ABSTRACT

MITRA, MADHUMI. Pdeopadynology of the Tar Hed Formation of Atlantic Coadtd
Pain of North Carolina, United States (Under the direction of James Earl Mickle))

Sediments from the Late Cretaceous Tar Hed Formation in the Atlantic Coadtdl
Pan of North Cadlina were invedigated for occurrence and didribution of
paynomorphs. Exposures aong rivers a Elizabethtown, Goldsboro, Ivanhoe, Lock,
Willis Creek and Tar River in North Carolina were systematicaly collected. One hundred
and three sediment samples were macerated by dandard techniques modified by
ediminaing trestments with nitric acdd and potassum hydroxide, and andyzed for
paynomorphs. Eighty species of paynomorphs were digributed in 4 form genera of
freshwater dgae, 3 of dinoflagellates, 9 of fungi, 15 of pteridophytes, 11 of gymnosperms
and 24 of angiogperms. Angiosperms were the dominant components in assemblages at
al locdities. Representatives of the Normapolles pollen group (characteristic angiosperm
pollen group of middie and high northern latitudes of eastern North America and Europe)
occur throughout the Tar Hed Formation and collectively comprise 29%-54% of the
angiogperm assemblages. Pdynologica age assessment is in concordance with earlier
dating determined by other workers based on invertebrate faunas. Minimum variance
clugering with sguared Euclidean digances in the Q-mode (clustering of samples)
indicates that dratigraphicaly older layers of Ivanhoe, Lock and Willis Creek are smilar
in paynoflord compostion, and one section of the Goldsboro locdlity is compostionaly
equivdent to the Tar River locdity. Minimum variance cluser andyss in the R-mode
(cdlustering of taxa) indicates the association of Campanian taxa in the same cluster. This

reconfirms that locdities of the Ta Hed Formation ae of Ealy Campanian age.



Informa biodtratigraphic zones of Campanian (CA2-CA4) known from other Atlantic
Coagtd Plain deposits do not occur in the Tar Hed Formation. Quantitative anayss is
condgent with the long-standing hypothess of diversfication and dominance of
angiogperm pollen groups during the Campanian. The paynologica record of the Tar
Hed Formation, based on some indicator taxa with modern equivalents, suggests that
subtropicd to warm, moist temperate conditions prevaled in the southeastern region of

North America during Campanian time,
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INTRODUCTION

1.1 Importance of theresearch

The history of angiogperm evolution from Early Cretaceous to modern times can be
traced from both pollen and macroflora records. Fossl leaves and paynomorphs
represent different phases of the plant life cycle and have demondrated their usefulness
as independent and pardle indicators of long-term trends in land plant diversty (Muller,
1984; Lovis, 1989; Lidgad and Crane, 1990). Pdynofloras have outhumbered
macrofloras due to their potenti for preservation in a greater variely of environmenta
setings. Factors that control the supply of paynomorphs in sediments include the
production rate of plants and ther mode of dissemination, seasonad production,
trangportation by wind, water and insects, depostion of sediments westhering, and
preservation (Farley, 1988). These factors, either singly or in concert, may contribute to
both under- and over- representation of paynomorphs in the fossil record. Knowing their
uses and limitations, researchers have used pdynofloras  in pdeofloridtics,
pal eosystematics and biogtratigraphic studies.

The fossl record indicates a coordinated increase in diversty and abundance of
angiosperm pollen from the AptiantAlbian (mid-Cretaceous) through the Late Cretaceous
(Crane and Lidgard, 1990; Lidgad and Crane, 1990). Rapid diversfication of
angiosperms is gpparent from the observation that al mgor types of apertures (tricolpate,
tricolporate and triporate), exine dructure, and exine sculpture seen in pollen of living

angiosperms had appeared by the end of Cenomanian (Lidgard and Crane, 1990). The



angiosperms were not only taxonomicadly diverse but dso dominant in assemblages
before the end of Maadtrichtian (Lupia, 1996).

Pollen and leaves represent different stages in the life cyde of flowering plants
and ae padld indicators of long-term trends in angiogoerm evolution. Additiond
dudies of Cretaceous micro and megafossls are needed to refine our knowledge of
Mesozoic paynology and hep in increesng understanding of the diverdfication and rise
to dominance of angiosperms in the Late Cretaceous.

Records of Upper Cretaceous paynomorphs are derived from Asa, Africa
Audrdia, Antarctica, North America and South America In North America, macro and
microfossls of floras and faunas have been reported from locdities of Alaska, western
Canada, Atlantic Coagta Pain, Gulf Coastd Plains, centrd and Northern Rocky
Mountain regions, New Mexico, Arizona, Cdifornia and Mexico (Srivastava 1978,
Baghai, 1996). Late Cretaceous paeobotanicd studies both at the macro and micro levels
are important in contributing to the knowledge of paeoflorisics and paeobiogeography
at locd, regiond and globd levels.

The Cretaceous exposures in the Atlantic Coastal Plain are poorly studied and few
detailed sedimentologicad and pdeofloristicd studies have been undertaken (Crane and
Herendeen, 1996). The sudy of Late Cretaceous paynomorphs from the Tar Hed
Formation of southeastern North America attempts to reduce the gap in our knowledge of
paynofloras of the Upper Cretaceous of the Atlantic Coastd Pan. An andyss of
padynomorphs from samples of Tar Hed Formaion will be usgful in providing more
information on the relative abundance and diverdty of various paynomorph groups like

freswater dgaee and dinoflagelates, fungi, pteridophytes, gymnosperms  and



angiosperms. This will be useful in testing the hypothesis that angiogperms were the most
diverse and dominant among other flord groups during the Late Cretaceous. The
paynoflora of the Tar Hed Formation will be compared to other Late Cretaceous
(Campanian-Maadtrichtian) paynofloras of the Atlantic Coastd Plan, Gulf Coastd Plain
and Wetern Interior of North America. The corrdationd studies could further be applied
to compae the extent of gmilaities and dissmilarities that exis among other
contemporary paynofloras in different regions of North America and other parts of the
world. This would enhance our underdanding of biogeography and didribution of
various spore and pollen speciesin the Upper Cretaceous.

Late Cretaceous floral biogeography is interesting since this period witnessed the
rgpid radiation of angiogperms dong with the devdopment of microflord  provinces
termed the Normapolles microfloral  province (eastern North America, Europe and
western Asad) and Aquilapallenites microflora province (western North America and
easern Asa named according for their predominant pollen types (Stanley, 1970;
Tschudy, 1975, 1980, 1981; Batten, 1984) (Figure 1a). Pollen of the Normapolles group
is characterized by being triporate, having interndly complex pore structures and
elaborate apertures (Batten, 1981; Tschudy, 1981; Batten and Christopher, 1981).
Aquilgpallenites is characterized as triprojectate pollen having three  prominent
sculptured equatorid  projections extending radialy from a central body and apertures
borne on the projections (Jarzen, 1977, Muller, 1984; Jarzen and Nichols, 1996). The
north-south trending epicontinenta Campanian sea provided a barier to plant migration
(Tschudy, 1980; Srivastava, 1981; Batten, 1984). Although Zaklinskaya (1977) referred

eastern United States to be a part of the “Normapolles Province’, there are reatively few



detalled pdeopdynologicd gudies of this region. Informaion on various fossl
angiogperm pollen types will be useful in further testing the hypothess of occurrence of
diverse morphologica Normapolles pollen in the eastern United States.

Many of the Late Cretaceous locdities of the Atlantic Coastd Plain of North
Cardlina have been desgnated as "Tar Hed beds' based on invertebrate faunal data (Sohl
and Chrigtopher, 1983; Sohl and Owens, 1991) (Table 1.1). The age of some of the
localities of Tar Hed beds is unknown due to lack of trace fossls (Sonl and Owens,
1991). Pdynomorphs, especidly dinoflagelates and many angiosperm pollen, have been
reliable indicators of age due to ther short dratigraphic ranges and can assg in
correlating both marine and non-marine rocks of different facies (Traverse, 1988). In
non-marine rocks, angiogperm pollen such as many species of Normapolles group, and
other tricolpates, tricolporates and triporates have short dratigraphic ranges and have
been used to indicate the age of sediments (Wolfe, 1976; Tschudy, 1975; Batten, 1981;
Christopher, 1979a; Christopher, personal communication, 1993). This <udy will
invesigate whether the ages determined from paynological data and invertebrate faund
data agree or not. It would dso be useful in corrdating facies among bcalities based on
gmilar paynomorph assemblages. Exposures of many locdities have been assgned to
the Tar Hed Formation based on smilar lithologicd characterigtics (Sohl and Owens,
1991; Owens and Sohl, 1989). Correation based solely upon comparison of sSmilar
lithofacies could lead to erroneous interpretations of the depostional history and that is

why biostratigraphic age contral is very necessary (Owens and Sohl, 1989).



1.2 Objectives

The mgor objectives of this study are: 1) prepare a monograph of the fossl pollen and
goores of the Tar Hed Formation of the Atlantic Coasta Plain of North Carolina which
will encompass both paynoflorigics and paynosystematics, 2) document diversty and
relaive abundance of various paynomorph groups a six locdities of the Ta Hed
Formation in order to determine which paynomorph group was the most diverse and
dominant in the assemblages, 3) discuss various Normapolles pollen and other
characterigtic angiosgperm paynoflora recovered from the Tar Hed Formation samples, 4)
discuss the age of sediments and locdities based on paynomorphs of the Tar Hed
Formation and determine whether paynological dating agrees with dates based on
invertebrates, 5) compare Tar Hed Formation paynoflora with other contemporary floras
a the intra and inter-regiond levels, 6) corrdate dratigraphic sectiong/locdlities of the
Ta Hed Formdaion and determine which sections ae biodratigraphic or time
equivaents, 7) to test the vdidity of informa biogratigraphic zones of Early Campanian
(CA-2, CA-3, CA-4) as dated by Wolfe (1976) for post-Magothy formations and by
Christopher (cited as persona communication in Owens and Sohl, 1989) for the Tar Hed
Formation; 8) speculate on the climatic conditions that prevailed in the south esstern

region of North America based on indicator taxa with modern equivaents.

1.3 Background Information

Classical Studies in the Atlantic Coastal Plain_- One of the mgor phases in angiosperm

diversfication for the Ealy Cretaceous has been demonsrated by the Potomac Group

megafloralpalynoflora sequence (Doyle and Hickey, 1976, Hickey and Doyle, 1977).



Megafossl and pollen sudies of the AptianCenomanian of the Potomac Group of
eastern North America are noteworthy since an attempt was made to provide a better
reolution of the origin and evolution of flowering plants. Leaf fossls and pollen were
described in sedimentologica context. The sequence of changes in both leaf architecture
and pollen morphology was well documented through Brenner's (1963) six paynologica
zones (Zones I, lIA, 1IB, IIC, 1lI, 1V). Angiosperm leaves showed differentiation of
lamina and petiole and increesng sophidication of vendion in progressively younger
grata. As for pollen, monosulcate grains were confined to Zone |. There was an increase
in tricolpates and monocolpates in 1B and tricolporoidates increased in the upper

sections (Doyle and Hickey, 1976, Hickey and Doyle, 1977).

Previous Late Cretaceous Palynological studies of the Atlantic Coastal Plain of

eastern North America

Middle Atlantic States

Brenner (1963), Wolfe (1976) and Wolfe and Pekiser (1971) have proposed pollen
assemblage zones for the outcropping Cretaceous system of the Middle Atlantic States.
Sx magor zones were proposed for Campanian to lower Maadrichtian rocks of the
Raitan (New Jarsey) and Sdisbury (Mayland) embayments based on  dratigraphic
ranges of dicotyledonous pollen. Brenner (1963) ealier proposed ten informd
biogratigraphic zones for the Potomac Group and Raritan Formation. These were later
revised by Wolfe (1976) and grouped into sx, namely CA-1 (Santonian), CA-2, CA-3,
CA-4 (Lower Campanian, CA-5 (Upper Campanian), CA-6 (Lower Maadtrichtian).

Diverdty of dicot pollen has been documented by Wolfe (1976) and Christopher (1978,



1979a). Pollen types described by Wolfe (1976) were the Normapolles complex,
tricolpates, tricolporates, Proteacidites and miscellaneous pollen types that included
Aquilgpallenites (in one sample), polycolporates, fragments of syncolpate Trisectoris,
and tricoporate pollen of Bombecidites. These studies helped corrdate Campanian and
Maadrichtian sediments from the Raitan, Sdisbury and Okefenokee embayments
(Christopher, 1979a).

Evitt (1973) reported the occurrence of two species of Aquilapollentes
(characteristic of western North American pdynoflord  province) from Maadrichtian
deposits of Maryland and New Jersey. In Texas, occurrence of other species (occurring
adso in the Rocky Mountan region) of Aquilgpollenites is suggestive of a direct
southward extenson of the genus from the Rocky Mountain region. In Mayland and
New Jersey, long distance wind transport may have brought the western eement to the
east (BEvitt, 1973; Traverse, 1988).

South Carolina

The morphology, taxonomy and biodtratigraphy of 24 species of triarite pollen assgned

to sven genga of juglandaceous forms, namedy Momipites, Plicatopallis,

Platycaryapollenites, Patycarya, Subtriporopollenites, Carya and Casuarinidites were

described from cores in Charleston, South Carolina (Fredericksen and Christopher,
1978). Diverdty of triatrite pollen increased in the Lower and Upper Eocene rocks
(Fredericksen and Christopher, 1978).

Black Creek Group

Cretaceous dratigraphy of the Carolina Coastal Plain has a complicated history Sohl and

Owens, 1991). Brett and Wheder (1961) and Swift and Heron (1967) divided the



gratigraphic column into four formations: Cape Fear (oldest), Middendorf, Black Creek
and Peedee (youngest). Absence of didinctive cdcareous fossls in the formations of
Cape Fear, Middendorf and Black Creek led to erroneous correlations of these units with
those of other areas (Sohl and Owens, 1991). The Peedee Formation had uniform
lithology throughout its outcrop belt and contained distinctive calcareous fauna (Sohl and
Owens, 1991). Sohl and Owens (1991) devated the Black Creek Formation to a group
datus that included three formations Tar Hedl, Bladen and Donoho Creek ranging in age
from Lower Campanian to Lower Maadtrichtian. The age of these formations was based
on the presence of invertebrate fossls and the formations were assgned pollen zones
CA-2 through CA-6 of Wolfe (1976) (Sohl and Christopher, 1983).

Basal coastd sediments that outcrop dong the Cape Fear, Neuse and Tar Rivers
in North Carolina are older than Black Creek and have not yidded many productive
samples (Christopher, 1979b). Two samples from the Cape Fear locdity yieded a wdl-
preserved rich diverse pollen assemblage that can be corrdaed with the highest units of
Magothy Formation (Santonian) of the northern New Jersey Coagta Plain ("Morgan” and
"Cliffwood beds'). Rare dinoflagellate cysts and acritarchs sugget some marine
influence during deposition of the unit (Christopher, 1979b). Paynomorph assemblages

contain pollen of Araucariacites audrdis, Aequitriradites Spinulosus,

| naperturopollenites, spores of Cicatricospisporites sp and four angiosperm pollen species

(Complexiopallis sp. A, Complexiopallis sp. C, Porocolpopollenites and a new genus of

triporate pollen) (Chrisopher and Sohl, 1979). Detailed paynologicd investigations of
individud formations of the Black Creek Group have not been conducted to date.

Environmenta settings under which the sedimentary rocks were deposted were



recongtructed from samples collected adong the Neuse River in North Carolina (Zastrow,
1982). Recondruction was based on fidd observations, sedimentary Structures, lithologic
composition and gran sSze andyss of rocks. Andyss of paynomorphs was not included
in the sudy.

Upper Cretaceous series of North Carolina may possbly consst of two to three
cycles of marine transgresson based on the presence of disconformities between Cape
Fear Formation (Santonian) and Black Creek Group (Campanian Ealy Maadrichtian)
and Black Creek Group and Peedee Formation contacts (Brett and Whedler, 1961; Heron
and Wheder, 1964; Swift, 1964). Studies by Sohl and Christopher (1983) suggest that the
Black Creek and PeeDee Formations comprised digtinctly different environments under
which the sedimentary rocks were deposited. The disconformity between the two is
indicated by poorly sorted coarse-grained sand zone. This zone contains abraded bone
and shdls, pebbles, teeth and reworked materiads. Based on lithologic and paeontologic
data, it has been suggested that a mgor environmenta change attributed to marine
transgresson took place at the disconformity (Christopher, 1979; Sohl and Christopher,
1983).

The paeontologica data suggest verticd and laterd facies changes in some of the
outcrops of the Black Creek (Owens and Sohl, 1989). The fauna recovered is diverse, and
biodratigraphically important invertebrate fossls have been reported from the exposures
of the Tar Hed, Bladen and Donoho Formations respectively (Sohl and Owens, 1991).
Besdes invertebrate fosdls, vertebrate fossls have been reported from some of the

exposures of the Black Creek (Richards, 1950; Baird and Horner, 1979).



Tar Hed Formation

Earlier sudies by Mitra and Mickle (1998, 2000) on samples from Goldsboro and Tar
River locdities (Tar Hed Formation) reveded diverse species of paynomorphs.
Angiosperms were the most diverse group represented by thirty species distributed in 23
genera followed by 12 genera of pteridophytes (15 species), 10 genera of gymnosperms,
8 genera of fungi and 6 genera of dgee and dinoflagellates. Relaive abundance data of
various padynomorph groups a Goldsboro and Tar River locdities indicated that
angiogperm pollen were the most dominant components among al the other flora groups
followed by pteridophytes, gymnosperms, fungi, agee and dinoflagellates. Angiosperm
pollen were represented by tricolpates, tricolporates, Normapolles pollen, western

Aauilepollenites and other triporates. Two species of Aquilapallenites (Aquilapollenites

quadrilobus and Aquilgpallenites §p.) were documented from seventeen samples of
Goldshoro and eight samples of Tar River locdlities. Normapolles pollen were comprised
about 48% (Goldshoro) and 52% (Tar River) of the totad angiospem flora
Aquilapallenites pollen contributed about 4% and 5% of the tota angiosperm paynoflora
a Goldshoro and Tar River locdities. Findings of western Aquilgpollenites pollen from
Goldsboro and Tar River locdities of the Tar Hed Formation led to an extended
paynoflorigic dudies to four different locdities (North Caroling) of this formation aong

with further investigations at both Goldsboro and Tar River localities.
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M egafossils
Berry (1907, 1908, 1910) and Stephenson (1912) provided reports of many fossl plants

induding megafossls of conifers from locdities of the Black Creek Group. In most cases
placement of taxa in desgnated families was erroneous. Studies on leaf and branch

impressons of Araucaria bladenss Bery from Tar River locdity of the Black Creek

Group reveded that the materid by Bery (1908) caled Araucaria bladenss shared

characteristics with both Araucariacese and Podocarpacese, it was transferred to the
genus Pagiophyllum (Mickle, 1993). Studies of conifer megafossls from Tar Hed
Formation of the Black Creek Group have been useful in throwing light on different
conifer families that were prevdent during the Campanian. Maerids from Neuse River
Cut Off (Tar Hed Formation) yidded a rich assemblage of conifer twigs that included

Androvettia daenends (Hueber and Watson, 1988), Androvettia caolinenss,

Brachyphyllum  sguammosum,  Brachyphyllum  sp.,, Gdnitzia reichenbachii  and

Moariconia cyclotoxon (Raubeson and Gensd, 1991). Numericd andyss of leaf and

morphological characters of fossl taxa and modern conifers reveded that Androvettia
cadinenss and Brachyphyllum sp. belong to Hirmerdlacese whereas Ganitzia

reichenbachii and Brachyphyllum sguammosum belong to Araucariacese (Raubeson and

Gensdl, 1991).

Three new species belonging of Liriodendroidea were reported from Neuse River

locdlity of the Black Creek Group. The species were established based on well-preserved
fruitlets with seeds in both eastern North America and Kazakhgtan (Frumin and Friis,
1996). These gpecies were Smilar to the extant Liriodendron, indicating that the tribe

Liriodendrae was edtablished by the mid-Cretaceous and widely didtributed by the Late
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Cretaceous (Frumin and Friis, 1996). The Neuse River locdity was the source of other

angiosperm  reproductive  dructures,  Spirematospermum  chandlerae,  (Friis,  1988),

Patananthus hueberi and Platanocarpus carolinengs (Friis et al, 1988). Lauraceous fruits

assigned to the formrgenus Grexlupus cardinends were reported in abundance from

Goldshoro locdity (Neuse River cut off) in North Carolina (Mickle, 1996). With more
discoveries of megafossils and in Stu pollen from the Black Creek Group, some of the
problems regarding the affinities of many ancient taxa that are not easly determined from

dispersed pollen will be resolved.
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MATERIALSAND METHODS

2.1 History, Geology and Didribution of the Tar Hee Formation (Black Creek

Grou

The Black Creek Group (named by Sloan in 1907) derived its name from a tributary of
the Pee Dee River in Horence and Darlington Counties, South Carolina Stephenson
(1907) suggested the name Bladen Formation based on a similar lithologicad unit in North
Cadlina. Later Stephenson (1912) discarded the Bladen nomenclature and redefined
Soan's term. Black Creek has been rased to group satus and includes Tar Hed
(youngest), Bladen (middle) and Donoho Creek (oldest) Formations respectively (Owens
and Sohl, 1989; Sohl and Owens, 1991). The characteristic feasture of the Black Creek
Group is the presence of thin, interbedded dark clays and light colored sands that fit well
into a delta to shelf modd of sedimentation (Benson, 1968; Zastrow, 1982; Carter et d,
1988; Owens and Sohl, 1989) (Figure 2a). Black Creek Group is time-transgressive and
the formations represent asymmetrica cycles with transgressve marine units a the base
(Sohl and Owens, 1991). It ranges from Early Campanian to Early Maadtrichtian of the
Late Cretaceous and extends from eastern North Carolina into northeastern South
Cardlina. The age was assessed primarily based on marine invertebrate fauna data and to
an extent on paynology (Sohl and Christopher, 1983; Owens and Sohl, 1989; Sohl and
Owens, 1991). Correlation of the formations in the Black Creek Group to other Upper
Cretaceous formations was primarily based on molluscan range zones that inlcuded

goecies of Exogyra, Anomia, Ostrea, Turritdla, Sphenodiscus, Camptonectus,

Flemingostrea and Bedemnitdla. The pollen zonaion was dfter Wolfe (1976) and

Christopher (1978).

13



2.2 Decription of the Collecting Sites

This study was confined to locdities in North Carolina and documentation of these
locdities has been facilitated by the use of scde county maps, U.S. Geologicd Survey
topographic maps and consultation with professona geologists. Some of the descriptions
of the locdities in the literature are obscure and, to locate these aress, the North Carolina
Geologicd Survey and the authors of relevant literature were consulted.

The best exposures of the Black Creek Group of the Carolinas outcrop aong the
rivers that traverse the Coastal Plain (Tar, Cape Fear, Black, Neuse). Exposures range
from a foot to hundred feet in height (Christopher, written communication, 1993). The
suite of locdlities encompassing the Tar Hed Formation was sudied for this investigation
(Figure 2b). Coordinates for each locality were obtained by a Garmin GPS 12XL.

Tar Hedl Formation

The Tar Hed Formation crops out in an area bounded by the Pee Dee River in South
Cadlina and the Tar River in North Carolina (Owens and Sohl, 1989) (Figure 2c).
Shdfad deposts in the northern areas of this formation change to ddtaic facies in the
southwestern areas (Sohl and Owens, 1991). The bedding characteristics and lack of trace
fossls in outcrops of this formation are suggestive of an upper delta plan environment of
deposition (Owens and Sohl, 1989).

A totad of 103 samples were collected from Willis Creek, Lock and outcrops exposed
dong the valeys of Cape Fear, Neuse and Tar Rivers. These locdities have not been
dated due to lack of detailed biosratigraphicd studies and have been assgned to Tar

Hed Formation based on dmilar lithologica characteristics of outcrops. The Tar Hed
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Formation has been assigned an early Campanian age based on invertebrate faund data
(Sohl and Owens, 1991; Sohl, persond communication, 1993). Fossils of Exogyra
ponderosa Roemar (Lower CampanianUpper Campanian) and Ostrea whitel Stephenson
(Lower Campanian) have been reported from the Tar Hed locdities (Sohl and
Christopher, 1983; Sohl and Owens, 1991) (Table 1.1). The samples and their lithologica
characterigtics are outlined in Table 2.1.

Willis Creek — This locdlity belongs to the basd Tar Hedl beds (Owens and Sohl, 1989)
and is located on the south of Willis Creek, west of N.C. Highway 87, between
Fayetteville and Tar Hed in Cumberland County (Carter et a, 1988). Coordinates are
34°N 51.57¢ 78°W 51.026. The outcrop measures 32 feet in thickness. This exposure
consgs of four zones from lower to upper which aret 1) black clay interbedded with
micaceous, medium coarse grained sand 2) black carbonaceous clay interbedded with
micaceous white sand 3) grayishrblack clay with thin lenses of micaceous, buff colored-
sand 4) Laminated sand and carbonaceous clay. Teredolites borings are present in dl the
zones and marine bivalves occur in the lowermost zone. These features suggest that these
depogits represent a delta front with minor marine influence (Owens and Sohl, 1989).
Twenty-six samples were collected from this locdity (Figure 2d).

Lock Locality — This exposure is located on the sde of Glengary Hill Road, near State
Route 87, in Cumberland County. The outcrop comprises dark gray clay with fine-coarse
grained, micaceous sand. It measures 105 feet in thickness and coordinates are 34°N
48.276', 78°W 50.003'. Eight samples were collected from the stratigraphic sections of

thislocdlity (Figure 2€).
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Neuse River Cut Off, Goldsboro — The outcrops are exposed along the bed of the Neuse
River Cut Off, southwest of Goldsboro, close to State Route 1222. The lower part
condsts of medium gray feldspathic sand with lenses of dark clay. The upper pat
condgs of fossliferous thinly interbedded dark clays with micaceous slty fine sand
(Carter e a, 1988). Coordinates are 35°N 20.93, 78°W 1.91'. Samples were collected
from both sides of the Neuse River bridge at this locdity. A total of 20 samples were
collected from both laerdly and vericdly from sections of this locdity (Figures 2f and
29).

Tar River Locality — This locdlity is Stuated close to a bridge across the southern bank
of the Tar River about 150 m downstream from the State Route 222 bridge. It is close to
10 miles upgtream from Greenville in Pitt County, North Cardlina. (Greenville Northwest
7.5¢ Quadrangle Pitt County, North Carolina, 1982, SW Y4 SW ¥ NW %3 (Mickle, 1993).
The exposures are rich in megafossls and contain dark gray clayey glauconitic sand. A
transect of 41 feet was measured from a reference point and latera sampling was done as
the outcrop was less than 2 feet in thickness. Sampling was done a every 2 feet interva.
A totd of 21 samples were collected (Figure 2h).

Ivanhoe Locality — Exposures are dong the Black River a the town of Ivanhoe, close to
State Route 1162 in Sampson County, North Carolina (Owens and Sohl, persona
communication, 1993). Coordinates are 34°N 37.183¢ 78°W 15.556¢ Three zones are
visble in the exposures. 1) lower black clay interbedded with micaceous, buff colored
sand, 2) middle greenish-gray clay with glauconitic sand, 3) grayishblack clay with thin
lenses of light brown, coarse sand. The thickness of the section is 30 feet and 24 samples

were collected verticdly at close intervas (Figure 2i).
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Elizabethtown — This locdity is dtuated about 1.5 miles southwest of intersection of

U.S. Highway 701 with N.C. Highway 87 in Elizabethtown. The lowermost beds (Black
Creek of the Late Cretaceous) consst of lamnated, micaceous, and blue-gray sand with
lenses of clay. Bone fragments, shark teeth, lignitized wood and carbonized impressons
of plants are common in these sediments. Pliocene sediments overlie the Late Cretaceous
beds (Carter et d, 1988). The Late Cretaceous beds have been assigned to the Tar Hed
Formation (Vince Schneider, personal communication, 1997). Four samples that were
earlier collected by Schneider were processed for paynological studies. Of these, two

samples were from laminated dark clayey sand and other two were from micaceous blue-

gray clayey sand.

2.3 Materials and Techniquesfor their collection

A. Pre L aboratory Technigues

Sampling — For Ivanhoe, Lock and Willis Creek locdlities, sampling was done in vertica
profiles following measurement of the outcrop. For Goldsboro and Tar River, latera
sampling was conducted. The dratigraphic section a each level was trenched to expose
fresh rock. Sampling interval was dependent on the characterigtics of the outcrops.
Outcropswith distinct beds

For outcrops with distinct beds in Willis Creek and lvanhoe respectively, each didtinctive
rock layer (bed) was measured and sampled &t least once. Multiple samples were taken a

severd levels where the thickness of the unit (bed) made such a sampling possible.
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Outcrops without digtinct beds

Outcrops showing an absence of digtinctive beds or rock layers in Goldsboro and Lock
localities respectively were sampled as closdly as possble in verticd profiles. Laterd
sampling was done in Tar River locdity as the outcrop was less than 2 feet in thickness.
Collection and storage of samples — About 200-300 grams per sample of clagtic
(discrete particles like shde, slt, clay) sediments were collected. Heavy plagtic freezer
bags were used for doring samples to minimize contamination. Sediment samples with
high moisture content (common in rocks from the Atlantic Coastd Plain) were ar dried

and then stored since moisture accelerates funga growth (Upchurch, 1989).

B. Laboratory Techniques— Macer ation and Slide Prepar ation

Modified Maceration Technique — Samples were processed in the laboratory using
modified maceration techniques (Figure 2j). Standard techniques published in literature
and patented by United States Geologica Survey in Reston, Virginia, were used but later
modified in the Pdynologicd Laboratory a North Carolina State Universty. The
modified maceration technique yidded more and identifiddle grans with minimum
processng. The standard techniques for maceration of clastic rocks (Traverse, 1988)
were tested to see whether any disparity exists in the number of paynomorphs or not.
Although spores and pollen were of good qudity, the standard technique yielded a lower
number of palynomophs. Representative samples from each locdity were processed for
four trestments and it was observed that treatments with potassum hydroxide and nitric
acids yielded a lower number of grains compared to he cold trestment where both nitric

acids and potassum hydroxide steps were completely diminated (Table 2.2). For each
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sample, 25-50g was weighed and pulverized with a mortar and pedtle to pea-sized
fragments. For muddy or unconsolidated sediment, a girring rod was used to divide the
sediment into smaler pieces. The sample was then placed into 400 ml Tripour besker and
covered with 20 % agueous HCl overnight for fixation. Once the reaction was completed,
the resdue was neutrdized with repeated water washes. Following this, the sample was
covered with 49 % HF and left overnight. After neutrdization with water washes, the
resdue was mixed with dilute detergent to suspend clay-Sze paticles and then
centrifuged dowly for one minute. Sow centrifugation in detergent was repeated until
most of the clays were removed as supernatant. The clay supernatant was seved through
fabric mesh (8mm) with Seve plate and aspirator to remove clay and isolate organics that
may have been poured off. After a water wash to remove the detergent, the resdue was
mixed with ZnCh (specific gravity = 2) and centrifuged to separate organics from minerd
matter. Organic material was recovered by pipette, rinsed with 2 % HCl twice and
neutrdized with didilled water before oxidation with concentrated HNOs (nitric acid).
The residue was treated with 50 % KOH for 25 minutes to remove humic acid and then
neutralized with weater. However, it has been found that the trestments with nitric acid
and potassum hydroxide are potentidly damaging to spores and pollen and unnecessary
for mogt of the work with clastics, especidly the samples from the Tar Hed Formation
(Mitra and Mickle, 1999). The modified paynologicd preparation method was used to
process dl 103 samples in order to minimize processng time while obtaining abundant,
identifiable paynomorphs from each sample This deviaion from the conventiond
technique is wdl suited for processng clagic sediments and is both cost and time

effective
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Staining and dide making --- Following digtilled water washes for both treated (HNOs
and KOH, HNO3 only, KOH only) and untreated residues, the resdues were treated with
few drops of Safranin O for a minute. After staining, resdues were washed with 25 %
ethanol two to three times to remove excess stain. Resdues were then mixed with
glycerin jely and mounted on microscope dides with coverdips. Slides were kept upside
down on toothpicks on a warming table a 40 ° C for 23 days for drying the mounting
medium. Coverdips were ringed with cdear nal polish for a tight sed. For eech
productive sample, ten to twelve dides were prepared. Unmounted residues were stored
in smdl glass vids with plagic pudtin or screw-tops to which glycerol and a couple of
drops of phenol were added for preservation and to prevent fungd growth respectively
(Batten, persond communicetion, 1994). Cross contamination of the samples was
avoided by use of digpossble pipettes, and the careful cleaning and bleaching of 4l
reusable plastic and glassware.

C. Data

Palynomorphs - Sides from each sample were scanned to edtablish the species of
paynomorphs regardless of rdative abundance. Paynomorphs were photographed using
Kodak Plus-X pan ASA 125 black and white film and a Nikon photomicroscope a 40X
and 100X respectivdly. Length and width measurements for identifiable paynomorph
gpecies recognized from the Tar Hed Formation were recorded to the nearest tenth of a
micrometer (mm) using an ocular micrometer.

Following completion of the taxonomic portion (identification of paynomorphs)

of the study, the rdative frequency of palynomorph types was determined. An average of
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two hundred paynomorphs per sample was counted using a 40X objective lens of a
Nikon BT-H compound microscope following standard practice (Traverse, 1988;
Willard, 1998; Bagha, 1996). Some samples had fewer than 200 paynomorphs. For
those samples, dl paynomorphs were counted. Poorly preserved or non-productive
samples were not used for paynomorph counts. Percentages for generd categories of
paynomorphs  (dinoflagdlates/acritarchs,  fresh  water dgae, fungi, ferngmosses,
gymnosperms and angiosperms) were caculated. Bar graphs illustrated the reative
abundance data for each locdlity.

Clugter anadlyses in the Q and R modes were conducted following data entry in Microsoft
Exce 2000 spreadsheet. Q-mode clustering techniques compared samples as to thelr
gpecies content resulting in the grouping of samples with smilar species content. Rmode
clustering techniques were used to group paynomorphs based on their occurrence and
abundance in the Tar Hed Formation samples. Minimum vaiance clustering method
with log (2) transformation was used for both Q-mode and R-mode andyses. Clustering
techniques were caried out with Multivariate Statistical Package (MVSP for windows)
version 3.0 (Kovach, 1998).

D. Preservation, documentation and sharing of data

Samples of rocks, dides and resdues are deposted in the Pdeobotanicd and

Paynologicd Callections of the North Carolina State University.

2.4 | dentification of Taxa

Paynomorph identifications were done by comparison with published descriptions and

illugrations from and consultations with other professona paynologists. Dr. Lucy
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Edwards of United States Geologicad Survey, Reston, Virginia, was consulted for
identification of freshwater dgae and dinoflagellates. loannides's (1986) publication on
“Dinoflagdlate cysts from Upper Cretaceous-Lower Tertiary Sections, Bylot and Devon
Idands, Arctic Archipdago” was helpful in providing detalled descriptions on Upper
Cretaceous dinoflagdlate taxa ElSk’s (1993) short course “The Morphology, Taxonomy,
Classfication and Geologic Occurrence of Fungd Pdynomorphs’ was used for
identification of fungd paynomorphs and for information on ther geologic range and
geographic occurrences. Dr. William Elsk of Mycostrat Connection, Houston, Texas
reconfirmed identifications of fungd paynomorphs. Brenner's (1963) “The spores and
pollen of the Potomac Group of Maryland” published by Maryland Depatment of
Geology, Mines and Water Resources was a vauable tool for identifying many trilete
goores, and gymnosperm and angiosperm  pollen from the Tar Hed Formation.
Professond pdynologists, Dr. Raymond Christopher of Clemson Universty, South
Cadlina, Dr. Michad Fadbee of Edrdla Mountan Community College in Avondde,
Arizona, Dr. Norm Frederikson of United States Geological Survey, Reston, Virginia, Dr.
Michael Zavada of Providence College, Providence, Rhode Idand and Dr, Robert Ravn
of Aeon Biodratigraphic Services, Anchorage, Alaska, provided expetise on the
identification of various pteridophyte spores, gymnosperm and angiosperm pollen. Batten
and Christopher's “Key to the recognition of Normapolles and some morphologicaly
gmilar pollen generd’ was ussful in identifying species of Normapolles pollen from the
Tar Hed Formation. Various volumes of the serid “Cataog of fossl spores and pollen”

were useful for taxonomy and dratigrgphic range of various groups of paynomorphs.
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The Taxon database (v.3.2, copyright R. L. Ravn, 1998) was a source of information on

the taxonomy as well as stratigraphic and geographic occurrences of fossil paynomorphs.
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SYSTEMATIC PALEOPALYNOLOGY

Pdynomorphs recovered from Tar Hed samples have been described systematicdly
according to ther inferred affinity with mgor taxonomic groups of plants. Paynofloras
have been arranged into the following groups:

1. Fresh water dgee

2. Dindflagdllates

3. Funga spores, hyphae and fruiting bodies

4. Bryophyte spores and pteridophyte spores

5. Gymnosperm pollen

6. Angiosperm pollen

Genera and species documented from previoudy published accounts have been used in
the identification of the paynomorphs encountered in this study. The systematic
arangement of the families, orders, classes and divisons has been done from a
compilation of various authorities as discussed in section 24. Species of pollen and
spores have been listed under each of thelr respective genera Naming of new species has
been refrained from this dissertation and has been designated as . following the generic
name in most cases. The classfications for each taxonomic group follow Lee (1989) for
dogd forms Lentin and Williams (1989) and Fensome et ad (1989) for dinoflagellates,
Elsk (1993) for fungi and Taylor (1981) for Bryophytes, Pteridophytes, Gymnosperms
and Angiosperms.

Genera and species described under each taxonomic category are arranged alphabetically.

The paynomorphs of unknown affinity have been treated asincertae sedis.
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3.1 Didribution of Palynomorphs

A totd of 80 species, assignable to 66 form-genera, were recovered from sratigraphic
sections of Tar Hed Formation of the Atlantic Coastd Plain. Dinoflagellates and fresh
water dgee are represented by 7 forms, fungi are represented by 9 genera of spores,
hyphae and fruiting bodies, pteridophytes and bryophytes include 15 genera of trilete and
monolete dispersed spores, gymnosperms are represented by 11 genera of inaperturate,
saccate, bisaccate and nonsaccate pollen grans and angiosperms include 24 genera. Of
these 24 genera, 22 are dicots that include tricolpates, triporates, tricolporates and two
generaincluded monocol pate pollen of monocots.

3.2 Classification of palynomor phs

A. Fresh water algae

Divison Chlorophyta
Class Chlorophyceae
Order Chlorococcales
Family Botryococcaceae
Genus Botryococcus

Botryococcus braunii

Order Zygnematales
Family Zygnematacese
Genus Ovoidites
Ovoidites sp.

Genus Tetrgporina
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Tetragporina sp.

Divison Chlorophyta (incertae sedis)

Genus Schizogporis
Schizosporis parvus
B. Dinoflagellates
Divison Dinoflagelata
Class Dinophyceae
Order Peridiniales

Family Peridiniacese
Genus Cerodinium

Cerodinium pannuceum

Genus |ssbdidinium
|sabdidinium sp.
Genus Pierceites

Pierceites pentagonus

C. Fungi
Divison Fungi
Class Deuteromycetes (Fungi Imperfectae)
Order Sphaeropsidaceae

Subfamily Amerosporae
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Genus | napertigporites
| napertisporites sp.
Subfamily Didymosporae
Genus Dicdllites
Dicdlites sp.

Genus Didymopori sporonites

Didymoporisporonites sp.

Subfamily Phragmosporae

Genus Fractisporonites

Fractisporonites sp.

Genus Multicdlaesporites

Multicell aesporites sp.

Genus Tetracdllites
Tetracellites sp.
Subfamily Scolecosporae

Genus Scolecosporites

Scol ecosporites sp.

Subfamily: unknown (hyphee)
Genus Pdaeancistrus
Palagancisirus sp.
Subfamily: unknown (flattened fruting bodies)

Genus Phragmothyrites

Phragmothyrites sp.
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D. Bryophyte and Pteridophyte spores
Divison Bryophyta

Class Musci

Order Sphagnaes
Family Incertae

Genus Sterei sosporites

Stereisoporites sp.

Divison Lycophyta
Order Lycopodiaes
Family Lycopodiacese

Genus Camarozonosporites

Camarozonosporites sp.

Genus Ceratosporites

Ceratosporites sp.

Genus Hamulatisporites

Hamulatigporites sp.

Order Sdagindldes
Family Sdagindlaceae
Genus Cingutriletes

Cinguiriletes sp.
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Genus Echinatisporis

Echinatigporis levidends

Divison Pteridophyta
Subclass L eptosporangiatae
Order Filicales
Family Cyatheaceae
Genus Cyathidites
Cyathidites sp.
Family Dipteridaceae

Genus Dictyophyllidites

Dictyophyllidites sp.

Family Gleicheniacese
Genus Ddltoidospora
Deltoidospora sp.
Family Matoniacese

Genus Matonisporites

M atonisporites equiexinus

M atonisporites sp.
Family Polypodiacese

Genus Laevigatosporites

L aevigatosporites ovatus

L aevigatogporites sp.

Genus Leiatriletes

29



L elotriletes pseudomesozoicus

Leotriletes sp.
Family Schizeeacese

Genus Cicatricod sporites

Cicatricos sporites dorogenss

Cicatricos sporites sp.

Pteridophyta incertae sedis

Genus Undulatisporites

Undulatigporites sp.

E. Gymnosper m pollen

Divison Cycadophyta
Order Cycadales

Family Cycadacese

Genus Cycadopites
Cycadopites carpentieri
Divison Coniferophyta
Order Coniferales

Family Araucariacese
Genus Araucariacites

Araucariacites audrdis

Araucariacites sp.
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Family Cherolepidiacese

Genus Classopallis

Clasopallis classoides

Genus | naperturopallenites

| naperturopollenites sp.

Family Pinaceae
Genus Pinugpallenites
Pinuspollenites sp.
Family Podocarpaceae
Genus Podocarpites

Podocarpites radiatus

Genus Parvisaccites

Parvisaccites radiatus

Genus Piceagpollenites

Piceaepollenies sp.
Family Taxodiacese

Genus Taxodi aceaepollenites

Taxodiaceagpollenites hiaus

E. Angiosperms

Divison Magnadliophyta
Class Magnoliopsda

Subclass Hamamelidae
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Order Fagales
Family Fagacese

Genus Cupuliferoipollenites

Cupuliferoipollenites sp.

Order Juglandaes
Family Juglandacese
Genus Momipites
Momipites spackmanianus
Genus Hicatopallis

Hicatopallis sp.

Subclass Hamamedlidae incertae sedis

Genus Complexiopadllis

Complexiopallis abditus

Complexiopallis exigua

Complexiopallis funiculus

Complexiopallis sp.

Genus Cyrillaceagpollenites

Cyrillaceaepollenites barghoornianus

Genus Labrapallis
Labrapallis sp.

Genus Oculopallis
Oculopallis sp.

Genus Hicapallis
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Plicapallis retusus

Hlicapallis sp.

Genus Psaudoplicapollis

Pseudoplicapollis newmanii

Pseudoplicapollis longiannulata

Pseudoplicapallis sp.

Genus Tetrgpallis

Terapallis vdidus

Genus Tricolpites crassus

Tricolpites sp.

Genus Tricolpopollenites

Tricolpopallenites williamsoniana

Tricolpopollenites sp.

Genus Trudopallis
Trudopallis vaiaailis

Subclass Rosidae
Order Cornaes

Family Nyssacese

Genus Nyssapollenites
Nyssapallenites sp.
Order Proteales

Family Proteacese

Genus Proteacidites
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Proteacidites retusus

Dicotyledonae — Incertae sedis
Genus Reitricolpites
Retitricolpites sp.

Genus Tricolporopollenites

Tricolporopollenites bradonends

Tricolporopollenites sp.

ClassLiliopsda
Subclass Arecidae
Order Arecales
Family Pamae (Arecacese)
Genus Arecipites
Arecipites sp.
Subclass Liliidee
Order Lilides
Family Liliacese
Genus Liliacidites

Liliacidites variegatus




3.3 Descriptions of Palynomor phs

Freshwater algae

Botryococcus Kiitzing 1849

Type species: Botryococcus braunii Kiitzing 1849

Description:  Traverse (1955, p. 276); Batten and Grenfell (1996, p. 208, pl. 2, figs. 4, 5
7,8,9).
Suggested  affinity: Chlorophyta; Chlorococcaes, Botryococcacese (Batten and Grenfell,
1996).

Botryococcus braunii Kiitzing 1849

Platel, Figure4
Description:  Traverse (1955, p. 276); Batten and Grenfell (1996, p. 208, pl. 2, figs. 4, 5
7,8,9).
Measurements. 50-80 mm in diameter; five specimens measured.
Stratigraphic interval: Found in 14 samples in Goldsboro, 17 samples in Tar River, 10
samplesin Willis Creek, 1in Lock and 2 in Ivanhoe locdities.
Previoudy reported occurrences. Carboniferous-Recent. Fossl forms of Botryococcus
braunii have been reported from the Upper Carboniferous of Yorkshire (Marshal and
Smith, 1964); basd Cretaceous of southern England (Harris, 1938); Tertiary sediments of
Pdana, Rgasthan, India (Sah and Kar, 1974); Cenozoic deposts of Audtraia (Cookson,

1953); Oligocene of Vermont (Traverse, 1955); Miocene of Oregon (Gray, 1960).

Ovoidites Potonié 1951
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Type species. Ovoidites lignedus (Potonié) Potonié 1951, p. 151, pl. 21, fig. 185).

Description: Potonié (1951, p. 151, pl. 21, fig. 185).
Suggested botanicd  affinity: zygospore or aplanospore of zygnemataceous dgee (van
Ged and van der Hammen, 1978).

Ovaidites sp.

Patel, Figure 1
Measurements: 45 to 60 nm in length; 19 to 30 mm in width; eight pecimens measured.
Stratigraphic interval: Present in 16, 15, 4, 13, samples of Goldsboro, Tar River, Willis
Creek and lvanhoe locdities respectively. Not reported from Lock and Elizabethtown.
Previoudy reported occurrences. Cretaceous-Miocene. Species of Ovoidites have been
reported from various regions worldwide. Some of the reported occurrences are
Cenomanian of southern France (Thiergart, 1954), Campanian of Wyoming (Meyers,
1977); Maeadrichtian of North Dakota (Bergad, 1974); Maadtrictian of Wyoming
(Farabee and Canright, 1986); Paeocene of South Dakota (Stanley, 1965); Oligocene of
Poland (Grabowska and Piwocki, 1975); Pliocene and Pleistocene of China (Song, 1988);
Upper Maadtrictian of South Korea (Yi, 1997); Upper Miocene of Hungary (Nagy, 1969);

Upper Miocene of Turkey (Nakoman, 1968).

Schizogporis Cookson and Dettmann, 1959

Type species. Schizosporis reticulaius (Cookson and Dettmann, 1959) p 213, pl.1, figs 1

4.

Description: Cookson and Dettmann, p. 213.
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Suggested botanicd  affinity: Schizogporis has been suggested to have dfinities with the
fresh water aga, Spirogyra (Zygnemataceae) (van Ged, 1979). Cookson and Dettmann
(1959) classfied Schizosporis as Pteridophyta incertae sedis and aso as ingperturate
angiosperm and gymnaosperm pollen.

Schizosporis parvus Cookson and Dettmann, 1959

Patel, Figure 3
Description: Cookson and Dettmann (1959, p.216, pl. 1, figs. 15-19).
Messurements: Length 50 to 88mm; width 20 to 32 mm; 10 specimens measured.
Stratigrephic  intervd: Occurs in 58 paynomorph samples throughout the Tar Hed
Formation. Occurs in 17 samples of each of Goldsboro and Tar River locdities, 8
samples of Willis Creek, 13 samples of Ivanhoe and 3 samples of Lock locdlities. Not
reported from Elizabethtown locdity.
Previoudy reported occurrences. Barremian-Paeocene. In the United States, this species
has been reported from Cenomanian of Arizona (Romans, 1975); Upper Cretaceous of
Wyoming (Griggs, 1970); Lower and Upper Almond Formation, Campanian of
Wyoming (Stone, 1973); Pdeocene sediments of Alabama (Srivastava, 1972), Texas
(Elsk, 1968), Montana (Norton and Hal, 1969), South Dakota (Stanley, 1965); Eocene
sediments of Tennessee (Elsk and Dilcher, 1974). Worldwide: reported from Lower
Cretaceous in Germany (Dorhdfer, 1977); Albian and Cenomanian (Cookson and

Dettman, 1959); Albian to Cenomanian sediments (Cookson and Dettman, 1959).

Tetraporina Naumova 1939 ex Bolkhovitina 1953

Type species Tetraporina antigua Naumova 1950

37



Description: Naumova (1950; p. 106-107, pl. 1, figs 1, 2).
Suggested botanicd  affinity: zygospores of Zygnemataceee (van Ged and Grenfdll,
1996).

Tetraporina sp.

Patel , Figure 2
Measurements: 40 to 65 nm in length; 39-60 mm in width; three specimens measured.
Stratigraphic interval: Reported from 18, 19, 4, 4 samples of Goldsboro, Tar River, Willis
Creek and Ivanhoe localities respectively. Not reported from Elizabethtown and Lock
locdities.
Previoudy reported occurrences. Carboniferous-Recent. Upper Devonian of the Russan
Patform (Naumova, 1953); Lower Carboniferous of SW China (Gao, 1980); Lower
Permian of Western Audrdia (Foster and Waterhouse, 1988); Lower Permian of Brazil
(Ybert, 1975); Tetiary of Raasthan, India (Sah and Kar, 1974); Cretaceous of the central

part of USSR (Bolkhovitina, 1953).

Dinoflagellates

Cerodinium V ozzhennikova 1963

Type species. Cerodinium shiricum V ozzhennikova 1963.

Description: Vozzhennikova (1963, p. 181, figs. 9-10).

Cerodinium pannuceum (Stanley) Lentin and Williams 1987

Pael, Figure5
Description:  Stanley (1965, p.220, pl. 22, figs 1-4, 810); Lentin and Williams (1987,

p.115)
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Measurements. Length — 70-120mm, width — 45-90mm. Six pecimens measured.

Stratigraphic intervd: Present in 8 samples from the lower sections of Ivanhoe locdlity.
This species is dso found in 7 and 16 samples of Goldsboro and Willis Creek locdities
respectively.

Previoudy reported occurrencess  CampaniantPdeocene. Some of the reported
occurrences aree USA — Lower CampanianLower Maadrichtian of NE Texas (Heine,
1991); Campanian of South Dakota (Lentin and Williams, 1980); Lower-Upper
Maedtrichtian of Atlantic Coastal Plain, U.S. (Aurisano, 1989); Upper Campanian-lower
Maadtrichtian of eastern United States (Habib and Miller, 1989). Worldwide- Pliocene-
Pleistocene of Mexico (Wrenn and Kokinos, 1986); Paleocene of Manitoba, Canada
(Kurita and Mc Intyre, 1995); Upper Paeocene-basd Eocene, NW Germany (Kothe,
1990); MaadtrichtiantDanian of NW Tunisa (Brinkhuis and Zachariasse, 1988); Lower

Pdeocene of Isradl (Eshet et a, 1992)

Isabdidinium Lentin and Williams 1977

Type species Isbdidinium korojonense (Cookson and Eisenack) Lentin and Williams

1977.
Destription:  Lentin and Williams (1997, p. 167); Cookson and Eisenack (1958, pgs 27-
28, plate 4, figs 10, 14).

|ssbdlidinium sp.

Pael. Figure 6

Measurements. Total length 55-95nm long, 35-75mm wide. Six specimens measured.
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Stratigraphic intervad: Found in 9 samples of each of Goldsboro and Tar River locdities,
15, 2, 5 and 3 samples of Willis Creek, Lock, Elizabethtown and lvanhoe locdities
respectively.

Previoudy reported occurrences. Species assigned to Isabdidinium have been reported
from Campanian sediments of Audrdia (Marshadl, 1990), Middle Campanian —Lower
Maadtrichtian of Canada (Cookson and Eisenach, 1958) and Austrdia (Helby, Morgan
and Partridge, 1987) and Maadtrichtian sediments of southeast Canada (Bujak and

Williams, 1978).

Pierceites Habib and Drugg 1987

Type species. Piercetes schizocygtis Habib and Drugg 1987.

Description:  Habib and Drugg (1987, p. 761-762; pl.6, fig. 1); Fensome et a (1995;
fig.1, pg. 1769).

Pierceites pentagonus May 1980

Patel, Figure7
Description: May (1980, p.87-88, pl.10, figs 13-14); Habib and Drugg (1987; p.762).
Measurements. 50-68 mm in diameter; Eight specimens measured.
Stratigraphic interval: Present in 7, 17 and 9 samples of Goldsboro, Willis Cresk and
Ivanhoe locdities respectively. Not reported from Lock, Elizabethtown and Tar River
samples.
Comments. Antapicd horns are unequdly developed and this species was origindly

placed under Trithyrodinium.

40



Previoudy reported occurrences. CampaniantPaeocene. Some of the reported
occurrences of this species are:

U.S—Maadtrichtian sediments of Georgia (Firth, 1987), offshore eastern United States
(Habib and Drugg, 1987), New Jersey (May, 1980) and Maryland (Whitney, 1984);
Worldwide —Upper Campanian sediments of Indian Ocean (Mao and Mohr, 1992); Upper
Maadtrichtian of eastern France (Gorin and Montell, 1990); Santonian and Campanian
sediments of Arctic Canada (lonnides, 1986); Paeocene of Morocco (Soncini and

Rauscher, 1988).

Fungi
Dicellites Elsik 1993,

Type species: Dicdlitesinfrascabratus Elsk (1993).

Description: Elsik (1993, p. 50).

Suggested affinity: Saccardo Spore Group. Didymosporae (two cells).

Dicdlites sp.

Platell, Figure 1
Messurements: 16-35nm in length; 10-20mm wide. 5 specimens measured.
Stratigraphic intervd: Present in many samples of dl the locdities of Ta Hed
Formation.
Previoudy reported occurrences. TuroniantRecent. Some of the sediments from where
this particular type of spore is reported are: Turonian of northeast Ustyurt and the Ard

area (Petrosants, 1976); Padeocene of Rockdae Lignite, Milam County, Texas (Elsk,
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1968); Eocene sediments of Palana, Rgasthan, India (Ssh and Kar, 1974); Eocene of
Tennessee (Sheffy and Dilcher, 1971); Miocene of Klodnica near Gliwice (Macko,

1957); Pliocene of East African lake sediments (Wolf and Cavaliere, 1966).

Didymoporisporonites Sheffy and Dilcher (1971) emend. Elsk (1993)

Type species. Didymoporisporonites Sheffy and Dilcher (1971) emend. Elsik (1993).

Description:  Sheffy and Dilcher (1971, p.42) and Elsk (1993, p.52).
Suggested affinity: Saccardo Spore Group. Didymosporae (dicellate/two cells).

Didymoporisporonites sp.

Patell, Figure 5

Measurements. Two celled specimen. The largest cell measures 15-32mm long; 10-16nm
wide and the smdles cdl messures 3-7nm in length and 1-2 nm in diameter, 5
specimens measured.

Stratigraphic intervd: Present in samples the upper dratigraphic sections of  Ivanhoe,
Lock and Willis Creek locdlities. It occurs dso in 18 and 13 samples of Goldsboro and
Tar River locdlities respectively. Not reported from Elizabethtown locdlity.

Previoudy reported occurrences. Late Cretaceous-Recent. Reported by Bagha from the
Aguja Formation of Texas (1996). Since this specimen is aso reported from the Tar Hed
Formation, the fossl history could go back to the Late Cretaceous. Sheffy and Dilcher

(1971) reported this form genus from the middle Eocene sediments of Tennessee.

Fractisporonites Clarke 1965 emend. Elsik (1993)

Type species Fractisporonites candis Clarke 1965 emend. Elsik (1993).
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Description: Clarke (1965, p. 91, pl. 1, fig. 6); Elsk (1993, p. 82).
Suggested affinity: Saccardo Spore Group. Phragmosporae, Scolecosporae.

Fractisporonites sp.

Platell, Figure 3
Measurements: 35-50mm long; 16-18mm wide. Six specimens measured.
Stratigrephic interva: Present in many samples of Goldsboro, Tar River, Willis Creek,
Lock and Ivanhoe locdities. Not recovered from any of the samples of Elizabethtown
locdity. This has been reported from a total of 18 samples of the above mentioned
locdities.
Previoudy reported occurrences. Turonian-Recent. Reported from the Upper Cretaceous

of Colorado (Clarke, 1965).

| napertisporites van der Hammen emend. Sheffy and Dilcher (1971) Elsk (1993)

Type species. |napertigporites varidalis van der Hammen 1954 emend. Elsik (1993).

Description: van der Hammen (1954), Rouse (1959) and Elsik (1993).

Suggested affinity: Saccardo Spore Group. Amerosporae.

| napertisporites sp.

Patell, Figure 8
Measurements: 12-18 mm in diameter; 10 specimens measured.
Stratigraphic interva: Occursin most samples of dl the locdities of Tar Hed Formation.
Previoudy reported occurrences. Early Cretaceous-Recent. USA — Rockdde Lignite

(Paleocene) of Texas (Elsk, 1968); Lawrence clay pit in Tennessee (Eocene) (Elsk and
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Dilcher, 1974). Worldwide—Maedtrichtian sediments of Columbia, South America (van
der Hammen, 1954); Middle Eocene of Burrard Formation, Vancouver, Canada (Rouse,
1962).

Comments. Spores reported from Tar Hed Formation are circular to ova in outline and

appear as clusters or sometimes as isolated spheres. Spore walls are folded.

Multicdlaesporites Elsk 1968

Type Species. Multicellaesporites nortonii Elsik 1968 emend. Elsik (1993).

Description: Elsk (1968, p. 269; 1993, p.77).

Suggested affinity: Saccardo Spore Group. Didymosporae, Phragmosporae.

Multicellaesporites sp.

Patell, Figure 2
Measurements. 36-45nm long; 10-12mm wide, wdl is 0.5-1.0 mm thick; ten specimens
measured.
Stratigraphic interva: Present in many samples throughout the Tar Hed Formation. The

percentage of Multicdlaesporites . increases in dratigrgphicaly younger sections a

both Ivanhoe and Willis Creek locdities. This trend is not obsarved at other locdities of
the Tar Hed Formation.

Previoudy reported occurrences. Late Paeocene-Recent. Species of Multicelaesporites

were reported from Paeocene of South East Texas, Middle Eocene of Tennessee (Sheffy

and Dilcher, 1971); Lower Tertiary sediments of E. China (Ke and Shi, 1978)



Comments. Spores from the Tar Hed Formation have 5 to 6 cells with smooth to scabrate

outer surface. Thewal isthick and one-layered.

Paacancigtrus Dennis 1970

Type Species. Pdaeancigrus matinii Dennis 1970

Description: Dennis (1970); Elsik (1993, p. 85).
Suggested  affinity: Fossl fungd hyphee bearing damp connections belonging to
Basdiomycetes.

Paagancigtrus sp.

Patell, Figure 7
Measurements. 25-38mm long; 2-3 nm wide; Sx gpecimens measured.
Stratigraphic interva: Occurs in 16, 12 samples of Goldsboro and Tar River locdities and
adso in dratigrephicaly older sections of Willis Cresk and lvanhoe locdities. Not found
in samples of Lock and Elizabethtown locdlities.
Previoudy reported occurrences. Middle PennsylvanianRecent. Comminuted hyphae
assgned to the group Basidiomycetes have been reported from the British Pennsylvanian
rocks (Dennis, 1970).
Comments. Species beonging to Pdaeancidrus have camp cdls. But it is sometimes
confused with Pdaeofibulus, which was described by Osborn et d (1989) from acetate
peds of Triassc of Antarctica It is questionable whether the latter genus has true clamp

cdlsor not (Elsk, 1993).

Phragmothyrites Edwards 1922 emend. Elsk (in prep.)
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Type species. Phragmothyrites eocaenicus Edwards 1922 emend. Elsik (in prep.).

Description: Edwards (1922; p.67-71, pl. 8, figs 1-5); Elsik (1993, p. 93).
Suggested affinity: Fungd fruting body with radiate symmetry (Elsik, 1993).

Phragmothyrites sp.

Patell, Figure 6
Measurements. The fruting body measures 50-90mm in  diameter; four Specimens
measured.
Stretigraphic interval: Present in dl the locdities (except Elizabethtown) but in low
frequency.
Previoudy reported occurrences. Lower Cretaceous-Recent. Species assigned to

Phragmothyrites have been reported from the Lower Cretaceous of Andaman Idands

(Singh, 1971); Cretaceous-Tetiary Formations of South India (Banerjee and Misra,
1968); Eocene of Mull, Scotland (Edwards, 1922); Eocene of Garo Hills, Assam (Kar,
Singh and Sah, 1972); Oligocene of the Gulf Coast (Scull, Fdix, McCdeb and Shaw,
1966); Miocene of Ninetyeast Ridge, Indian Ocean (kemp, 1974); Pliocene of Rumania

(Givulescu, 1975); Plestocene of Imizu Plain, central Japan (Fuji, 1964).

Scolecosporites Lange and Smith 1971 emend. Elsik (in prep)

Type species. Scolecosporites medinensis Lange and Smith 1971 emend. Elsk (in prep).

Description: Lange and Smith (1971); Elsk (1993, p. 79).
Suggested affinity: Saccardo Spore Group. Scolecosporae.

Scolecosporites sp.

Platell, Figure 9
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Measurements. Length — 30-55nm; Width — 3-4 mm. Five specimens measured.

Stratigraphic interva: Found in 15, 10, 21, 21 samples of Goldsboro, Tar River, Willis
Creek and Ivanhoe localities respectively. Not reported from Lock and Elizabethtown.
Previoudy reported occurrences. Turonian-Recent. Middle Eocene of Audrdia (Lange
and Smith, 1971); Middle Eocene of Tennessee (Elsk and Dilcher, 1974; Sheffy and
Dilcher, 1971).

Comments. The width and length ratio of Scolecosporitesis 1:15 or greeter.

Tetracdllites Elsik (1993)

Type species Teracdlites fdixii Elsk (1993)

Description: Elsk (1993, p. 62).
Suggested affinity: Saccardo Spore Group, Phragmosporae.

Tetracdlites sp.

Paell, Figure 4
Measurements. Length 30-45mm, width 15-20mm; three specimens measured.
Stratigraphic interva: Present in dl the samples throughout the Tar Hedl Formation.
Previoudy reported occurrences. CampanianOligocene. Reported from the Aguja
Formation (Campanian) of Texas (Baghai, 1996); Eocene of western Tennessee (Dilcher,
1965; Sheffy and Dilcher, 1971); Oligocene of Montana (Wilson and Webster, 1949).
Comments. The spores are tetracdlate, inaperturate, psilate with a uniform wall thickness
and fudform in outline Teracdlites were reported from rocks not older than Late

Paeocene (Elsk, 1993), but their dratigraphic range goes back to the Campanian with

47



reports of this form genus from Aguja Formaion (Bagahi, 1996) and Tar Hed

Formation.

Bryophyte and Pteridophyte spor es

Aequitriradites Del court and Sprumont 1955

Type species: Aequitriradites dubius Delcourt and Sprumont 1955

Description: Delcourt and Sprumont (1955, p. 80).

Suggested affinity:

Aequitriradites ornatus Upshaw 1963

Patelll, Figure5
Description: Upshaw (1963, p. 428, pl. 1, figs 1-6, 9-4; text figure 1).
Measurements. 32-55mm in diameter; 6 specimens measured.
Stratigraphic interval: Present in dl samples of Goldsboro, 13 and 12 samples of Tar
River and Willis Creek locdities respectively. Not reported from Elizabethtown, Ivanhoe
and Lock locdities.
Previoudy reported occurrences. Lower-Upper Cretaceous. USA — Upper Albian of
South Oklahoma (Wingate, 1980); Cenomanian of Wyoming (Griggs, 1970);
Cenomanian-Coniacian of Wyoming (Upshaw, 1963); Lower Campanian of New Mexico
(Jameossanaie, 1987). Worldwide — Lower Cretaceous of N. China (Miao et d, 1984);
Upper Turonian of N. Alberta (Sweet and Mc Intyre, 1988); Cenomanian of NW Alberta
(Singh, 1983); Mid-Cenomanian of W. Greenland (Koppdhus and Pedersen, 1993);

Maeastrichtian of Alberta (Srivastava, 1972).
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Camarozonosporites Pant, 1954 ex Potonié, 1956; emend. Klaus, 1960

Type species Camarozonosporites (Rotaspora) cretaceous (Weyland and  Kriegar)

Potonié 1956.
Description:  Pant (1954 p.51, nomen nudum; genus described but not species); Potonié
(1956, p.65); Klaus (1960, p.135-136).

Suggested botanica affinity: Lycopodiaceae (Farabee and Canright, 1986).

Camarozonosporites sp.

Platelll, Figure7
Measurements. Equatorial diameter 25-50mm; exine 2 to 3 mm thick; lumina of reticulum
1-2 mm; five gpecimens messured.
Stratigraphic interval: Found in the upper dratigraphic sections of lvanhoe, Lock and
Willis Creek locdities; occurs adso in 11 and 18 samples of Goldshor and Tar River
localities respectively. Not reported from Elizabethtown.

Previoudy reported occurrences. Species of Camarozonosporites are known to occur

throughout the Mesozoic and early Tertiary in the Northern Hemisphere.

Ceratogporites Cookson and Dettman 1958

Type species. Ceratosporites equais Cookson and Dettmann 1958

Description: Cookson and Dettmann (1958, p.101-102, pl.14, figs 17-20).
Suggested botanicd affinity: Sdlaginalacese

Ceratosporites sp.
Platelll, Figure 8
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Measurements Equatorid diameter 16-30mm, spines are 3-5nm in length.  Five
specimens measured.

Stratigraphic interval: 19 samples from Goldsboro and 20 samples from Ta River
locdities yidded this gran. This was dso found in dratigraphicdly younger sections of
Willis Creek locdlity.

Previoudy reported occurrences.  Triassc-Maadtrichtian. Spores  assigned to
Ceratogporites have been reported from Triassc to Early Jurassic of New Zedand (Raine,
1990); Neocomian-Albian of Queendand, Audrdia (Cookson and Dettmann, 1958);
Maadrichtian of Canada (Srivastava, 1966, 1972); Jurassic of South Dakota and
Wyoming (Griffith, 1972); Campanian of Utah (Lohrengd, 1969); Lance Formation,
Maadrichtian (Farabee and Canright, 1986); Maadrichtian-Danian of Escarpado Canyon

(Drugg, 1967).

Ci catricosisporites Potonié and Gdlletich 1933

Type species. Cicatricos sporites dorogend's Potonié and Gelletich 1933

Description: Potonié and Gelletich (1933, p522); Dettmann (1963).
Suggested botanicd affinity: Schizaeaceae (Singh, 1964; Farabee and Canright, 1936).

Cicatricos sporites dorogenss Potonié and Gedlletich 1933

PaelV, Figure7
Description: Potonié and Gelletich (1933, p. 522); and Dettmann (1963)
Stratigrgphic interva: Occurs throughout the Tar Hedl Formation.

Measurements. Equatoria diameter measures 48-58nm; exine 1-2 nm thick; heght of

scul pture dements 1mm; five specimens were measured.
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Previoudy reported occurrences. Lower Jurassic-Recent (Burger, 1966). Worldwide in
digribution. Some of the reported occurrences are: Aptian of Britain (Couper, 1958);
Baremian-Albian of Alberta, Canada (Singh, 1964); Upper Campanian to Maadtrichtian
sediments of NE Montana (Norton and Hal, 1969); Maedrichtian of Netherlands
(Kedves and Herngreen, 1980); Maadtrichtian of New Jersey (Waanders, 1974); Late
Cretaceous of SE United States (Groot, Penny and Groot, 1961); Oligocene sediments of
Gemany (Thomson and Pflug, 1953); Eocene of Germany (Potonié and Geletich);
Eocene sediments in the Gulf Coast (Elsk, 1974); Wedden of Belgium (Decourt and
Sprumont, 1955).

Cicatricos sporites sp.

PatelV, Figure 5

Measurements. 45-55mm, exine 1mm thick; height of sculpture dements 0.5mm; 8
specimens measured.

Stratigraphic interva: Present in most samples throughout the Tar Hed Formation.

Previoudy reported occurrences. Upper Jurassic-Eocene. Species assigned to this genus
have been reported from various locdities worldwide. Some of them are: Aptian of
Britain (Couper, 1958); Aptian of Alberta, Canada (Singh, 1964); Neocomian to Aptian
of South Audraia (Cookson and Dettmann, 1958); Santonian to Lower Campanian of
Alberta (Jarzen and Norris, 1975); Campanian sediments of Judith River Formation of
Montana (Tschudy, 1973); Lower and Upper Eocene sediments of Hungary (Kedves,

1973); Eocene of northwestern Alabama (Frederiksen, 1980).
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Comments. Species of Cicatricossporites have driate sculpturing on both faces of the

gpores. The species reported from the Tar Hed Formation is rdatively smdler in sze

than Cicatricod sporites dorogenss.

Cinguitriletes Pierce 1961

Type species. Cingutriletes congruens Pierce 1961

Description: Pierce (1961, p. 25, pl.1, fig 1).
Suggested Botanical affinity: Selaginellacese (Pierce 1961).

Cinguitriletes sp.

PatelV, Figure9
Measurements: 30 to 45 mm in diameter excluding equatorid flange 1.5 nmm wide in
interlaesura region; ten specimens measured.
Stratigraphic interva: Occurs in dl the samples of Goldsboro and Tar River locdlities,
reported from 16, 15 and 5 samples of Willis Creek, Ivanhoe and Lock locdities
respectively. Not reported from Elizabethtown.
Previoudy reported occurrences. Lower-Upper Cretaceous. Species of Cingutriletes have
been reported from Turonian of S. N. Sea (Batten and Marshdl, 1991); Berriasant
Maadtrictian of offshore E. US (Bebout, 1981); Cenomanian of S. Oklahoma (Hedlund,
1966); Lower Campanian of NW New Mexico (Jameossanaie, 1987); Cenomanian of
Minnesota (Pierce, 1961); Upper Albanian of Wyoming (Ravn, 1995); Upper Cretaceous
of China(Song et d., 1986).
Commentss The species of Cingutriletes from Tar Hed Formation are triradidly

symmetrical and sphericd in shape. Exineisthin and smooth.
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Cyathidites Couper 1953

Type species: Cyathidites audrais Couper 1953

Description: Couper (1953, p.27, pl.2, figs 11-13).

Digtribution: Jurassic to Cretaceous, widesrpread throughout the world.

Cyathidites sp.

PaelV, Figure4
Measurements. Equatorid diameter ranges from 33 to 55 mm; ten specimens measured.
Stratigrgphic intervd: Found in many samples throughout the Tar Hed Formaion.
Previoudy reported occurrences. Known to occur throughout the Mesozoic deposits in

both northern and southern hemispheres.

Dédtoidospora Miner emend. Potonié 1956

Type species: Detoidospora hdlii Miner (1935, p. 618, pl. 24, figs 7, 8).

Description: Miner (1935) and Potonié (1956, p. 13, pl.1, fig.1).
Suggested botanicd  affinity: Gleicheniaceae, Filicdes-incertae sedis. The form  genus

Ddtoidospora is asociaed with Mesozoic ferns including Gleicheniopss, Glechenites

and Laccopteris (Miner, 1935).

Deltoidospora sp.

Patelll, Figure 10

Measurements: 42 to 59 nm in equatorid diameter; eight Specimens measured.
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Stratigraphic interva: Occurs in 14, 7 and 8 samples of Goldshoro, Tar River and
Ivanhoe locdities respectively; low frequency.

Previoudy reported occurrences. Jurassic-Eocene. Microspores assigned to undesignated
gpecies of Detoidospora are reported from Upper Jurassic of Kuotenai Formation,
Montana (Miner, 1935); Lower Cretaceous of Manville Group, Alberta (Singh, 1964);
Santonian to Lower Campanian of Lea Park Formation, Alberta (Jarzen and Norris,
1975); Campanian to Maeadrichtian of Judith River Formation, Montana (Tschudy,
1973); Campanian of Aguja Formation, Texas (Bagha, 1996); Cretaceous sediments of
Baguero Formation, Argentina (Archangelsky, 1994); Paleocene of Wilcox Formation,
Texas (Elsk, 1968); Paeocene of Brightseat Formation (Groot and Groot, 1962); Middle

Eocene of Tennessee (Elsk and Dilcher, 1974).

Dictyophyllidites Couper 1958

Type species. Dictyophyllidites harrisi Couper 1958

Description: Couper (1958; p. 140, pl.21, figs. 5, 6); and aso Ddtoidogpora harissi

(Couper) Pocock (1970a; p.29, pl.5, fig.16).

Suggested botanicd affinity: Fern Phlebopteris amithii (Ash, Litwin and Traverse, 1982).

Dictyophyllidites sp.

Platelll, Figure 3
Messurements: 34 — 52 mm in diameter; 10 specimens messured.
Stratigraphic intervd: Present in many samples of dl the locdities of Ta River

Formation.



Previoudy reported occurrences. Triassic-Tertiary. Widdy didributed. Some of the
reported occurences in the United States and worldwide are: US — Upper Triassic of SW
United States (Ash, Litwin, Traverse, 1982); Triasic of N.Texas (Dunay and Fisher,
1979); Albian-Cenomanian of Maryland-Delaware (Groot and Penny, 1960); Albian of S.
Oklahome (Hedlund and Norris, 1968); Lower Campanian of NW New Mexico
(Jameossanaie, 1987), Triassic of North Carolina (Litwin and Ash, 1993); Upper Albian
of Centrd Wyoming (Ravn, 1995); Upper Albian-Upper Cenomanian of NW lowa (Ravn
and Witzke, 1995). Worldwide- Mid AlbianLower Cenomanian of N. Egypt (Aboul Ela
and Mahrous, 1992); Upper Triassic of Switzerland (Achilles and Schlatter, 1986); Upper
Triassc-Lower Jurassc, SW China (Ba et d, 1983); Triassic of England (Fisher, 1972);
Tetiary of Greenland (Heke, 1972); Jurassc-Lower Cretaceous of lsrad (Horowitz,
1970); Upper Jurassic/Lower Cretaceous (Lachkar, Michaud and Fourcade, 1989);
Triassc of Tasmania (Playford, 1965); Maastrichtian of Somdia (Schrank, 1994); Lias of
England (wall, 1965); Upper Albia/Lower Cenomanian of SW Ontario (Zippi and Bac,

1990).

Echinatisporis Krutzsch, 1959

Type species. Echinatigporis longechinus Krutzsch 1959

Description: Krutzsch (1959, p.132).
Suggested botanicd affinity: Sdagindla (Krutzsch, 1959; Farabee and Canright, 1986).

Echinatisporis levidenss (Bame) Srivastava 1972

PatelV , Figure 2

Description: Srivastava (1972, p. 12, pl. 7, figs 7-9); Balme (1957, p.18).

55



Measurements. 25-38mm in diameter; acicular processes aout 2-3mm long and :1.5nm
in diameter.

Stratigraphic interval: Reported from 11, 10, 13, 6 and 10 samples of Goldsboro, Tar
River, Willis Creek, Lock and lvanhoe locdities respectively.

Previoudy reported occurrences. AlbianLower Pdeocene. Some of the reported
occurrences are. World: Upper VdanginianAptian of Western Audtrdia (Backhouse,
1988); Upper Triassic of South Centra China (Lin et a, 1978); Upper Jurassic of Ceylon
(Jain and Sah, 1966); Lower Cenomanian of Sarawak (Muller, 1968); Maadtrichtian of

Alberta (Srivastava, 1972); Maastrichtian of Spain (Ashraf and Erben, 1986).

Hamul ati sporites Nakoman 1966

Type species. Hamulatisporites nidus Nakoman 1966

Description: See Nakoman (1966, p. 77, pl. 8, figs 24, 25).
Suggested affinity: Lycopodiaceae (Nakoman, 1966).

Hamulatigporites sp.

PaelV, Figure3
Measurements: 37 to 55 nm in diameter; five specimens measured.
Stratigraphic interval: Reported from 15, 17 and dl samples of Goldsboro, Willis Creek
and Tar River locdities respectively. Not found in samples of Elizabethtown. Lock and
Ivanhoe locdlities.

Previoudy reorted occurences. Species assigned to Hamulatisporites have been reported

from Lower-Upper Albian of Venezuda (Snanoglu, 1984); Maadrichtian of Arctic

Canada (Felix and Burbridge, 1973); Oligocene of Turkey (Nakoman, 1966); Pliocene of
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France (Méon-Vilain, 1970); Cenomanian of E. Arizona (Canright and Carter, 1980);
Upper Campanian of SW Wyoming (Stone, 1973); Maadtrichtian of NE Montana (Norton
and Hal, 1969); Maadrichtian of Wyoming (Farabee and Canright, 1986); Middle -

Upper Eocene of Mississippi-Alabama (1980).

L aevigatosporites Ibrahim 1932, emend. Schopf, Wilson and Bentall, 1944

Type species. Laevigatosporites vulgais (Ibrahim) Tbrahim, 1933.

Description:  Ibrahim, 1932 (p. 448, pl. 15, fig. 16); Schopf, Wilson and Bental, (1944,
p.36-37; pl.1, figs. 5-5b).
Suggested botanica affinity: Polypodiaceae (Singh, 1964).

L aevigatosporites ovatus Wilson and Webster, 1946

Platelll, Figure 1
Description: Wilson and Webster (1946, p. 273, fig. 5).
Measurements. 20-58nm long, 12-39mm wide, monolete suture is dmost hdf the spore
length. Ten specimens measured.
Stratigraphic interva: Spores are found in many samples in dl the locdlities of the Tar
Hed Formation.
Previoudy reported occurrences. Upper Jurassic-Paeocene. Worldwide- Upper Mesozoic
of Augrdia (Dettmann, 1963), Jurassc/Cretaceous of Germany (Dorhofer, 1977); Lower
Cretaceous of Canada (Singh, 1964); Middle Campanian of Alberta (Jarzen and Norris,
1975); Maadtrichtian of western Scotland (Srivastava, 1975); Pdeocene sediments of
Ratnagiri beds, India (Saxena and Misra, 1989). USA- Cenomanian of Oklahoma

(Hedlund, 1966); Maadtrichtian of Montana (Norton and Hall, 1969); Escarpado Canyon,
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Cdifornia, Maadrichtian (Srivastava, 1975), Pdeocene of Montana (Wilson and
Webster, 1946).

Suggested botanica affinity: The spores resemble those found in the extant members of
Schizaea (Hedlund, 1966). Norton and Hall (1969) suggested that this species could be
related to Polypodiacese.

L aevigatosporites sp.

Platelll, Figure 2
Messurements: 22-48nm long, 14-36mm wide; five specimens measured.
Stratigraphic  interva: Reported from many samples of Goldsboro and Tar River
locdities;, found in four samples of Willis Creek. Not reported from Elizabethtown,
Ivanhoe and Lock localities.
Previoudy  reported  occurrencess  Pdeozoic-Tertiary.  Species  assigned  to

Laevigatogporites have been reported from Maadrichtian of Wyoming (Farabee and

Canright, 1986); Lower Eocene of Hungary (Kedves, 1973), Upper Eocene of Missssippi

and Alabama (Frederiksen, 1980).

Leotriletes Naumova, 1937 emend. Emend. Potonié and Kremp 1954.

Type species. Leotriletes sphaeratriangulus (Loose) Potonié and Kremp, 1954.

Description: Naumova (1937, p.355), Potonié and Kremp (1954, p.120) and Krutzch
(1959, p.56).
Suggested botanical  affinity: Spores of Leotriletes may beong to members of

Polypodiaceae or to Lygodium of the Schizaeaceae family (Stanley, 1965).
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L elotriletes pseudomesozoicus Krutzsch 1959

Platelll, Figure 8
Description: Krutzch (1959, p.58)
Measurements:. 45 to 70 nm; 5 specimens measured.
Stratigraphic interval: Reported only in 15 and 16 samples of Goldsboro and Tar River
localities respectively. Not reported from other locdity.

Previoudy reported occurrences. Jurassic sediments of Germany (Krutzsch, 1959).

Leotriletes sp.

PatelV, Figure 1
Measurements. 18-48mm; ten specimens measured.
Stratigrgphic interva: Found in dl samples of Goldsboro, 9 samples of Tar River, 19
samples of Willis Creek, 5 samples of lvanhoe, 3 samples of Lock and 2 samples of
Elizebethtown.
Previoudy reported occurrences. Triassic-Oligocene. Some of the occurrences in the
United States are from the Paeocene sediments of Oak Hill Member, Naheola Formation
in Alabama (Srivastava, 1972). Kedves (1973) has reported from Eocene to Oligocene

sediments from Hungary.

Matonisporites Couper 1958 emend. Dettmann 1963

Type species. Matonisporites phlebopteroides Couper 1958.

Description: Couper (1958, p. 139, pl 20, figs. 13-17) and Dettmann (1963, p.58).
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Botanicd dffinity: The spores of Matonigporites have been suggested to resemble those
of Phlebopteris (Matoniaceae), a Mesozoic fern genus, or Dicksonia (Dicksoniacese), the

latter an extant fern genus (Farabee and Canright, 1986; Srivastava, 1972, p.24).

M atoni sporites eguiexinus Couper, 1958

Patelll, Figure4
Description: Couper (1958, p.140, pl.20, figs. 15-17).
Measurements. The specimens of Tar Hed Formation range from 45-52nm in equatorid
diameter; 2-4 nm in thickness; 8 specimens were measured.
Stratigraphic interval: Present in 17, 13, 9, 16, 5 and 3 samples from Goldsboro, Tar
River, lvanhoe, Willis Creek, Lock and Elizabethtown localities respectively.
Botanicd  affinity: These spores resemble those of the modern Schizaeceous ferns

Anemiaand Lygodium (Hedlund, 1966, p.13).

Previoudly reported occurrences. Jurassic to Cretaceous; worldwide.

M atoni sporites sp.

Platelll, Figure 6
Messurements: 40-62mm in equatorial diameter; 2-3 mm in thickness, 10 specimens were
measured.
Stratigraphic interva: Species of Matonigporites occur in severd samples of Goldsboro
and Tar River locdities, 12 samples of Willis Creek, 9 samples of Ivanhoe and 3 samples
Lock locdlities.
Previoudy reported occurrences. Jurassic-Cretaceous. Some of the reported occurences

ae Jurasic sediments of India (Kumar, 1973); Upper Mesozoic of SE Audrdia
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(Dettmann and Hedlund, 1963); Barremian of Spain (Doubinger and Mas, 1981); Upper
Cretaceous of France (Levet-Carette, 1964); Barremian of Maryland (Brenner, 1963);
Jurassc-Lower Cretaceous (Couper, 1958); Maadrichtian of Wyoming (Farabee and
Canright, 1986); Loer Campanian of New Mexico (Jameossanaie, 1987); Middle-Upper

Albian of NW Alberta (Singh, 1971); Basal Jurassic of Arctic Canada (Pocock, 1978).

Stereisogporites Pflug 1953

Type species. Stereisosporites dteroides (Potonié and Venitz), Pflug, in Thomson and

Pflug 1953.
Description: Pflug (in Thompson and Pflug, 1953, p.53).
Suggested botanica affinity: Sphagnacese.

Stereisosporites sp.

Patelll, Figure9
Measurements: 22 to 54 nmin equatoria diameter; ten specimens measured.
Stratigraphic interval: Reported from al samples of Goldsboro and Tar River locdlities
only.
Previoudy reported occurrences.  CenomanianEocene.  Species  assigned  to

Stereisosporites are reported from Campanian sediments of Aguja Formation, Texas

(Bagha, 1996); Cenomanian sediments of the Tuscdoosa Formation, Mississppi
(Phillips and Fdix, 1972); Ealy Campanian sediments of Lea Park Formation, Alberta
(Jarzen and Norris, 1975); Eocene of western Missssippi (Frederiksen, 19808) and

middle Eocene of northern Bakony (Kedves, 1973).
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Comments. Spores of Stereisogporites recovered from samples of Tar Hed Formation are

trilete, semicircular with laesurae extending up to two-thirds or more of the radius. Most

of these specimens have faint trilete marks.

Undul atisporites Pflug 1953

Type species. Undulatigporites microcutis Pflug 1953.

Description: Thomson and Pflug (1953; p.52, pl.1, figs. 81, 82); Potonié (1956, p.19).
Suggested botanica affinity: Pteridophyta-incertae sedis.

Undul atisporites sp.

Pate IV, Figure 6
Measurements: 30 to 45 nm in equatorid diameter; with undulate laesurae; eight
specimens measured.
Stratigraphic interval: Reported from 14, 13, 18 and 15 samples of Goldsboro, Tar River,
Willis Creek and Ivanhoe localities respectively. Not reported from Lock and
Elizabethtown.
Previoudy reported occurrences. Cretaceous- Tertiary. Eocene sediments of Missssppi
and northwestern Alabama (Frederiksen, 1980); Wilcox Formation of Texas (Elsk,
1968); Pdeogene of northeastern Virginia (Frederiksen, 1979); Upper Cretaceous of

Aguja Formation of Texas (Baghai, 1996).

Gymnosper m pollen

Araucariacites (Cookson) Couper 1953

Type species. Araucariacites audralis Cookson 1947.
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Description: Cookson (1947, p.130. pl.13, figs. 1-4) and Couper, (1953, p. 39)
Botenical afinity: Assgned to the family Araucariacese. It is dso comparable to the

Jurassic Araucarian Brachyphyllum mamillare (Couper, 1958, p.151).

Araucariacites audrdis Cookson, 1947

PateV, Figure 3
Description: Synonymy same as type species. Specimens are in complete agreement with
those described in Couper (1958, p.151) and Cornet and Traverse (1975, p.13).
Measurements. Diameter measures 73- 86rmm, 10 specimens measured.
Stratigraphic interva: Present in most of the samples of Goldsboro locdlity, present in the
lower sections of lvanhoe and Willis Creek. Also found in Tar River and Lock localities
but not in abundance. No specimens were reported from Elizabethtown.
Previoudy reported occurrences. Jurassic-Tertiary. USA — reported from Triassc through
Jurassc of Hartford Basin, Conneticut and Massachusetts (Cornet and Traverse, 1975).
Worldwide — Jurassic, Cretaceous and Tertiary worldwide locdlities (Badme, 1957,
Dettman, 1963; Norris, 1967; Hopkins, 1974).

Araucariacites sp.

PlateV Figure 5
Measurements. 60-80 nm, 10 specimens measured.
Stratigraphic intervd: Present in many samples of Goldsboro, Tar River, Willis Creek
and lvanhoe locdities; 4 samples of Lock and 2 samples of Elizabethtown locdities.
Previoudy reported occurrences. Jurassic-Oligocene. Some of the reported occurrences

are Upper Albian (Awad, 1994); Maadtrichtian of Spain (Alvarez Ramis and Doubinger,
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1994); Aptian-Danian of South India (Banerjee and Misra, 1968); Albian of Deaware
(Brenner, 1967); Jurassic to Lower Cretaceous of Britain (Couper, 1958); Barremian -
Aptian of Victoria (Dettmann, 1992); Cenomanian of Portugd (Groot and Groot, 1962);
Lower Campanian of NW New Mexico (Jameossanaie, 1987); Upper Oligocene of
Hungay (Kedves, 1974); Middle Jurassc of Ontario (Norris, 1977); Jurassc of
Argentina (Volkheimer, 1968); Upper Albian of Oaklahoma (Wingate, 1980); Lower

Cretaceous of China (Zhang, 1988).

Cedripites Wodehouse 1933

Type species. Cedripites eocenicus Wodehouse 1933

Description: Wodehouse (1933, p. 490, fig. 13)

Cedripites sp.

PateV, Figure 11
Measurements. 50-65 nm in diameter; centrd body circular in polar view, 25-30mm in
diameter; exine 1rmm thick; ten specimens measured.
Stratigraphic interva: Reported from al samples of Goldsboro, 19 samples of Tar River,
8 samples of Willis Creek, 7 samples of lvanhoe and 4 samples of Lock localities. Not
reported from Elizabethtown.
Previoudy reported occurrences. Lower Cretaceous-Tertiary. Species of Cedripites have
been primarily reported from the Tertiay rocks worldwide. Some of the common
occurrences are Eocene of Colorado (Wodehouse 1933); AlbanianSantonian of Western
Siberia (Chlonova, 1960, 1976); Lower Jurassic- Lower Cretaceous sediments of Hunan,

China (Jang and Hu, 1982); Lower Cretaceous of Northern China (Miao et al, 1984);



Aptian of Inner Mongolia (Song et a, 1986). In North America species of Cedripites
have been reported from Maadrichtian of Wyoming (Farabee and Canright, 1986);
Lower Pdeocene of NE Montana (Norton and Hal, 1969); Upper Campanian of SW
Wyoming (Stone, 1973); Upper Campanian of N. Montana (Tschudy, 1973);

M aeadtrichtian-Paleocene of NW Canada (Wilson, 1978).

d llis Pflug emend. Pocock and Jansonius 1961

Type species. Classopallis classoides Pflug emend. Pocock and Jansonius 1961.

Description:  Plug (1953, p. 91); Couper (1958, p. 156); Pocock and Jansonius (1961, p.
439-449, pl. 1); and Srivastava (1976, p. 442).

Botanicd  dffinity:  Affinities with extind gymnosgperms such  as  Chardepis;
Pagiophyllum and Brachophyllum (Farabee and Canright, 1986; Gies 1972; Singh,
1964).

Classopdlis classoides Pflug 1953

emend. Pocock and Jansonius, 1961

Plate V, Figure 10
Description:  Reissinger (1950, p. 114, pl. 14, figs. 15-16); Plug (1953, p. 91); Pocock
and Jansonius (1961, p. 443, pl. 1, figs 1-9); Srivastava (1976, p. 442).
Measurements. 35 to 50 nm in diameter; five specimens measured.
Stratigraphic interval: Occurs in dl samples of Goldsboro, Tar River and Willis Creek
localities of the Tar Hed Formation. Not reported from other localities.
Previoudy reported occurrences. Rhaetic-Eocene. U. S. A. — Lower Cretaceous of Mt.

Laurd, Navesnk and Red Band Formations from Monmouth Co., New Jersey
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(Waanders, 1974); Maadrichtian of Wyoming (Farabee and Canright, 1986); Upper
Cretaceous of Wyoming (Griggs, 1970); Upper Cretaceous of northwestern Colorado
(Gies, 1972). Worldwide — Lower Cretaceous of Manville Group, Alberta (Singh, 1964);
Late Albian to Cenomanian of Egypt (Beidy, 1993).

Comments This species has been speculated to be suggestive of nearshore marine
sediments (Orlansky, 1971; Pocock and Jansonius, 1961). Cuticles assignable to
Pagiophyllum have been reported from the Tar River locdity of the Tar Hed Formation

(Mickle, 1993).

Cycadopites Wodehouse, 1933 emend. Wilson and Webster, 1946

Type species. Cycadopites fdlicularis Wilson and Webster 1946

Description: Wodehouse (1933, p. 483); Wilson and Webster (1946, p. 274)

Suggested botanica affinity: Cycadophyta, Cycadacese (Oltz, 1969).

Cycadopites carpentieri (Delcourt and Sprumont) Singh, 1964

PlateV, Figure 2
Description: Delcourt and Sprumont (1955, p. 54, fig. 14); Singh (1964, p. 104, pl. 14,
fig. 3).
Measurements. Length 35 to 50 mm, width 12 to 20 mm; exine Imm thick; five specimens
measured.
Stratigraphic interva: Occurs in 5, 14 and 13 samples of Ivanhoe, Goldsboro and Tar

River locdities respectively.
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Previoudy reported occurrencess Middle Jurassic-Cretaceous. Middle Jurassc  to
Cretaceous of England (Couper, 1958), Lower Cretaceous of Alberta (Singh, 1964);

Campanian of Aguja Formation of Texas (Baghai, 1996).

Ginkgocycadophytus Samoilovich 1953

Type species: Ginkgocycadophytus caperatus (Luber) Samoilovich 1953.

Description: Samoilovich (1953, p. 30, trandation of Elias, 1961, p.35-36).

Suggested affinity:

Ginkgocycadophytus nitidus (Balme) de Jersey 1962

PateV, Figure9
Description: (Bame) de Jersey (1962; p. 12, pl. 5, figs 1-3.
Measurements: Length 35-75 mm; width 22-45 nmm; five specimes measured.
Stratigraphic interva: Reported from dl the locdities of the Tar Hed Formation.
Previoudy reported occurrences. Triassc-Paleocene.  USA-  BaremianAlbian  of
Maryland (Brenner, 1963); Upper Albian of S. Oklahoma (Wingate, 1980); Maadtrictian
of Utah (Lohrengd, 1970). Worldwide - Upper Triassic - Middle Jurassc of SW China
(Ba et d, 1983); Upper Jurasic of Sweden (Guy-Ohlson and Norling, 1988) and
Queendand, Audrdia (de Jersey, 1959); Lower Cretaceous of Zhgjiang, china (Li, 1989),
India (Venkatachd, 1969) and Mongolia (Liu, 1983); Barremian-Aptian of Victoria,
Audrdia (Dettmann et a, 1992); middle Albian of Romania (Bdtes, 1967); Middle

Cretaceous of Tunisa (Reyre, 1966); Campanian of Alberta, Canada (Jarzen, 1982);
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Campanian/Maadtrichtian of NW Canada (Mc Intyre, 1974); Paeocene of Chike

(Doubinger and Choatin, 1975).

| naperturopollenites Pflug and Thomson 1953

Type species. |naperturopollenites dubius (Potonié and Venitz) emend. Thomson and

Pflug 1953.

Description: Potonié and Venitz (1934, p. 17; pl.2, fig. 21); and Thomson and Pflug
(1953, p. 65; pl. 4; fig. 89; pl. 5, figs 1-3).

Suggested botanica affinity: Larix (Norton and Hal, 1969; Stone, 1973); Cupressaceee
or Taxodiacese (Gies, 1972; Norris, 1967).

| naperturopol lenites sp.

PateV, Figure 7
Measurements. 35-68mm in diameter; ten specimens measured.
Stratigraphic intervd: Reported in 55 samples from dl the locdities of Tar Hed
Formation.
Previoudy  reported  occurrences.  Jurassc-Pdeocene.  Species  assgned  to

| naperturopollenites have been reported from Albian-Turonian of Peru (Brenner, 1963);

Magothy and Raritan Formations of New Jersey (Christopher, 1979); Lower Cretaceous
Tuscdoosa, Arundd and Patuxent Formations of Maryland and Delaware (Groot and
Penny, 1961); Potomac group of Maryland (Brenner, 1968); Coniacian of Utah
(Orlansky); Campanian of Utah (Lohrengel, 1969); Menefee Formation (Campanian) of
New Mexico (Jameossanaie, 1987); Upper Cretaceous of Wyoming (Griggs, 1970);

Lance Formation (Maadtrichtian) of Wyoming (Farabee and Canright, 1986).
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Comments. The grains reported from the Tar Hed Formation are ova in shape with thin

wadlls and have folds. Exine ornamentation is psilate.

Parvisasaccites Couper 1958

Type species: Parvisaccites radiatus Couper, 1958

Description: Couper (1958, p.154, pl. 29, figs. 5-8, pl. 30, figs. 1-2).
Suggested botanica affinity: Podocarpaceae

Parvisaccites radiatus

PateV, Figure 1
Description: Couper (1958, p.154, pl. 29, figs. 5-8, pl. 30, figs. 1-2).
Measurements. Length of centrd body — 38 to 55 mm; breadth of central body- 23 to 46
mm; length of bladders 28 to 31mm; breadth of bladders 16 to 18 mm; 5 specimens
measured.
Stratigraphic interval: Occurs in 20, 13, 3, 20 and 2 samples of Goldsboro, Tar, Ivanhoe,
Willis Creek and Lock locdlities.
Previoudy reported occurrences. Jurassic to Maadtrictian. Jurassic — Albian of Holland
(Burger, 1966; Couper and Hughes, 1963); Wedlden of France (Levet-Carette, 1966);
Late Jurassic to Albian of England (Couper, 1958; Norris, 1969; Kemp, 1970); Early
Cretaceous to Cenomanian of western Canada (Pocock, 1962, Singh, 1964 and 1971;
Norris, 1967); BarremianAlbian of Mayland (Brenner, 1963); Cenomanian of
Minnesota (Pierce, 1961); Coniacian of Utah (Orlansky, 1971); Campanian of New
Mexico (Jameossanaie, 1987).

Suggested botanicd affinity: Related to the extant species Dacrydium eatum.
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Piceagpollenites Potonié 1931

Type species. Piceagpallenites microdatus Potonié 1931

Description: Potonié (1931, p.5, fig. 34).
Suggested botanica affinity: Podocarpacese

Piceaepollenites sp.

PateV, Figure4
MeasurementsLength of centrd body — 30-42nm; breadth of centra body - 49-68nm; 8
specimens measured.
Stratigraphic interva: Found in many samples throughout the Tar Hed Formation.
Previoudy reported occurrences. Permian-Miocene. Ealy Permian of Taim Bagn,
China (Wang Hui, 1989); Upper Tertiay of China (Zheng-Yahui, 1987); Miocene of
Germany (Potonié, 1931).

Comments. Species of Piceagpollenites recovered from Tar Hed Formation are bisaccate

with reticulate surface. The sacs protrude more or less widdly on the sides and the centra

body isovd.

Pinuspollenites Raatz, 1937 ex. Potonié, 1958

Type species. Pinuspollepollenites |abdacus (Potoni€) Raatz, 1937 ex Potonié, 1958.

Description: Potonié (1958).

Suggested botanicd affinity: Coniferdes — genus Ainus.
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Pinuspollenites sp.

PateV, Figure 8
Measurements. Length of centra body — 25-48nmm; breadth of centra body - 40-66mm;
length of bladders— 15-18 mm; breadth of bladders — 28-30 mm. 6 specimens measured.
Stretigrgphic interva: Found in dl the locdities except Elizabethtown of the Tar Hed
Formation.
Previous reported occurrences: Cenomanian-Miocene. Some of the locdities are as
follows Cenomanian sediments of Dakota Sandstone in Arizona (Romans, 1975);
Potomac Group of Maryland, Early Cretaceous (Brenner, 1963); Straight Cliffs
Sandstone in Utah (Orlansky, 1971); Miocene of India (Rao, 1986).
Comments. The morphotype recovered from the Tar Hed Formation has reticulate and
granular ornamentation on its bladders The centrd body dso has granular

ornamentation.

Podocarpites Bolkhovitina 1956

Type species. Podocarpites acicularis Andrae 1855

Description: Andrae (1855, p.45).
Suggested affinity: Podocarpacese

Podocarpites radiatus Brenner 1963

PlateV, Figure 6
Description: Brenner (1963, p.82, pl.32, figs 3, 4)
Measurements. Length of the grain — 45-90mm; body length — 36-41nm; body width-25-

47mm; bladder length- 38-55mm; bladder width-26-37mm.
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Stretigrgphic  intervd: Present in many samples of dl the locdities of Tar Hed
Formation.

Previoudy reported occurrences. Early Cretaceous-Tertiary. USA - Barremian-Albian,
Maryland (Brenner, 1963); Barremian-Lower Albian of western Colorado (Tschudy,
Tschudy and Craig, 1984). Cenomanian of Arizona (Romans, 1975); Upper Pdeocene of
S. Cdifornia (Gaponoff, 1984). Other countriess Berriasian-Upper Albian of Western
Canada (Burden and Hills, 1989); Albian of Portugd (Hasenboehler, 1981); Middle
Albian of NW Alberta (Singh, 1971); Maadtrichtian of Netherlands (Herngreen, Felder,

Kedves and Meessen, 1986).

Taxodiaceaepollenites Kremp 1949 ex Potonié 1958

Type species. Taxodiaceaepallenites hiatus (Potoni€) Kremp, 1949 emend. Potonié 1958.

Decription:  Potonié for Pollenites hiatus (1931, p. 5; fig. 27) and Kremp (1949, p. 59)

for Taxodiaceceaepollenites (Pollenites) hidus.

Botanicd  affinity: Taxodium (Taxodiaceae) (Stone, 1973) or with Thuja (Cupressacese)
(Stanley, 1965).

Taxodiaceaepollenites higtus (Potoni€) Kremp 1949

emend. Potonié 1958

Plate V, Figure 12

Description: Potonié (1931, p.5, fig.27) for Pollenites hiatus; Wodehouse (1933, p.493-

494, fig. 19) regarding Taxodium hidipites Kremp (1949, p.59); Potonié (1951, p. 140,

149; 1958, p.79) about Taxodiaceagpallenites higus.
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Measurements. Specimens fdl into the sze range of 32-48nmm in diameter; 12 specimens
were measured.

Stretigraphic interval: Obsarved in many samples of the Tar Hed Formation, low to
abundant frequency.

Previous reported occurrences. Cretaceous-Tertiary. Some of the reported occurrences
ae as follows USA: Cenomanian Senonian — Alabama, Georgia, Delaware, Maryland
and New Jersey (Groot, Penny, and Groot, 1961); Campanian — Menefee Formation, New
Mexico (Jameossanaie, 1987); Judith River Formation, Montana (Tschudy, B. 1973);
Masedtrichtian to Danian - Cdifornia (Drugg, 1967); Maadtrichtian - Bearpaw Shale, Fox
hills Hdl Creek, Tullock, Lebo Formations, Montana (Stone, 1973); Navesnk and Red
Bank Formations, New Jersey, (Wanders, 1974), Lance Formation, Wyoming (Farabee
and Canright, 1986); Eocene — Green River Formation in Utah and Colorado
(Wodehouse, 1933). Worldwide — Canada (Santonian — Campanian) (Jarzen and Norris,
1975); West Greenland (Albian — Cenomanian) (Koppehus and Pedersen, 1993);

Oligocene to Miocene in Germany (Kremp, 1949).

Angiosper m pollen

Arecipites (Wodehouse) emend. Nichols, Ames and Traverse, 1973

Type species. Arecipites punctatus Wodehouse 1933.

Description: Wodehouse (1933, p. 497, nomen nudium); Anderson (1960, p. 18); and
Nichols, Ames and Traverse (1973, p. 248).

Botanicd affinity: Arecaceae (Farabee and Canright, 1986).
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Arecipites sp.

Pate VIII , Figure 12
Measurements: Length 29-35 mm; width 20- 31 nm; four specimens measured.
Stratigraphic  intervd: Reported from 10 samples of Goldsboro and dratigraphicaly
younger samples of Ivanhoe (4), Lock (2) and Willis Creek (11) locdlities.
Previoudy reported occurrences. Upper Cretaceous-Eocene. Species of Arecipites are
reported from Late Cretaceous of Sudan (Scrank, 1987); Eocene of Brown-cod
Formation (Kedves, 1973), Eocene of Missssppi and northwest Alabama (Frederiksen,

1980).

Clavatipollenites Couper 1958

Type species Clavatipallenites hughesi Couper emend Kemp 1968 (by designation of

Couper, 1958).

Description: Couper emend. Kemp (1968, p. 426-427, pl. 80, figs 9-19); ); Couper (1958,
p.159, pl.31, figs 19-22).

Suggested botanicd affinity: Chloranthaceae (Muller, 1981).

Clavatipallenites hughesi Couper emend. Kemp 1968

Pate VII, Figure 1
Description: Description: Couper emend. Kemp (1968, p. 426-427, pl. 80, figs 9-19);
Couper (1958, p.159, pl.31, figs 19-22).
Measurements. 26-40 mm in diameter; ten specimens measured.

Stratigraphic interva: More dundant in samples from the lower dratigrgphic (older)

sections of the Tar Hed Formation.
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Previoudy reported occurrences. Lower  Cretaceous-Oligocene.  Clavaipollenites

hughesi have been reported from the Cretaceous sediments worldwide. Some of the
reported occurrences are Lower Albian of SE Spain (Arias and Doubinger, 1980);
Baremian of S. England (Batten, 1996); BaremiavAlbian of Israd (Burden, 1984);
Lower-Middle Albian, SE Queendand (Burger, 1980); WeddenAptian of Britan
(Couper, 1968); Lower Aptian of Maryland (Doyle, 1992); Lower Albian-Cenomanian
of N. France (Fauconnier, 1979); Cenomanian of Kansas-Nebraska (Farley and Dilcher,
1986); BarremianLower Albian of Northern Hebel, China (Gan and Zhang, 1985);
Upper Barremian-Lower Aptian of NW Egypt (lbrahim and Schrank, 1996); Paeocene-
Oligocene of Indian Ocean (kemp and harris, 1977); Aptian of offshore Morocco
(Kotova, 1988); Upper-AlbianLower Campanian of New Zedand (Mildenhal, 1994);
Lower Cretaceous sediments of Germany (Schulz, 1967); Middle Jurassic of Sweden
(Tralau, 1968); Barremian-Lower Albian of Western Colorado and Upper Albian of Utah
(Tschudy, Tschudy and Craig, 1984); Aptian of Poland (Waksmundzka, 1981); Albian of

Kansas (Ward, 1986).

Complexiopallis Krutzsch 1959 emend Tschudy, 1973

Type species. Complexiopallis prasatumescens Krutzch, 1959.

Description: Krutzch (1959, p. 134).
Suggested botanical  affinity: This is consdered to be one of the earliest genera of the

Normapolles group and has affinities with Hamamelidae.
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Complexiopallis abditus Tschudy, 1973

Plate VII, Figure 2
Description: Tschudy (1973. P. C7)
Measurements: 20-30mm long, 23-35mm wide, exine isl-2mm thick. 10 specimens
measured.
Stratigraphic intervd: Common in dl samples of the Tar Hed Formation.
Previous reported occurrences. Widespread during the Turonian-Campanian in  the
Normapolles province of the United States. Some of locdlities from where this genus has
been reported arer Campanianr—post- Magothy Formaions in Sdisouy and Raritan
embayments of New Jersey (Christopher, 1979); Eutaw (Coniacian) and Coffee Sand
(Campanian) Formations in the Missssppi embayment (Tschudy, 1973); Coniacian
Campanian in New Mexico (Jameossanaie, 1987); and Turonian Campanian sediments
of the Mid-Atlantic Batimore Canyon (Bebout, 1981).

Complexiopallis exigua Christopher 1979

Plate VII, Figure 3
Description: Christopher (1979, p. 109-110, plate 8, figs 1-9).
Messurements.  Equatorial  diameter ranges from 18-35 mm in diameter. 5 specimens
measured.
Stratigrgphic interval: Common in samples of dl the locdlities of Tar Hedl Formation.
Previous reported occurrences. Upper Turonian-Campanian. Christopher (1979) has
reported this species from the Upper Cretaceous Raritan and Magothy Formations of

New Jersey respectively. It has dso been observed in other parts of the Atlantic Coastal
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Pain like the Black Creek Group of South Carolina and the Eutaw Formation of the
Aldbama- Georgia border (Christopher, 1979).

Complexiopallis funiculus Tschudy 1973

Pate VII, Figure 4
Description: Tschudy (1973, p. C4-C5, pl. 1, figs. 1-29).
Measurements. 15-37mm long, 18-34mm wide; Six soecimens measured.
Stratigraphic interva: Present in most samples of the Tar Hed Formaion in moderate
frequency.
Previous reported occurrences. This species has been reported from the Upper Albaniant
Santonian sediments of the Bdtimore Canyon aea (Bebout, 1981); Cenomaniant
Coniacian of the Southern United States (Tshudy, 1973); Turonian sediments of the

Southern North Sea (Batten and Marshall, 1991).

Complexiopallis sp.

Pate VII, Figure5
Measurements. 20-37rmm long, 25-35mm wide (polar view); five specimens measured.
Stratigrgphic interva: Present in most samples of the Tar Hedl Formation.
Previous reported occurrences. Cenomanian-Paleocene. Has been reported from the
Pdeocene of China (Chlonova, 1981) and Aguja Formation (Campanian) in Texas

(Baghi, 1996).
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Cupuliferoipollenites Potonié 1960

Type pecies Cupdliferoipollenites (d. Pollenites) pusllus (d. Quisqudis pudlius

Potonié 1934, p.71, pl. 3) R. Potonié, 1951b, p.145, pl 20, fig.69.

Description: Potonié (1934 p. 71 and 1960, p.98).

Suggested botanicd affinity: Fagacese, resembles the pollen of Castanea (Potonié, 1960;
Chmura, 1973; Groot and Groot, 1962).

Cupuliferoipollenites sp.

Pate VII, Figure 10
Measurements. Polar views 13-18 mm long, 10-13rmm wide; eight specimens measured.
Stratigraphic interval: Reported from the upper sections of Willis Creek, Lock and
Ivanhoe locdities and occurs in 12, 8 and 4 samples of Goldsboro, Tar River and
Elizabethtown locdlities respectively.

Previoudy reported occurrences. Pollen grains of Cupuliferoipollenites have been

reported from Upper Albian to Cenomanian (Jarzen and Norris, 1975); Pdeocene of
Georgia (Christopher et a, 1980); and Eocene of Missssppi and Alabama (Frederiksen,

1980).

Cyrillacesepallenites M Urriger and Pflug ex Potoni€1960

Type species: Cyrillaceagpallenites megaexactus (Potoni€) Potonié 1960.

Description:  Potonié (1960, p. 102); Pollenites megaexactus Potonié (1931, p. 26, pl. 1,

fig. V42 b).
Suggested afinity: Cyrillaceae (Thomson 1953, in Thomson and Pflug)

Cyrillacesepallenites barghoornianus (Traverse) Potoni€1960
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Plate VII, Figure 3

Description:  Potonié (1960, p. 102); Cyrilla barghoorniana Traverse (1955, p. 56, fig. 10

(69, 70); p. 80, fig. 13 (150).

Measurements. 18 to 30mm in equatorid diameter; thickness of exine 2 mm; ten
specimens measured.

Stratigraphic intervd: Reported from many samples of dl the locdities of Tar Hed
Formation.

Previoudy reported occurrences. Lower Cretaceous of Potomac Group of Maryland
(Brenner 1963); Oligocene of Vermont (Traverse, 1955); Eocene of SE US (Frederiksen,
1988); Maadtrichtian of Netherlands (Herngreen et d, 1986); Lower-Middle Eocene of
Hungary (Kedves, 1982); Thanetian of France (Kedves, 1982); Oligocene of Egypt

(Kedves, 1985).

Holkopollenites Fairchild, in Stover, Elsk and Fairchild, 1966

Type species. Holkopallenites chemardensis Fairchild, in Stover, Elsk and Fairchild,

1966.
Description: Elsk and Fairchild (1966, p. 5-6, pl. 2, figs 8a-d).

Botanical efinity: Tricolporate pollen of unknown affinity.

Holkopollenites chemardenss Fairchild, in Stover, Elsk and Fairchild,

1966.
Plate VIII, Figure 4

Desscription: Elsk and Fairchild (1966, p. 5-6, pl. 2, figs 8a-d).
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Measurements. 35-48mm long, 29-46mm wide; 10 specimens measured.

Stratigraphic interva: Reported from upper sratigrephic sections of Willis Creek, Lock
and Ivanhoe locdities. Occurs in 3 samples of Elizabethtown and 13 samples of each of
Goldsboro and Tar River locdities.

Previoudy reported occurrences. CampaniantPaeocene. Upper Campanian  and
Maadrichtian sediments of Raritan, Sdisbury, Okefenokee embayments of the Atlantic
Coastd Plain (Christopher, 1978); Wenonah Formation of New Jersey (Upper
Campanian) (Wolfe, 1976); Pdeocene of Gulf Coast (Farchild and Elsk, 1969);
Paeocene of NW Louisana (Stover, Elsk and Fairchild, 1966).

Comments The colpi of Holkopallenites chemardenss are more deeply incised than

other species of this genus. There is dso a tendency for the sides of these grains to ke
more convex (Wolfe, 1976).

Holkopollenites sp. A (CP3D-1 of Wolfe, 1976)

Pate VIII, Figure 5
Description: Wolfe (1976; p. 16, pl.4, figs. 6, 7)
Messurements: 21-36mm long, 18-34mm wide; 10 specimens measured.
Stratigraphic interval: Reported in dl locdities of the Tar Hed Formation in abundance.
Not reported from Elizabethtown.
Previoudy reported occurrences. CampanianSantonian. Reported from  Lower
Campanian (Cliffwood beds of Magothy Formation and Merchantville Formation) of
Raritan embayment of centrd and northern New Jersey (Wolfe, 1976); Upper Santonian

Lower Campanian of New Jersey (Litwin et a, 1993).
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Comments. This species occurs with Holkopollenites chemardensis in samples from the

Ta Hed Formation. The dratigraphic srange of the latter needs to be revised as it was
conddered to occur only in the Upper CampanianPdeocene sediments (Wolfe 1976;
Christopher, 1978; 1979 a). Holkopollenites sp. A has concave to convex sdes (Wolfe,
1976).

Holkopollenites sp. C (CP3E-1 of Wolfe, 1976)

Plate VIII, Figure 6
Description: Wolfe (1976; p. 16, pl 4, fig.11).
Measurements. 32-40mm in diameter; 10 specimens measured.
Stratigraphic interva: Occurs throughout the Tar Hed Formation except Elizabethtown
locdity.
Previoudy reported occurrences. Lower-Upper Campanian (Woodbury Clay to Mount
Laurd Sand) of Raritan embayment of central and northern New Jersey (Wolfe, 1976).
Comments The inner wall is chandled by anastomosing rather than straight grooves and

has fine sculpturing (Wolfe, 1976).

Labrgpallis Krutzch 1968

Type species. Labrapallis labraferus (Potonié) Krutzsch 1968

Description: Labrapallis [dbraferus (Potonié) Krutzsch (1968, p. 62, p.1, figs 1-13)

Suggested  botanicd  affinity: This is one of the genera of Normdles group. The
Normapolles group has been suggested to have effinities with Hamameidae and has dso
been suggested as a heterogeneous assemblage of pollen of uncertain origin (Batten and

Christopher, 1981).
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Labrapallis sp.

Pae VI, Figure 2
Measurements: 15 to 35nmm in diameter; 10 specimens measured.
Stratigraphic interva: Reported from the younger dratigraphic sections of Lock, Willis
Creek and Ivanhoe locdities. Reported from most samples of Goldsboro and Tar River
localities. Not reported from Elizabethtown.
Previoudy reported occurrences. Maadtrichtian to Eocene. Species of Labrapollis have
been reported mostly from the Tertiary sediments in many parts of the world. Some of the
occurrences are. Maadtrichtian of Spain (Alvarez Ramis and Doubinger, 1994); Upper
Pdeocene of Begium (Schumacker-Lambry, 1978); Pdeocene-Middle Eocene of
Germany (Krutzsch and Vanhoorne, 1977); Middle Miocene of Eastern Turkey (Funda,
Alisan and Akyol, 1986); Middle-Upper Eocene of Germany (Thomson and Pflug, 1953);
Paeocene-Upper Eocene of Virginia (Frederiksen, 1979); Maadtrichtian sediments of
Raritan, Sdisoury and Okefenokee embayments of the Atlantic Coagtd Hain
(Christopher, 1978; 1979).
Comments. Species reported from the locdities of Tar Hed Formaion are smdl in sze
with drcular to sub-circular ambs with three protruding germinas. Occurrences of

Labrgpallis from Lower Campanian sediments are rare.

Liliacidites Couper 1953

Type species: Liliacidites kaitangataensis Couper (1953).

Description: Couper (1953, p.56, pl. 7, fig. 97); Anderson (1960) and Leffingwell (1971).
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Stratigraphic range: Upper Cretaceous to Eocene.

Suggested botanical affinity: Lilides

Liliacidites variegatus Couper 1953

Pate VI, Figure 4
Description: Couper (1953, p. 56, pl. 7, figs. 98, 99).
Measurements: 40 to 62 mm long, 15 to 27 mm wide, exine 1.5 nm thick, lumen of
reticulum 1.5 to 2 nm; ten specimens measured.
Stratigraphic  interval: Present in many samples of dl the locdities of Tar Hed
Formation.
Previoudy reported occurrences. Albian to Middle Miocene. Lower Cretaceous of
Magothy and Tuscadoosa Formation, New Jersey (Groot et a, 1961), Albian of
northeastern Peru (Brenner, 1968); Santonian of Oldman Formation, Alberta, Canada
(Rouse, 1957); Upper Cretaceous and Eocene and Oligocene of of New Zealand (Couper,
1953, 1960); Campanian of Aguja Formation, Texas (Baghai, 1996); Upper Campanian
of Judith River Formation, Montana (Tschudy, 1973); Campanian and Maeadtrichtian of
San Joaquin Vdley, Cdifornia (Chmura, 1973); Cenomanian of Wepo Formation,
Arizona (Romans, 1975); Maedtrictian-Pdeocene of former Soviet Union (Samoailovitch
and Mtchedlishvili, 1961); Maadrichtian to Danian of Upper Moreno Formation,
Cdifornia (Drugg, 1967), Maadtrichtian of Hell Creek Formation, Montana (Norton and
Hal, 1969, Oltz, 1969)); Maedtrictian of Lance Formation, Wyoming (Farabee and
Canright, 1986); Maedtrictian of Edmonton Formation, Canada (Srivastava, 1966 and

1969) Upper Cretaceous of Frontier Formation, Wyoming (Griggs, 1970); Upper
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Cretaceous of Rocky Mountain region, Colorado (Gies, 1972); Paleocene of Milam

County, Texas (Elsk, 1968).

Momipites (Wodehouse) Frederiksen and Christopher, 1978

Type species: Momipites coryloides Wodehouse (1933).

Description: Wodehouse (1933, p. 511), Nichols (1973, p. 106) and Frederiksen and
Christopher (1978).

Suggested botanicd affinity: Juglandacese.

Momipites spackmanianus (Traverse) Nichols, 1973

Plate VIII, Figure 10
Description: Nichols (1973, p. 107); Traverse (1955, p. 44, fig. 9).
Mesasurements: Diameter 25-33mm; thickness of exine 2mm. Ten specimens messured.
Stratigraphic interva: Reported from dl the locdities of the Tar Hed Formation.
Previoudy reported occurrences. Lower Cretaceous-Tertiary. Lower Cretaceous of
Portomac Group of Maryland (Brenner, 1963); Oligocene of the Brandon lignite of
Vemont (Traverse, 1955); Tertiary deposts of Massachusetts (Frederiksen, 1984);
Miocene of Bethany Formation and Pliocene of Omar Formation os southern Delaware

(Groot et a, 1990).

Nyssapollenites Thiergart 1937 ex Potonié 1960

Type species. Nyssapollenites pseudocruciatus (Potonié) Thiergart 1938

Description: Thiergart (1938; p. 322).



Suggested botanical affinity: Nyssaceae (Thiergart, 1938).

Nyssapollenites sp.

Pate VIII, Figure 7
Measurements. 26-42mm in diameter; ten specimens measured.
Stratigraphic interval: Reported from upper dratigraphic sections of Lock, Ivanhoe and
Willis Creek locdities. Reported from dl the samples of Elizabethtown, Goldsboro and
Tar River locdities.
Previoudy reported occurrences. Late Cretaceous-Tetiary. Mid-Eocene to Lower
Oligocene, Missssppi-Alabama (Frederiksen 1980a); Lower Oligocene of Mississippi-
Alabama (Oboh and Reeves Morris, 1994); Upper Maadtrichtian of NE Montana (Norton
and Hall, 1969); Paleocene of Georgia (Christopher et a; 1980; Frederiksen 1980b).
Comments Nyssapollenites spp recovered from Tar Hed Formation is tetrahedra and
has subtriangular amb. It is gmilar to the species of Nyssapollenites reported by
Christopher (1979b) reported from the basd Cretaceous units of the Eagtern Gulf and

Southern Atlantic Coastd Plains.

Oculopallis Pflug 1953

Type species: Oculopallis lpillus Pflug 1953

Description: Pflug (1953, p.110, pl. 19, figs 53-56).
Suggested botanicd  afinity: Hamamdidae-incertae  sedis, Normapolles group  (Pfug,
1953).

Oculopallis sp.

Plate VIII, Figure 1
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Measurements: 19 to 25 nm long, 22-34nm wide; ten specimens measured.

Stratigraphic interval: Occurs in most samples throughout the Tar Hedl Formation.

Previoudy reported occurrences. Campanian-Paleocene.  Reported from  Lower
Campanian of Germany (Pflug, 1953); Campanian-Maadtrictian of Azov Sea area, USSR
(Mikhelis, 1981); Upper Cretaceous of Romania (Mogos, 1992); Paleocene of NW

Siberia (Zaklinskaya, 1963).

Hicapallis (Pflug, 1953) emend. Tschudy, 1975

Type species. Rlicgpdllis serta Pflug, p. 97, pl. 11, figs. 17-20.

Description: Pflug (1953, p.97) and Tschudy (1975, p.17).

Stratigraphic range: Cenomanian to Late Eocene.

Suggested  botanicd  afinity: Hamamdidae-incertae sedis, Normapolles group. Plicate
(Kedves and Herngreen, 1980).

Rlicapallis retusus Tschudy 1975

Pate VII, Figure 6
Description: Tschudy (1975, p. 18).
Measurements: 15 to 30 nm long, 17-38mm wide; ten specimens measured.
Stratigraphic interva: Occursin many samplesin dl the locdities of Tar Hed Formation.
Previoudy reported occurrences. Campanian-Maadrichtian. Campanian of Tennessee
(Tchudy, 1975); Campanian-Maadtrichtian (Peedee Formation) of Charleston, South
Carolina (Christopher, 1978); Cenomanian-Maedrichtian of Batimore Canyon area

(Bebout, 1981).
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Hicatopallis Krutzch 1962 emend. Frederiksen and Christopher, 1978

Type species: Hicatopallis plicatus Potonié (1934).

Description: Krutzch (1962, p.277); Jansonius and Hills (1976, p.2044); and Frederiksen
and Christopher (1978, p. 133-134).

Synonyms: Maceopolipollenites Leffingwell (1971).

Suggested botanicad  afinity:  Juglandacese, Playcarya (Frederiksen and Christopher,

1978).

Hicatopallis sp.

Plate VI, Figure 6
Measurements: 30 to 34 nm long; 26 to 30 mm wide; eight specimens measured.
Stratigraphic  interval:  Species of Plicatopollis are present in samples of  upper
gratigraphic sections of 1vanhoe (8), Lock (3) and Willis Creek localities respectively.
Previoudy reported occurrences. Upper Cretaceous-Tertiary. Reported from Crossroads
core, South Carolina, Maadtrichtian-Paeogene (Frederiksen and Christopher, 1978);
Lower to Middle Eocene of Hungary (Kedves, 1973); Campanian of Aguja Formation,
Texas (Baghai, 1996); Campanian and Maadrichtian sediments of Raritan, Salisbury znd
Okefenokee Embayments of Atlantic Coasta Plain (Christopher, 1979).
Comments. Specimens of Hicatopallis found in the Tar Hed Formation samples ae
triangular with triradiate sructures smilar to plicae extending toward poles and ae

triporate.
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Proteacidites Cookson ex Couper 1953

Type species. Proteacidites adenanthoides Cookson 1950

Description: Cookson (1950; p. 172-173, pl.2, fig. 21).
Suggested botanical affinity: Proteacese.

Proteacidites retusus Anderson 1960

Pate VIII, Figure 8
Description: Anderson (1960, p. 21, pl. 2, fig. 5-7); Sarmiento (1957, figs 3, 4).
Measurements: 20 to 33 mm long, 25-33 mm wide; exine 1.5 nm thick; lumina
gpproximately 0.5 nm; ten specimens measured.
Stretigragphic interva: Occurs in moderate to high frequency in many samples of dl the
locdlities of Tar Hed Formation.
Previoudy reported occurrences. Albian to Paeocene. Maadrictian of \Wyoming
(Farabee and Canright, 1986); Campanian of Aguja Formation of Texas (Baghai, 1996);
Maadtrichtian of New Jersey (Wanders, 1974); Lea Park Formation, Alberta, Albian to
Campanian (Jarzen and Norris, 1975); Upper Campanian to Danian of New Mexico
(Anderson, 1960); Maadtrichtian of Utah (Lohrengd, 1969); Late Cretaceous of
Wyoming (Stone, 1973); Upper Moreno Formation, Cdifornia, Maadtrichtian to Danian
(Drugg, 1967); Hell Creek Formation, Montana, Maastrichtian (Norton and Hal, 1969;
Lofgren et d 1990; Tschudy, 1970).

Comments. The gpertures of Proteacidites retusus appear to be circular.

Suggested botanical affinity: Proteaceae; Petrophila (Dettmann and Jarzen, 1991).

Pseudoplicapallis Krutzch in Goczan and others, 1967 emend. Christopher, 1979.
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Type Species: Pseudoplicapallis palaeocaenicus

Destription: Krutzch in Goczan et a (1967, p. 496, pl. 14, figs, 26-31).

Pseudoplicapollis newmanii Nichols and Jacobson, 1982

Plate VII, Figure 7
Description: Nichols and Jacobson (1982, p. 140, pl. 4, figs. 5 and 6).
Measurements. Equatorid diameter range 18-39 nm. 16 specimens measured.
Stretigrephic interva: Observed in most samples of dl the locdities of Tar Hed
Formation.
Previoudy reported occurrences. Lower-Upper Campanian. In the USA, it has been
reported from middle to upper Campanian locdities in Colorado (Newman, 1964; 1965)

and Wyoming (Stone, 1973; Rubey et a, 1975; Tschudy, 1980).

Pseudoplicapoallis longiannulata Christopher 1979

Pae VII, Figure 8
Description: Christopher (1979, p 114, pl9, figures 1-9).
Mesasurements: 17-38 mm in eguatorial diameter; annuli 3mm in thickness, 10 specimens
messured.
Stratigraphic interva: Common in many samples from the Tar Hed Formation.
Previoudy reported occurrences. ConiacianCampanian. This species was reported from
the Upper Cretaceous (Magothy Formation) of New Jersey (Christopher, 1979); Upper

Cretaceous Marine Unit at Cheesequake, New Jersey (Litwin et a, 1993).
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Comments. This species has been reported from sediments older than the Campanian.
The mog driking feature that helps to digtinguish this species from others are the long

protruding annuli (Christopher, 1979).

Pseudoplicapallis sp.

Plate VI, Figure 1
Measurements. 22 to 36 mm in equatoria diameter; exogerminas are 2 to 25 mm long
and 0.5 nm wide; ten specimens measured.
Stratigraphic interval: Occurs in 19 samples of each of Goldsbhoro and Tar River
locdlities, 15, 5, 3 and 2 samples of Willis Creek, Ivanhoe, Lock and Elizabethtown
respectively.
Previoudy reported occurrences. Upper Cretaceous rocks of Raritan embayment (Central
and northern New Jersey) and Salisbury embayment (Maryland, Delaware, southern New
Jersey) (Wolfe, 1976, Christopher, 1979); Upper Cretaceous of Eagle Ford of Texas
(Christopher, 1982).

Comments. Specimens assigned to Pseudoplicapallis sp from the Tar Hed Formation

resemble Pseudoplicapallis sp. A of Christopher (1979) (NC-1 of Wolfe, 1976) in having

a thickened wal surrounding the exospore. All specimens are triangular in outline with
convex Sdes and protruding corners. Conspicuous endoplicae present terminating as
points within the germinds. Exine is composed of two wal layers, inner layer  conddts

of short radia bacula

Rétitricolpites Hammen, 1956 emend. Pierce, emend. Hammen and Wymstra 1964,
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emend. Srivastava, 1966

Type species. Retitricol pites ornatus Hammen, 1956.

Destription:  Hammen (1956); Ferce (1961); Hammen and Wymdra (1964) and
Srivastava (1966).

Stratigraphic range: Albian to Eocene.

Suggested botanica  affinity: Some species have been suggested to have affinities with
Bombacacese (Hammen and Mutis, 1966). The genus Retitricolpites includes a number

of gpecies, which are reticulate, and tricolpate (Guzmén, 1967).

Retitricolpites sp.

Plate VI, Figure 8.
Measurements: 15 to 39 nm long, 12 to 31 nm wide; ten specimens measured.
Stretigrgphic  interval: Obsarved i many samples associated with the Tar Hed
Formation.
Previoudy reported occurrences. AlbianEocene. Unassigned species of Rétitricolpites
are reported from Early Cretaceous sediments of Potomac Group of Maryland (Brenner,
1968); Upper Albian to Cenomanian of Alberta, Canada (Jarzen and Norris, 1975, Norris,
1967); Upper Cretaceous of Wyoming (Griggs, 1970); Campanian of Aguja Formation of
Texas (Baghai, 1996); Pdeocene of Colombia (Hammen and Mutis, 1966); Lower to

Middle Eocene of Los Cuervos and Mirador Formations, Colombia (Guzman, 1967).

Spheripollenites Couper 1958
Type species: Spheripollenites scabratus Couper 1958
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Description: Couper (1958, pl. 31, figs. 12-14).

Spheripollenites perinatus Brenner 1963

Pate VIII, Figure9
Description: Brenner (1963, p. 89, pl. 37, figs 3-6).
Measurements. Diameter 15-20 nm; SX specimens measured
Stratigraphic interva: Reported from most samples of Goldsboro, Tar River, Willis
Creek locdities and aso from 15 samples of lvanhoe locdity. Not reported from
Elizabethtown and Lock.
Previoudy reported occurrences. Lower-Upper Cretaceous. Barremian-Albian  of

Maryland (Brenner, 1963); Middle-Upper Albian of Portugd (Hasenboehler, 1981).

Tetrgpallis Pflug 1953

Type species: Tetrgpallis vaidus (Pflug) Pflug 1953

Description: Plug (1953; p.113, pl. 24, figs. 72, 74, 76-79).
Suggested botanicd  ffinity: Hamamelidee-incertae  cedis, Normapolles group (Batten

and Christopher, 1981).

Tetrgpallis vdidus (Pflug) Pflug 1953

Plate VII, Figure 9
Description: Plug (1953; p.113, pl. 24, figs. 72, 74, 76-79).
Measurements: 22 to 32 nm long; 28 to 40 mm wide;, outer wall layer 4 to 4.5 nm thick

and inner wdll layer 1.5 to 2 mm thick; eight specimens measured.
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Stratigraphic interval: Reported from upper dratigraphic sections of Willis Creek (17),
Ivanhoe (8) and Lock (5) locdlities; 18 samples from Goldsboro, 4 samples from Tar
River and 4 samples from Elizabethtown locdlities

Previoudy reported occurrences. Cretaceous-Paeocene. Mid Paeocene-Eocene  of
Germany (Plug, 1953; Thomson and Pflug, 1953); Mid Paeocene-Eocene of Centra
Europe (Goczén, Groot, Krutzch and Pacltovd, 1967); Lower Tertiary of Inner Mongolia

(Song, 1996); Upper Cretaceous of Meghaaya, India (Nandi, 1979).

Tricolpites Cookson ex Couper, 1953; emend. Potonié 1960 emend. Srivastava, 1969

Type species: Tricolpites reticulatus Cookson, 1947.

Description: Cookson ex Couper (1953, p. 61); Potonié (1960, p. 95) and Srivastava
(1969, p. 55-56).

Suggested  botanicd  affinity:  Hamamelidaceeee Corylopss, Hamandis, Fothergila

(Srivastava, 1969, 1975). Saxena and Misra (1989) suggested affinities of some members

to Lamiacese. It has been suggested by Leffingwel (1971) that Tricolpites reticulaus is

comparable to the pollen of Gunnera

Tricolpites crassus Frederiksen 1979

Plate VI, Figure 9
Description: Frederiksen (1979; p.139, pl.1, figs 7-11); Christopher et a (1980; p.117,
pl.2, fig. 16).
Measurements. 20-36 nm in Sze; colpi 2-3 mm deep, exine of intercolpium 253 nm

thick; ten specimens measured.
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Stratigraphic interval: Reported from 13, 18, 9, 5 samples of Goldsboro, Willis Creek,
Ivanhoe and Lock locdities respectively. Not reported from Tar River and Elizabethtown
locdlities.

Previoudy reported occurrences. Paleocene of Georgia (Christopher et d, 1980); Upper
Pdeocene of Gulf Coast of US (Frederiksen, 1979); Upper Pdeocene of South Carolina
(Frederiksen, 1980).

Comments. Specimens of Tricolpites crassus recovered from the Tar Hed Formédtion are

larger in dze compared to previoudy reported specimens from other locdities. This
Species is tricolpate with short, shadlow colpi with exine composed of two layers in the

intercolpium region. Exineislessthan 1 nm thick at colpi.

Tricolpites sp.

Plate VI, Figure 5
Measurements: 15 to 40 nm long; 12 to 38 nm wide; ten specimens measured.
Stratigraphic interva: Very abundant in many samples from dl the locdities of Tar Hed
Formation.
Previoudy reported occurences. Upper Cretaceous-Tertiary. Species of Tricolpites have
been reported throughout the world. Some of the reported occurrences in the United
States ae Coniacian of Utah (Orlansky, 1971); Cenomanian to Campanian of mid-
Atlantic Bdtimore Canyon area (Bebout, 1981); Coniacian-Campanian of New Mexico
(Jameossanaie, 1987), Campanian-Maadtrichtian of Utah (May, 1972), Paeocene of New

Mexico (Fassett et d, 1987); Paeogene of northeastern Virginia (Frederiksen, 1979).
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Tricolpopollenites (Potoni€) 1934 emend. Pflug and Thomson 1953

Type species. Tricolpopollenites (Pollenites) parmularis (Potoni€) Thomson and  Pflug,

1953, p.97.

Description:  Potonié (1934, p.52) for the description on Pollenites parmularis; Pflug

(1953, Pflug in Thomson and Pflug, p. 95) on Tricolpopollenites.

Botanicd afinity: Dicotyledonae-incertae sedis.

Tricolpopollenites williamsoniana (Traverse) Gruas Cavagnetto 1968.

Pate VII, Figure 11
Description: Traverse (1955, p. 49, fig. 10 (45) for the description on Quercus
williamsoniana); Gruas Cavagnetto (1968; p. 64, pl. 6, figs 20-22).
Measurements. 38-45mm  long; 20-29mm wide. Thickness of exine is 2mm. Eight
specimens measured.
Stretigraphic interval: Reported from many samples of the Tar Hed Formation, not found
in Elizabethtown locdlity.
Previoudy reported occurrences. Barremian-Oligocene. This species has been reported
from BaremianAlbian of Maryland (Brenner, 1963); Oligocene of Vermont (Traverse,
1955); Lower Cretaceous of France (Gruas-Cavagnetto, 1968).
Comments This pollen has pronounced longitudina furrows and the sculpture is
scabrate.

Tricolpopollenites sp.

Pae VI, Figure7
Meaurements. 15-20 mm long, 10-12 mm wide; ten specimens measured.

Stratigraphic interva: Occurs in abundance throughout the Tar Hed Formation.
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Previoudy reported occurrences. Upper Cretaceous-Tertiary. Upper Cretaceous of
Atlantic Coastd Plain of Maryland and Deaware Groot and Penny, 1961); Maastrichtian
of Mt. Laurd Formation of New Jersey (Gray and Groot, 1966); Maadtrichtian to Danian
of Escarpado Canyon, Cdifornia (Drugg, 1967); Campanian of Aguja Formation, Texas
(Baghai, 1996); Paleocene of Silverado Formation, Cdifornia (Gaponoff, 1984).

Comments. Pollen grains of Tricolpopallenites sp. from the Tar Hed Formation are

tricolpate, radidly symmetricd, and ovd in shgpe Colpi ae didinct, smple and
extending to the poles.

Tricolporopollenites Potonié, 1931

Description: Potonié (1931) and Thomson and Pflug (1953).

Type species: Tricolporopollenites kruschii Pflug and Thomson 1953.

Suggested botanical affinity: Dicotyledonae-incertae sedis.

Tricolporopollenites bradonens's Traverse 1994

Mate VIII, Figure 11
Description: Traverse (1994, p. 285, p. 290).
Measurements. 22-35nm in diameter, exine 2-2.5mm in thickness, ten specimens
messured.
Stratigraphic interva: Not common in Tar Hed locdities except Goldsboro where 14
samples yielded this grain. Reported from 8, 4 samples of Willis Creek and Ivanhoe
respectively.
Previoudy reported occurrences. The species has been previoudy reported from Brandon

Lignite of Vermont (Traverse, 1994).
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Comments. It has been suggested that this species might have dfinities to extant
members of Rosaceae since the large circular equatorid furow gructure and the driate
sculpture digtinguishes this species from the rest. This is a characterigtic feature of many

genera of Rosaceae (Traverse, 1994).

Tricolporopollenites sp.

Plate VII, Figure 12
Messurements: 20-55 mm long; 10- 28 mm wide; ten specimens messured.
Stratigraphic intervd: Didributed throughout the Tar Hed Formation; reported from 4l
the locdlities.
Previoudy reported occurrencess Lower Cretaceous-Tertiary. Species belonging to

Tricolporopallenites have been reported from Lower Cretaceous of Maryland and

Deawvare (Groot and Penny, 1961); Santonian to Campanian of Mid-Atlantic Batimore
Canyon aea (Bebout, 1981); CampaniarMaadrichtian of Utah (May, 1972);
Maadrichtian (Kairparowits Formation) of Utah (Lohrengd, 1969); Eocene of Texas
Gulf Coagt (Elgk, 1974); Turonian to Lower Senonian of Alberta (Jarzen and Norris,

1975).

Triplanosporites Pflug ex Thomson and Pflug 1953

Type species: Triplanosporites snuosus Pflug 1953

Description: Plug (1953, p.58).

Suggested affinity: Magnoliopsda
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Triplanosporites Snuatus Takahashi 1964.

Plate VI, Figure 3
Description: Takahashi (1964, p.211-212, pl 28, figs. 12-14).
Measurements. 24-40 mm long; 18-33 nmwide.
Stratigraphic interva: Found in samples of dl the localities of Tar Hed Formation.
Previoudy reported occurrencess Lower-Upper Cretaceous. Barremian-Albian  of

Maryland (Brenner, 1963); Campanian of Northern Japan (Takahashi, 1964).

Trudopallis Pflug emend. Krutzsch in Goczan et d., 1967

Type species: Trudopallis pertrudens Pflug (1953).

Description: Pflug (in Thomson and Pflug, 1953 p. 98).
Suggested botenicd  affinity: Hamamdidae-incertae sedis, Normapolles group. (Kedves

and Herngreen, 1980).

Trudopallis variabilis Tschudy 1975

Pate VIII, Figure 2
Description: Tschudy (1975, p.25, pl. 16, figs. 13-22).
Measurements. 25-33mm long; 25-34mm wide; eight specimens measured.
Stratigraphic interval: Reported from dl the samples of Tar Hed Formation.
Previoudy reported occurrences. Reported from the Lower-Campanian to Lower

Maestrichtian sediments of the southeastern United States (Tschudy, 1975).
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DESCRIPTIVE STRATIGRAPHY AND PALEOFLORISTICS

4.1 Descriptive Stratigraphy of L ocalitiesof Tar Hed Formation

4.1 A Elizabethtown Samples

Four paynologicad samples from Elizabethtown locdity were studied. ET-1a (lower) and
ET-1b (upper) represent samples from laminated, dark clayey sand zone. ET-2a (lower)
and ET-2b (upper) are samples from micaceous blue-gray clayey sand zone. Freshwater
dgd forms are not recovered from any of these samples. Isabdidinium is the only

dinoflagellate species that is found. Isolated funga spores of Dicdlites, Inapertisporites,

Multicellaesporites and Tetracellites are recognized. Spores of fern genera such as

Cicatricosigporites, Cyathidites, Dictyophyllidites, Laevigatosporites and Matonisporites

occur in these samples. Conifer pollen of Araucariacites, Inaperturopollenites,

Piceaepollenites, Podocarpites and Taxodiaceaepollenites are reported. Normapolles

pollen of Complexiopallis, Oculopallis, Plicapallis, Pseudoplicapallis, Tetrgpollis and

Trudopallis are very wel represented. Besdes Normapolles pollen, various tricoplates,
tricoplorates and triporates are dso present. Angiosperms are the most common
paynomorph component comprisng about 76% of the total paynoflora followed by
pteridophytes (10%), fungd forms (7%), gymnosperms (6%) and dinoflagdlates (1%)

(Figure 4a).

4.1 B Goldshoro Samples

Twenty samples were collected from Neuse River Cut Off, Goldsboro locdlity. A bridge
gpans the locdity and sampling was done from both sides of the bridge. On one side of

the bridge four samples were collected from medium-gray feldspathic sand with lenses of
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dark day and sx samples were collected from thinly interbedded dark-gray clays with
sand zones. On the other side of the bridge, two were collected from the intercaated
black clay zone, five samples were collected from medium-gray feldspathic sand with
lenses of dark clay zone and three were collected from thinly interbedded dark-gray clays
with sand zones. Fresh water dgd forms dong with marine dinoflagelates such as

Cerodinium, Issbdidinium and Pierceites are present in samples of Goldsboro. Fungd

goores ae very diverse including fungd hyphae of Pdaencidrus and fruiting body of

Phragmothyrites. Assortment of dark brown dicdlate, tetracelate and multicelate fungd

spores are associated with the abundance of degraded organic matter. Well preserved
trilete fern spores are reported from many samples of this locaity. Gymnosperm pollen

characterigtic of low pdeolatitudes such as Taxodiaceaepollenites and Cycadopites are

found besides other conifers. Angiosperms are well represented and comprise about 44%
of the tota pdynoflora Pteridophytes, gymnosperms, fungi, fresh waer dgee and
dinoflagellates condtitute 22%, 20%, 10% and 4% of the totad paynoflora respectively
(Figure 4b). The presence of marine dinoflagdlates suggests a possble marine influence

in this environmenta setting.

4.1C Ivanhoe Samples

Twenty four paynology samples were andyzed from the Ivanhoe locdity. Most samples
collected from the older black clay bed are rich in megafossils of leaves and stems. Fresh
water adgd remains and dinoflagellates were reported from black clay interbedded with

buff sand bed. Specimens of Ovoidites and Schizogporis parvus were reported from

greenishrgray clay bed. Dinoflagdlate species of Ceodinium, Isbdidinium and
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Pierceites are present in some samples of the lower most black clay bed but are not found
in samples from greenishrgray clay and grayish black clay beds. Fungi spores are wdl

represented and spores of Multicdlaesporites show a trend in incressed relative

abundance from dratigraphically older to younger drata Well preserved trilete fern

goores  of  Camarozonogporites,  Cicatricossporites  dorogenss,  Cyathidites,

Dictyophyllidites, Laevigatosporites ovatus, Undulaigporites and Deltoidospora are well

represented.  Pollen of  conife's  such  as Rnuspollenites,  Piceagpollenites,

Taxodiaceaepollenites are common in most samples. Angiosperm pollen represents the

most dominant paynoflora group, accounting for 5% of the tota paynoflora followed
by fungd and pteridophyte groups, each condituting 13% of the totd paynomorph
count. Gymnosperms, dgae and dinoflagellates comprise 12% and 3% of the totd

paynoflora respectively (Figure 4c).

4.1D L ock Samples

Exposures spanning dratigraphic section of the Lock locdity range from 10-12 feet in
thickness. Eight padynologicd samples were processed from the dark gray clay bed.
Sampling was done a 1 to 2 feet intervas. Some samples had abundant plant fragments
(cuticles) and dark organic matter. Three samples yielded one freshwater agad specimen

of Schizogporis parvus. Specimens of Isabdidinium sp. were recovered from  two

dratigraphically older samples (LK1 and LK2). Assorted ferns, fungi, gymnosperms and
angiosperms were reported from many samples. Angiosperms dominate the assemblages

representing about 63% of the tota paynoflora. Pteridophyte spores are more common
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than gymnosperm pollen (11%) and fungd spores (10%) and comprise about 15% of the

palynomorph count (Figure 4d).

4.1F Tar River Samples

Twenty one palynomorph samples were analyzed from the Tar River locdity of the Tar
Hed Formation. Sampling was done laterdly a every 2 feat intervd from dark gray
clayey sediments. Megafoss| fragments of twigs and leaves are found in some samples.

Fresh water adgd remans of Botryococcus, Ovoidites, Schizosporis, Tetrgporina and

dinoflagdlate Issbdidinium represent 4% of the tota paynoflora Gymnosperms pollen
represent 21% of the palynomorph component. Angiosperms represent the most common
palynomorphs accounting for 51% of the tota paynoflora (Figure 4€). Cycads, conifers
and genera associated with Normapolles complex, tricolporates, triporates and tricolpates

are reported from most samples.

4.1F Willis Creek Samples

Twenty sx samples (seven from black clay interbedded with micaceous coarse sand bed,
gx from black carbonaceous clay bed, five from grayishblack clay bed and eight from
laminated sand and carbonaceous clay bed) were collected from the Willis Creek locdlity

and procesed for padynologicad andyses. Algd remains of Botryococcus braunii,

Ovoidites sp., Schizosporis parvus were found from black clay and grayish-black clay

beds. These freshwater dgae were not found in other beds of the locdity. The

dinoflagdlates Cerodinium sp., Issbdidinium sp. and Perceites pentagonus occur in

many samples from dl four beds of this locdity. The dgeae and dinoflagdlates conditute

102



4% of the totd padynomorph count. The occurrence of Teredolites borings,
microforaminiferd  linings and marine bivaves indicste a marine influence that may be
due to transgresson with rapid sea-levd rise (Owens and Sohl, 1989; Sohl and Owens,
1991; Standliffe, 1996). Two morphologica types (trochospird and planispird) of
microforaminiferal linings have been found in fourteen samples of Willis Creek. In the
trochospira form (Plate IX, Figure 1), a whorl overlaps on one side of the previous whorl
making a trochospird form. Planispird forms (Plate IX, Figure 2) have only one whorl
(Stancliffe, 1996). Assorted fungd spores/hyphae represent 10% of the tota paynoflora

The form genus Multicellaesporites shows a damilar trend in its relative abundance (as

seen dso in Ivanhoe locdity). The number of grains of Multicellaesporites increases from

gratigraphically older to younger srata This could be corrdated with the progressive
high yidd of angiogperm pollen in the dratigraphicdly younger sediments Different
kinds of fern spores are dso found and account for 16% of the tota paynoflora
Gymnosperm  pollen represent 14% of the paynomorph component. Common

condituents include Classopollis classoides, Ginkgocycadophytus nitidus, Parvisaccites

radiatus, Pinugollenites sp., Piceaepollenites  sp.,,  Podocarpites sp.  and

Taxodiaceaepollenites sp. Angiosperms represent the most common  palynomorph  (56%)

and include taxa associated with the Normgpolles and Postnormapolles complex and

other triporates, tricolpates and tricolporates (Figure 4f).
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4.2 Paleofloristics

4.2 A Freshwater algae

Fossl spores of Ovoidites and Schizosporis parvus recovered from Tar Hed Formation

samples have been compared to the extant Spirogyra. Mougeotia has been suggested to

be the Recent generic andogue for Tetraporina (van Ged and Grenfdl, 1996). These
goores are indicators of shalow, stagnant, freshwater habitats (van Ged and van der
Hammen, 1978; Sangheon, 1997). Studies in Florida Bay, Harney River and Okefenokee
Swvamp gtes suggest that Ovoidites is more closdy associated with freshwater marsh

habitats (Rich, Kuehn and Davies, 1982). The fossl genus, Botryococcus braunii

recovered in this sudy, is not of much use in biodratigraphic studies and environmenta
interpretations  (Batten and Grenfell, 1996). The modern Botryococcus is widdy
digributed in wide aray of habitats (freshwater pools to regions of varigble sdinity) in
both temperate and tropicd regions and could withsand seasonaly cold climates (Batten
and Greenfell, 1996).

4.2B Dinoflagellates

Three gpecies, Cerodinium pannuceum, Issbdidinium sp. and Pierceites pentagonus

belonging to the family Peridiniaceae are reported from Tar Hed Formation samples. The
lower diversty of dinoflagdlaies compared to other paynofloras in sediments indicates
litte marine influence on the depostion of Tar Hed sediments (Fensome, Riding and

Taylor, 1996).
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4.2C Fungi

Fungi have a long geologicd higory and the importance of this group in reation to ther
roles in the past ecosystem throw light on interactions between fungi and both plants and
animas dong with ther environment (Taylor, 1990). Fungd paynomorphs including
gpores, hyphae and fruiting bodies were recovered. The morphologica types exhibited
vaiaions in their cdl number, Sze and arangement of septa The diversity is shown by

the presence of  monocdlate  (Inaperturopollenites),  dicdlate  (Dicdlites

Didymosporiporonites), tetracellate (Tetracellites) and multicdlate  (Fractisporonites,

Multicellaesporites and Scolecosporites) forms. Fruiting bodies of Phragmothyrites and

hyphee of formgenus Pdaencidrus sp. were dso found. The form-genus

Multicellaesporites shows a genera trend of increased abundance from gratigrephicaly

older to younger drata a lvanhoe and Willis Creek locdities. Changes in diversty and
reaive aundance of fungd paynomorphs could reflect changes of paeoclimate (Elsk,
1980; 1993). Studies by Jansonius (1976) and Staplin et a. (1976) showed increase in
abundance and diversty of Neogene fungd paynomorphs in sediments of the cydic
warm periods. It could adso be speculated that changes in reative abundance could
possbly reflect the changes in rdation to parasitism and saprophytism (Traverse, 1988).

Fungd spores of Multicdlaesporites were previoudy unknown from Campanian

sediments as these are reported from Late Paleocene to Recent sediments.

4.2D Pteridophytes

Spores of tree ferns of Cyatheaceae (Cyathidites), herbaceous ferns Schizaecese

(Cicatricossporites), Polypodiaceae (Laevigatosporites, Leotriletes, Pslatriletes  and
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Matonisporites) and Sdagindlacese (Cingutriletes and Echindisporis) are reported from

samples of the Tar Hed Formation. These fern families have been associated with moist
subtropica or moist warm temperate regions (Hochuli, 1981; Rouse, 1962). Spores of

Lycopodiaceae (Camarozonosporites, Ceratosporites, Hamulatisporites) have a wide

range of geographica range and are indicative of moist regions (Lohrengd, 1969). Fern
gpores are important condtituents of both Jurassic and Cretaceous sediments (Traverse,
1988). Studies of Late Cretaceous sediments by Hughes and Moody - Stuart (1969) and
Hughes and Croxton (1973) in Britain reved a large diverdty of fern spores suggesting
that they were important components of paynoflord assembleages during the

Cretaceous.

4.2E Gymnosperms

Cretaceous gymnosperm pollen tends to be less diverse and less abundant in sediments as
compared to pteridophytes and angiosperms due to gradud decline in the diversty of
conifers during the Cretaceous (Lidgard and Crane, 1990). Gymnosperm pollen reported

from the Ta Hed Formation samples includes bisaccates (Pinugpollenites, Podocarpites

and Parvisaccites), crcumpolles (Clasopallis), monosulcates  (Cycadopites), and

inaperturates  (Araucariacites, Inaperturopollenites and Taxodiaceaepollenites). Conifers

including cheirolepidiaceous, podocarpaceous and taxodiaceous forms were represented

wdl in the samples. Taxodiaceaepollenites (Taxodiaceae) are associated with swampy

topography (Lohrengel, 1969; Orlansky, 1971). Cherolepidiaceous conifers producing
Cl llis pollen have been speculated to occupy upland dopes and lowlands close to

the coast. Classopollis pollen have been speculated to be indicators of warm climate and
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representatives of coada forests in floodplain communities (Srivastava, 1976; Alvin,
1982; Watson, 1982). Cherolepidiaceae underwent declined in the Cretaceous and

became extinct as a group during the Cretaceous/Tertiary boundary (Thomas and Spicer,

1987).

4.2F Angiosperms

Angiosperms ae the most diverse and dominant components among the paynomorph
groups recovered from Tar Hed Formation. The reproductive success of angiosperms
could be atributed to vegetaive and reproductive innovations that include the
capabilities of angiosperms to st seeds quickly, outgrowing and outnumbering the
dower-reproducing seedlings of gymnosperms, seeds protected by carpels from fungd
infection, desscation and invason by insects and double fertilization and having pollen
with multiple (tricolpate) agpertures with complexly structured exines. Hora complexity
documented through diversity in the Cretaceous (Friis and Pedersen, 1996) gave the
angiosperms an advantage to wide range of adaptations to insect - pollination drategies.
Pollen assigned to Proteaceae, Nyssaceae, Juglandacese, Fagaceae, Betulaceae, Pamae,
Liliacese and Normapolles group are reported from the Tar Hed Formation. Pollen of

other dicotyledons such as Tricolpites, Tricolpopollenites and Tricolporopollenites are

abundant and these forms are not classfied to particular taxonomic families. The Lower

Cretaceous  (Baremian)  monoaperturate,  reticulate  Clavatipollenites  hughedi,

characterigtic of dicotyledonous magnoliid angiosperms (Waker, 1984) is represented
well in the sediments and are of high abundance in dratigraphicaly older sections of Tar

Hed Formation. Studies by Hickey and Doyle (1977) support that tricolpate pollen pollen
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aoxe in the Southern Hemisphere in Aptian time, soread to mid latitudes during Albian
and spread rapidly to other regions including the poles in the Cenomanian. Tricolpates
(Middle Albian) arose fird, followed by tricolporates (Upper Albian) and then triporates
(middle Cenomanian) (Brenner, 1963; Doyle, 1969; Lidgard and Crane, 1990). Rapid
diversfication of angiosperms is gpparent from the observation of dl mgor types of
apertures, tricolpate, tricolporate and triporate. Tricolpate and ticolpate — derived pollen
ae common in hamameididean and rosdean taxa (Friis and Pedersen, 1996).
Normapolles pollen exhibit morphologica and sructurd variation and dispersed forms
have been compared to wind pollinaled forms of Betulaceae, Casuarinaceae,
Juglandaceae, Myricaceae and Rhoipteleaceae (Friis and Pedersen, 1996). Triporate and
tetraporate  Normapolles pollen genera recovered from the Tar Hed Formation are

discussed in chapter 6.

4.3 Tar Hed Formation and Other Campanian Florasin the US

Published palynological studies on Campanian locdities in the western US include the
Judith River (Tschudy, B; 1973), Clagett Formation (Nichols & da., Tschudy and
Leopold, 1970), Cokedale Formations (Tschudy and Leopold, 1970), Almond Formation
(Stone, 1973), Point of Rocks Formation of the Rock springs Uplift (Stone, 1973), Cod
beds of the Mesaverde and Blackhawk Formations (May, 1972), Ides Formation of
northwestern Colorado (Newman, 1964, 1965), Mancos Shale of Southern Colorado
(Thompson, 1969, 1972); Lewis Shde (Anderson, 1960); Fruitland Formation (Tshudy,
1976) and Menefee Formation (Jameossanaie, 1987). Baghai (1996) conducted a detailed

paynologica invedigation on the Campanian rocks of Aguja Formation, Texas.
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Campanian studies of southern and eastern United States include those Tschudy (1975,
1973, 1965) from the Cuesta Sand Member, Ripley Formation, Alabama, Coffee Sand
Formation, Tennessee and the Pond Bank depost in Chambersburg, Pennsylvania. The
post-Magothy Formations of Sdibury and Raritan Embayments in Maryland and New
Jersey were studied by Wolfe and Pakiser (1971), Wolfe (1976) and Christopher (1979)
(Figure 4g).

Palynomorphs from the Tar Hed Formation were compared with those of podt-
Magothy formations (Wolfe, 1976, Christopher, 1979) (Table 4.1) and Aguja Formation
(Teble 4.2) to determine the Smilarities that exigs among Campanian paynofloras a the
intra- regiond (post Magothy formations-Atlantic Coastal Plain) and inter-regiond levels
(Aguja Formation-Gulf Coagtd Plain). Amongst the intra-regiond Campanian floras of
the Atlantic Coastd Plain, angiosperm paynolfloras of post-Magothy formations are well
sudied compared to other contemporary regionad floras. The Aguja Formation was
sdected for comparison between Campanian floras a the inter-regiond leve as it
documents detailled pdeoflorigics investigation tha includes paynomorph groups of
dgee, fungi, bryophytes, pteridophytes, gymnosperms and angiosperms. Comparative
gudies show that the Tar Hed Formation has many genera that are in common with the
Aguja Formation. Smilar spores and pollen that are characteristic of these two regions

indude  Cerodinium, Ovaoidites, Schizosporis  (dinoflagellates  and  dgee),

Didymoporisporonites, | napertisporites, Tetracellites (fung), Sterisosporites

(bryophytes), Camarozonosporites, Ceratosporites, Cicatricossporites,  Cingutriletes,

Cyathidites, Deltoidospora, Echinatisporis, L aevigatosporites, Leotriletes,

Matonisporites  (pteridophytes),  Classopallis, Cycadopites,  Inaperturopollenites,
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Parvisaccites,  Pinugpollenites,  Podocarpites,  Taxodiaceaepallenites  (gymnosperms),

Arecipites, Complexiopallis, Cupuliferoipollenites, Cyrillaceagpollenites,

Holkopollenites, Liliacdites Momipites, Nyssapollenites, Hicapollis, Picatopallis,

Proteacidites, Rditricolpites, Tricolpites, Tricolpopollenites, Tricolporopollenites and

Trudopallis (angiosperms). Findings of funga spores of Didymoporigporonites and

Tetracdllites from Campanian sediments of Tar Hed and Aguja Formations support the
range extension of these form-genera of fungi to the Campanian

In the intraregiond comparison of paynofloras, the angiosperm padynoflora was
compared with that of post-Magothy formations. Studies on the pollen of the Magothy
and post-Magothy Upper Cretaceous deposts of the Middle Atlantic States have been
conducted (Wolfe, 1976; Christopher, 1978, 1979). Six paynologic zones designated by
Wolfe (1976) were edablished based on dicotyledon pollen. The post-Magothy
formations include Merchantville (zone CA-2 of Wolfe, 1976), Woodbury (CA-3 of
Wolfe, 1976), Englishtown (CA-4 of Wolfe, 1976), Marshdltown and Wenonah (zone
CA-5 of Wolfe, 1976). Zones CA-2 to CA-4 correspond to Lower Campanian and zone
CA-5 is Upper Campanian (Christopher, 1979). The angiosperm pollen genera common

to both the Tar Hed Formation and post-Magothy formations are Complexiopallis,

Holkopollenites, Labrapollis, Picapadllis, Hicaopallis, Proteacidites, Psaudoplicapollis,

Retitricolpites and Trudopadllis. Taxonomic ligs ae incomplete from post-Magothy
formations as daa for other paynomorph groups such as agee, fungi, bryophytes,
pteridophytes, gymnosperms are lacking. Further (or more complete) studies on these

formations would give a better picture of the regiona paynoflora during the Campanian.
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Comparison of paeofloras between Tar Hed Formation and Aguja Formation
reveds more smilarities in the angiogperm floras (Sxteen genera) than between Tar Hed
Formation and post-Magothy formations (twelve genera). This suggests thet Tar Hed
Formation and Aguja Formaion are more contemporary in age and could aso reflect

smilar ecological conditions.

4.4 Climatic Implications

An accurate recongtruction of the climatic and vegetationa characterigics of the Tar Hed
Formation based soldy on the study of paynomorphs is not possble as many extinct
formgenera cannot be assgned to families due to lack of modern equivaents
Extrapolation of ecologicd preferences of extinct taxa with no modern equivaents
should not be undertaken at dl. In this sudy, some form-genera have been identified only
to the family leve, dlowing a broad discusson in terms of paeoecologicd context.
Other padynomorphs are difficult to assgn to appropriate families due to lack of their
modern equivaents.

Climatic data from Nationd Center for Atmospheric Research indicates that the

Campanian was warm with very low therma gradients (Deconto, 1996). Spores of tree

feens of Cyatheacese (Cyathidites), Schizaeaceae (Cicatricosisporites), Polypodiacese

(Leevigatosporites,  Leotriletes,  Matonisporites), Sdaginedlaceae  (Cingulatigporites,

Echinatigporis) recovered from Tar Hed samples are indicators of moist subtropica to
warm and moist temperate regions (Hochuli, 1981; Rouse, 1962). Gymnosperm pollen of

Podocarpites, Parvisaccites (Podocarpaceae), Taxodiaceagpollenites (Taxodiacese),

Inaperturopollenites  (Cheirolepidiacese) are associated with  low-rdief and  swampy
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topography (Herngreen e a. 1986; Lohrenge, 1969). Pollen of Cycadopites
(Cycadaceae), Arecipites (Pamae), Proteacidites (Proteacese) are ecologica indicators
dtributed to subtemperate to subtropical climates. (Herngreen et a. 1986; Lohrengd,

1969; Norton and Hall, 1969; Oltz, 1969). Spores of Stereisosporites (Spohagnum)

indicate quiet freshwater ponds, lakes, bogs and swamps (Herngreen et al. 1986).
The Tar Hed palynomorph record, based on the recovery of some indicator form:
genera with modern equivalents, suggests a subtropica to warm, moist temperate climate

during the Campanian in the southeastern region of North America
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NORMAPOLLESPROVINCE AND AGE OF THE TAR HEEL FORMATION

5.1 Background

During the Lae Cretaceous two distinct land floras were present in the Northern
Hemisphere. The regions containing these floras were named according to thelr
predominant pollen types. The Normapolles province extends esstward from the
Missssppi embayment to eastern United States into western Europe.  The
Aquilapollenites  province extends wesward from the Missssppi embayment area
through the western United States, Canada, and Alaska into eastern Asa The north-south
trending epeiric sea provided a barrier to plant migration (Stanley, 1970; Tschudy, 1975,
1980, 1981; Batten, 1984).

The name "Normapolles' was proposed by Pflug (1953) and included
morphologicaly didinct pollen of various angiogoerms of uncertain origin. Normapolles
ae "oblae, modly triporate or brevitricolp(or)ate pollen having complex, commonly
protruding apertures and typicdly a triangular amb, dthough some are more or less
circular in polar view" (Baten and Christopher, 1981). The development of pore
dructures in which annuli, atria, vestibula and radid bacula make up a complex germind
and the presence of plicae, endoplicae, polar thickenings, oculi, and other eaborations of
the wall dructure digtinguish most Normapolles from other pollen types (Batten, 1981).
Many of the taxa have short dratigraphic ranges and are useful for biodratigraphic age
determinations in Cretaceous and early Tertiary rocks (Batten, 1981; Srivastava, 1981).
This group encompasses more than 86 genera with severd hundreds of species

(Christopher, 1995).
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Normapolles plants may have evolved first in Europe based on number of genera
and degree of differentiation of both genera and species (Tschudy, 1981; Herngreen € 4,
1996). The oldest record of Normapolles from Europe is from Lower Cenomanian
sediments (Herngreen et a, 1996; Srivastava, 1981). The earliest record of Normapolles
from the eastern United States is from the Middle Cenomanian (Singh, 1975; Srivastava,
1981). This group reached its pesk of diversfication in Europe during the Santonian and
in North America during the Santonian to Campanian (Batten, 1981, 1984; Tschudy,
1981; Zaklinkaya, 1977, Retdlack and Dilcher, 1986). The group declined gradudly
during the Maadtrichtian and Paeocene and became extinct in Europe in early Oligocene,
and in North America by the Eocene (Tschudy, 1981; Batten and Christopher, 1981).

The western Adquilgpdllenites province is separated from the Normapolles
province by longitudina boundaries a 80° in West Siberia and 95-100° in the Western
Interior of North America (Batten, 1981; Srivastava, 1981, Thomas and Spicer, 1987).
This group is represented by didtinctly different morphologica pollen types that are
characterized by triprojectate pollen with three equatorid protrusons, each bearing a
meridional colpus (Herngreen and Chlonova, 1981). Although provincidism has been
edablished during the Late Cretaceous, there have been reports of mixed flord
assemblages / interflord mixing of both eastern and western dements (Batten, 1984;

Lehman, 1997). A few species of Normapolles pollen of Ricapallis, Pseudoplicapallis,

Trudopallis, Extratriporopollenites, Thomsonipallis and Vacuopollis have been reported

from western United States (Arizona, Cdlifornia, Colorado (Romans, 1975; Drugg, 1967,
Chmura, 1973). Other records of occurrences of Normapolles beyond their provincia

boundaries are documented from the Canadian Arctic (Mclntyre, 1974), Inner Mongolia
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(Sun et d., 1979) China (Zhao et d., 1981) and India (Nandi, 1980). Species of
Aquilapollenites have been recorded from the Atlantic Coastd plain of North America
(Evitt, 1973; Mitra et d., 1998), Brazil (Regdi et d., 1974), West Africa (Boltenhagen,
1980), Mdaysia (Muller, 1968). The occurrence of both pollen types beyond their known
boundaries has been explaned in tems of long disance trangport (especidly the
triprojectate pollen that could actualy be transported long distances owing to the
presence of projections) (Traverse, 1988; persond communication, 1998) and erroneous
identifications / contamination (Batten, 1984). It could aso be speculated that the epeiric
sess were not totdly effective in confining the pollen types to their respective provinces.
Towards the end of the Maadtrichtian, land connections were established during marine
regressons (Batten, 1984) that could have aided in intermixing of the pollen types. Most
of these studies have not reported relative abundance of various pollen types and at this
stage, itstoo early to question the integrity of the Late Cretaceous flora provinces.

In North America, the distribution of Normapolles genera in three geographica
aeas namey, North Atlantic Coastd Plain, Missssppi Embayment and west of the
epeiric Cretaceous Seaway was recognized by Tschudy (1981). The Normapolles pollen
province has since been extended to include the northeastern part of Mexico (Medus and
AlmeadaLefero, 1982). Studies show that some Normapolles genera are common among
the three areas whereas other genera are confined to specific regions (Tschudy, 1981,
Batten and Christopher, 1981; Singh, 1975). More intensve and detailed stratigraphic
sudies of Late Cretaceous and Early Tertiary rocks would hep in throwing light on the

digribution of different species of Normapolles.
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The heterogeneous Normapolles group has been speculated to be closdy related
to members of Hamameidese and in paticular the Myricdes and Juglandaes (Friis
1983). The discovery of fossl flowers with in dtu pollen from Upper Cretaceous
sediments of southeestern North America suggests that some members of the
Normgpolles complex ae cdosdy reaed to “higher hamameids comprisng of
Juglandacese, Rhoipteleaceae, Myricaceae and Betulacese (Sms et d., 1999).
Normapolles pollen types have been linked with both insect and wind pollination. The
multilayered exine and complicated germinds of many of the members may have been
adapted to insect pollination (Wolfe, 1975). Batten (1981) speculated that the reduced
sculpture, porate gpertures and diminutive Sze of some Normapolles grains (especialy

Complexiopallis) are contrivances for wind pollination. The pollen of Normapolles

group, dthough abundant in non-marine dtrata, have aso been found in marine facies.
This evidence could support wind pallination of severd Normapolles taxa (Pacltova,
1978). Anemophily is associated with plant communities in temperaie regions with
seasondity (Whitehead, 1969).

Normapolles pollen have been linked to both arid and humid climates (Batten,
1981). Pacltovd (1978) has found them associated with mangrove niches and other
authors (Lubiromova and Samoilovich, 1975) associate their occurrence with uplands in

the southern Urdls.

5.2 Normapoalles Pollen from Tar Heel Formation

Seven genera (Complexiopollis, Labrapollis, Oculopallis, Hicapallis, Pseudoplicapallis,

Tetrapallis and Trudopallis) representative of the Normapolles group occur throughout
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the Tar Hed Formation. The Normapolles component comprises about 54%, 48%, 52%,
48%, 50% and 29% of the total angiosperm assemblage in Elizabethtown, Goldsboro,
Ivanhoe, Lock, Tar River and Willis Creek locdities, respectively. The redively high
abundance of Normapolles pollen indicates thet these plants were important components
of the vegetation in these Late Cretaceous environments. Four of these saven genera,

Complexiopallis, Plicgpallis, Pseudoplicapallis and Trudopollis have been collected from

dl three North American provinces (North Atlantic Coagtd Pain, Missssppi
Embayment region and Western Interior) designated by Tschudy (1981). A summary of
various Normapolles genera has been presented in Table 5.1.

The dratigraphic range of Trudopallis extends from the Early Campanian through
the Early Eocene. Trudopollis has been used to define segments of dratigraphic column
in both eastern and western North America (Jarzen and Norris, Tschudy, 1981).

Complexiopallis is a common genus present in dmost al Upper Cretaceous samples

from eastern North America It has a shorter dratigraphic range than Trudopallis,
extending from the Late Cenomanian through the Early Maadrichtian (Pecltovg 1981).

As a result, species of Complexiopallis have been used to define biogtratigraphic zones

(Doyle, 1969; Wolfe and Pakiser, 1971; Wolfe, 1976, Christopher, 1979).

Complexiopallis abditus, a component of the Tar Hed microfossl! flora, is an index fossl

of the Campanian. Wolfe (1976) reported this species from basd Merchantville through
Engliditown Formations of Raritan and Sdlisbury Embayments of the Middle Atlantic
States. This species has been dso reported from Aguja Formation (Campanian) of Texas
(Bagha, 1996), Merchantville and Englishtown Formations (Zones CA-C4 of Wolfe

(1976) corresponding to Lower Campanian) Sdisbury and Raritan Embayments of
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Maryland and New Jersey (Christopher, 1979), Coffee Sand Formation (Campanian) of
Mississppi (Tschudy, 1973), Meneffee Formation (Coniacian-Campanian) of New
Mexico (Jameossanaie, 1987) and San Miguel Formation of Mexico (Medus and

AlmedaLefiero, 1982). Besides Complexiopollis abditus, Complexiopallis exigua has

biogratgraphic value and has been reported from Turonian — Campanian sediments of
Raritan and Magothy Formations, Black Creek samples of South Carolina and Eutaw

Formaion of Albama-Georgia border (Christopher, 1979). Complexiopallis funiculus

has been mogtly reported from Cenomanian — Coniacian sediments (Tschudy, 1973) and
Santonian sediments (Bebout, 1981). Occurrence of this species in the Tar Hed
Formation suggests that its stratigraphic range needs to be extended to the Campanian.

Ficgpallis and Pseudoplicapallis extend in  dratigraphic range from  Late

Cenomanian through Early Eocene (Tschudy, 1981) and are present in most Cretaceous

and Paeocene samples of eastern North America (Tschudy, 1981). Hlicgpallis retusus,

another index fossl of the Campanian occurs in many samples of dl the locdlities of Tar
Hed Formation. This species has been previoudy reported from the Aguja Formation
(Campanian) of Texas (Bagha, 1996), CampanianrMaadrichtian sediments of
Charleston, South Carolina (Christopher, 1978), Coffee Sand and Coon Creek Tongue
Members, Ripley Formation (Campanian) of Tennessee (Christopher, 1978) and San

Migud Formation of Mexico (Medus and AlmeidaLefiero, 1982). Pseudoplicapallis

newmeanii is redricted to the Campanian and has been used extensvely in biostratigraphic
studies (Nichals, Perry and Harley, 1985; Nichols et al., 1993).
The genus Labrapallis has a dratigraphic range from Maedtrichtian-Eocene.

Species of Labrgpallis have been reported mostly from the Tertiary sediments in many
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parts of the world (Alvarez Ramis and Doubinger, 1994; Thomson and Pflug, 1953;
Frederiksen, 1979; Christopher, 1978; 1979). Labrgpollis has been reported from the
Upper Campaniat+Maadrichtian of Raritan and Sdisbury embayments of the Atlantic
Coadta Plain (Christopher, 1978, 1979). This genus is known to occur mostly in the
Tertiary sediments and has never been reported from Lower Campanian sediments. The
occurrence of Labrapallis in Tar Hed Formation samples indicates a longer range of the
genus that could be extended to Lower Campanian.

The genera Oculopdllis and Tetrgpollis have not been documented previoudy
from Cretaceous drata in North America Until this study, Oculopallis was recognized
modly in the CampanianPdeocene sediments of Germany (Pflug, 1953), Romania
(Mogos, 1992) and USSR (Mikhelis, 1981). Tetrgpdllis, a tetraporate Normapolles has
been reported from younger sediments than the Campanian. It has been reported from
Maastrichtian (Nandi, 1979) and Paeocene-Eocene sediments (Goczan, Groot, Krutzch
and Pacltova, 1967) and and Upper Cretaceous of India (Nandi, 1979). Findings from this

study support that the range of Tetrapallis could go back to the Campanian.

5.3 Other Angiosperm Palynoflora

Although Normapolles pollen group forms an important component of the Tar Hed
Flora, other triporates, tricolpates and tricolporates are present throughout the localities of
Tar Hed Formation. Arecipites and Lilacidites are the only monocot genera present in
samples of Tar Hed Formation. Posthormegpolles form-genera, Momipites and
Hicaiopallis are found associated with Normapolles genera. Postnormapolles pollen, like

Normapolles have been speculated to be from amentiferous trees and shrubs (Traverse,
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1988) and this group has been dassfied by Pflug (in Thomson and Pflug, 1953) as a
suprageneric unit for fossl pollen that are trigperturate, porate and lacking specid
features of Normapolles (Kedves, 1981). Although Postnormapolles represent pollen of
angiospermous  plants associated with early Neogene to Recent terredria  floras
(Zeklinkaya, 1981), these pollen have aso been reported from Late Cretaceous
sediments of the United States and Mexico (Baghai, 1996). Hlicaopallis has been
reported from the Upper Cretaceous of the Navesink Formation and Red Bank Sand of
the Raritan Embayment of Atlantic Coastd Plain (Wolfe, 1976) and from the Campanian
of Aguja Formaion of Texas (Bagha, 1996) and Upper Cretaceous and Paeogene
sediments of South Carolina (Frederiksen and Christopher, 1978). Species of Momipites
have been found in Campanian through Eocene sediments as documented in
paynologica sudies of Campanian of Mexico (Medus and Almeda Lefiero, 1982) and
Aguja Formation of Texas (Bagha, 1996); Maadrichtian of Montana (Farabee and
Caright, 1986), Cdifornia (Drugg, 1967), Atlantic Coasta Plan (Frederiksen and
Christopher, 1978); Pdeocene of South Carolina (Frederiksen, 1980), Texas (Elsk, 1968)
and Missssppi (Nichols and Stewart, 1971); Eocene of Virginia (Frederiksen, 1979) and
Mississppi (Nichols and Stewart, 1971).

The genus Holkopallenites, a tricolporate, is wel represented in dl the locdities
of the Tar Hed Formation. Paynologicad <udies by Wolfe (1976) and Christopher
(1979) reved that Holkopollenites sp. A (CP3D of Wolfe, 1976) is redtricted to zone CA-
2 (Merchantville Formation of Raritan and Sdisbury Embayments corresponding to basd
part of Lower Campanian) of Wolfe (1976). Holkopollenites sp. C (CP3E of Wolfe,

1976) is redricted to zones CA-3 to CA-5 (Woodbury-Wenonah Formations of Sdisoury
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and Raritan Embayments and corresponding to Lower-Upper Campanian) of Wolfe,

1976. Holkopollenites chemardenss has been reported from Upper Campanian

Maadrichtian (Marshdltown, Wenonah and Navesnk Formations of Sdisbury and
Raritan Embayments, corresponding to zones CA-5 through CA-6 of Wolfe, 1976).
Studies from the Tar Hed Formation show that the three species of Holkopollenites H.
chemardenss, H. sp. A (CP3D-1 of Wolfe, 1976) and H. sp. C (CP3E-1 of Wolfe, 1976)
have been found to occur together in many samples, suggesting that the range of

Hokopollenites chemardenss may include Lower Campanian. Holkopollenites sp. A is

known to have a short dratigraphic range and since it has been reported from the Lower
Campanian sediments of Sdisbury and Raritan embayments of the Middle Atlantic States
(Wolfe, 1976), it is an important biodratigraphic marker gpecies.  Another
gratigraphically important paynologic marker that is a rdiable indicator of Campanian

age is Proteacidites retusus (Campanian-Maadtrichtian). Tricoporopollenites bradonens's,

Miocene pollen from Brandon Lignite of Vermont (Traverse, 1994) fas been reported in
some sratigraphicaly younger samples of Tar Hed Formation.

Angiosperm taxa such as Labrgpallis, Holkopollenites chemardensis, Tetrapallis

vaidus, Tricolporopollenites bradonenss have not been recorded previoudy from draa

older than Upper Campanian / Maadtrichtian or early Paleogene. Species like Tetrgpollis
and Oculopadllis are known from Europe and have not been documented from North
America These occurrences extend the tota dratigraphic range of various form-genera
and formspecies to the Ealy Campanian and indicate more extended ranges than

suggested in the literature.
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5.4 Age of the Tar Heel Formation

Evidence from poorly identified leaf floras by Berry (1914) and Dorf (1952) led to a late
Campanian to Turonian age assgnment to the Tar Hed Formation. Studies by
Stephenson (1923) on marine invertebrate faunas from some localities suggested that the
Ta Hed Formation was of much younger age. Reports of Ostrea whitel (Stephenson,
1923) from Blue Banks Landing on the Tar Rver and a Snow Hill on Contentnea Creek
indicated an Early Campanian age for this formation. Analyses of ostracode assemblages
by J. E. Hazd and G. Gohn (in Owens and Sohl, 1989; Owens and Sohl, 1991) included

the Ealy Campanian odracode assemblage of Fissocarinocythere  pittends,

Fissocarinocythere gapends, Haplocytheridea plumegria from  locdities of Ta Hed

Formation. Exogyra ponderosa, a gryphaeid, is reported from Tar Hed sediments,

suggesting an Early Campanian age (Sohl and Owens, 1991). Pdynologicd studies by
Christopher (unpublished, stated as written communication in Owens and Sohl, 1989) on
a few samples from Tar Hed Formation yielded a flora assgnable to pollen zones CA2
through CA4 of Wolfe (1976), which correspond to Lower Campanian.

The padynologica age assessment of the Tar Hed Formation was based primarily
on the recovery of paynomorph taxa that have been recorded previoudy in Campanian
palynologicad studies in North America. Observed ranges of key paynomorphs are based
on Cretaceous and Tertiary palynologica studies (Farabee and Canright, 1986; Drugg,
1967; Chmura, 1973; Thompson and Pflug, 1953, Tschudy, 1970; 1975; Wolfe, 1976;
Chrigtopher, 1978, 1979). Stratigraphicaly important paynologic markers, which are
rlidble indicators of a Campanian age, include the dinoflagdlaies Cerodinium

pannuceum (Campanian-Paleocene) and Pierceites pentagonus (Campanian Paleocene),

122



angiosperm pollen of Complexiopallis abditus (Turonian Campanian), Flicgpallis retusus

(CampanianMaastrichtian), Proteacidites retusus (CenomanianCampanian),

Holkopollenites sp.A (Lower Campanian), Holkopollenites sp.C  (Lower-Upper
Campanian), Pseudoplicapallis newmaenii  (Lower-Upper Campanian) and Trudopallis

vaiabilis (Lower Campanian-Lower Maadrichtian). These taxa are represented wdl in
many samples of the Tar Hed Formation. Taxonomic zonations are not recognized in the
Ta Hed Formation. Many form-genera and gpecies extend throughout in varying

percentages as found in many samples.
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STATISTICAL ANALYSISOF TAR HEEL FORMATION SAMPLES

A tota of 80 paynomorphs was recovered from 103 sample-units a 6 different locations.
These sx locations beong to the Lower Campanian of the Late Cretaceous. Samples
were collected verticdly from Elizabethtown, Goldsboro, Ivanhoe, Lock and Willis
Creek locdities. Latera sampling was done a Tar River Ste. The two research questions
that are addressed here are:

1) Which gratigraphic sections are smilar in compostion? The Tar Hed Formation was
time-transgressive with many cycles of marine transgresson (Sohl and Owens, 1991) and
correlated Sratigraphic sections would indicate Smilar cycle of marine transgression.

2) Do species of paynomorphs that are indicators of Campanian age tend to form an
association? This quetion would dso hdp in answeing the vdidity of informa
biogratigraphic divisons of Early Campanian (zones CA-2, CA-3 and CA-4) for the Tar
Hed Formation as proposed by Christopher (cited as persond communication in Owens
and Sohl, 1989 and Sohl and Owens, 1991). Similar informa biogtratigraphic zones were
aso proposed by Wolfe (1976) for Campanian and Maastrichtian sediments of the middle
Atlantic States. If indicator species occur together, it would suggest that there are no
distinct zones of the Campanian for the Tar Hed Formation.

The multivariate statisticd methods used here are cluster andyses. Clugter andyses in Q
mode (clustering of samples) and R-mode (clustering of species) were carried out with
the Multivariate Stetigtical package verson 3.0. Data were analyzed usng both metric
and norrmetric measures to compare results. The results of the cluster andyses are

presented in dendrograms for both the analyses of species and anadyses of samples.
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6.1 Cluster Analysis Q-mode

Cluger andyss in the Q-mode, a community-gpproach, was used to determine smilarity
of samples based on padynomorph content (Stone, 1973). This method establishes a
cluger from exiging dugers and/or entities by determining the pairing that would result
in the minimum variance about its centroid. Agglomerative cludering dats with al
objects separate, then successvely combines the most smilar objects and clusters until
dl arein agngle hierarchid group (Kovach, 1988).

Metric measures

Minimum Variance Clustering — Unlike other techniques, minimum variance clustering
(dso cdled Ward's method) is redtricted to usng a matrix of Euclidean distances (Orloci,
1978). This method focuses on determining how much variation is within each cluger. In
this way cluders tend to be as diginct as possble Minimum variance dudering is
conddered a good clustering technique, particularly when there is redundancy in the data
matrix so tha some of the sample-units are very similar and represent repested sampling
of the same community (Kovach, 1988).

Data st of the Ta Hed Formation was fird log transformed to reduce the
absolute differences between abundances. This reduces the skewness of the distributions,
thus bringing the didribution coser to normdity, which is assumed by the Euclidean
digance messure. A minimum variance cugering of log trandformed data could give
interpretable results (Kovach, 1988). Anadyss of the Tar Hed Formation data set shows
seven clugers (Figure 6a). Sample-units from the lower dratigraphic layers of Lock
locdity (LK1-LK4), first bed (IV1) of Ivanhoe and first bed of Willis Creek (WC1) are

placed in one clugter (cluster 1). Cluster 2 contains sample-units of WC2 (second bed of
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Willis Creek locdity) and WC3 (third bed of Willis Creek locdity). The upper
gratigraphic sections of Lock (LK5-LK8) form an associaion with sample-units from the
third bed of Ivanhoe (IV3) in the third cluser. Sample-units from dratigraphicaly
youngest bed of Willis Creek (WC4) form a separate cluster (Cluster 4). Elizabethtown
locaity samples dso form a sepaate cluser (Cluster 5). Sample-units from one
gratigraphic section of Goldshoro (GBa, GBb and GBc) are placed in one cluster with al
sample-units of Tar River locdity. In the seventh cluser some sample-units of Willis
Creek (WC3-third bed from the bottom of Willis Creek locdity) are placed with a
different dratigraphic section of Goldsboro locdity (GBw, GBx, GBy and GBz) (Figure
6a).

Sources of noise in paynologica data could result from taphonomic processes.
Factors such as differentid production of pollen by different species of plants, seasond
variation in pollen and spore production, transportation distances of pollen and spores
and their preservation in sediments can cause digribution of palynomorphs which depart
from the normd digribution (Farley, 1988). Non-melric quantitetive measures are
sometimes used to minimize noise in the data Spearman rank-order correlation
coefficient, a non-metric quantitative measure based on the rank-order of the abundances
raher than on the actud abundances, and binary measures usng Sorenson's coefficient
were used to compare results between metric and nonmetric clustering dSrategies. Both
these methods did not give any interpretable results.

The choice of the best method depends on the sructure of data (variability of
relative and actua abundances, occurrence of rare gpecies, diversty of species in

localities), specific questions asked in the research and philosophicd attitudes of the
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investigator in emphasizing on characterigtics of the data such as absolute abundance,
relative abundance, presence and absence (Kovach, 1988). Minimum variance clustering
technique gave best results with Tar Hed Formdion data indicating that actud
abundances of different taxa seemed to be important in this daia set. Some taxa like

Multicellaesporites showed increased abundance from dratigraphically younger to older

sdiments at lvanhoe and Willis Creek localities. Leiotriletes pseudomesozoicus was

confined to Golddboro and Tar River locdities and taxa like Tricolporopollenites

bradonenss was found in dratigraphicdly younger drata Daa st from a
paeocecologicdl sudy of megaspore assemblages from the Cenomanian Dakota
Formation of Texas was andyzed by various dudeing techniques and minimum
vaiance clugtering technique gave good results (Kovach, 1987) dong with Spearman
rank order corrdation. Multivariate methods such as clustering techniques are vauable
tools in interpreting paeopaynologicd daia and different methods can give varying
results with the same data.

6.2 Cluster Analysis R-Mode

Clugter andysis in the Rmode, a population approach, is used to group paynomorphs on
the basis of their comparable occurrence (Store, 1973; Oltz, 1969). The presence or
absence of padynomorphs is documented for each sample usng the minimum variance
clusering method with log (2) transformetion. The dendrogram (Figure 6b) shows five

clusters. Spores of Tetrgporina, Botryococcus braunii and Ovoidites form a clugter

reflecting ecologica conditions rather than age. These freshwater dga taxa are indicators
of shdlow, dagnant and freshwater habitats (van Ged and van der Hammen, 1978,

Sangheon, 1997). Campanian dinoflagellate indicators such as Pierceites pentagonus and
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Cerodinium pannuceum are associated with  Issbdidinium, suggesting marine  influence

during depostion of sediments. Lower Campanian paynologica tricolporate markers,
Holkopollenites sp.A and Holkopallenites sp.C form aseparate association with bisaccate

Pinuspollenites. Lower Campanian  Normapolles markers such as  Complexiopallis

abditus, Complexiopallis funicuus, Pseudoplicapallis newmanii, Plicapdlis retusus,

Trudopadllis vaiabilis form a cduser with triporale Campanian marker, Proteacidites

retusus. These Campanian markers occur with bisaccates (Podocarpites, Piceaegpollenites)

and other gymnosperm pollen (Araucariacites, [naperturopollenites). Holkopollenites

chemardenss tends to be closdy associated with Arecipites, Cupuliferoipollenites,

Nyssapollenites,  Tricolporopollenites  bradonenss, Normapolles pollen  Tetrgpallis

vaidus, Labrapallis and post Normapolles Hicaiopadllis. This indicates that these pollen

have overlapping ranges and are more contemporaneous. Although these are found in
sediments of the Tar Hed Formation, they are more abundant in stratigraphiclly younger
sediments.

Cluger andyss on the R-mode usng non-metric quantitative messures such
Spearmanrank order corrdation coefficient and binary measures with Sorensen’s
coefficient did not give any interpretable results.

6.3 Discussion

Minimum variance clugtering technique proved the best method for both Q-mode and R
mode andyses giving intepretable duders Results from the minimum  vaiance
clugtering technique indicate that dratigraphic section of Goldsboro (right dde of the
bridge) is smilar in compodtion to Tar River locdity. Lower draigraphic layers

(younger) of Lock locdity have compodtiond smilarity to those of Ivanhoe and Willis
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Creek. Stretigrephicaly older layers of Lock locdity are smilar in compostion to
samples from 1V3 (third bed from bottom of Ivanhoe locdlity). Elizabethtown is different
from rest of the locdlities. It could be speculated that Elizabethtown belonged to a marine
transgressive cycle that is separate from rest of the locdities. Smilarly the uppermost bed
(aretigrgphically  youngest) of Willis Cresk dso bdongs to a different marine
tranggressive cycle. Compositionaly equivalent sections could be speculated to indicate
gmilar tranggressive cycles of the Ealy Campanian. The hypothess that sample units
gmilar in compaogtion are time equivaents requires further testing.

In the R-mode analyss the Normapolles Campanian markers form a cluster aong

with triporate Proteacidites retusus confirming that the Tar Hed Formation samples are

of Ealy Campanian age. Pdynologicd age assessment agrees with the age assessment
based on invertebrate faunad data Normapolles are represented well throughout the
stratigraphic sections. There is no trend of increased abundance of Normapolles pollen
gratigraphicaly. Huctuaions in the reative abundance of bisaccate coniferous pollen are
not evident in this sudy supporting that cdimate was warm with very low thermd
gradients during the Campanian.

Informa  biogratigraphic zones for the Early Campanian (CA2-CA4) proposed by
Wolfe (1976) are not applicable here as many taxa specific to zones CA-2 through CA-4
(CA=Campanian) ae not found from the Tar Hed Formation samples. Campanian

indicators such as Complexiopallis abditus (CA2-CA3), Hicgpadlis retusus (Zone CA3),

Trudopadllis vaidbilis (CA2-CA4) occur with Proteacidites, the later being characteristic

of Zone CA-4.
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CONCLUSIONS

Paynologicd andyses of one hundred and three samples from sx different locdlities
reved the presence of 80 different species of paynomorphs. The suite of form-genera of
paynomorphs includes four freshwater dgae, three dinoflagdlates, nine fungd resgtant
pats, fifteen pteridophytes, deven gymnosperms and twenty four angiosperms.
Angiosperms  exhibit the maximum diversty with thirty-three species digtributed in
twenty-four genera Reaive abundance data of various paynomorphs from dl sx
locdities reved the dominance of angiogperm pollen in the assemblages The
padynologicd evidence derived from the Ta Hed Formation further confirms the
divergfication of flowering plants and indicates ther dominance in pollen assemblages
during the Late Cretaceous.

The modified maceration technique developed in the Paynologicd Laboratory at
North Carolina State Universty was employed to recover good qudity and abundant
padynomorphs from samples of Tar River Formation. Although the conventiond
technique of maceration vyielded idertifidble paynomorphs the number of grans
obtained was dways lower than obtained with the modified technique. The cogt and time
effective modified technique is a vauable tool for processing clastic sediments.

Fungi are saprophytes or parastes and many are known to have angiosperms as
hogsts. Recovery of morphologicdly diverse fungd paynomorphs in the Tar Hed
Formation samples, dong with the incressed d&bundance of the form-genus

Multicellaeasporites from gratigraphicaly older to younger drata a Ivanhoe and Willis

Creek locdlities, are suggestive of changes in requirements to adgptations to paragtism

and sgprophytism of fungd groups like Multicelaesporites. Increased abundance data
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could dso reflect changes in the paeoclimate as fungd abundance has been correlated to
warmer periods.

Angiosperm  pollen components recovered from samples of the Ta Hed
Formation include the Normapolles group that is wel represented in assemblages of Tar
Hed Formation. The recovery of seven different genera of Normapolles pollen and ther
relaive abundances in locdlities support that these plants were important components of
the vegetation. The presence of dructurdly smpler types of Normapolles like

Pseudoplicapollis, Trudopallis, Hicapollis and Tetrgpollis indicates that plants producing

these pollen could have been wind pollinated and may have been components of open
woodlands in seasondly varigble climates.

Extended pdynofloristic studies on the Ta Hed Formaion, egpecidly a
Goldshoro and Tar River locdities did not report any Aquilapollenites pollen. 1t could be
goeculated that pollen of this western formgenus were minor components in Ealy
Campanian assemblages and flora of the Tar Hed Formation could have been mixed in
some specific regions where Normapolles and  Aquilapollenites occur together as reported
from ealier sudies a Goldshoro and Tar River locdities Such occurrences of
Aquilapallenites in a Normapolles province could aso reflect long distance transport of
this western genus to eastern North America (Traverse, 1988). The Cretaceous epeiric
seas were not totaly effective in confining the Normapolles and Triprojectacites to their
respective provinces. Aquilapollenites pollen reached ther pinnacle of diversfication in
the Late Campanian through the Maadtrichtian (Srivastava, 1978). Invedigations on Late

Campanian to Early Maadrichtian sediments of Eastern North America may be able to
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throw some light on our understanding of the Late Cretaceous phytogeography and
digtribution of various angiosperm pollen groups.

The paynologica age assessment of the Tar Hed Formation is in concordance
with ealier daing techniques determined from invertebrate faunas. Stratigraphicaly
important paynologicadl markers that are rdiable indicators of a Campanian age ae

represented in these sediments by dinoflagellates Cerodinium  pannuceum, Pierceites

pentagonus and angiosperms  of  Complexiopallis  abditus, Complexiopallis exigua,

Complexiopallis funiculus, Holkopollenites sp. A, Holkopollenites sp. C., Hicapallis

retusus, Pseudoplicapollis newmanii, Proteicidites retusus and Trudopollis vaidilis.

These taxa are well represented in the palynomorph count.
Three angiogperm pollen and one funga spore discovered in the Tar Hed
Formation have not been reported previoudy from drata older than the Maadtrictian or

Tetiay. These incdude fungd gpore of Multicdlaesporites, Normapolles pollen  of

Labrgpallis,  tricolporates  Holkopollenites chemardenss and  Tricolporopollenites

bradonenss. These occurrences extend the totd dratigraphic range of these form

genus/'species to the Campanian. Normapolles pollen of Oculopallis and Tetrgpollis were

not reported in previous studies from North America

Minimum variance cluser andlyss in the Q-mode reveds that a high corrdation
exiss between Goldsboro and Tar River locdities based on compostion of paynofloras
and therr relative abundances. Stratigraphically younger beds at Ivanhoe are corrdated to
those a Willis Creek and Lock locdities. Smilarly the older beds of Lock and Ivanhoe
are correlated to each other. This correation suggests that Goldsboro and Tar River

locdities smilar paynofloristic compostion. Smilaly the younger and older beds of
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Willis Creek are equivdent in paynoflord compostion to those of Lock and lvanhoe.
The biogratigraphicaly important pollen markers of the Campanian dso tend to form an
asocidion as reflected in the R-mode andydss, further confirming that the Tar Hed
Formation is of Ealy Campanian age. Informd biodratigraphic zones for the Early
Campanian (CA2-CA4) as proposed by Wolfe (1976) do not occur at locdities of the Tar
Hed Formation. Corrdation between facies among different locdities based on
biogratigraphy is a more rdiable indicator than corrdation based solely upon comparison
of amilar lithofacies as the latter could creste an erroneous picture of depodtiond history
(Owens and Sohl, 1989).

The Tar Hed paynomorph record, based on the recovery of some indicator form:
genera with modern equivaents, suggests a subtropical to warm, moist temperate climate
during the Campanian in the southeastern region of North America. Padeopaynologica
dudies of the Tar Hed Formation have reduced a gep in the fossl record regarding
paeoflorigics and digribution of paynomorphs of Campanian detaic depostiond units

aong the Atlantic Coastd Plain of US.
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Table 1.1. Correlation of the Carolina Upper Cretaceous formations. The pollen zonation is after Wolfe
(1976) and Christopher (1977), and numbers in the column of molluscan range zones refer to the following
species: 1) Exogyra ponderosa Roemar; 2) Exogyra costata Stephenson; 3) Exogyra cancellata Stephenson;
4) Anomia tellinoides Morton; 5) Ostrea cretacea Morton; 6) Turritella (Sohlitella bilira) Stephenson; 7)
Sphenodiscus spp.; 8) Camptonectes bubonis Stephenson; 9) Flemingostrea subspatulata (Forbes), early
form; 10) E. subspatulata (Forbes), normal form; 11) Belemnitella americana (Morton); 12) Ostrea whitei
Stephenson; 9) Flemingostrea pratti (Stephenson); 14) Crenella mitchelli Stephenson; 15) Ostrea sloani
(Stephenson); 16) Flemingostrea blackensis (Stephenson). (Sohl and Owens, 1991).
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Palynomor ph sample

ELIZABETHTOWN
ET1la

ET1b
ET2a
ET2b
IVANHOE

1V1a (Base)

IV1b (1ft)

IV1c (2ft)

IV1d (3ft)

IV 1e (4ft)

IV1f (5ft)

IV1g (6ft)

IV1h (7ft)

IV1i (8ft)

IV1j (9.5ft)

IV 2a (11ft)
IV2b (12ft)
IV 2c (13ft)
Iv2d (14ft)
IV 2e (15ft)
IV 2f (16ft)
IV2g (17ft)
IV-2h (18ft)

IV-2i (19ft)

Lithology

Laminated, dark clayey sand with carbonized impressions of plants.
Laminated, dark clayey sand with carbonized impressions of plants.
Micaceous blue-gray clayey sand with bone and plant fragments.

Micaceous blue-gray clayey sand with bone and plant fragments.

Black clay interbedded with micaceous, buff colored sand containing large plant
fragments.

Black clay interbedded with micaceous, buff colored sand containing large plant
fragments.

Black clay interbedded with micaceous, buff colored sand containing large abundant
dark plant fragments.

Black clay interbedded with micaceous, buff colored sand containing abundant
megafossils of leaves and stems.

Black clay interbedded with micaceous, buff colored sand containing black plant
debris.

Black clay interbedded with micaceous, buff colored sand with lignitized fragments.
Black clay interbedded with micaceous, buff colored sand with few plant fragments.
Black clay interbedded with micaceous, buff colored sand with abundant fossils of
|eaves.

Black clay interbedded with micaceous, buff colored sand with plant fragments
Black clay interbedded with micaceous, buff colored sand containing abundant plant
fragments

Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.
Greenish-gray clay with glauconitic sand containing plant fragments.

Greenish-gray clay with glauconitic sand containing plant fragments.

Table 2.1 Descriptions of palynological

rock samples from six localities of Tar Heel Formation
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Palynomor ph sample

Lithology

TV3a (2111)

1V3b (23ft)

IV3c (25ft)

IV3d (27ft)

1V 3e (30ft--top)

LOCK

LK1 (0.5 ft)

LK2 (1 ft)

LK3 (2 ft)

LK4 (4 ft)

LK5 (6ft)

LK6 (7.5 ft)

LK7 (9 ft)

LK8 (10.5 ft)

WILLIS CREEK

WCl1la (0.5 ft)

WC1b (1ft)

WC1c (2ft)

Grayish-black clay with thin lenses of light brown, coarse sand containing no plant
fragments.

Grayish-black clay with thin lenses of light brown, coarse sand containing no plant
fragments.

Grayish-black clay with thin lenses of light brown, coarse sand containing plant
fragments.

Grayish-black clay with thin lenses of light brown, coarse sand containing plant
fragments.

Grayish-black clay with thin lenses of light brown, coarse sand containing plant
fragments.

Dark gray clay with fine —coarse grained micaceous sand. No plant fragments.
Dark gray clay with fine —coarse grained micaceous sand. No plant fragments.
Dark gray clay with fine —coarse grained micaceous sand. No plant fragments.
Dark gray clay with fine —coarse grained micaceous sand. No plant fragments.
Dark gray clay with fine —coarse grained micaceous sand. Dark brown plant matter

present.

Dark gray clay with fine —coarse grained micaceous sand. Dark brown plant matter
present.

Dark gray clay with fine —coarse grained micaceous sand. Dark brown plant matt¢
present.

Dark gray clay with fine —coarse grained micaceous sand. Dark brown plant matter
present.

Black clay interbedded with micaceous, medium coarse sand. Lignite fragments are
scattered in thin layers.

Black clay interbedded with micaceous, medium coarse sand. Presence of marine
bivalves and Teredolite borings.

Black clay interbedded with micaceous, medium coarse sand. Presence of marine
bivalves and Teredolites borings.
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Palynomor ph sample

Lithology

WC1d (3ft)

WCle (4ft)

WCIf (5ft)

WC1g (6ft)

WC2a (8ft)

WC2b (10 ft)

WC2c (11 ft)

wcad (12ft)

WC2e (14ft)

WC2f (15.3ft)

WC3a (18ft)

WC3b (19ft)

WC3c (20 ft)

WC3d (21ft)

WC3e (23 ft)

WC4a (25ft)
WC4b (26.5 ft)
WCA4c (27ft)

WC4d (28ft)

Black clay interbedded with micaceous, medium coarse sand. Presence of marine
bivalves and Teredolites borings.

Black clay interbedded with micaceous, medium coarse sand. Presence of dark plant
debris.

Black clay interbedded with micaceous, medium coarse sand. Presence of seeds and
|eaves.

Black clay interbedded with micaceous, medium coarse sand. Presence of seeds and
leaves.

Black carbonaceous clay interbedded with micaceous, white sand. Presence of
Teredolites borings.

Black carbonaceous clay interbedded with micaceous, white sand. Presence of
lignitized wood, seeds and |eaves.

Black carbonaceous clay interbedded with micaceous, white sand. Presence of
lignitized wood, seeds and leaves.

Black carbonaceous clay interbedded with micaceous, white sand. Presence of
Teredolites borings.

Black carbonaceous clay interbedded with micaceous, white sand. Presence of
lignitized wood, seeds and |eaves.

Black carbonaceous clay interbedded with micaceous, white sand. Presence of
lignitized wood, seeds and |eaves.

Grayish-black clay with thin lenses of micaceous, buff-colored sand. Presence of
megafossils of seeds and leaves.

Grayish-black clay with thin lenses of micaceous, buf f-colored sand. Presence of
lignitized wood and megafossils of leaves

Grayish-black clay with thin lenses of micaceous, buff-colored sand. Presence of
lignitized wood and megafossils of leaves.

Grayish-black clay with thin lenses of micaceous, buff-colored sand. Teredolites
borings present.

Grayish-black clay with thin lenses of micaceous, buff-colored sand. Teredolites
borings present.

Laminated sand and carbonaceous clay. Teredolites borings present.
Laminated sand and carbonaceous clay. Teredolites borings present
Laminated sand and carbonaceous clay. Teredolites borings present.

Laminated sand and carbonaceous clay. Megafossils of leaves and fruits present.
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Palynomor ph sample

Lithology

WCAe (29ft)

WC4f (30ft)

WC4g(31ft)

WC4h (top-32ft)

TAR RIVER
TRO (Reference point)

TR2 (2ft)

TR4 (4ft)

TR6 (6ft)

TRS (8ft)

TR10 (10ft)

TR20 (20ft)

TR22 (22ft)

TR24 (24ft)

TR26 (26ft)

TR28 (28ft)

TR30 (30ft)

TR32 (32ft)

Laminated sand and carbonaceous clay. Lignited wood and megafossils of leavesand
fruits present.

Laminated sand and carbonaceous clay. Lignited wood and megafossils of leaves and
fruits present.

Laminated sand and carbonaceous clay. Lignited wood and megafossils of leaves and
fruits present.

Laminated sand and carbonaceous clay. Black plant debris present.

Dark gray, clayey, fine-grained, glauconitic quartz sand.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gray,
present.

Dark gay,
present.

Dark gray,
present.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

clayey, fine-grained, glauconitic quartz sand.

Megafossils of leaves

Megafossils of leaves

Megafossils of leaves

Megafossils of leaves

Megafossils of leaves

Megafossils of leaves

Megafossils of leaves

Dark plant fragments

Dark plant fragments

Dark plant fragments

Dark plant fragments

Dark plant fragments
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Palynomor ph sample

Lithology

TR34 (34ft)

TR36 (36ft)

TR38 (38ft)

TR40 (40ft)

NEUSE RIVER CUT OFF,
GOLDSBORO

GBA1 (14ft from river bottom: reference
point)

GBAZ2 (14ft from river bottom; 6 inches
from GBA1)

GBA3 (14ft from river bottom; 2.5ft from
GBA1)

GBAA4 (14ft from river bottom; 5ft from
GBA1)

GBBL1 (28ft from river bottom; reference
point)

GBB2 (28ft from river bottom; 1.5 ft from
GBC1)

GBB3 (28ft from river bottom; 2.5 ft GBB1)

GBC1 (42ft from river bottom; reference
point)

GBC2 (42ft from river bottom; 2.5ft from
GBC1)

GBC3 (42 ft from river bottom; 5ft from
GBC1)

Other side of the bridge

GBW1 (14ft from river bottom)

GBW?2 (14 ft from river bottom; 2 feet from
GBW1)

Dark gray, clayey, fine-grained, glauconitic quartz sand. Dark plant fragments
present.

Dark gray, clayey, fine-grained, glauconitic quartz sand. Lacks visible plant debris.

Dark gray, clayey, fine-grained, glauconitic quartz sand. Dark plant fragments
present.

Dark gray, clayey, fine-grained, glauconitic quartz sand. Dark plant fragments
present.

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Thinly interbedded, dark gray clays and yellow, coarse grained sand. Megaofossils of
leaves present.

Thinly interbedded, dark gray clays and yellow, coarse grained sand. Megaofossils of
leaves present.

Thinly interbedded, dark gray clays and yellow, coarse grained sand. Megaofossils of
leaves present.

Thinly interbedded, dark gray clay with micaceous silty fine sand. Presence of
abundant plant cuticles.

Thinly interbedded, dark gray clay with micaceous silty fine sand. Presence of
abundant plant cuticles.

Thinly interbedded, dark gray clay with micaceous silty fine sand. Presence of
abundant plant cuticles.

Intercal ated black clay with lignitized wood.

Intercalated black clay with lignitized wood.
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Palynomor ph sample

Lithology

GBX1 (28ft from river bottom)

GBX2 (28ft from river bottom; 0.5ft from
GBX1)

GBX3 (28ft from river bottom; 2.5ft GBX1)

GBY 1 (48ft from river bottom)

GBY 2 (48ft from river bottom; 2ft from
GBY1)

GBZ1 (51ft from river bottom)

GBZ2 (51ft from river bottom; 1ft from
GBZ1)

GBZ3 (51ft from river bottom; 2.5 ft from
GBZ1)

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Medium gray feldspathic sand with lenses of dark clay. Presence of lignitized
fragments.

Medium gray feldspathic sand with lenses of dark clay. Presence of abundant dark
brown plant matter.

Medium gray feldspathic sand with lenses of dark clay. Presence of abundant dark
brown plant matter.

Thinly interbedded, dark gray clay with micaceous silty fine sand. Presence of
abundant plant cuticles and megafossils.

Thinly interbedded, dark gray clay with micaceous silty fine sand. Presence of
abundant plant cuticles.

Thinly interbedded, dark gray clay with micaceous silty fine sand. Presence of
abundant plant cuticles.
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Table 2.2. Number of palynomorphs obtained from standard and modified maceration

paynologica techniques.
Locdity Sample Standard Standard Standard Modified
Number Technique Technique Technique Technique

With both With nitric With With no
nitric acid acid only potassum nitric acid
and hydroxide and
potassum only potassum
hydroxide hydroxide
treatments

Elizebethtown | ET1a 120 110 85 225

Goldsboro GBA1 88 130 55 205

lvanhoe IvVid 95 98 80 240

Lock LK1 110 115 75 230

Tar River TR2 105 152 72 235

Willis Creek WCla 130 145 60 210
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Table 4.1 Summary of angiogperm taxa (genera) occurring in the Tar Hed Formation of

Atlantic Coagtd Plan and post-Magothy Upper Cretaceous Formations (Merchantville-

Wenonah Formations) of Salisbury and Raritan Embayments. (X=presence).

Taxa

Tar Hed Formation

Post-Magothy Formations

Arecipites

X

Adquilapallenites

Bacul ostephanocol pites

Brevicolporites

Bohemiapallis

Casuarinidites

XXX [X]| X

Clavatipollenites

Choanopollenites

Complexiopallis

Cupanigidites

XXX

Cupuliferoipollenites

Cyrillaceagpollenites

XX

Endoinfundibulapallis

Extremipallis

Holkopollenites

Labrapollis

X X[ X[ X

Liliacidites

Momipites

Nyssapollenites

x| X

Oculopallis

XXX X X[ X

Osculapallis

Ricapallis

Flicaopallis

XX

Praecurdpallis

Proteacidites

Pseudoplicapallis

Retitricolpites

X XXX XXX

Spheripollenites

Tetrapallis

XX XXX

Triatriopollenites

Tricolpites

x| X

Tricolpopallenites

x| X

Tricolporites

Tricolporopollenites

Triplanosporites

Trudopallis
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Table4.2 Summary of generaof palynomorphs that occur in Tar Hedl

and Aguja Formations.

Genera

Aguja Formation

Tar Hed Formation

Freshwater Algaeand
Dinoflagellates

Apteodinium

Batispheeridium

XX

Botryococcus

Camningia

Cdigodinium

Cerodinium

Chatengidla

Deflandrea

Dinogymnium

Hystrichosphaera

Hydtrichosphaeridium

XX XX XXX [ X

|sabdidinium

Leptodinium

Micrhygidium

Ovoidites

Palaeohytrichophora

Paeocstomocydis

Pediagrum

Phledinium

X XXX XXX

Piercetes

Phdodinium

Schizosporis

Soinidinium

Subtilisphaera

XX X[ X

Tetraporina

Fungi

Dicdlites

Didymoporisporonites

Foveodiporites

XX

Fractisporonites

Hyphites

Hypoxylonites

| naperti sporites

Microthyrites

X[ X[ XX

Multicellaesporites

Multilineanites

X

Pdaencistrus

Phragmoathyrites
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Genera

Aguja Formation

Tar Hed Formation

Pluricdlaesporites

Portdites

Psladisporonites

Sephohyphites

Striadisporites

XX X[ X] X

Scol ecosporites

Staphlosporonites

Tetracdlites

x| X

Bryophytes/Pteridophytes

Aequitriradites

Apiculatigporis

Appendicisporites

Camarozonosporites

Ceratosporites

Cicatricod sporites

Cingutriletes

XXX [X

Concavisporites

Cyathidites

Ddtoidospora

XX XXX XX XXX

Dictyophyllidites

Echinatigporis

XXX [X

Granulatisporites

XX

Hamulatisporites

>

Hymenozonotriletes

X

Kuylisporites

L aevigatosporites

Leatriletes

XXX

Lusatisporis

Lycopodiumsporites

Lygodiumsporites

M atonisporites

Microreticul ati porites

Neoraigtrickia

Osmundacidites

Polycingulaigporites

Pslatriletes

Punctatisporites

Seductigporites

Sphagnumsporites

Stereisporites

Taurocusporites

Todisporites

Triporoletes

Undul atisporites

XXX XX XX XX XX XX XX XX XXX
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Genera

Aguja Formation

Tar Hed Formation

Verrucatosporites

X

Verrucingul atigporites

X

Zlivisooris

X

Gymnosperms

Araucariacites

Cdliadasporites

X

Cedripites

Classopallis

Cycadopites

XXX

Equisstosporites

Excedpollenites

XX X[ X

Ginkgocycadophytus

x

Gnetaceagpollenites

| naperturopollenites

Monosulcites

Parvisaccites

Pinuspollenites

Podocarpites

Taxodiaceagpollenites

XXX |[X| X[ X

X XXX X X

Angiosperms

Arecipites

X

Clavatipollenites

x| X

Caryapollenites

Casuarinidites

Complexiopallis

Corgnipollenites

Cupuliferoipollenites

Cyrillaceagpallenites

Holkopollenites

XXX

|nterpollis

Intratriporopollenites

XX XX XXX XX

Labrapallis

Liliacidites

Margocol porites

Momipites

M onocolpopollenites

Nyssapollenites

XXX X[ X

Oculopallis

Pa maepallenites

Plicapallis

Plicatopallis

Proteacidites

X[ X[ XX

XXX
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Genera

Aguja Formation

Tar Hed Formation

Pseudolasopallis

X

Pseudoplicapollis

X

Pslatricolporites

Rectosulcites

Retipollenites

Retitricolpites

Rhoipites

Sabd pollenites

Scabritricolpites

Spheripollenites

Subtrudopollis

Syncolporopollenites

XX XX XX XX XX

Terapallis

Triatriopollenites

Tricolpites

Tricolpopollenites

Tricolporites

Tricolporopollenites

Triporopollenites

Trivestibulopollenites

XX XX XXX

Triplanosporites

Trudopollis

Ulmoidepites

Verrutricolpites

Vitipites

Wilsonipites

XXX | X[ X
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Table 5.1 Didribution of Normagpolles genera in three geographic regions of North
America North Atlantic Coastd Han, Missssppi Embayment region and Western
Interior (modified after Pacltova, 1981).

Normapolles genera Atlantic Coadtd | Missssppi Western Interior
Han Embayment region

Atlantopollis X

Basopoallis X

Bohemiopdllis

XXX

Complexiopallis X

Choanopollenites X

Enscheripallis

Endoinfundibulapallis

Extremipallis

Heidelbergipallis

Interpollis

XX

Kyandopollenites

Labrapollis

Loganulipdlis

Megatripollis

Minorpallis

XIX| X<
XX

Nudopoallis

Oculopallis

Pecakipollis

X

Piolencipallis

Plicapallis

x| X

Pompeck] oidagpol lenites

Praebasopallis

Pracursipollis

Primipadllis

Pseudatlantopollis

x| X

Pseudoculopallis

Quedlinburgipallis

Semioculopallis

X

Tetrapadllis

Thomsonipollis

Trudopollis

DX XY XY XY XY X X[ XX XXX XX XX XX XX X X X X X X XXX XX

Vacuopoallis

X X[ XX

| nterporopollenites

Montanapollis X

Siberigpallis X
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Figure 1la.

TN ADEd

=

3na

Probable digtribution of land and seaiin North America during Campanian
time showing Normapolles and Aquilapollenites microfloral provinces
(Tschudy, 1980).
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Upper delta plain Barrier—lagoon D Prodelta
E Lower delta plain Delta front Shelf

Figure2 a Generdized modd of the deltato shdf lithofacies used in the andyss of
Cretaceous formations in the Carolinas (Sohl and Owens, 1991).
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1 Willis Creek
2 Lock Locality
3 Neuse River Cut Off 200 ] 200 400 Kilometers

4 Tar River Locality

3 Ivanhoe Locality
& Elizabethtown N

Figure 2b. Map of North Carolina showing the localities of Tar Hed Formation.
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Figure 2c. Outcrop digribution of the lithofacies of the formations in the Black Creek
Group and Pee Dee Formation (Sohl and Owens, 1991).
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Figure 2d. Samples from the stratigraphic section of Willis Creek locality.
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Figure 2e. Samples from the stratigraphic section of Lock Locality.
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Figure 2f. Samples from the
stratigraphic section of Goldsboro

locality (Left side)
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Figure 2g. Samples from the stratigraphic
section of Goldsboro locality (right side).
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Figure 2h.. Samples from the stratigraphic section of Tar River locality.
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Figure 2i. Samples from the stratigraphic section of Ivanhoe |ocality.
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Relative Abundance of various Palynomorph Groups- Elizabethtown L ocality

Relative Abundance (%)
(S

1 2 3 4 5
Palynomorph Groups

Figure 4a Rdative abundance data of various paynomorph groups from Elizabethtown
locdity (1= Freshwater algae and Dinoflagellates, 2 = Fungi, 3 = Pteridophytes, 4 = Gymnosperms, 5 =
Angiosperms).

Relative Abundance of various Palynomorph Groups - Goldsboro L ocality
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Figure 4b. Reative abundance data of various paynomorph groups from Goldsboro
locdity (1= Freshwater algae and Dinoflagellates, 2 = Fungi, 3 = Pteridophytes, 4 = Gymnosperms, 5 =
Angiosperms).
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Figure 4c. Relative Abundance of various Palynomor ph Groups- 1vanhoe L ocality
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8 607
3
5 507
5
% 40
= 307
®
g 207
o P P B I
O L L L L
1 2 3 4 5
Palynomorph Groups

Figure 4c. Rdative abundance data of various paynomorph groups from Ivanhoe locdity
(1= Freshwater algae and Dinoflagellates, 2 = Fungi, 3 = Pteridophytes, 4 = Gymnosperms, 5 =
Angiosperms).

Relative Abundance of various Palynomorph Groups- Lock L ocality
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Figure 4d. Reative abundance data of various paynomorph groups from Lock locdity
(1= Freshwater algae and Dinoflagellates, 2 = Fungi, 3 = Pteridophytes, 4 = Gymnosperms, 5 =
Angiosperms).

160



Relative Abundance of various Palynomorph Groups- Tar River Locality
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Figure 4e. Redive abundance data of various paynomorphs from Tar River locdity (1=
Freshwater algae and Dinoflagellates, 2 = Fungi, 3 = Pteridophytes, 4 = Gymnosperms, 5 = Angiosperms).
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Figure 4f. Relative abundance data of various paynomorphs from Willis Creek locdity
(1= Freshwater algae and Dinoflagellates, 2 = Fungi, 3 = Pteridophytes, 4 =
Gymnosperms, 5 = Angiosperms).
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Figure 4g. Geographic locations of previous Campanian padynologicd dudies in the
U.S.
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Minimum variance

960

Figure 6a

Squared Euclidean - Data log(2) transformed

Dendrogram showing clustering of 103 sample-units from the Tar Hed
Formation using minimum variance dugtering method using log (2)
transformetion.
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Figure 6b. Dendrogram showing clugtering of 80 taxa usng minimum variance
clugtering method with log(2) transformation.
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Plate |

All figures are a 750X maginification and are from the samples of Tar Hed Formation
unless specified otherwise,

Figures.

1. Ovoidites sp.: 48 mm x 28 nm, GBAA4.
2. Tetrgporina sp.: 56 mm x 54 mm, GBB1.

3. Schizogporis parvus: 74 nm x 21 mm, GBY 2.

4. Botryococcus braunii: 50 mm in diameter, TR 38.

5. Cerodinium pannuceum: 76 nm x 47 nm; GBW1.

6. Issbdidinium sp.: 60 mm x 51 nm, WC3b.

7. Pierceates pentagonus : 56 mm in diameter, WC4a.
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PLATE |
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PLATEII

All figures are a 1000X maginification and are from the samples of Tar Hed Formation,
unless otherwise specified.
Figures.

1. Dicdlitessp.: 32 mmx 15 nm, GBAL

2. Multicellaesporites sp.: 40 mm x 13 nm; WC3a.

3. Fractigporonites sp.: 37 mm x 12 nm; IV1a

4. Teracdlitessp.: 31 mmx 18 nm, 1V1e.

5. Didymoporigporonites sp.: 32 mm x16 mm larger cdl; 6 mm x 2 nm amdler cdl,
GBB2.

6. Phragmothyrites sp.: 51 nm in diameter, WC2d. 600X

7. Pdaeancidrus sp.: 25 mMmx 3mm, 1V1e,
8. Inapertigporites sp.: 14-16 nm (each cdl) in diameter, GBCL.

9. Scolecosporites sp.: 35 mm x 4 mm, WClb.
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PLATE -1
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PLATE 111
All figures are a 750X maginification and are from the samples of Tar Hed Formation
unless specified otherwise,
Figures.

1. Laevigatosporites ovaus: 55 mm x 39 mm, GBAA4.

2. Leevigatoporites sp.: 44 mm x 36 nm; WC2d.

3. Dictyophylliditestes sp.: 51 mm in diameter; WC2c.

4. Matonisporites equiexinus : 47 nm in diameter, 1V 1c.

5. Aequitriradites ovatus: 38 mm in diameter, TR18.

6. Matonisporites p.: 44 nm in diameter, WC2e.

7. Camarozonosporites sp.: 50 nm in diameter, TR4.

8. Ceratosporites sp.: 16 mm in diameter, GBB3.

9. Stereisosporites sp.: 52 mm in diameter, TR24.

10. Deltoidospora sp.: 57 nm in diameter, TR34.
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PLATE — 1l
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PLATE IV
All figures are & 750X maginification and are from the samples of Tar Hed Formation
unless specified otherwise,
Figures.
1. Leoatriletessp.: 51 nm in diameter, WC3b.

2. Echinaigporis levidenss : 37 nm in diameter, WC2d.

3. Hamulatisporites sp.: 53 mmin diameter; TRA4.

4. Cyathidites sp.: 51 nmin diameter, TR36.

5. Cicatricossporites sp.: 51 mm in diameter, WCla

6. Undulatigporites sp. : 40 nm in diameter, WCIf.

7. Cicatricosisporites dorogens's : 56 nm in diameter, GBX3.

8. Leotriletes pseudomesozoicus: 43 nm in diameter, TR24.

9. Cingutriletes sp.: 52 nm in diameter, WC3c.
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PLATE - IV
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PLATEV

All figures are a 750X maginification and are from the samples of Tar Hed Formétion
unless specified otherwise,

Fgures

1. Parvisaccitesradiatus: 53 mm x 46 nm, LK 2.

2. Cycadopites carpentieri: 43 mm x 13 nm, GBB1.

3. Araucariacites augrdis: 73 mm in diameter; 600x, 1V1a

4. Piceagpallenites sp: 58 mm x 38 mm, 1V 3a.
5. Araucariacites sp: 62 nm in diameter, 600x, ET1a

6. Podocarpites radiatus: 51 nm x 47 mm, IV 1g.

7. Inaperturopollenites sp.: 67 mm in diameter, ET2b.

8. PRnuspadlenites sp.: 66 mm x 40 nm, 1V 1d.

9. Ginkgocycadophytus nitidus: 63 mm x 43 nm, GBW1.

10. Clasopallis classoides: 47 mm indiameter, GBA1.

11. Cedripites sp.: 60 nm x 49 mm, GBA2.

12. Taxodiaceaepollenites hiatus: 35 nm in diameter, 1V 1a.
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PLATE V
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PLATE VI

All figures are @ 1000X maginification and are from the samples of Tar Hed Formation,
unless otherwise specified.

Figures.

1. Pseudoplicapallis sp.: 35 mm, GBAL.

2. Labrapallis sp.: 34 nm; GBB2.

3. Triplanosporites snuatus:; 40 mm x 33 mm; GBZ2.

4. Liliacidites variegatus: 42 nm x 27 mm; 1V 1c.

5. Tricolpites sp.: 40 mm x 37 mm; WC4h.
6. Plicatopallis $p.: 34 nm x 30 nm; WC4a

7. Tricolpopollenites sp.: 17 nm x 10 mm; 1600X; TR6.

8. Rditricolpites sp.: 39 nmx 31 mm; WC4a

9. Tricolpites crassus: 36 mm; WCA4g.
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PLATE VI
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PLATE VII

All figures are & 1000X maginification and are from the samples of Tar Hed Formation,
unless otherwise specified.

Figures.

1. Clavatipollenites hughedi: 37 mm, ET1a

2. Complexiopallis abditus: 30 mm x 35 nm; ET1b.

3. Complexiopallis exigua: 35mm; ET2b.

4. Complexiopadlis funiculus; 36 m x 34 mm; ET2b.

5. Complexiopallis sp.: 37 mMm x 35 nm; IV1a

6. Picapdllis retusus: 15 mm x 17 nm; WC4e.

7. Pseudoplicapallis newvmanii: 34 mm; WCAc.

8. Pseudoplicapallis longiannulata: 34 mm; WCAg.

9. Tarapollis vdidus: 36 nm x 40 mm; WC4a.

10. Cupuliferoipallenites sp.: 18 nm x 13 mm; 1600X; WC3c.

11. Tricolpopallenites williamsoniana : 44 mm x 27 nm; WCAc.

12. Tricolporopollenites sp.: 35 nm x 25 mm; LKG6.
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PLATE - VII
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PLATE VIII

All figures are & 1000X maginification and are from the samples of Tar Hed Formation,
unless otherwise specified.

Figures.
1. Oculopallis sp.: 25 nm x 34 nm, WC4a

2. Trudopallis vaiiahilis: 30 mm x 32 nm; TR18.

3. Cyrillaceagpallenites barghoornianus; 30mm; 1V 2c.

4. Holkopallenites chemardenss: 37 nm x 35 mm; TR34.

5. Holkopoallenites sp.A: 36 mm x 34 mm; IV 2a
6. Holkopollenites sp.C: 40 mm; WCA4e.

7. Nyssapallenites sp.: 38 nm; IV 3d.

8. Proteacidites retusus: 30 mm x 33 mm; WCAc.

9. Spheripallenitis perinatus: 19 mm; 1600X; WC3g.

10. Momipites spackmanianus: 30 nm; 1V 1e.

11. Tricolporopollenites bradonend's: 30 nm; WC3e.

12. Arecipites sp.: 35 mm x 31 mm; GBW1.
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PLATE - VIII
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PLATE IX

All figures are & 600X maginification and are from the samples of Tar Hed Formation,
unless otherwise specified.

Figures.
1. Microforaminiferd lining, Trochospird type, WC3a.

2. Microforaminiferd lining, Planispird type; WC3d.
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Appendix la: Counts of palynomorph samples from designated stratigraphic intervals of Elizabethtown
locality of the Tar Heel Formation.

Taxonomic ET-1a ET-1b ET-2a ET-2b
Identification

Botryococcus braunii | 0 0 0 0
Ovoidites spp 0 0 0 0
Schizosporis parvus 0 0 0 0
Tetraporina spp 0 0 0 0
Cerodinium 0 0 0 0
pannuceum

I sabelidinium spp 3 2 0 1
Pierceites pentagonus | 0 0 0 0
Dicellites spp 5 2 6 5
Didymoporisporonites | 0 0 0 0
Spp

Fractisporonites spp 0 0 0 0
Inapertisporites spp 4 2 4 4
Multicellaesporites 3 1 6 5
Spp

Palaencistrus spp 0 0 0 0
Phragmothyrites spp 0 0 0 0
Scolecosporites spp 0 0 0 0
Tetracellites spp 3 2 5 0
Aequitriradites 0 0 0 0
ornatus

Camarozonosporites 0 0 0 0
Spp

Ceratosporites spp 0 0 0 0
Cicatricosisporites 2 2 4 6
dorogensis

Cicatricosisporites 3 1 3 5
Spp

Cingutriletes spp 0 0 0 0
Cyathidites spp 2 2 3 4
Dictyophylliditesspp | 2 1 3 4
Echinatisporis 0 0 0 0
levidensis
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Taxonomic ET-1a ET-1b ET-2a ET-2b
Identification

Hamulatisporitesspp | O 0 0 0
Laevigatosporites 3 3 5 6
ovatus

Laevigatosporitesspp | O 0 0 0
Leiotriletes 0 0 0 0
pseudomesozoicus

Leiotriletes sp 0 0 4 6
Matonisporites 3 3 2 0
equiexinus

Matonisporites spp 0 0 0 0
Stereisosporites spp 0 0 0 0
Undulatisporitesspp | 0 0 0 0
Deltoidospora spp 0 0 0 0
Araucariacites 0 0 0 0
australis

Araucariacites spp 3 2 0 0
Cedripites spp 0 0 0 0
Classopollis 0 0 0 0
classoides

Cycadopites 0 0 0 0
carpentieri

Ginkgocycadophytus | 2 3 2 4
nitidus

Inaperturopollenites | 2 3 0 4
Spp

Parvisaccitesradiatus | O 0 0 0
Pinuspollenites spp 0 0 0 0
Piceaepollenites spp 3 4 3 4
Podocarpitesradiatus | 3 4 3 6
Taxodiaceaepollenites | 1 2 1 3
hiatus

Arecipites spp 0 0 0 0
Clavatipollenites 6 4 3 4
hughesii

Complexiopollis 5 10 12 12
abditus

Complexiopollis 8 7 10 9
exigua
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Taxonomic ET-1a ET-1b ET-2a ET-2b
Identification

Complexiopollis 7 5 5 8
funiculus

Complexiopollis spp 5 5 6 5
Cupuliferoipollenites | 2 1 3 3
Spp

Cyrillaceaepollenites | 8 5 4 3
bar ghoornianus

Holkopollenites 6 7 8 0
chemardensis

Holkopollenitessp A | O 0 0 0
HolkopollenitesspC | O 0 0 0
Labrapollis spp 0 0 0 0
Momipites 5 4 5 7
spackmanianus

Tricolpopollenitesspp | 12 8 8 6
Nyssapol lenites spp 15 12 8 10
Oculopollis spp 20 10 14 12
Plicapollis retusus 15 12 10 0
Liliaciditesvariegatus | 12 8 14 12
Pseudoplicapollisspp | 7 6 0 0
Proteacidites 4 6 4 0
retusus

Pseudoplicapollis 3 4 4 5
newmanii

Pseudoplicapollis 2 8 4 7
longiannulata

Plicatopollis spp 0 0 0 0
Spheripollenites 0 0 0 0
scabratus

Tricolpites crassus 0 0 0 0
Tetrapollisvalidus 3 6 5 5
Retitricolpites spp 2 4 5 4
Tricolpites spp 2 10 4 4
Tricolpopollenites 0 0 0 0
williamsoniana

Tricolporopollenites | O 0 0 0

bradonensis
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Taxonomic ET-1a ET-1b ET-2a ET-2b
Identification

Tricolporopollenites 1 5 0 1

Spp

Triplanosporites 0 8 1 2
sinuatus

Trudopollisvariabilis | 3 6 3 2
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Appendix 1bi: Counts of palynomorph samples from designated stratigraphic intervals of Goldsboro
locality of the Tar Heel Formation.

Taxonomic GBA1l | GBA2 | GBA3 | GBA4 | GBB1 | GBB2 | GBB3 | GBC1 | GBC2 | GBC3
Identification

Botryococcus braunii | 2 1 1 2 2 1 1 2 0 0
Ovoidites spp 3 2 1 1 2 1 2 1 0 1
Schizosporis parvus 5 4 2 3 4 2 3 2 3 1
Tetraporina spp 2 1 2 1 2 1 3 1 1 1
Cerodinium 1 0 0 0 0 0 0 0 2 0
pannuceum

I sabelidinium spp 2 2 0 0 0 0 0 2 2 2
Pierceites pentagonus | 2 0 0 0 0 0 0 1 1 0
Dicellites spp 4 5 2 4 2 5 4 3 1 4
Didymoporisporonites | 1 2 1 2 1 2 0 1 2 3
Spp

Fractisporonites spp 2 3 1 4 2 2 2 4 3 2
I napertisporites spp 3 4 2 0 2 2 3 2 2 3
Multicellaesporites 4 5 3 4 3 4 4 2 3 1
Spp

Palaencistrus spp 2 2 1 2 1 2 2 0 1 2
Phragmothyrites spp 2 1 1 2 3 1 0 0 2 1
Scolecosporites spp 2 2 0 2 1 2 0 1 0 1
Tetracellites spp 5 6 3 4 5 4 0 3 5 2
Aequitriradites 1 3 2 2 3 1 3 1 3 1
ornatus

Camarozonosporites | O 0 2 1 0 1 3 0 0 0
Spp

Ceratosporites spp 2 4 2 3 1 2 4 3 2 0
Cicatricosisporites 0 3 1 2 3 4 4 2 4 2
dorogensis

Cicatricosisporites 0 4 3 2 4 3 2 3 2 2
Spp

Cingutriletes spp 1 5 2 4 2 3 5 2 4 3
Cyathidites spp 1 3 4 5 2 4 3 4 4 2
Dictyophylliditesspp | 1 4 3 4 4 2 1 3 2 3
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Taxonomic GBA1l | GBA2 | GBA3 | GBA4 | GBB1 | GBB2 | GBB3 | GBC1 | GBC2 | GBC3
Identification

Echinatisporis 0 0 1 2 0 1 0 2 1 0
levidensis

Hamulatisporitesspp | 2 4 3 2 2 3 2 0 2 0
Laevigatosporites 2 5 3 4 3 4 2 3 3 3
ovatus

Laevigatosporitesspp | O 3 2 2 3 3 2 1 2 4
Leiotriletes 3 3 1 1 2 1 2 0 0 2
pseudomesozoicus

Leiotriletes sp 2 4 2 3 2 2 4 3 3 4
Matonisporites 4 4 2 2 3 3 0 0 0 2
equiexinus

Matonisporites spp 3 4 2 1 2 4 3 4 0 4
Stereisoporites spp 4 2 2 4 3 3 2 3 4 3
Undulatisporitesspp | 1 0 1 2 1 2 1 1 0 2
Deltoidospora spp 1 0 1 2 1 2 3 2 0 2
Araucariacites 4 3 2 4 3 5 4 3 5 4
australis

Araucariacites spp 4 4 3 4 4 6 3 4 6 5
Cedripites spp 3 5 4 3 4 5 4 3 4 5
Classopollis 5 3 3 4 3 4 3 3 5 6
classoides

Cycadopites 4 3 2 3 4 0 2 0 0 3
carpentieri

Ginkgocycadophytus | 5 2 0 0 5 4 2 4 3 4
nitidus

Inaperturopollenites | 4 4 3 0 3 3 4 4 3 3
Spp

Parvisaccitesradiatus | 3 4 3 2 4 3 2 3 4 3
Pinuspollenites spp 4 5 4 3 5 4 3 5 4 4
Piceaepollenites spp 3 6 5 4 4 5 3 3 4 3
Podocarpitesradiatus | 4 3 4 3 3 4 4 3 5 5
Taxodiaceaepollenites | 3 2 3 3 2 3 2 3 4 3
hiatus

Arecipites spp 0 0 0 0 0 0 0 0 0 2
Clavatipollenites 4 3 4 3 4 5 4 4 5 4
hughesii

Complexiopollis 5 6 7 4 5 4 5 6 4 4
abditus
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GBA1l | GBA2 | GBA3 | GBA4 | GBB1 | GBB2 | GBB3 | GBC1 | GBC2 | GBC3

Taxonomic

Identification

Complexiopollis 4 5 6 5 4 5 4 5 6 6
exigua

Complexiopollis 4 4 5 6 3 4 6 5 4 5
funiculus

Complexiopollis spp 0 3 0 2 3 3 3 2 3 2
Cupuliferoipollenites | 2 0 3 0 0 2 0 0 2 3
Spp

Cyrillaceaepollenites | 3 5 4 3 4 4 2 4 4 5
barghoornianus

Holkopollenites 0 0 0 2 3 2 0 2 3 2
chemardensis

HolkopollenitesspA | O 4 2 3 4 5 3 4 2 4
HolkopollenitesspC | 0 2 1 2 3 3 2 4 1 5
Labrapollis spp 3 4 3 4 5 4 3 4 3 4
Momipites 3 3 4 3 3 4 2 3 3 4
spackmanianus
Tricolpopollenitesspp | 1 2 3 4 3 3 2 3 4 3
Nyssapol lenites spp 2 4 3 4 3 2 3 4 5 6
Oculopollis spp 4 1 4 3 2 3 2 3 2 3
Plicapollis retusus 6 2 5 3 3 4 3 5 3 2
Liliaciditesvariegates | 3 0 0 4 0 2 4 2 4 0
Pseudoplicapollisspp | 4 0 3 4 3 3 4 3 4 2
Proteacidites 3 1 4 3 4 1 3 2 4 1
retusus

Pseudoplicapollis 5 0 2 0 0 0 0 0 2 0
newmanii

Pseudoplicapollis 4 2 3 2 4 3 4 3 3 2
longiannulata

Plicatopollis spp 3 1 4 2 3 1 2 3 0 3
Spheripollenites 4 2 3 0 2 2 4 2 3 1
scabratus
Tricolpites crassus 0 0 0 0 0 0 3 3 2 2
Tetrapollisvalidus 0 2 3 0 4 2 3 2 2 1
Retitricolpites spp 3 2 4 3 4 1 4 3 3 2
Tricolpites spp 2 0 5 2 3 2 4 2 2 3
Tricolpopollenites 2 1 2 2 2 1 3 2 1 1
williamsoniana
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Taxonomic GBAl | GBA2 | GBA3 | GBA4 | GBB1 | GBB2 | GBB3 | GBC1 | GBC2 | GBC3
Identification

Tricolporopollenites | 3 0 1 1 2 0 3 4 1 2
bradonensis

Tricolporopollenites | 2 1 5 2 4 2 5 4 2 1

Spp

Triplanosporites 3 1 3 2 3 0 3 2 0 1
sinuatus

Trudopollisvariabilis | 3 1 5 4 5 2 5 4 3 2
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Appendix 1bii Counts of palynomorph samples from designated stratigraphic intervals of Goldsboro

locality of the Tar Heel Formation.

Taxonomic GBW1 | GBW2 | GBX1 | GBX2 | GBX3 | GBY1 | GBY2 | GBZ1 | GBZ2 | GBzZ3
Identification

Botryococcus braunii | 0 0 2 1 2 1 2 1 0 0
Ovoidites spp 0 0 3 1 2 3 2 3 2 0
Schizosporis parvus 0 0 2 2 1 3 4 1 3 0
Tetraporina spp 0 0 2 1 2 2 1 1 2 0
Cerodinium 3 2 2 1 2 0 0 0 0 0
pannuceum

| sabelidinium spp 3 4 0 2 2 0 0 0 0 0
Pierceites pentagonus | 2 2 0 1 1 0 0 0 0 0
Dicellites spp 5 3 4 3 3 4 3 4 4 2
Didymoporisporonites | 1 1 0 2 1 1 2 1 1 1
Spp

Fractisporonites spp 3 2 2 4 3 2 4 3 3 2
I napertisporites spp 2 2 1 3 1 2 4 5 3 1
Multicellaesporites 4 3 4 2 2 3 2 4 2 1
Spp

Palaencistrus spp 3 1 2 0 1 1 2 0 1 0
Phragmothyrites spp 2 1 3 3 1 1 2 0 1 0
Scolecosporites spp 3 2 1 1 2 2 1 0 3 2
Tetracellites spp 4 3 4 2 4 3 1 4 3 1
Aequitriradites 3 1 2 4 2 4 3 3 2 4
ornatus

Camarozonosporites | 4 2 0 0 0 2 2 1 3 1
Spp

Ceratosporites spp 2 3 4 2 3 2 2 1 2 2
Cicatricosisporites 4 3 4 2 4 2 3 3 4 4
dorogensis

Cicatricosisporites 4 2 2 2 3 2 4 2 3 2
Spp

Cingutriletes spp 3 3 2 3 4 2 5 2 4 3
Cyathidites spp 2 3 4 2 3 4 3 4 5 4
Dictyophylliditesspp | 1 1 2 1 4 5 3 2 3 2
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Taxonomic GBW1 | GBW2 | GBX1 | GBX2 | GBX3 | GBY1 | GBY2 | GBZ1 | GBZ2 | GBZ3
Identification

Echinatisporis 1 0 1 0 1 0 0 1 2 1
levidensis

Hamulatisporitesspp | 4 2 4 2 3 2 1 0 0 0
Laevigatosporites 7 4 3 4 2 2 4 3 2 3
ovatus

Laevigatosporitesspp | 3 2 4 3 4 3 1 2 2 2
Leiotriletes 3 0 2 0 0 2 2 2 1 2
pseudomesozoicus

Leiotriletes sp 3 2 4 2 3 2 4 3 3 2
Matonisporites 4 3 2 3 2 3 4 2 2 3
equiexinus

Matonisporites spp 3 2 3 4 3 4 2 3 4 4
Stereisosporites spp 4 3 2 1 2 3 4 2 3 3
Undulatisporitesspp | 1 1 2 2 1 0 2 0 0 0
Deltoidospora spp 1 1 1 2 1 1 0 0 0 0
Araucariacites 3 5 5 4 6 4 5 6 5 4
australis

Araucariacites spp 4 3 3 4 5 4 3 4 3 5
Cedripites spp 4 4 3 4 4 3 4 2 4 5
Classopollis 5 4 5 6 4 5 3 3 4 3
classoides

Cycadopites 0 2 3 2 3 2 2 4 0 0
carpentieri

Ginkgocycadophytus | 4 3 2 3 3 4 3 2 2 3
nitidus

Inaperturopollenites 3 2 3 4 3 4 2 3 2 4
Spp

Parvisaccitesradiatus | 2 3 4 4 2 3 2 2 3 2
Pinuspollenites spp 5 4 5 3 6 5 3 4 5 4
Piceaepollenitesspp | 4 3 2 2 4 3 4 3 4 5
Podocarpitesradiatus | 3 2 4 3 2 4 3 2 3 2
Taxodiaceaepollenites | 2 1 2 2 1 3 0 1 0 0
hiatus

Arecipites spp 3 0 3 2 3 4 5 4 5 3
Clavatipollenites 5 6 4 4 5 5 2 3 5 4
hughesii

Complexiopollis 3 4 5 5 6 4 6 3 4 6
abditus
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GBW1 | GBW2 | GBX1 | GBX2 | GBX3 | GBY1 | GBY2 | GBZ1 | GBZ2 | GBzZ3
Taxonomic
Identification
Complexiopollis 3 4 5 5 6 4 6 3 4 6
exigua
Complexiopollis 3 2 5 4 3 4 3 5 4 6
funiculus
Complexiopollis spp 2 3 4 2 3 3 2 3 2 4
Cupuliferoipollenites | 1 0 3 2 0 0 1 1 2 1
Spp
Cyrillaceaepollenites | 3 2 4 3 0 3 3 4 1 3
bar ghoornianus
Holkopollenites 0 0 0 2 3 2 3 1 4 2
chemardensis
Holkopollenitessp A | 2 3 4 3 4 3 2 2 5 4
HolkopollenitesspC | 2 2 3 4 3 4 1 3 3 3
Labrapollis spp 3 4 4 3 4 2 0 3 4 5
Momipites 5 3 3 2 3 2 0 4 3 4
spackmanianus
Tricolpopollenitesspp | 4 2 4 3 1 3 0 2 2 5
Nyssapol lenites spp 3 4 5 4 2 4 2 3 4 6
Oculopollis spp 2 3 4 3 1 2 2 3 4 4
Plicapollis retusus 4 5 5 4 2 4 4 5 5 6
Liliacditesvariegatus | 1 3 4 3 1 3 2 3 2 4
Pseudoplicapollisspp | 3 4 3 4 2 3 2 4 2 5
Proteacidites 2 3 2 2 3 4 3 2 3 4
retusus
Pseudoplicapollis 0 4 1 3 2 1 0 0 0 0
newmanii
Pseudoplicapollis 2 3 2 2 2 3 2 3 3 5
longiannulata
Plicatopollis spp 1 2 0 2 3 2 3 2 2 3
Spheripollenites 1 3 0 3 2 3 2 4 2 4
scabratus
Tricolpites crassus 3 2 0 2 3 2 2 4 5 3
Tetrapollisvalidus 1 3 2 3 2 3 4 4 2 2
Retitricolpites spp 2 4 0 2 2 2 4 3 2 2
Tricolpites spp 1 5 1 3 2 1 5 4 1 1
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Taxonomic GBW1 | GBW2 | GBX1 | GBX2 | GBX3 | GBY1 | GBY2 | GBZ1 | GBZ2 | GBzZ3
Identification

Tricolpopollenites 0 3 0 2 1 0 4 3 1 2
williamsoniana

Tricolporopollenites | O 3 0 1 0 1 3 2 2 1
bradonensis

Tricolporopollenites | 2 4 2 1 2 2 5 4 3 3
Spp

Triplanosporites 0 3 0 1 1 0 2 4 2 2
sinuatus

Trudopollisvariabilis | 2 4 2 2 3 1 5 4 2 4
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Appendix 1ci: Counts of palynomorph samples from designated stratigraphic intervals (Zone 1) of Ivanhoe
locality of the Tar Heel Formation.

Taxonomic IVia | IVlb | IV1c IVid | IVle | IVIf IVlg | IVih | V1 IV1j
Identification

Botryococcus braunii | 2 0 0 0 0 0 3 0 0 0
Ovoidites spp 2 4 0 3 4 2 4 3 3 3
Schizosporis parvus 0 4 5 4 3 3 4 5 4 3
Tetraporina spp 0 3 2 0 0 2 3 0 0 0
Cerodinium 0 2 3 0 3 1 3 1 2 3
pannuceum

I sabelidinium spp 0 2 4 0 3 3 4 0 0 0
Pierceites pentagonus | 0 3 0 3 4 2 3 2 2 3
Dicellites spp 0 1 5 5 4 4 3 4 4 3
Didymoporisporonites | O 0 1 0 0 0 0 0 0 0
Spp

Fractisporonitesspp | 4 3 3 4 3 5 3 4 3 4
I napertisporites spp 2 2 3 3 5 2 2 3 3 2
Multicellaesporites 3 3 4 4 3 5 5 6 5 6
Spp

Palaencistrus spp 4 2 3 3 4 3 3 3 2 2
Phragmothyrites spp 2 1 2 1 2 0 2 2 2 1
Scolecosporites spp 2 1 2 1 3 2 3 4 3 2
Tetracellites spp 4 3 3 3 2 6 3 4 4 3
Aequitriradites 0 0 0 0 0 0 0 0 0 0
ornatus

Camarozonosporites | 0 0 0 0 0 0 0 0 0 0
Spp

Ceratosporites spp 0 1 0 0 0 0 0 0 0 0
Cicatricosisporites 5 3 2 4 3 2 4 3 4 5
dorogensis

Cicatricosisporites 7 2 0 2 4 1 3 3 4 2
Spp

Cingutriletes spp 4 3 3 3 0 4 4 0 0 3
Cyathidites spp 2 4 4 3 2 3 4 5 4 5
Dictyophylliditesspp | 0 3 2 4 4 3 4 3 4 4
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Taxonomic IVia | IVlb | IV1c IVid | IVle | IVIf IVlg | IVih | V1 V1]
Identification

Echinatisporis 0 1 0 0 2 2 0 3 0 2
levidensis

Hamulatisporitesspp | 0 0 0 0 0 0 0 0 0 0
Laevigatosporites 2 3 3 4 5 4 5 3 5 5
ovatus

Laevigatosporitesspp | O 0 0 0 0 0 0 0 0 0
Leiotriletes 0 0 0 0 0 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 0 4 0 0 0 4 0 0 0 0
Matonisporites 4 4 6 3 4 0 2 0 0 2
equiexinus

Matonisporites spp 2 2 0 3 3 0 0 0 4 2
Stereisoporites spp 0 0 0 0 0 0 0 0 0 0
Undulatisporitesspp | 1 0 5 5 3 0 3 1 2 2
Deltoidospora spp 0 0 3 0 0 0 0 0 0 2
Araucariacites 3 4 4 5 4 5 3 4 5 5
australis

Araucariacites spp 2 2 3 4 0 3 2 3 4 3
Cedripites spp 3 2 4 0 4 2 0 0 0 0
Classopollis 0 0 3 0 0 0 0 0 0 0
classoides

Cycadopites 0 0 0 0 4 0 2 0 0 3
carpentieri

Ginkgocycadophytus | 2 0 0 0 3 5 3 0 3 4
nitidus

Inaperturopollenites | 3 0 3 0 4 0 2 0 0 3
Spp

Parvisaccitesradiatus | O 0 3 0 0 0 0 0 0 0
Pinuspollenites spp 4 4 3 5 3 4 4 5 4 4
Piceaepollenites spp 3 3 2 3 4 4 3 4 5 3
Podocarpitesradiatus | 3 3 2 2 3 5 2 4 5 2
Taxodiaceaepollenites | 3 0 2 3 2 3 1 3 4 2
hiatus

Arecipites spp 0 0 0 0 0 0 0 0 0 0
Clavatipollenites 6 5 6 5 3 4 5 3 4 5
hughesii

Complexiopollis 11 8 7 6 7 10 6 8 7 9
abditus
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IVia | IVlb | IVIc IVid | IVle | IVIf IVlg | IVih | IV1 V1)
Taxonomic
Identification
Complexiopollis 12 0 10 7 6 8 8 7 6 6
exigua
Complexiopollis 8 7 8 6 5 12 8 7 8 8
funiculus
Complexiopollis spp 9 6 7 4 4 7 7 3 5 3
Cupuliferoipollenites | 2 1 2 2 2 1 0 0 0 0
Spp
Cyrillaceaepollenites | 4 3 0 4 3 3 2 4 5 4
bar ghoornianus
Holkopollenites 0 0 0 0 0 0 0 0 0 0
chemardensis
Holkopollenitessp A | 7 6 6 10 8 7 6 7 8 7
HolkopollenitesspC | 5 4 5 6 4 3 5 3 6 5
Labrapollis spp 0 0 0 0 0 0 0 0 0 0
Momipites 6 4 3 3 5 2 2 1 3 3
spackmanianus
Tricolpopollenitesspp | 8 3 4 4 0 3 3 1 3 2
Nyssapol lenites spp 0 0 0 0 0 0 0 0 0 0
Oculopollis spp 0 4 4 8 8 5 4 7 4 6
Plicapollis retusus 8 10 8 11 7 8 5 6 7 6
Liliaciditesvariegatus| O 5 7 5 5 5 4 0 4 0
Pseudoplicapollisspp | 0 0 0 0 6 2 0 0 0 0
Proteacidites 5 0 0 6 6 0 0 3 4 4
retusus
Pseudoplicapollis 6 8 8 9 4 5 6 5 7 5
newmanii
Pseudoplicapollis 4 7 6 8 5 6 7 7 0 6
longiannulata
Plicatopollis spp 0 0 0 0 0 0 0 0 0 0
Spheripollenites 0 8 6 4 5 5 3 6 4 4
scabratus
Tricolpites crassus 0 0 0 0 0 0 0 0 0 0
Tetrapollisvalidus 0 0 0 0 00 0 0 0 0 0
Retitricolpites spp 0 5 2 2 0 3 4 0 3 3
Tricolpites spp 0 3 3 3 3 4 4 6 4 4
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Taxonomic IVia | IVlb | IV1c IVid | IVle | IVIf IVlg | IVih | V1 V1]
Identification

Tricolpopollenites 0 0 0 0 0 0 0 4 0 0
williamsoniana

Tricolporopollenites | O 0 0 0 0 0 0 0 0 0
bradonensis

Tricolporopollenites | O 6 0 2 0 1 2 6 3 3
Spp

Triplanosporites 1 3 0 0 0 1 0 5 1 4
sinuatus

Trudopollisvariabilis | O 6 0 3 2 4 7 6 3 7

249




Appendix 1cii: Counts of palynomorph samples from designated stratigraphic intervals (Zone I1) of
Ivanhoe locality of the Tar Heel Formation.

Taxonomic IV2a | IV2b | IV2c Ivad IV2e IV2f IV2g IV2h Vi
Identification

Botryococcus braunii | 0 0 0 0 0 0 0 0 0
Ovoidites spp 4 0 3 4 3 0 0 0 0
Schizosporis parvus 5 4 4 2 0 0 0 0 0
Tetraporina spp 0 0 0 0 0 0 0 0 0
Cerodinium 0 0 0 0 0 0 0 0 0
pannuceum

| sabelidinium spp 0 0 0 0 0 0 0 0 0
Pierceites pentagonus | 2 0 0 0 0 0 0 0 0
Dicellites spp 5 3 2 5 3 0 4 3 5
Didymoporisporonites | O 0 0 0 0 2 0 2 1
Spp

Fractisporonites spp 3 2 4 4 1 2 4 2 2
I napertisporites spp 2 3 4 4 5 3 5 3 4
Multicellaesporites 5 6 7 7 9 10 10 12 10
Spp

Palaencistrus spp 2 1 2 1 0 1 0 2 0
Phragmothyrites spp 1 0 2 0 1 1 2 0 0
Scolecosporites spp 1 2 2 1 2 1 2 0 2
Tetracellites spp 4 3 4 3 2 3 4 1 3
Aequitriradites 0 0 0 0 0 0 0 0 0
ornatus

Camarozonosporites | 0 0 0 0 0 0 1 2 3
Spp

Ceratosporites spp 0 0 0 0 0 0 0 0 0
Cicatricosisporites 2 4 3 4 3 3 4 3 4
dorogensis

Cicatricosisporites 3 2 4 3 2 2 6 2 3
Spp

Cingutriletes spp 0 3 4 1 3 0 5 0 0
Cyathidites spp 4 4 5 4 5 4 3 4 5
Dictyophylliditesspp | 3 2 2 3 2 2 3 3 2
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Taxonomic IV2a | IV2b | IV2c Ivad IV2e V2 IV2g IV2h Vi
Identification

Echinatisporis 1 1 0 0 1 0 1 0 0
levidensis

Hamulatisporitesspp | O 0 0 0 0 0 0 0 0
Laevigatosporites 2 4 4 5 4 4 4 0 4
ovatus

Laevigatosporitesspp | O 0 0 0 0 0 0 0 0
Leiotriletes 0 0 0 0 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 3 0 3 2 0 0 0 0 0
Matonisporites 0 0 4 4 0 0 0 0 0
equiexinus

Matonisporites spp 0 0 3 4 3 0 0 0 0
Streisosporites spp 0 0 0 0 0 0 0 0 0
Undulatisporitesspp | 0 0 1 2 1 2 0 0 1
Deltoidospora spp 2 0 1 2 1 1 0 0 0
Araucariacites 4 3 4 3 2 1 0 0 0
australis

Araucariacites spp 5 4 4 4 3 4 3 0 4
Cedripites spp 0 3 0 0 2 0 0 0 0
Classopollis 0 0 0 0 0 0 0 0 0
classoides

Cycadopites 2 0 0 0 0 0 2 0 0
carpentieri

Ginkgocycadophytus | 2 0 3 2 3 5 3 4 4
nitidus

Inaperturopollenites | O 0 0 0 0 4 0 4 0
Spp

Parvisaccitesradiatus | O 0 0 4 0 0 0 3 0
Pinuspollenites spp 3 4 4 3 4 6 3 4 2
Piceaepollenites spp 3 2 3 1 3 0 2 3 4
Podocarpitesradiatus | 2 3 3 3 3 0 3 1 3
Taxodiaceaepollenites | 1 2 2 3 2 3 3 0 3
hiatus

Arecipites spp 0 0 0 0 0 0 0 0 0
Clavatipollenites 6 5 6 6 4 5 3 3 3
hughesii

Complexiopollis 8 7 8 0 7 8 9 10 12
abditus
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IV2a | IVZh | IVZ Iv2d | IV2e | IV2f IV2g | IV2h | IVi
Taxonomic
Identification
Complexiopollis 7 8 7 5 5 3 5 3 4
exigua
Complexiopollis 6 9 6 7 9 7 5 8 10
funiculus
Complexiopollis spp 6 5 6 4 4 5 4 3 2
Cupuliferoipollenites | 0 1 0 0 0 0 0 3 4
Spp
Cyrillaceaepollenites | 5 4 6 3 4 6 0 2 3
bar ghoornianus
Holkopollenites 0 0 0 0 0 0 0 0 0
chemardensis
Holkopollenitessp A | 7 8 7 5 8 7 7 10 12
HolkopollenitesspC | 4 5 4 2 5 4 6 6 5
Labrapollis spp 0 0 0 0 0 0 4 3 7
Momipites 2 3 2 3 4 3 0 2 5
spackmanianus
Tricolpopollenitesspp | 3 4 3 2 3 4 3 3 3
Nyssapol lenites spp 0 0 0 0 0 0 1 2 5
Oculopollis spp 4 6 4 0 5 5 4 7 6
Plicapollis retusus 5 7 7 6 8 9 8 8 7
Liliaciditesvariegatus| 4 0 0 4 0 0 0 0 0
Pseudoplicapollisspp | 0 4 5 4 0 0 0 0 0
Proteacidites 5 0 4 3 7 5 5 3 2
retusus
Pseudoplicapollis 7 5 4 5 8 6 5 12 5
newmanii
Pseudoplicapollis 5 7 6 4 7 10 6 9 3
longiannulata
Plicatopollis spp 0 0 0 0 0 0 3 4 3
Spheripollenites 7 6 2 5 3 2 0 0 0
scabratus
Tricolpites crassus 0 0 0 5 6 5 4 0 0
Tetrapollisvalidus 0 0 0 0 0 0 4 3 5
Retitricolpites spp 5 5 4 3 6 6 5 5 2
Tricolpites spp 7 8 3 6 7 5 6 7 3
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Taxonomic IV2a | IV2b | IV2c Ivad IV2e V2 IV2g IV2h Vi
Identification

Tricolpopollenites 3 6 0 4 3 4 4 3 3
williamsoniana

Tricolporopollenites | O 0 0 0 0 0 3 0 0
bradonensis

Tricolporopollenites | 5 7 2 3 3 6 5 5 7
Spp

Triplanosporites 6 7 1 4 5 5 4 4 5
sinuatus

Trudopollisvariabilis | 6 8 5 6 6 0 10 11 5
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Appendix 1ciii: Counts of palynomorph samples from designated stratigraphic intervals (Zone 1Il) of
Ivanhoe locality of the Tar Heel Formation.

Taxonomic IV3a IV3b IV3c Iv3d IV3e
Identification

Botryococcus braunii | 0 0 0 0 0
Ovoidites spp 0 0 0 0 0
Schizosporis parvus 0 0 0 0 0
Tetraporina spp 0 0 0 0 0
Cerodinium 0 0 0 0 0
pannuceum

| sabelidinium spp 0 0 0 0 0
Pierceites pentagonus | O 0 0 0 0
Dicellites spp 6 4 5 4 6
Didymoporisporonites | 2 5 3 5 4
Spp

Fractisporonites spp 1 2 3 3 4
I napertisporites spp 4 0 3 0 3
Multicellaesporites 11 12 12 12 14
Spp

Palaencistrus spp 0 0 0 0 0
Phragmothyrites spp 0 0 1 1 0
Scolecosporites spp 0 2 3 4 0
Tetracellites spp 6 2 4 6 3
Aequitriradites 0 0 0 0 0
ornatus

Camarozonosporites | 4 0 2 4 5
Spp

Ceratosporites spp 0 0 0 0 0
Cicatricosisporites 2 0 3 5 3
dorogensis

Cicatricosisporites 3 2 0 0 1
Spp

Cingutriletes spp 0 3 2 3 0
Cyathidites spp 4 4 6 4 2
Dictyophylliditesspp | 2 2 3 3 4
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Taxonomic IV3a IV3b IV3c Iv3d IV3e
Identification

Echinatisporis 0 0 2 0 0
levidenss

Hamulatisporitesspp | O 0 0 0 0
Laevigatosporites 5 4 5 2 3
ovatus

Laevigatosporitesspp | O 0 0 0 0
Leiotriletes 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 0 0 0 0 0
Matonisporites 0 0 0 0 0
equiexinus

Matonisporites spp 0 0 0 0 0
Stereisosporites spp 0 0 0 0 0
Undulatisporitesspp | 1 0 0 2 0
Deltoidospora spp 1 0 0 3 0
Araucariacites 0 0 0 0 0
australis

Araucariacites spp 3 0 0 4 3
Cedripites spp 0 0 0 0 0
Classopollis 0 0 0 0 0
classoides

Cycadopites 0 0 0 0 0
carpentieri

Ginkgocycadophytus | 4 3 0 2 0
nitidus

Inaperturopollenites | O 0 0 0 0
Spp

Parvisaccitesradiatus | O 0 0 0 0
Pinuspollenites spp 4 4 6 3 5
Piceaepollenitesspp | 4 4 4 5 3
Podocarpitesradiatus | 3 5 5 6 5
Taxodiaceaepollenites | 1 3 4 3 2
hiatus

Arecipites spp 4 0 5 4 5
Clavatipollenites 2 2 3 4 2
hughesii

Complexiopollis 11 10 10 12 7
abditus
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IV3a IV3b IV3c Iv3d IV3e
Taxonomic
Identification
Complexiopollis 2 2 3 5 4
exigua
Complexiopollis 5 8 9 8 5
funiculus
Complexiopollis spp 3 4 4 2 3
Cupuliferoipollenites | 2 5 4 4 4
Spp
Cyrillaceaepollenites | 3 1 0 2 0
bar ghoornianus
Holkopollenites 0 8 6 7 8
chemardensis
Holkopollenitessp A | 7 4 6 5 5
HolkopollenitesspC | 5 0 5 0 0
Labrapollis spp 6 8 8 8 7
Momipites 3 3 4 3 2
spackmanianus
Tricolpopollenitesspp | 3 2 3 2 2
Nyssapol lenites spp 2 4 5 3 6
Oculopollis spp 3 5 3 4 5
Plicapollis retusus 6 6 4 4 6
Liliaciditesvariegatus | O 0 0 0 0
Pseudoplicapollisspp | 0 0 0 0 0
Proteacidites 4 4 4 3 5
retusus
Pseudoplicapollis 5 7 4 6 7
newmanii
Pseudoplicapollis 6 6 5 4 5
longiannulata
Plicatopollis spp 4 5 7 3 4
Spheripollenites 0 0 0 0 0
scabratus
Tricolpites crassus 4 5 7 3 4
Tetrapollisvalidus 5 7 3 3 4
Retitricolpites spp 6 4 3 4 4
Tricolpites spp 2 5 2 2 5
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Taxonomic IV3a IV3b IV3c IvV3d IV3e
Identification

Tricolpopollenites 4 3 2 1 3
williamsoniana

Tricolporopollenites | O 2 1 3 4
bradonensis

Tricolporopollenites | 6 7 3 1 5
Spp

Triplanosporites 7 4 2 1 4
sinuatus

Trudopollisvariabilis | 8 7 4 4 6
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Appendix 1d: Counts of palynomorph samples from designated stratigraphic intervals of Lock locality of
the Tar Heel Formation.

Taxonomic LK1 LK2 LK3 LK4 LK5 LK6 LK7 LK8
Identification

Botryococcus braunii | O 2 0 0 0 0 0 0
Ovoidites spp 0 0 0 0 0 0 0 0
Schizosporis parvus 4 4 3 0 0 0 0 0
Tetraporina spp 0 0 0 0 0 0 0 0
Cerodinium 0 0 0 0 0 0 0 0
pannuceum

I sabelidinium spp 3 2 0 0 0 0 0 0
Pierceites pentagonus | 0 0 0 0 0 0 0 0
Dicellites spp 5 4 2 6 7 5 4 5
Didymoporisporonites | 0 0 0 0 2 3 5 3
SPp

Fractisporonitesspp | 4 5 3 4 1 1 2 2
Inapertisporites spp 3 4 2 5 4 3 1 2
Multicellaesporites 2 3 2 4 3 1 0 3
Spp

Palaencistrus spp 0 0 0 0 0 0 0 0
Phragmothyrites spp 0 2 1 2 0 0 0 1
Scolecosporites spp 0 0 0 0 0 0 0 0
Tetracellites spp 5 4 5 4 3 3 2 4
Aequitriradites 0 0 0 0 0 0 0 0
ornatus

Camarozonosporites 0 0 0 0 4 3 3 4
Spp

Ceratosporites spp 0 0 0 0 0 0 0 0
Cicatricosisporites 3 4 2 4 5 4 6 5.
dorogensis

Cicatricosisporites 4 3 1 3 4 3 5 3
Spp

Cingutriletes spp 6 5 4 2 3 0 0 0
Cyathidites spp 4 6 5 4 6 5 3 4
Dictyophylliditesspp | 3 3 6 2 5 4 4 3
Echinatisporis 0 2 1 0 3 10 1 2
levidensis
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Taxonomic LK1 LK2 LK3 LK4 LK5 LK6 LK7 LK8
Identification

Hamulatisporitesspp | O 0 0 0 0 0 0 0
Laevigatosporites 3 4 4 3 6 4 3 3
ovatus

Laevigatosporitesspp | O 0 0 0 0 0 0 0
Leiotriletes 0 0 0 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 4 3 0 0 2 0 0 0
Matonisporites 5 5 5 5 4 0 0 0
equiexinus

Matonisporites spp 3 4 4 0 0 0 0 0
Stereisosporites spp 0 0 0 0 0 0 0 0
Undulatisporitesspp | 0 0 0 0 0 0 0 0
Deltoidospora spp 0 0 0 0 0 0 0 0
Araucariacites 3 2 5 2 1 1 1 0
australis

Araucariacites spp 0 4 3 2 3 4 4 0
Cedripites spp 4 6 4 3 0 0 0 0
Classopollis 0 0 0 0 0 0 0 0
classoides

Cycadopites 0 0 0 0 0 0 0 0
carpentieri

Ginkgocycadophytus | O 3 2 1 4 1 3 3
nitidus

Inaperturopollenites | O 4 0 0 0 0 0 0
Spp

Parvisaccitesradiatus | O 3 0 2 0 0 0 0
Pinuspollenites spp 3 4 1 2 5 2 4 4
Piceaepollenites spp 4 3 2 3 6 3 3 5
Podocarpitesradiatus | 3 2 3 3 4 4 5 3
Taxodiaceaepollenites | 1 4 3 1 2 2 3 4
hiatus

Arecipites spp 0 0 0 0 0 0 4 5
Clavatipollenites 6 6 5 2 3 2 3 4
hughesii

Complexiopollis 10 8 9 9 7 10 5 8
abditus

Complexiopollis 7 7 5 8 6 4 3 3
exigua
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LK1 LK2 LK3 LK4 LK5 LK6 LK7 LK8
Taxonomic
Identification
Complexiopollis 7 4 6 5 5 8 8 9
funiculus
Complexiopollis spp 5 5 4 4 4 4 6 4
Cupuliferoipollenites | O 0 0 0 5 3 5 4
Spp
Cyrillaceaepollenites | 4 5 6 3 2 3 4 2
bar ghoornianus
Holkopollenites 0 0 0 0 3 5 6 3
chemardensis
Holkopollenitessp A | 10 7 8 9 8 6 7 7
HolkopollenitesspC | 5 3 4 6 3 3 4 4
Labrapollis spp 0 0 0 2 5 4 3 2
Momipites 4 4 5 2 4 4 4 3
spackmanianus
Tricolpopollenitesspp | 3 5 4 1 3 1 3 4
Nyssapol lenites spp 0 0 0 0 4 4 5 7
Oculopollis spp 4 4 2 3 3 2 3 4
Plicapollis retusus 4 7 8 3 6 6 7 3
Liliaciditesvariegatus | O 0 0 0 4 0 0 2
Pseudoplicapollisspp | O 0 0 4 5 3 0 0
Proteacidites 3 2 4 3 4 5 6 0
retusus
Pseudoplicapollis 4 4 5 8 5 8 7 6
newmanii
Pseudoplicapollis 5 3 5 7 6 5 6 8
longiannulata
Plicatopollis spp 0 0 0 0 0 3 3 5
Spheripollenites 0 0 0 0 0 0 0 0
scabratus
Tricolpites crassus 0 0 0 6 2 4 6 4
Tetrapollisvalidus 0 0 0 3 1 2 5 7
Retitricolpites spp 6 4 5 6 3 5 5 6
Tricolpites spp 7 5 6 8 1 6 4 4
Tricolpopollenites 5 3 4 5 0 5 4 3

williamsoniana
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Taxonomic LK1 LK2 LK3 LK4 LK5 LK6 LK7 LK8
Identification

Tricolporopollenites | O 0 0 0 0 0 0 0
bradonensis

Tricolporopollenites | 7 4 8 8 3 6 5 4
Spp

Triplanosporites 6 1 5 7 4 8 1 3
sinuatus

Trudopollisvariabilis | 9 5 12 9 4 13 5 4
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Appendix le i: Counts of palynomorph samples from designated stratigraphic intervals of Tar River
locality of the Tar Heel Formation.

Taxonomic TRO| TR2 [ TR4 | TR6 [ TR8 | TR10 | TR12 | TR14 | TR16 | TR18
Identification

Botryococcus braunii | 4 3 2 1 3 2 3 2 3 2
Ovoidites spp 3 2 3 3 2 3 4 3 2 1
Schizosporis parvus 2 5 2 2 4 3 2 2 4 3
Tetraporina spp 2 3 2 1 3 2 3 4 2 2
Cerodinium 0 0 0 0 0 0 0 0 0 0
pannuceum

| sabelidinium spp 0 3 2 0 2 2 2 0 0 0
Pierceites pentagonus | O 0 0 0 0 0 0 0 0 0
Dicellites spp 0 2 1 3 4 1 4 3 1 3
Didymoporisporonites | 2 2 0 0 1 0 2 1 0 2
Spp

Fractisporonitesspp | 4 3 1 3 2 3 2 2 3 3
I napertisporites spp 0 2 3 2 3 2 3 2 2 4
Multicellaesporites 1 1 2 4 1 1 2 3 3 2
Spp

Palaencistrus spp 1 0 1 2 1 0 1 0 1 1
Phragmothyrites spp 1 0 0 2 2 0 1 0 1 1
Scolecosporites spp 0 0 1 2 1 1 1 2 0 0
Tetracellites spp 3 4 3 4 3 3 2 4 4 3
Aequitriradites 0 0 0 0 0 0 2 2 3 4
ornatus

Camarozonosporites | 3 2 3 3 0 2 1 2 1 1
Spp

Ceratosporites spp 2 1 2 1 2 1 2 1 2 2
Cicatricosisporites 2 3 3 3 1 4 2 4 3 3
dorogensis

Cicatricosisporites 1 4 2 2 3 2 3 1 2 3
Spp

Cingutriletes spp 2 5 2 3 4 3 4 4 2 4
Cyathidites spp 2 3 3 4 3 5 3 3 2 4
Dictyophylliditesspp | 3 4 2 3 3 9 3 2 3 2
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Taxonomic TRO| TR2 [ TR4 | TR6 [ TR8 | TR10 | TR12 | TR14 | TR16 | TR18
Identification

Echinatisporis 0 1 3 1 0 0 2 1 0 0
levidensis

Hamulatisporitesspp | 2 2 2 3 2 2 4 4 3 3
Laevigatosporites 3 5 2 4 3 4 3 3 4 2
ovatus

Laevigatosporitesspp | 1 2 3 3 4 3 2 1 3 1
Leiotriletes 2 4 2 3 2 2 2 3 2 1
pseudomesozoicus

Leiotriletes sp 3 4 4 2 4 3 3 4 2 0
Matonisporites 3 2 3 2 2 4 0 0 3 0
equiexinus

Matonisporites spp 2 3 4 4 3 2 2 3 4 3
Stereisosporites spp 4 3 3 3 2 3 4 3 4 2
Undulatisporitesspp | 0 2 1 2 1 2 2 3 1 0
Deltoidospora spp 0 2 1 1 1 1 1 0 0 0
Araucariacites 2 1 2 2 0 1 2 0 2 1
australis

Araucariacites spp 4 5 3 4 2 4 3 4 3 2
Cedripites spp 3 4 4 2 3 5 3 4 4 3
Classopollis 3 4 5 3 4 3 4 3 3 2
classoides

Cycadopites 0 3 4 3 0 2 1 0 4 3
carpentieri

Ginkgocycadophytus | 2 4 3 4 2 3 3 4 3 2
nitidus

Inaperturopollenites 0 4 4 2 3 2 3 4 3 2
Spp

Parvisaccitesradiatus | O 0 0 0 2 3 2 3 2 3
Pinuspollenites spp 3 4 4 3 3 5 3 4 5 4
Piceaepollenites spp 0 3 3 2 2 6 4 3 3 4
Podocarpitesradiatus | 3 3 4 3 4 2 3 2 4 2
Taxodiaceaepollenites | 2 0 3 2 3 2 0 1 2 2
hiatus

Arecipites spp 0 0 0 0 0 0 0 0 0 0
Clavatipollenites 3 4 4 2 4 4 2 4 4 3
hughesii

Complexiopollis 5 7 6 7 8 6 7 8 7 8
abditus
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TRO| TR2 [ TR4 | TR6 [ TR8 | TR1I0 | TR12 | TR14 | TR16 | TR18
Taxonomic
Identification
Complexiopollis 6 5 5 4 5 4 5 4 5 5
exigua
Complexiopollis 4 6 7 6 5 6 6 5 6 3
funiculus
Complexiopollis spp 3 4 3 4 3 4 3 5 2 2
Cupuliferoipollenites | 0 0 2 3 1 2 0 0 0 2
Spp
Cyrillaceaepollenites | 4 3 4 4 2 3 2 3 4 4
bar ghoornianus
Holkopollenites 0 0 0 0 3 2 4 4 2 2
chemardensis
HolkopollenitesspA | 5 2 3 4 2 4 5 6 5 4
HolkopollenitesspC | 4 1 2 3 2 5 2 4 4 3
Labrapollis spp 5 4 5 4 0 5 3 4 5 4
Momipites 3 4 3 3 3 3 2 3 3 4
spackmanianus
Tricolpopollenitesspp | 4 3 2 4 2 4 3 2 4 2
Nyssapol lenites spp 5 3 5 4 5 4 4 4 5 4
Oculopollis spp 4 1 2 3 2 3 2 3 2 3
Plicapollis retusus 5 3 3 5 3 5 3 5 4 4
Liliaciditesvariegatus| 4 1 2 4 4 3 2 0 0 3
Pseudoplicapollisspp | 5 3 4 2 3 1 2 0 0 4
Proteacidites 6 4 3 3 2 2 3 2 3 3
retusus
Pseudoplicapollis 7 3 4 5 5 2 4 3 4 5
newmanii
Pseudoplicapollis 4 0 0 3 4 1 2 2 5 4
longiannulata
Plicatopollis spp 5 0 3 4 3 0 3 4 0 4
Spheripollenites 4 2 2 3 4 0 1 3 2 5
scabratus
Tricolpites crassus 0 0 0 0 0 0 0 0 0 0
Tetrapollisvalidus 4 2 3 0 5 0 2 0 0 3
Retitricolpites spp 4 3 4 2 2 2 3 4 3 4
Tricolpites spp 5 4 2 1 4 3 4 3 2 3
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Taxonomic TRO| TR2 [ TR4 | TR6 [ TR8 | TR10 | TR12 | TR14 | TR16 | TR18
Identification

Tricolpopollenites 4 3 2 2 3 2 3 2 3 2
williamsoniana

Tricolporopollenites | O 0 0 0 0 0 0 0 0 0
bradonensis

Tricolporopollenites 5 4 4 3 4 3 4 3 4 5
Spp

Triplanosporites 3 1 3 3 2 0 3 1 3 3
sinuatus

Trudopollisvariabilis | 2 3 3 2 5 4 4 5 5 3
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Appendix le ii: Counts of palynomorph samples from designated stratigraphic intervals of Tar River
locality of the Tar Heel Formation.

Taxonomic TR |TR |TR | TR | TR | TR | TR | TR [ TR | TR | TR
I dentification 20 2 124 126 |28 |30 (32 [34 [3FH |3V |40

Botryococcus braunii | 3 2 0 0 0 0 2 3 2 2 3

Ovoidites spp 0 0 0 0 0 0 1 2 1 3 4

Schizosporis parvus 2 2 0 0 0 0 2 3 4 3 4

Tetraporina spp 3 1 1 2 0 0 2 1 2 1 3
Cerodinium 0 0 0 0 0 0 0 0 0 0 0
pannuceum

I sabelidinium spp 1 2 2 1 0 0 0 0 0 0 0

Pierceites pentagonus | 0 0 0 0 0 0 0 0 0 0 0

Dicellites spp 2 1 4 3 1 3 4 5 1 4 2

Didymoporisporonites | 1 0 1 0 1 1 0 1 0 0 1
Spp

Fractisporonitesspp | 4 3 3 2 2 3 2 1 2 3 1

Inapertisporites spp 1 4 4 8 2 1 3 3 1 2 3

Multicellaesporites 4 2 3 3 4 3 1 2 2 4 2
Spp

Palaencistrus spp 1 0 0 2 0 1 1 0 2 0 0

Phragmothyrites spp 0 0 1 0 0 1 1 0 1 0 0

Scolecosporites spp 0 0 2 1 0 0 0 1 0 0 1

Tetracellites spp 2 3 4 3 2 3 2 4 3 4 2
Aequitriradites 3 2 3 0 3 0 2 3 0 2 1
ornatus

Camarozonosporites 3 3 4 0 2 0 4 4 3 4 3
Spp

Ceratosporites spp 3 1 2 2 1 0 1 2 1 1 2

Cicatricosisporites 4 4 2 4 4 2 4 4 2 3 2
dorogensis

Cicatricosisporites 2 3 4 3 3 2 4 3 4 3 4

Spp
Cingutriletes spp 2 4 3 4 5 4 3 2 3 4 5
Cyathidites spp 3 5 3 4 3 5 4 3 5 3 3

Dictyophylliditesspp | 3 4 3 2 4 4 2 4 4 2 4
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Taxonomic TR |TR |TR |TR [TR | TR | TR [TR | TR | TR | TR
Identification 20 2 |24 |26 |28 |30 |32 |H#A [3F |[33B |40
Echinatisporis 1 0 2 2 0 1 0 0 0 2 0
levidensis

Hamulatisporitesspp | 3 5 4 3 3 2 4 3 2 3 2
Laevigatosporites 5 4 2 2 4 3 4 2 4 5 3
ovatus

Laevigatosporitesspp | 3 2 2 4 2 2 3 1 2 3 4
Leiotriletes 2 4 3 2 2 1 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 0 0 0 0 0 0 0 0 0 0 0
Matonisporites 2 0 0 4 0 0 3 2 3 0 3
equiexinus

Matonisporites spp 2 3 3 5 3 4 2 1 4 3 2
Stereisosporites spp 3 2 4 3 4 3 3 2 2 4 3
Undulatisporitesspp | 2 0 1 0 0 1 0 2 0 1 0
Deltoidospora spp 0 0 0 0 0 0 0 1 0 0 0
Araucariacites 0 1 2 0 1 0 2 3 2 3 1
australis

Araucariacites spp 3 4 3 4 3 2 3 4 3 5 3
Cedripites spp 1 3 0 0 2 2 4 3 4 4 3
Classopollis 3 4 4 6 3 3 2 4 3 3 4
classoides

Cycadopites 2 3 0 3 4 2 0 0 2 0 0
carpentieri

Ginkgocycadophytus | 3 4 4 4 4 3 2 0 3 0 2
nitidus

Inaperturopollenites 2 5 3 3 3 4 3 3 4 0 3
Spp

Parvisaccitesradiatus | 2 0 2 0 0 0 2 2 1 3 2
Pinuspollenites spp 3 4 4 3 4 5 3 4 3 4 5
Piceaepollenitesspp | 4 5 3 4 3 2 2 3 4 5 4
Podocarpitesradiatus | 3 4 2 3 4 3 3 2 3 4 3
Taxodiaceaepollenites | 2 3 3 2 3 0 0 0 2 0 1
hiatus

Arecipites spp 0 0 0 0 0 0 0 0 0 0 0
Clavatipollenites 4 4 2 5 4 4 3 4 3 5 4
hughesii

Complexiopollis 6 5 7 9 7 8 4 6 7 8 7
abditus
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TR |TR |TR |TR [TR | TR | TR [TR | TR | TR | TR
Taxonomic 20 2 (24 |26 |28 |30 |32 |H#A [3Fb (3B |40
Identification
Complexiopollis 4 6 4 7 8 5 5 3 6 6 4
exigua
Complexiopollis 5 7 8 7 6 4 6 4 5 7 5
funiculus
Complexiopollis spp 2 5 3 5 5 5 4 3 6 3 4
Cupuliferoipollenites | O 0 0 0 3 0 0 0 2 0 1
Spp
Cyrillaceaepollenites | 3 6 3 5 4 3 3 4 3 4 5
barghoornianus
Holkopollenites 0 0 0 0 3 4 4 3 4 3 3
chemardensis
HolkopollenitesspA | 5 5 4 7 6 5 3 5 5 4 3
HolkopollenitesspC | 3 4 2 5 5 3 1 3 4 2 1
Labrapollis spp 4 6 4 5 3 4 5 4 5 3 4
Momipites 5 5 5 6 3 5 3 2 4 2 5
spackmanianus
Tricolpopollenitesspp | 3 4 3 4 4 6 4 3 3 2 3
Nyssapol lenites spp 4 5 6 5 5 6 3 4 5 3 5
Oculopollis spp 2 4 3 4 3 3 2 3 2 3 4
Plicapollis retusus 3 5 4 6 6 4 6 5 5 6 5
Liliaciditesvariegatus| 2 3 5 3 5 6 4 3 4 0 4
Pseudoplicapollisspp | 3 2 4 3 4 4 3 4 3 3 4
Proteacidites 4 0 3 4 5 4 5 3 2 2 1
retusus
Pseudoplicapollis 3 3 4 5 6 7 6 5 4 3 4
newmanii
Pseudoplicapollis 2 0 3 2 0 4 4 3 0 3 2
longiannulata
Plicatopollis spp 3 0 4 3 3 5 6 4 2 0 0
Spheripollenites 4 2 3 0 2 4 5 4 4 3 2
scabratus
Tricolpites crassus 0 0 0 0 0 0 0 0 0 0 0
Tetrapollisvalidus 4 2 2 2 2 3 3 5 3 4 3
Retitricolpites spp 3 3 3 2 3 4 4 3 2 5 4
Tricolpites spp 4 1 4 1 1 3 2 2 3 4 3
Tricolpopollenites 3 0 0 2 0 3 4 2 4 0 2

williamsoniana
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Taxonomic TR |TR |TR |TR [TR | TR | TR [TR | TR | TR | TR
Identification 20 2 |24 |26 |28 |30 |32 |H#A [3F |[33B |40
Tricolporopollenites | O 0 0 0 0 0 0 0 0 0 0
bradonensis

Tricolporopollenites | 5 4 2 0 2 3 3 5 4 3 4
Spp

Triplanosporites 4 0 1 0 0 1 3 3 2 4 3
sinuatus

Trudopollisvariabilis | 5 2 3 2 2 3 3 5 2 5 2
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Appendix 1f i: Counts of palynomorph samples from designated stratigraphic intervals (Zone 1) of Willis
Creek locality of the Tar Heel Formation.

Taxonomic WCla WC1b WClc WC1d WCle WCif WClg
Identification

Botryococcus braunii | 4 2 3 0 3 2 2
Ovoidites spp 4 2 3 0 3 2 2
Schizosporis parvus 3 0 4 0 0 4 3
Tetraporina spp 0 0 0 0 0 0 0
Cerodinium 3 3 5 7 0 0 0
pannuceum

| sabelidinium spp 2 0 2 5 0 3 0
Pierceites pentagonus | 3 4 4 6 0 0 0
Dicellites spp 2 4 3 5 5 3 1
Didymoporisporonites | O 0 0 0 2 2 2
Spp

Fractisporonitesspp | 4 2 2 5 2 1 3
I napertisporites spp 3 4 2 3 1 3 2
Multicellaesporites 1 1 0 3 3 4 3
Spp

Palaencistrus spp 4 2 1 4 3 2 2
Phragmothyrites spp 1 0 0 2 1 0 1
Scolecosporites spp 0 2 0 0 2 1 2
Tetracellites spp 2 4 4 2 4 4 2
Aequitriradites 0 0 0 0 0 0 0
ornatus

Camarozonosporites | 0 0 0 0 0 0 0
Spp

Ceratosporites spp 0 0 0 0 0 0 0
Cicatricosisporites 3 1 5 1 2 5 3
dorogensis

Cicatricosisporites 4 2 2 2 3 3 2
Spp

Cingutriletes spp 5 4 3 2 3 4 2
Cyathidites spp 3 5 6 3 4 4 3
Dictyophylliditesspp | 3 0 2 4 4 3 2
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Taxonomic WCla WC1b WClc WC1d WCle WCif WClg
Identification

Echinatisporis 0 0 2 2 0 2 1
levidensis

Hamulatisporitesspp | O 0 0 0 3 4 3
Laevigatosporites 3 6 3 4 4 3 4
ovatus

Laevigatosporitesspp | O 0 0 0 0 0 0
Leiotriletes 0 0 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 0 4 0 0 1 2 3
Matonisporites 0 4 4 5 4 3 3
equiexinus

Matonisporites spp 0 5 3 0 0 2 0
Stereisosporites spp 0 0 0 0 0 0 0
Undulatisporitesspp | 0 2 1 0 2 3 0
Deltoidospora spp 0 0 0 0 3 1 0
Araucariacites 4 4 4 6 5 5 4
australis

Araucariacites spp 3 3 6 4 6 3 4
Cedripites spp 5 2 4 0 4 0 0
Classopollis 5 4 3 0 6 4 0
classoides

Cycadopites 0 0 0 0 0 0 0
carpentieri

Ginkgocycadophytus | 3 0 5 0 4 2 2
nitidus

Inaperturopollenites | 4 4 5 0 0 0 3
Spp

Parvisaccitesradiatus | O 0 0 0 5 2 3
Pinuspollenites spp 3 4 4 5 4 4 2
Piceaepollenites spp 3 5 3 4 5 2 4
Podocarpitesradiatus | 4 4 3 3 6 3 5
Taxodiaceaepollenites | 2 2 1 2 0 0 0
hiatus

Arecipites spp 0 0 0 0 0 0 0
Clavatipollenites 3 6 7 7 6 4 4
hughesii

Complexiopollis 8 7 8 8 9 7 6
abditus
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WCla WC1b WClc wCld WCle WCI1f WClg
Taxonomic
Identification
Complexiopollis 7 8 4 8 7 5 6
exigua
Complexiopollis 6 6 7 7 4 6 5
funiculus
Complexiopollis spp 4 4 5 2 3 4 3
Cupuliferoipollenites | 0 0 0 0 0 0 0
Spp
Cyrillaceaepollenites | 5 3 3 4 4 0 3
bar ghoornianus
Holkopollenites 0 0 0 0 0 0 0
chemardensis
Holkopollenitessp A | 7 6 4 7 5 7 5
HolkopollenitesspC | 5 4 3 5 3 3 3
Labrapollis spp 0 0 0 0 0 0 0
Momipites 6 2 2 4 5 5 2
spackmanianus
Tricolpopollenitesspp | 5 3 3 3 3 4 3
Nyssapol lenites spp 0 0 0 0 0 0 0
Oculopollis spp 6 5 2 3 5 6 5
Plicapollis retusus 8 6 4 7 8 7 8
Liliaciditesvariegatus| O 0 0 0 3 0 5
Pseudoplicapollisspp | 0 0 0 0 0 5 6
Proteacidites 5 3 4 4 5 4 4
retusus
Pseudoplicapollis 8 7 8 6 8 6 7
newmanii
Pseudoplicapollis 6 5 7 5 4 6 4
longiannulata
Plicatopollis spp 0 0 0 0 0 0 0
Spheripollenites 5 5 7 7 5 5 6
scabratus
Tricolpites crassus 2 0 0 0 3 4 5
Tetrapollisvalidus 0 0 0 0 0 0 0
Retitricolpites spp 2 5 3 5 2 3 5
Tricolpites spp 2 6 4 4 1 3 4
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Taxonomic WCla WC1b WClc WC1d WCle WCif WClg
Identification

Tricolpopollenites 0 3 3 3 0 2 4
williamsoniana

Tricolporopollenites | O 0 0 0 0 0 0
bradonensis

Tricolporopollenites | 3 5 5 3 2 4 6
Spp

Triplanosporites 2 0 2 2 0 5 6
sinuatus

Trudopollisvariabilis | 6 8 6 7 5 4 8
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Appendix 1f ii: Counts of palynomorph samples from designated stratigraphic intervals (Zone I1) of Willis
Creek locality of the Tar Heel Formation.

Taxonomic WC2a WC2b WC2c wcad WC2e WC2f
Identification

Botryococcus braunii | 0 0 0 0 0 0
Ovoidites spp 0 0 0 0 0 0
Schizosporis parvus 0 0 0 0 0 0
Tetraporina spp 0 0 0 0 0 0
Cerodinium 3 0 0 3 3 0
pannuceum

| sabelidinium spp 4 2 0 2 0 0
Pierceites pentagonus | 3 3 0 3 2 0
Dicellites spp 4 2 0 4 2 4
Didymoporisporonites | O 0 0 2 2 3
Spp

Fractisporonites spp 3 3 2 3 3 2
Inapertisporites spp 2 2 1 2 0 3
Multicellaesporites 4 3 4 4 3 3
Spp

Palaencistrus spp 2 3 1 1 0 1
Phragmothyrites spp 2 0 0 1 0 2
Scolecosporites spp 0 2 1 2 2 3
Tetracellites spp 0 3 2 3 3 4
Aequitriradites 3 0 0 4 4 3
ornatus

Camarozonosporites | O 0 0 0 0 0
Spp

Ceratosporites spp 0 3 0 2 3 2
Cicatricosisporites 4 3 4 2 4 3
dorogensis

Cicatricosisporites 2 2 3 1 2 2
Spp

Cingutriletes spp 4 3 0 0 0 0
Cyathidites spp 2 3 4 4 4 5
Dictyophylliditesspp | 1 0 3 3 2 3
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Taxonomic WC2a WC2b WC2c wcad WC2e WC2f
Identification

Echinatisporis 0 0 2 2 1 1
levidensis

Hamulatisporitesspp | O 0 0 4 3 4
Laevigatosporites 1 5 3 2 4 3
ovatus

Laevigatosporitesspp | O 0 0 3 0 0
Leiotriletes 0 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 3 4 3 3 4 2
Matonisporites 4 3 4 4 4 0
equiexinus

Matonisporites spp 0 2 3 3 3 0
Stereisosporites spp 0 0 0 0 0 0
Undulatisporitesspp | 2 0 2 3 2 0
Deltoidospora spp 0 3 2 3 2 0
Araucariacites 4 5 4 3 3 4
australis

Araucariacites spp 3 2 3 2 3 3
Cedripites spp 0 4 0 0 0 2
Classopollis 4 3 4 4 5 4
classoides

Cycadopites 0 0 0 0 0 0
carpentieri

Ginkgocycadophytus | 3 1 4 2 4 3
nitidus

Inaperturopollenites 0 4 3 0 0 3
Spp

Parvisaccitesradiatus | 3 2 4 0 4 0
Pinuspollenites spp 2 3 5 4 3 4
Piceaepollenites spp 3 1 3 3 2 3
Podocarpitesradiatus | 4 2 5 3 2 4
Taxodiaceaepollenites | O 0 4 0 0 2
hiatus

Arecipites spp 0 0 0 0 0 0
Clavatipollenites 5 3 6 5 4 3
hughesii

Complexiopollis 8 7 8 7 6 7
abditus
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WC2a WC2b WC2c wcad WC2e WC2f
Taxonomic
Identification
Complexiopollis 5 6 7 8 5 5
exigua
Complexiopollis 5 8 9 8 7 7
funiculus
Complexiopollis spp 3 2 5 4 3 3
Cupuliferoipollenites | O 0 0 2 0 2
Spp
Cyrillaceaepollenites | 2 5 6 4 4 2
barghoornianus
Holkopollenites 0 0 0 0 0 0
chemardensis
HolkopollenitesspA | 4 4 7 5 6 7
HolkopollenitesspC | 3 4 5 4 5 6
Labrapollis spp 0 3 5 6 6 7
Momipites 4 0 4 5 2 3
spackmanianus
Tricolpopollenitesspp | 2 0 3 3 3 2
Nyssapol lenites spp 0 0 0 0 0 0
Oculopollis spp 6 6 5 3 4 3
Plicapollis retusus 8 7 8 5 6 4
Liliacidites variegatus | 6 0 6 3 0 3
Pseudoplicapollisspp | 5 6 5 4 9 4
Proteacidites 0 3 3 1 4 3
retusus
Pseudoplicapollis 7 6 5 3 4 5
newmanii
Pseudoplicapollis 6 4 4 2 3 5
longiannulata
Plicatopollis spp 0 0 0 0 0 0
Spheripollenites 6 3 3 3 4 3
scabratus
Tricolpites crassus 5 4 0 3 5 4
Tetrapollisvalidus 0 2 1 1 2 2
Retitricolpites spp 4 4 2 2 3 3
Tricolpites spp 5 5 3 3 4 4
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Taxonomic WC2a WC2b WC2c wcC2d WC2e WC2f
Identification

Tricolpopollenites 4 3 0 3 3 4
williamsoniana

Tricolporopollenites | O 0 0 0 0 0
bradonensis

Tricolporopollenites | 7 5 1 3 4 5
Spp

Triplanosporites 5 7 2 5 4 4
sinuatus

Trudopollisvariabilis | 6 12 4 5 5 5
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Appendix 1f iii: Counts of palynomorph samples from designated stratigraphic intervals (Buff colored
Sandstone Bed) of Willis Creek locality of the Tar Heel Formation.

Taxonomic WC3a WC3b WC3c WC3d WC3e
Identification

Botryococcus braunii | 4 2 3 2 0
Ovoidites spp 3 4 3 4 0
Schizosporis parvus 4 2 4 2 0
Tetraporina spp 2 3 3 2 0
Cerodinium 0 0 0 3 4
pannuceum

I sabelidinium spp 0 3 0 2 3
Pierceites pentagonus | O 0 0 3 2
Dicellites spp 4 1 4 2 3
Didymoporisporonites | 2 3 3 3 3
Spp

Fractisporonites spp 2 3 1 3 2
Inapertisporites spp 3 2 2 2 3
Multicellaesporites 4 4 2 5 4
Spp

Palaencistrus spp 1 2 1 2 1
Phragmothyrites spp 1 2 1 0 2
Scolecosporites spp 2 3 3 0 1
Tetracellites spp 3 3 2 2 2
Aequitriradites 3 4 3 2 0
ornatus

Camarozonosporites | 2 2 0 3 2
Spp

Ceratosporites spp 1 2 1 2 3
Cicatricosisporites 2 4 2 3 2
dorogensis

Cicatricosisporites 2 3 2 2 3
Spp

Cingutriletes spp 0 4 3 3 2
Cyathidites spp 4 3 1 4 3
Dictyophylliditesspp | 3 2 3 1 3
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Taxonomic WC3a WC3b WC3c WC3d WC3e
Identification

Echinatisporis 0 2 1 0 0
levidensis

Hamulatisporitesspp | 3 2 3 2 4
Laevigatosporites 4 3 4 3 3
ovatus

Laevigatosporitesspp | O 4 2 0 0
Leiotriletes 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 0 5 3 3 4
Matonisporites 0 4 2 4 0
equiexinus

Matonisporites spp 0 3 3 2 0
Stereisosporites spp 0 0 0 0 0
Undulatisporitesspp | O 2 3 2 3
Deltoidospora spp 0 3 3 2 2
Araucariacites 3 2 4 1 0
australis

Araucariacites spp 4 3 2 3 2
Cedripites spp 0 0 0 2 0
Classopollis 3 4 4 2 4
classoides

Cycadopites 0 0 0 0 0
carpentieri

Ginkgocycadophytus | 2 3 3 2 2
nitidus

Inaperturopollenites | O 0 4 0 0
Spp

Parvisaccitesradiatus | 3 4 3 3 3
Pinuspollenites spp 4 3 4 2 4
Piceaepollenitesspp | 4 3 3 2 2
Podocarpitesradiatus | 5 2 4 3 1
Taxodiaceaepollenites | 3 3 0 1 2
hiatus

Arecipites spp 0 0 2 2 3
Clavatipollenites 4 3 2 1 2
hughesii

Complexiopollis 9 6 6 5 7
abditus
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WC3a WC3b WC3c WC3d WC3e
Taxonomic
Identification
Complexiopollis 3 6 4 1 4
exigua
Complexiopollis 6 4 5 4 6
funiculus
Complexiopollis spp 5 3 4 2 4
Cupuliferoipollenites | O 1 3 2 3
Spp
Cyrillaceaepollenites | 3 3 4 2 5
barghoornianus
Holkopollenites 0 2 3 2 2
chemardensis
HolkopollenitesspA | 5 7 4 3 5
HolkopollenitesspC | 4 3 4 1 3
Labrapollis spp 6 4 5 3 6
Momipites 3 3 3 2 3
spackmanianus
Tricolpopollenitesspp | 2 2 4 3 2
Nyssapol lenites spp 0 0 1 3 5
Oculopollis spp 3 3 3 2 4
Plicapollis retusus 5 7 5 4 6
Liliaciditesvariegatus | 4 0 0 0 0
Pseudoplicapollisspp | O 4 4 5 0
Proteacidites 3 3 3 2 4
retusus
Pseudoplicapollis 6 4 6 5 5
newmanii
Pseudoplicapollis 2 3 3 3 4
longiannulata
Plicatopollis spp 0 2 1 2 3
Spheripollenites 5 1 1 2 4
scabratus
Tricolpites crassus 4 0 0 3 5
Tetrapollisvalidus 3 2 1 4 5
Retitricolpites spp 4 2 3 4 4
Tricolpites spp 5 3 2 5 3
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Taxonomic WC3a WC3b WC3c WC3d WC3e
Identification

Tricolpopollenites 4 0 3 4 2
williamsoniana

Tricolporopollenites | O 0 0 3 2
bradonensis

Tricolporopollenites | 5 3 4 5 3
Spp

Triplanosporites 5 2 1 6 1
sinuatus

Trudopollisvariabilis | 2 2 4 8 3
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Appendix 1f iv. Counts of palynomorph samples from designated stratigraphic intervals (Zone 1V) of

Willis Creek locality of the Tar Heel Formation.

Taxonomic WC4a | WC4b WCA4c WC4d WC4e WCAf WC4g WC4h
Identification

Botryococcus braunii | 0 0 0 0 0 0 0 0
Ovoidites spp 0 0 0 0 0 0 0 0
Schizosporis parvus 0 0 0 0 0 0 0 0
Tetraporina spp 0 0 0 0 0 0 0 0
Cerodinium 2 3 2 2 3 3 2 0
pannuceum

| sabelidinium spp 2 1 3 1 2 0 0 0
Pierceites pentagonus | 3 2 2 3 2 3 2 0
Dicellites spp 1 4 3 4 3 1 2 1
Didymoporisporonites | 3 3 2 2 2 2 1 2
Spp

Fractisporonites spp 1 4 2 4 4 3 5 4
I napertisporites spp 2 2 1 2 2 2 1 2
Multicellaesporites 4 5 6 7 7 6 9 11
Spp

Palaencistrus spp 0 0 0 0 0 0 0 0
Phragmothyrites spp 2 2 1 0 1 1 0 1
Scolecosporites spp 2 3 1 1 2 2 1 3
Tetracellites spp 1 3 2 2 3 4 2 1
Aequitriradites 2 3 2 1 0 0 0 0
ornatus

Camarozonosporites | 3 4 2 3 2 3 4 3
Spp

Ceratosporites spp 2 1 2 1 0 2 0 0
Cicatricosisporites 4 4 3 3 1 4 3 4
dorogensis

Cicatricosisporites 2 2 1 2 2 3 4 2
Spp

Cingutriletes spp 4 0 3 2 0 0 0 0
Cyathidites spp 3 4 3 4 3 4 5 4
Dictyophylliditesspp | 2 0 2 2 3 3 4 2
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Taxonomic WC4a | WC4b WCA4c WC4d WC4e WCAf WC4g WC4h
Identification

Echinatisporis 1 0 0 1 1 0 0 0
levidensis

Hamulatisporitesspp | 3 0 3 2 2 3 2 0
Laevigatosporites 4 4 4 3 4 2 3 4
ovatus

Laevigatosporitesspp | O 3 0 0 0 0 0 0
Leiotriletes 0 0 0 0 0 0 0 0
pseudomesozoicus

Leiotriletes sp 2 0 3 2 3 1 0 0
Matonisporites 2 6 0 0 0 0 0 0
equiexinus

Matonisporites spp 3 1 0 0 0 0 0 0
Stereisosporites spp 0 0 0 0 0 0 0 0
Undulatisporitesspp | 1 2 0 2 1 0 2 1
Deltoidospora spp 0 0 0 0 0 0 0 0
Araucariacites 0 0 0 0 0 0 0 0
australis

Araucariacites spp 2 4 4 3 4 3 4 4
Cedripites spp 2 0 0 0 0 0 0 0
Classopollis 3 5 3 4 3 3 2 4
classoides

Cycadopites 0 0 0 0 0 0 0 0
carpentieri

Ginkgocycadophytus | 2 3 2 3 4 2 2 3
nitidus

Inaperturopollenites | O 2 0 2 0 0 0 2
Spp

Parvisaccitesradiatus | 4 3 3 4 3 4 4 2
Pinuspollenites spp 3 4 5 4 4 5 6 5
Piceaepollenites spp 2 3 4 3 3 3 2 4
Podocarpitesradiatus | 3 2 3 4 3 4 2 5
Taxodiaceaepollenites | 4 1 2 3 3 2 3 4
hiatus

Arecipites spp 4 4 3 4 2 4 4 5
Clavatipollenites 2 2 3 4 4 3 2 2
hughesii

Complexiopollis 5 8 7 6 8 9 10 9
abditus
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WC4a | WC4b | WC4Ac | WC4d | WCde | WCAF WC4g | WC4h
Taxonomic
Identification
Complexiopollis 2 2 4 4 3 2 2 3
exigua
Complexiopollis 4 4 6 5 3 6 5 5
funiculus
Complexiopollis spp 3 3 4 3 5 6 4 3
Cupuliferoipollenites | 4 4 3 5 6 4 5 3
Spp
Cyrillaceaepollenites | 3 3 3 4 5 4 3 4
barghoornianus
Holkopollenites 4 5 2 5 4 4 5 6
chemardensis
HolkopollenitesspA | 3 3 4 6 5 3 6 7
HolkopollenitesspC | 2 2 2 2 5 4 3 4
Labrapollis spp 7 6 7 8 6 8 7 5
Momipites 3 4 5 3 4 3 4 4
spackmanianus
Tricolpopollenitesspp | 2 3 4 4 3 2 3 2
Nyssapol lenites spp 4 4 3 5 6 5 4 6
Oculopollis spp 4 3 4 3 4 4 5 5
Plicapollis retusus 6 6 7 4 5 7 6 6
Liliaciditesvariegatus| O 4 0 3 0 0 0 4
Pseudoplicapollisspp | 6 5 0 4 5 0 0 0
Proteacidites 4 3 4 3 3 4 4 3
retusus
Pseudoplicapollis 7 4 5 4 6 5 7 5
newmanii
Pseudoplicapollis 4 2 4 3 2 3 2 3
longiannulata
Plicatopollis spp 2 2 3 4 3 5 4 2
Spheripollenites 3 1 4 3 4 2 1 2
scabratus
Tricolpites crassus 4 0 0 3 3 4 5 3
Tetrapollisvalidus 5 0 3 2 4 5 3 2
Retitriclpites spp 4 2 3 2 2 3 2 4
Tricolpites spp 2 3 4 3 3 4 3 2
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WC4a | WC4b WCAc wWcC4d WC4e WCAf WC4g WC4h
Taxonomic
Identification
Tricolpopollenites 0 2 3 1 0 2 3 3
williamsoniana
Tricolporopollenites | 2 3 3 1 2 3 2 3
bradonensis
Tricolporopollenites | 3 2 5 2 3 4 2 4
Spp
Triplanosporites 2 4 4 0 0 2 1 1
sinuatus
Trudopollisvariabilis | 4 5 5 2 2 3 2 2
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