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PREFACE 

Purpose.--The reasons for this investigation are: 

(1) to describe the morphology of all species found, and 

(2) to correlate the new assemblage of fossil microplank-

ton \ilth those of the same species of other areas. 

Acknowledgments.--I am deeply indebted to Dr. Karl 

W. Klement for suggesting and directing this study. Grati

tude is extended to Dr. Jiirgen Remane for providing the 

samples and field information that made this investigation 

possible. I also express appreciation to my wife, Frances, 

for helpful criticism. 
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CHAPTER I 

GEI^RAL STRATIGRAPHY, AGE, SMFLE LOCALITIES, 

AND LITHOLOGY 

Dr. Jiirgen Remane (I96O), of the University of 

Goettingen, Germany, studied the origin and distribution 

of some pseudobreccias of the Upper Jurassic (Upper Titho

nian) in the subalpine area around Grenoble, France. Rock 

samples of the associated limestones were collected and 

donated to Dr. Karl W. Klement of Texas Technological 

College, Lubbock, Texas. The samples were to be used for 

a study of dinoflagellates and hystrichosphaerids. 

Grenoble (text-figure 1) is located in southeast 

France about one hundred and twenty-one kilometers south-

southwest of Geneva, Switzerland, at the southern edge 

of the Jura Mountains. Samples were collected from two 

areas around Grenoble, six levels of which were used for 

microplankton analysis. The two areas are: (1) sample 

locality Va (sample levels Va 1 and Va 5), located about 

fifteen kilometers northwest of Grenoble; and (2) sample 

locality SP (sample levels SP 4a, SP 21, SP 25, and 

SP 28), located about fifteen kilometers northeast of 

Grenoble. Locality descriptions are according to Remane 

(i960) and a personal communication (Remane, I96I). 
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Locality Va--an abbreviation of vieux chemin d'Aizy, 

an ammonite locality meaning old road to Aizy--is at Aizy-

sur-Noyarey/lsere. At this location, the Tithonian-

Berriasian boundary (Upper Jurassic-Lower Cretaceous) is 

distinctly visible and well documented by ammonites. 

Characteristic ajmnonite fauna of this area, according to 

Arkell (1956, p. 87-88), are Berriasella chaperi (Pictet), 

Berriasella aizyensis Mazenot, Berriasella progenitor (Oppel), 

Dalmasiceras djanelidzei Mazenot, and Neocomites supra-

jurensis Mazenot. All of these are Upper Tithonian. Sample 

level Va 1 is six meters belov/ the Tithonian-Berriasian 

boundary; whereas, sample level Va 5 is eight meters be

low the boundary. Both sample levels are Upper Tithonian. 

Sample locality SP (abbreviation of St. Pancrasse) 

is located on the bord subalpin, v:hich is the escarpment 

formed by the Chartreusemassiv in the valley of the River 

Isere. The escarpment was formed by a long fold that was 

cut parallel to its long axis by the Isere. The lowest 

steppe of the escarpment is Tithonian limestone, and the 

next highest steppe encompasses three hundred meters of 

Urgonian limestone reefoid facies of the Lov/er Cretaceous 

(Berriasian). 

The Tithonian-Berriasian boundary at locality SP 

has not been documented by ammonites. However, the dis

tinct facies change from white cryptocrystalline lime

stones of the Upper Tithonian to dark gray marly limestones 



(alternating v/ith dark gray marls) of the Berriasian ap

pears at locality SP as well as at locality Va. The facies 

change is very abrupt at both localities. At locality SP, 

Calpionella appear between eighteen and twenty meters be

low the Tithonian-Berriasian boundary. Sample levels of 

locality SP appear as follows: (1) level SP 4a, five 

meters under the boundary of Tithonian-Berriasian; (2) 

level SP 21, twenty meters below the boundary; (3) level 

SP 25, twenty-five meters below the boundary; (4) level 

SP 28, thirty meters below the base of the Berriasian. 

Text-fig. 1.--Sample localities 



CHAPTER II 

PREPARATION OF MATERIAL 

Fossil dinoflagellates and hystrichosphaerids 

are remarkable in their resistance to chemical agents, 

both oxidizers and hydrolyzers. The chemical composition 

of these microfossils is still unknovm, although it is 

known that they are not composed of chitin, pseudochitin, 

cellulose or protein; their chemical resistivity is simi

lar to cutinous material. These organisms have been suc

cessfully recovered from a variety of rock types, includ

ing limestones, marls, phosphate nodules, clays, sandstone, 

flint, shales and incipiently metamorphosed rocks. The 

acid-insolubility of these fossils allows chemical decom

position of the rock without destruction of the fragile 

organisms. Many successful methods have been employed to 

recover dinoflagellates and hystrichosphaerids from dif

ferent rock types. According to the author's information, 

the follov/ing simple method was employed for preparation 

of the rock samples. All samples collected v/ere rather 

pure, clean aphanitic limiestones. 

Hydrochloric acid is used to dissolve the rocks. 

They are placed in separate 500 milliliter beakers v;ith 
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200 milliliters of dilute hydrochloric acid. After the 

lime is completely dissolved (thirty minutes to an hour), 

as much acid as possible is decanted slowly, so as not 

to disturb the residue. The remaining acid and residue 

of each container is then poured into 1000 milliliter 

flasks, tap v;ater added (600-700 milliliters), and the 

contents stirred and allowed to stand without being dis

turbed for one hour. After the hour, the water from each 

flask is siphoned by the use of a small rubber hose. The 

water is carefully drawn off so as not to disturb the 

residue. The addition of tap water is repeated three to 

four times until most of the clay material is gone and 

the v̂ ater is clear after the last hour of. standing. Then 

600-700 milliliters of distilled water is added, stirred, 

allowed to stand for an hour, and drawn off. The sajne 

procedure is repeated three times. After the water is 

siphoned for the fourth time the contents are poured into 

polyethylene flasks, and fifty milliliters of concentrated 

hydrofluoric acid is added. The purpose of the hydro

fluoric acid is to dissolve any quartz present. After 

stirring and allov̂ ing to stand for two to three hours, 

the hydrofluoric acid is decanted slowly, not disturbing 

the residue. T̂ -renty-five milliliters of sodium hydroxide 

is added to neutralize the acid. Then, a washing process 

is used to rid the residue of any remaining acid; dis

tilled water is used and the process repeated three times. 



After the last wash, twenty-five milliliters of concen

trated nitric acid is used to dissolve pyrite and un

wanted organic matter. Again, the acid is decanted after 

an hour of standing, and the samples are v;ashed three to 

four times in distilled water. After the last water is 

siphoned, the remaining material of each sample is poured 

into separate shallow containers for microscopic examina

tion. 

The dinoflagellates and hystrichosphaerids are 

then separated from the residue of each container by 

using a micropipette, and placed into other very small 

recepta.cles containing distilled v̂ ater. After all speci

mens are collected, they are transferred to different 

cover glasses in groups, and covered v;ith a thin coat of 

Canada balsam. Each cover glass is then placed on a glass 

slide in such a manner that the Canada balsam is betv/een 

the slide and cover glass. After allowing the balsam to 

dry for twelve to twenty-four hours, the samples are ready 

for further microscopic examination. 

The range of magnification used for study was 

between XlOO and X1250 (oil emersion). The specimens 

were presented to the author of this report in mounted 

form for classification and study. 



CHAPTER III 

RELATED PUBLICATIONS OF THE UPPER JURASSIC 

AND LOWER CRETACEOUS 

Publications in the paleontological literature 

concerned with dinoflagellates and hystrichosphaerids of 

the Upper Jurassic and Lower Cretaceous include studies 

from Australia, New Guinea, Europe, Africa, Asia, the 

United States, and Canada. However, most of the publi

cations entail work on these fossils from VJestern Europe 

and Australia. 

Upper Jurassic.--The first published work on 

these microfossils from the Upper Jurassic ..as presented 

by Ehrenberg (l843) on the Corallrag of Poland. Some of 

the first extensive works, laying the groundv:ork for 

classification, were published by Deflandre (1938a, 1938b, 

1948a) on the Villers-sur-Mer marls of Normandy. Deflan

dre (1939, 1941) also studied remains of this microplank

ton in bituminous shales from the Kimmeridgian of 

d'Orbagnoux (Jura). Dovmie (1957) reported dinoflagellates 

and hystrichosphaerids from the Lower and Upper Kirrjnerid-

gian (Kimmeridge Clay) of England. Klement (1957) de

scribed dinoflagellates of Oxfordian age of Southern 
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Germany. A study by Lantz (1958) revealed microplankton 

in the Corallian of Dorset, England. A Joint effort by 

Cookson and Eisenack (1958) was published on Oxfordian, 

Kimmeridgian, Aptian, Albian, Cenomanian, and Campanian 

samples from Australia and Nev.̂  Guinea, shov/ing micro

plankton assemblages of dinoflagellates and hystricho

sphaerids. 

A vast ajnount of work concerning fossil micro

plankton was published in the years 1959-1963. Publi

cations by Sarjeant (1959, 1960a, 1960b, 1961, 1962a, 

1962b, 1963) revealed, respectively, fossil microplankton 

in the Lower Callovian of Yorkshire, England; the Iliddle 

Callovian to Lov/er Oxfordian of Dorset, England; the 

Corallian of Yorkshire, England; the Kellav/ays Rock 

(Lov/er Callovian) and the Oxford Clay (Lov̂ er Oxfordian) 

of Yorkshire, England; the Nothe Clay (Callovian and 

Oxfordian) of Dorset, England; the Ampthill Clay (Oxfor

dian) cf Me].ton, South Yorkshire, England; and the Jor

dan Cliff Clays (Oxfordian) of England. Cookson and 

Eisenack (1960b) described assemblages from the Oxfordian, 

Kimmeridgian, Tithonian, and Lower Cretaceous of Austra

lia and New Guinea. Klement (1960a, 1960b) reported on 

the stratigraphic use of microplankton in Oxfordian and 

Kimmeridgian sediments; and described microplankton from 

sediments of Malm Alpha through Malm Delta age (Oxfordian 

and KinLTiCridgian) of southv/est Germany. Maliavkina, et al 



(1961) studied microplankton from the Volgian (Oxfordian) 

of Siberia, U.S.S.R. The Fernie Group (Jurassic-Creta

ceous) of Western Canada was studied by Pocock (I962) re

vealing fossil microplankton. Gorka (I965) studied 

assemblages from the Oxfordian and Kimmeridgian of Mag-

nuszew, Poland. Norris (I965) reported two genera of 

dinoflagellates from the Portlandian of VJest Weare Cliff 

(Isle of Portland), Southern England; and from the Upper 

Tithonian of Durlston Bay, Southern England. 

Lov/er Cretaceous.—Hystrichosphaerids v.̂ere first 

described by Ehrenberg (1838). Ehrenberg found remains 

of these minute organisms in chert and flint chips of 

Late Jurassic and Early Cretaceous age from Hungary and 

Saxony, Germany. Merrill (1895) discovered microplankton 

while studying fossil sponges in unknown strata of Lov̂ er 

Cretaceous flints of Texas. It was some fifty years 

later when Deflandre and Cookson (1954, 1955) discovered 

microplankton from Australian Lower Cretaceous and Terti

ary sediments. Delcourt and Sprumont (1955, 1959) found 

specimens of hystrichosphaerids and dinoflagellates in 

the V̂ ealden of Belgium, and Cookson (1956) reported re

mains of dinoflagellates and hystrichosphaerids in both 

Lovrer Cretaceous and Tertiary deposits of Australia. Ex

tensive v/ork on Lower Cretaceous deposits (Upper Valangin-

ian, Hauterivian, and Barremian) of northv̂ est Germany by 
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Gocht (1957:, 1959) revealed microplanktonic assemblages. 

Cookson and Eisenack (1958) described specimens from the 

Upper Jurassic; Lovrer Cretaceous (Aptian and Albian); and 

Upper Cretaceous (Cenomanian, Lov/er Turonian, Campanian, 

and Lov/er Maestrichtian) of Western Australia and Nev; 

Guinea. Aptian micropla^nkton from Northern Germany was 

studied by Eisenack (1958). Alberti (1959) published a 

study of Aptian and Barremian deposits of Germany; like

wise, Alberti (I961) added to this study by describing 

microplankton from the Lower Cretaceous (Hauterivian, 

Barremian, Aptian, and Albian) of Germany and Poland; the 

Lower Cretaceous (Valanginian) of Belgium; and the Lov/er 

Cretaceous (Wealden) of Germany. Eisenack and Cookson 

(i960) continued their work in Australia by describing 

Lower Cretaceous (Aptian and Albian) sediments. Cookson 

and Eisenack (1960a) again v̂ orked on microplankton from 

Australia, describing dinoflagellates and hystrichosphae

rids from Lov;er Cretaceous (Albian) and Upper Cretaceous 

deposits. Microplankton v/as obtained from the Lov/er Cre

taceous (Valanginian) of Siberia by Maliavkina, et al. 

(1961). The lower Gearle Siltstone (Albian) of Western 

Australia revealed microplankton, as shown by Cookson and 

Eisenack (I962). Neale and Sarjeant (I962) discovered 

microplanktonic organisms in the Lov;er Cretaceous (Speeton 

Clay) of Yorkshire, England. In addition, Pocock (I962) 
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encountered microplankton in studying the llannville 

Group (upper part of the Kootenay Formation) of the 

Upper Jurassic and Lov;er Cretaceous of Western Canada. 

A study of Lower Cretaceous (Albian) strata of the Ivory 

Coast of Africa by Vachey and Jardine (I962) also re

vealed microplankton. Stover (1963) published informa

tion on dinoflagellates and hystrichosphaerids of the 

Lower Cretaceous (Albian) and the Upper Cretaceous 

(Cenom-anian and Turonian) of Portuguese Guinea, Ŵ est 

Africa. 



CHAPTER IV 

GENERAL MORPHOLOGY OF DINOFLAGELLATES 

AND HYSTRICHOSPHAERIDS 

The morphology of modern and fossil thecate 

dinoflagellates is strikingly similar. (Refer to text-

figure 2, page 15 for details of the morphology.) A 

modern dinoflagellate is characterized by tv;o flagella 

which propel the organism through the v/ater. One 

flagellum is located equatorially on the theca (or body 

wall of the dinoflagellate), the ends of which are in

serted at a single pore in the center of the ventral 

area. The other flagellum, inserted by only one end at 

another pore and located in the same area, trails longi

tudinally. The positions of the flagella are usually 

indicated by furrov̂ s. A furrov; encircling the theca 

equatorially is termed transverse or girdle furrov;. The 

other, the longitudinal furrov;, is restricted to the ven

tral area of the hypotheca, and is located on the ventral 

side. The opposite surface is the dorsal side. The apex 

or apical end of the theca is anterior and denoted by the 

direction of movement in modern forms. In some fossils, 

the position of the apical horn and the pylome (discussed 

12 
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later) is one way of discerning anterior. The opposite 

end is termed antapex or antapical end. Right and left 

are used as designated in text-figure 2. The girdle 

furrow, which is usually discontinuous upon Junction \7ith 

the longitudinal furrow, divides the theca into halves. 

The anterior half is called the epitheca; the posterior 

half is called the hypotheca. The theca is made of poly

gonal plates, which occur in series approximately parallel 

to the girdle furrow. The epitheca is divided into two 

sets: the apical plates, located around the apex; and 

the precingular or prequatorial plates, located directly 

to the anterior of the girdle furrov;. Any plates betv;een 

the apical and precingular plates are designated as anteri

or intercalary plates. The hypotheca also has two series 

of plates: the postcingular or postequatorial plates, 

located directly to the posterior of the girdle furrov/; 

and the antapical plates, usually located directly on the 

antapex. Plates located betv;een the postcingular and the 

antapical plates are called posterior intercalary plates. 

Division of the girdle furrow is also possible, the plates 

of which are termed girdle plates. 

All plates are numbered counterclockwise, when 

viewed from the apex. They are enumerated starting with 

plate number one to the immediate right of the ventral 

area for each series, v;ith the exception of the apical 

plates. The apical plates are numbered starting from the 

file:///7ith
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plate Just anterior to the longitudinal furrow. A formula 

for enumeration of the plates of each series is useful, 

because of its brevity. This formula is termed the tabu

lation scheme, and is indicated by a set of numbers, each 

of which is followed by symbols or letters as follows: 

(n=total number of plates in the series) 

n' =apical plates 
na =anterior intercalary plates 
n'' =precingular plates 
ng =girdle plates 
n''' =postcingular plates 
nal =anterior longitudinal plates 
nppl =posterior longitudinal plates 
np =posterior intercalary plates 

n''''=antapical plates 

The pylome in fossil dinoflagellates is an opening 

in the theca, marked by the loss of a single plate or a 

group of plates. The pylome is usually found in apical or 

precingular position, although separation along the girdle 

furrov; has been noted in some specimens. In hystricho

sphaerids the pylome is a simple rupture of the test wall 

not marked by loss of plates. The usual position of the 

pylome is polar (apical or antapical) in any one species. 

Because modern dinoflagellates molt by releasing their con

tents by thecal rupture, it is asŝ -imed that fossil dino

flagellates molted by exit through the pylome. It is also 

believed that hystrichosphaerids practiced ecdysis as well, 

because in any one species the pylome position is constant, 

rather than random. 
Hystrichosphaerids have no plates; therefore, no 
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tabulation scheme is used. All knovm hystrichosphaerids pos. 

sess radiating processes, v/hich may or may not be arranged 

on the surface so as to discern the dorsal-ventral, apical-

antapical orientation. Hystrichosphaerids also possess no 

distinct furrows bounded by sutures as do dinoflagellates. 

-'^APICAL HORN 

•*- APICAL PLATES 

PRECINGULARS 

PYLOME-^ 
VENTRAL AREA 

GIRDLE PLATES 

GIRDLE FURROW, 

PORES 

POSTCINGULARS 

(POSTERIOR 

I INTERCALARY 

ANTAPICAL PLATE 

RIGHT 

APICAL 

LEFT 

A N T A P I C A L 

Text-fig. 2.--Diagrammatical viev;s of a hypotheti
cal thecate dinoflagellate illustrating plate arrangement 
and numbering system. The tabulation formfala for this ex
ample is abbreviated: 4', 6'', 7g, 6''', Ip, 1'''', mean-
Ing the theca has four apical plates, six precingular 
plates, seven girdle plates, six postcingular plates, one 
posterior intercalary plate, and one antapical plate. 



CHAPTER V 

SYSTEMATIC PALEONTOLOGY 

The systematic description of the hystrichosphaerids 

and dinoflagellates in this report follows the order: 

(1) synonomy, if not a new species; (2) diagnosis, if a 

new species; (3) description of the morphology; (4) dis

cussion of closely comparable species; (5) occurrence of the 

species; (6) measurements of the specimens (in microns). 

All specimens are on deposit in the collection of 

Dr. Karl W. Klement, Department of Geosciences, Texas 

Technological College, Lubbock, Texas. Specimens from 

each sample level are mounted on several slides. The 

sample locality St. Pancrasse has four sample levels: 

(1) SP 4a--slides SP 4a/l through SP 4a/5, (2) SP 21--

slides SP 21/1 through SP 21/3, (3) SP 25--slides SP 25/1 

through SP 25/4, (4) SP 28--slides SP 28/1 through SP 

28/19. The sample locality of vieux chemin d'Aizy has 

two sample levels: (1) Va l--slides Va 1/1 through Va 1/2, 

(2) Va 5--slides Va 5/1 through Va 5/4. All holotypes 

and paratypes are listed according to the specific slide 

on v:hich they are m.ounted. 

16 
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Phylum and Class Uncertain 

Order Hystrichosphaeridea Eisenack 

Family Hystrichosphaeridae 0. Wetzel, 1933, 
restricted Deflandre, 1937 

Genus Baltisphaeridium Eisenack, I958, 
emended Dov;nie and Sarjeant, 1963 

According to a translation by Norris and Sarjeant 

(1965, p. 13)5 this genus is characterized as: 

Hystrichospheres v;ith spherical to oval shells not 
divided into fields or plates, bearing ± numerous 
processes, simple, branching or ramifying, hollow 
or solid, alv;ays with closed tips. The processes 
are not connected together distally and no outer 
shell, com.plete or incomplete, is present; the pro
cesses are most often of a single basic type, but 
processes of tv/o or more types may be present. Mean 
and modal diameter of shell greater than 20^. 

Baltisphaeridium multispinosum n. sp. 
PI. I, figs, i-4 

Holotype: SP 28/5 
Paratypes: SP 28/9, SP 28/12 
Type locality: St. Pancrasse 
Type stratum: Upper Tithonian 
Derivation of najne: MuTti--meaning many; spinosus--from the 

root (spina) meaning full of thorns, 
thorny, prickly. 

Diagnosis.--A species of Baltisphaeridium with spheroidal 

to subspheroidal test. Test densely covered by numerous 

simple, unbranched spines. Length of spines about one-

fourth diameter of test. 

Description.--The test is spheroidal to subspheroidal, with 

a dense cover of numerous simple, slender processes. The 

length of these processes is approximately one-fourth of 
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the diameter of the test. They number about seventy-

five to one hundred around the periphery of the test. 

The processes are fibrous near the base, become solid, 

and taper slightly at the distal end. They represent 

simple, unbranched, slightly undulating processes which 

are closed at the distal end. The surface of the test 

is slightly granulated. The test possesses a pylome, 

circular in outline, with rugged edges. All specimens 

that are subspherical in shape have polar pylomes. The 

test is brov7nish yellow. 

Discussion.--There are three species of Baltisphaeridium 

which show characteristics close enough for comparison. 

B. varispinosum Sarjeant, I959 is spherical in shape, 

and possesses a dense cover of appendages like B. multi

spinosum. However, B. varispinosum has processes v;hich 

are longer in relation to its test diameter than those of 

B. multispinosum. Furthermore, the processes of B. vari-

spinosum are either simple, knobbed, or bifurcate; v:hereas, 

the processes of B. multispinosum are alv/ays simple and 

unbranched. Another species which is similar to B. multi

spinosum is B. polytrichum Valensi, 1947. B. polytrichum 

has sim.ple spines; hov/ever, these spines are much longer 

and less densely distributed than those of B. multispinosum. 

The only other species that resembles B. m.ultispinosum is 

B. ehrenbcrgi (Deflandre, 1947) var. brevispinos^om Sarjeant, 
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196l. This species possesses shorter spines in relation 

to its test (only one-fifth of the test diameter) and is 

much smaller. 

Occurrence.--Specimens of this species were found in all 

levels of the St. Pancrasse locality: SP 4a, SP 21, SP 25, 

SP 28. Most specimens were excellently preserved. 

Measurements.--Number of specimens studied, 9. 

Test Processes 
(with processes) 
Length-Breadth Length 

Holotype: 73-73 15 
Paratypes: 73-73 15 

72-72 15 
Maximum: II6-IO6 20 
Minimum: 70-64 10 
Average: 88-88 15 

Baltisphaeridium granulosum (Deflandre, 1937) 
Sarjeant, 19b2 Xl962a) 

PI. I, figs. 5-6; PI. II, figs. 1-2 

Hystrichosphaera xanthiopyxides n. sp., Wetzel, 0., 1933, 
Palaeontographica, v. fB, p. 44, pi. 4, fig. 25 

Hystrichosphaeridium xanthiopyxides var. granulosum n. var., 
Deflandre, 1937:, Annales Paleont., v. 2b, p. 77, D] . 16, 
fig. 4 

Baltisphaeridium granulosvim (Deflandre) nevi combination, 
Sarjeant, 19b2a, Micropaleontology, v. 8, no. 2, p. 264, 
pi. 2, fig. l4, text-fig. 8c 

Description.--The test of this species is ellipsoidal 

in shape, approximately twice as long as wide. The pro

cesses m.easure about one-half the test breadth. They are 

slender, slightly undulate, simple and unbranched. Each 
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tapers from the base to the distal end. The distal ends 

of the processes are closed, although each process is 

hollow. The processes are regularly spaced, none coalesc

ing at their bases, and all are of about equal length. 

Some processes are slightly curved, but most are straight. 

A single polar pylome occurs in one specimen, but none 

appears in the other specimen. The pylome is betv/een 

twenty and twenty-six microns in diameter, and has uneven 

edges. The surface of the test is granulated. The species 

is light yellov/ish brown. 

Discussion.--B. granulosum is very similar to B. mixti-

spinosum Klement, I96O (1960b). However, B. mixtispinosum 

possesses short hair-like spines between the processes. 

In contrast, the surface of the test between the processes 

in B. granulosum is only granulated. 

Occurrence.--Only tv;o specimens were found in the St. Pan

crasse locality in level SP 28. Valensi (1955) described 

specimens from Cretaceous flints of the Magdalenien of 

Saint-Amand (Cher). Downie (1957) reported this species 

from the Subplanites zone (Kimmeridgian) of Norfolk, Eng

land. This species has also been noted in the Ringstead 

Waxy Clay (Upper Corallion) of Dorset, England by Sarjeant 

(1962a). 
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Measurements.--Number of specimens studied, 2. 

Test Processes 
(with processes) 
Length-Breadth Length 

99-69 18 
87-57 12 

Baltisphaeridium pattei (Valensi, 1948) 
PI. II, figs. 3-4 

Hystrichosphaeridium pattei n. sp., Valensi. 1948, Soc. 
G^ol. Fr., Bull., V. 1«, ser. 5> p. 539-540, fig. 1 

Description.--The test of this species is ovoidal and 

possesses a dense set of short processes of equal length. 

The processes cover the entire theca and are about one-

fourteenth of the length of the test. Some processes 

are simple, some distally bifurcate, but most are flared 

at the distal end. Each process is hollow and closed at 

the distal end, v/idening slightly at the base. At low 

magnification (XlOO) the processes appear T-shaped. Small 

fibrils compose a vermicular netv/ork, which basally connects 

the processes. The processes are inserted at the Junctions 

of these fibrils. In two specimens, a girdle zone is de

lineated by a sparsity of processes. The test possesses a 

polar pylome (averaging forty m.icrons in diameter) v;ith 

rugged edges. The epitheca (pylome end) possesses small 

slits that are visible at the lower corners of the pylome. 

These slits extend slightly into bands that are marked by 

an absence of processes. The bands extend halfv/ay do'.m 
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the test. It is possible that these bands and slits are 

indicative of a latent tabulation. The test is brovmish 

yellow. 

Discussion.--Hystrichosphaeridium pattei was described 

by Valensi (1948). Eisenack (1958, p. 398-399) emended 

the genus Hystrichosphaeridiura to include only those forms 

with distally open appendages. He thus created the new 

genus Baltisphaeridium v/ith closed appendages. It is 

the belief of the author that the specimens here described 

as Baltisphaeridium pattei have distally closed appendages 

and should not be classified as Hystrichosphaeridium pattei. 

Occurrence.--The specimens were found only in sample level 

SP 28 of the St. Pancrasse locality. Valensi (1948, 1953) 

described this species from the Middle Jurassic (Bajocian 

and Bathonian) of Poitou and Normandy of northwest France. 

Klement (1960b) described this species from southwest 

Germany in Malm Alpha through Malm Delta (Upper Oxfordian 

and Lower Kimmeridgian). 

Measurements.--Number of specimens studied, 7. 

Test Processes 
(with processes) 
Length-Breadth Length 

Maximum: 60-55 5 
Minimum: 53-48 3 
Average: 57-52 4 
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Genus Systematophora Klemxent, 1960b 

A translation of Klement's diagnosis (1960b) by 

Norris and Sarjeant (I965, p. 57) shov;s this genus as: 

Ellipsoidal to spherical central body with oriented 
fields distributed about a girdle region. Fields 
circular to polygonal, bordered by narrow carinas, 
isolated by means of intervening spaces. Appendages 
relatively long, simple or forked, in part strongly 
dichotomising, distally closed and most shortly 
forked, in part filled in across; distributed in 
polygonal areas at angle positions and more rarely 
distributed at the sides of the fields in fairly 
closely spaced circular structures. On the basis of 
different fields, dorso-ventral orientation is 
possible. 

Systematophora areolata Klement, 1960 (196Cb) 
PI. II, figs. 5-b; PI. Ill, fig. 1 

Systematophora areolata n. g. n. sp., Klement, 1960b, 
Pa'laeontograp'hica, v. Il4, ser. A, p. 62-65» pi. 9, 
figs. 1-8, text-figs. 32-35 

Description.--A species of Systematophora with an 

ovoidal test, distinctly characterized by groups of pro

cesses arranged around polygonal fields. These fields are 

grouped in equatorial-parallel belts. The epitheca pos

sesses tv/o fields on the ventral surface, and four on the 

dorsal surface. The hypotheca possesses three fields on 

the dorsal surface and four on the ventral surface. Those 

of the ventral hypotheca are arranged in tv;o groups v:hich 

are syimnetrical with respect to the test's apical-a,ntapical 

axis. The two fields nearer the antapex are more closely 

spaced than the two nearer the girdle region. The polygons 1 
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fields of the ventral surface are smaller than those of 

the dorsal surface. The antapex possesses only one poly

gonal field. In addition to the polygonal fields, the 

test possesses small, ribbon-shaped fields with a process 

at either end. Two of these fields are located in the 

mid-ventral region, parallel to the apical-antapical axis, 

with one on the hypotheca and one on the epitheca. The 

girdle possesses six of these ribbon-shaped fields that 

are isolated, relatively equally spaced, and aligned par

allel to the girdle region. 

Each polygonal field is composed of four to six 

slender, solid and closed-tipped processes which are 

distally simple, bifurcate or knobbed, and which are about 

one-half the breadth of the test. The fields are bordered 

by simple lovi ribs or more often by narrov; carinas. The 

processes coalesce with the carinas and broaden at the 

base. The carinas are betv/een three to six microns high, 

and may be of a different height betv/een adjacent pro

cesses of the same field. 

The apical pylome is either circular or polygonal 

in outline. The pylome is rugged, sometimes having small 

slits or breaks along its edge. The color of the test is 

dark yellow. 

Discussion.--S. areolata differs from Hystrichosphaeridium 

placacanthum Deflandre and Cookson, 1955 in regard to the 



25 

shape and arrangement of the fields on the surface of the 

test. S. areolata has a regular arrangement of these 

fields around a girdle region. In Hystrichosphaeridium 

placacanthiLm, these fields are larger in size, more densely 

surrounded by processes and do not show an orientation in 

their arrangement. Areoligera senonensis Lejeune-

Carpentier, I938 and S. areolata are similar in the 

oriented arrangement of fields around a girdle zone. 

However, A. senonensis always has a hemispherically 

shaped test which is bordered toward the dorsal side by 

a marginal seam from pole to pole. The ventral side of 

A. senonensis is concave and completely unornajnented. 

In contrast, S. areolata does not have a concave ventral 

side. It bears fields with spines on the ventral side 

and does not have the marginal seam. 

Occurrences.--Specimens of this species were found only 

in level SP 4a of the St. Pancrasse locality. This 

species has been reported from the Upper Malm Gamma and 

Malm Delta (Upper Oxfordian and Lower Kimmeridgian) of 

southwest Germany by Klement (1960b). 

Measurements.--Number of specimens studied, 10. 

Maximum: 
Minimum: 
Average: 

Test 
(with processes) 
Length-Breadth 

88-80 
65-60 
76-68 

Processes 

Length 
25 
15 
20 
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Systematophora orbifera Klement, I960 (1960b) 
PI. Ill, figs. 2-4 

Systematophora orbifera n. g. n. s., Klement, 1960b3 
Palaeontographica, v. Il4, ser. A, p. 66-67, pl. 9, 
figs. 9-10; pl. 10, fig. 7 

Description.--The test of this species is ovoidal, 

possessing fields on the test surface identical in 

arrangement to S. areolata. However, the fields are 

circular in outline, rather than polygonal as in _S. 

areolata. Likewise, the type of processes differs be

tween the two species. The processes of S. orbifera are 

connected by a circular rib basally, and an encircling 

fibril distally. The densely set, simple processes com

posing each field are fused or isolated in an anastomosing 

fashion. The process length is approximately one-half the 

breadth of the test. From the basal rib, small fibrils 

continue onto the test surface, forming a dendritic pat

tern around each field. Most of these fibrils taper to 

a terminus, but some connect with fibrils of other fields. 

The apical pylome is polygonal in outline, possessing 

rugged edges v/ith occasional breaks. The test surface is 

smooth to slightly granular. The test is light yellow. 

Discussion.--S. orbifera is similar to S. fasciculigera 

Klement, 196O (1960b) in every respect, except for the 

appearance of the distal end of the appendages. The pro

cesses of each field in S. fasciculigera are not connected 
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distally by an encircling process; they are ramified 

instead. 

Occurrence.—A single, very well-preserved specimen of 

this species was found in sample level SP 28 of the St. 

Pancrasse locality. S. orbifera has been reported from 

the Upper Malm Alpha (Upper Oxfordian) of southwest 

Germany by Klement (1960b). Sarjeant (1962b) described 

what he thought may have been this species from the 

Ampthill Clay (lower Upper Oxfordian) of Melton, South 

Yorkshire, England. He found only two specimens, both 

of which were masked by debris. 

Measurements.--Number of specimens studied, 1. 

Test Processes 
(with processes) 
Length-Breadth Length 

81-73 23 

Systematophora fasciculigera Klement, I960 (1960b) 
Pl. Ill, figs. 5-6 

Systematophora fasciculigera n. g. n. s., Klement, 1960b, 
Palaeontographica, v. Il4, ser. A, p. 65-66, pl. 9, 
figs. 11-12; pl. 10, fig. 8 

Description.--A species of Systematophora which is 

ovoidal in shape. S. fasciculigera possesses regularly 

arranged circular fields, identical to the arrangement 

^^ S. areolata. The simple processes composing each 

field are about one-half the test's breadth in length. 
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densely set, and basally connected by a circular rib. 

The processes anastomose with one another, but at the 

distal end they ramify; thus, they are not connected by 

a distal ring-shaped process. Below the basal rib, small 

fibrils extend from and around each field in a dendritic 

pattern over the test surface. Some of these fibrils 

connect with fibrils of other fields; others taper, thus 

diminishing sharply. A few distinctive breaks appear on 

the rugged edges of the polygonally shaped apical pylome. 

The test is slightly granular to smooth and the specimen 

color is light yellow. 

Occurrence.--A single, excellently preserved specinien 

was found at the locality of St. Pancrasse at level SP 28. 

This species has been reported from the Malm Alpha, Malm 

Beta, and Malm Gamma (Upper Oxfordian and Lower Kimmerid

gian) of southwest Germany by Klement (1960b). 

Measurements.--Number of specimens studied, 1. 

Test Processes 
(v/ith processes) 
Length-Breadth Length 

80-72 22 

Family Membranilarnacidae Eisenack, I963 

Genus Valiensiella Eisenack, I963 

A translation by Norris and Sarjeant (19^5, p. 61) 

reveals that this genus is typified as: 
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Shell oval or ellipsoidal, covered with a system of 
relatively thick crests, v/hich form more or less 
irregular polygons on the shell. In optical view 
the crests appear like branching processes, which 
may be present as such in particular cases. A 
thin membrane, borne by the system of crests sur
rounds the inner shell. 

Valiensiella ovula (Deflandre) Eisenack, I963 
Pl. IV, figs. 1-2 

Membranilarnax ovulum n. sp., Deflandre, 1947, Inst. 
Oceanogr. Monaco, Bull., no. 921, p. 9-10 

Favilarnax ovulum n. sp., Sarjeant, I963, Jour. Paleont., 
V. 37, no. 3. p. 719-721 

Valiensiella ovula n. g. n. sp., Eisenack, I963, Neu. Jb. 
Geol. Palaont., Mh., no. 2, p. 100-101 

Description.--The test of this species is ellipsoidal, 

with a reticulate surface pattern defined by thin, clear 

lamellae about one-fifth the length of the test. The 

network is composed of irregularly spaced polygons. The 

lamellae, which have smooth distal margins and which are 

perpendicular to the test surface, are supported by small 

rod-shaped processes at the lamellae Junctions. The 

processes are slightly shorter than the lamellae. Like

wise, the height of each lamella is shorter at the Junc

tion v/ith each process. The distal ends of the lamellae 

support a thin outer membrane v/hich encloses the entire 

test. An apical pylome is present with rugged edges. 

The pylome ranges in size from eighteen to twenty-five 

microns in diameter, being polygonal in shape. The test 

is smooth with fine granulations. The color of the test 

is brovmish yellow. 
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Occurrence.--The specimens were found only in sample SP 28 

of the St. Pancrasse locality. This species was reported 

from the Bajocian and Bathonian of northwest France by 

Deflandre (1947), and from the same stages of Northern 

France by Valensi (1953). Valensi (1955) also reported 

this species from an uncertain locality of the Upper 

Jurassic of France. Sarjeant (I963) found specimens in 

Bajocian cherts of Bois-Halbout, France. Sarjeant (I961, 

1962a, 1962b) also reported this species, respectively, 

from the Middle Callovian of Dorset, England; the Lower 

Oxfordian and Middle Callovian of Dorset, England; and the 

Lower Oxfordian of North Yorkshire and Dorset, England. 

Measurements.--Number of specimens studied, 3* 

Test Processes 
(with processes) 
Length-Breadth Length 

Maximum: 50-54 8 
Minimum: 52-47 6 

Phylum Protozoa 

Subphylum Mastigophora 

Class Dinoflagellata Biitschli 

Family Deflandreidae Eisenack, 1954 

Genus Scriniodinium Klement, 1957 

Norris and Sarjeant (1965, P- 54) translated the 

diagnosis of this genus from Klement (1957) as: 

Ovoid, dorso-ventrally slightly compressed shell with 
a darker spherical to ovoid inner body. A spiral 
transverse furrow often only marginally visible. Oc
casionally clear tabulation with a longitudinal furrow 
occurs in species. 
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Subgenus Scriniodinium Klement, 1960b 

This subgenus was made by Klement (1960b, p. l8) 

for species v/ithout recognizable tabulation. This is the 

type subgenus for the genus Scriniodinium. 

Scriniodinium (Scriniodinium) dictyotum Cookson and 
Eisenack, 1960 (19b0b) 

Pl. IV, figs. 3-4 

Scriniodinium dictyotum n. sp., Cookson and Eisenack, 
19bOb, Palaeontology, v. 2, pt. 2, p. 248-249, pl. 37, 
figs. 8-9 

Description.--The theca of this species is ovoidal, con

taining an inner ovoidal capsule v/hich completely fills 

the theca. The theca surface is entirely covered by a 

network formed of polygonal meshes of variable v/idth. 

Short, simple, rod-shaped processes located at the 

Junctions of the meshwork support the lamellae which form 

the reticulum. The lamellae are perpendicular to the 

theca surface and are slightly undulating. The theca is 

divided into an equal-sized epitheca and hypotheca by a 

girdle zone which is indistinct. A short, round, apical 

protuberance is present on the capsule. Furthermore, a 

larger, blunt, broad-based projection appears on the 

theca. A trapezoidal, smooth-edged pylome is present on 

the dorsal side of the precingular area, extending to the 

girdle. The position of this pylome is used as a criterion 

for the apical-antapical orientation of the theca. Tabula

tion cannot be determined because there are no discernible 
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plates. The theca is smooth between the meshv/ork and is 

bro\mish yellov/. 

Discussion.--This species is very distinct from other 

species of the genus Scriniodinium. A species which 

superficially resembles S. dictyotum is S. (Endoscrinium) 

galeritum reticulatum Klement, I960 (1960b). Both species 

possess rather v/idely spaced meshes composing the reticu

lum. In contrast, the capsule of S. galeritum reticulatum 

is without an apical protuberance. Another notable dif

ference is that S. dictyotum has no tabulation scheme, 

as compared to S. galeritum reticulatum which has dis

cernible plates. 

Occurrence.--This particular species is rare, being 

found only in level SP 28 of the St. Pancrasse locality. 

Record of this species by Cookson and Eisenack (1960b) 

shows findings in the Canning Basin of Western Australia 

(Oxfordian, Lower Kimmeridgian, and probable Tithonian). 

Sarjeant (1962a) recorded this species from the Sandfoot 

Clay (Upper Oxfordian) of Dorset, England. Sarjeant 

(1962b) also noted occurrence of this species from the 

Ampthill Clay (Oxfordian) of Melton of South Yorkshire, 

England. The specimens of S. dictyotum of the Tithonian 

of France are smaller than the Australian specimens of 

Cookson and Eisenack (1960b). 
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Measurements.--Number of specimens studied, 7. 

Capsule 

Maximum: 
Minimum: 
Average: 

Maximum: 
Minimum: 
Average: 

Theca 
(with lamellae) 
Length-Breadth 

90-75 
80-65 
86-70 

Length-Breadth 
70-58 
63-50 
66-54 

Apical Protuberance Apical Protuberance 
(Capsule) (Theca) 
Length Length 

5 15 
2 8 
4 11 

Family Gonyaulacidae Lindemann, I928 

Genus Leptodinium Klement, 1960b 

The genus Leptodinium is translated by Norris and 

Sarjeant (I965, p. 37) from Klement (1960b) as: 

Attenuated to compact polyhedral or oval rounded 
theca v/ithout ornamentation by spines or v/inged 
fringes, tabulate according to the following scheme: 
4', 6'', 5''', Ip, 1'*''. Apex without horn. Plates 
plane to convex. Sutures ornamented v/ith lov/ to 
moderately high ridges. Spiral girdle furrow. 
Longitudinal furrow as direct continuation of the 
first apical plate extending to the antapex, quite 
undifferentiated, or divided into 1 upper, 5 middle, 
and 1 lov̂ er plate. 

Leptodinium cristatum n. sp. 
Pl.TV, figs. 5-b; Pl. V, figs. 1-3 

Holotype: SP 28/5 
Paratypes: SP 28/9, SP 21/3 
Type locality: St. Pancrasse 
Type stratum: Upper Tithonian 
Derivation of name: Cristatus--meaning crested. 

Diagnosis.--Theca ovoidal, with sutures ornamented by 

crests; a small apical protuberance, and the follov;ing 
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tabulat ion: 4', Oa, 6", 5«", ippi^ ip^ i..... 

Description.--The theca is ovoidal in shape and divided 

into two equal parts by a spiral girdle furrow. The 

ends of the girdle furrow are displaced by about twice 

the v/idth of the girdle. The hypotheca is hemispherical 

and is composed of convex plates, some of which are trape

zoidal in outline. The epitheca is hemispherical, but 

pointed at the apical end, giving rise to a short, blunt 

apical protuberance about one-fifteenth the breadth of the 

theca. The apical protuberance is formed at the point 

where the sutures of the apical plates unite. The longitu

dinal furrow is short, the anterior end of v/hich extends 

to the first apical plate, and the posterior end to the 

antapical plate. The posterior end of the longitudinal 

furrov/ is formed by a single, small, trapezoidal, posterior 

plate. The formula for the tabulation is 4', Oa, 6'', 

5''', Ippl, Ip, 1''''. The first apical plate is an ex

tension of the longitudinal furrow and is elongate rec

tangular. Apical plates two, three, and four are trape

zoidal in outline and surround the apical protuberance 

which is formed by the Junction of several crests. The 

first precingular plate is triangular in outline, v/hile 

precingular plates tv/o through five are trapezoidal. The 

sixth precingular plate is pentagonal and smaller than the 

first precingular. The postcingular plates one through 
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four are trapezoidal in shape, while the fifth is trian

gular. Postcingular plates one and five are smaller than 

postcingulars two through four, which are the largest of 

all the thecal plates. The posterior intercalary plate 

is polygonal in outline. A precingular pylome with smooth 

edges appears at the position of the third precingular 

plate. Plate sutures are accented by crests about four 

to five microns high, which are perpendicular to the 

theca surface and supported at the plate corners by simple, 

rod-shaped processes. The crests are hyaline, without 

folds or crenulations, and possess smooth distal edges. 

The surface of the theca is slightly granular, otherwise 

smooth and light yellow. 

Discussion.--L. cristatum resembles L. mirabile Klement, 

i960 (1960b). Both species are ovoidal, and have rather 

smooth plates. However, L. cristatum has high crests 

ornamenting the sutures; v/hereas, L. mirabile has very 

short crests, almost nothing more than a thickening of 

the sutures. The ventral area of L. mirabile is divided 

by small plates; however, the ventral area of L. cristatum 

is without division, except for a posterior ventral plate. 

Occurrence.--All but one specimen was well-preserved. 

They v/ere found in three levels of the St. Pancrasse: 

SP 4a, SP 21, and SP 28. 
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Measurements.-Number of specimens studied, 6. 

Theca Crests 
(v/ith laminae) 

tr n ^ Length-Breadth Height Holotype: 83-8O n^^&nx, 
Paratypes: 75-75 3 5 
Mo . ^5-85 3-5 
Maximum: IOO-85 7 
Minimum: 75-73 "=? 
Average: 8I-80 5 

Genus Gonyaulax Diesing, 1866 

The genus Gonyaulax is characterized by thecae 

which may be polygonal or rounded in outline; having varia-

ble ornamentation of plates, sutures; v/ith or without an 

apical horn; furthermore, all species have the following 

tabulation formula: 3-6', 0-4a, 6", 6g, 6'", ip, l " " . 

Gonyaulax cf. serrata Cookson and Eisenack, I958 
Pl. V, figs. 4-5 

Gonyaulax serrata sp. nov., Cookson and Eisenack, I958 
Royal Soc. Vict., Proc., v. 70, p. 34, pl. 3, fig. 2, 
text-figs. 12-14 

Description.--The theca of this species is ovoidal to 

subpolyhedric in shape. The sutures are ornamented by 

short, distally bifurcate, spiney processes. The hypo

theca is slightly rounded, almost hemispherical; v/hereas, 

the epitheca is more polyhedric, carrying a small, apical, 

mamillate protuberance about ten microns long from v/hich 

short, narrow processes arise. These apical processes are 

densely set, and each is distally blunt and knobbed. The 

spiral girdle furrov/ (four to six microns v/ide) equally 
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divides the theca, which has the follov/ing tabulation 

scheme: 4', Oa, 6", 6'", ip, iw... Precingular plates 

one through five are rather large and trapezoidal in out

line; v/hereas, the sixth precingular is small and tri

angular. On the hypotheca the first postcingular plate 

is elongate and reduced in size; whereas, the postcingular 

plates two, three, four, and five are large and trapezoidal 

The sixth postcingular plate is small and triangular. A 

single, small posterior intercalary plate is elongate 

rectangular in outline, and the small antapical plate is 

polygonal. Apical plates two and three are almost square 

and smaller than the elongate rectangular apicals one and 

four. The longitudinal furrow is elongate, extending from 

the antapical plate to the lower end of the first apical 

plate. The girdle furrov/ is helicoidal, its ends being 

displaced by about two girdle widths. A pylome occupies 

the position of the third precingular plate. The light 

yellow theca possesses a granulate surface. 

Discussion.--G. serrata is similar to G. cladophora 

Deflandre, I938 (1938a) in shape and type of processes. 

Hov/ever, the processes of G. serrata are shorter and 

straighter than those of G. cladophora. A striking differ

ence in the two species is the apical horn. G. cladophora 

possesses a short, cylindrical horn; whereas, the horn of 

G. serrata is mamillate in form. The single specimen 

closely resembles G. serrata described by Cookson and 
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Eisenack (1958). Hov/ever, Cookson and Eisenack show only 

one inadequate photograph and give a short, incomplete de

scription, making comparison difficult. 

Occurrence.--The single specimen of this species v/as 

found at the locality vieux chemin d'Aizy in sample level 

Va 5. Cookson and Eisenack (I958) recorded this species 

from the Upper Jurassic to Neocomian of the Omati River 

District, Western Papua, New Guinea. Furthermore, Cookson 

and Eisenack (1960b) described this species from the Upper 

Jurassic (Tithonian) of the Canning Basin of Western 

Australia and the Tithonian and Neocomian of Komewu, 

Papua, New Guinea. Gocht (1959) recorded this species 

from the Neocomian of northwest Germany. 

Measurements.--Number of specimens studied, 1. 

Theca Processes 
(with processes) 
Length-Breadth Length 

78-75 2-5 

Gonyaulax coalita n. sp. 
Pl.' V, fig. b; Pl. VI, fig. 1 

Holotype: SP 28/16 
Paratypes: SP 28/4, SP 28/19 
Type locality: St. Pancrasse 
Tyne stratum: Upper Tithonian 
Der-̂ 'vation of name: Coalitus--meaning Joined or grown 

' together. Referring to 
the union of the spines 

Diagnosis.--A species of Gonyaulax with an ovoidal theca 

and a short apical horn. Sutures ornamented by undulating 
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crests formed by confluent short and thin spines. Tabu

lation scheme: 4', Oa, 6'', 6''', Ip, l''''. 

Description.--The theca of this species is ovoidal. A 

spiral girdle furrow (five to eight microns wide) divides 

the theca into a rounded, bluntly terminated hypotheca, 

and a polygonal epitheca which narrows apically. Epitheca 

and hypotheca are of the same size. The epitheca possesses 

a trifurcate apical horn about six microns in length. The 

theca characteristically possesses high, undulating crests 

formed by the confluence of thin, short spines. The 

crests are perpendicular to the theca surface and are 

located on the plate sutures. Small processes support 

the crests at the plate corners also. The plates of the 

theca shov/ the follov/ing arrangement: 4', Oa, 6'', 6''', 

Ip, 1''''. The apical plates one and four are rectangular; 

whereas, apical plates tv/o and three are almost square. 

Precingular plates one through five are large and trape

zoidal in outline; whereas, precingular plate six is much 

smaller, although trapezoidal in shape. Postcingular 

plate one is rectangular and reduced in size; v/hereas, 

postcingular plates three through six are large and trape

zoidal. The postcingular plate two is triangular and 

small. The single antapical plate is large and polygonal. 

A posterior intercalary plate is polygonal in outline and 

about the size of the sixth precingular plate. The girdle 

furrow is ventrally displaced by about twice the width of 
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the girdle. The pylome is formed by loss of the third 

precingular plate. The theca is brownish yellow with a 

slightly granular surface ornamentation. 

Discussion.--This form is comparable in shape and plate 

arrangement to G. cladophora Deflandre, 1938 (1938a). 

It differs from G. cladophora in having shorter and simple, 

unbranched spines, which are confluent to fc:-m low, un

dulating crests. 

Occurrence.--The specimens of this species were found in 

the St. Pancrasse locality at level SP 28 only. 

Measurements.--Number of specimens studied, 7. 

Theca Crests Apical Horn 
(with crests and horn) 

Length-Breadth 
Holotype: 8O-8O 
Paratypes: 85-8O 

90-88 
Maximum: 90-88 
Minimum: 68-58 
Average: 77-75 

Gonyaulax venusta Klement, i960 (1960b) 
"Pl. VI, figs. 2-3 

Gonyaulax venusta n. sp., Klement, 1960b, Palaeontographica, 
V. 114, ser. A, p. 44-45, pl. 5, figs. 10-13, text-fig. 22 

Description.--The theca is subspheroidal in ventral view 

and ovoidal (dorso-ventrally flattened) in lateral view. 

The ventral area is slightly depressed. The plates and 

sutures are ornamented with short spines v/hich are distally 

Height 
3 
4 
4 
4 
2 
4 

Length 
6 
8 
6 
8 
3 
6 
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knobbed or bifurcate. A spiral girdle furrow, about tv/o 

to five microns wide, is ventrally displaced by one girdle 

width. The theca is equally divided by the girdle into the 

epitheca and hypotheca, both of which are hemispherical 

in shape. The longitudinal furrow is widest in the lower 

hypotheca, narrowing anteriorly. The epitheca possesses 

a short, sometimes bifurcate, but otherv̂ ise simple, apical 

projection approximately three microns long. The scheme 

of tabulation is 4', Oa, 6", 6'", ip, l " " . Apical 

plates one and four are elongate rectangular in outline; 

whereas, apical plates tv/o and three are almost square 

and much smaller than either one or four. The precingular 

plates one through six are trapezoidal in outline, one 

through five being larger than six. Postcingular plates 

three through five are the largest of the hypotheca and 

trapezoidal in shape. The smallest plate on the hypotheca 

is the rectangular first postcingular plate. Postcingular 

plates tv/o and six are of intermediate size and triangular. 

The single, posterior intercalary plate is elongate 

rectangular; whereas, the antapical plate is polygonal. 

The pylome is hoof-shaped and occupies the position of 

the third precingular plate. The theca is light yellov/ish 

brown and ornamented by short, distally knobbed spines. 

Occurrence.—Only a few specimens were found in three 

sample levels of the locality St. Pancrasse: SP 4a, 

SP 21, and SP 28. This species v/as previously recorded 
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by Klement (1960b) from the Malm Alpha and Malm Beta 

(Upper Oxfordian) of southwest Germany. 

Measurements.—Number of specimens studied, 6. 

Theca Processes Apical Horn 
(with processes and horn) 

Length-Breadth Length Length 
Maximum: 8O-75 5 10 
Minimum: 65-50 2 3 
Average: 7O-61 3 5 

Gonyaulax furcata n. sp. 
Pl. VI, fig. 4 

Holotype: SP 28/14 
Paratypes: SP 28/l4, SP 28/16 
Type locality: St. Pancrasse 
Type stratum: Upper Tithonian 
Derivation of name: Furcatus--meaning forked. Referring 

to the forked appearance of the dis
tal edge of the ridges. 

Diagnosis.--A species of Gonyaulax with spinose ridges 

ornamenting the sutures. Theca without apical horn. 

Scheme of tabulation: 4', Oa, 6'', 6''', Ip, 1" t t 

Description.—The theca of this species is spheroidal. 

A spiral girdle furrow (five to ten microns v/ide) divides 

the theca into a hemispherical epitheca and a hemispheri

cal hypotheca of the same size. The ventral displacement 

of the girdle furrow is about one-half of the girdle 

width. This species possesses no apical protuberance. 

There are short, simple spines (two to three microns in 

length) along the sutures, which fuse basally to form un

dulating ridges. The tabulation scheme is 4', Oa, 6", 
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6''', Ip, 1'*''. The largest apical plates are numbers 

one and four. Both are elongate rectangular. Apical 

plates two and three are almost square. The apical plate 

one is an anterior extension of the ventral area. The 

precingular plates one through five are all rather large 

and trapezoidal; whereas, plate six is small and trian

gular in outline. The postcingular plates three through 

six are trapezoidal, plate six being smaller than the 

equal-sized plates three through five. Postcingular plate 

two is triangular and small, being about the size of the 

posterior intercalary plate which is elongate rectangular 

in shape. The postcingular plate one is extremely small, 

rectangular in outline and located adjacent to the post

cingular plate two. The single antapical plate is trape

zoidal. The surface of the theca is microreticulate. A 

precingular pylome is formed by the loss of precingular 

plate three. The theca is brownish yellow. 

Discussion.--G. furcata is similar to G. cladophora 

Deflandre, 1938 (1938a). The two species are similar 

in shape and spine structure. However, the spines of 

G. cladophora are longer and arise from higher crests. 

G. furcata does not possess an apical horn as does 

G. cladophora. 

Occurrence.--The specimens of this species v/ere found 

in level SP 28 of the St. Pancrasse locality. 
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Measurements.--Number of specimens studied, 3, 

Theca Processes 
(with processes) 
Length-Breadth Length 

Holotype: 82-75 3 
Paratypes: 80-75 2 

73-68 2 

Gonyaulax granulata Klement, I96O (1960b) 
Pl. VI, figs. 5-6 

Gonyaulax granulata n. sp., Klement, 1960b. Palaeonto
graphica, V. 114. ser. A, p. 39-4l, pl. 4, figs. 10-
13, text-figs. 18-20 

Description.--The theca of this species is ovoidal. 

Low granulated crests, two to three microns high and per

pendicular to the theca surface, arise from the sutures. 

These crests are supported by small processes at the plate 

corners. The girdle furrow, three to five microns wide, is 

ventrally displaced by one girdle width. It divides the 

theca into equal halves. The hypotheca is almost hemispher

ical in outline, but the epitheca is more pointed, ending in 

a pronounced apical process about twelve microns long. The 

tabulation scheme is 4', Oa, 6", 6'", Ip, 1 " " . The 

apical plates one and four are elongate rectangular, but 

plates two and three are smaller and square. Precingular 

plates two through five are large and trapezoidal; whereas, 

precingular plates one and six are small and rectangular. 

Postcingular plates one through six are trapezoidal; num

ber one being smaller than the plates one through five. 

The single posterior intercalary plate is triangular. 
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The antapical plate is large and almost square. One of 

the most prominent features of this species is the ap

pearance of the repetition of sutures on some of the 

precingular and postcingular plates. The postcingular 

plates two through five possess U-shaped ribs, which are 

convex towards the posterior. The two parallel ribs are 

about four to five microns apart and conform generally 

to the plate outline. The outermost rib is between five 

to thirteen microns from the plate suture. Smaller fi

brils connect the two ribs of each plate. Postcingular 

plates one and six, however, do not possess these ribs. 

The precingular plates one through five have similar or

namentation, yet the ribs of these plates are not U-shaped. 

Instead, they are curved in a quarter circle. The ribs 

of precingular plates one and two initiate at the middle 

of the posterior suture, curve anteriorly and to the 

right, and terminate on the right-hand suture of each 

plate. In contrast, the ribs of the precingular plates 

four and five curve anteriorly and to the left, terminat

ing on the left-hand suture of each plate. The initial 

position of the ribs of the precingular plates four and 

five is the same as for the precingular plates one and tv/o. 

Furthermore, the parallel ribs of the precingular plates 

four and five are connected by fibrils. The development 

of the pylome is by loss of the third precingular plate. 

The theca is yellowish brown and the surface is finely 

granular. 
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Discussion.-This form is identical with Klement's 

G. granulata, a species which is characterized by the 

unusual morphological feature of partial repetition of 

the sutures. 

Occurrence.—This species v/as found only in level SP 28 

of the St. Pancrasse locality. It was previously reported 

by Klement (1960b) from the Malm Alpha through the Malm 

Delta (Upper Oxfordian and Lower Kimmeridgian) of south

west Germany. 

Measurements.—Number of specimens studied, 3. 

Theca Crests Apical Process 
(with crests and process) 

Length-Breadth Height Length 
Maximum: 88-78 5 15 
Minimum: 82-75 2 8 

Gonyaulax reticulata n. sp. 
Pl. VII, figs. 1-2 

Holotype: SP 21/2 
Paratypes: SP 21/2, Va 1/2 
Type locality: St. Pancrasse 
Type stratum: Upper Tithonian 
Derivation of name: Reticulatus--meaning net-like or 

reticulated. Referring to the re
ticulate surface ornamentation. 

Diagnosis.--An elongate polygonal species of Gonyaulax 

having a well-developed apical horn and distinct surface 

reticulation. 

Description.--The theca of this species is elongate 

polygonal. The spiral girdle (three to five microns vride) 
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divides the theca into a large, polygonal and blunt hypo

theca, and a smaller tapering and apically pointed epi

theca. The girdle furrow is ventrally displaced by one 

girdle width. The epitheca possesses a well-developed, 

long, simple apical horn. The horn may be slightly 

curved. The lack of well-marked sutures makes it difficult 

to figure the tabulation. The scheme of plate arrange

ment appears to be 4', ?a, 6'', 6''', l-2p, 1''''. Ta

bulation cannot be accurately determined also because 

of irregular surface reticulation. The reticulation is 

composed of an irregular network of small meshes, of 

variable width, covering the entire theca surface. The 

meshes are composed of very low ribs. A smooth-edged, 

hoof-shaped pylome is present in the third precingular 

position. The theca is yellov/ish brov/n. 

Discussion.—G. reticulata is comparable to G. orthoceras 

Eisenack, 1958. The tv/o species are similar in shape and 

appearance of the apical horn. G. reticulata has the 

distinct surface reticulation, but does not possess small 

tubercles on the plates as does G. orthoceras. G. reticu-

lata is also comparable to G. muderongensis Cookson and 

Eisenack, 1958. These tv/o species are similar in shape, 

but G. muderongensis is much larger. They both possess 

apical horns, although Gj^rmderongensis has a terminal 

projection on the end of the horn. G. reticulata does 
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not have the spiney outgrowths or vermicular ridges on the 

plate surface as does G. muderonfrensis. 

Occurrence.—The specimens v/ere found at both the St. 

Pancrasse and the vieux chemin d'Aizy localities in sample 

levels SP 21, Va 1, and Va 5. 

Measurements.—Number of specimens studied, 6. 

Holotype: 
Paratypes: 

Maximum: 
Minimum: 
Average: 

(with 

Theca 

apical horn) 
Length-Breadth 

95-90 
88-72 
85-73 
95-75 
63-60 
77-66 

Apical Horn 

Length 
18 
13 
12 
18 
12 
16 

Family Peridinidae Lindemann, I928 

Genus Palaeoperidinium Deflandre, 1934 (nomen nudum.) 

Under this genus Deflandre (1934, p. 968) cate

gorized all dinoflagellates with characteristics similar to 

Peridinium. The tabulation of Palaeoperidinium, although 

present, cannot be determined; therefore, classification 

of this genus in recent genera is not possible. 

Palaeoperidinium obscurum n. sp 
Pl. VII, fig. 3 

Holotype: SP 28/18 
Paratypes: SP 28/13, SP 28/19 
Type locality: St. Pancrasse 
Type stratum: Upper Tithonian 
Derivation of name: Obsourus--meaning obscure or indis-

TiTict. Referring to the indistinct 
number of plates in each series. 
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Diagnosis.--A species of Palaeoperidinium with a non-

spiraling girdle furrow, a large apical pylome, and faint 

suture markings. 

Description.--The theca is ovoidal, dorso-ventrally 

flattened and possesses a depressed ventral area. The 

specimens have no processes, but the surface of the theca 

is slightly granulate. A well-marked, absolutely cir

cular, girdle furrow and an elongate longitudinal furrow 

are distinctly visible. Both of the furrows are about 

five microns wide. Plate sutures are indicated by the 

absence of surface ornamentation. The hypotheca possesses 

a pentagonally shaped antapical plate, and either five or 

six trapezoidal postcingular plates. A large apical 

pylomie is present, which includes all of the apical 

plates. The outline of the pylome is Jagged and corre

sponds v/ith the anterior sides of the precingular plates. 

There are five or six precingular plates, each of which 

is divided at its sutural margins by short slits. The 

specimens are light yellow. 

Discussion.--This species is distinct among the others 

of Palaeoperidinium, in possessing a non-spiraling girdle 

furrow and an apical pylome. 

Occurrence.--The specimens of this species were found 

only in level SP 28 of the locality of St. Pancrasse. 
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Measurements.-Number of specimens studied, 3. 

Theca 
„ - ^ (Hypotheca Length-Breadth) 
Holotype: 38-75 
Paratypes: 38^70 

38-68 

Incertae Sedis 

Genus Chlamydophorella Cookson and Eisenack, 1958 

According to Cookson and Eisenack (I958, p. 56), 

this genus is typified as: 

Shell enclosed in a delicate membrane that is sup
ported by closely arranged slender, bifurcate 
spines of approximately equal length. 

Chlamydophorella Jurassica n. sp. 
Pl. VII, figs.T+rj-

Holotype: SP 28/4 
Paratypes: SP 28/16, SP 28/10 
Type locality: St. Pancrasse 
Type stratum: Upper Tithonian 
Derivation of name: Jurassica--from the geologic period 

Jurassic, from which the type species 
v/as found. 

Diagnosis.--A species of Chlamydophorella v:ith a globular 

to ovoidal theca, without an apical projection. 

Description.--The theca of this species is ovoidal to 

globular and entirely covered by short, rod-shaped, dis

tally bifurcating processes which support a thin outer 

membrane. There is a suggestion of a girdle zone, v;hich 

is delineated by a sparseness of processes. However, 

neither plates nor a longitudinal furrow are present. Due 
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to slightly differing length of the processes, the outer 

shape of the specimens appears polygonal. The theca sur

face is smooth and does not have a pylome or an apical 

horn. The theca is yellov/ish brovm. 

Discussion.—Chlamydophorella Jurassica is similar to 

C. urna Cookson and Eisenack, I960 (1960a), in that both 

species lack an apical projection. Hov/ever, C. Jurassica 

is more globular in shape; thus lacking the pentagonal 

outline exhibited by C. urna. The girdle region in C. urna 

is more distinctive than that of C. Jurassica. 

Occurrence.--This species was found in sample levels 

SP 25, and SP 28 of locality St. Pancrasse. 

Measurements.--Number of specimens studied, 6. 

Theca Processes 
(with processes) 
Length-Breadth Length 

Holotype: 43-38 3 
Paratypes: 46-48 4 

38-43 3 
Maximum: 46-48 5 
Minimum: 38-38 2 
Average: 43-43 5 



CHAPTER VI 

RESULTS OF THE STUDY 

Stratigraphic occurrence.--The assemblage here 

recorded is similar to the assemblages desc-lbed from 

different areas of Europe. Hov/ever, most of these 

assemblages are of a different age, predominantly Oxfor

dian and Kimmeridgian. It should be noted that very 

little work has been done on fossil microplankton in 

rocks of Tithonian age. The only publications dealing 

with Tithonian microplankton are those concerned with 

material collected in Australia, Southern England, and 

New Guinea. (Refer to table 2.) 

Assemblages.--For comparative purposes, the ref

erences cited below list only the species which were 

also found during the present investigation in the Upper 

Tithonian of France. 

Cookson and Eisenack (1960b): 
(1) Gonyaulax serrata (Tithonian--Australia; 

Neocomian, Tithonian--New Guinea) 
(2) Scriniodinium dictyotum (Oxfordian, Kimmieri 

gian, Tithonian--Australia) 

Cookson and Eisenack (1958): 
(1) Gonyaulax serrata (Neocomian, Tithonian--

Nev/ Guinea) 

52 
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Dov/nie (1957): 
(1) Balt isphaeridium g:ranulosum (Upper Kimmerid

g ian - - England)^ 

Gocht (1959): 

(1) Gonyaulax serrata (Neocomian--northwest 
Germany) 

Klement (1960b): 
(1) Baltisphaeridium pattei (Upper Oxfordian, 

Lower Kimmeridgian--southv/est Germany) 
(2) Gonyaulax granulata (Upper Oxfordian, 

Lower Kimmeridgian--southwest Germany) 
(3) Gonyaulax venusta (Upper Oxfordian--

southwest Germany) 
(4) Systematophora areolata (Upper Oxfordian, 

Lower Kimmeridgian--southwest Germany) 
(5) Systematophora fasciculigera (Upper Oxfor-

dian, Lov/er Kimmeridgian--southv/est Germany) 
(6) Systematophora orbifera (Upper Oxfordian, 

Lower Kimmeridgian--southwest Germany) 

Sarjeant (1961): 
(1) V a l i e n s i e l l a ovula (Callovian--England) 

Sarjeant (1962a): 
(1) Baltisphaeridium granulosum (Upper Oxfordian--

England) 
(2) Scriniodinium dictyotum (Upper Oxfordian--

England) 
(3) Valiensiella ovula (Lower Oxfordian--England) 

Sarjeant (1962b): 
1) Scriniodinium dictyotum (Oxfordian--England| 
2) Systematophora orbifera (Oxfordian--England) 
3) Valiensiella ovula (Lov/er Oxfordian--England) 

Sarjeant ( I963) : 
(1) V a l i e n s i e l l a ovula (Bajocian--France) 

Valensi (1948): 
(1) Baltisphaeridium pattei (Bajocian, Bathonian--

Fr anc e J "~ 

Valensi (1953): , . . T, .v. -
(1) Baltisphaeridium pattei (Bajocian, Bathonian--

Francej 
(2) V a l i e n s i e l l a ovula (Bajocian, Bathonian--

France) 
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The follov/ing assemblage of fossil microplankton 

was found in the Upper Tithonian near Grenoble, France, 

in the course of this investigation: 

(1) Baltisphaeridium granulosum (SP 28) 
(2) Baltisphaeridium multispinosum n. s 
3' 
4 
5 
6' 
7 
'8' 
9 
10' 
11 
12 
13' 
14' 
15 
16' 
17 

^pmosum n. sp SP '̂ 1, SP 25, SP" __ 
Baltisphaeridium pattei (sp'28) 
Chlamydophoreiia jurassica n. sp 
Gonyaulax furcata n. sp. (SP ' 

(SP 28) 
n. sp. (Va 1, Va 5, SP 21) 

Gonyaulax 
Gonyaulax 

n 
granulata 
reticulata 

28) 
(SP 25, SP 28) 

Gonyaulax 
Gonyaulax 

cf. serrata (Va 5) 
. sp. (SP 28) 

Gonyaulax venusta (SP 4a, SP 21, SP 28) 

coalita 

cristatum n. sp Leptodinium 

• s p 2 8 r — 
Palaeoperidinium obscurum n 
Scriniodinium dictyotunTTSP 
Systematophora areolata (SP 
"Systematophora fasciculigera (SP 
SystematophoraT orbifera ( SP 2o) 
Valiensiella ovula (SP"2o) 

(SP 4a, SP 21, 

(SP 28) 
28 
4a 

28) 

Table 1.--Species Occurrence According to Samples 

Samples 
and 

Species 

Baltisphaeridium granulosum 
B. multispinosum n. sp. 
B. pattei 
Chlamydophorella jurassica n. sp. 
Gonyaulax furcata n. sp. 
G. granulata 
G. reticulata n. sp. 
G. cf. serrata 
G. coalita n. sp. 
G. venusta 
Leptodinium cristatum n. sp. 
Palaeoperidinium obscurum n. sp. 
Scriniodinium dictyotum 
Systematophora areolata 
S. fasciculigera 
S. orbifera 
Valiensiella ovula 

H 

> 

X 

in 

03 
> 

X 

X 

S?
 

4a
 

X 

X 

X 

X 

X 

SP
 

21
 

X 

X 

X 

C\J 

CO 

X 

X 

QC 
CM 

P-

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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es Conclusions.-Eight genera and seventeen speci. 

are recorded here from the Upper Tithonian of southeast 

France. Three genera and seven species represent hystri

chosphaerids; four genera and nine species represent dino

flagellates; and one genus and one species are of uncertain 

affinity. Seven species of the total assemblage are de

scribed for the first time, hence, being new species. 

From the remaining re-described species, only two 

have been noted in the Tithonian of another geographical 

area. These tv/o, Gonyaulax cf. serrata and Scriniodinium 

dictyotum, have been found, respectively, in samples from 

Australia—Cookson and Eisenack (1960b), and Nev/ Guinea--

Cookson and Eisenack (1958); and from Australia--Cookson 

and Eisenack (1960b). Gonyaulax serrata extends into the 

Neocomian, according to Gocht (1959)- Scriniodinium 

dictyotum has been found in Oxfordian rocks of England 

(Sarjeant, 1962a; 1962b); and in Oxfordian, Kimmeridgian, 

and probable Tithonian rocks of Australia (Cookson and 

Eisenack, 1960b). If the lower age limit of Gonyaulax 

serrata, and the higher age limit of Scriniodinium 

dictyotum is Tithonian, then it v/ould be logical to 

assume that any rock material in which these tv/o were 

found together would be Tithonian in age. This con

clusion cannot be made with certainty for the sample 

material of the Tithonian of France because Cookson 

and Eisenack were not absolutely sure that the youngest 
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rock in Which Scriniodinim^ict^otura was found, is actu-

ally Tithonian. 

Baltisphaeridium granulosum. B. pattei, Systema

tophora areolata, S. orbifera. S^ fasciculio;era, Valien

siella ovTila, Gonyaulax venusta. and G. granulata are 

reported from the Tithonian in this investigation. These 

species have been recorded previously from rocks dated 

as Oxfordian and Kimmeridgian of England and Germany. 

However, Baltisphaeridium pattei has also been found in 

the Bajocian and Bathonian of France (Valensi, 1948; 

1953). In addition, Valiensiella ovula has been re

corded from the Bajocian and Bathonian of France by 

Valensi (1953), Sarjeant (1963), and Deflandre (1957); 

and the Callovian of England by Sarjeant (I961, 1962a). 

It seems necessary, therefore, to extend the stratigraphic 

ranges of Baltisphaeridium granulosum, B. pattei, Systema

tophora areolata, S. orbifera, S. fasciculigera, Valien

siella ovula, Gonyaulax venusta, and G. granulata to the 

Upper Tithonian. With only three exceptions—B. pattei, 

V. ovula, and G. cf. serrata--the assemblage of fossil 

microplankton of the French Tithonian (new species ex

cluded) ranges stratigraphically from the Lov/er Oxfordian 

to the Upper Tithonian. 
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Table 2.—Stratigraphic occurrence of the species found in 
the French Tithonian 

Stages 
and 

Species cd 

o 
o 
•o 
cd 

a 
H 
t: 

1) 

H 

r5 

> 
H 

d 

0) 

1« 
Baltisphaeridium granulosum" 
B. pattei 
Systematophora areolata 
S. orbifera 
S. fasciculigera 
Valiensiella ovula 

G. cf. serrata 
"Scriniodinium dictyotum 

Gonyau1ax venusta 
G^granulata 

Leptodinium cr i s ta tum n, 
Gonya.ulax furca ta n. sp-

sp 

G. reticulata 
G. coalita n. 

n. 
sp 

Palaeoperidinium obscurum n 
Chlamydophorella jurassica n 
Baltisphaeridium 

sp . 
sp. 

mu11 i SPi no sum n, sp 

MX 

x 
X 
X 
X 
X 
X 
X 
X 
X 
•V 

X 
J \ 

Ix 
X 
X 
X 

X 
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Photographic Technique 

The photomicrographs were taken v/ith a Leica Ml 

camera body, attached to a Leitz Ortholux microscope. 

Kodak Panotomic-X (ASA 32) was used for the negatives. 

Exposure duration for the negatives, by transmitted 

light, ranged from one-tenth to one second depending 

upon the magnification. Prints of the negatives were 

made on Kodak Medalist F2 paper, and exposed for fif

teen to sixty seconds at five times enlarger magnifi

cation. The microscope magnification for the negatives 

was either X250 or X400. Final magnification for the 

prints was obtained by noting the negative magnifi

cation and multiplying by five (enlarger magnification) 
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Explanation of Plate I 

Fig. 1.--Baltisphaeridium multispinosum n. sp., SP 28/5, 
circumference focus shov/ing density of spines, 
XI25O, holotype. 

Fig. 2. --Baltisphaeridium multispinosiun n. sp., SP 28/5, 
high focus showing spine insertion and test sur
face, XI25O, holotype. 

Fig. 3.—Baltisphaeridium multispinosvj-i n. sp., SP 28/5, 
circumference focus shov/ing closer viev/ of spine 
simplicity, X2000, holotype. 

Fig. 4. --Baltisphaeridium multispinosiun n. sp., SP 28/9, 
circumrerence focus, X2b00, paratype. 

Pig. 5.--Baltisphaeridium granulosum Sarjeant, SP 28/7, 
high focus shov/ing granulation on surface, 
XI250. 

Fig. 6.--Baltisphaeridium granulosum Sarjeant, SP 28/7, 
circumference"~i-ocus showing nature of spines 
and polar pylome (arrow), X1250. 
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Explanation of Plate II 

Fig. 1.—Baltisphaeridium granulosum Sarjeant, SP 28/7, 
circumference focus showing close-up of spines, 
X2000. 

Fig. 2.—Baltisphaeridium granulosum Sarjeant, SP 28/l4, 
high focus showing surface granulations and 
undulating nature of some spines, X2000. 

Fig. 3.--Baltisphaeridium pattei (Valensi) Eisenack, 
SP 2d/15, high focus showing pylome and bands 
with slits, X2000. 

Fig. 4.--Baltisphaeridium pattei (Valensi) Eisenack, 
SP 2b/15, circumference focus showing 
processes, X2000. 

Fig. 5.--Systematophora areolata Klement, SP 4a/3, low 
focus shov/ing apical Dylome and six ringed 
fields, X2000. 

Fig. 6.--SyStematophora areolata Klement, SP 4a/5, 
high focus shov/ing nature of pylome, carinas, 
ventral epitheca and apical area, X2000. 
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Explanation of Plate III 

Fig. 1.—Systematophora areolata Klement, SP 4a/2, high 
focus showing dorsal epitheca and pylome, X2000, 

Fig. 2.--Systematophora orbifera Klement, SP 28/11, high 
focus showing pylome, X2000. 

Fig. 3.--Systematophora orbifera Klement, SP 28/11, lov/ 
focus shov/ing flared nature of ringed fields, 
X2000. 

Fig. 4.--Systematophora orbifera Klement, SP 28/11, cir-
cumference focus shov/ing smooth distal end of 
ringed fields, X2000. 

Fig. 5.--Systematophora fasciculigera Klement, SP 28/l4, 
high focus shov/ing dendritic pattern exhibited 
near base of ringed fields (arrow), X2000. 

Fig. 6.--Systematophora fasciculigera Klement, SP 28/l4, 
high focu's shov/ing uneven distal end of ringed 
fields (arrow), X2000. 
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Explanation of Plate IV 

Fig. 1.--Valiensiella ovula (Deflandre) Eisenack, SP 28/12, 
high focus showing pylome, X2000. 

Fig. 2.—Valiensiella ovula (Deflandre) Eisenack, SP 28/7, 
circumference focus shov/ing processes and outer 
membrane, X2000. 

Fig. 3.--Scriniodinium dictyotum Cookson and Eisenack, 
SP 2tt/15, circumference focus shov/ing capsule, 
capsule protuberance, apical horn of theca, and 
pylome, X2000, (left lateral view). 

Fig. 4.--Scriniodinium dictyotum Cookson and Eisenack, 
SP 2b/l0, high focus showing capsule protuberance, 
apical horn of theca, and surface reticulation, 
X2000, (ventral epithecal view). 

Fig. 5.--Leptodiniujn cristatum n. sp., SP 28/5, lov/ focus 
shov/ing ventral surface and plates, X2000, 
(ventral viev/), holotype. 

Fig. 6.--Leptodinium cristatum n. sp., SP 28/5, high focus 
showing dorsal surface and pylome, X2000, (dorsal 
viev/), holotype. 
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Explanation of Plate V 

Fig. 1.--Leptodinium cristatum n. sp., SP 28/9, circum
ference focus shov/ing laminae and supporting 
processes, X2000, paratype. 

Fig. 2.--Leptodinium cristatum n. sp., SP 4a/5, high focus 
showing plates and surface granulations, X2000, 
(antapical viev/). 

Fig. 3.--Leptodinium cristatum n. sp., SP 21/3, low focus 
shov/ing pylome and apical plates, X2000, (apical 
view). 

Fig. 4.--Gonyaulax cf. serrata Cookson and Eisenack, 
Va 5/3, circumference focus shovring apical horn 
and short spiney processes on horn, X2000. 

Fig. 5.—Gonyaulax cf. serrata Cookson and Eisenack, 
Va 5/J, circumference focus shov/ing sutural 
processes (arrov/s), X2000. 

Fig. 6.—Gonyaulax coalita n. sp., SP 28/19, high focus 
'shov/ing ventral epithecal plate arrangement, 
X2000, paratype. 
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Explanation of Plate VI 

Fig. 1.—Gonyaulax coalita n. sp., SP 28/4, circumference 
focus shov/ing coalescing spines, X2000, para
type. 

Fig. 2.--Gonyaulax venusta Klement, SP 4a/2, high focus 
showing dorsal surface with pylome, and short 
spines ornajnenting plates, X2000. 

Fig. 3.--Gonyaulax venusta Klement, SP 4a/2, lov/ focus 
"showing ventral surface and plates, X2000. 

Fig. 4.--Gonyaulax furcata n. sp., SP 28/l4, high focus 
showing ventral epitheca, apical plate arrange
ment, and surface spines, X2000, holotype. 

Fig. 5.—Gonyaulax granulata Klement, SP 28/8, low focus 
'showing parallel sutures (dots), X2000, (right 
lateral view). 

Fig. 6.--Gonyaulax granulata Klement, SP 28/8, high focus 
showing parallel sutures (arrov/s), X2000, (left 
lateral view). 
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Explanation of Plate VII 

Fig. 1.--Gonyaulax reticulata n. sp., SP 21/2, high focus 
showing apical horn, pylome, and surface reticu
lation, X2000, (dorsal epithecal view), holotype 

Fig. 2.--Gonyaulax reticulata n. sp., SP 21/2, low focus 
showing surface reticulation, X2000, (ventral 
hypothecal view), holotype. 

Fig. 3»--Pa<laeoperidinium obscurum n. sp., SP 28/18, low 
focus shov/ing girdle furrow, longitudinal fur
row, sutures (arrows), and apical pylome, X2000, 
holoti'-pe. 

Fig. 4.--Chl£imydophorella jurassica n. sp., SP 28/4, high 
focus shov/ing girdle zone (arrov/s), and surface 
spines, X2000, holotype. 

Fig. 5.--Chlamydophorella Jurassica n. sp., SP 28/4, cir
cumference focus shov/ing nature of processes and 
the outer membrane, X2000, holotype. 
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