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Well-preserved calcareous nannofossil assemblages from the Upper Cretaceous of Alabama and Mississippi 
contain unusual ly common and diverse holococcoliths which have allowed detai led morphological analysis of 
these nannofossils. The genus Calculites is demonstrated as being generically di stinct from the genus Luciano
rhabdus. Nine species are figured, of which two holococcoliths are new : Lucianorhabdus cubiterminalis sp. 
nov. Farhan et al. and Lucianorhabdus lageniformis sp. nov. Farhan et al. ; and one is a new combination : 
Orastrum porosuturalis (Bukry) Farhan et al. 

Holococcolithes du Cretace superieur de l' Alabama et du Mississippi (Etats-Unis) . 
Des assemblages de nannofossiles calcaires sont bien preserves dans le Cretace superieur d' Alabama et du Mis
sissippi. Ils renferment, en quantite inhabituelle, des holococcolithes qui ont permis ]' analyse detaillee de la 
morphologie de ces nannofossiles. Il est demontre que le genre Calculites est generiquement distinct du genre 
Lucianorhabdus. Neuf especes sont figurees; deux especes d' holococcolithes sont nouvelles : Lucianorhabdus 
cubiterminalis sp. nov. Farhan et al. et Lucianorhabdus lageniformis sp. nov. Farhan et al. ; et une espece est 
une combinaison nouvelle : Orastrum porosuturalis (Bukry) Farhan et al. 
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I - INTRODUCTION 

During the course of a wider investigation of Upper 
Cretaceous calcareous nannofossils from Alabama and 
Mississippi (Farhan, unpublished University of London 
thesis, 1985), a number of holococcoliths were found 
which provide new information about these relatively un
common nannofossils. Conditions seem to have been ideal 
for both production and preservation of holococcoliths, in 
a relatively shallow but quiet, carbonate-rich shelf en
vironment. 

This work illustrates morphological details of well
preserved holococcoliths. It does not constitute a thorough 
taxonomic evaluation of fossil holococcoliths but 

highlights and contrasts the morphologies of the more 
common forms by illustrating them in a very good pre
servational state. However, we do include discussions on 
the genera Calculites, Lucianorhabdus and Orastrum, with 
a view to clarifiying the taxonomical relationship between 
these genera. 

The material investigated included field samples 
kindly provided by the United States Geological Survey 
(U.S.G.S .) (courtesy of Dr. Charles C. Smith) and others 
collected by Professor Tom Barnard and Dr. Alan Lord, 
aided by Dr. Charles W. Copeland (Alabama Geological 
Survey). 

11 - HOLOCOCCOLITHS 

Braarud et al. (1955) first introduced the term 'holo
coccolith' for recent coccoliths which have microcrystal
line structure. Fossil holococcoliths were first recognized 
as such by Stradner and Adamiker (1966). The occurrence 
of holococcolith-bearing motile cells as part of the life
cycle of well-known heterococcolith-bearing coccolitho
phorid species was first demonstrated by Parke and Adams 
(1960). 

Holococcoliths, as defined by Wind and Wise (1978, 
p. 140), are calcareous nannofossils composed of "minute 
(0.07-0.1 11-m) rhombs or hexagonal prisms of calcite". 
Thus holococcoliths differ from heterococcoliths, which 
are constructed from a variety of modified calcite crystal 
shapes. This morphological distinction is due to the diffe
rent biomineralisation processes involved in their forma
tion, heterococcoliths generally being formed within the 
cell and holococcoliths being formed on the cell-surface. 

Holococcolith species represent a high proportion 
(c.50%) of some present day coccolithophorid assem
blages (Kleijne, 1991, p. 15 : "holococcolithophorids oc
curred in lower numbers than heterococcolithophorids, 
although the number of species of both groups was more 
or less equal") but are usually scarce in the fossil record. 
This is almost certainly a function of their low preserva
tion potential. The commonest recent holococcoliths are 
formed from equidimensiona1 crystallites held together by 
an organic matrix; post-mortem decomposition of the or
ganic matrix leads to disaggregation of the constituent 
crystallites (Kleijne, 1991). It is probable that only holo
coccoliths that are particularly strongly calcified are pre
served as fossils, and these may represent atypical 
holococcolith morphologies. 

The oldest holococcolith documented is Anfractus 
(Medd, 1979, p. 37), which first occurs in the Pliensba
chian (Lower Jurassic) (Bown et al., 1988). Pseudoconus, 

58 

which is possibly of holococcolithic construction, ranges 
from the Bajocian (Bown et al., 1988, p. 99). Wind and 
Cepek (1979, p. 229) and Covington and Wise (1987, 
p. 633) reported the holococcolith taxa Lucianorhabdus 
phlaskus, Metadoga and Zebrashapka from Hauterivian 
sediments from the North Atlantic Ocean. Throughout 
Middle Jurassic to Lower Cretaceous sediments, holococ
coliths are generally rare, of low diversity (although dis
playing complex structure) and sporadic in their 
stratigraphical occurrence. 

However, holococcoliths are particularly abundant 
and relatively diverse in Upper Cretaceous sediments, 
especially in the Carnpanian to lower Maastrichtian inter
val. Verbeek (1976) recorded the holococcolith Isocrys
tallithus compactus Verbeek from the Cenomanian. Risatti 
(1973) reported a number of new genera (Multipartis, 
Munarinus, Ottavianus, Russellia and Ramsaya) from 
Upper Cretaceous sequences of Mississippi. Wind (1975, 
p. 353) questioned the validity of these genera, pointing 
out the risks of using light microscopy only to define holo
coccolith taxa, and stated (op. cit.) that Lucianorhabdus 
symmetry can be altered by differing modes of preserva
tion. However, in 1977, Wind and Wise (in Wise and 
Wind) themselves erected the new genera Okkolithus, 
Orastrum and Pharus based only on light microscope il
lustrations. 

Wind and Wise (1978, p. 141, Table 1) listed most of 
the Cretaceous holococcoliths and the authors agree with 
their overview. 

Wind and Wise, in 1978, clearly defined holococ
coliths, in that the microcrystalline construction is a si
gnificant character in differentiating them from 
heterococcoliths. Hattner and Wise (1980) reported many 
Late Cretaceous holococcoliths from South Carolina and 
introduced the new genus Athenagalea. 
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Ill - CALCULITES (PHANULITHUS) AND LUCIANORHABDUS 

The genus Calculites was defined by Prins and Sis
singh (in Sissingh, 1977, p. 60) using Tetralithus obscurus 
Deflandre as the type species. They described it as a 
heterococcolith lacking plate structure. Wind and Wise (in 
Wise and Wind, 1977, p. 304) used the same type species, 
Tetralithus obscurus, to describe a new genus, Phanuli
thus. Both papers were apparently published in January, 
1977, although the volume containing Wind and Wise's 
paper has ' 1976' on the spine. Van Heck (1980, p. 45) 
noted that the date of publication of the Wind and Wise 
paper is actually May 1977, rather than January and, there
fore, the name Calculites is the valid name for these 
forms. Later, Wind and Wise (1978, p. 140) showed that 
Calculites (= Phanulithus) is a holococcolith with micro
crystalline structure. Thus, it appears that preservation has 
a marked effect on the appearance of Calculites, particularly 
in the T.E.M. and S.E.M .. 

Wind (1975, p. 352) discussed the morphological af
finity of Calculites and Lucianorhabdus and cited other 
authors who had reported the same observation. Prius and 
Sissingh (in Sissingh, 1977, p. 60) also commented upon 
the similarity. The fact that Calculites (and other genera) 
is a holococcolith was also noted by Perch-Nielsen ( 1979, 
p. 247-250). The oldest supposed representative of the 
genus (Calculites sarstedtensis) was described by Crux 
(1987, p. 33) from the upper Hauterivian of western Ger
many. 

The present material shows the morphological simi
larity between the coccoliths of the two genera but also 
that the stem is morphologically distinct (compare Pl. 1, 
fig. 9 with PI. 2, figs . 2, 7). Thus, the differences between 
Lucianorhabdus and Calculites· are as follows : 

1. Lucianorhabdus has a smaller basal coccolith than 
Calculites. 

2. Lucianorhabdus has a higher, wider spine than 
Calculites. 

3. Lucianorhabdus has a greater number of ridges 
running down the length of the spine than Calculites. 

Similarities between the two genera are as follows : 

1. The construction of the coccolith bases : in both 
genera, the coccolith is cavate; the distal surface supports 
a ridged stem ; the proximal surface is constructed of four 
crystallographically- coherent blocks surrounding a cen
tral pore. 

2. In the light microscope, the coccolith bases appear 
similarly brightly birefringent. 

It is clear that they are distinct but morphologically 
closely-related genera. 

IV - SYSTEMATIC PALAEONTOLOGY 

Most holococcoliths share common morphological 
features due to their extra-cellular mode of formation , 
where the cell has less control over the calcite growth 
processes than in heterococcolith formation. However, ob
servation of recent nannoplankton shows that holo
coccoliths are secreted by distinct taxa with very different 
heterococcolith morphologies (Kleijne, 1991). Thus, ta
xonomical classification of fossil forms is problematical 
where holococcolith ranges and occurrences cannot be 
matched to heterococcolith taxa. No fossil holococcolith 
taxa have, as yet, been matched to a heterococcolith 
counterpart. 

Holococcolith taxonomy is based entirely on gross 
morphological observation, i.e. a basal coccolith with a 
large spine is a Lucianorhabdus; a basal disc with a short 
spine is a Calculites. 

Negatives of the photomicrographs herein are stored 
at U.C.L. 
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FAMILY : CALYPTROSPHAERACEAE 
Boudreaux & Hay 

This family name is a strictly morphological ta
xonomic grouping which embraces taxa with holo
coccolithic structure which have not been linked to 
heterococcolith counterparts. 

Genus : Orastrum Wind & Wise in · Wise & Wind 
Type species : Orastrum asarotum Wind & Wise 

in Wise & Wind 

Remarks : Orastrum differs from Calculites by not pos
sessing a stem. It also appears not to possess microcrys
talline structure and to be non-cavate, being composed of 
four blocks with crystallographic continuity. The genera 
are similar in that they occupy the same size-range, are 
elliptical, possess simple rims and are architecturally sim
pler than heterococcoliths (i. e. they are not composed of 
a wide range of crystalline shapes). Despite the apparent 
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lack of crystallite structure, Orastrum is included in the 
holococcolith group because the S.E.M. illustrations of 
Orastrum in Pl. 1, figs. 1, 2 and 5 suggest that they might 
have been composed of small crystallites, grown in the 
same crystallographical orientation, which have become 
overgrown and so appear to be fused into one large crystal. 
The same is true in Calculites, on the proximal surface 
(e.g. Pl. 1, fig. 14). 

Orastrum porosuturalis (Bukry) comb. nov. Farhan, 
Burnett, Bown & Lord 

Plate 1, Figures 1-6 

1969 - Discolithina ? porosuturalis Bukry, p. 46, pi. 24, 
figs 8-10. 

1977 - ? Phanulithus sp. aff. P ovalis (Stradner); Wind 
& Wise in Wise & Wind, pl. 36, fig. 6 . 

Remarks: A species of Orastrum in which the four cal
cite blocks are joined along sinuous, interlocking sutures. 
The transverse sutures are slightly offset, giving a sig
moidal appearance. The coccolith has a unicyclic outer 
rim. This species differs from Orastrum campanensis in 
that the latter has straight sutures and possesses two extra, 
small blocks of calcite at each end of the coccolith. 

Range/occurrence in this study: Upper Santonian-lower 
Campanian ; Alabama, Mississippi. 

Genus : Calculites Prins & Sissingh in Sissingh 
Type species : Tetralithus obscurus Deflandre 

Calculites obscurus (Deflandre) 
Prins & Sissingh in Sissingh 

Plate 1 , Figures 7-14 

1959 - Tetralithus obscurus Deflandre, p. 138, pl. 3, 
figs 26-29. 

1973 - Tetralithus obscurus Deflandre; Risatti, p. 32, 
pl. 5, figs 5-12. 

1975 - Tetralithus obscurus Deflandre; Wind, p. 352, 
pi. 2, fig. 4, 6; pl. 3, figs 11, 15 . 

1977 - Calculites obscurus (Deflandre); Prins & Sis
singh in Sissingh, p. 60. 

1977 - Phanulithus obscurus (Deflandre); Wind & Wise 
in Wise & Wind, p. 304, pl. 31, fig. 5; pl. 33, 
figs 4-6; pl. 34, figs 2-4; pl. 36, fig. 7. 

Remarks: The following morphological (or possibly pre
servational) types were found : 

1. Specimens with 7-8 ridges and adjacent pits on 
the distal side and a solid stem (Pl. 1, fig. 7). 

2. Specimens with 7-8 ridges and adjacent pits on 
the dista1 side and a hollow stem (Pl. I, figs. 8, 9, 12). 

3. Specimens with 4 distal ridges forming a cross 
aligned with the principal ellipse-axes and adjacent pits 
(Pl. 1, fig. 13). 

All of the morphological types mentioned above have 
similar proximal surfaces composed of four crystal
lographically-coherent blocks. In Pl. 1, fig. 14, a broken 
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specimen in proximal view shows four blocks and a cen
tral cavity, through which can be seen the distal surface 
with c.7 ridges. 

Pl. 1, figs 7 and 15 show distal views of Calculites 
obscurus and Lucianorhabdus cayeuxii, repectively, for 
comparison of the structure of the genera. Lucianorhabdus 
holococcolith bases are smaller in size, and the stem pro
portionally larger in diameter and length, than those of 
Calculites. 

Range/occurrence in this study: Upper Santonian-Maa
strichtian ; Alabama, Mississippi. 

Genus : Lucianorhabdus Deflandre, emend. Verbeek 
Type species : Lucianorhabdus cayeuxii Deflandre 

Lucianorhabdus cayeuxii Deflandre 
Plate I, Figures 15-17 ; Plate 2, Figures 2-9, 12 

1959 - Lucianorhabdus cayeuxii Deflandre, partim., 
p. 142-3, pl. 4, figs 11-17, 24; non pl. 4, figs 18-
23, 25. 

1975 - Lucianorhabdus cayeuxii Deflandre; Wind, 
p. 351 , pl. 1, figs 1, 2, 6, 7; pl.2, figs .5, 10. 

Remarks: Deflandre (1959, p. 142) noted that the Luci
anorhabdus stem has four parallel, closely-joined elements 
with longitudinal lines. In this study, it is clear that well
preserved specimens have a holococcolithic base with a 
rim, similar to that of Calculites. The distal surface sup
ports a wide, tall stem with c.S longitudinal ridges and a 
distal termination (plug) which is crystallographically dis
continuous with the stem. 

The stem morphology of this species was seen to vary 
throughout the present material, e.g. curved stems (PI. 2, 
fig . 5), stems with pointed ends (Pl. 2, fig. 4), stems with 
open ends, stems with a flaring distal termination (PI. 2, 
fig. 7), long and thin stems (Pl. 2, fig. 8), and short and 
wide stems (Pl. 2, fig. 6) were observed. Preservation may 
account for some of these variations; etched and over
grown forms have been found in the same assemblages 
as well-preserved specimens. 

Range/occurrence in this study : Santonian-lower Maa
strichtian; Alabama, Mississippi. 

Lucianorhabdus arcuatus Forchheimer 
Plate 2, Figures 1, 10, 11 

1959 - Lucianorhabdus cayeuxii Deflandre, partim., 
p. 142-3, pl. 4, fig. 20, 25; non pl. 4, figs 11-19, 
21-24. 

1972 - Lucianorhabdus arcuatus Forchheimer, p. 69-70, 
pl. 10, fig. 5. 

1977 - Lucianorhabdus arcuatus Forchheimer; Wind & 
Wise in Wise & Wind, p. 272, pi. 32, fig. 1, 2; 
pl. 36, fig. 4. 

Remarks : The species has an arcuate/elbow-shaped stem, 
the distal, sub-horizontal part of which (termed a 'plug') 
being optically discontinuous with the main part of the 
stem in the light microscope. The curvature displayed by 
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some forms of Lucianorhabdus cayeuxii is more gradual 
and less angular (see Pl. 2, fig. 5) than in Lucianorhabdus 
arcuatus. Lucianorhabdus arcuatus differs from Luciano
rhabdus quadrifidus in having an asymmetrical, more 
elongated distal plug. The species is very distinctive but, 
if broken, the straight stem can easily be confused with 
Lucianorhabdus cayeuxii. 

Range/occurrence in this study : Santonian-lower Cam
panian; Alabama, Mississippi. 

Lucianorhabdus ? cubiterminalis sp. nov. Farhan, 
Burnett, Bown & Lord 

Plate 3, Figures 1-15 

Derivation of name : From the Latin cube = cubic; ter
minalis = end. 

Holotype: UCL-1242-30 (PI. 3, fig. 4) . 

Type locality: USGS Section A-76-10, Dallas County, 
Alabama (sample E). 

Type level : Upper Campanian-lower Maash·ichtian 
(CC23A), Bluffport Marl Member. 

Diagnosis : A Lucianorhabdus-like stem with an axial 
canal terminated by a small, holococcolithic Micula-like 
cube. 

Description : A species reminiscent of the Lucianorhab
dus stem under the light microscope with a cube attached 
to the (proximal?) end of the holococcolith. 

Remarks : The S.E.M. photomicrographs of this species 
show apparently broken specimens. The stem appears to 
be similar in shape and ornamentation to a slightly inflated 
Lucianorhabdus. Numerous specimens were found in the 
light microscope. 

Length: 30-34 j..lm. 

Range/occurrence in this study : Campanian/Maa
strichtian ; Alabama. 

Lucianorhabdus lageniformis sp. nov. Farhan, 
Bumett, Bown & Lord 
Plate 3, Figures 16-23 

Derivation of name : From the Latin lagena flask; 
formis = shape. 

Holotype: UCL-1405-7 (Pl. 3, fig. 18). 

Type locality : Hatcher's Bluff section, near Selma, Dallas 
County, Alabama (sample no. 3). 

Type level : Upper Campanian (CC22C), Mooreville 
Chalk Formation. 

Diagnosis: A species of Lucianorhabdus with a flask-like, 
bulbous, hollow distal stem which has a highly pitted/per
forated surface. It possesses a typical Lucianorhabdus coc
colith base which is relatively small compared to the rest 
of the holococcolith. 
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Description : A small holococcolith base with a pore 
through the proximal surface. The distal surface supports 
an inflated, bulbous, hollow, perforated/pitted stem. 

Remarks : It is debatable whether this species and Luci
anorhabdus windii are congeneric with Lucianorhabdus 
because the longitudinal ridge structures seen on the stems 
of the other species of Lucianorhabdus are replaced in 
Lucianorhabdus windii and Lucianorhabdus lageniformis 
by a reticulate, perforate/pitted pattern; a new generic 
name may be required. The species resembles Lucianor
habdus windii in possessing a pitted/perforated surface but 
differs in being more bulbous, almost spherical. Height 
to width ratios of Lucianorhabdus lageniformis are in the 
region of 1.1-1.3, whilst those for Lucianorhabdus windii 
fall within the range 1.5-2.0). Lucianorhabdus lageni
formis resembles Athenagalea in general outline, however 
Athenagalea has an opening rather than a coccolith at its 
proximal end (Pl. 4, Fig. 14, although a coccolith may be 
missing from this specimen). 

Length of stem : c.29 j..lm. Width of stem : c.21 j..lm. 

Range/occurrence in this study: Upper Campanian; 
Alabama, Mississippi. 

Lucianorhabdus windii Hattner & Wise 
Plate 4, Figures 1-8 

1980 - Lucianorhabdus windii Hattner & Wise, p. 65, 
pl. 25, figs. 1-4. 

Remarks: Hattner and Wise (1980, p. 65) described this 
Lucianorhabdus species, which has a broad stem with a 
strongly pitted surface. In the present study, this species 
was found to have a variety of stem shapes, e.g. long
stemmmed, slightly curved, broad. Transitional forms 
from Lucianorhabdus cayeuxii to Lucianorhabdus windii 
to Lucianorhabdus lageniformis were recognized in the 
Mooreville Chalk (Campanian) of Alabama. 

Length of stem : c.31 !J-m. Width of stem : c. 15 j..lm. 

Range/occurrence in this study : Lower Campanian
?1ower Maastrichtian; Alabama, Mississippi. 

Genus : Acuturris Wind & Wise in Wise & Wind 
Type species : Eurhabdus scotus Risatti 

Remarks : Acuturris is distinct from Lucianorhabdus in 
the construction and morphology of the stem. In Acuturris, 
a very small holococcolith base supports the stem, which 
is thin, hollow and tapering with no pits or ridges, and 
is divided into three distinct crystallographic blocks of 
crystallites. 

Acuturris scotus (Risatti) Wind & Wise 
in Wise & Wind 

Plate 4, Figures 9-13 

1973 - Eurhabdus scotus Risatti, p. 29, pl. 7, fig. 9, 10. 
1977 - Acuturris scotus (Risatti); Wind & Wise in Wise 

& Wind, p. 296-7, pl. 33, figs 1-3; pi. 36, fig. 3. 
1980 - Acuturris scotus (Risatti) Wind & Wise in Wise 

& Wind; Hattner & Wise, p. 56, pi. 1, fig. 1, 2, 4. 
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Remarks : Risatti (1973, p. 29) reported this species from 
the lower Maastrichtian Ripley Formation of Mississippi. 
In the present material it was found in the Santonian-lower 
Maastrichtian, very commonly in the Bluffport Member 
but absent from the Ripley Formation. This contrasts with 
Risatti ' s record, but only a few samples from the Ripley 
Formation were available for this study. 

Range/occurrence in this study: Upper Santonian-lower 
Maastrichtian ; Alabama, Mississippi . 

Genus : Athenagalea Hattner & Wise 
Type species : Athenagalea robusta Hattner & Wise 

Athenagalea robusta Hattner & Wise 
Plate 4, Figures 14- I 9 

1977 - Polycladolithus sp. Verbeek, p. 120, pl. 12, fig. 1, 2. 
1980 - Athenagalea robusta Hattner & Wise, p. 57, pl. 3, 

fig. 4, 5. 

Remarks : In the present material, Athenagalea robusta 
varies in shape and is not always exactly the helmet-shape 
described by Hattner and Wise (1980). In addition, the 
pits/perforations and the proximal (?) opening can vary 
in size. 

Range/occurrence in this study : Lower. Santonian-lower 
Campanian ; Alabama, Mississippi. This species has a 
short range and may be useful for biostratigraphical pur
poses in the Gulf Coast area. 

V - CONCLUSIONS 

1. The presence of microcrystalline construction is the 
most significant factor in recognising holococcoliths but 
this may be obscured by preservational influences on simi
larly-orientated crystallites causing fusion into a single, 
larger block. Thus, Orastrum can be considered to be 
holococcolithic. Optical continuity of the constituent crys
talliteslblocks, high birefringence in the light microscope, 
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PLANCHES 



PLATE 1 

Figs 1-6 Orastrum porosuturalis (Bukry) comb. nov. Farhan, Bumett, Bown & Lord. 

1. Distal view (face distale), UCL-1400-31 , x 8523. Campanian, Hatcher's Bluff (10). 

2. Proximal view (face proximate), UCL-1405-5, x 6250. Campanian, Hatcher's Bluff (3). 

3. Crossed-polars (nicols croises) , UCL-1427-16, x 3840. Campanian, Hatcher's Bluff (5). 

4. Phase-contrast (contraste de phase), UCL-1427-15, x 3840. As (comme) 3. 

5. Proximal view (face proxima/e), UCL-1503-13 , x 11000. Santonian, USGS-Mississippi-76-1 (C). 

6. Proximal view (face proxima/e), UCL-1403-14, x 12285. As (comme) 2. 

Figs 7-14. Calculites obscurus (Detlandre) Wind & Wise. 

7. Distal view (face distale), UCL-1403-20, x 4969. As (comme) 2. 

8. Distal view (face distale), UCL-1404-12, x 3444. As (comme) 2. 

9. Distal oblique view (face distale oblique), UCL-1503-5, x 5286. As (comme) 5. 

10. Crossed-polars (nicols croises), UCL-ll34-17, x 2935. Santonian, USGS-Aiabama-76-27 (I). 

11. Phase-contrast (contraste de phase) , UCL-1134-16, x 2935. As (comme) 10. 

12. Distal view of (face distale de) 9, UCL-1503-6, X 8143. As (comme) 5. 

13. Distal view (face distale), UCL-1445-8, x 6395. Campanian/Maastrichtian, USGS-Aiabama-76-10 (E). 

14. Proximal view (face proximale), UCL-1381-34, x 4111. Campanian, Hatcher 's Bluff (4). 

Figs 15-17. Lucianorhabdus cayeuxii Deflandre. 

15. Distal view (face distale) , UCL-1404-10, X 6120. As (comme) 2. 

16. Crossed-polars (nicols croises), UCL-1384-11, x 2075. As (comme) 14. 

17. Phase-contrast (contraste de phase) , UCL-1384-9, x 2075. As (comme) 14. 
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PLATE 2 

Figs 1, 10, 11. Lucianorhabdus arcuatus Forchheimer. 

1. Side view (profil), UCL-1417-19, x 1827. Campanian, Hatcher's Bluff (1). 

10. Side view (profil) , UCL-1381-1, X 2756. Santonian, USGS-A\abama-76-27 (J). 

11. Magnification of (agrandissement de) 10, UCL-1381-2, X 11875. As (comme) 10. 

Figs 2-9, 12. Lucianorhabdus cayeuxii Deflandre. 

2. Side view (profit), UCL-1501-3, x 2051. As (comme) 1. 

3. Proximal oblique view of (face proximate oblique de) 2, UCL-1501 -4, x 2375. As (comme) 1. 

4. Side view (profit), UCL-1445-1 , x 1324. Maastrichtian, USGS-Alabama-76-LO (E). 

5. Side view (profil), UCL-1403-21, x 1782. Campanian, Hatcher's Bluff (3). 

6. Side view (profil), UCL-1400-24, x 2195. Campanian, Hatcher's Bluff (10) , 

7. Distal oblique view of (face distale oblique de) 2, UCL-1501-2, x 3206. As I. 

8. Side view (profil), UCL-1417-24, xl916. Campanian, Hatcher's Bluff (11). 

9. Phase-contrast (contraste de phase) , UCL-1373-21, x 1390. Santonian, USGS-Alabama-76-27 (F). 

12. Crossed-polars (nicols croises), UCL-1373-22, x 1390. As (comme) 9 . 

. • 
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PLATE 3 

Figs 1-15. Lucianorhabdus cubiterminalis sp. nov. Farhan, Burnett, Bown & Lord. 

1. Side view (profil), UCL-1400-8, X 1776. Campanian, Hatcher 's Bluff (10). 

2. Magnification of (agrandissement de) 1, UCL-1400-9, x 4642. As (comme) 1. 

3. Side view (profil) , UCL-1400-2, x 2257. As (comme) 1. 

4. Side view (profil), UCL-1242-30, X 1529. Maastrichtian, USGS-A1abama- 76-10 (E) . Ho1otype. 

5. Magnification of (agrandissement de) 4, UCL-2042-28, X 4836. As (comme) 4. 

6. Magnification of (agrandissement de) 4, UCL-2042-27, x 7000. As (comme) 4. 

7. Crossed-polars (nicols croises), UCL-1358-19, x 1440. As (comme) 1. 

8. Crossed-po1ars (nicols croises), UCL-1358-18, x 1440. As (comme) 1. 

9. Phase-contrast (contraste de phase), UCL-1358-16, x 1440. As (comme) 1. 

10. Phase-contrast (contraste de phase), UCL-1358-17, X 1440. As (comme·) 1. 

11. Crossed-polars (nicols croises), UCL-1358-25, X 1440. As (comme) 1. 

12. Crossed-polars (nicols croises) , UCL-1358-24, x 1440. As (comme) 1. 

13. Phase-contrast (contraste de phase), UCL-1358-20, x 1440. As (comme) 1. 

14. Crossed-po1ars (nicols croises), UCL-1358-21, X 1440. As (comme) 1. 

15. Crossed-polars (nicols croises), UCL-1 358-23 , x 1440. As (comme) l. 

Figs 16-23. Lucianorhabdus lageniformis sp. nov. Farhan, Burnett, Bown & Lord. 

16. Proximal oblique view (face proximate oblique) , UCL-1404-4, x 3263. Campanian, Hatcher's Bluff (3). 

17. Magnification of (agrandissement de) 16, UCL-1404-5 , x 5481. As (comme) 16. 

18. Side view (profil) , UCL-1405-7, x 1534. As (comme) 16. Holotype. 

19. Crossed-polars (nicols croises) , UCL-1358-14, x 1190. Campanian, Hatcher's Bluff (4). 

20. Crossed-polars (nicols croises), UCL-1358-15, x 1190. As (comme) 19. 

21. Phase-contrast (contraste de phase) , UCL-1358-ll, x 1190. As (comme) 19. 

22. Phase-contrast (contraste de phase) , UCL-1358-12, x 190. As (comme) 19. 

23. Phase-contrast (contraste de phase) , UCL-1358-10, X 1190. As (comme) 19. 
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PLATE 4 

Figs 1-8. Lucianorhabdus windii Hattner & Wise. 

1. Side view (profil), UCL-1403-15, x 1720. Campanian, Hatcher's Bluff (3). 

2. Side view (profil), UCL-1403-31, x 1191. As (comme) 1. 

3. Crossed-polars (nicols croises), UCL-1358-8, X 1031. As (comme) 1. 

4. Crossed-polars (nicols croises), UCL-1358-7, x 1031. As (comme) 1. 

5. Phase-contrast (contraste de phase), UCL-1358-6, x 1031. As (comme) 1. 

6. Phase-contrast (contraste de phase), UCL-1358-5, x 1031. As (comme) 1. 

7. Crossed-polars (nicols croises), UCL-1358-2, x1478. As (comme) 1. 

8. Phase-contrast (contraste de phase), UCL-1358-4, x 1478. As (comme) 1. 

Figs 9-13. Acuturris scotus (Risatti) Wind & Wise. 

9. Side view (profil), UCL-1417-4, x 2142. Campanian, Hatcher's Bluff (10). 

10. Side view (profil) , UCL-1417-9, x 1919. As (comme) 9. 

11. Magnification of (agrandissement de) 10, UCL-1417-10, x 2809. As (comme) 9. 

12. Side view (profil), UCL-1417-15, x2743. As (comme) 9. 

13. Side view (projil), UCL-1417-18 , x 1913. Campanian, Hatcher's Bluff (11). 

Figs 14-19. Athenagalea robusta Hattner & Wise. 

14. ?Proximal view (face proximale ?), UCL-1403-29, x 3881. As (comme) 1. 

15. Crossed-polars (nicols croises), UCL-1379-1, x 2210. Campanian, Hatcher's Bluff (2). 

16. Crossed-polars (nii:ols croises), UCL-1379-4, x 2210. As (comrne) 15. 

17. Phase-contrast (contraste de phase), UCL-1379-4, x 2210. As (cornme) 15. 

18. Phase-contrast (contraste de phase), UCL-1379-5 , x 2210. As (cornrne) 15. 

19. Phase-contrast (contraste de phase), UCL-1379-3, x2210. As (cornrne) 15. 
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