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The Secor Coal of Oklahoma (Boggy Formation, lower
Desmoinesian/Westphalian D equivalent) is one of the
few coals discovered, to date, in which Anabathra pul-
cherrima (=Paralycopodites brevifolius) was a dominant
element. Anabathra and Lepidophloios define the major
assemblages in the coal, which also contains elements of
medullosan pteridosperms and Cardiocarpus spinatus
producing cordaites. The Lepidophloios to Medullosa gra-
dient is not obscured by the numerous Anabathra-domi-
nated zones, and a disturbance element is suggested in
association with Anabathra abundance. Comparison of
the coal-ball flora with a clastic-compression flora from
the roof of the coal reveals widely divergent patterns of
dominance and diversity. The compression flora is strong-
ly dominated by medullosan pteridosperms with subdom-
inant marattialean tree ferns. As in most instances, the
compression flora from the immediate roof of the coal is
not an accurate representation of the peat-forming veg-
etation, at either the level of species composition or the
relative abundance of major groups of plants. The swamp
and surrounding clastic deltaic environments were
edaphically distinct and supported separate floras be-
tween which there was limited species exchange.

INTRODUCTION

The lowland tropics of the Pennsylvanian Period were
characterized by a diverse, complex vegetation (Gastaldo,
1987; Phillips et al., 1985; Scott, 1978). The most char-

Copyright © 1991, SEPM (Society for Sedimentary Geology)

acteristic floras of the lowlands were those of peat-forming
environments, dominated by lycopsid trees for most of the
Early and Middle Pennsylvanian, with areas and times of
increased cordaitean abundance (Phillips and Peppers,
1984; Phillips et al., 1985). The plant communities of these
wetlands, and the swamps in particular, are often visual-
ized as heavily forested and fairly monotonous vegetation,
an image of sameness over vast areas and long periods of
time. However, quantitative studies of megafossils and mi-
crofossils from coals (Peppers, 1970, 1979; Phillips and
Peppers, 1984; Phillips et al., 1985) and from compression
floras (Pfefferkorn and Thomson, 1982) demonstrate de-
finitively that there were significant changes in lowland,
wetland floras through time. These changes follow a strati-
graphic pattern that correlates with changes in coal re-
source abundance (Phillips and Peppers, 1984) and with
geochemistry of coal and associated rocks (Cecil et al.,
1985; Cecil, 1990), which implicate climate as a major fac-
tor influencing floristic change.

Detailed studies of Pennsylvanian peat swamps have
revealed considerable vegetational heterogeneity within any
one swamp (DiMichele and Phillips, 1988; Feng, 1989;
Phillips and DiMichele, 1981; Pryor, 1988; Raymond, 1988).
Such community level studies have identified a great va-
riety of vegetation types, from nearly monospecific forests
to shrubby, scrub-like vegetation, to marsh-like assem-
blages of plants.

The occurrence of coal balls in the Secor Coal of Okla-
homa allows examination of the source peat-swamp flora
of this coal over an area of several square miles. Associated
compression fossils occur in a gray-shale split between the

0883-1351/91/0006-0390/$3.00
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Secor Coal and the overlying Secor Rider Coal, and provide
the opportunity to contrast the peat-forming flora with a
contemporaneous flora growing outside the swamp in sur-
rounding wetlands. The vegetation of this coal is unusual
in its extreme dominance by Anabathra pulcherimma
(=Paralycopodites brevifolius; Pearson, 1986) a small ly-
copsid tree that appears to have been a colonizer with
preference for parts of peat-swamps disturbed by irregular
flooding and some clastic influx (DiMichele and Phillips,
1985, 1988; Eble and Grady, 1990; Calder, in press). Lo-
calized Anabathra dominance is known from thicker coals
(e.g., the Herrin Coal of Illinois; DiMichele and Phillips,
1988), but dominance at a landscape level in peat swamps
is rare.

MATERIALS AND METHODS
Stratigraphy

The Secor Coal Member is in the Boggy Formation of
the Krebs Group in Oklahoma. It is of Desmoinesian age
(Friedman, 1978), approximately equivalent to the early
Westphalian D of western Europe (Phillips et al., 1985).
The coal is present in the southern part of northeast Okla-
homa shelf and in the adjacent Arkoma Basin. In north-
eastern McIntosh County, the Secor Coal is a single bed.
To the south, southwest and northwest of this area, the
seam splits into a thick lower bench, the Secor Coal by
convention, and a thin upper bench, the Secor Rider, sep-
arated by terrestrial shales and sandstones, with uncom-
mon, locally developed marine rocks (Hemish, 1988). The
Secor Rider Coal is thin and high in ash (>20% ) and sulfur
with a marine shale roof throughout its extent. Coal balls
and compression fossils occur in areas of split coal. The
split and characteristics of these two benches are described
by Hemish (1988).

Compression Fossils

Carbonized compression fossils were collected from light
to medium gray, silty mudstones between the Secor and
Secor Rider coals. Two collections were made, one in 1979,
the other in 1981, at the Capital Construction Company
of Oklahoma, Alpine Mine No. 2, N %, SE %, NE Y%,
Section 22, T. 12N, R. 17E, 7%’ Oktaha Quadrangle, Mc-
Intosh County, Oklahoma (F'ig. 1). Specimens are housed
in the Smithsonian Institution, National Museum of Nat-
ural History, under USNM Locality Number 38362, and
in the Paleobotanical Collections, Department of Plant
Biology, University of Illinois. All illustrated materials are
housed at the NMNH.

Coal Balls

Coal balls were collected from spoils at three locations
(Fig. 1). A total of 487 coal balls was analyzed, comprising
19,147 cm? of quantified surface area.

McAlester: Small random samples were made at an
abandoned slope mine belonging to Joe Lemont near

compressions
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FIGURE 1—Map of Oklahoma, showing sampling locations in Mc-
Intosh, Pittsburg and Haskell Counties. Compressions were sampled
northeast of Checotah. Coal ball localities are discussed in the text:
McA (McAlester), WL (West Liberty), E (Enterprise).

McAlester, in Pittsburg County, Oklahoma by Charles B.
Read in the 1930’s and by Sergius Mamay and Ellis Yoch-
elson in the 1950s. Mamay and Yochelson (1962) located
the site at the common corner of Sections 26, 27, 34, and
35, T. 5N, R. 14E, 7%’ Savana Quadrangle. The random
sample analyzed in this study is housed in the Paleobo-
tanical Collections, University of Illinois; coal balls bear
the following accession numbers: 2022, 2039, 2050, 2052,
2059, 9165, 9864, 9865, 9872, 9873, 9891-9896, 9928, 9929,
9930-9932, 10471, 10473, 10475. Additional collections are
housed in the National Museum of Natural History under
USGS locality number 8764.

West Liberty: A profile of coal balls was collected in
1979 at the Westhoff Brothers Mine, near West Liberty
Church, in Pittsburg County, Oklahoma, SE V4, Section
1, T. 8N, R. 17E, 7' Enterprise Quadrangle. The coal-
ball mass occurred in a gob pile, but had attached remnants
of a dark gray to black roof shale bearing linguloids and
other invertebrate fossils, suggesting brackish to marine
conditions. The entire thickness of the coal-ball aggregate,
including coal, was 65 cm, which the operator informed us
represented the full seam thickness. In this area the Secor
Coal is of minable thickness and is the probable source of
the coal balls (Hemish, pers. comm., 1989). Specimens are
housed in the Paleobotanical Collections, University of
Illinois, under the following acquisition numbers: 23310-
23382.

Enterprise: Two profiles and a random sample of coal
balls were collected in 1981 at the tipple of the Westhoff
Brothers Enterprise Mine No. 1, near the town of Enter-
prise in Haskell County, Oklahoma. The mine tipple was
located in the NW 14, Section 24, T. 9N, R. 18E, 7%’
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Quinton North Quadrangle. Profiles were collected from
two aggregates, each approximately 60 cm thick, however,
no roof shale or underclay was attached to the aggregates,
so orientation could not be established. The operator in-
formed us that coal balls, where they occurred, occupied
the full thickness of the seam; the aggregates from which
we collected had little coal intercalated between zones. The
random sample consists of isolated coal balls collected at
the tipple. It was divided in the laboratory into four sub-
samples to provide replicates for comparison. The Secor
Coal is the probable source of the fossils (Hemish, pers.
comm., 1989). Specimens are housed in the Paleobotanical
Collections, University of Illinois and bear the following
acquisition numbers: Enterprise VS 1—26598-26652; En-
terprise VS 2-—26410-26518; Enterprise RS 1—22955-
23003; Enterprise RS 2—23004-23052; Enterprise RS 3—
23053-23101; Enterprise RS 4—23102-23150.

Methods of Analysis
Coal Balls

Profiles and random samples of coal balls were quan-
tified according to the techniques of Phillips et al. (1977).
The resulting abundance data, reported as percentage
abundances, are considered in three categories. 1) Raw
data includes taxonomically identified plants and all un-
identified materials, invertebrates and clastics. 2) Nor-
malized data has all the unidentified materials, inverte-
brates and clastics deleted; remaining abundances are
normalized to 100% identified materials. 3) Root free
abundances are calculated by deletion of all roots from the
normalized data set, which is then renormalized to 100%
identified/root free abundances; because Psaronius trees
were supported by a mantle of aerial roots (Ehret and
Phillips, 1977), 50% of the roots from the outer root mantle
and all of the roots from the inner root mantle are treated
as aerial.

Computations of fusain abundances and percentages of
unidentified material are based on raw data. Shoot-root
ratios, abundances of organs, and proportions of major
taxonomic groups in the peat are based on the normalized
data. Root-free data are the basis for all assemblage-level
comparisons and community-level interpretations, includ-
ing dominance-diversity curves, calculations of species
richness, diversity and equability, and ordinations. Ordi-
nation was performed with non-metric multidimensional
scaling in three dimensions (Kenkel and Orloci, 1986;
Prentice, 1980), using the statistical program SYSTAT
(Wilkinson, 1988). Detrended correspondence analyses
(Hill and Gauch, 1980) were carried out for comparative
purposes using the program DECORANA,; results of DCA
and NMDS were similar and only NMDS results are pre-
sented. The Shannon-Wiener Information Index (H’) was
calculated according to the formula in Whittaker (1975).

Profiles consisted of zones identified in the field on the
basis of coal breaks between coal-ball layers. We consid-
ered these zones to be litter horizons of temporally distinct
forest stands, based on their relatively uniform internal

composition; palynological analyses of coal and associated
coal balls (Willard, 1990) suggest that coal-ball zones are
equivalent to very small increments of coal, a consequence
of peat compaction. Zones are treated as independent veg-
etational samples in all analyses of profiles or in combined
analyses of profiles and random samples.

Coal balls from the four Enterprise random collections
were ordinated, treating each coal ball as a separate sam-
ple. These exploratory ordinations were used as a basis to
identify recurrent assemblages of taxa in the random col-
lections. Coal balls from identified assemblages were com-
bined to create composite ‘zones’ that could be analyzed
further in combination with empirically identified zones
from profile collections. Composite zones were created from
separate analyses combining random samples 1 and 2, and
random samples 3 and 4. The McAlester random collection
was treated as a single composite zone in combined anal-
yses due to its small size and uniform taxonomic compo-
sition and matrix qualities.

Compression Fossils

Compression fossils were identified to species. Counts
were then made of all discrete, identifiable plant fragments
in those collections housed at the Museum of Natural His-
tory. This was contrasted with the method of Pfefferkorn
et al. (1975) in which each rock specimen is treated as a
‘quadrat’; any species occurring in that quadrat are tab-
ulated once, regardless of the number of individual frag-
ments, and abundances are reported as the number of
quadrats in which a species occurs. There were 205 spec-
imens in our sample. Results of the count and quadrat
methods are compared in Table 7. Because subenviron-
ments could not be identified a priori, the entire collection
is treated as a single sample.

It is difficult to prefer one of these quantitative sampling
methods over the other. The quadrat method is more dif-
ficult to manipulate statistically, and percent-occurrences
of species are not additive in the absence of details on co-
occurrence. In defense of the quadrat method (Pfefferkorn
et al., 1975), it is rapid, it circumvents the difficulties of
differential fragmentation and the question of “what to
count”, which is encountered in the count method. Quad-
rat and count methods provide very similar estimates of
rank-order abundance (Table 7). Taphonomic studies of
angiosperm leaves (Burnham et al., in press), suggest that
count data provide the best estimate of the basal stem
diameter and crown biomass of a forest. Pennsylvanian
forests were dominated by plants with compound leaves,
up to several meters in length, that most frequently dis-
membered into isolated pinnules or pinnae; consequently
counts may be difficult to interpret and quadrate data may
be an acceptable estimate of biomass.

DEPOSITIONAL ENVIRONMENT

The Secor Coal-Secor rider complex was deposited on
the Cherokee Platform, a shelf bordering the deeper part
of the Arkoma Basin (Branson, 1962). The shelf appears
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TABLE 1—Composition and sample size of profiles and random samples. All percentages are based on normalized
data except % fusain and % unidentified, which were calculated from raw data. Total surface area is calculated
from raw data. Percentages for profiles are an average of abundances per zone within that profile.

Total

% % % % surface

% Pte- Sphe- % Fruc- Un-  areaof

Profile/random Lyco- % rido- nop- Cor- % % % tifi- % iden- sample

sample pods Ferns sperms sids daites Roots Stems Leaves cations Fusain tified (in cm?)
West Liberty  VS1* 779 6.7 4.5 5.8 51 509 39.0 7.7 2.4 44 3.6 2117
Enterprise VS1 87.3 2.6 2.8 5.7 1.3 556 379 4.5 1.8 2.5 13.3 3577
Enterprise V82 79.2 5.2 3.0 8.8 38 453 440 7.9 2.9 2.6 8.8 3744
Enterprise RS1 7.5 5.3 2.5 6.2 84 51.4 35.1 9.9 3.6 3.5 4.1 3311
Enterprise RS2 65.6 8.5 4.5 77 136 526 304 136 3.2 4.0 3.8 1790
Enterprise RS3 80.1 3.3 34 5.7 7.3 383 487 112 1.7 34 2.0 1255
Enterprise RS4 75.0 5.9 2.3 6.8 9.3 439 42.2 124 2.5 3.8 5.1 2010
McAlester RS1 52.8 9.5 74 12.7 17.3 61.6 8.2 24.4 5.7 2.5 24.7 1343

Average 744 5.9 3.9 7.4 8.3 50.0 35.7 114 3.0 3.3 8.2

to have remained relatively stable during basinal subsi-
dence, and may have been an area of longer peat-swamp
duration than in the more relatively and irregularly sub-
siding deeper basin. This is suggested by fewer, thinner
coals, and a generally thinner section on the shelf.

The Bluejacket Sandstone lies immediately below the
Secor Coal. The Bluejacket is a heterogeneous complex of
rocks interpreted as coastal plain in origin, ranging from
lower alluvial valley to prodeltaic (Visher, 1968). The Se-
cor-Secor rider complex was interpreted by Hemish (1988)
as a lower deltaic plain deposit. He attributed the splitting
of the seam to basinal subsidence contemporaneous with
peat formation, permitting rapid influx of terrestrial sed-
iments onto the Secor peat-swamp surface. The sediments
probably represent a rapidly prograding delta lobe; plants
growing on the prograding deltaic silts and muds were

preserved as compression fossils in crevasse-splay sedi-
ments. The Secor rider extended over the clastics as sub-
sidence slowed and base-level stabilized along the entire
coastline.

The Secor Coal can be >1 m in thickness, and is gen-
erally low in ash and sulfur throughout much of its dis-
tribution in the shelf area, particularly where it forms the
lower of two splits and is capped by terrestrial gray shales
(Hemish, 1988). In the Arkoma Basin the Secor Coal is
high in ash and sulfur (Friedman, 1974). The coal contains
partings that vary in thickness and extent (Hendricks,
1937; Dane et al., 1938; Friedman, 1978), suggesting oc-
casional influxes of mineral-rich waters into the peat swamp
and a probable planar, or rheotrophic, geometry (Calder,
in press). The Secor rider and unsplit Secor Coal are con-
siderably higher in ash, possibly due to greater transport

TABLE 2—Fusain abundance in profiles and random samples broken down
by major taxonomic group. Numbers indicate the percent of total fusain in
a profile or random sample contributed by a particular higher plant group.
Percentages calculated from raw data. Profile abundances are an average
of zone abundances. WL1 = West Liberty VS 1; E1 = Enterprise VS 1;
E2 = Enterprise VS 2; ERS1 = Enterprise RS (random sample) 1;
ERS2 = Enterprise RS 2; ERS3 = Enterprise RS 3; ERS4 = Enterprise RS

4; McA = McAlester RS 1.

wWL1 E1 E2 ERS1 ERS2 ERS3 ERS4 McA
Lycopods 282 068 062 129 006 1.00 012 0.07
Ferns 005 006 022 017 045 0.00 024 0.14
Pteridosperms 095 015 015 031 033 032 017 0.29
Sphenopsids 000 017 046 035 077 031 053 015
Cordaites 000 006 019 037 058 039 034 021
Unidentified 054 134 095 105 178 141 236 164
Total 436 246 259 354 397 343 376 2.50
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TABLE 3—Percentage of each major taxonomic group preserved as fusain
(fusinized biomass of taxon x/total biomass of taxon x) by profile or random
sample. Calculated from raw data. Profile abundances are an average of
zone abundances. (Abbreviations for profiles and random samples are the

same as in Table 1).

Aver-

WL1 Ei1 E2 ERS1 ERS2 ERS3 ERS4 McA age

Lycopods 3.8 0.9 0.8 1.7 0.1 1.3 0.2 0.2 1.1
Ferns 0.8 49 4.7 3.3 55 0.0 4.3 1.9 3.2
Pteridosperms  19.9 7.6 61 129 7.6 9.8 6.3 51 94
Sphenopsids 0.0 4.5 7.8 58 10.3 5.5 8.1 1.6 5.4
Cordaites 0.0 4.5 5.3 4.6 44 5.4 3.8 1.6 3.7
Unidentified 150 101 10.7 259 46.1 684 46.2 456 33.5

of fine sediment into the swamp, and in sulfur, reflecting
the marine origin of roof sediments (Hemish, 1988).

RESULTS OF COAL-BALL ANALYSIS
Peat Composition

In Table 1, the percent volume of the major plant groups,
plant organs, fusain (mineral charcoal), unidentified ma-
terial (including invertebrates, mud and calcite), and the
total sample size are tabulated for all profiles and random
samples. The taxonomic and organ composition of the peat
are determined from the normalized data set; abundances
of fusain and unidentified, and total sample size are de-
termined from the raw data set. Profile abundances are an
average of zone abundances within the profile. Most plant
tissues are derived from arborescent lycopsids (normal-
ized-data average, 74.4%), in particular their rooting or-
gans and periderm (bark). Unidentified material averages
8.2% (raw data) per profile, which is within the range
observed for coal-ball samples from other coals (Phillips
et al., 1977; Phillips and DiMichele, 1981; Phillips et al.,
1985; DiMichele and Phillips, 1988).

Fusain abundances are relatively low in the Secor coal-
ball samples (raw-data average 3.3%), which may reflect
relatively infrequent fires. Total fusain is listed in Table
2, by taxonomic groups within profiles and random sam-
ples. Table 3 lists the proportion of each taxonomic group
preserved as fusain in each profile (% taxon preserved as
fusain/% total abundance of taxon). This transformation
corrects for differences in the relative abundance of each
group, and reveals greatest frequency of fusinization for
unidentified, pteridosperm, and sphenopsid tissues, a con-
sistent pattern in Pennsylvanian coal-ball peats.

In general, preservation of Secor coal-ball peats is poor,
which suggests that loss of organics due to decay was high.
Delicate parenchymatous tissues are rarely preserved, fine-
ly macerated matrix material is abundant, and materials
are often crushed or highly flattened. Indicators of decay
are particularly accentuated for samples enriched in An-
abathra periderm. There are some peats, usually those

dominated by a plant other than Anabathra, that are bet-
ter preserved; peats of this type are uncommon in profiles,
but make up a larger fraction of the random sample coal
balls. Marine invertebrates occur mixed irregularly within
some coal balls (Mamay and Yochelson, 1962), suggesting
introduction during active peat accumulation.

Plant Communities

Ecological inferences are based on root free data. The
root-free counts of taxa included in these analyses are
presented in Table 4; these counts represent the actual
numbers of square centimeters of any particular taxon
identified in a zone or random sample, excluding roots,
except as noted above. We present the actual count data,
rather than the percentages calculated from it (which are
used in subsequent analyses), because it makes the data
more accessible. Twenty-nine taxa were included in the
analyses. The terminal taxa represent reconstructed whole-
plants, and combine aerial organs into single taxa at as
low a rank as evidence permits. Three of the taxa are
categories for plant parts that could not be assigned con-
fidently to a species, due to insufficient information: Dia-
phorodendron spp., Pennsylvanioxylon spp., and Bo-
tryopteris spp. Actual species richness was higher than the
29 terminal taxa used in the analysis: Neither Medullosa
nor Psaronius were further subdivided because of diffi-
culties in the recognition of the whole-plant species affin-
ities of most vegetative remains. However, at least six “spe-
cies” of medullosan vegetative foliage were identified, and
three “species” of marattialean fertile foliage (Lesnikow-
ska, 1989), which yields a conservative estimate of 33 whole-
plant entities, if the three general categories mentioned
above are not counted.

Profile Analysis

The three profiles analyzed in this study consisted of 17
total zones. Fourteen of the zones are dominated by An-
abathra pulcherrima; in ten of the zones this plant ac-
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counts for >65% of the biomass. Figure 2 summarizes the
taxonomic composition of the zones in the three profiles,
based on root-free data. Results are reported as Anabath-
ra, all other lycopsids, ferns, pteridosperms, sphenopsids,
and cordaites. No similarities in vertical variation are de-
tectable. Anabathra accounts for at least 50% of the bio-
volume in at least one-half of the zones of each profile.
Two zones are conspicuously enriched in cordaites, zone
1 of West Liberty VS1, and zone 7 of Enterprise VS2, and
demonstrate more equable abundances of the other plant
groups. In each profile “other lycopsids” is a significant
component of at least one zone; inspection of Table 4 re-
veals that in each case a different species is responsible
for the biomass increase. The differences between the three
profiles suggest local heterogeneity in the swamp forest,
both spatially and in the local patterns of vegetational
change through time.

Ordination permits simultaneous comparison of all zones
and identification of major taxonomic gradients in the
swamp, which presumably reflect gradients in physical
conditions to a large extent. The first axis of the ordination
of profile zones (Fig. 3) is almost entirely a function of
Anabathra abundance, and so is closely correlated with
measures of diversity (H’) and evenness (Table 5). When
Anabathra abundance and H'-diversity are superimposed
on the ordination, three clusters of zones emerge: those
with >80% Anabathra and average species richness of 7.0,
those with 40-60% Anabathra and an average species rich-
ness of 9.7, and those with <20% Anabathra and an av-
erage species richness of 10.3. One assemblage (E1-5), with
70% Anabathra and Diaphorodendron scleroticum as a
principle subdominant, falls between the high and inter-
mediate Anabathra-abundance groups.

The minor element composition of the Anabathra-dom-
inated zones is highly variable. Except for those zones with
>90% Anabathra, the most common subdominants are
Medullosa, Psaronius, Arthropitys, and Pennsylvaniox-
ylon, each occurring in four or five zones. Diaphoroden-
dron scleroticum and D. dicentricum are second in im-
portance, at levels >25%, in one zone each.

Three zones are not dominated by Anabathra. All have
a notable Lepidophloios hallii element, which is the dom-
inant plant in one of the zones. Of the remaining two, one
is dominated by Arthropitys, the other by Pennsylva-
nioxylon, which is also the most diverse assemblage of the
three profiles with 16 species.

Random Sample Analysis

Coal balls of the four random samples from the Enter-
prise Mine were combined into two sets, RS1 and RS2,
and RS3 and RS4, and ordinated separately. Several it-
erations were run on each data set, removing groups of
coal balls with similar ordination scores from consecutive
analyses. Coal balls that were consistently grouped to-
gether on all three ordination axes were combined to create
composite zones of sample sizes (number of cm?) com-
parable to those of in situ profile zones. The composition
of the composite zones is listed in Table 4 (composite zones

are numbered within each combined random sample anal-
ysis).

Composite zones can be compared only broadly with the
patterns of dominance exhibited in profiles. There is no
objective means by which to determine the number of
actual zones that contributed to one of the composite as-
semblages. Composite zones, however, are uniformly high-
er in species richness than profile counterparts with similar
dominant taxa, suggesting that the component coal balls
were drawn from multiple layers in the seam. An indication
of the relative importance of any one particular composite-
zone assemblage-type can be inferred from its proportion
of the total random sample (in cm?); in a profile the number
of zones would provide such an estimate. The patterns of
H’ diversity and evenness are very similar to those of pro-
file zones (Table 5).

In contrast to the profiles, the Lepidophloios hallii-
dominated composite zones account for the largest pro-
portion of the random-sample biomass (1263 ¢cm?), more
than twice the biomass of Anabathra pulcherimma-dom-
inated composite zones (547 cm?). Both types of assem-
blage are highly dominated by one species. Anabathra is
present in 11 of 16 composite zones; Lepidophloios occurs
in 13 of the 16 composite zones. Assemblages dominated
by all other major plant groups, cordaites, Psaronius, med-
ullosans, sphenopsids, and Diaphorodendron scleroticum,
account for between 100 cm? and 190 cm? each. Cordaite
(Pennsylvanioxylon) and sphenopsid-dominated zones
were identified in the profiles, and D. scleroticum was
significantly abundant in one Anabathra-dominated pro-
file zone (E1-5; see Table 4). The similarity of composite
and profile assemblages suggests that composite zones can
recover patterns that, otherwise, are better defined spa-
tially and temporally in profiles. The high abundance of
Lepidophloios hallii, and the marked cordaite presence in
the random samples is a strong indication that such as-
semblages were conspicuous, although perhaps patchy,
components of the peat-swamp vegetation.

Combined Analysis

Combined ordination of 16 composite zones and 17 pro-
file zones (Fig. 4) significantly amplifies the patterns de-
tected in the analysis of profile zones alone, without al-
tering the basic patterns detected earlier. The composite
zones reinforce the pattern of Anabathra dominance; the
entire right side of the ordination (Fig. 4), the positive
portion of dimension 1, is the same as in the profile analysis
(Fig. 3). Added is clear evidence of Lepidophloios hallii-
dominance in a substantial portion of the landscape. Lep-
idophloios-dominated composite zones are very large and
probably represent as great a number of actual stands as
the Anabathra zones from the profiles. Falling between
Lepidophloios-dominance and Anabathra-dominance are
the largest number of composite zones. Most are domi-
nated by or enriched in cordaites (Pennsylvanioxylon of
two forms). Arthropitys is abundant in several zones and
Diaphorodendron scleroticum is dominant in two.

A most significant pattern in the combined ordination
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TABLE 4—Root-free taxonomic composition of profile and composite zones. Numbers are count data, reported
ascm?. Percentages calculated from these data were usedin the ordinations and diversity calculations. WL1 = West
Liberty VS 1; E1 = Enterprise VS 1; E2 = Enterprise VS 2; McA = McAlester RS 1; RS1/2 = Enterprise combined
analysis of RS1 and RS2; RS3/4 = Enterprise combined analysis of RS 3 and RS 4. Numbers of zones or composite
zones follow the profile or random-sampie [abel.

WL1-1 WL1-2 WL1-3 WL1+4 E1-1 E1-2

Anabathra pulcherrima 101 222 239 32 19 162
Lepidophloios hallii/johnsonii 3 5 — 89 2 14
Lepidodendron hickii — — — - - — —
Lepidodendron serratum — — — — 1
Diaphorodendron dicentricum — — — — —
Diaphorodendron scleroticum — — — — —
Psaronius (Scolecopteris gnoma; S. altissima) 30 16 24 10 2
Medullosa (Neuropteris rarinervis; N. sp.; Linopteris;

Alethopteris lesquereuxii; A. sullivantii; A. sp.) 14 8
Arthropitys 15 6
Pennsylvanioxylon sp. 1 (? C. spinatus) 78 18
Pennsylvanioxylon sp. 2 (? C. magnicellularis) — —
Pennsylvanioxylon sp. 3 — —
Mesoxylon sp. - —
Sphenophyllum sp.
Chaloneria sp.

Heterangium sp.
Callistophyton boyssetii
Microspermopteris aphyllum
Johnhallia

Botryopteris sp.

B. mediatena

B. forensis

B. tridentata
Anachoropteris involuta
Zygopteris illinoiensis
Sermaya

Stelastellara parvula
Anachoropteris gillotii
Diaphorodendron sp. — — —
Pennsylvanioxylon sp. — — —

Total 249 279 362 1
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RS1/2 RS1/2 RS1/2 RS12 RS1/2
McA -1 -2 -3 -4 -5

Anabathra pulcherrima 20 — 14 9 10
Lepidophloios hallii/johnsonii 87 274 96 3
Lepidodendron hickii — 1 2
Lepidodendron serratum — — —
Diaphorodendron dicentricum — — —
Diaphorodendron scleroticum — 2 27
Psaronius (Scolecopteris gnoma; S. altissima) 42 25 22

Medullosa (Neuropteris rarinervis; N. sp.; Linopteris;

Alethopteris lesquereuxii; A. sullivantii; A. sp.) 66 18 17
Arthropitys — 10 10
Pennsylvanioxylon sp. 1 (? C. spinatus) 81 4 —
Pennsylvanioxylon sp. 2 (? C. magnicellularis) — — —
Pennsylvanioxylon sp. 3 — — 32
Mesoxylon sp. — — —
Sphenophyllum sp. 16 7 12
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TABLE 4—Continued.

E1-3 E1-4 E1-5 E2-1 E2-2 E2-3 E2-4 E2-5 E2-6 E2-7 E2-8

241 461 126 241 1 330 61 232 302 14 138
— 18 1 3 8 1 15 — — 59 5
1 — — — — — — 3 4 5 —
1 — — — 12 — 39 4 — — —
— 8 4 6 4 — 6 48 2 30 18
2 29 4 4 7 4 17 7 37 —
5 15 — — 33 3 5 2 3 8 —
5 2 3 — — — 3 20 7 79 —
— — _ 1 — _ — — —
— 5 — 5 — 4 2 11 2 17 6
— 1 — — 1 1 — —
— — — — — — 1 3 1 — —
— — — — 1 — 1 — — 1 —
_ 1 _ _ —_ _ _ — _ 2 _
— — - 2 — — — — — _
— — — 1 — — — — 6 —
— — — _ — — _ _ 1 —
— — — — — — — _ — 1 —
— — — — — — — _ — 1 —
— 6 — — — — — — — 1 —
— — — — — — — — — — 4
255 546 181 262 67 338 138 342 329 264 171

RS1/2 RS1/2 RS1/2 RS3/4 RS3/4 RS3/4 RS3/4 RS3/4 RS34 RS3/4 RS3/4

-6 -7 -8 -1 -2 -3 -4 -5 -6 -7 -8
— 11 224 4 3 11 1 — — 2 231

3 1 3 19 9 9 — — — 545 5
— — 1 1 — — — — — — 2
— — 5 — 2 — — — — 12 —
_ _ _ —_ —_ —_ _ —_ _ 14 —
— 37 1 1 21 — — — — — 1
10 3 6 13 7 2 23 1 1 19 6

2 2 16 4 2 3 7 9 — 30 5
13 12 1 9 2 37 8 — — 15 3
— 1 11 — 6 10 3 2 1 27 8
— — 3 — 9 9 — 5 — 6

2 7 4 6 4 3 3 1 1 9 3
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TABLE 4—Continued.

RS1/2 RS1/2 RS1/2 RS1/2 RS 1/2

McA -1 -2 -3 -4 -5

Chaloneria sp.
Heterangium sp.
Callistophyton boyssetii
Microspermopteris aphyllum
Johnhallia

Botryopteris sp.

B. mediatena

B. forensis

B. tridentata
Anachoropteris involuta
Zygopteris illinoiensis
Sermaya

Stelastellara parvula
Anachoropteris gilloti
Diaphorodendron sp.
Pennsylvanioxylon sp.

Total
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is the distinct second axis, which defines a Lepidophloios-
Medullosa gradient. Between these end-point assemblages
are Diaphorodendron, aligned most closely with Lepido-
phloios, and Pennsylvanioxylon, aligned most closely with
Medullosa; Psaronius is widely distributed but in a central
position. The second axis pattern is broadly the same as
that found in later Middle Pennsylvanian coals (Phillips
and DiMichele, 1981; DiMichele and Phillips, 1988), where
Anabathra is a minor component, generally associated with
Medullosa more strongly than with Lepidophloios. Un-
published analyses of early Middle Pennsylvanian coals
show the close association of cordaites and medullosans
seen in the Secor. The combined analysis demonstrates
that Anabathra forms a distinct gradient, independent of
the major gradient found most commonly in Pennsylva-
nian peat swamps. Furthermore, the Secor coal represents
the oldest example, to date, of a swamp with significant
development of the Lepidophloios-Diaphorodendron-
Psaronius-Medullosa plexus that characterizes the major
coals of the late Middle Pennsylvanian. The rare expres-
sion of Anabathra as a dominant element does not obscure
this more typical pattern, given a large enough sample,
because it is fundamentally distinct from that pattern.
The perplexing difference between the profiles and ran-
dom samples is the differential abundance of Lepidophloi-
o0s in the random samples. The three composite zones dom-
inated by Lepidophloios account for 1263 cm?, which is
one-half of all random sample, root-free biomass; the re-
maining 15 composite zones account for a total of 1264
cm?, Nearly one-half of the remaining biomass is in An-
abathra-dominated coal balls, 547 cm?, leaving 717 cm?
approximately equally divided among composite zones
dominated by the other major groups of plants. The rarity
of assemblages dominated by ferns, pteridosperms, sphe-
nopsids and cordaites in the random samples is consistent

with their overall lack of importance in the peat-swamp
landscape mosaic, inferred from profile analysis.

The combined profile-random sample analysis reinfore-
es the picture of the peat swamp suggested by the profile
analysis alone. The swamp appears to have consisted of a
patchwork of standing pools of water of variable areal
extent dominated by Lepidophloios. Between the wettest
sites were expanses dominated by Anabathra in which
physical conditions were heterogeneous, probably reflect-
ing regular disturbance, including flooding, and heavy rot-
ting of the peat. These physical conditions are deduced
from the presence of clastic partings in the coal, from the
very poor condition of Anabathra-dominated peats, and
from extrapolation from Anabathra-dominated assem-
blages in other coals with additional evidence of the same
kinds of physical conditions (DiMichele and Phillips, 1985,
1988; Eble and Grady, 1990; Calder, in press). Cordaites
were the most conspicuous, although minor, third element,
probably as scrambling or shrubby ground cover (Costan-
za, 1985; Rothwell and Warner, 1984). Cordaites, sphe-
nopsids, medullosans and tree ferns appear to have been
interstitial elements of the peat swamp, in closest associ-
ation with Lepidophloios, although not as core elements
of Lepidophloios stands. They suggest considerable mi-
crohabitat variation within the swamp.

RESULTS OF COMPRESSION FOSSIL ANALYSIS

The results of the quantitative analysis of the compres-
sion flora are presented in Tables 6a and 6b. The major
plants are illustrated in Figures 5 and 6. Pteridosperms
account for 59.9% of the count data and occur in 86.3%
of the quadrats; ferns account for 26.2% of the count data
and occur in 45.8% of the quadrats; sphenopsids account
for 14 % of the count data and occur in 42% of the quadrat.
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TABLE 4-—-Continued.
RS 1/2 RS 1/2 RS 1/2 RS 3/4 RS 3/4 RS 3/4 RS 3/4 RS 3/4 RS 3/4 RS 3/4 RS3/4
-6 -7 -8 -1 -2 -3 -4 -5 -6 -7 -8
— — — 5 4 1 1 — — — 1
_ _ _ 1 _ _ _ _ _ _ 1
_ _ _ _ _ _ _ _ — 3 _
— — — 1 — — — - —_ — —
_ _ _ _ _ 9 _ _ _ 1 _
3 2 — 9 — P 3 — _ 9 —
4 — — 64 —_ — — — —_ _ —
37 76 275 133 69 89 49 13 8 679 272

Lycopsids, represented by Sigillaria, were observed rarely
in the mine spoils at the collecting site, but do not occur
in our sample. The compression sample is distinct from
the peat swamp and clearly represents a different kind of
vegetation.

At a more detailed level, the count and quadrat data
yield remarkably similar rank order abundances of species-
level taxa (Table 7). Of the 10 most abundant taxa (ex-
cluding pteridosperm axes and calamite stems) only Neu-
ropteris rarinervis, from the count-data list, and Neurop-
teris macrophylla, from the quadrat list, do not occur in
the opposite list of 10 most abundant taxa.

The most abundant and widespread species in the com-
pression flora is Alethopteris serlii, a xeromorphic plant
that we presume to be a small tree occupying unshaded
areas. Other common taxa (Table 7) include two marat-
tialean ferns, Pecopteris miltoni and Pecopteris hemite-
lioides, the pteridosperm ‘Mariopteris’ occidentalis, and
Annularia sphenophylloides, a calamite. These were all
trees or shrubs, with the possible exception of ‘M.’ occi-
dentalis, which may have been a vine. All of the more
abundant taxa were widely distributed in the environment,
judging from their occurrences in numerous quadrats.

The relative abundance and pattern of distribution of
Neuropteris species and ground cover suggest a structur-
ally diverse, but low canopied vegetation with considerable
spatial heterogeneity in the subdominant taxa. Species of
Neuropteris and ground cover, such as Sphenophyllum
and Pecopteris plumosa-dentata, are less abundant, al-
though still among the more common elements. The Neu-
ropteris species are quite different morphologically, united
collectively only by their status as conspicuous, but quan-
titatively minor components of the vegetation. Individual
trees or shrubs may have been widely dispersed within an

Alethopteris-dominated vegetation. In the entire flora eight
species may have been vines or ground cover (‘Mariopteris’
occidentalis, M. nervosa, Eusphenopteris scribani-stria-
ta, Sphenopteris macilenta, Zeilleria, Hymenophylloides,
Pecopteris plumosa-dentata, Sphenophyllum emargina-
tum), accounting for a total of 22.7% of the count data
(13.9% if ‘M.’ occidentalis, of questionable habit, is not
counted), a substantial part of the total vegetation.

‘Mariopteris’ occidentalis is the most unusual plant in
the compression flora. Described by White (1899), the plant
compares more closely with Pseudomariopteris, particu-
larly P. ribyroni, than Mariopteris, and may be a species
of the former. It has been noted by White (1899) and Read
and Mamay (1964) from the Desmoinesian of Oklahoma,
and by Sellards (1908) from equivalent age rocks in Kan-
sas, and may have been a regional endemic with a short
stratigraphic range.

DISCUSSION

The lowland landscape in which the Secor Coal formed
was typical of the late Middle Pennsylvanian (Westphalian
D). There was a sharp distinction between the peat-form-
ing flora, dominated by lycopsids, and the mineral-sub-
strate flora in surrounding deltaic wetlands, dominated by
pteridosperms and ferns. The distinction emphasizes the
strong partitioning of ecological resources along higher tax-
onomic lines during the Carboniferous. Pteridosperms and
ferns were minor components of Middle Pennsylvanian
peat swamps, although they became increasingly impor-
tant in the Desmoinesian (Westphalian D). They appeared
in those parts of peat swamps least favorable to the es-
tablishment of high dominance by lycopsid trees, possibly
areas with high clastic influx or peat exposure and decay.
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FIGURE 2—Bar diagram of major-group composition of zones in the
three Secor Coal coal-ball profiles. Profiles are labelled at upper left
of each set of zones; zones are numbered on the left of each bar.
Total abundance is based on root-free data. Key to symbols in upper
right.

The lycopsids remained, as they had for nearly 30 million
years, the core dominants of standing-water habitats, in
both peat-forming and clastic swamps. Differences in the
ecological preferences of the major plant lineages is the
cause of the clear distinction between the roof-shale flora
and the flora of the coal balls. The roof shale is unrepre-
sentative of the taxonomic composition of this coal. In only
rare instances do roof shales preserve the coal-swamp veg-

TABLE 5—Diversity and equability of profile and com-
posite zones.

Locality H E Locality H E
WL1-1 1.52 0.46 McA 2.08 0.60
WL1-2 0.84 0.33 E1/2-1 0.86 0.22
WL1-3 1.05 0.36 E1/2-2 1.93 0.563
WL1-4 1.27 0.51 E1/2-3 1.87 0.72
Ei-1 1.58 0.61 E1/2-4 1.68 0.49
E1-2 1.55 0.47 E1/2-5 1.83 0.62
E1-3 0.29 0.22 E1/2-6 1.68 0.77
E1-4 0.71 0.20 E1/2-7 1.57 0.54
E1-5 0.86 0.39 E1/2-8 0.84 0.21
E2-1 0.41 0.21 E3/4-1 1.66 0.44
E2-2 1.50 0.56 E3/4-2 2.11 0.75
E2-3 0.14 0.29 E3/4-3 1.86 0.59
E2-4 1.57 0.44 E3/4-4 1.46 0.61
E2-5 1.16 0.29 E3/4-5 0.94 0.64
E2-6 0.44 0.17 E3/4-6 1.07 0.73
E2-7 2.00 0.46 E3/4-7 0.90 0.20
E2-8 0.72 0.41 E3/4-8 0.70 0.17

etation. Such instances occur when the swamp is buried
rapidly by flood-borne sediments, most often associated
with a change in local or regional baselevel (e.g., DiMichele
and DeMaris, 1987).

Coal-swamp Flora

The flora of the Secor peat swamp is relatively diverse,
at 33 species, considering the limited paleobotanical study
this coal has received. The flora contains a combination
of species most typical of younger coals from the late Des-
moinesian. Ecological analyses also reveal gradients more
typical of those found in late Desmoinesian coals of the
Illinois Basin (DiMichele and Phillips, 1988; Phillips and
DiMichele, 1981). The most characteristic gradient is that
from Lepidophloios to Medullosa dominance, with Dia-
phorodendron and marattialean ferns between these end-
point assemblages, and sphenopsids aligned most closely
with the medullosans. The Secor coal also retains the Ato-
kan/early Desmoinesian association of cordaites and med-
ullosans (DiMichele and Phillips, 1990), stressing the in-
termediate character of this swamp flora. The gradient
toward increasing Anabathra-dominated assemblages is
only weakly developed in later Desmoinesian coals, al-
though it has been recognized in closest association with
medullosan pteridosperms.

Anabathra-dominated Assemblages

Anabathra dominance makes the Secor peat-swamp flo-
ra unexpectedly distinctive. Although Middle Pennsyl-
vanian peat swamps were generally lycopsid dominated
(Phillips et al., 1985), this generality masks the rich di-
versity of ecologies and life-history biologies encompassed
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ORDINATION OF PROFILE ZONES - SECOR COAL
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FIGURE 3—Non-metric multidimensional scaling ordination of zones from the three combined Secor coal-baf profiles. Each point represents
one zone. W = zones from West Liberty VS 1; E1 = zones from Enterprise VS 1; E2 = zones from Enterprise VS 2. The zones are divided
into three groups, separated by vertical lines, those with >80% Anabathra, those with 40-70% Anabathra, and those with 1-20% Anabathra.

S = average species abundance of a group of zones; H’

by the lycopsids within peat-forming swamps. Anabathra
accounts for a significant proportion of the biovolume in
the Katharina Seam of Germany (Phillips and DiMichele,
unpubl.), the Hamlin Coal of Kentucky (Phillips et al.,
1985), and parts of the Springfield and Herrin Coals of
the Illinois Basin (DiMichele and Phillips, 1985, 1988).
Based on palynological analyses, the plant was important
in a number of coal swamps from the eastern U.S. and
Canada (Eble, 1988; Eble and Grady, 1990; Calder, in press).
In the Secor Coal, the abundance of Anabathra does not
mask the gradient from presumed-flooded Lepidophloios-
dominated stands to more ecotonal, fire-prone medullo-
san-dominated habitats, which is typical of the late Middle

average Shannon-Wiener diversity of a group of zones.

Pennsylvanian. These patterns strongly suggest that the
unusual abundance of Anabathra is reflective of atypical
peat-swamp conditions. Detailed ecological analyses of
other coals indicate that Anabathra favored habitats with
regular disturbance, perhaps due to flooding, where its
production of numerous, highly dispersible megaspores
would have allowed rapid exploitation of open habitats.
In coals from the Illinois Basin (DiMichele and Phillips,
1988), and the Appalachian Basin (Eble, 1988; Calder, in
press), the plant was closely associated with clastic part-
ings or the basal portion of the coal seam, suggesting an
ability to tolerate, if not a preference for, areas of oppor-
tunity and limited interspecific competition.
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FIGURE 4—Non-metric multidimensional scaling ordination of zones from the three Secor coal-ball profiles, marked as open circles, combined
with composite zones derived from random-sample analyses, marked as filled circles. The same basic groups of zones can be recognized as
in Figure 3. The number of assemblages with <40% Anabathra is increased, and defines more clearly a second major axis, determined by

Lepidophloios and Medullosa dominance. Point numbers correspond

to zone labels to right of ordination. W = West Liberty VS 1; E1 =

Enterprise VS 1; E2 = Enterprise VS 2; E1/2 = combined Enterprise random samples 1 and 2; E3/4 = combined Enterprise random samples

3 and 4.

Lepidophloios-dominated Assemblages

The Lepidophloios dominance of a significant portion
of the Secor peat swamp is consistent with patterns found
in numerous other Desmoinesian coals of the United States.
The one Lepidophloios-dominated stand from the profiles
(W4) is fairly typical in its low species richness, although
it bears the imprint of this particular swamp in having
Anabathra as the major subdominant. In contrast, the
composite assemblages dominated by Lepidophloios are
of relatively high species richness with 11-13 taxa each.

This is in part, perhaps in large part, a reflection of the
interaction of sample size and the composite nature of the
assemblages. Profile zones are in general lower in species
richness than all but the smallest composite zones (Table
4). Agglomeration of numerous coal balls, representing
small samples drawn from a number of different stands
with the same dominant taxon, compounds the likelihood
of encountering different rare elements. This would be
most likely in cases where stands dominated by the defin-
ing taxa were common.
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TABLE 6—Taxonomic composition of compression-impression random
sample.

A. Taxonomic Composition
% of total No. of % of total

Taxon Count count quadrats quadrats

Alethopteris serli 651 23.79 114 55.61
Alethopteris ambigua 21 0.77 7 3.42
Neuropteris rarineruvis 118 4.31 12 5.85
Neuropteris cf. ovata 53 1.94 19 9.27
Neuropteris macrophylla 38 1.39 15 7.32
Neuropteris cf. osmundae 16 0.58 8 3.90
Neuropteris cf. obliqua 7 0.26 3 1.46
Unidentified Neuropteris 39 1.42 16 7.81
Cyclopteris sp. 15 0.55 12 5.85
Reticulopteris muensteri 2 0.07 2 0.98
Dolerotheca sp. 2 0.07 2 0.98
cf. Aulacotheca sp. 2 0.07 1 0.49
Holcospermum sp. 1 0.04 1 0.49
Unidentified ovule 3 0.11 3 1.46
‘Mariopteris’ occidentalis 242 8.84 30 14.63
Mariopteris nervosa 71 2.59 16 7.81
Eusphenopteris scribani-striata 39 1.42 11 5.37
Pteridosperm axes 261 9.54 108 52.50
Sphenopteris macilenta 46 1.68 10 4.88
Unidentified Sphenopteris 11 0.40 5 2.44
Zeilleria/Hymenophylloides 7 0.26 1 0.49
Renaultia/Hymenophylloides 1 0.04 1 0.49
Aphlebia 26 0.95 12 5.85
Pecopteris miltonii 345 12.61 45 21.95
Pecopteris hemitelioides 205 7.49 48 23.42
Pecopteris plumosa-dentata 104 3.80 17 8.29
Pecopteris saraefolia/lamuriensis 28 1.02 4 1.95
Calamites spp. 65 2.38 35 16.59
Annularia sphenophylloides 144 5.26 28 13.66
Annularia stellata 33 1.21 13 6.34
Asterophyllities sp. 1 0.04 1 0.49
Pinnularia sp. 27 0.99 17 8.29
Sphenophyllum emarginatum 112 4.09 25 12.20

2736 counts 205 quadrats

B. Abundance of Major Groups
% of total No.of % of total

Group Count count quadrats quadrats
Medullosans 1228 44.88
Total Pteridosperms 1640 59.94 177 86.34
Marattialeans 604 22.08
Total Ferns 718 26.17 94 45.85
Calamites 270 9.87
Sphenophylls 112 4.09
Total Sphenopsids 382 13.96 86 41.95

Lycopods Present
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TABLE 7—Top 12 taxa rank ordered: count vs. quadrat data.

Count data

Quadrat data

. Alethopteris serli 23.79%
Pecopteris miltoni 12.61%

. Pteridosperm axes 9.54%
‘Mariopteris’ occidentalis 8.84%

. Pecopteris hemilelioides 7.49%
Annularia sphenophylloides 5.26%
Neuropteris rarinervis 4.31%

. Sphenophyllum emarginatum 4.09%
. Pecopteris plumosa-dentata 3.80%
. Mariopteris nervosa 2.59%

. Calamites 2.38%

. Neuropteris cf. ovata 1.94%
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. Alethopteris serli 55.61%

. Pteridosperm axes 52.20%

. Pecopteris hemitelioides 23.42%
Pecopteris miltoni 21.95%

. Calamites 16.58%

. ‘Mariopteris’ occidentalis 14.63%

. Annularia sphenophylloides 13.66%
. Sphenophyllum emarginatum 12.20%
. Neuropteris cf. ovata 9.27%

. Pecopteris plumosa-dentata 8.29%

. Mariopteris nervosa 7.81%

. Neuropteris macrophylla 71.32%

et
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Cordaitean-dominated Assemblages

The Secor Coal is within the upper Cordaitean interval
of Phillips and Peppers (1984). Coals of the western in-
terior coal mining areas also are enriched conspicuously
in cordaites relative to contemporaneous coals of the Il-
linois Basin (Phillips et al., 1985). Cordaites are a minor
component in the Secor Coal, more important than in late
Desmoinesian (Westphalian D) coals, but less abundant
than we expected them to be for this stratigraphic interval
and region. The dominant cordaite, which produced Car-
diocarpus spinatus ovules, is the typical cordaite of the
middle Desmoinesian (early Westphalian D). It has been
reconstructed as a scrambling shrub of low stature (Cos-
tanza, 1985), perhaps an invasive opportunist, suggested
by its relatively high reproductive output. It appears to
have been an interstitial component of the general swamp
vegetation. In profiles it occurs in low abundance in most
zones. It dominates the most diverse zone, in which Lep-
idophloios is a subdominant, and nine of the 16 total spe-
cies are ground cover or shrubs. The most diverse of the
composite zones similarly is dominated by a cordaite, al-
though which of the two Secor species is unclear; Lepi-
dophloios is the primary subdominant in this zone, and of
13 total taxa, five are ground cover or shrubs. A second
cordaite, the parent of Cardiocarpus magnicellularis, is
less common, although it did appear as a dominant of two
small composite zones.

Cordaitean abundance and distribution patterns suggest
dominance of localized patches within the coal swamp.
These areas supported a highly complex vegetation, which
included a diverse ground cover. The cordaites evidently
could tolerate a wider range of conditions than many of
the smaller plants, and could grow in scattered parts of

the areas populated by Lepidophloios and Anabathra trees.
No cordaites were identified in the compression flora.

Compression Flora

Twenty-three species of foliage, the best estimates of
whole-plant taxa in this analysis, occur in the compression
flora if Sigillaria sp. is included. Examples of the major
taxa are illustrated in Figures 5 and 6. This species richness
is lower than the estimated whole-plant richness of the
entire peat-swamp assemblage. Species composition of the
peat swamp is drawn from a multihabitat landscape, sug-
gested by the floristic analysis, the distribution of fusain,
and the assemblage-specific variation in the quality of peat
preservation. The compression flora, by contrast, likely
represents fewer habitats, drawn from vegetation coloniz-
ing a crevasse splay deposit. It may be most comparable
to a single coal-ball zone, in which case the species richness
of the compression flora would be considerably higher than
any encountered in a single peat-swamp habitat. Further-
more, the compression flora probably was deposited during
a relatively short period of time compared to the flora of
the coal seam, perhaps an order of magnitude less. On a
whole-flora level, this would contribute significantly to the
apparent lower species richness of the compression assem-
blage.

The compression flora is typical of middle Desmoinesian
(early Westphalian D) floras of the United States (Gilles-
pie and Pfefferkorn, 1979; Pfefferkorn and Thomson, 1982):
dominance by medullosan pteridosperms, with an impor-
tant pecopterid tree-fern component. The vegetation ap-
pears to have been structurally diverse, including vines,
ground cover, and numerous species of small trees. There
is little quantitative information at the generic or specific

—

FIGURE 5—Compression fossils from roof shale of Secor Coal. All x 1 unless noted otherwise. United States National Museum number follows
each specimen. A) Pecopteris saraefolia USNM 455053 B) Pecopteris miltoni fertile specimen USNM 455054 C) Pecopteris miltoni x3 USNM
455054 D) Pecopteris plumos=adentata USNM 455055 E) Pecopteris hemitelioides USNM 455056 F) Pecopteris hemitelioides x3 USNM
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455056 G) Calamites sp. USNM 455057 H) Annularia sphenophylloides USNM 455058 1) Annulana stellata USNM 455059 J) Alethopteris
serlii USNM 455060 K) Alethopteris ambigua USNM 455061 L) Alethopteris ambigua x3 USNM 455061 M) ‘Mariopteris’ occidentalis x3
USNM 455062 N) ‘Mariopteris’ occidentalis USNM 455062 O) Mariopteris nervosa USNM 455063 P) Reticulopteris muensteri USNM 455064.
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FIGURE 6—Compression fossils from roof shale of Secor Coal. All magnifications x 1 unless noted otherwise. United States National Museum
number follows each specimen. A) Euspheniopteris scribani-stnata USNM 455065 B) Neuropteris cf. ovata USNM 455066 C) Neuropteris cf.
ovata x3 USNM 455066 D) Eusphenopteris sp. USNM 455067 E) Sphenopteris macilenta USNM 455068 F) Neuropteris osmundae USNM
455069 G) Neuropteris macrophylla USNM 455070 H) Holcospermum sp. USNM 455071 1) Neuropteris rarinervis USNM 455072 J) Neuropteris
rarinervis x3 USNM 455072.

levels on Pennsylvanian compression floras (see Scott, 1977, cidentalis, reported to our knowledge only from the early
for review; 1978). Consequently it is not possible to assess Desmoinesian of Oklahoma and Kansas, Reticulopteris
the distinctiveness of this particular assemblage. It does muensteri, and Sphenopteris macilenta. However, in gen-
contain a few unusual elements, such as ‘Mariopteris’ oc- eral, the dominant elements are species of Alethopteris,
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Pecopteris, and Neuropteris that occur commonly in stra-
ta of equivalent age in the mid-continent. White (1899)
published an extensive, but mostly unillustrated, flora of
the coal measures from the area near McAlester, Okla-
homa.

The diversity of medullosan pteridosperms was similar
in the peat swamp and clastic wetlands. Six “species” of
medullosan foliage were identified in coal balls, and eight
species occur in the compression flora. Neuropteris rari-
nervis is the only species identified in both habitats. How-
ever, vagaries resulting from the poor state of the taxon-
omy of structurally preserved pteridosperm foliage, make
comparisons difficult, and there may be greater overlap
than suggested by our analysis. It is possible, for example,
that what we have identified as Alethopteris lesquereuxii
in coal balls may be the same as A. serlii in compressions,
considering the similarity of these two species in com-
pression preservation. Dominance patterns contrast sharp-
ly between the two environments. The pteridosperms ac-
count for only 3.9% of the coal-ball peat biomass. In the
compression flora medullosan foliage accounts for 44.9%
of the count data; pteridosperms as a group account for
59.9% of the count data and occur in 86.3% of the quad-
rats.

The pattern for marattialean ferns is similar to that of
pteridosperms. Ferns, mostly marattialeans, account for
an average of 5.9% of the peat biomass; they account for
26.2% of the count data from the compression flora, and
occur in 45.8% of the quadrats. Marattialean abundance
began to reach dominant levels about one-half a stage
earlier in clastic lowland habitats than in peat swamps
(Pfefferkorn and Thomson, 1982).

Sphenopsids are a minor component of the peat-swamp
vegetation and of the compression flora. The average im-
portance of sphenopsids, third overall among major plant
groups in the peat swamp, gives the Secor Coal an unusual
overall composition. Sphenopsids were important in
streamside and in many aggradational environments dur-
ing the Pennsylvanian (Gastaldo, 1987), but they did not
play an important role in most clastic or peat-forming
wetlands, despite wide distribution.

SUMMARY

Few coals have received intensive study by paleobota-
nists, despite the occurrence of coal balls in over 30 coals
in the United States alone. Our knowledge of coal-forming
floras is derived largely from study of the Union Seam of
England, the Hamlin Coal of Kentucky, the Fleming Coal
of Kansas, the Springfield, Herrin and Calhoun Coals of
Illinois, and the Duquesne Coal of Ohio. The Secor Coal
is hardly a household word among the scientists that study
coal-forming vegetation. This first detailed examination
of the flora and vegetation of the Secor Coal has revealed
some interesting and unusual vegetational patterns. We
have not, however, encountered many unusual or new taxa
in the course of the study. Nonetheless, the Secor Coal
reveals clearly the great variety on a common set of themes
that appeared in Middle Pennsylvanian peat swamps.

The differences between the peat-swamp and clastic-
wetland vegetation also are made clear by comparing a
roof-shale to a coal-ball flora. There persists the belief that
compression floras of coal roof shales are broadly repre-
sentative of the peat-forming flora. Although each case
must be analyzed independently, it is the exceptional roof
flora that is lycopsid dominated and represents a buried
peat-swamp forest. The occurrence of lycopsid trunks and
stump bases in many underground mines reflects the fre-
quent location of mines in low sulfur coal deposits, which
occur most often in proximity to paleochannel systems,
and under channel deposits (Hopkins, 1968). It is in such
areas that flooding and deposition of channel-borne muds
occur during the terminal phases of peat formation
(DeMaris et al., 1983); at such times and in such areas
forests are most likely to be buried catastrophically. Fos-
siliferous roof shales represent a wide variety of deposi-
tional conditions, and no general inference about their
relationship to peat-forming vegetation can or should be
made.
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