TAXONOMIC AND STRATIGRAPHIC SIGNIFICANCE OF
DINOFLAGELLATES AND ACRITARCHS OF THE
NAVARRO GROUP (MAESTRICHTIAN) FROM
EASTCENTRAL AND SOUTHWEST TEXAS

Thesis for the Degree of Ph. D,
MICHIGAN STATE UNIVERSITY
JAMES B. ZAITZEFF
1967



LIBRARY

This is to certify that the

thesis entitled

Taxonomic and Stratigraphic Significance

of Dinoflagellates and Acritarchs of the

Navarro Group (Maestrichtian) from East
Central and Southwest Texas

presented by

James B, Zaitzeff

has been accepted towards fulfillment
of the requirements for

_PhD ___ degree in__Geology

AA:F Gto—zﬂ——

Major professor

Datc»_é’_/F/é7

0-169 .



X 2o} |

ey

o

I T I



-
S

“~.

.
v

-~y

~

Na



ABSTRACT

TAXONOMIC AND STRATIGRAPHIC SIGNIFICANCE OF
DINOFLAGELLATES AND ACRITARCHS OF THE
NAVARRO GROUP (MAESTRICHTIAN) FROM
EASTCENTRAL AND SOUTHWEST TEXAS

by James B. Zaitzeff

Analysis of dinoflagellates and acritarchs from a
composite surface section near Austin, Texas, and a subsur-
face cored section in Frio County, Texas, has revealed an
abundant and varied microplankton assemblage. Eighty-one
species distributed among 35 genera are recorded. Four
genera and thirty-nine species are described as new. Tﬁe
vertical distribution of these species permits a zonation of
the Navarro rocks in the Austin area. The widespread geo-
graphic occurrence of several species and their high rela-
tive abundance in samples from the two sections studied per-
mits the use of some species for correlation of the two sec-
tions. It is concluded that pollen-spore/microplankton
ratios in the Austin composite section are useful for deter-
mining relative water depths or possibly distance from shore.
The former interpretation is supported by the foraminiferal

composition.



James B. Zaitzeff

Comparative observations of microplankton assem-
blages from other areas indicate that the Corsicana and Kemp
Formations in the Austin area and the Escondido and Olmos
Formations in Frio County have assemblages that closely
resemble that of the Red Bank Formation (Maestrichtian) of
New Jersey, whereas the Neylandville Formation assemblage
contains many species which have been described elsewhere

from older rocks.
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INTRODUCTION

Purpose and Scope

Numerous rock samples from the Navarro group have
been shown to contain abundant acid insoluble entities, i.e.,
paleomicroplankton, pollen and spores. The purpose of this
study is to report on the occurrences of dinoflagellates and
acritarchs from selected outcrop sections, and cores of sub-
surface rocks of the Navarro group of eastcentral and south-
west Texas, and to demonstrate that vertical successions of
distinctive dinoflagellate and acritarch assemblages can be
of aid in the biostratigraphic zonation and correlation of
rocks comprising the Navarro group in this area.

Two essentially complete sections of the Navarro
group were analyzed. The first, a composite section of
Navarro rocks, is in the vicinity of Austin, Texas, and is
based on several outcrop localities and supplemented by sec-
tions from two cores. The total thickness of this composite
section is approximately 550 feet. The second section ana-
lyzed is a subsurface cored sequence consisting of Escondido
and Olmos rocks from the northwest part of Frio County,
Texas. The section is approximately 1100 feet. The two

sections are 160 miles apart.
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Previous Work

There are relatively few published works describing
dinoflagellates from Upper Cretaceous and Tertiary rocks
from North America. There are no major Maestrichtian assem-
blages from North America described in the literature to
date, except Drugg's very recent report (Drugg, 1967) of the
Upper Moreno Formation of California, which appeared after
the present study had been completed. One must rely primar-
ily on European and Australian works for assemblage compari-
sons. Tasch (1964) described an Albian assemblage from
Kansas, though his taxonomic treatment is inadequate and not
used here. Other North American works which include some
descriptions and illustrations of dinoflagellate assemblages
are: Singh (1964) and Leopold (1964) though both of these
describe materials from Cretaceous rocks of older age than
Maestrichtian, and Stanley (1964) which describes forms from
the Paleocene of South Dakota, of which many species appear
to be conspecific with Navarro forms.

European and Australian Mesozoic dinoflagellate
studies are more extensive. Davey and others (1966); Downie
(1957) ; Neale and Sarjeant (1962); Cookson and Hughes (1964) ;
Deflandre (1937, 1938, 1947, 1952); Klement (1960):; Eisenack
(1959) ; and Wetzel (1933, 1961) have contributed signifi-

cantly to the knowledge of Mesozoic dinoflagellates.



I. GEOLOGY

Nomenclature and Stratigraphic Relations

The Navarro Group, formerly classed as a Formation,
includes the youngest Cretaceous rocks in the Gulf Coast,
the upper part of the Gulfian Series, (Figs. 1, 2). The
existence of Upper Cretaceous rocks in Texas was first rec-
ognized by Shumard (1863) to which he applied the name
"Navarro beds." His type section was located somewhere in
Navarro County, and may have been a composite of several
sections, but he did not specify the locations of the type
locality through Chatfield Point and Corsicana are frequently
mentioned as fossil localities in his text, and one or both
may be portions of the type locality. Synonyms of the
Navarro in the literature are: Glauconitic Division or

Greensand Division, Ripley Group, Exogyra costata Assemblage

Zone clays, Webberville Formation and the Pulliam Formation.
The Navarro Group has been subdivided into four for-
mations in Navarro, Kaufman, and Hunt Counties, where it is
most completely developed. These formations are in ascend-
ing order; Neylandville marl, Nacatoch sand, Corsicana marl,
and Kemp clay. This classification was adopted for use by
the United States Geological Survey and appears on the geo-
logical map of Texas issued by the United States Geological

Survey in 1937.
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Southwest of Navarro County, and westward, the Kemp
Formation changes, along its strike, into rocks of different
lithology, to which the name Escondido Formation is given.
The lithologic change is gradational from the Kemp and the
separation of these two formations is rather arbitrary.

Invertebrate fossils near the base of the Navarro
Group in Bexar and Medina Counties and near the base of the
Escondido Formation farther west in Medina County indicate
that the age of basal beds there is approximately equivalent
to the middle of the Navarro in Navarro, Hunt and Kaufman
Counties in northeastern Texas. This indicates the exis-
tence of an unconformity at the base of both the Navarro
Group and Escondido Formation in the Bexar-Medina Counties
area. This unconformity between the Navarro and underlying
Taylor marl continues westward between the Anacacho lime-
stone and the overlying Escondido Formation, but in Maverick
County (Rio Grande Embayment area) the stratigraphic gap
represented by the unconformity is in part filled-in by the
non-marine beds, originally known as the "coal series," but
now defined as the Olmos Formation. In Maverick County, the
Olmos is overlain by the Escondido. The Olmos overlies the
San Miguel (Senonian) which may be at least in part equiva-
lent to the Anacacho limestone farther east.

The Navarro Group of central and northeastern Texas
and the Escondido Formation of the southwestern part of the

state are unconformably overlain by various overlapping



Tertiary Formations of Midway or Wilcox age. The amount of
time represented by the hiatus between the uppermost Navarro
or Escondido and the overlying Tertiary is unknown but it is
probably a long interval.

It has been stated by Stephenson (1927) and others,
that at different places on the outcrop, Navarro of differ-
ent ages appears beneath the overlapping Tertiary strata.
Stephenson (1927) points out that the upper part of the
Escondido Formation is probably younger than the uppermost
beds of the Navarro Group in central and northeastern Texas,
but that these younger rocks were formed well within the
limits of the Mesozoic Era. At the present time the zona-
tion of the Navarro in the surface and subsurface is insuf-
ficiently supported in the literature to give a clear answer
to the question. The difference of age of the surface
depoSiﬁs of the Navarro at different localities, may be in
part due to differing amounts of material being removed from
the top of the Cretaceous af various places, some now exposed
in the outcrop, or that perhaps the sea retreated earlier in
some areas than in others.

The Exogyra costata zone, a major .faunal zone of

Upper Cretaceous age, extending from New Jersey to the Rio
Grande and beyond into Mexico, is co-extensive with the
strata of the Navarro group and its equivalent strata. The

species Exogyra cancellata Stephenson, is restricted to the

lower part of the Exogyra costata Zone and forms a much




thinner zone having the same areal extent as the Exogyra
costata Zone. 1In Texas, the Neylandville marl is co-exten-

sive with the Exogyra cancellata Zone.

General Features of the Navarro Group

The Navarro Group is exposed at the surface in a
belt up to 23 miles in width, extending from Red River
Valley, in Bowie County, where it attains its greatest width
(Fig. 3).

The marls, clays, and sands comprising the Navarro
Group weather to gray and black soils and subsoils that
blanket and partly conceal the formations, or alter their
appearance, except where there are fresh exposures. The
exposures of greatest thickness occur along banks and bluffs
of streams, and occasionally good outcrops are also found in
gullies, road and railroad cuts, and along ditches and near
water tanks. Because of the covering by weathered materials,
differentitation and mapping of the various formations and
accurate stratigraphic placement of outcrop samples often
becomes difficult and sometimes impossible. The four forma-
tions of the group have been differentiated and mapped,
though in a highly generalized fashion, for the most part.

The sediments comprising the marine rocks of the
Navarro Group were deposited in waters probably not exceed-
ing 100 fathoms (Stephenson, 1942) but for the most part,

deep enough to escape appreciable disturbance by wave action.
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The rocks consist dominantly of massive bedded marls, chalky
marls, clays, and sands with subordinate indurated concre-
tionary masses or layers cemented with calcareous carbonate.
Bentonite forms a minor though well distributed, part of the
group. The aggregate thickness of the Navarro sediments now
exposed anywhere in the outcrop is estimated to be 550 to
750 feet or more, but down-dip in the subsurface the group
thickens appreciably, to over 1000 feet.

In Maverick County, the Escondido Formations, equiv-
alent to the Kemp clay in age, attains thicknesses in out-
crop of 550 to 750 feet. The Escondido here consists of
dark clays and marls, interbedded with limestones, shales
and sandstones of quite variable thickness and areal distri-
bution. In the area of outcrop of the Olmos Formation in
Maverick County, it ranges in thickness from a few feet to
400 or 500 feet. The formation consists largely of non-
marine clays, shales and sandstones, and seams of coal.
Along Olmos Creek, in Maverick County, rocks of irregularly
stratified sandstones and clays containing ferruginous con-
cretions and silicified wood are exposed. The small beds of
sand and clay usually are not constant laterally, but are

interfingering lenses.
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II. DINOFLAGELLATE AND ACRITARCH

CONSIDERATIONS

Modern Dinoflagellate Morphology

The dinoflagellates are flagellated Protista, char-
acterized by having two flagella. One flagellum is rather
elongate, usually extending posteriorly with reference to
the direction of motion. The second emerges from the same
part as the first, i.e., on the ventral surface, and lies in
a circumferential transverse groove, called the girdle, in
which it moves in an undulating fashion. The girdle is
usually, but not always, more or less spiral, so that its
left end is more posterior than the right end when the orga-
nism is seen from the ventral side. 1In a number of forms,
however, there is no displacement of the girdle, so that the
two ends are opposite, though separated, from each other.
The longitudinal flagellum is in a somewhat less well-
defined and usually broader longitudinal furrow, the sulcus.
Both girdle and sulcus are almost always provided with dis-
tinct lips. The girdle and sulcus are distinctly morpho-
logic features of the dinoflagellates, thus making the group
on the wﬁole very easy to recognize. Many species of the
dinoflagellates possess only a protective flexible pellicle,

but others have a well-defined porous theca, composed of

11
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cellulose. In the modern genus, Prorocentrum, the theca is

simple, whereas in Ceratium, and most other modern thecate
genera, it is composed of numerous sculptured plates, whose
arrangement and sculpture are of considerable importance in
the differentiation of species.

Reproduction is largely asexual, by means of binary
fission, and this may in some species result in temporary
chains of individuals. The division is simple longitudinal
or oblique. When individuals divide, the two halves regen-
erate new halves. Conjugation similar to that occurring in
some of the green algae has been observed in Ceratium and
other types of sexual reproduction have also been described.
Another method of multiplication, in some cases, is the for-
mation of a cyst, within which, the protoplast of the orga-
nism is concentrated. Such a cyst may subsequently divide
to form two or more individuals. Some genera as Ceratium
are capable of producing resting spores which allow survival
during adverse conditions. Usually during binary fission in
the unarmoured dinoflaggelates, a typical cyst is formed,
for apparently the organisms require protection and rest
during this critical period. The cyst is usually very
delicate, so that the protoplast easily emerges from it,
though in some forms the cyst is tough and resistant.

Various dinoflagellates possess holophytic, sapro-
phytic, holozoic, and mixed nutritions, and in some instances

different types of nutrition are known to occur even among
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different species of the same genus. 1In the genus Gymno-
dinium, for example, G. brevis is strictly holophytic, and
G. incisum is holozoic, but G. fulgens has been observed to
contain both chromatophores and food vacuoles, showing that
it has mixed nutritions. A number of species, including

G. aureum, appear to be saprophytic.

Fossil Dinoflagellate Morphology

The current classification of living dinoflagellate
species is based principally on their tabulation (plate
arrangement) and the character of the motile cell. Descrip-
tive morphologic terms used for modern dinoflagellates have
been used in the descriptions of those fossils thought to be
dinoflagellates. There has been much discussion of the
alternate concepts that fossil dinoflagellates are, in most
instances, dinoflagellate cysts, or that they are in fact,
the motile theca, i.e., the whole body, of dinofiagellates.
Some workers consider that fossil dinoflagellates are not
the remains of the motile theca and that all fossil dino-
flagellates recognized to date are dinoflagellate cysts.
Evitt (1965) was strongly in favor of this concept, but
later (in press), has come to the conclusion that there is
not yet sufficient evidence, at least in some cases, e.qg.,

fossil Gymnodinium, to warrant a conclusive decision at this

time. Many species of some genera from the Upper Cretaceous

rocks, particularly Peridinium and Gymnodinium, which lack
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true archeopyles and show none of the other characteristics
of cysts, have been considered to be the motile theca of the

organisms. Some species of fossil Gymnodinium studied by

Evitt (in press) and some specimens of G. nelsonense and G.

sp. 2, which I have studied, are shown to possess a partic-
ular opening at the apex of the epitheca (epitract), which
can be considered to be analagous to an archeopyle. Although,
as Evitt has stated (in press), the presence of wall canals

in specimens of fossil Gymnodinium (which may imply open

communication between the contents of the cyst and the sur-
rounding water) seems inconsistant with the interpretation
of a cyst.

Although little is known of the encystment of modern
dinoflagellates, there is considerable evidence accumulating
that at least most of the fossils recognized as dinoflagel-
lates are morphologically cysts rather than motile thecae.
If we are then truly dealing with fossil dinoflagellate
cysts rather than the preserved motile theca, the use of
morphologic terms applied to‘lhe modern dinoflagellate theca
would theréfore not be appropriate. New structures may be
characteristic of. some cysts which have no cbunterpart in
the motile cell. Therefore the continued use of thecal
terms to describe cysts would lead to confusion. Davey and
others (1966) have suggested several morphologic terms for
cysts which, at the present time seem appropriate, and are

here used (see Appendix A).
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Perhaps a reasonable direction of study in determin-
ing critical morphologic features of cysts would have to
come through studies of cultures and the examination of
cysts and their associated theca from the modern seas and
recent bottom sediments. Evitt (1964) has shown that dif-
ferent extant species of Gonyaulax produce morphologically
different cysts, and these, in no sense, resemble the orig-
inal thecae in which they were enclosed. 1In some forms,
both recent and fossil, the resting cyst will take on the
aspect of its theca. It is difficult to aséign a modern
dinoflagellate cyst to a species or genus, which is founded
on the living motile stage, let alone to be able to make
such an assignment to a fossil cyst.

There are a number of reasons for postulating that
it is usually the cyst and not the motile theca of dinoflag-
ellates which is observed in the fossil state. These are
stated below:

1. There is in some fossil dinoflagellate species
the possibility of a "non-functional" girdle, which is inca-
pable of containing a flagellum because of high membranes or
ridges which divide the girdle into polygonal fields.

Hystrichosphaera furcata, Gonyaulax jurassica and Wetzeliella

sp. are thought to possess such a "non-functional" girdle.
In many species of Gonyaulax the field boundaries, including
those that cross the girdle, are provided with membranes

that rise perpendicularly from the cyst.
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2. External appendages or processes of many dino-

flagellate tests, such as Hystsrichosphaera and Hystrichos-

phaeridium, are probably more logically interpreted as sup-

porting features which developed between the wall of the
motile theca and the wall of the cyst. External processes
are less commonly observed on the motile theca.

3. An archeopyle, a more or less uniformly shaped,
precisely located and oriented opening on the test of some
fossils, which corresponds to a specific location in the
structure of modern tabulate dinoflagellates, is character-
istic of some fossil dinoflagellates. It is formed by the
loss of either a single plate or group of plates (plate
field), which allows the release or extrusion of the cell
contents. An orifice of this type, which produces the
archeopyle in the cysts of fossil or modern dinoflagellates,
is unknown in the theca of modern forms. The cell contents,
in living forms, escapes from the motile theca, by the open-
ing of the theca along some of the many sutures between
thecal plates.

4. Evitt (1966) stated that the modern dinoflag-
ellate theca, which is composed of cellulose, is destroyed
on boiling in acetolysis mixture, and a milder treatment in
heated sodium hypochlorite reduces the plates to an unrec-
ognizable mass, whereas the modern cyst withstands these

treatments. It is possible that the thecae of living
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dinoflagellates, upon death or encystment, were destroyed by
natural processes of decay and degradation.

5. There is a distinct flagellar pore present in
the sulcal region of the ventral surface of the motile theca
in modern forms. 1In fossil forms, these are not observed.

6. In the fossil state, in most dinoflagellates,
there is a two-layered wall. Most modern forms do not appear
to possess a double wall. Several extant species of cysts

referable to the genus Peridinium were described by Wall

(1965) . Some of the specimens he described have a single
wall; others double walls. Whether the single-wall type of
cyst is derived from the double-wall type through decay, is

not known.

It is the consensus of modern biological interpreta-
tion that dinoflagellates are algae. They are a group of
unicellular organisms, some of which contain chlorophyll and
are vagile and predatory. The botanical classification is
followed in this thesis for the fossil dinoflagellates. This
classification of the fossil dinoflagellates today generally
conforms to botanical rules and taxonomic practice.
Deflandre, in his work on fossil dinoflagellates, has

classed them as Dinophyceae. Russian workers, Naumova and

Timofeev, regard all hystrichospheres as plants, for taxo-
nomic purposes. The question as to whether fossil dinoflag-

ellates should be classed, for nomenclatural purposes, in
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the animal or plant kingdoms has been adequately discussed
by Downie, Williams and Sarjeant (1961) and Evitt (1963).
They all agree that it is preferable to treat them under the

botanical code.

Classification of Acritarchs
The classification of the acritarchs used in this

thesis is that suggested by Downie, Evitt, and Sarjeant
(1963) . This is primarily an "artificial" grouping of
genera of unknown biological relationships into morpholog-.
ically similar categories. The International Code of
‘Botanical Nomenclature is followed. The precise affinities
of the acritarchs to algae, protozoans, protistans and the
interrelationships of these groups themselves are in varying
degrees of uncertainty. For practical purposes, acritarchs
and other miscellaneous planktonic microfossils of organic
composition and uncertain affinity should be dealt with
under the same code as the dinoflagellates, and are refer-

able to form genera and species.

Paleocecology and Ecology of Dinoflagellates
Paleomicroplanktonic entities are recorded in rocks
from Precambrian to Recent. Forms attributed to the Dino-
phyceae have been reported (Tasch, 1963) from rocks of
Permian age but there remains some question of the identifi-
cation of these as palynomorphs and the author here has not

examined them. The Dinophyceae are common in many of the
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marine deposits from middle Jurassic and younger rocks.
Today they are known to occur in marine, brackish, and fresh
waters. There are very few records of fossil freshwater
forms (Churchill and Sarjeant, 1962), and in practically all
instances, fossil dinoflagellates are considered to be indi-
cators of marine environments.

The paleoecology of dinoflagellates is, as yet,
little understood. It is only recently that modern dino-
flagellate distribution, and even the distribution of many
other groups of phytoplankton have become more than super-
ficially understood. Obviously, in the understanding of
fossil dinoflagellate distributions, one must draw from the
knowledge obtained in the study of living forms. It is pos-
sible that with the advances in techniques of culturing
phytoplankton, it may soon be possible to relate information
derived from cultured populations to biogeographical prob-
lems in natural marine environments. A satisfactory knowl-
edge of the underlying biogeographical factors can be
obtained by combining floristic studies with studies of
cultured populations of dinoflagellates. Thus, the results
of such experimental studies, may serve in interpreting
dynamics of various species of phytoplankton in their natural
environment.

In the modern seas, the dinoflagellates rank second
to the diatoms in the production of organic matter (Raymont,

1963) . Occasionally, in response to unusually favorable



) .o L o o oy Lnd R <3 Ty ’ O (%3




20

growing conditions, dinoflagellates may develop in profusion
to form a "bloom." Dinoflagellates appear to flourish in
warmer areas. They attain their greatest development in the
lower latitudes. They may be the major element in the plank-
ton for long periods of time. In the middle and high lati-
tudes, they sometimes occur in abundance during the summer.
The dinoflagellates are capable of feeble swimming,
and this may be of ecological significance in enabling them
to utilize dilute nutrients in the water, and by making pos-
sible a better orientation to light. The spatial distribu-
tion of dinoflagellates, as well as other phytoplankton, can
be thought of as three dimensional, consisting of a latitu-
dinal, longitudinal and a depth or vertical component. The
distribution of dinoflagellates is governed by essentially
the same variables that effect their abundance; salinity
temperature, and nutrients. It is usually difficult to
single out the most important factor in a given situation.
Variations in these conditions can singly or in combination
effect the morphology of individual species. For example,
Chatton (1952) has noted that in warm waters some species
have a tendency to develop spines and horns, which are
usually absent or poorly developed in cold water forms.
Fritsch (1948) states that in the oceanic plankton the naked
forms are abundant, whereas the neritic plankton is far
richer in armoured forms. There are few dinoflagellates

that are shore dwellers, but occasionally species of
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Gymnodinium occur in the near-shore environment. The length

of horns of Ceratium trichoceros is apparently regulated in

some way by temperature, and perhaps by this mechanism it is
able to regulate itself to the viscosity and specific grav-
ity of the water. The thickness of the cellulosic plates
also seems to vary with the temperature of the water.

Ceratium platysome shows differences in shape of its horns,

the flatter forms being typical of the variety living in
warmer sub-tropical waters and the less-flattened horns
being characteristic of colder seas. It is assumed that
dinoflagellates are relatively free of the effects of bottom

conditions.



IITI. METHODS

Sample Preparation Techniques

Preparation of the Navarro shales and calcareous

clay shales for microscopic analysis were carried out in a

procedure similar to standard palynological maceration for

the study of acid insoluble micro-organisms. To release the

organic entities from the enclosing matrix, samples were

treated according to the following procedure.

lO

2.

3.

4.

5.
6.

7.

9.

10.

11.

Dry 200 gram sample in oven in 80°% for 24 hours
Crush sample into small fragments and mix thor-
oughly

Weigh 5 gram aliquot

Treat 5 gram aliquot with 10% HCl1l for 10 minutes
for removal of carbonates

Wash residue

Treat residue with 70% HF for 24 hours for
removal of silicates

Wash residue 3 times by centrifugation

Treat residue with Schulze solution for 10-20
minutes

Wash residue 3 times by centrifugation

Treat residue with 10% NH,OH for 5-8 minutes

4
Wash residue 3 times by centrifugation

22
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12. Mix residue in a dilute solution of Alcojet* for
further reaction with humic material and removal
of silt-size particles; centrifuge in Alcojet
solution.

13. Wash residue 3 times by centrifugation

14. Perform specific gravity separation on residue
using zinc chloride (sp. gr. 1.90)

15. Stain with Safrinin 0.

Residues are stored in an aqueous solution of glycerin and

phenol.

Sample Analysis

Four slides of each residue were made. One entire
slide was examined in detail and types were recorded and
established. A total of 5,000 dinoflagellates and acritarchs
were observed in some instances on the first slide. A second
slide was used to insure random sampling, for the determina-
tion of relative abundance of the individual species. Rela-
tive abundance of species were determined by the recording
of not less than 200, where specimens were rare, and a min-
imum of 500 where specimens were abundant. Also recorded
were the relative abundance of pollen and spore groups or

genera such as: bisaccates, Proteacidites, Classopollis,

triporates, tricolpates, Ephedra, and Sphagnum.

*Alcojet - a patented detergent manufactured by
Alconox Inc., New York, New York.



IV. SYSTEMATIC DESCRIPTIONS

Group ACRITARCHA

Subgroup ACANTHOMORPHITAE Downie, Evitt and
Sarjeant, 1963

Genus Micrhystridium Deflandre, 1937, emend.
Downie and Sarjeant, 1963

Type species: M. (al. Hystrichosphaera) inconspicuum

(Deflandre, 1935) Cretaceous; France.

Discussion: Micrhystridium is distinguished from Balti-

sphaeridium on the size of the test. The two genera express

two different size modes. The mean and modal diameter of

the test of Micrhystridium is less than 20 microns. Balti-

sphaeridium has a mean and modal diameter greater than 20

microns. The 20 micron size differentiation is purely an
artificial dividing line, though Downie and Sarjeant (1963)
consider the genera to express two natural size modes.

Species formerly attributed to Micrhystridium with distally

open tabular processes have been transferred to Hystricho-

sphaeridium, and those whose surfaces are divided into

fields by crests have been transferred to Cymatiosphaera.

24
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Micrhystridium fragile Deflandre, 1947
" Pl. I, Figs..l-4

1947. Micrhystridium fragile Deflandre: p. 8, text-figs.

13-18. Middle Jurassic; France.

Discussion: Micrhystridium fragile is restricted to speci-

mens that have processes with narrow bases and generally
sperical tests. Variation in number, length of processes,
and shape of test amongst individual specimens of this
species can exist. Processes are hollow, relatively long
and slender, tapering towards closed distal tips. Process
cavity communicates with test interior, though cavity does

not extent to distal extremities of the processes.

Dimensions: Average range of 4 specimens: diameter of

test 16 to 21 microns; length of processes 10 to 16 microns.

Remarks/Relationships: Williams (1963) reports this species

from the London Clay, Eocene, of England. It has also been
recorded from the Middle Jurassic of &#rance (Deflandre,
1947d; valensi, 1947, 1954) and the Upper Jurassic of
Britain (Sarjeant, 1959, 1960, 196la). This species has
little stratigraphic value because of its long stratigraphic
range.

Occurrence: M. fragile is common in the Neylandville and

Corsicana Formations; rare in the Kemp Formation, Austin
composite section; rare in the Olmos and Escondido Forma-

tions, Frio County, Texas.
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Micrhystridium stellatum Deflandre, 1945
Plo 1, FigS. 5-7

1945. Micrhystridium stellatum Deflandre: p. 65, pl. 3,

figs. 16-19, Middle Silurian; France.

Discussion: Navarro specimens of M. stellatum vary somewhat

in shape of test and in process number and length. Processes
are usually greater than or equal to the diameter of the
test; 14-16 processes per test. Processes are simple, solid,
straight or curved, acuminate or capitate distally.

Dimensions: Average range of 5 specimens: diameter of test

15 to 20 microns; length of processes 15 to 25 microns.

Remarks/Relationships: Micrhystridium stellatum is described

from the Wenlockian of France (Deflandre, 1945a) and Britain
(Downie, 1959), and the Devonian of France (Deunff, 1954)
Belgium (Stockmans and Williere, 1960, 1962a, 1962b) Canada
(staplin, 1961) and (Cramer, 1964), the Permian of Britain
(Wall and Downie, 1963), the Middle Jurassic of France
(valensi, 1953) and the Upper Jurassic of Britain (Sarjeant,
1959, 1960c, 196la). Williams (1963) records the first
Tertiary occurrence of this species from the London Clay,
Eocene of Britain.

Occurrence: M. stellatum commonly occurs in the Corsicana

Formation; rare in the Neylandville Formation in the Austin

composite section.
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.Genus Baltisphaeridium Eisenack 1958, emend.
.Downlie and Sarjeant 1963

Type species: B. (al. Ovum hispidum) longispinosum

(Eisenack, 1931) Silurian; Baltic.

“.Pl. 1, Figs. 8-8a

1838. Baltisphaeridium hirsutum (as Xanthidium) (Ehrenberg);

pl. 1, fig. 13, Cretaceous; Germany

Discussion: One specimen referable to B. hirsutum was

observed from the Navarro material. The species is conspic-
uous from the surface pattern of the shell.

Dimensions: Diameter of central body 57 x 60 microns;

length of processes 20 to 25 microns.

Remarks/Relationships: B. hirsutum is reported from the

Cretaceous of Germany (Ehrenberg, 1883) and the Cenomanian
of Britain (Cookson and Hughes, 1964).

Occurrence: Rare in Corsicana Formation, Austin composite

section.

Baltisphaeridium sp. 1 sp. nov.
".Pl. 1, Figs. 9-11

Diagnosis: Central body sub-circular to elliptical, possess-
ing widely separated processes. Processes acuminate, solid;

number of processes, 10-14. Wall of central body smooth.
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Holotype: Pb. 4632, slide s-2, coord. 41.8 x 108.0;
Neylandville Formation (Maestrichtian), Austin composite
section.

Dimensions: Holotype: diameter of central body 60 by 50

microns; length of processes 30 to 33 microns. Average
range of 3 specimens: diameter of central body 55 to 63
by 50 to 55 microns; length of processes 10 to 33 microns.

Remarks/Relationships: The central body of specimens of

this species is subject to folding and distortion. The
small number of processes and their distinctly acuminate
character make this species readily identifiable. A pylome
is not observed in any of the specimens examined. The
species is restricted to the Neylandville Formation and may
be stratigraphically significant in the Austin composite
section.

Occurrence: Common in the Neylandville Formation, Austin

composite section.

Baltisphaeridium sp. 2 sp. nov.
.Pl., 2, Figs. 3-4a

Diagnosis: Central body elongate, possessing numerous solid,
thin, hair-like sinuous processes. Wall of central body
finely granular.

Holotype: Pb 4513, slide 5, coord. 33.8 x 94.2; Corsicana

Formation (Maestrichtian), Austin composite section.
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Dimensions: Holotype: length of central body 35 microns;

width of central body 17 microns; length of processes 10 to
15 microns. Average range of 3 specimens: length of cen-

tral body 29 to 35 microns; width of central body 17 to 20

microns; length of processes 8 to 12 microns.

Remarks/Relationships: Baltisphaeridium sp. 2 is somewhat

similar to Baltisphaeridium pilosum (Ehrenberg, 1943) in

shape of central body and in bearing slender processes, but
B. sp. 2 is much smaller in size and the processes are not

hollow as in B. pilosum. Baltisphaeridium sp. 2 is close to

B. sp. 3 in size and shape of central body, and in wall
ornamentation, but differs from that species in character of
the process. B. sp. 2 usually occurs in abundance when
encountered in a sample.

Occurrence: Abundant in Corsicana Formation; common in Kemp

Formation, Austin composite section; rare in Escondido Forma-

tion, Frio County, Texas.

Baltisphaeridium sp. 3 sp. nov.
"Pl. 2, Figs. 1-2b

Diagnosis: Central body elongate, possessing numerous solid,
short, straight processes which are truncate distally. Wall
of cenﬁral body finely granular.

Holotype: Pb 4647, slide 2, coord. 31.5 x 101.2; Kemp

Formation (Maestrichtian), Austin composite section.
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Dimensions: Holotype: 1length of central body 33 microns;

width of central body 17 microns; length of processes 6 to

7 microns. .Average range of 4 specimens: length of central
body 30 to 34 microns; width of central body 15 to 18
microns; length of processes 4 to 7 microns.

Remarks/Relationships: Baltisphaeridium sp. 3 is similar to

B. sp. 2 in size and shape of central body, but the processes
of this species are not hair-like as in B. sp. 2. The mor-
phologic features of this species are relatively simple, and
the short truncate processes make it readily distinguishable
from B. sp. 2. This species appears to be restricted to the
Kemp Formation and it may prove to be a marker for the upper
part of the formation.

Occurrence: Common in the Kemp Formation, Austin composite

section.

Subgroup HERKOMORPHITAE

Genus Cymatiosphaera O. Wetzel, 1933

Type species: C. radiata O. Wetzel, 1933, Cretaceous;

Germany.

Cymatiosphaera radiata O. Wetzel, 1933
Plo 2, Figs. 5-9

1933. Cymatiosphaera radiata 0. Wetzel: p. 27, pl. 4,

fig. 9, Senonian; Germany.
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Discussion: The holotype of C. radiata from the north

German Senonian flint has not been examined by the writer,
but specimens here referable to that species seem to fit
reasonably well the circumscribed limits of the speciés.

Dimensions: Average range of 6 specimens: overall diameter

40 to 45 microns.

Remarks/Relationships: C. radiata has been described by

O. Wetzel (1933) from a north German Senonian flint. The
species also has been recorded from the Albian and Cenomanian
of Australia, Cookson and Eisenack (1960).

Occurrence: Abundant in Neylandville and Corsicana Forma-

tions; common in Kemp Formation, Austin composite section;

common in Olmos and Escondido Formations, Frio County, Texas.

Subgroup Uncertain

Genus Palaeostomocystis Deflandre, 1935

Type Species: Palaeostomocystis reticulata Deflandre, 1935,

Cretaceous; France.

Palaeostomocystis sp. 1 sp. nov.
Plo 3, Figs. 3-8

Diagnosis: Test ellipsodial, both sides rather evenly
convex, narrowing towards a slightly sunken pylome at the
apex. Wall slightly thickened around pylome. Wall extra-

vermiculate.
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Holotype: Pb 4504, slide 5, coord. 43.8 x 95.5; Corsicana
Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: length of test, 31 microns, width of

test, 20 microns. Range of 4 specimens: length of test 27
to 32 microns; width of test 17 to 21 microns.

Remarks/Relationships: Palaeostomocystis sp. 1 is similar

to P. apiculata Cookson and Eisenack (1960) from the Campan-
ian of Australia in shape and nature of pylome. Palaeo-

stomocystis sp. 1 differs from that species in not possessing

spinules in the anterior and posterior regions, in being
smaller in size, and in possessing an ornamented shell
membrane.

Occurrence: Common in Neylandville Formation; abundant in

Corsicana Formation, Austin composite section; rare in Olmos

and Escondido Formations, Frio County, Texas.

Class CHLOROPHYCEAE

Family Uncertain

Genus Palambages O. Wetzel, 1961

Type species: Palambages morulosa O. Wetzel, 1961l. Upper

Cretaceous; Europe.

Discussion: The genus Palambages was first described in

1961, for those colonies or spherical bodies composed of
many oval cells. Comparable colonies and a new species have

since been recorded from Maestrichtian deposits in Poland
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(H. Gorka, 1963) and three forms, Palambages Forma A, Forma

B and Forma C, are described by Manum and Cookson (1964)
from the lower Upper Cretaceous deposits in Graham and
Ellef Ringes Islands, Arctic Canada. The present knowledge
of the morphologic characteristics of this genus does not
support assignment of this genus to the dinoflagellates at
the present time. The stratigraphic range of the genus is
known only to be in the Upper Cretaceous.

Palambages Forma A Manum and Cookson, 1964

Pl. 2, Figs. 10-12
Pl. 3, Fig. 2

1964. Palambages Forma A Manum and Cookson: p. 24, pl. VII,

figs. 3-6. Cretaceous; Graham Island, Arctic Canada.

Discussion: The number of cells per colony is variable in

specimens observed from the Navarro Group. The walls of the
cells are finely to coarsely granular.

Dimensions: Range of 8 specimens: overall diameter 40 to

55 microns.

Remarks/Relationships: Palambages Forma A is described by

Manum and Cookson (1964) from the lower Upper Cretaceous
deposits in Graham and Ellef Ringes Island, Arctic Canada.
Cookson (1965) reports this species from the lower Upper and
Upper Cretaceous (Senonian) of south Australia.

Occurrence: Abundant in Neylandville Formation; common in

Corsicana and Kemp Formations, Austin composite section.
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Palambages deflandrei Gorka, 1963
",Pl. 3, Fig. 1

1963. Palambages deflandrei Gorka: p. 76, pl. XI, fig. 2.

Upper Cretaceous (Maestrichtian); Poland.

Discussion: This species is characterized by clusters of

oval, membranous cells with peripheral openings. Wall
granular.

Dimensions: Range of 3 specimens: overall diameter 45 to

60 microns.

Remarks/Relationships: Palambages deflandrei and Palambages

Forma A are the only two species of the genus observed in
the Navarro Group. In spite of the nondescript morphologies
of these two species, they are easily distinguishable from
each other.

Occurrences: Rare in Neylandville Formation; common in

Corsicana and Kemp Formations, Austin composite section;

rare in Olmos and Escondido Formations, Frio County, Texas.

Class DINOPHYCEAE

Discussion: The Class Dinophyceae embraces all fossil dino-

flagellates and the typical hystrichospheres. Downie, Evitt
and Sarjeant (1963) define hystrichospheres as fossils iden-
tified as dinoflagellates that aré generally similar to

Hystrichosphaera; that is, forms with a spherical to ellip-

soidal or lenticular central body which bears several to
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many more or less spine-like radiating processes. The four
criteria considered most critical by Evitt (1961) in demon-
strating dinoflagellate affinity are:

1. Presence of a transverse furrow, with or without
a longitudinal furrow.

2. Evidence of tabulation by alignment or grouping
of ridges or processes according to the plate
arrangement of typical thecate dinoflagellates.

3. Presence of an archeopyle.

4. oOverall shape; an extreme "peridinioid" outline
is indicative of dinoflagellate affinities, but
it should not be considered conclusive without
supporting evidence.

Oon the basis of these criteria, Evitt (1963) proposed two

new dinoflagellate families, the Hystrichosphaeridiaceae and

Areoligeraceae and the emendation of the family Hystricho-

sphaeraceae (0. Wetzel). These families are based on the

shape of the test, the type of symmetry, the position of the
processes relative to the plates, and the nature of the

archeopyle.
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Family Hystrichosphaeridiaceae Evitt

Genus Oligosphaeridium Davey and Williams in
Davey et al., 1966 (p. 70)

Type species: Xanthidium tubiferum complex White, 1842.

Upper Cretaceous; England.

Oligosphaeridium complex (White) emend. Davey
and Williams in Davey et al., 1966
Plo 3' Figo 12

1842. Oligosphaeridium (al. Xanthidium tubiferum) complex

White: p. 39, pl. 4, div. 3, fig. 1ll. Upper Cretaceous;

England.

Discussion: Specimens referable to 0. complex from the

Navarro Group conform in every respect to the specific
description of the species. Processes 17-18 in number
(12-13 remain when the epithema is absent).

Dimensions: Range of 5 specimens: diameter of central body

31 to 37 microns; length of processes 28 to 32 microns.

Remarks/Relationships: Oligosphaeridium complex has been

recorded from the Upper Cretaceous of England (White, 1842,
1844a), Belgium (Lejuene-Carpentier, 1940), France (Firtion,
1952; valensi, 1955b), Germany (Eisenack, 1958c; Gocht,
1959), the London Clay, Eocene of Britain (Davey et al.,
1966), the Neocomian of Germany (Gocht, 1959) and the Lower
and Upper Cretaceous of Australia (Deflandre and Cookson,

1955; and Cookson and Eisenack, 1958). I have also seen
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this species in the Rocky Mountain Upper Cretaceous strata.
The species, therefore, has a worldwide distribution.

Occurrence: Rare in Neylandville Formation; common in

Corsicana Formation; rare in Kemp Formation of the Austin
composite section; rare in Olmos and Escondido Formations,
Frio County, Texas.

Genus Tanyosphaeridium Davey and Williams
in Davey et al., 1966 (p. 98)

Type species: Tanyosphaeridium variecalamum Davey and

Williams in Davey et al., 1966. Upper Cretaceous (Cenomanian);

England.

Tanyosphaeridium sp. 1 sp. nov.
Pl. 5, Figs. 4-4a, 6-7

Diagnosis: Central body elongate, composed of thin endo-
phragm and finely granular periphragm. Processes consist of
smooth periphragm. The processes are oval in cross section,
long, slender, hollow, and do not communicate with the
interior of the central body. Processes with fairly broad
base proximally; distally, processes open and greatly
expanded and with entire margins. Precingular fields bear
two processes. Archeopyle apical, edges not zig-zag;
defined by margins of 6 precingular fields. Cingulum does
not possess processes. Number of processes, 25-32.
Holotype: Pb 4518, slide 4, coord. 32.2 x 89.3; Corsicana

Formation (Maestrichtian), Austin composite section.



38

Dimensions: Holotype: length of central body 34 microns;
width of central body, 23 microns; length of processes 16 to
18 microns.

Remarks/Relationships: Tanyosphaeridium sp.l is closest to

T. variecalamum Davey and Williams (Davey et al., 1966) but

differs from that species in having processes that are more
greatly expanded distally, and in width-length ratio of the
central body. T. sp. 1 is shorter and wider in the many

specimens observed. Tanyosphaeridium sp. 1 is similar to

T. isocalamus Deflandre and Cookson (1955) in outline, and
in bearing long slender processes, but the processes in that
species have clearly truncate apices which are not expanded
distally. That species also differs in having a punctate
wall. T. sp. 1 occurs in the Red Bank Formation (Maestrich-
tian) of New Jersey.

Occurrence: Abundant in Corsicana; common in Kemp Formation,
Austin composite section; common in Escondido Formation,
Frio County, Texas.

Tanyosphaeridium sp. 2 sp. nov.
Pl. 5, Fig. 5

Diagnosis: Central body ellipsoidal-elongate, composed of
thin endophragm and a thin, finely granular periphragm.

Processes consist of smooth periphragm. The processes are
oval to elliptical in cross section; long, slender. Pro-
cesses taper distally from a fairly broad base. Distally

processes are truncate and not expanded. Archeopyle apical;
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margin not zig-zag, defined by margins of 6 precingular
fields. Precingular fields bear one or two processes.
Number of processes 25-31.

Holotype: Pb 4632, slide s-1, coord. 34.2 x 99.2; Neyland-
ville Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: length of central body 31 microns;

width 25 microns; length of processes average 10 to 13
microns. Range of 6 specimens: length of central body
27 to 34 microns; width of central body 22 to 26 microns;
length of processes 9 to 14 microns.

Remarks/Relationships: Tanyosphaeridium sp. 2 is similar to

T. variecalamum Davey and Williams (Davey et al., 1966) in

bearing truncate processes and in general shape of the cen-
tral body. It differs from that species in having a con-
sistantly wider central body. T. sp. 2 is restricted to the
Neylandville Formation in the Austin composite section, and
may prove to be of stratigraphic importance locally.

Occurrence: Common in Neylandville Formation, Austin

composite section.

Genus Polysphaeridium Davey and Williams
in Davey et al., 1966 (p. 91)

Type species: Polysphaeridium subtile Davey and Williams in

Davey et al., 1966, Eocene (Ypresian):; England.
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Polysphaeridium sp. 2 sp. nov.
Pl. 4, Figs. 8-10

Diagnosis: Central body subcircular, consisting of rela-
tively thick endophragm and thin finely reticulate
periphragm. Processes numerous short, tapering slightly
distally. Processes truncate distally, and with denticulate
apices. The processes are composed of finely fibrous
periphragm.

Holotype: Pb 4632, slide 4, coord. 32.2 x 107.2; Neyland-
ville Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: Diameter of central body 51 by 57

microns; length of processes, 5.7 to 6 microns. Range of
3 specimens: diameter of central body 50 to 55 microns by
55 to 58 microns; length of processes 5 to 8 microns.

Occurrence: Common in Neylandville Formation, Austin

composite section; rare in Olmos Formation, Frio County,

Texas.

Polysphaeridium sp. 1 sp. nov.
Pl. 6, Figs. 8, 10

Diagnosis: Central body subspherical, consisting'of thin
smooth endophragm and periphragm. Processes numerous, long,
slender, tubular; circular to elliptical in cross section.
Processes taper distally and are somewhat constricted before
flaring abruptly at the extremities. Distal margins of

process entire, slightly recurved.
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Holotype: Pb 4518, slide 2, coord. 35.7 x 90.2; Corsicana
Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: Diameter of central body 57 by 58

microns; length of processes 18 to 20 microns. Range of
3 specimens: diameter of central body 55 to 60 microns;
length of process 15 to 22 microns.

Remarks/Relationships: Polysphaeridium sp. 1l is similar to

Polysphaeridium sp. 3 in wall character and termination of

processes, though, in this species the processes are of
greater length. The thin-walled character of this species
is subject to distortion and folding. Tabulation has not
been determined.

Occurrence: Rare in Neylandville Formation; common in

Corsicana Formation; rare in Kemp Formation, Austin compos-
ite section; rare in Olmos and Escondido Formations, Frio
County, Texas.

Polysphaeridium sp. 3 sp. nov.

Plo 5, Figs. 8—10
Pl. 6, Fig. 1

Diagnosis: Central body spherical to subspherical, possess-
ing a thin smooth endophragm and periphragm. Processes
numerous, tubular, nearly circular in cross-section.
Processes taper slightly distally and flare abruptly rather
markedly at extremities. Distal margins of processes

entire. The archeopyle was not observed.
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Holotype: Cp-1l, slide s-1, coord, 43.4 x 97.7; Kemp Forma-
tion (Maestrichtian), Austin composite section.

Dimensions: Holotype: diameter of central body 30 by 32

microns; length of processes 6 to 8 microns. Range of 4
specimens: diameter of central body 29 to 33 microns;
length of processes 6 to 9 microns.

Remarks/Relationships: The thin wall of the central body of

this species is subject to folding and distortion. The
spherical, thin-walled central body and greatly expanded
process tips makes the species easily recognizable. P. sp.
3 is similar to P. sp. 1 in having a somewhat spherical
thin-walled central body and in possessing greatly expanded
process tips, though the processes of P. sp. 3 are more
numerous than in that species and are shorter in length.

P. sp. 3 appears to have a restricted distribution in the
upper part of the Kemp Formation, and may prove to be a
marker fossil for that part of the Navarro.

Occurrence: Common in Kemp Formation, Austin composite

section.

Polysphaeridium sp. 4 sp. nov.
Pl. 6, Figs. 9, 11

Diagnosis: Central body subspherical, consisting of thin
endophragm and thin, finely granular periphragm. Processes
very numerous, tubular, subspherical in cross-section; pro-
cesses taper slightly toward extremities, truncate and

expanded slightly distally.
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Holotype: Pb 4575, slide 3, coord. 47.5 x 101.8. Neyland-
ville Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: diameter of centralbody 28 by 35

microns; length of processes 10 to 12 microns. Range of
3 specimens: diameter of central body 30 to 35 microns;
length of processes 9 to 12 microns.

Remarks/Relationships: Polysphaeridium sp. 4 is similar to

sp. 1 in size and wall structure, but differs in having the
greatly distal expanded processes. Tabulation has not been
determined. Archeopyle was not observed.

Occurrence: Common in Neylandville Formation, Austin Compos-

ite section.

Genus Hystrichosphaeridium Deflandre 1937, emend.
Davey and Williams in Davey et al., 1966 (p. 55)

Type species: Hystrichosphaeridium (Xanthidium) tubiferum

(Ehrenberg), 1838. Upper Cretaceous; Germany.

Hystrichosphaeridium tubiferum (Ehrenberg), emend.
Davey and Williams in Davey et al., 1966 (p. 56)
Pl. 3, Figs. 9-11
Pl. 4, Figs. 1-3

1838. Hystrichosphaeridium tubiferum (Ehrenberg): pl. 1,

fig. 16. Senonian; Germany.

Discussion: The specimens here referred to H. tubiferum

conform to the specific description of the type species.

The processes of the Navarro forms usually number 29-30.



-7



44

and are of various diameters. The sulcal processes are
reduced in diameter and length. The reflected tabulation is
4 apical, 6 precingular, 6 cingular, 5 postcingular, 1 poste-
rior intercalary, 1 antapical plates. The archeopyle is
usually always identifiable.

Dimensions: Range of 5 specimens: diameter of central body

37 to 43 microns; length of processes 17 to 25 microns.

Remarks/Relationships: Hystrichosphaeridium tubiferum is

recorded from the Senonian of Germany by Ehrenberg (1838a),
Ypresian of Belgium, Pastiels (1948), the Oligocene of
Germany, Gocht (1952); Brosius (1963), the Oligocene to
Middle Miocene of Germany, Gerlach (1961), the London Clay,
Eocene of Britain, Davey et al. (1966).

Occurrence: Abundant in Corsicana Formation, Austin compos-

ite section; common in Escondido Formation, Frio County,

Texas.

Hystrichosphaeridium stellatum Maier, 1959
Pl. 4, Figs. 4-4a

1959. Hystrichosphaeridium stellatum Maier: p. 320-1,

pl. 33, figs. 3-4. Oligocene; Germany.

Discussion: The morphology of the specimens from Texas tend

to vary somewhat from the type material of Maier. They do
compare well with those specimens from Albian to Cenomanian
deposits of Western Australia, referred to by Cookson and

Eisenack (1962), and the Upper Gault and Greensand
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(Cenomanian) of Britain described by Cookson and Hughes
(1964) . Because of distinctive difference in age of the
Texas and European formas and those from Australia, there is
possibly an unrecognizable specific difference from Maier's
material.

Dimensions: Range of 3 specimens: diameter of central body

34 to 40 microns; length of processes 13 to 19 microns.

Remarks/Relationships: Hystrichosphaeridium stellatum is

recorded from the Oligocene-Middle Miocene of Northwest
Germany (Maier, 1959), and the Albian-Cenomanian of Austra-
lia (Cookson and Eisenack, 1962).

Occurrence: Common in Corsicana Formation, Austin composite

section.

Hystrichosphaeridium patulum Davey and
Williams in Davey et al., 1966 (p. 60)
Pl. 5, Figs. 1-3

1966. Hystrichosphaeridium patulum Davey and Williams in

Davey et al.: p. 60, pl. 10, fig. 5. Paleocene; Britain.

Discussion: Specimens referred to H. patulum closely con-

form to the specific description and illustration of that
species.

Dimensions: Range of 6 specimens: diameter of central body

14 to 16 microns; length of processes 5 to 7 microns.

Remarks/Relationships: Hystrichosphaeridium patulum is

recorded from the London Clay, Eocene of Britain, Davey et

al. (1966).
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Occurrence: Common in Corsicana Formation, Austin composite

section. Rare in Escondido Formation, Frio County, Texas.

Hystrichophaeridium sp. 1 sp. nov.
Pl. 7, Figs. 1-4

Diagnosis: Central body spherical, consisting of moderately
thick endophragm and thin striate periphragm. Processes con-
sist of fibrous periphragm. Processes taper from a broad
base and are truncate distally; distal margins of processes
denticulate.

Holotype: Pb 4670, slide 1, coord. 45.5 x 96.2. Neyland-
ville Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: diameter of central body 30 microns;

length of processes 15 to 17 microns. Range of 3 specimens:
diameter of central body 30 to 35 microns; length of processes
15 to 18 microns.

Remarks/Relationships: the striate periphragm of the cen-

tral body and the fibrous nature of the processes character-
ize this species.

Occurrence: Common in Neylandville Formation, Austin compos-

ite section.

Hystrichosphaeridium sp. 2 sp. nov.
Plo 7, FigS. 5-7

Diagnosis: Central body subcircular. Processes wide, short,
and taper distally from a broad base; ellipitcal in cross-

section. Periphragm punctate. Archeopyle margin zig-zag.
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Holotype: Pb 4632, slide s-2, coord. 35.3 x 92.0. Neyland-
ville Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: diameter of central body 37 by 45

microns; length of processes 7 to 8 microns. Average dimen-
sions of 6 measured specimens: diameter of central body 35
by 40 microns; length of processes 6 to 8 microns.

Remarks/Relationships: the short processes with broad bases

distinguish this species from others in the genus. In some,
the processes appear to be closed distally.

Occurrence: Rare in Neylandville Formation, Austin compos-

ite section.

? Hystrichosphaeridium sp. 3 sp. nov.
Pl. 6, Figs. 2-7

Diagnosis: Central body subspherical to elliptical, bearing
numerous pairs of slender rod-like processes which are sur-
rounded by a thin membranous-like structure; membranous
structure also extending to tips of neighboring processes.
Holotype: Pb 4521-S, slide 2-A. coord. 38.0 x 90.8.
Corsicana Formation (Maestrichtian), Austin composite sec-
tion.

Dimensions: Holotype: diameter of central body, 67 by 57

microns; length of processes 7 microns. Range of 4 speci-
mens: diameter of central body 68 to 75 by 55 to 67 microns;

length of processes 6 to 8 microns.
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Remarks/Relationships: This species is placed questionably

in Hystrichosphaeridium. The processes are numerous and are

distally covered with a thin membrane which tends to sur-
round the central body. The archeopyle position has not
been determined.

Occurrence: Common in Corsicana Formation, Austin composite

section.

Genus Cleistosphaeridium Davey et al, 1966 (p. 166)

Type species: Cleistosphaeridium diversispinosum Davey et

al., 1966, Eocene; England.

Cleéistosphaeridium sp. 1. sp. nov.
Pl. 7, Figs. 8-9
Pl. 8, Figs. 1-2

Diagnosis: Central body spherical with finely granular wall,
and bearing numerous solid, dagger-like processes. Processes
closed distally, acuminate; some bifid or blunt. Archeopyle
apical, with zig-zag margins, which is formed by 6(?) pre-
cingular plate-fields. Length of processes traversed by
slender fibrils. Possibly two processes per precingular
plate fields.

Holotype: Pb 4542, éiide 1, coord. 31.0 x 92.8. Kemp
Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: diameter of central body 43 microns;

length of processes 17 to 19 microns. Range of 6 specimens:
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diameter of central body 39 to 45 microns; length of pro-
cesses 15 to 22 microns.

Remarks/Relationships: Processes appear regularly arranged,

but the tabulation is not determinable. C. sp. 1 is similar

to C. disjunctum Davey et al. (1966) in size and granular

central body, though the processes of C. sp. 1 appear to be
solid. The processes of C. sp. 1 are characterized by
slender longitudinal fibrils, which are not described in

C. disjunctum. The length of the processes is usually

constant in an individual.

Occurrence: Common in Corsicana Formation; rare in Kemp

Formation Austin composite section; rare in Escondido Forma-

tion, Frio County, Texas.

Forma F Gen. nov.

Diagnosis: Chorate cysts with spherical to subspherical
central body possessing two types of processes. There are
numerous fine processes usually closed distally covering the
central body, and a single large hollow antapical process
which is open distally. Archeopyle precingular, margin

undulating, not zig-zag.

Type species: Forma F. sp. 1 sp. nov. Corsicana Formation

(Maestrichtian), Austin composite section.

Remarks/Relationships: This genus is similar to Diphyes

Cookson (1965) in possessing two types of processes, but



50

differs from that genus in having a precingular rather than
apical archeopyle. The precingular archeopyle and large
antapical processes enable orientation of specimens of this
species. The smaller processes are simple, slender, and
usually taper distally, and are usually closed distally.

Forma F sp. 1 Gen. et sp. nov.

Pl. 8, Figs. 3-10

Diagnosis: Subspherical to spherical central body. Endo-
phragm thin; periphragm thin, with sinuous, fine striations.
Central body covered with numerous filamentous or hair-like
processes which taper distally to a narrow point from a
broad base, which are usually closed distally; some are
open. Large antapical process hollow, open distally and
with distal margin denticulate.
Holotype: Pb 4519, slide 6, coord. 36.7 x 104.5. Corsicana
Formation (Maestrichtian), Austin composite section.

Dimensions: Holotype: diameter of central body 45 by 50

microns; length of filamentous processes 18 to 22 microns;
length of antapical process 20 microns; width 10 microns.
Range of 8 specimens: diameter of central body 42 to 58
microns; length of processes 15 to 27 micron<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>