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Foreword

Lloyd C. Furer
Indiana Geological Survey

Prior to this work by Don Engelhardt (originally produced as an unpublished Earth
Sciences and Resources Institute Technical Report 959-10-415), a chronostratigraphic
subdivision of the lower Pennsylvanian rocks of the Illinois Basin was based on three
sources of data. Two of these sources included a limited amount of ostracod work
published by Shaver and Smith (1974), and conodont work by Rexroad and others (1997)
that helped to define the Atokan/Desmoinesian boundary. A third primary source was
Peppers’s published study (1996) of the palynomorphs extracted from Pennsylvanian coal
beds in the Illinois Basin. These studies have limited value in constructing a detailed
chronostratigrapic subdivision of the very thick lower Pennsylvanian rocks. There are so
few conodont- or ostracod-bearing limestones in this part of the section that more than
one control point in several hundred feet of rock is unusual. Coal pollen alone has
questionable value in chronostratigraphic evaluation in much the same manner as facies
fossils are of little value in establishing time correlations in marine rocks.

For these reasons very little paleontologic data was available by 1997 to establish
time correlations for the various units and beds in the Mansfield or Brazil formations.
Engelhardt evaluated both the dark colored shales and the coals; these gave him many
data points throughout the lower Pennsylvanian. He found that the most useful data
(spores and pollen) were present in the dark shales, which are largely marine influenced.
These data, when combined with geophysical and lithologic correlations of several cores
in Daviess and Posey Counties, Indiana, produced the correlations found in figures 3 and
4 of Kvale and others (in press). Engelhardt’s work allowed us to more accurately define
the Desmoinesian/Atokan and the Atokan/Morrowan boundaries. He was also able to
subdivide the Atokan rocks into three zones.

Engelhardt’s palynologic work has given added confidence to those of us who are
attempting to subdivide the very thick lower Pennsylvanian rocks into sequences and, in

some cases, parasequences. These rocks have few reliable geophysical markers and very



few people have attempted to subdivide them geophysically. Engelhardt’s work
substantiates that a reliable subdivision can be accomplished in an area of sufficient
subsurface control.

Unfortunately Don passed away much too young and in the midst of this work on
the Pennsylvanian of the Illinois Basin. Over the years his work was in most parts of the
geologic column and in many places in the world. During my early years at Amoco in
the 1960s, | was working in the field in northern Alaska and had very little knowledge of
palynology. After submitting many samples to Don, | became somewhat skeptical of his
ability to give me such precise paleontologic data. | tested him by “salting” a known
Triassic shale with a little Jurassic shale of the same color. He came to me a week or so
later and said that | must have some unusual geologic situation because | had middle
Jurassic rock “filtering down” into Late Triassic rocks. | never tested him again.

Don was born in Blue Island, Illinois, on February 25, 1935. After receiving his
bachelor’s degree in biology from Wabash College in Crawfordsville, Indiana, in 1957 he
attended Indiana University in Bloomington. He worked under the supervision of James
Canright in his paleobototanical group where he earned a Ph.D. in 1962. He began his
career at what is now BP/Amoco and spent the next 30 years working first in their
Denver office for about 15 years and the remainder of his career in their Tulsa Research
Laboratory and Houston Division office where he retired in 1992. After his retirement
from Amoco he took a position at Earth Sciences and Resources Institute of the
University of South Carolina. It was during this time that he most generously contributed
to Indiana University a great deal of work in the Illinois Basin and in the Mesozoic of the
Northern Rockies. Several 1U graduate students and faculty benefited from his generous
contribution. Don not only had the advantage of a huge database from the research
section of the Amoco Laboratory, but he was a highly motivated researcher who was
truly interested in helping others with their research. He will be missed.

Don was also very active in the American Association of Stratigraphic
Palynologists (AASP). He served as its president in 1972—73 and as its Director-at-large
from 1995-1999. He died of cancer on February 13, 2000, just 12 days before his sixty-
fifth birthday. He was posthumously awarded the AASP’s distinguished service award.



Palynologic Analysis of Lower Pennsylvanian Core Hole Samples

from Daviess County and Posey County, Indiana

Donald W. Engelhardt

Introduction

Sixty-three samples from six core holes in Daviess and Posey Counties, Indiana,
(fig. 1) have been analyzed for palynological age determination and probable
paleoenvironmental interpretations. The core holes are located in western and
southwestern Indiana in the eastern portion of the Illinois Basin. A comparison of the
miospores recovered and identified from the samples has been made with the Lower
Pennsylvanian palynomorphs reported from other studies of coals and shales of Indiana,
Illinois, lowa, and Kentucky (for example, Cross, 1992; Eble, 19964, b; Ettensohn and
Peppers, 1979; Felix and Burbridge, 1967; Guennel, 1958; Habib, 1966, 1968; Kosanke,
1950; Peppers, 1964, 1970, 1984, 1996; Peppers and Harvey, 1997; Phillips and others,
1985; Ravn, 1979, 1986; Ravn and Fitzgerald, 1982; Smith and Butterworth, 1967;
Sullivan, 1964; Sullivan and Mishel, 1971; Turner and Spinner, 1990; and Winslow,
1959).

The core samples are from Indiana Geological Survey (IGS) Survey Drill Hole
(SDH) #383 (14 samples) and SDH #73 (17 samples), and 4 other cores provided by
Solar Sources, Inc., and archived at the Indiana Geological Survey. These include 24-
AE-8 (11 samples), 27-KF-2 (7 samples), 34-KF-1 (5 samples), and 12-JS-9 (9 samples).
The samples were collected from dark shale intervals. The checklist range charts for
these samples are in the appendix.

Some palynologic slides from SDH #383 and #73 were prepared by the Kentucky
Geological Survey and were examined as part of this project. In some of these samples,

the miospore recovery was poor and the same sample intervals were reprocessed at the



University of South Carolina. The samples were processed at USC using the standard

palynological maceration technique of treatment with HCI, HF, differential flotation with
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G Figure 1. Location maps
showing (A) the Illinois Basin, (B) the study area, and (C) the general
locations of the core holes examined for this study

ZnC1; (Sp. Grav. 2.0), HNO3, and KOH. An organic maturation slide was made after
differential flotation and before other treatment. The resulting organic residues were



screened with 90-, 44-, and 20-micron sieves to separate the various size fractions. The
resulting residues were mounted on microscope slides using Clearcol and Elvacite for
examination and analyses.

The age determinations are based on the miospore floras recovered from the
samples and compared to the available literature for the Carboniferous and to the
previous studies on core samples from Indiana. No specific counts of individual taxa
were made but the relative abundances in each sample were noted. The microscope
coordinates for good specimens of each taxon identified were recorded for possible
photomicrographs. Over 150 different taxa have been identified in the studies done on
these core samples and are summarized in the Appendix.

Taxa identified in each sample and their relative abundances are presented in a
checklist format. Abundant and well-preserved palynomorphs were recovered from most
of the core samples that represent the major vegetation types present in the coal swamps
of the Illinois Basin. Lycospora and Crassispora represent the arborescent lycopods,
Lepidophloios, Lepidodendron, and Sigillaria are herbaceous lycopods that can be
equated to the miospores Densosporites, Radiizonates, Endosporites, and Cirratriradites.
Tree ferns are probably related to Functatisporites, Punctatosporites, Torispora, and
Apiculatisporites, while Granulatisporites, Lophotriletes, and Raistrickia represent other
ferns. Sphenopsids (for example, Calamites), are related to Calamospora, L'estispora,
and Vestispora, while gymnospermous cordaites are present as Florinites.

The age determination for each sample, the basis for the age determination, the
thermal alteration index (TAI) and the approximate vitrinite reflectance (Ro) equivalents
are presented. Comments on the possible interpreted paleoenvironment for the samples
are also included.



Palynologic Analysis

Core Hole SDH #383

Location: SE1/4 SE1/4 SW1/4 sec. 20, T.6 S., R.13W.
Surface Elevation: 420 feet ASL

Sample intervals indicate feet below ground surface.

934-936 ft:

The age of the sample was determined to be questionably early Desmoinsian based
on the presence Punctatosporites minutus, very rare Torispora securis, and Thymospora
obscura. The sample had very poor preservation and miospore recovery. The sample
was also very pyritic. Species of Triquitrites, Lophotriletes along with Lycospora
pellucida, L. granulata, L. micropapillata, Vestispora fenestrata, Florinites millottii, and
Laevigatosporites spp. are present.

The TAI for the sample is 4/4+, with a probable Ro equivalent of 0.6. The organic
material is structured terrestrial plant material that has been biodegraded. The
paleoenvironment is interpreted as a lower delta plain that had some arborescent

lycopods, tree ferns, and other ferns growing in the vicinity.

968-970 ft:

The age of the sample was determined to be early Desmoinsian based on the
presence of Mooreisporites inusitatus, Cadiospora magna, and Thymospora obscura.
These taxa are all restricted to early Desmoinsian-age sediments or younger in the Illinois
Basin. Lycospora pellucida, L. granulate, and L. micropapillata are common in the
sample as well as abundant Punctatosporites minutus. Species of Triquitrites,
Lophotriletes, Florinites, and Endosporites are present.

The TAI for the sample is 4/4+, with a probable Ro equivalent of 0.6. The organic
material recovered is structured terrestrial plant material. The interpreted
paleoenvironment is coastal plain with numerous arborescent lycopods, tree ferns, and

other ferns present.



1054-1056 ft:
Barren of miospores. No age determination of paleoenvironmental interpretation
possible. The organic material recovered consists of abundant woody plant tissue. The
TAIl is questionably 4+/5 (Ro of ~ 0.9) but this may be due to the depositional

environment.

1106.5-1108 ft:

The age of the sample is interpreted to be early Desmoinsian based on the presence
of Muraspora kosankei, very abundant Punctatisporites minutus, and rare Thymospora
obscura. Several specimens of Crassispora kosankei, Alatisporites hexalatus, and
Cirratriradites saturnii were noted in the sample along with numerous Lycospora spp.

The TAI for the sample is 4/4+, with more 4+ present. The approximate Ro is 0.7.
The organic residue contains abundant woody plant material, but a few petrolic filament
bodies were noted in the sample. The interpreted paleoenvironment is a coastal plain
swamp dominated by tree ferns, other ferns, and herbaceous lycopods with some

cordaites and arborescent lycopods present.

1124-1126 ft:

The age of the sample is interpreted to late Atokan based on the presence of several
specimens of Dictyotriletes bireticulatus, frequent specimens of Torispora secures, and
rare Radiizonates difformis. Punctatosporites minutus and Laevigatosporites globosus are
very abundant in the sample. Densosporites annulatus is present. This taxon has a "top"
in the late Atokan. Lycospora pellucida and L. granulata are common in the sample.

The TAI for the sample is 4+, with an approximate Ro of 0.8. Miospores are
abundant and well preserved in the sample with the organic dominated by terrestrial plant
material. A few specimens of Botryococcus, a freshwater alga, are present. The
paleoenvironment is interpreted as a freshwater swamp on a floodplain where the
vegetation is dominated by tree ferns and pteridosperms with numerous herbaceous
lycopods and other ferns present. A few arborescent lycopods, cordaites, and

sphenopsids are present in the area.



1132-1134 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
Dictyotriletes bireticulatus, Radiizonates difformis, Densosporites annulatus, and
common Torispora securis. A single specimen of Muraspora kosankei, which is
normally found in the Desmoinsian-age sediments, was observed. The miospore
recovery and preservation were poor in this sample. Endosporites globiformis and E.
zonalis are present along with several specimens of Florinites mediapudens and
Crassispora kosankei. Lycospora spp. are frequent in the sample.

The TAI for the sample is 4/4+, mainly 4+, with an approximate Ro of 0.7. The
paleoenvironment is interpreted as a floodplain swamp with the vegetation dominated by
tree ferns with both arborescent and herbaceous lycopods present along with some

pteridosperms and other ferns.

1152-1154 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
numerous, well-preserved miospores that were observed in the previous sample,
including Dictyotriletes bireticulatus, Radiizonates difformis and Densosporites
annulatus. Lycospora pellucida and L. granulata are common in the same sample along
with Torispora securis and Triquitrites tribullatus. Vestispora pseudoreticulatus first
appears in this sample along with Densosporites irregularis and Cristatisporites
indignabundus. Densosporites sphaerotriangularis is frequent to common in the sample.
A single specimen of Muraspora kosankei was noted.

The TAIl is 4/4+, mainly 4+, with an approximate Ro of 0.7. The paleoenvironment
is interpreted to have been a freshwater swamp, based on the presence of Botryococcus
on a lower delta plain. Many tree ferns, herbaceous and arborescent lycopods, other ferns,

sphenopsids, and cordaites grew in the vicinity.

1159-1161 ft:
The age of the sample is interpreted to be late Atokan based on the presence of

numerous, well-preserved miospores that have been observed in the previous two



samples. Torispora securis is abundant in the sample with frequent occurrences of
Densosporites sphaerotriangularis and D. annulatus. Radiizonates difformis is present.
A single specimen of Muraspora kosankei was noted in the sample.

The TAIl is 4/4+, mainly 4+, with an approximate Ro of 0.7. The paleoenvironment
is similar to that interpreted for the sample from 1152-1154 ft based on the presence of
Botryococcus. The vegetation is dominated by tree ferns; many other ferns are present as

well as numerous lycopods.

1186-1188 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
numerous, well-preserved miospores that have been observed in the previous three
samples including Dictyotriletes bireticulatus and Densosporites annulatus. Torispora
securis is frequent in the sample along with Endosporites globiformis. Species of the
sphenopsid Vestispora, especially V. fenestrate, are common. Other species of
Vestispora, V. pseudoreticulata, V. costata, and V. laevigata are also present. Triquitrites
sculptilus is abundant and Cirratriradites saturnii is common.

The TAI is 4+, with an approximate Ro of 0.8. The interpreted paleoenvironment is
a lower delta plain or coastal plain setting because of the presence of numerous
Vestispora taxa, derived from sphenopsids, which grew in areas subjected to brackish
influence. Tree ferns, pteridosperms, and other ferns grew in abundance with many

arborescent and herbaceous lycopods in the vicinity.

1240-1242 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
several specimens of Radiizonates difformis and Dictyotriletes bireticulatus, along with
common Torispora securis. Vestispora fenestrata is common in the sample along with
the other Vestispora taxa that were in the previous sample at 1186-1188 ft. Endosporites
globiformis and E. zonalis are common. The miospore assemblage is very diverse and
well preserved.

The TAI is 4+/5, with an approximate Ro of 1.0. The interpreted paleoenvironment

is a lower coastal plain or delta plain that was subjected to a brackish influence. Several

10



specimens of scolecodonts, the jaws of marine annelid worms, were observed in the
sample. They are most abundant in shallow marine shales or marls. The common
occurrences of the sphenopsid taxon Vestispora support this interpretation. Arboreal and
herbaceous lycopods were plentiful in the area as well as pteridosperms and other ferns.

1246-1248 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
several specimens of Radiizonates difformis and Dictyotriletes bireticulatus and the
majority of the taxa identified in the previous sample at 1240-42 ft. Vestispora spp. are
still common, but Crassispora kosankei, a Sigillaria-type miospore, is common along
with frequent Calamospora spp. Torispora is less abundant than above.

The TALl is 4+/5, with an approximate Ro of 1.0. Scolecodonts are present in the

sample. The paleoenvironment is interpreted to be the same as at 1240-1242 ft.

12561258 ft:

The age of the sample is interpreted to be late Atokan based on the same miospore
taxa observed in the two samples from 1240-1242 ft and 1246-1248 ft. All three
samples are very similar in composition with minor variations. Lycospora pellucida and
L. granulata dominate all three samples with frequent to common Vestispora spp.
present. The TAI is similar and the interpreted paleoenvironment is the same except no

scolecodonts were observed in the 1256 — 1258 ft sample.

1286-1288 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
Radiizonates difformis and Dictyotriletes bireticulatus. Torispora securis is rare in the
sample. Species of Lophotriletes are common along with Lycospora pellucida,
Vestispora spp., Endosporites . and a variety of Raistrickia species. Densosporites
annulatus is present. Frequent specimens of Wilsonites were observed in the sample.

The TAI is 4+/5, with an approximate Ro of 1.0. The interpreted paleoenvironment

is a lower coastal plain setting because of the frequent occurrences of Vestispora. A

11



variety of pteridosperms and other ferns are present along with herbaceous and

arborescent lycopods. No scolecodonts were observed.

1304-1306 ft:

The age of the sample is interpreted as late Atokan. Specimens of Dictyotriletes
bireticulatus are present and Radiizonates difformis is very rare. Numerous Vestispora
spp. and Endosporites spp. are present along with Lycospora pellucida and L. granulata
and several specimens of Cirratriradites saturnii.

The TAI is 4+/5, with an approximate Ro of 1.0. The interpreted paleoenvironment
is a lower coastal plain or delta plain setting that has a brackish water influence.
Specimens of scolecodonts were present in the sample. Arboreal and herbaceous
lycopods, pteridosperms, sphenopsids, tree ferns, and other ferns were plentiful in the

area.

Core Hole SDH #73

Location: NE1/4SE1/4 SE1/4 sec. 14, T.1 N.R. 6 W.
Surface Elevation: 443 feet ASL

Sample intervals indicate feet below ground surface.

25-27 ft:

The age of the sample was interpreted to be late Atokan based on the presence of
common Radiizonates difformis, several Dictyotriletes bireticulatits, Densosporites
annulatus, and a few Torispora securis. Densosporites sphaerotriangularis is common to
abundant in the sample and Endosporites spp. and Crassispora kosankei are common.
Lycospora pellucida and L. granulata are common with a few Vestispora fenestrata
present.

The TAIl is 4/4+, mainly 4, with an approximate Ro of 0.6. The paleoenvironmental
interpretation is a coastal swamp dominated by arborescent and herbaceous lycopods

with ferns, tree ferns, and sphenopsids in the immediate vicinity.
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27-29 ft:

The age of the sample and the paleoenvironmental interpretation along with the TAI
are the same as the sample at 25-27 ft. The miospore flora is almost identical to the
previous sample.

The samples 25-27 ft and 27-29 ft in Core Hole SDH #73 can probably be
correlated with the same time interval in Core Hole # 24AE-8 at a depth of 122-128 ft.

56.5-59 ft:

The age of the sample is interpreted to be late Atokan based on the frequent
occurrences of Radiizonates difformis, several Dictyotriletes bireticulatus, frequent
Densosporites annulatus and a few Torispora securis. Endosporites globiformis and E.
zonalis are common in the sample with frequent occurrences of Florinites spp. Vestispora
costata, V. fenestrate, and V. irregularis are present. Several Cirratriradites saturnii
specimens were noted in the sample.

The TAI of the sample is 4/4+, with a Ro equivalent of approximately 0.65. A few
oil droplets were noted in the sample. The paleoenvironment is interpreted as a coastal
plain or lower delta plain with the flora dominated by arborescent and herbaceous
lycopods with sphenopsids, cordaites, and ferns present in the area.

This sample at 56.5-59 ft can probably be correlated to the same time interval in
Core Hole #24AE-8 at a depth of 155-156.5 ft.

70-72 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
Radiizonates difformis and Dictyotriletes bireticulatus and rare occurrences of Torispora
secures. Four species of Vestispora are present, V. fenestrata, V. pseudoreticulata, V.
costata, and V. clara. Crassispora kosankei and Densosporites . are frequent in the
sample.

The TAIl is 4/4+, with more 4+ present. The interpreted Ro equivalent is 0.7. The
paleoenvironmental setting is similar to the previous sample with arborescent and
herbaceous lycopods dominating the flora and with numerous sphenopsids, cordaites, and

ferns present on a lower delta plain.
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86-88 ft:

The age of the sample is interpreted as late Atokan based on the presence of several
specimens of Dictyotriletes bireticzdatus and Radiizonates difformis. Torispora securis
is rare in the sample. Lycospora pellucida and L. granulata are common along with
Laevigatosporites globosus. Vestispora fenestrata was frequently observed.

The TAIl is 4/4+, mainly 4+, with an approximate Ro of 0.7. The organic material is
very biodegraded and the sample was pyritic. The paleoenvironmental setting is similar
to the previous samples on the lower delta plain except there were more tree ferns

present.

107-109 ft:

The sample had relatively poor organic recovery and poor preservation, but the
miospores that were recovered are the same as those in the sample at 86—-88 ft. The age
of the sample is interpreted as late Atokan based on the palynomorphs observed. A few
scolecodonts were observed.

The TAI is 4+, with an approximate Ro of 0.8. The depositional environment is

coastal plain or lower delta plain with a brackish influence.

128-130 ft:

The age of the sample is interpreted to be late Atokan based on the presence of
Radiizonates difformis and Dictyotriletes bireticulatus. Lycospora is abundant with L.
pellucida, L. granulate, and L. micropapillata present in the sample. Three species of
Florinites are present along with frequent Endosporites globiformis and three species of
Vestispora. Densosporites spp. is rare.

The TAl is 4/4+, mainly 4+, with an approximate Ro of 0.7. Rare oil droplets were
observed in the residue. The organic material is biodegraded and pyritic. The
depositional environment is interpreted as lower delta plain with the vegetation
dominated by arborescent lycopods as well as herbaceous lycopods, sphenopsids, and

ferns.

14



163-165 ft:

The age of the sample is questionably early Atokan. Radiizonates difformis is very
rare but Dictyotriletes bireticulatus is present. No Torispora securis specimens were
observed. Densosporites annulatus is frequent and a few D. sphaerotriangularis
miospores are present. Endosporites globiformis and E. zonalis are numerous along with
species of Florinites and Wilsonites. Vestispora fenestrata and V. pseudoreticulata are
rare. Lycospora is common. Knoxisporites triradiatus is present. This species is
prominent in the Kilbourn Formation in lowa.

The TAl is 4/4+, mainly 4+, with an approximate Ro of 0.7. The paleoenvironment
is interpreted as a coastal plain deposit with the vegetation dominated by both arboreal
and herbaceous lycopods with numerous cordaites, ferns, and sphenopsids in the area.

184-186 ft:

The age of the sample is interpreted as early Atokan. Dictyotriletes is present but
no specimens of Radiizonates difformis were observed in the sample. Torispora securis
are very rare but numerous specimens of Densosporites annulatus are present along with
Densosporites spinifer, D. sphaerotriangularis, D. triangularis, and Cristatisporites
indignabundus. Endosporites globiformis and E. zonalis are numerous along with
Florinites visendus, F. millottii, F. mediapudens, Wilsonites vesicatus, and W. delicatus.
Crassispora kosankei is frequent. Knoxisporites triradiatus and many other fern
miospores are present. Vestispora fenestrata and V. pseudoreticulata were observed.

The TAI is 4/4+, mainly 4+, with an approximate Ro of 0.7. The
paleoenvironmental interpretation is a nearshore coastal plain with the vegetation
dominated by cordaites and herbaceous lycopods. Arboreal lycopods were present in the

area along with numerous ferns and some tree ferns.

238-240 ft:
The age of the sample is interpreted to be early Atokan. Dictyotriletes is present
but no specimens of Radiizonates difformis or Torispora were observed in the sample.

Cristatisporites indignabundus was frequent along with Densosporites annulatus and a

15



few D. sphaerotriangularis. Crassispora kosankei was frequently observed. Lycospora
pellucida and L. granulata are common to abundant. Several specimens of Vestispora
pseudoreticulata and V. fenestrata are present. Florinites millottii was frequently
encountered during the analysis.

The TAI is 4+, with an approximate Ro of 0.8. The organic material is biodegraded
and pyritic. The paleoenvironmental interpretation is a nearshore coastal plain with many
arborescent lycopods; some herbaceous lycopods were present along with sphenopsids

and ferns.

266-268 ft:

The age of the sample is interpreted to be early Atokan. Dictyotriletes bireticulatus
is present. No specimens of Radiizonates difformis or Torispora were observed.
Lycospora pellucida and L. granulata are common to abundant along with four species of
Florinites. Knoxisporites triradiatus was encountered frequently in the sample.
Savitrisporites concavus was observed in the sample. This species has been reported
from Morrowan and early Atokan sediments of lowa. Endosporites globiformis and E.
zonalis are both present. Densosporites species are common in the sample. Vestispora
species are rare in this sample interval.

The TAIl is 4+/5, mainly 4+, with an approximate Ro of 0.9. The interpreted
paleoenvironment is a coastal plain or lower delta plain with the vegetation dominated by

arborescent lycopods herbaceous lycopods, cordaites, and ferns.

287-289.5 ft:

The age of the sample is interpreted as early Atokan. Dictyotriletes is present along
with Savitrisporites concavus and Ahrensisporites sinanii. The latter species has been
reported from the early Atokan of lowa. Cristatisporites connexus is common in the
sample; this species is also reported from the Morrowan and early Atokan sediments in
lowa. Waltzispora polita and W. prisca were also identified in the sample. Both species
are known from sediments of the Morrowan and early Atokan. Florinites . and

Wilsonites . are common and Endosporites globiformis is rare. Species of Densosporites
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are common, but only very rare specimens of Vestispora costata and V. pseudoreticulata
are present.

The TAl is 4+/5, mainly 4+, with an approximate Ro of 0.9. The alga Botryococcus
IS present in the sample. The paleoenvironment is interpreted as a freshwater swamp on a
coastal plain; the dominant vegetation was arboreal lycopods, herbaceous lycopods, and

cordaites, with many fern species growing in the area.

300-303 ft:

The age of the sample is interpreted as questionably late Morrowan based on the
presence of rare specimens of Schulzospora rara, Radiizonates striatus, and Lycospora
noctuina, all of which are reported from Morrowan-age sediments in the Illinois Basin.
Endosporites zonalis is frequent, but E. Globiformis is rare in the sample. Waltzispora
prisca, Dictyotriletes bireticulatus, and Cristatisporites connexus are also present in the
sample. Florinites and Wilsonites are frequent. Lycospora granulata is more frequent in
the sample than L. pellucida. Only one specimen of Vestispora pseudoreticulata was
noted. Rare scolecodonts were observed.

The TAI is 4+/5, with an approximate Ro of 1.0. The paleoenvironment interpreted
as a nearshore coastal plain with a brackish influence and dominated by both arboreal and

herbaceous lycopods and cordaites, with some ferns in the area.

404-406 ft:

The age of the sample is Morrowan based on the presence of several Schulzospora
rara specimens, frequent Densosporites irregularis, several Cristatisporites connexus,
and specimens of Lycospora noctuina and L. rotunda. Waltzispora polita is present.
Several other Densosporites species are common in the sample along with Florinites
spp., Wilsonites spp., and Endosporites zonalis. No Endosporites globiformis were
observed.

The TAI of the sample is 5, with an approximate Ro of 1.1. The paleoenvironment
is interpreted as a nearshore coastal plain dominated by arboreal and herbaceous lycopods

and cordaites, with some ferns and pteridosperms in the area.
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423-425 ft:

The age of the sample is Morrowan based on the presence of several specimens of
Schulzospora rara, Grumosisporites varioreticulatus, Densosporites variabilus, and D.
aculeatus. The latter three taxa are all reported from Morrowan-age sediments. Species
of Lycospora-L. orbicula, L.rotunda, L. micropapillata, and L. granulate—are abundant
in the sample. Densosporites annulatus is common to abundant and Cristatisporites
indignabundus is common in this sample interval.

The TAI of the sample is 4+/5, with an approximate Ro of 1.0. Oil droplets were
noted in the sample. The paleoenvironment is interpreted as a delta plain dominated by
arboreal and herbaceous lycopods, with some sphenopsids, ferns, and pteridosperms

growing in the area.

482-484 ft and 484486 ft:

The ages of these two samples are interpreted as late Mississippian based on the
presence of species of Rotaspora and Triquitrites known from Mississippian sediments
along with Endosporites micromanifestus, Schulzospora rara, S. elongata and other
Schulzospora spp. Lycospora species, including L. noctuina, are abundant in the sample
along with several species of Densosporites. Crassispora maculosa was also frequently
noted.

The TAl is 4+/5, with 5 more prevalent. The approximate Ro is 1.1. Several
scolecodonts were recorded in the sample along with colonies of Botryococcus. The
paleoenvironment is interpreted to be a paludal swamp on the lower coastal plain that is
subjected to brackish water influence. The vegetation was dominated by arborescent and

herbaceous lycopods, with numerous pteridosperms and some ferns present in the area.
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Core Hole 24AE-8:

Location: NE1/ASW1/4SW1/4 sec. 24, T.2 N., R. 6 W.
Surface Elevation: 535 feet ASL

Sample intervals indicate feet below ground surface.

20-21.5 ft:

The age of the sample was determined to be early Desmoinesian based on the
presence of Thymospora pseudothiessenii, frequent occurrences of Torispora securis, and
Murospora kosankei. The latter species first appears in the Cliffland Coal
(Desmoinesian) in lowa and the Rock Island Coal in Illinois. It was observed in this
sample and also in two deeper samples, which would extend the range down into the late
Atokan. Several other taxa that have published extinctions in the late Atokan, are very
rare in this sample, for example Densosporites annulatus and Radiizonates difformis.
The ranges of miospore taxa in clastic rocks may be slightly different than the published
ranges established by studying coal beds. | would interpret this sample as being younger
than the Rock Island Coal.

The TAI for the sample is 3+/4, which has a Ro equivalent of 0.45. The organic
material is structured terrestrial plant material that has been biodegraded. The
paleoenvironment is interpreted as a coastal plain deposit that was close to sea level and
had numerous herbaceous lycopods and ferns growing in the area, with some

gymnospermous cordaites growing in the vicinity.

86-88 ft:

The age of this sample was determined to be late Atokan. The boundary between
the Atokan and Desmoinesian would be between this sample and the previous sample.
The age of this sample is based on the frequent presence of Cristatisporites
indignabundus and Radlizonates difformis, along with common Dictyotriletes
bireticulatus, the presence of Retispora staphlinii, Savitrisporites nux, and Vestispora
pseudoreticulata. Trilobates belli was also present. This genus has been reported only

from the Black Oak Coal (Atokan) in lowa. Abundant specimens of miospores were
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recovered from this sample. There are frequent specimens of Cirratriradites saturnii,
Radiizonates difformis, and Florinites spp. along with abundant Endosporites globiformis
and E. zonalis, common Torispora securis, Lycospora spp., and Densosporites spp. Rare
specimens of Botryococcus were also present along with a few scolecodonts.

The paleoenvironment of this sample is a coastal swamp dominated by arborescent
and herbaceous lycopods, and numerous ferns, sphenopsids and cordaites in the
immediate vicinity. The swamp was probably paludal with a brackish water influence
based on the presence of the scolecodonts. The TAI is 3+/4, with a Ro equivalent of 0.45.

91.2-93.4 ft:

The age of this sample was determined to be late Atokan. The miospore floras
recovered from this sample are very similar to the previous sample, but with the addition
of several new taxa not previously observed in this core hole. These include
Lophotriletes ibrahimii, Reticulatisporites reticulatus, R. polygonalis, Alatisporites
hoffmeisterii, Laevigatosporites globosus, and Knoxisporites triradiatus.

All of these miospores appear in the Black Oak Coal of lowa, which | would equate
to the Upper Block Coal in Indiana. The paleoenvironmental interpretation is the same as
the previous sample because the abundant, common, and frequent occurrences of the

same taxa were observed. The TAl is 3+/4, with a Ro equivalent of 0.45.

122-125 ft:

The age of the sample was determined to be late Atokan. The taxa Radiizonates
difformis, Densosporites sphaerotriangularis and D. triangularis are common to
abundant. Endosporites globiformis is common with abundant Lycospora pellucida and
common L. granulata. Camptotriletes cf. C. bucculentus appears for the first time. This
species is restricted to the Atokan-age strata. Procornaspora stellata is also present. This
species is restricted to Atokan-age and older rocks.

The paleoenvironmental interpretation is a coastal plain swamp dominated by
arborescent and herbaceous lycopods. The presence of several tetrads of Densosporites
indicates that the spores were deposited in close proximity to the parent plants. The

sediments were exposed to the atmosphere because the organic material recovered has
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been biodegraded. The TAI for this sample is 3+/4, mainly 4, with a Ro equivalent of
approximately 0.5. Oil droplets were noted in the sample; this suggests an early stage of

oil generation.

125-128 ft:

The age of the sample is late Atokan based on the presence of common
Radiizonates difformis, frequent Cristatisporites indignabundus, frequent Alatisporites
spp., and Vestispora fenestrata. Laevigatosporites desmoinesensis is common. Several
tetrads of Densosporites sphaerotriangularis and D. triangularis are present.

The paleoenvironmental interpretation is a coastal plain paludal swamp with a
brackish water influence. Several specimens of scolecodonts are present along with
Botryococcus. The flora was dominated by herbaceous lycopods, with some sphenopsids
and cordaites present. According to Peppers (1979), the sphenopsids may have lived on
wet coastal plains and cordaites preferred a probable saline near-shore coastal plain
environment. The organic material has been biodegraded. Oil droplets are present. The
TAI for the sample is 3+/4, mainly 4, with a Ro equivalent of approximately 0.5.

153-155 ft:

The age of the sample is late Atokan based on the common occurrences of
Radiizonates difformis, the frequent to common presence of three species of Vestispora,
V. fenestrata, V.pseudoreticulata, and V. costata, abundant Endosporites globiformis, and
common Lycospora granulata. The sample had excellent miospore recovery.

The paleoenvironmental interpretation is a coastal plain deposit associated with a
fluvial system. No scolecodonts were observed and there is common to abundant black
inertinite present. This could be due to surface oxidation of the woody organic material
or a fire in the vicinity. Arborescent and herbaceous lycopods and sphenopsids
dominated the flora. Oil droplets are present. The TAI for the sample is 4/4+, mainly 4,
with a Ro of approximately 0.6.
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155-156.5 ft:

The age of the sample is late Atokan based on the relative abundance of
Radiizoruztes difformis, common Cristatisporites indignabundus, common Endosporites
globiformis, and Florinites mediapudens, with frequent Vestispora pseudoreticulata
present.

The interpreted paleoenvironment is a coastal plain swamp with the flora being
dominated by lycopods, sphenopsids, and some cordaites present in the vicinity.
Botryococcus is present. The organic material is mainly woody fragments and other
biodegraded plant material. Oil droplets are present. The TAI is 4/4+, mainly 4, with an

approximate Ro of 0.6.

202.3-203.3 ft:

The age of the sample is late Atokan based on the abundance of Endosporites
globiformis, common Vestispora pseudoreticulata, common Lycospora pellucida and L.
granulata and infrequent Torispora securis. Radiizonates difformis is also present in the
sample.

The interpreted paleoenvironment is a coastal plain swamp; arborescent and
herbaceous lycopods and sphenopsids were the dominant floras, with ferns and cordaites
having been present in the area. The organic material recovered has been biodegraded
and appears to have been oxidized during deposition. The TAI is 4/4+, mainly 4+, with

an interpreted Ro of 0.65.

217-219.3 ft:

The age of the sample is late(?) Atokan based on the abundance of Raduzonates
difformis, common Dictyotriletes bireticulatus, common Cristatisporites indignabundus,
common Densosporites spp., common Endosporites . and Florinites spp.

The paleoenvironment is interpreted as a coastal plain swamp. Botryococcus is
present. Lycopods and sphenopsids and a few cordaites and numerous ferns in the area
dominated the flora. The organic material has undergone some biodegradation. The TAI

is 4/4+, with an interpreted Ro of 0.6.
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219.3-221 ft:

The age of the sample is questionably early Atokan based on the presence of
Sinuspores sinuatus, rare Triquitrites sculptilus, rare Punctatosporites minutus,
Microreticulatisporites nobilus, and Alatisporites pustulatus. Dictyotriletes bireticulatus
and Endosporites globiformis are common. These taxa all occur in the Kilbourn
Formation of lowa and in the Manley Coal of Illinois. This would place this sample
below the level of the Mariah Hill Coal in Indiana.

The paleoenvironment is interpreted as a coastal plain swamp. The flora was
dominated by arborescent and herbaceous lycopods, with a few cordaites and numerous
ferns in the area. The TAI for the sample is 4/4+, mainly 4+, with an interpreted Ro of
0.65.

303.5-306 ft:

The age of the sample is early Atokan based on the presence of rare Sinuspores
sinuatus, rare Triquitrites sculptilus, few Cristatisporites indignabundus, common
Florinites mediapudens, abundant Endosporites globiformis, and rare Densosporites
irregularis. No specimens of Torispora securis were noted and only a single specimen of
Vestispora fenestrata and rare Vestispora pseudoreticulata were present. Dictyotriletes
bireticulatus was present. No specimens of Morrowan-age miospores were observed.

The paleoenvironment is interpreted as a coastal plain swamp dominated by
arborescent and herbaceous lycopods, with a few sphenopsids, common cordaites, and
numerous ferns in the area. There are some oil droplets present. The TAI for the sample

IS 4/4+, with an interpreted Ro of 0.6.
Core Hole 34KF-1
Location: SW1/4ANW1/4NE1/4 sec.34, T.2N.,R.5W.

Surface Elevation: 554 feet ASL

Sample intervals indicate feet below ground surface.
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29-29.5 ft:

The age of the sample was determined to be late Atokan based on the presence of
very rare specimens of Murospora kosankei and Thymospora cf. obscura in association
with common Lycospora pellucida, a few Vestispora pseudoreticulata — V. clara, V.
laevigata, V. costata — and Radiizonates difformis. Dictyotriletes bireticulatus,
Triquitrites sculptilus and Torispora securis were also present. Several scolecodonts
were also noted in the sample.

The organic material is biodegraded terrestrial plant fragments. The TAI is 3+/4
with a Ro equivalent of 0.45. The paleoenvironment is interpreted to be a coastal paralic
swamp with a brackish water influence. The vegetation was dominated by arborescent
lycopods and sphenopsids, with some herbaceous lycopods, cordaites, and ferns present
in the area.

42.5-43.3 ft:

The sample is late Atokan in age based on the presence of Densosporites annulatus,
Dictyotriletes bireticulatus, Vestispora pseudoreticulata, V. clara, and Torispora securis.
Lycospora pellucida is common in the sample.

The sample contained biodegraded terrestrial plant material that appears to have had
subaerial exposure. The TAl is 4+/5, with a Ro equivalent of 0.8. Oil droplets were noted
in the sample. Spore recovery was poorer than in the previous sample. The

paleoenvironment is interpreted to be a paralic swamp dominated by lycopods.

59-60 ft:

The sample is late Atokan in age based on the presence of Densosporites annulatus,
Cirratriradites saturnii, Cristatisporites indignabundus, Torispora securis, and a couple
of species of Vestispora. Specimens of Florinites mediapudens were frequent along with
Wilsonites delicatus. Lycospora pellucida was abundant with frequent occurrences of L.
granulata. There were common specimens of four species of Laevigatosporites present
in the sample.

The organic material consists of biodegraded plant material. The TAI is 4, with a Ro

equivalent of 0.5. Numerous well-preserved miospores are present. The
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paleoenvironment is interpreted to be a coastal plain swamp with marginal to marine
conditions. The swamp was dominated by arborescent and herbaceous lycopods, with

common cordaites and ferns in the vicinity.

177.5-178.7 ft:

The age of the sample is questionably early Atokan based on the presence of
Sinuspores sinuatus, abundant Lycospora pellucida and L. granulata, common
Endosporites globiformis, common Florinites millottii, and specimens of Radiizonates
difformis. Endosporites zonalis, Wilsonites delicates, and Crassispora kosankei were
also frequent in the sample.

The organic material is somewhat biodegraded with abundant well-preserved
miospores present. The TAI is 4/4+, mainly 4+, with a Ro equivalent of 0.65. A few
scolecodonts and oil droplets were noted in the sample. The paleoenvironment is
interpreted to be a coastal paralic swamp with a marine influence. The vegetation is
dominated by arborescent lycopods, cordaites, with some pteridosperms (Zonalosporites

ellipsoides) and numerous ferns in the vicinity.

193.8-194.8 ft:

The age of the sample is early Atokan based on the presence of abundant
Endosporites globiformis, abundant Florinites mediapudens, Sinuspores sinuatus,
abundant Lycospora pellucida, Dictyotriletes bireticulatus, and frequent occurrences of
Densosporites spp. Waltzispora polita was present. This species has been reported from
the basal Kilbourn Formation in lowa.

The organic material is biodegraded and common inertinite is present. Miospores
are abundant and well-preserved. Oil droplets are present in the sample along with
numerous fungal hyphae. The TAI is 4/4+, mainly 4+, with a Ro equivalent of 0.65. The
paleoenvironment is interpreted as a coastal plain swamp with a fluvial influence. The
vegetation was dominated by arborescent and herbaceous lycopods and cordaites, with a

few pteridosperms and numerous ferns in the area.
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Core Hole 27KF-2

Location: NE1/4SE1/4SW1/4 sec. 27, T.2 N.,,R.5W.
Surface Elevation: 514 feet ASL

Sample intervals indicate feet below ground surface.

39-44.5 ft:

The age of the sample was determined to be late Atokan based on the presence of
Dictyotriletes bireticulatus, Densosporites annulatus, D. sphaerotriangularis,
Cristatisporites indignabundus, Endosporites globiformis, Torispora secures, and
Ahrensisporites guerickei. Florinites mediapudens was frequently observed in the
sample.

Oil droplets were observed on the biodegraded organic material. The TAI for the
sample is 4+/5 with a Ro equivalent of 0.8. The higher Ro may be due to weathering
during deposition. There was relatively poor miospore recovery from the sample.
Scolecodonts were noted in the sample. The interpreted paleoenvironment is a paralic
swamp with a brackish water influence where herbaceous and arborescent lycopods,

cordaites and numerous ferns were present.

131-152.6 ft:

The age of the sample was determined to be late Atokan based on the presence of
the taxa in the previous (39-44.5 ft) sample plus several specimens of Cirratriradites
saturnii, frequent Densosporites annulatus, specimens of D. sphaerotriangularis, D.
triangularis. D. spinifer, Ahrensisporites sinanii, Triquitrites tribullatus, Savitrisporites
nux, and Vestispora pseudoreticulata. The Densosporites spp. are common to abundant
in the sample, as well as Lycospora pellucida and L. granulata.

The sample contained abundant, well-preserved miospores. The organic material is
biodegraded. The TAI for the sample is 4/4+, with a Ro equivalent of 0.60. The
paleoenvironment is interpreted as a coastal plain swamp dominated by herbaceous and

arborescent lycopods and numerous ferns in the area.
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156.2-168 ft:

The age of the sample was determined to be late Atokan based on the presence of
the majority of the taxa present in the previous two samples plus many other taxa that
have been observed in Atokan-age sediments in the Illinois Basin. Densosporites
triangularis, Lycospora pellucida, L. granulate, and Endosporites globiformis were all
common in the sample. Several specimens of Vestispora pseudoreticulata and
Dictyotriletes bireticulatus were also noted.

The terrestrial organic material was biodegraded. Oil droplets were observed on
some of the organics. The TAI is 4/4+, with a Ro equivalent of 0.60. Arborescent and
herbaceous lycopods and cordaites dominated the vegetation along with a variety of ferns

in a coastal plain swamp.

167.5-169 ft:

The age of the sample is questionably early Atokan based on the presence of
abundant Densosporites annulatus, frequent Dictyotriletes bireticulatus, common
Crassispora kosankei, and rare occurrences of Densosporites irregularis. Densosporites
irregularis is common to abundant in the Caseyville Formation (Morrowan) and rare in
the Kilbourn Formation (Atokan) of lowa. Specimens of Waltzispora prisca and W.
polita are also present. These taxa are also found in the Caseyville and lower Kilbourn
formations.

The sample contained abundant and well-preserved miospores. The organic
material is biodegraded. Oil droplets were present in the sample. The TAI is 4/4+,
mainly 4+, with a Ro equivalent of 0.65. The vegetation was dominated by arborescent
and herbaceous lycopods with sphenopsids (Vestispora and Calamospora) and
pteridosperms (Zonalosporites) present. Numerous ferns were also present in this

environment, which is interpreted as a coastal plain swamp.
189-190.5 ft:

The age of the sample is early Atokan based on the presence of rare Radiizonates

striatus, Schulzaspora rara, Schulzaspora elongatus, Waltzispora prisca, and
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Densosporites irregularis. Vestispora pseudoreticulatus is present. This species is not
known to extend to Morrowan-age sediments.

The sample contained abundant and well-preserved miospores. The organic
material is biodegraded. No oil droplets were present. The TAI is 4/4+, mainly 4+, with
a Ro equivalent of 0.65. The vegetation was dominated by arborescent and herbaceous
lycopods with sphenopsids, pteridosperms, and numerous ferns present in the interpreted

environment of a coastal plain swamp.

196.1-197 ft:

The age of the sample is questionably late Morrowan based on the presence of a
few specimens of Radiizonates striatus, Schulaspora rara, and Lycospora noctuina. Also
present are Vallatisporites cf., V. foveolatus, Verrucosisporites morulatus, Savitrisporites
asperatus, and S. concavus. Ravn (1986) reported these taxa from the Morrowan and
earliest Atokan in lowa. Very rare specimens of Vestispora were observed; Botryococcus,
a freshwater alga was also noted in the sample.

The sample contained abundant and well-preserved miospores. The organic
material is biodegraded. No oil droplets were present. The TAI is 4/4+, mainly 4+, with
a Ro equivalent of 0.65. There appears to have been very little transport of the miospores
present because many spores 200u or larger are present, as well as clusters of spores and
broken sporangia. The environment is interpreted as a coastal plain swamp dominated by
arborescent and herbaceous lycopods with many sphenopsids, pteridosperms, and

numerous ferns growing in the area.

277.2-290 ft:

The sample was determined to be Morrowan based on the presence of Schulzaspora
rara, Lycospora noctuina, Radiizonates striatus, Waltzispora prisca, W. polita,
Vallatisporites cf., V. foveolatus, and Densosporites irregularis. Stenozonosporites sp., S.
Ravn was observed. This species has only been reported from the Morrowan of lowa.

No specimens of Cirratriradites saturnii or Vestispora pseudoreticulatus were found in

the sample. These two taxa have a range no older than early Atokan.
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The sample had very good recovery of well-preserved miospores. The organic
material is biodegraded. The TAI for the sample is 4/4+, mainly 4+, with a Ro equivalent
of 0.65. The paleoenvironment is a coastal plain swamp with marginal to marine
conditions and dominated by herbaceous lycopods with some arboreal lycopods,

cordaites, and ferns present.

Core Hole 12JS-9

Location : SW1/4NW1/4ANE1/4SW1/4 sec. 12, T.2 N., R. 6 W.
Surface Elevation: 600 feet ASL
Sample intervals indicate feet below ground surface.

30.3-31.2 ft:

The sample is dated as questionably early Desmoinsian based on the presence of
Torispora securis and Thymospora pseudotheissenii. Miospore recovery was fair to poor.
The sample could be latest Atokan as the two taxa do extend into the late Atokan, but no
specimens of Radiizonates difformis were observed; Radiizonates difformis is usually
frequent in the late Atokan.

The sample was badly biodegraded and pyritic having common to abundant dark
brown and black woody fragments. The TAl is 4+, with a Ro equivalent of 0.7. The
vegetation was mainly cordaites and ferns. A few scolecodonts were noted. The

paleoenvironment is interpreted as a paludal swamp with marginal to marine conditions.

44-44.6 ft:

No age determination was possible. No miospores were observed on four slides
examined. \ery poor organic recovery dominated by angular, dark brown and black
wood fragments (inertinite). The TAI is 4+, with a Ro equivalent of 0.7.

No paleoenvironmental interpretation can be made for this sample.
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87-88 ft:

The sample was determined to be late Atokan based on the presence of frequent
Torispora securis, rare Murospora kosankei, Cristatisporites indignabundus, which has a
top in the Black Oak Coal of lowa, and Densosporites spinifer, which has a top in the late
Atokan. Several species of Florinites are common to abundant in the sample along with
Granasporites medius, Lycospora granulate, and Lycospora pellucida.

The sample contained abundant well-preserved miospores. The organic material
was biodegraded with a TAI of 4/4+ and a Ro equivalent of 0.6. Oil droplets were noted
in the sample. Botryococcus was also present in the sample. The environment is
interpreted to be a nearshore coastal plain swamp with the vegetation dominated by

cordaites and ferns, with some arborescent lycopods in the area.

99-100 ft:

The sample was determined to be late Atokan in age based on the presence of
frequent occurrences of Torispora securis, frequent Dictyotriletes bireticulatus, and
frequent Cirratriradites saturnii, along with abundant Endosporites globiformis, common
Lycospora spp., and frequent Crassispora kosankei. Several specimens of Vestispora
fenestrata and V. pseudoreticulata were also observed.

The sample contained abundant well-preserved miospores. The organic material
was biodegraded and pyritic. The TAI is 4/4+, with a Ro equivalent of 0.6. The flora was
dominated by arborescent and herbaceous lycopods, and some sphenopsids, cordaites,
and common ferns were present. The paleoenvironment is interpreted as a coastal paralic

swamp, marginal to marine conditions.

122-122.9 ft:

The sample was determined to be late Atokan in age based on the presence of
common Torispora securis, frequent Radiizonates difformis, and frequent Cirratriradites
saturnii. Endosporites globiformis and Vestispora spp. are common in the sample.
Lycospora pellucida and L. granulata were frequently encountered.

The sample contained abundant well-preserved miospores in addition to specimens

of Botryococcus and rare scolecodonts. The organic material was biodegraded with a
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TAI of 4/4+, and a Ro equivalent of 0.6. Oil droplets were present in the sample. The
paleoenvironment is interpreted as a paralic swamp that was inundated by saline
conditions. The vegetation was dominated by arborescent lycopods, and sphenopsids.

Ferns were present in the area as well as a few cordaites.

126.6-127.2 ft:

The sample was determined to be late Atokan based on the presence of frequent
Torispora securis. Radiizonates difformis is also present.

The sample had relatively poor miospore recovery. The sample contained abundant
angular, black woody fragments (inertinite). The other organic material was biodegraded.
The TAIl is 4+, with a Ro equivalent of 0.7. The paleoenvironment is interpreted as a
coastal plain swamp that had subaerial exposure.

137-138 ft:

The age of the sample is late Atokan based on the presence of abundant
Radiizonates difformis and common Torispora securis. Densosporites triangularis, D.
sphaerotriangularis and Lycospora pellucida are also abundant. Dictyotriletes
bireticulatus occurs frequently.

Abundant, well-preserved miospores were present in the sample. The organic
material was biodegraded and numerous fungal remains were noted. The sample was
pyritic. Oil droplets were present. The TAI is 4/4+, with a Ro equivalent of 0.6. The
paleoenvironment is interpreted as a coastal plain swamp dominated by arborescent and
herbaceous lycopods; numerous ferns and some cordaites and sphenopsids were present
in the area.

161-162 ft:

The age of the sample is late Atokan based on the common presence of
Radiizonates difformis and some specimens of Torispora securis. Endosporites
globiformis is abundant. Crassispora kosankei is common, and a few Cirratriradites

saturnii are present.
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There was good recovery of well-preserved miospores in the sample. The organic
material is biodegraded with oil droplets present. The TAI is 4/4+, mainly 4+, with a Ro
equivalent of 0.65. Botryococcus was present in the sample. The paleoenvironment is
interpreted as a coastal plain swamp dominated by arborescent and herbaceous lycopods;

numerous ferns and a few sphenopsids and cordaites were present in the area.

188-189 ft:

The age of the sample is late Atokan based on the presence of abundant
Radiizonates difformis. The sample also contained frequent occurrences of Endosporites
globiformis, Cirratriradites saturnii, Dictyotriletes bireticulatus, abundant Lycospora
pellucida, and common Lycospora granulata.

Abundant, well-preserved miospores were recovered from the sample. The organic
material was biodegraded and resin was common; oil droplets were also present.
Botryococcus was present. The TAI is 4/4+, mainly 4+ with a Ro equivalent of 0.65. The
paleoenvironment is interpreted as a coastal plain swamp dominated by arborescent and
herbaceous lycopods; abundant ferns and some sphenopsids and cordaites were also

present. Reworked Mississippian age spores were noted in the sample.
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