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OF THE ORDER SILICOFLAGELLATA?!
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ABSTRACT

A rich assemblage of unusual silicoflagellates has been found in Lower Cretaceous (lower Albian) sediments of
Ocean Drilling Program Holes 693A and 693B (Sections 113-693A-44R-1, -44R, CC, and -693B-19X-4). The morphol-
ogy of the dominant taxon shows much variability and consists of hollow branching skeletal elements without apical or
basal rings. This silicoflagellate is similar in both morphology and variability to specimens hitherto assigned to Cornua
aculeifera Deflandre, a taxon not previously illustrated from sediments obtained by deep sea drilling. This unusual
taxon is assigned to a new silicoflagellate genus, Variramus. Two other silicoflagellate species, Variramus loperi n. sp.
and Vallacerta hannai Deflandre, are also present but occur in rare abundance in these sediments. We speculate that
Variramus aculeifera is the most primitive form and that it subsequently gave rise to the genera Lyramula and Cornua.
Prior to the development of these two genera, Variramus loperi, a species with a polygonal symmetry of basal pikes and
a distinct orientation of the skeleton, appeared and probably gave rise to the genus Vallacerta. Spine morphology, basal
pike orientation, and symmetry considerations suggest a link between Variramus loperi and Vallacerta hannai.

This Lower Cretaceous assemblage of Variramus aculeifera, V. loperi, and Vallacerta hannai documented here, may
represent the oldest known silicoflagellates. As such, it provides new insight into their early evolutionary development.

27. ENIGMATIC LOWER ALBIAN SILICOFLAGELLATES FROM ODP SITE 693: PROGENITORS

INTRODUCTION

An unusual discovery during ODP Leg 113 was the recovery
of lower Albian diatomaceous sediments at the top of an exten-
sive “black shale” sequence at Site 693 on the Weddell Sea mar-
gin of East Antarctica (Fig. 1). Among the well-preserved dia-
toms (Gersonde and Harwood, this volume; Harwood and Ger-
sonde, this volume) and occasional radiolarians and sponge
spicules in these sediments are siliceous microfossil skeletons
with hollow elements that, despite the absence of a basal ring,
we consider to be silicoflagellates. The dominant silicoflagellate
appears to be conspecific with forms described in the literature
as Cornua aculeifera Deflandre. Specimens of two additional
silicoflagellate species, Vallacerta hannai Deflandre and Varira-
mus loperi n. sp., have also been identified. This may be the
oldest silicoflagellate assemblage yet described, and thus pro-
vides new information on the early development and evolution
of silicoflagellate skeletal morphology.

There have been relatively few opportunities to study Creta-
ceous silicoflagellates (Bukry, 1985, table 9.2), and the unusual
skeletal morphologies found at Site 693 have not previously
been found in deep sea drill cores. The dominant silicoflagellate
in the lower Albian assemblage is highly variable in form. We
document its variability by light and scanning electron micros-
copy (SEM) and discuss its taxonomy in relation to the poorly
documented and enigmatic Cretaceous genus Cornua, to which
such forms have been assigned previously. We conclude, how-
ever, that this variable form is a new genus, which we name
Variramus, and that it may well constitute the ancestral stock
from which the Lower Cretaceous genus Vallacerta and the Up-
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Figure 1. Map showing location of ODP Site 693 on the East Antarctic
margin and other sites drilled during Ocean Drilling Project Leg 113.
SOM = South Orkney microcontinent.

per Cretaceous genera Lyramula, Cornua, Corbisema, and Dic-
tyocha evolved.

STRATIGRAPHY

The silicoflagellate-bearing, diatomaceous sediments were en-
countered beneath a prominent Cretaceous-Oligocene discon-
formity in two holes at Site 693 (Fig. 2). The richest biosiliceous
material is described as a greenish gray, radiolarian diatomite
with little terrigenous material (Sections 113-693A-44R-1 and
-CC) and as a diatom claystone (base of Section 113-693B-19X-
4) (Barker, Kennett, et al., 1988). These intervals fall within the
relatively short Lithostratigraphic Unit VI, which is dated by
palynology as early Albian in age (Mobhr, this volume, chapter
29). Lithostratigraphic Unit VI appears to grade downsection
into an exceedingly thick (1000* m) sequence of organic-rich
Lower Cretaceous mudstones and siltstones sampled at Sites
693 and 692. At Site 693, the upper part of this black shale se-
quence (Lithostratigraphic Unit VII) is dated as late Aptian-
early Albian in age by palynomorphs, calcareous nannofossils,
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Figure 2. Location of Variramus-bearing intervals and sample location
(circles) in Holes 693A and 693B, lithostratigraphy, and approximate
correlation between the holes.

and foraminifers (Mohr, this volume, chapter 29; Mutterlose
and Wise, this volume; Leckie, this volume).

METHODS AND PREPARATION

The silicoflagellates occur in a semilithified diatomite that
required disaggregation before our examination. Samples used
in this study (see also Gersonde and Harwood, this volume)
were heated in an oven for several hours to dry them completely,
then soaked overnight in kerosene. After soaking, the kerosene
was decanted and water added to the sample. Because of the
greater surface tension, the water is drawn into the sample to
drive out the kerosene, thereby disaggregating the sediment (see
Kummel and Raup, 1965, p. 536, for a similar method). Before
sieving, the samples were washed with distilled water and then
dried several times to remove the kerosene. Final washing with
xylene removed any residual kerosene. The residue was then
washed through a 75 um sieve and caught on a 38 pm sieve. All
of the resultant size fractions were examined thoroughly. The
SEM photography was carried out on carbon/gold/palladium
coated specimens under a JEOL 840 microscope operated at 20 kV.

HISTORICAL BACKGROUND OF THE GENUS
CORNUA

Of all the fossil silicoflagellates, by far the least known are
assigned to the genus Cornua Schulz. This enigmatic and sel-
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dom illustrated Cretaceous genus, as originally defined, has a
relatively complex skeleton with pikes and spines but lacks a ba-
sal ring. Its “primitive” structure and antiquity make it an im-
portant part of discussions on the early phylogeny of the silico-
flagellates. However, occurrences of Cornua are rare in deep-sea
sediments. This scarcity, as well as a paucity of micrographs in
the literature, has made Cornua a problematic fossil, with some
workers believing that it may not be a distinct silicoflagellate
group or even a silicoflagellate at all (see discussion below).

Cornua was first described by Schulz (1928) from an Upper
Cretaceous (Senonian) diatomite in Westphalia, Germany. Schulz
learned of these skeletons through Ortmann (1912, 1925), who
had studied the sponge spicules in this diatomite. Schulz de-
scribed one species, Cornua trifurcata, and illustrated three speci-
mens as line drawings (Figs. 3A-C). These drawings show a
skeletal morphology consisting of three intersecting bars that
bifurcate at their distal ends into two spines. The drawings
clearly show pikes near the points of bifurcation and a strongly
symmetrical skeleton. Since this description, only two addi-
tional occurrences of C. frifurcata have been reported: Glezer
(1959) (Fig. 3D) reported it from the Santonian-Campanian of
the eastern slope of the Ural Mountains, and Bukry (1975, fig.
5; pl. 2, fig. 1) lists and illustrates it in sediments at DSDP Site
275 (Campbell Plateau, subantarctic sector of the South Pa-
cific) that are thought to be upper Campanian to Maestrichtian
in age (Hajos, 1975; Barron, 1986; Harwood, 1988).

Hovasse (1932a, 1932b) considered Cornua to be an ebridian
and described three additional species as ebridians. The species
described by Hovasse do have ebridian characteristics, but ex-
cept for the trigonal morphology they do not appear to have
much similarity to the silicoflagellate Cornua illustrated by
Schulz (1928). Subsequent silicoflagellate workers have included
the Schulz species but not those of Hovasse.

Two subsequent workers (Deflandre, 1940b, 1944, 1950b;
Glezer, 1959) have proposed additional silicoflagellate species
for this genus. Glezer (1959) found a skeletal morphology (Fig.
3E) similar to those of Schulz, which she called C. poretzkiae
(= C. poretzkajae in the 1970 English translation of Glezer,
1966). This taxon has weakly developed pikes and basal ele-
ments that curve forward toward the corners; if connected, they
would form a corbisemid basal ring. These features led Glezer
to consider C. poretziae as the evolutionary link to the corbi-

Figure 3. Illustrations of Cornua previously published in the literature:
A-C. Cornua trifurcata (from Schulz, 1928); D. C. trifurcata (from
Glezer, 1966); E. C. poretzkiae (from Glezer, 1959); F-H. C. aculeifera
(from Deflandre, 1940b, 1944); 1. C. aculeifera (from Glezer, 1966).



semids. In Glezer (1959), Cornua poreizkiae is associated with
eight other silicoflagellate taxa in an assemblage that includes
C. trifurcata and species of Lyramula and Vallacerta.

Deflandre (1940a, 1944) illustrated and named, but did not
describe, three specimens of Cornua aculeifera (Fig. 3F-H) from
the Upper Cretaceous of California that differ considerably from
the genus Cornua of Schulz by the absence of any regular sym-
metry. Deflandre (1950b) validated this taxon with a published
description as Cornua aculeifera. Deflandre’s specimens differ
strongly from one another and represent a group with consider-
able variability of skeletal form. He emphasizes that they are re-
markably plastic, and that it is difficult to find two specimens
alike. Until the present study, C. aculeifera has been figured by
only two other investigators. Glezer (1959, Fig. 31) found single
specimens at two of five Campanian-Santonian localities along
the eastern slope of the Ural Mountains. Bukry (1975, fig. 5)
lists rare specimens in samples from DSDP Site 275, and some
of Bukry’s illustrations from an Upper Cretaceous Arctic piston
core (Bukry, 1985, pl. 9.1, figs. 4-5) resemble somewhat this
taxon.

Deflandre (1944, 1950b) attributed his specimens to the “Dia-
tomite de Panoche Hills, Fresno County, California (Etage de
Moreno).” This refers to the Maestrichtian Moreno Shale or
Moreno Formation, a 1600-1800-ft-thick unit (Wilmarth, 1938)
containing some diatomaceous intervals, notably a 200-ft-thick
platy diatomaceous shale near the top called the Marca Shale
Member (see McGuire, 1988, for a recent description). As the
upper formation of the Chico Group, the Moreno Shale overlies
the Panoche Formation, a predominately clastic unit that lacks
diatomaceous sediments. Filowicz (written comm., 1988) dates
the Marca Shale as uppermost Maestrichtian (nannofossil Mi-
cula murus Zone), and places the contact between the Moreno
and Panoche Formations in the lower Maestrichtian (nannofos-
sil Quadrum trifidum nannofossil Zone).

Silicoflagellates have long been known from the Moreno For-
mation, as Hanna (1928) named five new taxa from this unit:
Corbisema geometrica, Dictyocha quadralta, Lyramula furcula,
L. simplex, and Vallacerta hortonii. Mandra (1960, 1968; see
also Cornell, 1972, 1974) documented these taxa from the up-
permost Maestrichtian Marca Shale of the Moreno Formation,
but did not mention the presence of Cornua aculeifera in these
sediments. As Deflandre’s (1944, 1950b) sample was supplied to
him by Hanna, we assume that C. aculeifera must be quite rare
in the Moreno Formation because Hanna (1928) and Mandra
(1960, 1968) did not report it. Alternatively, these fossils could
be reworked from an interval below the Marca Shale, or, the lo-
cation and Maestrichtian age of Deflandre’s sample are in error.
It is curious that the only reported co-occurrence of C. acu-
leifera and V. hannai is from the sample of Deflandre (1944)
and from the Site 693 lower Albian material described in this
paper. We are preparing to study the materials of Deflandre
(1944) to determine the relative stratigraphic position of his
sample through comparative diatom and silicoflagellate analysis
with Site 693 material.

Placement of Cornua among the silicoflagellates has been
controversial. Some workers (Tsumura, 1963; Tappan, 1980)
considered them silicoflagellates, whereas, Lipps (1970; see also
Hagqg, 1978) believed them to be metazoan (particularly sponge)
spicules. McCartney (1987) agreed that the specimens of De-
flandre might be metazoan, but suggested that those illustrated
by Schulz were aberrant Corbisema. This conclusion was based
upon the many similarities between the Cornua of Schulz and
Corbisema, and the occurrence of similar teratoid silicoflagel-
late morphologies in the literature. McCartney (1987) believed
the absence of Cornua in open-marine sediments was additional
evidence supporting this conclusion, since aberrant morpholo-
gies are less common in open waters.

ENIGMATIC LOWER ALBIAN SILICOFLAGELLATES, SITE 693

In contrast to the rare occurrences of Cornua aculeifera
amidst other, more abundant silicoflagellate taxa in the Upper
Cretaceous of California and Russia, those at Site 693 are plen-
tiful and accompanied by V. loperi and rare Vallacerta hannai.
Based on the contrasting composition of these assemblages and
the Early Cretaceous age assigned to the sediment, we consider
the assemblage at Site 693 to be older than any others yet de-
scribed from the Cretaceous. In view of the apparent antiquity
of the Site 693 assemblages and because we see important dif-
ferences in symmetry between the aculeiferid forms and other
species assigned to the genus Cornua, we place our specimens in
a new genus, Variramus (see “Systematic Paleontology,” partic-
ularly before reading the “Discussion” section below).

DISCUSSION

Relation to Other Silicoflagellates

There is little doubt that the specimens of Variramus de-
scribed here are silicoflagellates. The skeletons of Variramus in
this study consist of simple branching skeletons of hollow ele-
ments with frequent skeletal intersections of approximately 120°;
these are common silicoflagellate traits (see Poelchau, 1974;
McCartney, 1988). These specimens also have spines and pikes
that are generally similar in position and relative size to silico-
flagellate morphologies. The relative diameter of the hollow
space within the skeletal elements (Pl. 3, Figs. 4-5; PL. 5, Fig. 8)
is consistent with that observed in numerous silicoflagellates
(Mandra and Mandra, 1972, fig. 27; Jerkovic, 1969, pl. 2; Haq,
1978, fig. 2; Perch-Nielsen, 1975, pl. 15; Hajos, 1975, pl. 40).
However, while silicoflagellates are known for their variability
(McCartney and Wise, this volume), the variability found here
for Variramus aculeifera is exceptional.

One possible explanation for the variability of skeletal mor-
phologies of Variramus aculeifera found in this study is that
they represent aberrant (teratoid) specimens of Dictyocha. Ab-
errant specimens similar to those found here are illustrated in
the silicoflagellate literature (Frenguelli, 1935, pl. 1; Deflandre,
1950a, figs. 107-111; Dumitrica, 1973, pl. 12; Shitanaka, 1983,
pl. 49; Harwood, 1988, pl. 23) and have been raised in cultures
by Van Valkenburg (1970, 1980). This evidence led McCartney
(1987) to conclude that Cornua might be aberrants of well-
known genera. The abundance of Variramus aculeifera in the
Site 693 material and the total absence of Dictyocha and other
silicoflagellates with basal rings, however, indicates that V. acu-
leifera is a biologically distinct taxon.

Other Possible Lower Cretaceous Silicoflagellate
Occurrences

The silicoflagellates discussed here are of special interest be-
cause of their antiquity. Other Lower Cretaceous silicoflagel-
lates have been reported in the literature, but stronger confirma-
tion is needed before they can be considered valid. Riist (1888,
pl. 23, fig. 21), in a monograph on Cretaceous radiolarians, fig-
ured a specimen with apical and basal rings from the Gault (Al-
bian) of Saxony (in what is now East Germany) that he referred
to “Dictyocha speculum?”. Deflandre (1950b) later described
this as a new species, Corbisema ruestii, on the basis of Riist’s
drawing. The drawing, however, is not very good, and the speci-
men might be a radiolarian fragment or a contaminant.

Albian “Dictyocha speculum’ and “Dictyocha crux” attrib-
uted to the Thermopolis Shale of Wyoming have been reported
by Klement (1963, p. 270, addendum to “Conclusions”; see
also Loeblich et al., 1968, p. 18). Klement further illustrates
these taxa from a wide variety of Upper Cretaceous units from
the Western Interior of the United States where he reports about
two specimens per sample, most of them very well preserved as
indicated by his micrographs. Most workers now place both of
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these species in the genus Distephanus, which is generally thought
to originate in the late Paleogene. Distephanus speculum and D.
crux, however, have not been reported from the more diverse
and better documented Upper Cretaceous assemblages from Rus-
sia, California, and deep sea cores discussed elsewhere in this
paper. Furthermore, the specimens bear strong resemblances to
Distephanus from the late Miocene and Pliocene; we believe
that Klement’s specimens represent some kind of contamina-
tion. See Harwood (1988, figs. 23, 24), however, for Upper Cre-
taceous forms with an apical ring, whose taxonomic/phyloge-
netic position is unclear.

A few other possible earlier occurrences of Mesozoic silico-
flagellates are mentioned in the literature (Tynan, 1957; Glezer,
1966), but these are not generally accepted. Thus, the occur-
rence of Variramus aculeifera, V. loperi, and Vallacerta hannai
at Site 693, in the absence of any other species, may well repre-
sent the earliest known silicoflagellate assemblage.

Phylogeny

The relationship between the specimens discussed here and
other silicoflagellate taxa, including Cornua, is to a large degree
problematic. Nevertheless, based on the premise that our Site
693 assemblage is the most primitive known, we can speculate
on a number of possible relationships. Any phylogenetic scheme
we construct will necessarily differ from those of previous
authors who considered various other taxa to be the most primi-
tive. For instance, Schulz (1928) began with Paleogene repre-
sentatives of Dictyocha to derive more complex Cenozoic mor-
phologies. For the Cretaceous, Deflandre (1944, 1950b; for ad-
ditional references and an excellent synopsis, see Glezer, 1966)
began with the genus Corbisema Hanna to derive Vallacerta,
Lyramula, and Cornua. Glezer (1966; see particularly fig. 16),
on the other hand, considered Vallacerta the most primitive,
and derived from it Cornua and then Corbisema (= Dictyocha
triacantha var. inermis of Glezer). She then went on to draw up
detailed phylogenies for the Cenozoic. Glezer probably did not
consider Cornua aculeifera particularly primitive since she had
encountered only two specimens, one of which was in a cored
sequence that contained numerous other forms such as Valla-
certa, Lyramula, and Corbisema in samples taken stratigraphi-
cally lower in the section.

In this paper we concern ourselves only with the initial stages
in the development of silicoflagellate phylogeny, and refer the
reader to the publications of Glezer, Deflandre, and the others
cited above for subsequent development. We suggest that Var-
iramus could have given rise to at least three lineages: Valla-
certa, Lyramula, and Cornua-Corbisema (Figs. 4, 5).

The evolutionary link between Variramus and Vallacerta may
possibly be through the species Variramus loperi n. sp. and Val-
lacerta hannai. The spines of Variramus loperi are very similar
to those of Vallacerta hannai in that they lie within a gently con-
vex plane, are long, pointed, generally straight except where they
bend at the position of the pikes, and they bend in the same (ap-
ical) direction. Similarly, the pikes project in the abapical direc-
tion and are usually located about half way along the lengths of
the rays. Vallacerta hannai may have developed through an ex-
pansion of the central hollow bar or trunk to form a plate or
platform. One specimen (Pl. 8, Figs. 6, 7) seems to have an in-
flated central bar, suggesting that such a mechanism was feasi-
ble. There is also the suggestion of a hollow space within the
plane of the central plate where it is connected to the hollow
tube at the edge of the plate (PI. 7, Fig. 2). A reduction in pikes
and a trend toward increased symmetry have led to the pentago-
nal Vallacerta of the Upper Cretaceous (Fig. 5).

Like Cornua, Lyramula’s status as a silicoflagellate has been
at times questioned. Lipps (1970) suggested that Lyramula skel-
etons may actually be the setae of Chaetoceras-type diatoms,
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Figure 4. Cretaceous silicoflagellate phylogeny. There are no authen-
ticated silicoflagellate occurrences between the Campanian-Santonian
(where all Cretaceous genera are present) and the occurrence of Varira-
mus and Vallacerta in the Albian.

which have a hollow construction. However, scanning electron
micrographs of Lyramula (see Hajos, 1975, pl. 40) do not sup-
port this conclusion, in that the spine is not broken as it would
be if it were a diatom fragment. In addition, in the SEM Lyra-
mula exhibits reticulate surface textures, a characteristic silico-
flagellate feature (Hajos, 1975, pl. 40; Bukry and Monechi,
1986).

Lyramula is a common, exceptionally widespread, and envi-
ronmentally tolerant silicoflagellate genus (see distribution dis-
played by Bukry, 1985, table 9.2). As recognized by Deflandre
(1950b) and Glezer (1966), however, Lyramula is highly variable
in its morphology, and a number of species with two, three,
and four lateral rods have been formally defined by Deflandre
(1950b), Perch-Nielsen (1975), and Bukry (1981). Bukry (1985)
argues that the three-pronged forms could be mutants, or phe-
notypic expressions for several species of Lyramula. The four-
pronged species (L. burchardae) thrived in the high Arctic in
environments that may have been of less than normal marine
salinity. The polymorphic nature and sometimes irregular three-
dimensional arrays of spines displayed by this genus, however,
are reminiscent of that in Variramus. It seems entirely possible
that Lyramula, which was considered primitive by Glezer (1966),
could have descended from Variramus by simplification and the
development of a more regular structure (Fig. 5).
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Corbisema

Vallacerta

Lyramula

Cornua

Variramus

Figure 5. Illustration of Cretaceous silicoflagellate phylogeny from Figure 4, with inferences to possible evolutionary transitions. Genus Variramus
is considered ancestral to the genera Cornua, Vallacerta, and Lyramula. A progressive development of silicoflagellate assemblages is implied from
the base to the top of the figure. All figures are from tracings of actual specimens (abapical views except for Lyramula deflandrei, which is in lateral
view). The possible evolutionary link between Vallacerta hortonii and Corbisema geometrica (arrow with question mark) is suggested by the pres-
ence in both of a plate with small basal pikes immediately adjacent on the spines or struts, respectively (see Deflandre, 1940). 1A-C. Variramus acu-
leifera n. comb.; 1D. V. loperi n. sp. 2A-B. Cornua trifurcata; 2C. C. poretzkiae. 3A-B. Corbisema sp.; 3C. Corbisema apiculata; 3D. C. geome-
trica. 4A. Vallacerta hannai; 4B. V. hortonii; 4C. V. tumidula. 5A. Lyramula deflandrei; 5B. L. furcula; 5C. L. simplex.

Similarly, the three-dimensional but much more regular con-
struction of Cornua (Fig. 3A-E) could have been derived from
Variramus by simplification with an increase in symmetry, even-
tually producing a regular and repeatable trilateral configura-
tion. As Glezer (1966, fig. 16) outlined, extension of the lateral
spines could then lead to a true corbisemid with a basal ring
(Fig. 5). This suggestion is perhaps supported by the solid (not

hollow) nature of the corners of some Corbisema specimens,
where fusion of the tips of the lateral spines would have taken
place (example, Fig. 5(3A); see also original photomicrograph
in Harwood, 1988, fig. 23).

In summary, we view Variramus aculeifera as a legitimate sil-
icoflagellate taxon that arose during the Early Cretaceous, be-
fore any other Cretaceous silicoflagellate. It may have given rise
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to Vallacerta hannai through an intermediate evolutionary link,
V. loperi. In addition, Variramus aculeifera may be the progeni-
tor of many other silicoflagellate genera, giving rise to Lyramula
and Cornua-Corbisema through simplification of form and in-
crease in symmetry (Fig. 5). An increase in symmetry is also evi-
dent for the younger Vallacerta species. After the advent of
these other silicoflagellates, the numbers of Variramus aculeifera,
V. loperi, and Vallacerta hannai diminished, but they may have
occurred rarely in Upper Cretaceous strata as remnant taxa.
This may account for the occurrence reported by Deflandre
(1940, 1944, 1950b). However, if Deflandre’s sample can be
shown to come from the Lower Cretaceous rather than the Up-
per Cretaceous by diatoms present with his silicoflagellates, or
by the absence of Lyramula, Dictyocha, pentagonal Vallacerta,
and Corbisema in his sample, then the Late Cretaceous range of
Variramus is in question and the co-occurrence of Vallacerta
hannai and Variramus aculeifera could be considered biostrati-
graphic indicators for the Lower Cretaceous. Many of these
questions of phylogeny will be resolved when silicoflagellate-
bearing Lower through Upper Cretaceous stratigraphic sections
are recovered and studied.

SYSTEMATIC PALEONTOLOGY

Class CHRYSOPHYCEAE
Order SILICOFLAGELLATA Borgert, 1891
Genus CORNUA Schulz, 1928, emend.

Type species. Cornua trifurcata Schulz, 1928.

Emended diagnosis. The triradiate, dome-shaped apical apparatus
consists of three struts that bifurcate symmetrically and curve to form
the rudiments of an incomplete basal ring. The basal ring is incomplete
because the tips of the bifurcations from adjacent struts do not meet.
Basal pikes are present at the ends of the struts at the points of bifurca-
tion.

Differentiation. Cornua exhibits a well-defined trigonal symmetry
with respect to both the struts and their bifurcations. It is distinguished
from Variramus n. gen. by this well-defined trigonal symmetry and the
incomplete but symmetric rudiments of a basal ring.

Remarks. The generic definition of Cornua Schulz (1928) is based
upon the species description of C. trifurcata, with the genotype desig-
nated by monotypy (Loeblich et al., 1968). Schulz (1928) emphasized
the triradiate nature of the apical apparatus of the genotype, but other
workers (Deflandre, 1944, 1950b; Glazer, 1966) included within the ge-
nus forms with crude quadrilateral symmetry or no symmetry at all (see
Figs. 3A-C for illustrations of all silicoflagellate species that have been
assigned to this genus). Following closely the description of Schulz’s
genotype, we restrict the genus Cornua to triradial symmetric forms. We
assign other forms that lack a basal ring and a strict trigonal symmetry
to Variramus n. gen. (see below).

Genus VARIRAMUS n. genus

Type species. Variramus aculeifera (Deflandre) 1950b, n. comb.

Diagnosis. Irregularly-shaped, hollow spinose skeletons consisting
of three to six or more main branches usually not in the same plane but
comprising a discernable trunk or center point. The branches in turn
may be straight or slightly curved, and may bifurcate or trifurcate be-
fore terminating in points. Diameter of skeletal elements decreases from
central trunk to distal spine. Trunk may be expanded. No apical or basal
ring structure is present. Basal pikes in random orientation, or directed
consistently in the abapical direction.

Differentiation. The genotype, Variramus aculeifera n. comb., was
originally included by Deflandre (1944, 1950b) in the genus Cornua
Schulz (1928). Although Cornua also lacks a basal or apical ring, it is
characterized by a well-defined radial symmetry, particularly by a trilat-
eral symmetry (see discussion of the Genus Cornua above).

It is difficult to demonstrate a consistent symmetry among speci-
mens of the genotype, Variramus aculeifera. Some incomplete speci-
mens, if viewed from a favorable angle, may suggest a trigonal symme-
try (e.g., Pl. 1, Fig. 5; Pl. 6, Fig. 5), but we consider this fortuitous and
not a consistent, repeatable character. The holotype of V. aculeifera ap-
pears to have a rough quadrilateral or bilateral symmetry, but we have
not observed any similar form which, like the holotype, shows bifurca-
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tions at the ray tips. Deflandre believed that the skeletons may have their
origins in an apical apparatus of four branches, but quickly noted that
the specimens are extremely variable, and that it is difficult to find any
two alike. This is also shown by his three illustrations. Because both
paratypes are highly asymmetric three-dimensional arrays, a first order
symmetry is apparently not a consistent or demonstrable characteristic
of this species as described by Deflandre.

The only exception to the above generalizations appears to be V. lo-
peri n. sp., which exhibits a polygonal symmetry of basal pikes, and
whose skeletal elements lie roughly within a domed plane. The spines ex-
hibit a consistent size and form, and the basal pikes point consistently in
an abapical direction, which defines an orientation for the skeleton.

Remarks. The genus name is from the Latin, meaning “variable
branches”.

Variramus aculeifera (Deflandre) n. comb.
(Pls. 1-3; PI. 4, Figs. 1,2,5-7; Pls. 5-6)

“Forme cornuoide de Dictyocha spec. ind.”, Deflandre, 1940b, v. 211,

p. 509, fig. 11.

Cornua aculeifera Deflandre, 1944, v. 219, p. 464, figs. 8-9 (Nom.
nud.).

Cornua aculeifera Deflandre, 1950b, v. 2, p. 114-172.

Cornua aculeifera Deflandre, Glezer, 1959, v. 10, p. 109, fig. 11.

Cornua aculeifera Deflandre, Glezer, 1966, v. VII, p. 239, pl. III, fig. 1.

?Cornua sp. A, Bukry, 1985, pl. 9.1, figs. 4-5.

Remarks. Deflandre (1950b) characterized this taxon as being highly
irregular, with a tendency to develop long and short spines. We note that
the skeletal intersections generally consist of three elements connected
by triple junctions; the angles are obtuse, and often close to 120°. The
skeleton is usually flattened, with a bowed or dome shape producing
convex (apical?) and concave (abapical?) sides. At the center of the api-
cal(?) structure is one or a series of elements that usually bifurcate at
their terminations into additional elements, spines, or pikes. The termi-
nal bifurcations may consist of two spines or a spine and a pike. If there
is a pike, the pike usually occurs at a greater angle with respect to the
skeletal element than the associated spine. Pikes frequently point to the
abapical(?) side of the skeleton. The general structure is often similar to
the apical apparatus of a four or five-sided dictyochid, but simpler and
more complicated morphologies also occur. For additional comments,
see “Differentiation” under the generic description.

Occurrence. The Upper Cretaceous of California (Deflandre, 1950b),
Russia (Glezer, 1959, 1966), DSDP Site 275 (Bukry, 1975), possibly the
Arctic (Bukry, 1981, 1985), and the Lower Cretaceous (lower Albian) of
ODP Site 693 in the Weddell Sea off East Antarctica (this paper).

Comparison. The specimens illustrated by Deflandre (1944, 1950b)
and Glezer (1959, 1966) (see Figs. 3F-I) resemble closely those of the
present study, although Deflandre’s holotype is less representative of the
range of variation than the other illustrations. Deflandre’s sample is
cited as coming from the Moreno Formation of California, which is
Maestrichtian in age. This is considerably younger than our specimens
from Site 693; Glezer’s samples from Russia, dated as Santonian to
Campanian in age, are also younger than the Site 693 material. Thus,
their biostratigraphic age may extend from the Early and through the
Late Cretaceous, although much further study is needed to verify their
occurrence and variability in the Upper Cretaceous localities.

Variramus loperi n. sp.
(PL. 4, Figs. 3, 4; PL. 8, Figs. 4-9)

Diagnosis. A subplanar, gently domed species of Variramus that ex-
hibits a polygonal symmetry about the basal pikes along the spines.
When connected by imaginary lines, these pikes tend to form the cor-
ners of squares or pentagons, depending on the number of spines. Api-
cal and abapical directions can be determined.

Description. This species has four or five spines that radiate from a
central bar or trunk rather than a center point. However, the distal seg-
ments of the spines (portion beyond the basal pikes) exhibit a radial
symmetry from an imaginary central point. Basal pikes are present at
one-third to half the length of the spines, at which point the spines bend
through an obtuse angle in the apical direction before terminating in a
sharp point. The spines do not bifurcate and are generally straight ex-
cept where they bend at the positions of the basal pikes. The pikes ex-
tend in the abapical direction. The convex apical side of the fossil is de-
fined by the dome over the spines created by the central bar (see PI. 4,
Figs. 6, 7).



Differentiation. The gentle apical doming of the skeleton and the
consistent abapical orientation of the basal pikes defines an orientation
for the skeleton that is not apparent in V. aculeifera. In addition, the
consistent orientation of the extremities of the spines (beyond the basal
pikes) denotes a radial symmetry about an imaginary center point which
is also not apparent in V. aculeifera. In addition, the spines never bifur-
cate.

Remarks. The construction of the spines is similar to those of Valla-
certa hannai in several respects. They both have generally straight radial
spines and basal pikes at about mid-length that extend in the abapical
direction. Furthermore, the spines bend at the position of the basal
pikes through an obtuse angle in the apical direction, and the spines ter-
minate without bifurcations in a point.

The specimen shown in Plate 8, Figures 6 and 7, exhibits what ap-
pears to be an expanded, hollow central bar. Further expansion of such
a bar through evolution could lead to the formation of a plate or central
platform similar to that present in Vallacerta. 1f so, then the species de-
scribed here might be an evolutionary link between Variramus and Val-
lacerta.

This taxon is named in honor of Dr. David E. Loper, a mathemati-
cian, for his contributions toward modeling silicoflagellate skeletal mor-
phologies (see McCartney and Loper, 1989).

Occurrence. Rare in the lower Albian of ODP Site 693, East Antarc-
tic margin in the Weddell Sea.

Size. Holotype, 60 um.

Holotype. Plate 8, Figure 5.

Isotypes. Plate 4, Figures 3, 4; Plate 8, Figures 4, 6-9.

Type locality. ODP Sample 113-693B-19X-4, 103-104 cm.

Genus VALLACERTA Hanna, 1928
Vallacerta hannai Deflandre, 1944
(Pl. 7; Pl. 8, Figs. 1-3)

Vallacerta hannai Deflandre, 1944, p. 463, figs. 1-7.

Remarks. Deflandre (1944) described this species as a small (8 to 10
pm in diameter) skeleton consisting of a convex plate with seven unequal
spines, which bear basal pikes at some distance along the spine. The five
specimens illustrated by Deflandre do not show the symmetry expressed
in most other species of Vallacerta. Other Vallacerta from the Upper
Cretaceous have either lost the basal pikes or they are greatly reduced, as
in V. hortonii (Mandra, 1968, figs. 11, 12; McPherson and Ling, 1973,
pl. 1, figs. 8, 9; Perch-Nielsen (1975, pl. 14, figs. 5, 6). These more ad-
vanced forms also exhibit a higher degree of symmetry and a reduction
in the length and numbers of spines (five being the most common).

The skeleton consists of a bowl-shaped plate without portals, but
with spines that splay outward from the base of the plate. The spines
tend to lie within a plane and there usually are seven of them, although
variations on this number might occur. The plate is subcircular, heptag-
onal (Pl. 8, Fig. 1), or suboval in outline; spines aligned with the long
axis of the plate tend to be larger than spines aligned with the short axis.
Only the apical surface of the plate is ornamental with weakly devel-
oped granules that merge into short lines. Pikes are situated on the
spines and point away from the plate, in the abapical direction. The lo-
cation of the pikes along the spine is variable.

The general morphology of Vallacerta hannai bears many similari-
ties to younger Cretaceous and Cenozoic silicoflagellates. These include
the near-circular shape of the basal “ring”, the dome-shaped apical
structure, the relative size and distribution of the spines within a plane
around the basal ring, and the presence of pikes that point away from
the apical dome. Vallacerta hannai differs from other silicoflagellates
outside the genus by the presence of a solid apical structure without por-
tals. The presence of basal pikes along the spines rather than on the ba-
sal ring is shared only by Variramus loperi (see above), although basal
pikes occur in Vallacerta hortonii at the junction of the spines with the
apical plates, and in Corbisema lateradiata along the lateral rods
(McPherson and Ling, 1973).
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Plate 1. 1-10. Variramus aculeifera (Deflandre), Sample 113-693A-44R-1, 14-18 cm, x 700.
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Variramus aculeifera (Deflandre) n. comb.
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Plate 2.
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Plate 3. Variramus aculeifera (Deflandre) n. comb., Sample 113-693B-19X-4, 105-106 cm. 1. x1500. 2-3. Stereo-pair, 20° difference,
x1100. 4, 5. (4) x1500; (5) %3300, enlargement of (4) showing broken surface. 6. x1500. 7. x1100.
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Plate 4. Sample 113-693B-19X-4, 105-106 cm. 1-2. Variramus aculeifera (Deflandre) n. comb., stereo-pair, 20° difference, x 1100; 3-4. Varira-
mus loperi n. sp., stereo-pair, 15° difference, x 1500. 5-7. Variramus aculeifera n. comb., (5) x 1500; (6) x1100; (7) x 1100.
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Plate 5. 1-8. Variramus aculeifera (Deflandre) n. comb., Sample 113-693A-44R-1, 14-18 cm. (1, 2) Stereo-pair with 20° difference, x 1100; (3)
% 2000; (4, 5) Stereo-pair with 20° difference, x 1100; (6) x 1100; (7) x 1100; (8) x 8000, showing broken surface of specimen illustrated in Figures 4,
5 above; scale bar applies to this specimen only.
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Plate 6. 1-6. Variramus aculeifera (Deflandre) n. comb., Sample 113-693A-44R-1, 14-18 cm. (1, 2) Same specimen, 45° difference, x 1100. (3, 4)
Same specimen, 50° difference, x 1500; (5) x 1100; (6) x 2000.
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Plate 7. 1-6. Vallacerta hannai Deflandre, Sample 113-693B-19X-4, 77-78 cm., Scale bars = 10 um.
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Plate 8. 1-3. Vallacerta hannai Deflandre, Sample 113-693B-19X-4, 77-78 cm, x2000. 4-9. Variramus loperi n. sp. 4-5. Sample 113-693-19X-4,
103-104. (4) x 1000; (5) holotype, x750. 6-9. Sample 113-693B-19X-4, 77-78. (6, 7) high and low focus respectively, x 750; (8, 9) x 800.
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