
















example, Hagino et al. (2015) described living-fossil evidence that
the Watznaueriaceae did not go extinct in the Early Paleogene, but
are still extant; Bown et al. (2009) used exceptionally well-
preserved samples from the Paleogene of Tanzania to extend the
range ofGladiolithus from the Recent to the Paleocene; and Lees &
Bown (2016) have similarly extended the range of Ellipsolithus,
from the Paleocene to the Cenomanian (Fig. 8).

It may be that, of the modern taxa, Syracosphaeraceae is the group
that suffers the strongest taphonomic bias because it is represented
by especially small and fragile coccoliths, perhaps combined with
rare and patchy ecological distributions, which is also a feature of
many of the modern Syracosphaera species. The phylogenetic link
with the Cretaceous small, delicate stephanolithids is intriguing, but
tentative, although based on shared morphological characteristics.
We are confident, however, in the evidence provided by the
Cretaceous coccoliths identified here as Syracosphaera antiqua and
S. repagula, but like the Paleogene records, these Syracosphaera
taxa are rare and low in diversity. If the small, delicate
stephanolithid group is a deep-time representative of the
Syracosphaerales, however, it might suggest that this group has
always been a significant component of coccolithophore diversity,
and potentially played a significant ecological role, even though it is
under-represented in ‘normal’ nannofossil records.

These new observations bring into focus the likely phylogenetic
relationships of classic Mesozoic and Cenozoic groups and,
consequently, their classification. Bown (1987) argued that rim
structure could be used to classify Jurassic coccoliths into a limited
number of phylogenetic groups, including protolith coccoliths,
which had non-imbricate murolith rims, classified in the families
Parhabdolithaceae and Stephanolithiaceae. This grouping has been
followed since then, and was separated out as the Order

Stephanolithiales by Bown&Young (1997). Based on rim structure
alone, the Calciosoleniaceae, and indeed the Papposphaeraceae,
could both be included in the Stephanolithiales. Conversely, the
Syracosphaerales is essentially defined on the basis of shared
central-area structure, i.e. possession of a disjunct cycle of radial
laths with tangential c-axis orientations. Our observations show that
these two groups overlap in geological range and some taxa show
characteristics of both groups. Most obviously, this applies to
Calciosolenia, but also to some Syracosphaera and Stradnerlithus
species (e.g. S. wendleri). So it may be reasonable to predict that the
various families discussed here form a single clade, which would
suggest that they should all be included in the Order
Syracosphaerales. Following on from this, we would predict that
molecular genetics will place the Papposphaeraceae within, or sister
to, the conventional Syracosphaerales clade. It is also noteworthy
that holococcolith stages are widely known within the
Syracosphaeraceae, Rhabdosphaeraceae and Papposphaeraceae, so
it would be reasonable to infer that the ancestral Stephanolithiaceae,
and possibly the Parhabdolithaceae, also produced holococcoliths.

Systematic palaeontology

Holotype images are curated in the Department of Earth Sciences at
UCL.

Order Syracosphaerales Hay, 1977

Remarks: At present, the Order Syracosphaerales comprises three
families of living and Cenozoic coccolithophores: the
Syracosphaeraceae, Rhabdosphaeraceae and Calciosoleniaceae.
These families are characterized by having complex central-areas,
disjunct from the rim, and usually with a cycle of radial laths that

Fig. 6. Cretaceous Syracosphaera.
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interdigitate with the rim units, but are discrete from them, and show
tangential c-axis orientation (Figs 1 and 2; Young et al. 2003,
2004). The Order Syracosphaerales has not generally been used in
the Mesozoic; however, the Calciosoleniaceae occur in the
Cretaceous, where it shows affinities with the families
Stephanolithiaceae and Parhabdolithaceae, which have been
classified in the Order Stephanolithiales Bown & Young, 1997.
The Calciosolenia specimens seen in the Mesozoic are identical to
those in the Cenozoic, and they have a continuous record across the
K/Pg boundary, so are clearly the same taxon and need to be
classified in the same higher taxonomic group. Therefore, the
Syracosphaerales already does occur in the Mesozoic and it appears
increasingly likely that it evolved from the Stephanolithiaceae. This
leaves the question of whether there is strong enough evidence to
transfer the families Stephanolithiaceae and Parhabdolithaceae into
the Syracosphaerales, which would make the Order
Stephanolithiales redundant. Whilst we think the balance of
probabilities is that the Syracosphaerales evolved from the
Stephanolithiaceae, we do not have a problem with using
paraphyletic taxa, and we are strongly aware both of the value of
stability in nomenclature and of the likelihood of new evidence from
molecular genetics and/or study of exceptionally-preserved cocco-
liths from other time intervals. As a general rule, we believe that

taxonomic reorganization should be based on conclusive evidence
and we feel it is sensible to follow this principle here. So we retain
the traditional classification.

Family Syracosphaeraceae Lemmermann, 1908

Genus Syracosphaera Lohmann, 1902

Syracosphaera antiqua sp. nov. Bown, Lees & Young
(Figs. 4:17; 5:12, 5:14; 6:1 – 5, 6:10)

Derivation of name. From the Latin antiquus, meaning ‘coming
before’, referring to the Cretaceous age of this Syracosphaera species.
Diagnosis. SEM – very small, elliptical, murolith coccoliths with
narrow rims and wide central-areas spanned by numerous, short,
broad, flat, regularly-spaced, radial laths that surround a broad,
granular, rhomboidal central plate.
Holotype. Figure 6:2.
Paratypes. Figure 6:3, 6:5.
Type locality. TDP Site 36, west of main road, SWof Lindi, coastal
Tanzania.
Type level. TDP36/11-1, 1 cm, Subzone UC6b, Lower Turonian.
Dimensions. Length = 1.7 µm, width = 1.3 µm.
Occurrence. TDP Site 36; Lower Turonian; UC6b.

Fig. 7. SEM images of (a) Gladiolithus, showing modern specimens (left) compared to Tanzanian specimens from the Late Eocene (TDP Site 12), Middle
Eocene (TDP Sites 2, 20) and Late Paleocene (TDP Site 16); (b) Pappomonas and related forms, showing modern specimens (Pappomonas sp. type 5 of Cros
& Fortuño 2002, left) and Tanzanian specimens (Pocillithus) from the Late Eocene (TDP Site 12), Late Paleocene (TDP Site 14) and Turonian (TDP Site 31).
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Syracosphaera repagula sp. nov. Bown, Lees & Young
(Figs 5:13; 6:6 – 9)

Derivation of name. From the Latin repagula, meaning ‘bars’,
referring to the multiple central-area bars that distinguish this
species.
Diagnosis. SEM – very small, elongated, elliptical coccoliths with
narrow rims, comprising a broader outer cycle and thin inner cycle
(possibly an extended V-unit), and wide, elongated central-areas
spanned by numerous short, regularly-spaced, radial laths that meet
at a central longitudinal bar.
Holotype. Figure 6:7.
Paratypes. Figure 6:8, 6:9.
Type locality. TDP Site 36, west of main road, SWof Lindi, coastal
Tanzania.
Type level. TDP36/11-1, 1 cm, Subzone UC6b, Lower Turonian.
Dimensions. Length = 2.2 µm, width = 1.3 µm.
Occurrence. TDP Site 36; Lower Turonian; UC6b.

Order Stephanolithiales Bown & Young, 1997
Family Stephanolithiaceae Black, 1968

Genus Stradnerlithus Black, 1971

Stradnerlithus? haynesiae sp. nov. Lees, Bown & Young
(Fig. 4:14)

Derivation of name. After Dr Shannon Haynes, TDP geochemist.
Diagnosis. SEM – very small, elliptical Stradnerlithus-like,
murolith coccolith with a relatively high, narrow, flaring murolith
rim and an open central-area spanned by a distinctive arrangement
of lateral bars that abut against a central, irregular ring of elements
that is itself spanned by bars.
Holotype. Figure 4:14.
Type locality. TDP Site 31, WNW of main road, SW of Lindi,
coastal Tanzania.
Type level. TDP31/63-1, 13 cm, Subzone UC6b, Lower Turonian.
Dimensions. Length = 1.2 µm, width = 0.9 µm.
Occurrence: TDP Site 31; Lower Turonian; UC6b.
Remarks. Species of Stradnerlithus more typically have low
rims, whereas the rim in this species is relatively moderately
high.

Stradnerlithus wendleri sp. nov. Lees, Bown & Young
(Fig. 5:15)

Derivation of name. After Dr Jens Wendler, TDP calcareous
dinoflagellate expert and geochemist.
Diagnosis. SEM – a very small, broadly elliptical Stradnerlithus
distinguished by having multiple lateral bars (12 each side in this
specimen) extending from the rim and meeting at a longitudinal bar
that extends for most of the length of the coccolith. Beyond the
extent of the longitudinal bar, at the ends of the ellipse axis, the last
three lateral bars abut one another, creating an ‘F’ pattern. This
species bears a short spine.
Holotype. Figure 5:15.
Type locality. TDP Site 31, WNW of main road, SW of Lindi,
coastal Tanzania.
Type level. TDP31/63-1, 13 cm, Subzone UC6b, Lower Turonian.
Dimensions. Length = 2.1 µm, width = 1.5 µm.
Occurrence. TDP Site 31; Lower Turonian; UC6b.

HETEROCOCCOLITHS INCERTAE SEDIS
Family Papposphaeraceae Jordan & Young, 1990

Genus Pocillithus Dunkley Jones et al., 2009

Pocillithus macleodii sp. nov. Lees, Bown & Young
(Figs 4:11; 7b:3a–c)

Derivation of name. After Prof Ken MacLeod, TDP co-chief and
geochemist.
Diagnosis. SEM – miniscule to very small, Pocillithus protolith
muroliths with subcircular, high, narrow, flaring, crenulate rims,
and central-areas spanned by a proximal plate(?) supporting a tall,
narrow, lathy, hollow spine.
Differentiation. Pocillithus crucifer has a central cross supporting the
circular-cross-sectioned spine; P. spinulifer has a central cross that
forms a square spine-base, and the spine is square in cross-section.
Holotype. Figure 7b:3a.
Paratypes. Figure 7b:3b, c.
Type locality. TDP Site 31, WNW of main road, SW of Lindi,
coastal Tanzania.
Type level. TDP31/63-1, 13 cm, Subzone UC6b, Lower Turonian.
Dimensions.Diameter (distal) = 1.0 µm, coccolith height = 0.8 µm.
Occurrence. TDP Site 31; Lower Turonian; Subzone UC6b.

Pocillithus crucifer sp. nov. Lees, Bown & Young
(Figs 4:5, 4:6?, 4:9, 4:10?; 7b:4)

Derivation of name. From the Latin crucifer, meaning ‘cross-
bearing’, referring to the central cross structure.
Diagnosis. SEM – miniscule to very small Pocillithus protolith
muroliths with high, narrow, slightly-flaring rims, and central-areas

Fig. 8. Significant stratigraphic range extensions for several taxa, revealed
by the Tanzanian lagerstätte succession. Range data from Dunkley Jones
et al. (2009), Bown (2010, 2016), Lees & Bown (2016), Lees (work in
progress) and herein.

163The origin of the Syracosphaerales and Syracosphaera

 by guest on January 20, 2019http://jm.lyellcollection.org/Downloaded from 

http://jm.lyellcollection.org/


spanned by a proximal plate(?) supporting a right-angled cross that
bears a tall, narrow, lathy, hollow spine.
Differentiation. Pocillithus spinulifer has a central cross that forms a
square spine-base, and the spine is square in cross-section;
P.macleodii has a proximal plate that supports the spine, and no cross.
Holotype. Figure 7b:4.
Paratype. Figure 4:5.
Type locality. TDP Site 31, WNW of main road, SW of Lindi,
coastal Tanzania.
Type level. TDP31/41-1, 20 cm, Subzone UC6b-7, Lower
Turonian.
Dimensions. Diameter = 1.0 µm.
Occurrence. TDP Site 31; Lower Turonian; Subzone UC6b-UC7.
Remarks. Figure 4:6 and 4:10 may belong to the same species, but
have squarish outlines.

MUROLITHS INCERTAE SEDIS

Genus Tortolithus Crux in Crux et al., 1982

Tortolithus foramen sp. nov. Lees, Bown & Young
(Fig. 4:2)

Derivation of name. From the Latin foramen, meaning ‘hole’,
referring to the central perforation.
Diagnosis. SEM – miniscule, elliptical Tortolithus-like muroliths
with low, narrow rims, and central-areas filled by overlapping plates
surrounding a central perforation.
Differentiation. No other species of Tortolithus is perforate.
Holotype. Figure 4:2.
Type locality. TDP Site 31, WNW of main road, SW of Lindi,
coastal Tanzania.
Type locality. TDP Site 36, west of main road, SWof Lindi, coastal
Tanzania.
Type level. TDP36/11-1, 1 cm, Subzone UC6b, Lower Turonian.
Dimensions. Length = 0.8 µm, width = 0.5 µm.
Occurrence. TDP Site 36; Lower Turonian; Subzone UC6b.

Conclusions

SEM study of the TDP lagerstätte highlights the fact that
taphonomic filtering has a substantial effect on ‘normally-
preserved’ fossil coccolithophorid assemblages, particularly affect-
ing the <3 µm size-range and fragile taxa. It also provides a rare
opportunity for us to broadly compare extant with fossil
assemblages, as broadly morphologically similar taxa are consist-
ently, and sometimes abundantly, present in TDP sediments.
Through such comparison, our observation that the extant
Syracosphaerales – the most abundant and diverse living cocco-
lithophorid group – bear a resemblance, in terms of morphology,
size, abundance and diversity, to the small, delicate Cretaceous
stephanolithids is intriguing. Furthermore, our documentation of
Cretaceous Syracosphaera species does support a deep divergence
time for the Syracosphaerales, which had previously been hinted at
only by the sporadic occurrence of Calciosolenia in the Cretaceous.

In terms of classification, our observations highlight shared
morphological features of the Stephanolithiaceae (Mesozoic) and
the Calciosoleniaceae and Papposphaeraceae (based on rim
structure), which would allow them all to be grouped into the
Stephanolithiales. Stradnerlithus and the Calciosoleniaceae share
central-area morphologies with the Syracosphaerales, and so could
also be classified in that order. Clearly, there is an argument for
phylogenetic contiguity of these disparate groups through the K/Pg
boundary, hitherto obfuscated by the mass extinction event.

Here, through description of several new species, we have
documented substantially extended ranges for the Order
Syracosphaerales (by up to 71 Myr) and the family

Papposphaeraceae (by 93 Myr), adding to recent observations
extending the ranges of the incertae sedis genera Ellipsolithus (by
33 Myr), Pontosphaera (by 5 Myr) andGladiolithus (by 59.5 Myr).
This provides evidence for deeper-time evolutionary divergence in
all of these groups, and also throws up implications for survival of
the K/Pg boundary mass extinction and post-extinction recovery.
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