THE MORPHOLOGY AND DEVELOGPMENT OF
SPECIES OF MARSSONELLA AND
PSEUDOTEXTULARIELLA FROM THE
CHALK OF ENGLAND

by TOM BARNARD

Adstiact, The morphology and stratigraphical importance of species of Marssonella and Psewdote valariella
from the Chalk of England are discussed. The type specimens of Pseadotextufarielia preserved in the Cushman
cobleetion have been re-exsamined, This genus from the Cenonanian has been re-studied particularly in relation
o the mternal struetures, which are re-deseribed. The relationships of several conical arenuceous Foraminifera
are discussed.

I~ 1953 the author (in Barnard and Banner 1953) described species of Marssonefla and
Psewdotextidariella from parts of the Chalk succession in England. These species were
not dealt with in any detail, but formed part of 2 general paper on faunas from the Chalk,
no cmphasis being laid on their relative stratigraphical importance. Abundant new
material has become available to the author and a more complete account of the mor-
phology, development. and occurrence of these two genera may now be given. Much
new evidence has been found concerning the detailed structure of Pseudotextdlariella
cretosa (Cushman). and its refationships and derivations may be discussed.

The present work was carried out during the tenure of a Leverhulme Fellowship,
which enabled the author 1o visit the U.S.A. and study Cushman’s specimens in the
Smithsonian Institution. Washington. The author is grateful o Dr. C. A, Cooper for
access to these specimens, The author wishes to acknowledge a grant from the Central
Rescarch Fund. University of London. which enabled him to collect additional material
from a number of localities in southern and castern England.

Specimen numbers with the prefix P indicate specimens in the British Museum (Natural History)
collections.,

SYSTEMATIC DESCRIPTIONS

Genus MARSSONELLA Cushman 1933
Genotvpe, Texiularia trochus d"Orbigny,
Gaudryvinag oxyveona Reuss 1860 (designated by Cushman 19334, p. 36: 19335, p. 121)
is a synonym of Textularia trochus d’Orbigny 1840, p. 45, pl. 4. figs. 25, 26, which pre-
dates Gaudrving oxveona Reuss 1860 and was redesignated genotype by Barnard and
Banner 1933, p. 204,

Marssonella ozawai Cushman
Text-figs. la-¢

1936 Murssonella ozgwai Cushman, p. 43, pl. 4, ligs. 10a, b,
1937 Muarssonelly ozawai Cushman, p. 39, pl. 6, lig. 158,
1953 Marssonella ozawai Cushman: Barnard (iv Barnard and Banner), p. 205, pl. 19, figs. 2a. h.

[Patacontology, Vol. 6, Part 1, 1963, pp. 41-54, pl. 7.]
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Descriprion. Comical test, almost circular in cross-section. The test is coarsely arena-
ceous, composed of a mosaic of almost equal-sized quartz grains, with little calcarcous
cement. These grains protrude through the cement so that the surface of the test is
rugose. A globular proloculum is followed by one to three whorls of three to five small
crescentic or reniform chambers. The test then becomes biserial, the height of the cham-
bers increases slowly. but the diameter increases rapidly. so that initially the edges of
the test diverge up to an angle of 60°. After this stage, which sometimes continues up
to about half the height of the test, the diameter of the test may remain almost constant
giving u cylindrical late portion. Rarely the diameter increases rapidly giving a pseudo-
llange to the later chambers. or it may increase slowly producing a large conical test.

TEXT-tiG. 1. Marssonella ozawai Cushman, All specimens [rom

the Cenomanian. a, b, From the Portsdown borehole, 10551060

feet, P45013. ¢, From the marls 4 feet above *Chloritic Marl”,
Arlsey, Bedfordshire, P45014. All specimens 90,

The septa are almost flat in some varieties, but often become slightly constricted and
indented. sometimes near the apertural end or occasionally the whole of the biserial
portion. The apertural faces vary from almost flat. in the commonest variety, to either
slightly convex or, in rare specimens, concave. Generally the apertural faces are reni-
form in shape. The basal aperture varies from slit-like to reniform in shape. The test
is usually straight. but occasionally may be slightly arcuate or even arranged in several
stages. At certain levels, long slender almost cylindrical variants occur.

Localities. Numerous.
Huorizon, Sehloenbachia varians zone.

Dimensions and hypotvpes. P45013 (text-figs. la, b). Height 0-99 mm., diameter 0-49 mm. P45014 (text-
fig. Te) Height 1-33 mm., diameter 0-57 mm.

Marssonella turris (d°Orbigny)
Text-figs. 2a-h

1840 Textularia turvis A"Orbigny, p. 46, pl. 4, figs, 27, 28,

1890 Textularia turris d"Orbigny; Burrows, Sherborn, and Bailey, p. 553, pl. 8. fig. 15.
1928 Textularia tarris d'Orbigny; Franke, p. 131, pl. 12, fig. 3.

1937 Textularia turvis d'Orbigny: Cushman, p. 58, pl. 5, fig. 28; pl. 6, figs. 1. 2, (37).
1957 Marssonella turreis (d"Orbigny): Hofker, p. 83, text-figs. 84a-¢, 85a-c.
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Deseription. The test is generally a long narrow cone, which can vary to almost cylin-
drical. or to a cone with an apical angle of about 60", The size of the test varies consider-
ably. and also the rugosity of the wall. Usually the test is composed of a mosaic of small
cqui-dimensional quartz grains set in 4 moderate amount of caleite cement. Occasionally
ai certain horizons large quartz grains are cemented with little caleite. The quartz grains
are usually almost Qush with the surface of the test, but when large grains arc present
they are not deeply set in the cement. but protrude so that the surface is rough. Often in
forms with the coarser test, grains of minerals other than quartz are included. such as
glauconite. ilmenite. &e.

e

tixt-t1c. 2. Marssonelfa turris (d'Orbigny). a-e. Showing variation in shape of the test, from the

Cenomanian, Selloenbachia varians zone, from Sundon. near Dunstable, Bedfordshire. P435016, - 90.
. Showing the variation in the shape of the apertural face and the position of the aperture.

Variations oceur in the shape of the test. Occasionally there are breaks in the normal
growth-rate which give the appearance of rejuvenation. Later chambers are often ill-
formed or damaged, growth is irregular, and the tests appear to be flanged. Sometimes
the tests are slightly arcuate. A globular or hemispherical proloculum is followed by
two or three whorls of three to five crescentic chambers which show little or no increase
in height. This stage in the growth of the test is difficult to interpret. A biserial stage is
soon reached and continues throughout the test, The sutures are straight and scarcely
visible except in decorticated specimens, or in the end-chambers of the tests. where they
may be constricted, ribbed. or flush with the surface of the test. The apertural face varies
from crescentic to reniform in shape. and from highly convex to flat. Occasionally
furrows run down the apertural face towards the aperture. The aperture is either slit-
like, crescentic. or reniform.

focalivies, Numerous.

Hovizon, Cenomanian- Lower Senonian,

Dimensions and fvpotypes, PASO16 (texi-figs. 2a-¢). a, Height 0-46 mm., diameter 038 mm. b, Height
0-49 mm.. diameter 0-:38 mm. ¢, Height 0-87 mm., diameter 0-46 mm. . Height 0-68 mm., diameter
0-42 mm. . Height 0-46 mm., diameter 0-42 mm.
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Marssonella trochus (d'Orbigny)
Text-figs. 3a ¢

1840 Texndaria trochus d’Orbigny, p. 45, pl. 4, ligs. 25, 26.

1854 Texnlaria comlas Reuss, p. 72, pl. 26, tigs. 7a. b,

1860 Gawdryina oxveona Reuss, p. 229, pl, 12, fig. 3.

1891 Fextilaria cf. conulus Reuss: Beissel, p. 68, pl. 13, figs. 23-29,

1899 Genedrvina oxveona Reuss: Egger, p. 38, pl. 4, figs. -3,

1899 Haplophragminm petiolus Egger, p. 143, pl. 2. tigs. 3739,

1925 Geandeving oxveona Reu Franke, p. 15, pl. 1, figs. 20a, h.

1928 Gaudrving oxyeona Reuss: Franke, p. 143, pl, 13, figs. 8a. h.

1928 Textwlaria trechus d"Orbigny IL subeonica Franke, p. 131, pl. 12, fig. 1.

1928 Textularia trochus &' Orbigny 1. tvpica Franke, p. 131, pl. 12, fiz, 3.

1937 Marssonelle exyveona (Reuss): Cusihman, p. 56, pl. 5, figs, 27-29: pl. 6, figs. 1-17
1926 Mavssonella cf. oxveona (Reuss); Schiilsma, p. 38, pl. 1, figs. 120, b,

1953 Marssonella trechus (d"Orbigny): Barnard (i Barnard and Banner), p. 204, text-figs, 0.5,
VOST Muarssonelly oxyeona (Reuss): Holker, p. 83, text-figs. 86-90.

Description. The conical test varies slightly in shape. During the initial growth-stages the
carly part of the test is conical with walls diverging at a wide angle as the diameter
increases. This is often followed by a period when the diameter docs not inercase, and
a eylindrical growth-stage is produced. Sometimes there is an abrupt increase in the
diameter of the test. so that rapid expansion of the end-chambers produces a “flanged”
test. Ofien there is an abrupt halt in growth, which is then resumed. following a similar
patiern as before: this gives the appearance of rejuvenation,

The globular proloculum is followed by whorls of five, four, and three chambers.
before the biserial stage is reached. In conical forms the biserial crescentic chambers are
overlapped by succeeding chambers.

The septa are usually flat, but can be concave, or convex. often with a slight depression
towards the aperture. The face of the end-chamber varies in shape from semicircular.
crescentic. to reniform. The aperture varies from its usual position, basal and Qush with
the surface of the test. to a vertical apertural face. Qecasionally this is excavated and
the aperture is almost hidden. The aperture is usually slit-like, but can be hemi-elliptical
or reniform. The testis smooth with slight constrictions at the septa. The wall is com-
posed of Ene quartz grains set in a calcareous cement. Sometimes isolated specimens
have up to five radial partitions developed in the last chambers only.

Locality of fuzured specimens. Whitlingham, near Norwich, Norfolk.

Horizon. Upper Chalk. Belemnitella mucronata zone.

Dimensions end hvpotypes, PA50135 (ext-fig. 3a), Height 0-95 mm.. diameter 0484 mm. P435013 liext-lig.
3h). Height 6-95 mm., diameter 072 mm.

Marssonella conoidea (Marie)
Text-ligs. 4u ¢
104l Textlaria conoidea Marie, p. 63, pl. 2, fig. 20,
Description. The testis a regular blunt cone. which does not show a great deal of variation
in shape. The initial stages are often a curved-sided cone: later the sides of the test
become parallel so that it appears bullet-shaped. The cross-section is almest circular.
A globular proloculum is followed by whorls of five to three chambers, but rapidly the
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VAVAERY
VRURE;

rext-tic, o Marssonella trochus (d"Orbigny). a. b, =90, from the Upper Chalk, Befenmitella muero-

st zone, from Whitlingham, near Norwich, Norfolk, P45015. ¢, o, Showing the triserial and biserial

initial stages of the test. e, A specimen showing the simple interior to the chambers with no radial

purtittons, £. Showing remnants of radial partitions in the interior of the shell. g, Showing chambers with

normal simple interiors, -k, Outline lucida drawings showing variation in the shape ol the cones.

I i, Showing the variation in the shape of the apertural lace. o—¢, Showing the position of the aperture
and the slope of the apertural face.

test becomies biserial. This initial part of the test is extremely diflicult to interpret due to
the rough surface. The wall of the testis rugose. In the initial part. coarse grains of quartz
and sponge spicules are set in a thick calcite cement. However, in most of the test the
coarse grains protrude above the surface of the cement. Characteristic of this species is
that coarse grains appear to be arranged in a rough rib-like pattern, one rib above each
suture. The sutures are in deep constrictions, and have Hlat, concave. or convex surfaces.
Often the slit-like aperture is deeply set, almost covered by a lip-like extension of the
chamber. In these forms there is a tendency for the chambers of one side of the test to
develop. whereas those on the other decrease in size so that the test becomes almost
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uniserial, especially in forms where the aperture becomes central and deep. appearing to
serve both sets of chambers.

Locality. H, Attock’™s Pit. New Catton, Norwich, Norfolk,
Haorizon, Belemuitelin mucronara zone.

Dimensions, Height 1-14 mm.. diameter 0-76 mm.
Hypotvpe. P43017,

The development and stratigraphical occurrence of Marssonella. In 1933 the author drew
attention (/n Barnard and Banner 1953, p. 204) to the extreme variation which occurs
in the size and shape of the test. as well as the
shape of the final chamber and aperture, The
species of Marssonella Trom the Chalk were
thought (ibid.) to be one group: however. since
then numerous specimens have been obtained
from widely scattered localities as well as con-
tinuous sections, and it has become increasingly
apparent that the group consists of a few species
which prove to be of stratigraphical value.

At some horizons abnormally large forms are
produced, at others the general character of the
wall changes. so that an abundance of coarsely
rugose forms is found. Text-fig. 5 shows in dia-
grammatic form the general history of the species
TEXT-F1G. 4. Marssonella convidea (Marie).  of Marssonella and Pseudotextulariella (another
a. 90, from the Upper C"h:]Ik.h.’ir.f,l-;mlu'.fa"‘ﬂ.:.r conical form. although probably unrelated to
‘: i\“l"l{;”;;:: I”\ : I‘:";”"ht"r rﬁ‘:i“;‘g({;[}: :"‘: Fr:;-. M, c.rr.\'.\-n.ru'f}c.-_ is often confused with it) th rough-
view showing the sunken aperture; &, lipped OUl }hc Chalk. Almost confined to the Ceno-

and basal: e, circular and central, manian is M. ozawai Cushman, a large bullet-

shaped species with a rugose wall. This species is

casily separated from its contemporancous, but longer-ranged form M. turris d"Orbigny.
The latter is the root-stock of the species of Marssonella from the Chalk.

Marssonella turris d°Orbigny is usually an acute-angled cone, with a smooth wall.
However, at certain horizons there is a tendency for the test to become rugose. Forms
with coarser grains in the test generally occur in the Cenomanian. where the coarser silt-
grade quartz is found in greater profusion than in higher levels in the Chalk. Generally
there is a steady increase in the amount of calearcous cement as the species ranges into
higher zones in the Chalk.

However, even here more rugose forms occur at certain levels, which can often be
correlated with the size of the quartz grains in the Chalk. Although the test varies con-
siderably in shape. two main trends occur. At some levels in the higher zones of its
range there is a tendency for long, narrow, almost eylindrical variants to occur abun-
dantly at sporadic horizons. Also at about the same time (Micraster cor-testudinarivm
zone), broader, blunter cones develop, which may be the forerunners of Marssonella
trochus d’Orbigny and its synonymous form M. oxveona Reuss. In M. wrochus d’Orbi-
gny there is considerable variation in the shape of the test, as shown in text-figs. 344
and 3/-¢. There is, however, a general tendency for the test to increase in size until the
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TExT-r1G. 5. Diagram showing the ranges and development ol some conical foraminifera
from the Chalk (Upper Cretaceous).

Belemmnitella mucronata zone, where large specimens occur, several times the volume of
carlier ones. Often in these forms the end-chambers increase abruptly in diameter so that
the test appears to be flanged.

At some horizons isolated specimens have irregular radial partitions developed in the
end-chambers only. This is rare, but gives a superficial resemblance to Pseudotextulariella
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crefosa Cushman, and its Turonian derivatives. However the absence of chamberlets in
the later chambers and radial partitions in the carly part of the test. separates the two
forms.

Marssonella conoidea (Marie) occurs in the Actinocamax quadraius and Belenmitella
mucronata zones, and although it resembles M. ozawai Cushman in shape, itis the only
species of Marssonella from the Chalk which has a rib-like ornament composed of coarse
quartz grains arranged in rough lines above the sutures. Also it has a much more regular
test than other species.

Summarizing the history of the species of Marssonella from the Chalk. it may be stated
that one main stock (M. trriy d’Orbigny) occurs, giving rise. at later horizons. to blunt
conical forms. which, when sorted by natural selection, produce such species as M.
trochus d"Orbigny. and its large, often flanged variety, M. oxveona Reuss.

Genus PSEUDOTEXTULARIELLA Barnard 1933

Genotvpe, Textulaviella eretosa Cushman,

In Barnard and Banner 1953, p. 198, the author proposed the genus Pseudotextulari-
ella with the holotype Textuwlarielta cretosa Cushman, specimens of which had been
obtained by Cushman from the Cenomanian, at Barrington near Cambridge. Unfor-
tunately, although the manuscript was sent in during 1952, it was not published until
1933, Since then Thalmann (1955, p. 53) has cstablished that under Art. 23 of the Inter-
national Rules of Zoological Nomenclature, Pseudorextilariella is legitimate.

The author has now had the opportunity of studying Cushman’s specimens in the
National Muscum. Washington. and resulting rom this work, certain points can be
added to enable a more accurate definition of the genus. More information has also been
obtained based on the study of the internal structures.

Psendorextulariella eretosa (Cushman)
Plate 7, figs. 1-6, 8, text-figs. 6a—d, Ta-f, 8a-¢

1932 Textdariella cretosa Cushman, p. 97, pl 11 figs. 17-19.

1937 Textulavielle cretose Cushman, p. 61, pl. 6, figs.. 26-28,

1948 Textulariclla eretosa Cushman; Williams-Mitchell, p. 97, pl. 8, fig. 1.

1953 Pyewcdotestularielln crerosa (Cushman): Barnard Gn Barnard and Banner), p. 198, text-
figs. 6h-i.

Description. Test conical, broad or narrow, usually straight, but occasionally slightly
arcuate, particularly at the imtial end. Initial whorl triserial. following a globular or sub-
globular proloculum. A biserial arrangement of the chambers is soon established and

EXPLANATION OF PLATE 7

Figs, 1608, Psendotextdariclla cretosa (Cushman), All specimens from the Cenomanian, Barrington,
nedr Cambridge, Fragments of tests to show the distribution and development of the radial and
horizontal partitions. 1, - 40, 2-6, - 45. 8, - 60,

Fig. 7. Textulariella pacifica Cushman. o0, Recent, from the H.M.S. Chalfenger Expedition, St. 33,
435 fathoms, Bermuda, 1o show the development of the radial partitions and the eentral cavity, The
partitions do not reach the centre of the test as in Psendotextlariella eretosa (Cushman). BM No.
1962.3.16 1-2,
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remains for the rest of the test. The initial chambers are subglobular, but those in the
biserial arrangement become almost semicircular to reniform in transverse section. The
height of these chambers varies considerably so that the chambers may have almost
parallel faces or sometimes they converge rapidly to become acutely pointed at the
medial suture, where the chambers alternate.
The height of the chambers varies from an
cighth to a quarter of the diameter, and the
sides of the test diverge at a constant angle.
The walls separating the chambers are often
marked at the surface of the test by strong
raised ribs: however, on other specimens
the sutures are either flush with the surface
of the test or even slightly constricted.

In all the numerous specimens examined,
the chambers, after the initial stage of the
test had been passed through, are divided
by an almost regular series of chamberlets.
They occur arranged through the biserial
portion of the test, and often become multi-
plied so that two to five tiers of chamber- TExXT-1IG. 6. Pseudotexidariella cretosa (Cush-
lets are developed. The chamberlets are man). All specimens in the U.S. National
developed progressively, and usually regu- ];'1;’;““"; _}'\fl‘s!‘[f'.gm,“' 'm'? thccl;‘f‘“-cr Ghak,

7 . Schioeniachid varians zong, lrom armg, Kent.
larly. appearing at the surface of the test in 4 17624, holotype. b, 25295, holotype. ¢, d. 17625
weathered or decorticated specimens. With paratypes.
the application of water or clove oil to the
surface of the test. the pattern of the chamberlets is often seen. and sectioning is not
alwavs necessary. The aperture is generally slit-like to reniform in shape. and may be
flush with the surface of the apertural face or raised on a surface almost at right angles
1o the face of the chamber. In some forms irregular depressions occur in the apertural
face from the periphery to the aperture.

Specimens. U.S. National Museum, Washington. 17624 (text-fig. 6a), holotype. 25295 (text-fig. 64)
holotvpe. 17623 (text-figs. b, ), paratypes.

Locafity, Charing, Kent, England.

Hovizon, Lower Chalk, Selloenbachia varians zone.

Development of the radial septa and chamberlets. Although somewhat irregular and vari-
able. a progressive development of both the radial septa and tiers of chamberlets takes
place in both ontogeny and phylogeny. The phylogeny. based on variation in successive
populations occurring within the Cenomanian, is beyond the scope of the present paper.
However. the general ontogenetic development is described below, and is shown in
text-figs. 7 and 8,

Two main trends in ontogenetic development are shown in text-figs. 7a—/ in forms
which only develop radial septa. Text-figs. 7a. b, ¢, ¢ represent transverse sections of the
biserial part of the test. Near the initial end (@) only a few vertical radial septa are formed,
stretching from the periphery to join with a circular wall surrounding the apertural

VOO E
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areas. This stage is rapidly followed by one in which the septa alternate in length,
apparently forming two generations, one group reaching the circular central wall.
whereas the other is shorter and confined to a small peripheral area.

This growth stage is shared by both main variants, but divergence now takes place

TEXT-FIG. Ta—f. Pseudotextulariella eretosa (Cushman), Diagrams
to show the development of the radial partitions.

in later growth stages. In text-fig. 7 the septa again are in two main groups, a longer set
reaching the centre, and the peripheral group as in earlier growth stages. However. the
latter may do one of two things. Usually they elongate until coalescence with the central
wall results, or they become bifid or irregular. and sometimes bend. joining the longer
sutures about half-way to the centre of the chambers. Text-fig. 7d shows the regular
development of a few radial vertical septa. when the smaller peripheral septa have
reached the centre. In both text-figs. 7d and f the central circular wall has been omitted
for clarity. In the other trend (text-figs. 7e and f) the primary vertical septa reach the
central wall, but secondary and even shorter tertiary septa are formed and confined to
the peripheral part of the test. Often the smaller tertiary septa arc arranged irregularly
and do not usually occur in the gap between every primary and secondary septa. Also
these secondary and tertiary septa are not the same height for their whole length. but
taper rapidly towards the lower chamber wall. Text-figs. 8a-¢ are block diagrams con-
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structed to show development of tiers of chamberlets by the growth of not only vertical
radial septa, but several generations of horizontal septa parallel to the chamber sutures.
Text-fig. 8a shows a few primary radial partitions developed. with secondary alternating
partitions coalescing. Near the periphery one horizontal secondary septum is formed. con-
fined to the peripheral arca and producing two tiers of almost rectangular chamberlets.

TEXT-FIG. &a-c. Psendotextulariella cretosa (Cushman). Block
diagrams showing the development of the radial and horizontal
partitions.

A further development is shown in text-fig. 85, where further horizontal septa are
added. one above and one below the earlier secondary septum. The latter has now grown
to extend almost to the centre of the test. whereas the two later septa again are short and
confined to the peripheral zone of the test. Text-fig. 8¢ shows an even further develop-
ment with four secondary septa of varying length, producing five tiers of chamberlets.

THE AFFINITIES OF THE CONICAL FORAMINIFERA

The relationships and development of the conical foraminifera from the Cretaceous
o Recent are of considerable interest and importance. In spite of the numerous publica-
tions in which mention of these forms is made. little is known concerning their affinities.
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As well as the genera dealt with in detail in earlier parts of this paper. suggestions are
made below as to the possible derivation of some other Cretaceous forms,

There are two root-stocks from which most of the genera of conical foraminifera may
have been derived, namely Marssonella and Arenobulimina. Marssonclla consists largely
of a biserial arrangement of the chambers which rapidly follows an initial part made up
of one or two whorls, composed of three, four, or five chambers. As has already been
pointed oul. at certain horizons in the Upper Senonian there is a tendency for isolated
specimens to produce simple radial partitions dividing the chambers. It is considered
that this tendency is repeated to some degree at least three times in the history of the
group.

(@) In the Cenomanian Pseudotextulariella occurs, a genus in which complex internal
structures are developed. Radial partitions stretch towards the centre of the test and then
are united in a wall surrounding a central circular hole. Later horizontal partitions and
further generations of chamberlets are added, resulting in a genus with extremely com-
plex internal structures.

(h) In the Upper Senonian, forms develop with a few simple radial partitions only
occurring in the end-chambers.

(¢) A genus found in the late Tertiary to Recent is Textulariella. in which a thick
zone of radial partitions develops in the wall-zone, and does not reach far towards the
centre. This character serves to distinguish this genus from Pseudotextulariella.

It is considered that these groups are somewhat similar repetitive forms which con-
verge towards @ common plan of development, but which do not produce identical
forms. Text-fig. 9 shows the suggested affinities of the various conical genera.

The initial coil in Psewdotextulariella suggests that it may have arisen from Areno-
huliming (Barnard. in Barnard and Banner 1953). It is more probable. however, that
Marssonella. Pseudotextulariella, and Arenobulimina have arisen at slightly different
stratigraphical levels from either a common ancestor or closely similar ancestral stocks.
Also the complex internal structures and the progression of these throughout the Ceno-
manian in Arenobulimina are closely parallel to those of Pseudotextulariella. and may
show the close affinities between the two. It is probable that Marssonella is not the root-
stock giving rise to Pseudotextulariella. Arenobulimina occurs first in the Albian in
England and the evolution of this genus is the subject of a paper (Barnard and Banner)
in preparation. In North America species of Arenobulimina appear to be few, and their
history apparently terminates in Albian times, whereas in north-west Europe the genus
continues and forms an important part of the Chalk faunas.

In the Albian of England there are a few species of Arenobulimina and these are
associated with the argillaccous environments of the Gault clay and do not develop good
internal structures, However. as soon as the Upper Greensand and Cenomanian facies.
with their additional limestones. are encountered the internal structures develop in the
species.

A form superficially similar to Pseudotextulariella is found abundantly in the Walnut
Formation (Lower Albian) of Texas. This species. Dictyoconus walnutensis (Carsey).
possibly related to a later Upper Cretaceous genus. Colomia. has recently been studied
by Maync (1955).

Somewhat similar developments of chamberlets are shown in various groups of
Cretaceous species belonging to the genera Dictvoconus and Coskinolina and those of
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Pscidotextulariella. Although the distribution of these genera has not been studied in
detail. it would appear that somewhat similar internal structures develop and evolve in
almost the same pattern in different faunal provinces. Dictyoconus and Coskinolina
appear in the Texas—Mexico basins, through Florida. and in the Tethyan areas of Europe,
Spain, southern France, sometimes migrating farther north to occur in intermediate
arcas such as Aquitaine. Arenobulimina and Pseudotextulariella occur in the north-west
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TEXT-F1G, 9. Diagram showing the affinities of some
genera of conical foraminifera.

Furopean basins. The ranges of the two faunas do not coincide, although there is some
overlap. Dictyoeonus and Coskinolina reach their maximum development in the Albian.
Pseudotextlariella in the Cenomanian, whereas Arenobuliniina is longer ranged from
Albian to Palacocene, with several periods when development of certain characters
reached a maximum.

In parts of the Upper Cretaceous basin of California. the genus Colomia has been
recorded sporadically. This genus appears closely similar in many aspects to Dictvoconus
walnutensis (Carsey), except that the development of internal structures may be sporadic,
as with later forms of Marssonella oxycona Reuss in Europe. Certain authors (Hofker
1958, Cushman and Bermudez 1948) have recorded internal structures, whereas others
(notably Bandy 1951) have not. It is possible that Colomia may not be closely related to
Dicrvoconus, as it is a calcareous genus.



54 PALAEONTOLOGY, VOLUME 6

REFERENCES

Banpy, o0 Lo 1951 Upper Cretaceous Foraminifera from the Carlsbad area, San Diego County,
Californiu, J. Paleont. 25, 488-513.
BARNARD, T. and BANNER, F. T. 1933, Arenaceous Foraminifera from the Upper Cretaceous of Fng-
land. Quart. J. geol, Soc. Lond. 109, 173-216, pl. 7-9.
BEISSEL, 1. 1891, Die Foraminiferen der Aachener Kreide. Abh. preuss. geol. Landesanst., N.¥., 3,
1-78. pl. 1-16.
BURROWS, H. W., SHERBORN, €, D, and BAILEY, G. 1890, The Foraminifera of the Red Chalk of York-
shire, Norfolk and Lincolnshire, J. R. micr. Soe. 7, 549-66, pl. 7-11.
CUSHMAN, 3. AL 19320 Textularia and related forms from the Cretaceous. Contr. Cushman Lab. 8 (4),
8697, pl. 11, figs. 17-19.
1933a. Some new foraminiferal genera. 1bid. 9 (2), 32-38, pl. 3-4.
19334, Foraminifera, their classification and economic use. Spee. Publ. Cushman Lab. 4. 1-349,
pl. 1-31.
1936, New genera and species of the families Verneuilinidae and Valvulinidae and of the sub-
family Virgulininae. Ibid. 6, 1-71, pl. 1-8.
1937, A monograph of the foraminiferal family Valvulinidae. Ibid. 8, 1-210, pl. 1-24,
and BERMUDEZ, P. 3. 1948, Colemia, a new genus from the Upper Cretaceous of Cuba, Conrr,
Cusfnan Lab, 24, 12-13, pl. 2.
FUGER, 1. G, 1899, Foraminiferen und Ostrakoden aus den Kreidemergeln der Oberbayerischen Alpen.
Abl. baver. Akad. Wiss. 21, 1-230, pl. 1-27.
FRANKE. A, 1925, Die Foraminiferen der pommerschen Kreide. Abh. geol.-palacont. Inst. Greifswald,
6. 1-96, pl. 1-8.
— 1928, Die Foraminiferen der Oberen Kreide Nord- und Mitteldeutschlands. Abl. prewss. geol.
Landesanst., NF., 3, 1-207, pl. 1-18.
HOPKER, ). 1957, Foraminiferen der Oberkreide von Nordwestdeutschland und Holland. Beil. Geol,
Jh 27, 1464,

1958, The taxonomic position of the genus Coforria Cushman & Bermudez, 1948, Contr. Cush-
man Fedn, 9 (2), 34-35,
MARIE. P, 1941, Les foraminiféres de la Craie & Befemmnirella mucronara du Bassin de Paris. Mém., Mus.
Hist. nat., Paris, N.s., 12, 1-296, pl. 1-37.
MAYNC W, 1955, Coskinolina sunnilandensis n.sp., a Lower Cretaceous (Urgo-Albian) species. Contr.
Custonan Fen, 6 (3), 10511, pl. 16-17.
ORBIGNY, A, 0. 1840, Mémoire sur les Foraminiferes de la Craie Blanche du Bassin de Paris. Mdn,
Soc. géol, Fr. 4. 1-51, pl. 14,
rEUSS, A k. 1854, Beitriige zur Charakieristik der Kreideschichten in den Ostalpen. besonders im
Gosanthale und am Wolfzangsee. S.8. Akad. Wiss. Wien, 7, 1-156, pl. 1-31.
I860. Die Foraminiferen der westphiilischen Kreideformation. Ibid, 40, 147-238, pl. 1-13.
SCHUFSMA, t. 1946, Foraminifera from the Hervian (Campanian) of Southern Limburg, Meded. veol.
Sticht., N.s., C(5), 7. 1-174. pl. 1-10.
THALMANN, i . 1955, New names for foraminiferal homonyms: 1. Contr. Cusliman Fn. 6 (1), 53.
WILLIAMS-MITCHELL, E. 1948, The zonal value of Foraminifera in the Chalk of England. Proc. Geol.
Ass. 59 (2), 91-112, pl. 8-10.

TOM BARNARD
Department of Geology,
University College,
Munuscript received 26 March 1962 Gower Street, London, W.C. |



PLATE 7

Palacontolozy, Vol. 6

BARNARD, Chualk Foraminifera



