
Phylogenetic Lineages in the Lower Tertiary 
Coccolith Genus Chiasmolithus 

STEFAN GART NFR . .1 R. 

j\ifade in United Sta.tes of A111 eriw 
Reprinted from J 'ROC'EEDJ NC.S OF TH E X ORT H A)IERIC.\~ 1' .-\L EO!':TO I. OG IC.\L Co:-.;n::-:TION 

September 1969. PART G 
pp. 930~95 7 

Publis hed December 30. 19i0 



Phylogenetic Lineages in the Lower Tertiary 
Coccolith Genus Chiasmolithus 

STEFAN GARTNER, JR. 

University of Miami, Miami , Florida 33149 

INTRODUCTION 

Among the lower Tertiary calcareous nannoplankton fossil s a particularly 
interesting group is that comprising the genus Chiasmolithus of Hay, ::\Iohler 
and Wade ( 1966). Briefly, this genus consists of a group of elliptical 
placoliths ranging from 3 microns to about 20 microns in diameter . As 
in all placoliths the concave proximal shield is smaller , and is connected 
to the larger convex distal shield by a flaring collar. The central opening 
in the collar is relatively large- /4 to more than Y2 the diameter of the 
placolith-and is spanned by crossbars which have the shape of an " X.. " 
a modified "X," or a modified "H." 

Nine species have been assigned to this genus. These are : Chiasmolithus 
bidens (Bramlette and Sullivan), C. californicus (Sullivan ), C. consuetus 
(Bramlette and Sullivan), C. danicus (Brotzen), C. expansus ( Bramlette and 
Sullivan), C. gigas (Bramlette and Sullivan), C. grandis (Bramlette and 
Riedel), C. oamaruensis (Deflandre), and C. solitus ( Bramlette and Sul li
van). 

The oldest species in the genus, Chiasmolithus danicus , first appears in 
Danian sediments, and the youngest representative of the genus, Chiasmo
lithus oamaruensis, becomes extinct during the Oligocene. 

The various species of the genus are distinguished on the basis of the 
following characteristics: 1). size of the placolith ; 2). the number of stria
tions (elements) that can be seen on the distal shield ; 3). the curvature of 
the striations (sutures) ; 4). the size of the central opening; 5) . the shape 
of the crossbars; 6). the presence of accessory structures (teeth ) in the 
central opening. 

The nine species enumerated above, plus one additional species not 
previously named or described, all developed during early T ertiary time. 
All have the same basic architectural plan and are very similar to other 
Tertiary placoliths, being set apart primarily by the presence of the cross
bars. The crossbars are the most consistent characteristic of the genus, 
but at the same time, variation in their shape and ultrastructure affords 
an excellent means for studying the origin, evolution, and phylogenetic 
lineages within this group. 

The purpose of this paper is to present the phylogenetic lineages \Yithin 
the genus Chiasmolithus, to show the relationship among the various species, 
and to relate the evolution of the above species to a lower Tertiary bio
stratigraphic framework . This was achieved chiefly through the study of 
the ultrastructure of the crossbars of the several species of Chiasmolithus. 

Proc. K orth American Paleont Jlogical Com·enlion: 930--95 i. 1969 
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The negative of photographs and carbon replicas are in the author's collec
tion. 

GENERAL 

Light microscopic examination, especially with cross-polarized light, indi
cates a significant difference in the ultrastructure of the crossbars of various 
species of Chiasmolithus. Superficially, crossbars appear to be of two types, 
one relatively complex, the other simpler in construction. The first type 
is best characterized by Chiasmolithus gmndis in which the crossbars ap
pear to have an axial suture in transmitted light ; when viewed in cross
polarized light, the crossbars have one, or sometimes several, closely spaced 
parallel dark axial lines. On both sides of these dark lines the crossbar 
is bright (Fig. 14-2a-c). A particular segment of the crossbars is nearest 
to extinction when the axis of that segment is at about 45 ° to the direction 
of polarization, and is brightest when aligned parallel to the polarizer or 
analyzer of the microscope. 

Besides Chiasmolithus grandis this group includes C. bidens, C. expansus, 
C. oamaruensis and C. solitus. 

The second type of crossbar probably is characterized best by the species 
Chiasmolithus califonzicus, which has no axial suture on the crossbars; 
when viewed in cross-polarized light, segments are closest to extinction 
when the sides of the segment are rotated about 65 ° from parallel (Fig. 8-
l a, b). This second group also includes Chiasmolithus consuetus and a 
previously undescribed species. 

Chiasmolithus danicus and C. gigas cannot be assigned clearly to either 
group on the basis of light optical work. The first shows no axial line on 
the crossbars in transmitted light, but some specimens may show a faint 
axial line in cross-polarized light. The crossbars of Chiasmolithus gigas may 
show a faint axial line in transmitted light, but resemble more closely the 
crossbars of C. califomicus. In cross-polarized light, however, most speci
mens show a definite axial line, although not nearly so well developed as 
in C. grandis. 
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CROSSBAR ULTRASTRUCTURE OF Chiasmolithus g1•andis 

Viewed from the distal or convex side with an electron microscope, the 
crossbars of Chiasmolithus grandis appear to be constructed of a series of 
calcite laths, up to 1.5 microns long, and about Y-t micron across, which 
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Fig. 1. Tracing of the distal sur face of Cl! iasmolit hus gra11dis sho11·ing the axially 
aligned, slightly spiraling calcite la ths on the crossbars. 

are very nearly aligned with the axis of the crossbar (Fig. 14-3) . The 
slight inclination of the laths suggests that they are twisted spirally about 
the axis of the crossbars. The tracing (Fig. 1) shows more clearly the 
ultrastructure of the distal surface of the crossbars. The minute size of 
the laths and aggregate construction of the crossbars makes it difficult to 
measure accurately extinction angles; however, a number of measurements 
yield an average value of about 45° for any segment of the crossbars. This 
indicates that the optic axis ( crystallographic C-axis) is not aligned \\ith 
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Fig. 2. Tracing of the proximal surface of Chiasmolithus grandis showing the 
transversely arranged calcite laths on the crossbars interfingc ring along a median line. 

the axes of the laths, and that the sides of the laths probably correspond 
to a rhombohedral face of a calcite prism, for which the extinction angle 
is about 40° in one direction, and about 50° in the opposite direction of 
rotation. 

Electron micrographs of the proximal or concave side of C. grandis show 
an entirely different type of crossbar construction. Here two sets of laths 
are oriented normal to the axis of the crossbar, and interfinger along the 
axis (Fig. 14- 1). This interfingering along the axial line, no doubt, gives 
rise to the axial suture which is so prominently developed in transmitted 
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I I 
Fig. 3. Cross-section of the crossbar of Chiasmolithus grandis showing the t wo-part 

construction of axially aligned laths (top) and trans\·erscly arranged laths (b ottom). 
Maximum diameter about 1.25 microns. 

light images. The drawing (Fig. 2) shows more clearly the ultrastructure 
of the proximal surface of the crossbars. The crystallographic orientation 
of this second set of laths could not be determined light optically, as they 
appear to be relatively thin compared to the longitudinal lath bundles on 
the distal side of the crossbars. However, on some specimens of C. grandis 
these transverse laths on the proximal surface of the crossbars are Yery 
strongly developed, extending beyond the crossbars and nearly covering 
the entire area between adjacent crossbar segments and the inner periphery 
of the collar (Fig. 11-3). Cross-polarized light images of such specimens 
indicate that the crystallographic orientation of these transverse laths is 
different from that of the longitudinal laths. 

If we construct a simplified cross-section through a crossbar segment 
it would probably look like Fig. 3. The thicker portion represents the 
distal side constructed of longitudinal laths here seen in crossection. This 
portion is simplified because electron micrographs show many more crystal 
faces developed on the laths than are indicated here. The thinner portion 
represents the transverse laths on the proximal surface which in terfi nger 
along the axial line of the crossbars, and which sometimes extend in an 
irregular fashion beyond the edge of the crossbars formed by the longi
tudinal laths. 

Chiasmolithus expansus (Fig. 11- 1, 2a, b) a species which de\·eloped 
from C. grandis during early Eocene time, has crossbars constructed iden
tically to those of C. grandis, and differs from its parent form only in 
lacking accessory structures (teeth) in the central area. 

Chiasmolithus bidens (Fig. 7) the immediate ancestor of C. grandis, 
also has the same type of crossbar ultrastructure. It differs from the 
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latter species in being smaller, in not developing accessory structures (teeth ) 
or having these developed only in a rudimentary way, as in specimens 
transitional between the two species, and in having the crossbars shaped 
in such a way that one member is straight whereas the other member is 
S-shaped. Actually the second member appears to consist of two segments 
which are off-set with respect to one another where they meet the first 
segment in the center of the placolith . 

Chiasmolithus oamaruensis (Fig. 15), the youngest representative of this 
group, seemingly has the crossbars constructed entirely of axially aligned 
calcite laths, on the proximal side as well as the distal side. Close exam
ination, however, shows the remnants of an axial suture on the proximal 
surface of some specimens (Fig. 15-2) and specimens wi th incompletely 
developed crossbars show transversely arranged crystalli tes (for example, 
see Stradner and Edwarcl s, 1968, pi. 2). The development of axially 
aligned laths has progressed in this species to the point where the entire 
crossbar structure may be covered by laths on the proximal and clistal 
surface. 

Chiasmolithus solitus (Fig. 16), an early and middle Eocene species which 
on the basis of light microscope observations is assignable to this group 
also, has its crossbars constructed somewhat differently than the other 
members of this lineage. The transverse laths are well developed on the 
proximal surface of the crossbars, but are relatively crueler than on other 
species, consisting for the most part of calcite "·edges. On the distal surface, 
however, no axial laths are developed; instead tabular crystallites cover the 
surface in a somewhat irregular pattern . This type of crossbar ul trastruc
ture may have developed from a progressive degeneration of the crossbar 
ultrastructure of Chiasmolithus bidens or C. grandis by reduction of the 
axial laths to tabular prisms. 

To overlap has been established in the ranges of Chiasmolithus bidens 
and C. solitus, although the earliest occurrence of C. solitus seems to be 
relatively soon after the last occurrence of advanced forms of C. bidens. 
In any case, C. solitus could be derived equally well from either of the 
above two species. 

CROSSBAR ULTRASTRUCTURE OF Chiasmolithus calijornicus 

Electron micrographs of the distal surface of Chiasmolithus calijornicus 
show the crossbars to be constructed of a series of overlapping plates 
stacked on one another, and arranged so as to give the crossbars their 
characteristic shape (Fig. 8- 2). The drawing (Fig. 4) indicates more 
clearly the ultrastructure of the crossbars. The plates are more or less 
rectangular in shape, and do not show prism faces or edges as would cal
cite rhombs. The proximal surface shows a similar type of construction 
except that the boundaries of the plates may be irregular, and in some 
instances appear to be edges of rhombohedra. 



936 ULTRA liiiCROPLANKTON 

Fig. 4. Tracing of the distal surface of C hiasmolithus californiws showing the 
tabular calcite prisms of which the crossbars are constructed. 

If viewed in cross-polarized light, all parts of the crossbars may be 
nearest to extinction in the same orientation, or various segments of the 
crossbars may go to extinction successively. The extinction angle of a 
segment may vary from about 20° to 45 °, although for any one specimen 
the extinction angle of all segments appears to be about the same. Occasion
ally there may appear to be an axial line along a segment of the crossbars 
that is near extinction. This seems to be caused by the partial overlap of 
two slightly differently oriented calcite plates, as electron micrographs show 
no evidence of an axial suture such as is present on C. grandis and other 
species in that lineage . 
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Fig. 5. Cross-section of the crossbar of Chiasmolii hus ca.lifornicus showing the a r
rangement of tabulae in the cros ·ba r. Maximum dia mctr r about 0.75 mic rons. 

In cross-sectional view, then, a crossbar segment of C. cali fo rnicus would 
probably look like F ig. 5. This model is somewhat implified beca use it 
does not take into account the curva ture of the placolith , which extends also 
to the crossbar. T o accommodate the curvature, ome of the plates of 
which the crossbar a re constructed termina te as thin wedges. This accounts 
for the irregular outlines vi sible on the proximal surface of the crossbars. 

Chiasmolithus consuetus (Fig. 9), the immediate ancestor of C. calijorni
cus, has crossbars constructed in exactly the same way. It differs from 
the la tter species primarily in its smaller size, although throughout the 
range of C. calijornicus specimens may be found intermediate in size be
tween the two species. 

A distincti ve form, which has not been named previously, has crossbars 
with the same type of ultras tucture as C. calijornicus and C. consuetus; it 
first appears in the middle Eocene and persists into the youngest Eocene 
sediments (Fig. 17 ). This form is di stingui shed from the other two species 
by the shape of the crossbars; one member is strai ght and diagonal, and 
the other member is S-shaped . Thus the end segments of the second mem
ber are subparall el to the minor axis of the ellipse, and the midde portion 
is more or less aligned with the long axis of the ellipse. This species is 
herein described as Chiasmolithus titus. 

Two species remain unassigned to either of the above two lineages 
of Chiasmolithus. Chiasmolithus gigas (Figs . 12: 13-1a-lc), a relatively 
large, stratigraphically restri cted middle Eocene pecies, superficially re
sembles C. cali jornicus, but the crossbar ultrastructure of thi s species is 
very simi lar to that of C. solitus. On the proximal surface the crossbars 
are constructed of interfingering calcite wedges; the sid es of the wedges 
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seemingly do not conform to crystallographic faces. The distal surface 
of the crossbars is constructed of tabular calcite crystallites, some of which 
seem to have natural crystallographic faces. Thus, on the basis of crossbar 
ultrastructure, it appears that Chiasmolithus gigas is most closely related to 
C. solitus, and very probably developed from it. 

The other species remaining unassigned is C. danicus (Fig. 10). Electron 
micrographs show that the crossbars of this species are constructed dif
ferently than either of the two groups described above. The proximal 
surface commonly is constructed of irregularly shaped particles mixed 
with rhombohedral crystallites. The distal surface of the crossbars consists 
almost entirely of rhombohedral crystallites which are inclined to the axis 
of the crossbar segment. The crystallographic C- axis (equals optic axis ) 
of the crystallites also is inclined to the axis of the crossbars, as the seg
ments of the crossbars are nearest to extinction at some angle to the polar
izing direction of the nicols, the extinction angle being different for different 
specimens. 

ORIGIN OF THE GENUS Chiasmolitlzus 

More difficult than tracing the lineages within the genus Chiasmolithus 
is to determine the origin of the genus. The earliest species, C hiasmolithus 
danicus, first appears in Danian sediments within the Cruciplacolitlzus tenuis 
Zone, which commences just a few feet above the base of the Danian. Few 
placolith species are known from Cretaceous sediments that could be con
sidered ancestral to Chiasmolithus. It is more likely, therefore, that the 
genus is derived from another early Tertiary placolith species, such as 
Cruciplacolithus tenuis. The crossbars of this species are aligned with the 
long and short axes of the ellipse, but the ultrastructure of the crossbars is 
very similar to that in Chiasmolithus consuetus and C. calijornicus, in that 
the crossbars are constructed of calcite plates stacked on one another. 

Within the Pine Barren member of the lower Paleocene Clayton Forma
tion , Cruciplacolithus tenuis and Chiasmolitlzus consuetus occur together, 
and there are many forms intermediate between the two species, in that 
the crossbars are rotated slightly so that they are not aligned with the 
long and short axes of the ellipse, and the longer member of the crossbars 
is also curved slightly. These forms are not clearly assignable to either of 
the two species, but would indicate that Clziasmolithus consuetus probably 
developed rather directly from Cruciplacolithus tenuis. 

The Clziasmolitlzus grandis lineage can be traced clearly back to C. bidens 
as its earliest representative. The latter species has its earliest occurrence 
near the middle part of the Paleocene within the upper part of the Globo
rotalia uncinata-Globorotalia spiralis Zone. On the basis of crossbar shape, 

Chiasmolithus bidens may have developed from either C. consuetus or C. 
danicus . On the basis of crossbar ultra structure neither species seems to 
be a very satisfactory ancestral form . However, the crossbar ultrastructure 
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of C. danicus- irregularly shaped crystallites on the proximal surface and 
mainly rhombohedral calcite prisms on the distal surface- is probably 
most nearly suited for modification to the crossbar ultrastructure of C. 
bidens and the species derived from it. The excellent photographs of C. 
danicus by Perch-Nielsen ( 1969a ; 1969b ) indicate that Clziasmolithus 
bidens is indeed derived fro m the Chiasmolitlzus danicus stock . 

Chiasmolithus danicus in turn also may have developed from Crucipla
colithus tenuis, or possibly from C. consuetus. The latter possibi lity, al
though more attractive, is less likely because most records indicate that 
the earliest occurrence of C. consuetus is la ter than the earliest occurrence 
of C. danicus. The last point is open to question, however. For example, 
Bramlette and Martini ( 1964) recorded C. danicus from the Paleocene Clay
ton Formation in Alabama, but electron microscopic study of samples from 
the Pine Barren and McBryde members of the Clayton Formation indicate 
that all specimens of Chiasmolit lzus have the C. consuetus type crossbar 
ultrastructure. Also the specimen illustrated by Hay and Mohler ( 1967 ) 
as C. danicus from Pont Labau appears to be more nearly identi fiable with 
C. consuetus; this is not entirely certain because the specimen in question 
is illustrated only with light micrographs and nothing can be seen of the 
crossbar ultrastructure. Thus, the earliest occurrence of C. consuetus may 
be as early as the earliest occurrence of C. danicus . The fact that the two 
species are not found together, although each species is an important ele
ment of the assemblage where it is found , may suggest that their geographic 
distribution was environmentally controlled, and that in one region Cruci
placolithus tenuis gave ri se to Chiasmolithus consuetus, while in another 
region C hiasmolithus danicus developed from the same ancestral form. 

Fig. 6 shows the above phylogenetic lineages arranged on a stratigraphic 
framework. Clziasmolitlzus consuetus, C. calijornicus, and C. titus form one 
lineage of closely related species. T his lineage is almost certainly derived 
fro m Cruciplacolithus tenuis. 

Another closely related group of species includes Chiasmolithus bidens, 
C. grandis, C. expansus, and C. oamaruensis. These also constitute a clearly 
defined lineage, and it may be appropriate to separate these four species 
from the three species of the p revious lineage on the subgeneric level. 

The relationship of Clziasmolithus danicus to the second lineage is some
what less certain: even more questionable is the derivation of Chiasmolithus 
danicus from Cruciplacolithus tenuis. If it can be demonstrated that this 
second relationship does not exist, then the two groups probably will have 
to be separated into different genera. 

Chiasmolithus solitus and C. gigas, although clearly related to the 
second lineage, a re nevertheless readily separable from that lineage. Thus, 
the genus Clziasmolitlzus consists of two distinct lineages and a third, some
what less distinctive lineage, to which nine of the ten species are readily 
assignable. The only species whose position is still somewhat uncertain is 
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Fig. 6. The phy logenetic lineages within the gen us Chiasmolitltus. 

C. danicus, a species which appeared ea rly in the hi story of the genus, and 
apparently was more restri cted geographically than any of the subsequent 
forms. 

SUMMARY 

The genus Chias111olithus consists of a group of lower Tertiary placoli ths 
characterized by a relatively large open center, spanned by a modified 
x-shaped crossbar. Two distinct lineages developed within the genus can 
be recognized by the ultrastructure of the crossbars. The first lineage, 
typified by Chiasm.olithus gmndis (Bramlette and Riedel ) has a two part 
crossbar ; the di stal side consists of parall el axially aligned calcite laths, 
and the proximal side consists of transversely aligned calcite laths which 
interfinger along a median suture . Chiasmolithus bidens (Bramlette and 
Sullivan) , C. expansus (Bramlette and Sullivan ), C. solitus (Bramlette and 
Sullivan ), C. gigas (Bramlette and Sullivan ) , and C. oamaruensis (De
fl andre) are assignable to thi s lineage. 
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Chiasmolithus danicus (Brotzen), possibly the oldest species in the genus, 
is not clearly assignable to thi s lineage, but very probably belongs to it 
and may be the ancestral form for this lineage. 

The second lineage typified by Chiasmolithus calijornicus (Sullivan), has 
the crossbars constructed entirely of tabular calcite prisms which are 
stacked on top of each other, parallel to the plane of the placolith. Chias
molithus consuetus (B ramlette and Sullivan ) and Chiasmolithus titus n. sp. 
belong to this second lineage . This second lineage seems to have developed 
from the early Tertiary speci es Cruciplacolithus tenuis (Stradner ) , which 
has very similar crossbar ultrastructure . 

SYSTEMATIC PALEONTOLOGY 

Genus CHIASMOLITHUS Hay, Mohler and Wade, 1966 

Chiasmolithus bidens (B ramlette and Sullivan) Hay and Mohler, 1967 
Fig. 7 

Coccolithus bidens Bramlette and Sullivan , 1961 , p. 13 9, pl. 1, fig. 1 ; Strad
ner in Gohrbandt, 1963 , p. 72 , pi. 8, fi gs. 1, 2 ; Sullivan, 1964, p. 180, 
pi. 1, fi gs. lOa, b : Sullivan, 1965, p. 131. 

Chiasmolithus bidens (Bramlette and Sullivan ) Hay and Mohler, 1967, 
p. 1526, pi. 196, fi gs . 2.3 - 25 (not fi gs . 14, 15, 16), pl. 197, figs. 4, 9, 14. 

Chiasmolithus solitus (Bramlette and Sullivan ) Locker, 1968, pi. 1, figs . 5, 6. 

R emarks: Chiasmolithus bidens has the typical "split" crossbar in cross
polarized light. The electron micrographs show the distal surface of the 
crossbar to consist of parallel laths which are inclined slightly to the axis 
of the crossbars; on the proximal surface of the crossbars the laths are 
normal to the ax is and interfinger in a zigzag pattern along the central 
suture. In topotype specimens, the projections or teeth are not developed 
in the interareas between crossbars, but in younger representatives incipient 
teeth can be seen, indicating a relatively direct transition from C. bidens 
to C. grandis. 

Range: Chiasmolithus bidens first appears in the midde part of the 
Paleocene within the Globorotalia uncinata- Globoratalia spiralis zone of 

planktonic foramini fer terminology, and appears to persist into the basal 
Eocene. The upper limit of the range of thi s species is unclear because 
it evolves rather directly into C. grandis ; form intermediate between the 
two are understandably difficult to assign to either one species or the other. 

Chiasmolithus californicus (Sullivan) Hay and Mohler, 1967 
Fig. 8 

Coccolithus aff. C. gigas Bramlette and Sullivan, 1961 , p. 140, pl. 1, figs. 
7a- d. 

C occolithus calijornicus Sullivan, 1964, p . 180, pi. 2, figs . 3a- b, 4a·-b ; Sulli
van, 1965, p. 3 1. 
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R emarks: Chiasmolithus calijornicus is an intermediate sized species of 
this genus in which the crossbars do not have a split appearance in the 
light microscope. Ultrastructurally the crossbars consist of a series of 
tabular prisms, whose largest dimensions are parallel , and which are stacked 
on one another to form the crossbars . Chiasmolithus californicus developed 
from C. consuetus, and intermediate forms between the two species are not 
uncommon. 

Range: Chiasmolithus calijornicus has been recorded from Late Paleocene 
and Early Eocene sediments, although its occurrence in the upper part of 
its range is sporadic. 

Chiasmolithus consuetus (Bramlette and Sullivan) Hay and Mohler, 1967 
Fig. 9 

Coccolithus consuetus Bramlette and Sullivan, 1961, p. 139, pi. 1, figs. 4a- d ; 
Sullivan, 1964, p. 180, pl. 3, figs. la- b; Sullivan , 1965, p. 31; Reinhardt, 
1967 , p. 206, pl. 2, figs. 14, 18 (not pl. 1, fi gs. 12 , 15 , 16, 20 ; pi. 2, figs. 
13, 15 , 17, 19); Hay, Mohler and Wade, 1966, p. 388. 

Chiasmolithus consuetus ( Bramlette and Sullivan ) Hay and Mohler, 1967, 
p. 152 6, pl. 198, fig. 16 (not pl. 196, figs. 23 , 24, 25). 

Chiasmolithus bidens (Bramlette and Sulli van) Hay and Mohler, 1967, 
pl. 196, figs. 14, 15, 17. 

Chiasmolithus danicus (Brotzen) Hay and Mohler, 196 7 (part), pl. 198, 
fi gs. 12 , 13. 

Remarks: Chiasmolithus consuetus is the earliest representative of this 
genus in Paleocene sediments of the Gulf Coast. The crossbars typically 
do not have a split appearance, and ultrastructurally they consist of tabulae 
stacked on one another. Because of the curvature of the placolith the 
boundari es of the tabulae may be irregular on both the proximal and distal 
surface of the crossbars. 

Chiasmolitlzus consuetus almost certainly developed fro m Cruciplacolithus 
tenuis, and many forms intermediate between the two occur in the basal 
Paleocene Pine Barren Formation of Alabama. 

Range: In southwestern France and in the Gulf Coast area this species 
is found in Danian age equivalent sediments. However, the species is not 
found in the type Danian. Clziasmolithus consuetus ranges well into the 
Eocene, and ultimately gives rise to the late Middle and Late Eocene species 
C lziasmolitlzus titus. 

Chiasmolithus danicus (B rotzen ) Hay and Mohler , 1967 
Fig. 10 

Cribrosphaeretla danica Brotzen , 1959, p. 25 , figs. 9: 2- 8. 
Coccolitlzus danicus (Brotzen), Bramlette and Martini , 1964, p. 298, pl. 1, 

figs. 15 , 16 ; Martini, 1964, p. 48, pl. 6, figs. 3, 4 ; Hay, Mohler and 
Wade, 1966, p. 388. 
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Chiasmolithus danicu s (Brotzen ) Hay and :.Iohler, 1967, p. 1526 (not 
pl. 196, figs. 16, 21, 22: pl. 198, figs. 8, 12 , 13); Perch-Nielsen, 1969a, 
p. 32 1, pl. 33 , fi gs. 1, 2: Perch-Nielsen, 1969b, p. 58, pl. 1, figs. 1- 4 ; pl. 
7, fi gs. 11 , 12 . 

R emm·ks: The crossbar ultrastructu re of thi s species can be determined 
with certain ty only on the basis of electron microscopic study. Seen with 
the light microscope, the crossbars commonl y have an unspli t appearance. 
Electron micrographs, however, indicate that the ultrastructure of the 
crossbars in this species is different than in either of the two lineages 
within the genus. In some forms it resembles the crossbar ultrastructure 
of Chiasmolithus bidens, although not as well organized as in that species. 

Range : Originally described by Brotzen from the Danian of Sweden, 
thi s species has been recorded also from Danian ed iments in Denmark , 
(Bramlette and l\Iartini , 1964: Perch-N ielsen, 1969b), North Germany 
(Martini , 1964 : Perch-Nielsen, 1969a), and from Danian age equivalent 
sed iments in southwestern France, T unisia and Alabama: however, the 
last three are doubtful. E lectron micrographs of specimens from southwest 
France assigned to thi s species by Hay and Mohler can be identi fi ed as 
Chiasmolithus consuetus. Also in the Clayton Formation of Alabama I have 
not found Chiasmolithus danicus, although C. consuetus is common. Chias
molithus danicus therefore seems to be rest ricted geographically to north 
ern E urope, and trati graphically to the Cruciplacolitltus tenuis zone. 

Chiasmo1ithus expansus (B ramlette and Sullivan) Gartner, n . comb. 
Fig. 11- 1, 2a, b 

Coccolitltus expansus Bramlette and Sullivan, 196 1, p. 139, pl. 1, fi gs . Sa- d : 
Sulli van, 1965, p. 32, pl. 2, fi gs . Sa- b : Hay, lV[ohler and Wade, 1966, p. 
388. 

R emarks: T hi s pecies is very similar to Chiasmolithus grandis in over
all appearance as well as ultrastructure of the crossbars, and differs only 
in lacki ng the toothlike projections in the interareas between the crossbars. 

Range : T he occurrence of this species seems to be somewhat sporadic 
and its range may not be known completely. It has been recorded from 
Early Eocene and early M iddle Eocene sediments. 

Chiasmolithus gigas (Bramlette and Sullivan) Gartner, n. comb. 
Figs. 12 ; 13- la, lb, l e 

Coccolithus gigas Bramlette and Sullivan, 196 1, p. 140, pl. 1, fi g. 7a- d : 
Sullivan , 1965, p. 32, pl. 2, fi gs. 6a- b ; Hay, Mohler and Wade, 1966, p. 
388 . 

R emarks : Chiasmolithus gigas superficially resembles C. calijo1·nicus 
and onl y the crossbar ultrast ructure indicates its true affi nity. In cross-
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polarized light the crossbars have the split appearance typical of the 
Chiasmolithus bidens-Chiasmolithus grandis lineage, and on electron micro
graphs the ultrastructure is shown to be basically the same as in other 
members of that group . On the proximal surface transverse laths inter
finger along the median line, and on the distal surface robust laths or 
prisms are aligned with the crossbar axes. The crossbars of C. gigas re
semble most closely those of C. solitus, and the two species are probably 
closely related. 

Range: Chiasmolithus gigas has been recorded onl y from the Middle 
Eocene and appears to be restricted to that interval. 

Chiasmolithus grandis (Bramlette and Riedel) Gartner, n. comb . 
Figs. 11- 3 ; 14 

Coccolithus cretaceus Arkhangelsky, Deflandre in Grasse, 1952 , p. 463 . 
Text-fig. 360d. 

Coccolithus grandis Bramlette and Riedel, 1954, p. 39 1, pi. 38, figs. l a- b: 
Deflandre and Fert, 1954, p. 152 , text-fig . 48; Bramlette and Sullivan, 
196 1, p. 140, pi. 2, figs. la- b, 2a- c, 3 : Bystri cka, 1963 , p. 274, pl. I , 
fi gs. 4- 6; Stradner in Bachmann, Papp and Strad ner, 1963 , p. 160, pi. 23 , 
fi gs. 1- 3 ; H ay, Mohler and Wade, 1966, p. 388. 

Chiasmolithus grandis (Bramlette and Ri edel ). Bilgi.itay, and others, 1969, 
p. 173, pl. 2, figs. 3, 4 ( transfer invalid) . 

R emm·ks: Chiasmolithus grandis is the most di stincti ve species in thi 
group . Its large size and the toothlike projections in the interarea be
tween crossbars makes it easily recognized. The split type crossbar ultra
structure, consi ting of axially aligned calcite laths on the distal side and 
transversely disposed, interfingering laths on the proximal side, is also best 
developed in this species and is clearly visible in cross-polarized light. 

Range: Chiasmolithus grandis developed directly from C. bidens during 
the very earliest Eocene. The species persists through Early and Middle 
Eocene sediments and becomes ex tinct at the end of the Middle Eocene. 

Chiasmolithus oamaruensis (Deflandre) Hay, Mohler and Wade, 1966 
Fig. 15 

T1·em.alithus oamaruensis Deflandre in Deflandre and Fert, 1954, p. 154, 
pl. 11 , fi g. 22 ; text-figs. 72- 74. 

Coccolithus oamaruensis (Defl andre) Levin , 196 5, p. 2 65 , pi. 41 , fig. 3 : 
Levin and Joerger, 196 7, p. 165, pl. 1, figs. 6a- b. 

Chiasmolithus oamaruensis (Deflandre) Hay, Mohler and Wade, 1966, p . 
388, pl. 7, fig . 1; Stradner and Edwards, 1968, p. 13, pi. 1- S. 

R emarks: Chiasmolithus oamaruensis, the type species of the genus, ha 
the crossbars constructed almost entirely of longitudi nal laths. However, 
on the proximal surface of the crossbars the laths are L-shaped and imbri -
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cate to form a suture somewhat like the transverse laths on the proximal 
surface of the crossbars of C. grandis. In cross-polarized light the crossbars 
of the two species appear very similar. 

Range: Chiasmolithus oamaruensis occurs throughout the Upper Eocene, 
and sporadically is found in the Lower Oligocene as well. 

Chiasmolithus solitus (Bramlette and Sullivan) Locker, 1968 
Fig. 16 

Coccolithus solitus Bramlette and Sullivan, 1961, p. 140, pi. 2, fig. 4a-c; 
Sullivan, 1964, p. 181 , pi. 1, figs . 13-a-b; Sullivan, 1965, p. 32 ; Hay, 
Mohler and \\'ade, 1966, p. 388. 

R emarks: \\'i th the light microscope C hias molithus solitus may not be 
distinguishable from C. bidens. Bramlette and Sullivan ( 1961) distinguished 
them on the presence of toothlike projections in the interareas between 
crossbars of C. bidens. However, topotype specimens of that species com
monly lack such toothlike projections. The distinction is made more easily 
with an electron microscope which shows the crossbar ultrastructure of the 
two species to be different, although on the same basic plan. 

Range: Chiasmolithus solitus is found from the upper part of the Lower 
Eocene through the Middle Eocene. It is never abundant and hence may 
seem sporadic in its occurrence. 

Chiasmolithus titus Gartner, n. sp. 
Fig. 17 

Coccolithus consuetus Bramlette and Sullivan, Levin and Joerger , 1967, 
p. 164, pi. 1, figs. la- b (not Bramlette and Sullivan, 1961) . 

Elliptical placoli th with open center spanned by two crossbars; one cross
bar member is straight and diagonal, the other crossbar member is S-shaped. 

Discussion: Chiasmolithus titus is a medium sized placolith species which 
is most easily distinguished by the shape of the crossbars. The S-shaped 
crossbar is subparallel to the short axis of the ellipse at the points where 
it is attached to the inner margin of the central tube. This same crossbar 
bends sharply, however, so that its middle segment is approximately aligned 
with the long axis of the ellipse. The other crossbar is straight, and diagonal 
with respect to the ellipse. The crossbars are constructed of tabular prisms 
stacked on top of each other and in cross-polarized light they appear unsplit. 
The shields are constructed of about 3 7 elements and the sutures are slightly 
inclined. The maximum diameter of the species is 6.5 to 8.5f.t. 

Holot ype: Fig. 17- 2 from the Shubuta Member of the Yazoo Clay. 
Range: Chiasmolithus titus occurs from near the base of the Middle 

Eocene on up through the Upper Eocene. This species is never very abun
dant and may be encountered only sporadically over most of its range. It 
is exceptionally well developed at the type locality of the Shubuta Member 
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of the Yazoo Clay, in Mississippi and in the Lisbon Formation at Little 
Stave Creek, Alabama. 
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Fig. 7. Chiasmolithus bidens (Bramlette and Sullivan) from sample # 6+1 (Bram
lette and Sullivan, 1961), Lodo F ormation, California. 1. Light micrographs, X 2,500. 
a, phase contrast; b, cross-polarized light. 2, 3. Electron micrographs of carbon replicas, 
X 10,000. 2, proximal side; 3, distal side. 
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Fig. 8. Chiasmolithus calijorniws (Sullivan) from Upper Paleocene deep sea sedi
mcnts. 1. Light micrographs, X 2 ,500. a, Transmitted light ; b, cross-polarized light. 
2. E lectron micrograph of carbon replica, X 10,000; distal side. 
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Fig. 9. Chiasmolithus consuetus (Bramlette and Sullivan) 
deep sea sediments. 1, 3. Electron micrographs of carbon 
X 10,000; 3, detail from distal side of crossbars, X 40,000. 
X 2,500. a, phase contrast; b, cross-polarized light. 

from Upper Paleocene 
replicas. 1, distal side, 

2. Light micrographs, 
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Fig. 10. Chiasmolitlms danicus (Brotzen) from Vinding # 1 well , 2181 feet, Danian. 
1. Light micrographs, X 2 ,500. a, transmitted light; b, cross-polarized light. 2, 3. Elec
tron micrographs of carbon replicas, X 10,000. 2, proximal side; 3, distal side. 
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Fig. 11. 1, 2. Chiasmolithus expansus (Bramlette and Sulli1·an) from Lower Eocene 
deep sea sediments. 1, Electron micrograph of carbon replica, X 5,000; proximal side. 
2. Light micrographs, X 1,2 50. a, phase contras t ; b, cross-polarized light. 3. C hiasmoli
thus grandis (Bramlette and Riedel) from JOIDES Blake Plateau core J-3, 516.6 feet. 
Electron micrograph of carbon replica, X 5,000; distal side. 
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Fig. 12. Chiasmolithus gig as (Bramlette and Sulhan) from JOIDES Blake Plateau 
core J-3, 516.6 feet . E lectron micrographs of carbon replicas, X 5,000 . 1. Proximal 
view. 2. Distal view. 
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lb 

Frc. 13. Chiasmolithus gigas (Bramlette and Sullivan) from JOIDES Blake Plateau 
core J -3, 516 .6 feet. Light micrographs, X 2 ,500. a, phase contrast; b, transmitted 
light; c, cross-polarized light . 2. Cruciplacolithus tenuis (Stradner) from the Pine 
Barren member of the Clayton Formation in Alabama. Electron micrograph of carbon 
replica, X 10,000; distal side. 
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Fig. 14. Chiasmolithus grandis (Bramlette and Riedel) from Lower Eocene deep sea 
sediments. 1, 3. Electron micrographs of carbon replicas, X 5,000. 1, proximal side; 3, 
distal side. 2. Light micrographs, X 1,250. a, interference contrast; b, transmitted light ; 
c, cross-polarized light. 
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Fig. 15. Chiasmolithus oamaruensis (Deflandre ) from the Upper Eocene of the 
Crimea. 1, 2. Electron micrographs of carbon replicas, X 5,000. 1, distal side; 2, 
proximal side. 3. Light micrographs, X 1,250. a, transmitted light; b, phase contrast; 
c, interference contrast; d, cross-polarized light. 
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Fig. 16. Chiasmolithus solitus (Bramlette and Sullivan) from JOIDES Blake Plateau 
core J-3, 516 .6 feet. 1. Light micrographs, X 2,500. a, phase contrast; b, interference 
contrast; c, cross-polarized light. 2. Electron micrograph of carbon replica , X 10,000; 
proximal side. 

1 
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Fig. 17. C hiasmolithus tit us Gartner, n. sp. 1, 2. Electron micrographs of carbon 
replicas, X 10,000. 1, distal side of specimen from JOIDES Blake Plateau core J-6, 
25 1 feet. (Print is left-right re\'ersed) ; 2, distal side of specimen from the Shubuta 
member of the Yazoo Clay, Mississippi (Holotype). 3. Light micrographs of specimens 
from the Shubuta member of the Yazoo Clay, Mi~s issippi , X 2,500. a, transmitted 
light; b, phase contrast; c, cross-polarized light. 


