata within which the flore is located by paleobotanical means
alone. However, the geologic data in conjunction with the
paleobotanical evidence indicate that certain species are more depend-
eble as age determinants in this particular area. The more dependable

specles are Alethopteris serlii, Neuropterls ovata forma flexuosa,

and Pecopteris dentata.
The study demonstrated the advisability of gathering many

collections from several sites in the same stratum because of the
limitations of any single site. At one site only lepidodendrid
material wvas found, whereas at another slte only seeds were preserved.
It is clear from this study and others, that species of plant
megafossils are not equally distributed throughout their lateral
range, and that unless many collections are made the flora may
contain a bias or be lacking certain species completely. This
linitation of individusl sites may be due to ecological factors.
In addition, much depends om each individual investigator whether
his flora is large or small, whether it has many new species or
none, whether the descriptions and illustrations he publishes are
good or poor. Thus, the value of the flora represents the care
with which the researcher has approached the problem.

The major components of the flora of the Drywood formation are
herbaceous and arborescent Lycopods and Celamites, sphenophylls,
ferns, seed ferms, and gymnosperms of the Order Cordaitales. Such
a generalized flora appears to compare favorably with Pemnsylvanian
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or Upper Carboniferous floras found elsewhere. The absence of
Sigillaria and Iepidodendron is noteworthy.



CHAPTER VII
SUMMARY

A study of the Drywood formation in Henry and Cedar Counties,
Missouri, revealed a flora of 61 species of fossil plants. These
macrofossils contalned representatives of the orders lLepldodendrales,
Equisetales, Sphenophyllales, Fileales, Cycadofilicales, and Cordai-
tales. The macrofossils were examined, described on the basis of the
specinens found, and representative material of each species
illustrated.

The geology of the depositional aresa is discussed and is
shown to have a strong effect upon the contimuity of the formation,
the paleoecology of the area, and the enclosed plant fossils.

One new specles is described in Neuropteris; ome new com-
bination is made in Lepidostrobophyllum. Of the 61 species in 29

genera, 21 were not previously described from this area.

In addition to increasing the lateral extent of the flora,
redefining the specles involved, and increasing the number of species
found in the florall assemblage of the Drywood formation, comparison
is made with lower to middle Pemmsylvanian floras from eight states
in the United States, two Canadian provices, England, Wales, France,
Netherlande, Belgium, Germeny, Spain, and Morocco and Algeria.




































Plate 1-2L

The generic and species epithets are followed by the
catalog muber, the magnification, and the collection
site.
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Flate 1

Figure 1. Asolanus camptotaenia Wood; No. 1042; X 2.3; Clary Pit
2. Asplenus camptotaenia Wood; No. 105T; X 2.03 Clary Pit
3. Aspidiaria sp. Presl; No. 1076; X1.0; Clary Pit
k. Knorris sp. Sternberg; No. 1037; X 1.8; Clery Pit




































Plate 7

Figure 1., Celamites clsti Brongniart; No. 1177; X 3.0; Hilty Mine
2. Calsmites cisti Bromgniart; No. 1171; X 2.0; Hilty Mime
3« Calamites guckowl Brongniart; No. 810; X 1.6; Clary Pit












































































































Vita

Fhilip Walter Basson was born on [, in New York
City, New York. He atiended elementery school in the Brounx and
Mount Vernon, New York, and junior and senior high schools in Mount
Vernon, New York, and graduated in June, 1949. Two years were spent
. at the University of Kansas. From September 1951 to February 1952,
Mr. Basson attended night classes at Columble University. He
enlisted in the United States Air Force in February, 1952, and was
honorably discharged in Fcbruary, 1956. He served in the United
States until June, 1954, at which time he was assigned to duty in
Tokyo, Japan. During his stay in Japan, he attended courses at
Sophia University and extension courses given by the University
of California.

He returmed to the United States in February, 1956 and entered
Eastern Michigan University in September, 1956. He was a recipient
of a Michigan State Teacher's Scholarship for two years, was listed
on the Dean's Honor Roll, and received a B.S. degree and Teacher's
Certificate in 1959. He began graduate studies at the University
of Missouri in September, 1959, and attained th M.A. degree in
June, 1961. Since 1961, he has been engaged in his doctoral studies.
He was a graduate teaching assistent, research assistant, and was
appointed as an Assistant Imstructor in Botany in September, 1962.

He is married and has two children.
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