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1. INTRODUCTION

Of the drilling sites occupied during Leg 10 of the Deep
Sea Drilling Project, the following yielded sufficient Ceno-
zoic radiolarians to be incorporated in this study:

Site 86: 22°52.75'N, 90°57.55'W; water depth 1481 me-
ters.

Site 94: 24°31.64'N, 88°28.16'W; water depth 1793
meters.

Site 95: 24°08.8'N, 86°23.9'W; water depth 1633 me-
ters.

Site 96: 23°44.56'N, 85°45.8'W; water depth 3439 me-
ters.

H.P. Foreman, in a separate chapter in this volume,
presents the results of her investigation of the Cenozoic
theoperids, artostrobiids and amphipyndacids from this
leg, as well as of all of the Cretaceous radiolarians. Our
investigation covers the remaining families of Cenozoic
radiolarians, and has proceeded in a manner similar to
that employed on the Leg 7 radiolarians (Riedel and Sanfi-
lippo, 1971). As in that earlier paper, this report covers
only a small proportion of the large number of radiolarian
taxa present—those that are most obviously of biostrati-
graphic or taxonomic significance, or are otherwise note-
worthy.

The Early Eocene and Late Paleocene samples recov-
ered on Leg 10 provide an opportunity for fundamental
advances in our understanding of the taxonomy and stra-
tigraphy of radiolarians of those ages, and therefore atten-
tion has been focused on them particularly. The younger
material, recovered in less complete sequences, is here
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treated less thoroughly—its prinicipal value is in permit-
ting a partial comparison of the succession of radiolarians
in the Gulf of Mexico with those of other paleobiogeo-
graphic regions.

2. RADIOLARIAN AND NONRADIOLARIAN
SEDIMENTS

The distribution through time of the Leg 10 radiolarian
sediments, and also of calcareous sediments lacking sili-
ceous microfossils, is plotted in Figure 1. The age scale
against which the cores are plotted represents the forami-
niferal zone assignments, despite the fact that the resulting
correlations conflict somewhat with the radiolarian results
as pointed out by H.P. Foreman in her chapter of this
volume. This figure shows that sediments in the Gulf of
Mexico younger than the early or middle Miocene gener-
ally lack siliceous microfossils, whereas older strata com-
monly contain them. That this generalization applies also
(though less neatly) to other parts of the Gulf of Mexico
and Caribbean is indicated by Figures 2 and 3, in which
the results from sites drilled in this region during Legs 1
and 4 are plotted in a similar manner. It seems possible
that this change from radiolarian to nonradiolarian sedi-
ments in the late Early or early Middle Miocene could be
due to a decrease in the rate of production of siliceous
microfossils, occasioned by a diminution of the inflow of
fertile Pacific water (from the equatorial current system
and the Humboldt Current) across the area now occupied
by the Isthmus of Panama. However, before such a simple
explanation can be accepted, it will be necessary to investi-
gate the possibility that solution of the siliceous microfos-
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Figure 1. Sediments cored on Leg 10 in the Gulf of Mexico. Cores are represented by numbered rectangles. Empty rectangles
represent calcareous cores lacking siliceous microfossils, and hachuring indicates siliceous microfossils occurring in
calcareous sediments.

476



Sites
Foram
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Figure 2. Sediments cored on Leg 1 in the Gulf of Mexico.
Cores are represented by numbered rectangles, empty to
indicate calcareous sediments lacking siliceous micro-
fossils.

sils after burial might explain their absence from some of
the calcareous sediments.

3. PRESENTATION OF RESULTS

The procedure of investigation and the method of pre-
sentation of results are so similar to those employed in our
investigation of the radiolarians from Leg 7 (Riedel and
Sanfilippo, 1971) that only brief comments are necessary
here.

The practice of tabulating abundances of morphotypes
in each of the assemblages examined (Tables 1-8), and
transforming as many of these as possible into evolution-
ary limits of taxa in the construction of a list of events
(Table 9) and a range chart (Figures 5 and 6), has proven
to be a useful procedure, since it permits evaluations of the
degree of reliability of the biostratigraphic interpretations.
It is exceedingly difficult, if not impossible, to compare
results between legs of the Deep Sea Drilling Project for
which observations are not presented in this degree of
detail (e.g., the report of the radiolarians from Leg 5).

Because of the long period of geologic time represented
by the Cenozoic radiolarian sediments, and consequently
the large number of taxa present, the tabulations of radi-
olarians at each site are divided into two parts—one cover-
ing the samples younger than Middle Eocene, and the
other the older samples. A synchronopticon is presented
for the radiolarian succession from the late Paleocene to
the Theocampe mongolfieri Zone (early Middle Eocene).

In the various tables and lists, some radiolarian names
are abbreviated—their full and correct forms are given in
the systematic section. New radiolarian zones for the
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Early Eocene and Late Paleocene are defined by H.P.
Foreman in her chapter in this volume. The base of each
of the new zones is defined by the earliest appearance of
the nominative taxon—the earliest morphotypic appear-
ance in the case of the Bekoma bidarfensis Zone, and the
earliest evolutionary appearances in the case of the other
ZOnes.

4. MORPHOTYPIC-EVOLUTIONARY LIMITS OF
TAXA

A significant difference between the presentation of the
radiolarian results here and for Leg 7 (Riedel and Sanfi-
lippo, 1971) is in the recognition of a third type of strati-
graphic limit of a radiolarian taxon. In the earlier report,
we distinguished between morphotypic limits (mfor taxa
whose ancestors and/or descendants are not known, and
for the lower limits of taxa known to have evolved from
an ancestor that ranges upward for a considerable time
beyond the origin of the descendent) and evolutionary
limits (efor extinctions at the terminations of evolution-
ary lineages, and points of arbitrary subdivision of con-
tinuous evolutionary lineages in which the ancestor does
not long persist together with the descendant). It now
seems desirable to separate as morphotypic-evolutionary
(m-e) the second type of limit formerly included under the
term morphotypic—namely, the lower limit of a taxon
known to have evolved from an ancestor that ranges up-
ward for a considerable time beyond the origin of the
descendant. This morphotypic-evolutionary type of limit
may be expected to have greater reliability for purposes of
stratigraphic correlation than the cryptogenetic limits to
which the term morphotypic is now restricted. Figure 4
illustrates the three types of limits distinguished in this
chapter.

Application of the concept expressed by the new term
morphotypic-evolutionary will not involve a change in the
time-significance of such an event, which was formerly
termed simply morphotypic. However, when a cryptogen-
etic event (formerly termed morphotypic) can as a result
of later work be recognized as part of an evolutionary
lineage with little overlap between ancestral and descend-
ant morphotypes, and is thus replaced by an evolutionary
limit, its time-significance (and position in a sequential list
of events such as Table 6, Riedel and Sanfilippo, 1971) will
in most cases be changed.

5. RADIOLARIANS AT EACH SITE

Tables 1 through 8 show the distribution of radiolarian
taxa (morphotypes) at Sites 86, 94, 95, and 96. Informa-
tion in the column headed ““Preservation and Abundance”
was provided by H.P. Foreman. Abundance of total radi-
olarians in a sample is indicated by R (rare), F (few), C
(common), or A (abundant), and preservation is indicated
by P (poor), M (moderate), or G (good).

In the columns showing occurrences of species, the
same abundance terms (with the addition of “ 4 for very
rare) are used to indicate the proportion that a given
species constitutes of the total radiolarian assemblage, in
a strewn-slide of normal density in which the radiolarians
are not diluted by other sedimentary components. The
notation *“+* (very rare) is used only when less than three
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Figure 3. Sediments cored on Leg 4 in the Caribbean. Cores are represented by numbered rectangles. Empt_y rectangles
represent calcareous cores lacking siliceous microfossils, hachuring indicates siliceous microfossils occurring in calcareous
sediments, and black rectangles represent siliceous sediments lacking calcareous microfossils.
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Figure 4. Illustrating the three types of limits between
taxa: m, morphotypic; m-e, morphotypic-evolutionary;
and e, evolutionary. The width of each lanceolate figure
at a particular level represents the number of specimens
having that morphology at that point in geologic time.

specimens of the species are found in one strewn-slide
(which normally contains an assemblage of about 20,000
to 30,000 individuals, under a 23 X 40 mm coverglass).
The term abundant is practically never used, since it is
reserved for occurrences of an unusually high proportion
of a species in an assemblage. And the other three terms
are used as an approximate scale between these two ex-
tremes. A dash is used to indicate absence of a species
from a sample in which it was searched for. Occurrences
believed to result from the reworking of older forms into
younger sediments, or from downward caving resulting in
introduction of younger forms into older assemblages, are
marked with an exclamation mark (). An x is used to
indicate that the slide was inadequate (usually as a result
of dissolution or excessive sieving) to provide information
on the species sought.

6. TIME-RANGES OF TAXA

The information on occurrences of Cenozoic radi-
olarian species at Sites 86, 94, 95, and 96 is synthesized in
the form of a chronologically arranged list of radiolarian
events (upper and lower limits of the ranges of taxa, and
evolutionary transitions), and a range-chart.

The list of events (Table 9) is in almost the same form
as that presented in our report on the radiolarians from
Leg 7, but with some refinements. In the column with the
names of taxa, T'indicates the top of the range of a taxon,
Bits bottom, and an arrow an evolutionary transition. The
abbreviations e, m, and m-e indicate evolutionary, mor-
photypic, and morphotypic-evolutionary limits, respec-
tively (see text Section 4). In the body of the table are given
the pairs of core sections between which an event oc-
curred, followed by the depth in meters below the sedi-
ment surface in parentheses—these latter numbers are
approximate to the extent that half-meters (used in H.P.
Foreman'’s chapter in this volume) are rounded upward to
the next full meter. The degree of reliability (for purposes
of correlation) of each event at each site is indicated by the
letters P, M, and G (for poor, moderate, and good). A zero
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in the list of events indicates that the species concerned
was not encountered in the material cored at that site.

In contrast to the situation prevailing during the prepa-
ration of our report on the Leg 7 radiolarians, we have
been able during our investigation of the Leg 10 material
to benefit from results from previous legs of the Deep Sea
Drilling Project. Thus, in the preparation of the list of
radiolarian events, a group of events occurring in a gap
between cores can in some cases be arranged in strati-
graphic order on the basis of results from earlier legs. This
is indicated by columns of brackets on the left-hand side
of Table 9. The primary ordering of the list of events is
based on the Leg 10 results, and brackets in the column
nearest the list of names indicate groups of events that
cannot be separated on the basis of materials collected on
this leg. A bracket including a single event is represented
by a dash. Brackets in columns for Legs 4, 7, and 8 indi-
cate how the events within the Leg 10 groups can be
separated on the basis of the results from those earlier legs.
Groups of events which cannot be arranged in strati-
graphic order after applying this procedure are listed al-
phabetically by specific name. For the time interval
bracketed by the bottom of the range of Botryocyrtis spp.
and the top of the range of Theocyrtis annosa, the order
of events in the Leg 10 material seems to differ from that
observed in the Leg 7 cores, and this conflict is indicated
by two sets of brackets in the Leg 7 column.

We have included earliest and latest occurrences of
theoperids, artostrobiids, and amphipyndacids (from in-
formation provided by H.P. Foreman) in this table for
several reasons. First, it seems convenient to have a com-
prehensive list of this type, including all Leg 10 radiolari-
ans. Second, comparison of Leg 10 results with those of
previous legs has permitted the stratigraphic subdivision
of some large groups of events that occurred in gaps
between Leg 10 cores. And thirdly, we have evaluated the
reliability of each theoperid and artostrobiid event on the
basis of Foreman’s species tabulations, and have applied
as uniform as possible a standard to this aspect of the
listing of events, thus ensuring some degree of internal
consistency. The facts that our evaluation of the reliability
of some of the events differs from hers, and that the order
of the events in the two lists differs to some extent, demon-
strate the considerable subjectivity of the judgments in-
volved in these procedures—despite the fact that we have
maintained close contact during the progress of this re-
search. These inconsistencies could have been reduced if
time had been available to record observations more objec-
tively (by counting and measuring), but the inclusion in
each chapter of tabulations of the relative abundances of
each species in each sample does at least permit compara-
tive evaluations of this nature.

The following comments are necessary to clarify cer-
tain aspects of the list of events (theoperids, artostrobiids,
and amphipyndacids are omitted from the paragraphs be-
low):

1) The following events (listed alphabetically by spe-
cific or subspecific name, or by generic name if not iden-
tified to species) occur above the level of Core 94-9, the
youngest occurrence of radiolarians in the material col-
lected on Leg 10. This list comprises tops of ranges of
species present in Core 94-9, and bottoms of ranges of
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TABLE 1
Radiolarians from Site 86 (Upper Section)
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2) Forms which occur in Core 86-8 (the oldest Ceno-
zoic radiolarian sediments collected on Leg 10), and
which may extend downward into older strata, are the
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semblages slightly younger than those of Core 94-9.
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some species known from other evidence to occur in as-
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TABLE 2
Radiolarians from Site 86 (Lower Section)

481
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Table 2 — Continued
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8-4(46-48) cla | £
8-4(119-121) C|G
8(CC) c lel-l---| |- -l--1-|-rl- + -

Hexacontium palaeocenicum

Axoprunum pierinae group

Entapium regulare

Thecosphaerella rotunda

Diploplegma somphum

Carposphaera subbotinae

3) Because the materials younger than middle Eocene
have been treated in less detail than the older sediments,
we have not determined the upper limits of the following
forms which occur in Core 94-17 and apparently extend
into younger strata.

Xiphospira circularis

Stylosphaera coronata coronata

Periphaena heliasteriscus

Lithelius hexaxyphophorus

Stylosphaera coronata laevis

Astrophacus linckiaformis

Axoprunum pierinae group

Rhabdolithis pipa

Thecosphaerella ptomatus

Entapium regulare

Spongodiscus rhabdostylus

Thecosphaerella rotunda

Amphymenium splendiarmatum

Periphaena tripyramis tripyramis

4) Some forms are not treated in sufficient detail to
appear on the list of events, and for some we have deter-
mined only the earliest or latest occurrence. The following
annotated list explains such cases.

T Dictyophimus craticula. The evolutionary lower limit
of this species has been determined, but not its upper limit.

B Botryopyle dictyocephalus group. We have not deter-
mined the evolutionary origin of this group.
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T Dendrospyris fragoides. Not included in the list of
events because its latest occurrences are sparse and inter-
mittent.

T Amphicraspedum murrayanum. As with the previous
species, the latest occurrences are sparse and intermittent.

T Carposphaera subbotinae. The latest occurrences are
sparse and intermittent.

5) The limits of the range of Carpocanistrum (?)
azpx are not included in the events list because it is a
last-minute addition to the species treated in this chapter.

As we pointed out in our report on the radiolarians
from Leg 7, the list of radiolarian events serves two pur-
poses: (1) it demonstrates the levels of correlation between
the cored sequences at the various sites, together with the
evidence (including its reliability) on which the correla-
tions are based, and (2) it provides an intermediate step
between the tabulation of species occurrences at the vari-
ous sites, and the construction of a chart summarizing
radiolarian ranges in the region.

Two range charts based on the Leg 10 material are
presented, one for the Late Paleocene through part of
Middle Eocene (Figure 5), and the other (including
theoperids and artostrobiids) for part of the Middle Eo-
cene through Early Miocene (Figure 6). Ranges of taxa
are plotted against a vertical scale corresponding to depth
below the sediment surface at Sites 94, 96, and 86. The
placement of upper and lower limits of ranges is deter-
mined by their position in the list of radiolarian events,
and thus some of them do not correspond precisely with
the depth scale for the specific site indicated (if informa-
tion judged to be more reliable is available from another
Leg 10 site). Dashed upper and lower terminations of the
lines indicating the ranges show the degree of uncertainty
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Radiolarians from Site 94 (Upper Section)
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16-2(42-44) AlG —IR|- Wil [ il »
16-3(4244)  |A|G =
16(CC) AlG[r ] R A 3 _
in the placement of the limits, and are due principally to the phylogenetic development of some Cenozoic radiolari-
gaps in the coring. Arrows indicate that ranges probably ans. We here list advances made on the basis of the Leg
extend upward or downward from the limits shown. The 10 material. _
abbreviations m, e and me indicate whether limits are Diploplegma somphum - Tkeqosphaereﬁa ptomatus. It is sug-
morphotypic, evolutionary, or morphotypic-evolutionary, gested that the latter species may have evolved from the
respectively. Hachures are used to indicate the degree of former.

Entapium chaenapium - Lithapium anoectum. There is some
indication that E. chaenapium evolved into L. plegmacantha,
which in turn gave rise to L. anoectum.

Axoprunum pierinae group - Spongatractus pachystylus lineage.

uncertainty in placement of boundaries of radiolarian
zones and epochal subdivisions. The range charts are a
simplification of the information presented in the list of

radiolarian events, and the reader is referred to Table 9 for Spongatractus balbis appears to be the intermediate member
more precise details. in this lineage.
Stylosphaera coronata coronata - S. coronata sabaca. The latter
7. NEW INFORMATION OF PHYLOGENY subspecies evidently evolved from the former.
: . Lithelius foremanae - L. hexaxyphophorus. There is an appar-
The reports on radiolarians from Legs 4, 7 and 8 of the ently g;mtinuous succession J;"1!"()1-1-119the3 former species tgpthe
Deep Sea Drilling Project (Riedel and Sanfilippo, 1970; latter.
Riedel and Sanfilippo, 1971; Moore, 1971) have docu- Periphaena heliasteriscus - P. tripyramis tripyramis. It seems
mented the continuing increase in our understanding of likely that the latter species developed from the former.
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TABLE 3B
Radiolarians from Site 94 (Upper Section)

Abundance

Preservation

Liriospyris parkerae
Liriosp yris stauropora
Psychospyris grandis
Psychospyris intermedia

Zones Samples

Psychospyris parva

oup

inis

Podocyrtis ampla

is cingulata

ocanistrum azyx

Centrobotrys petrushevskayae

Cen

Podocyrtis goetheana

Podocyrtis mitra
Botryopyle dictyocephalus

Carpocanopsis favosa
Calocycletta costata
Podcyrtis chalara
Podocyrtis papalis
Acrobotrys spp
Baotryocyrtis spp.
Botryopyle sp. A
Centrobotrys gravida

Calocycletta vi

Tristylospyris triceros
Carpocanopsis cristata ..

Ca
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14-2(42-44)
14-3(42-44)
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14(CC)
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Thyrsocyrtis

. 154(70-72)
bromia

15(CC)
16-1(43-45)
16-2(42-44)
16-3(42-44)
16(CC)
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dCentrobotrys with shell wall thinner than usual for C. perrushevskayae, and a strong tendency for the thorax

to be closed distally,

Stylotrochus quadribrachiatus quadribrachiatus - S. quadribra-
chiatus multibrachiatus. The latter subspecies appears to have
developed from the former.

Dendrospyris turriturcica turriturcica - D. turriturcica dasyotus.
The latter subspecies evidently developed from the former.

Rhabdolithis ellida - R. pipa. The latter species evidently evolved
from the former, and left no known descendants.

Spongomelissa adunca - S. euparyphus. Although few specimens
are available, it appears that the latter species evolved from
the former.

Podocyrtis papalis - P. ampla lineage. Podocyrtis phyxis is de-.

scribed as the intermediate form between P. diamesa and P.
ampla. Podocyrtis dorus and P. platypus are treated as off-
shoots from this evolutionary line.

Centrobotrys gravida - C. thermophila lineage. Centrobotrys pe-
trushevskayae is the intermediate form in this series.
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8. SYSTEMATIC SECTION

Genera are arranged alphabetically within families, and species
alphabetically within genera. In assigning species to genera, we have
placed greater weight on the probable relationship of a species to the
type species of the genus than on the definition of the genus, since it
seems inadvisable to take a generic definition seriously until it can be
based on evolutionary relationships. Type species of genera are in-
dicated, unless this information has been included in one of our recent
papers.

In the synonymies of species that have previously been treated
adequately, we here include only the reference to the original descrip-
tion and figure, the reference to the new combination if the generic
name now used differs from that to which the species was originally
assigned, and a reference to a paper defining the present concept of
the species.

Type specimens will be deposited in the U.S. National Museum,
Washington, D.C.
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TABLE 4A
Radiolarians from Site 94 (Lower Section)

daraensis

. B
i

Astrosphaerin gsp. D

Astrosphaerin sp, E

A
e
[hecosphaerella glebulenta

pongatractus balbis
Spongatractus pachysitylus

bl A
Lithapium plegmacantha

Lithomespilus mendosa
Stylosphaera coronata sabaca

Stylosphaera goruna
Lithelius hexaxyphophorus

Thecosphaera larnacium
Thecosphaerella rotunda
Lithelius foremanae

Thecosphaerella cf.

Stylosphaera coronata coronata
Stylosphaera coronata laevis

Cenosphaera s
¢
u
Hexacontium palaeocenicum

Carposphaera subbotinae
Hex,

Astrosphaerin 5p. A
Astrosphaerin sp, F

Amphisphaera minor
Astrosphaerin s

Preservation
Astrosphaerin

Dipl
Entapiu
Entapi

Zones Samples
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T. bromia 16(CC)
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Podocyrtis 17 _4%43 4 5;
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17(CC)
18-1(4345)
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Podocyrtis 18-3(41-43)

ampla 18-4(41-43)
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20(CC)
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22-3(4244)

Theocampe 224(42-44)
mongolfieri 22(CC)

23-2(4244)
23-2(112-114)
24-1(133-135)
24-2(4244)
24-3(44-46)

24-4(4244)
24(CC)
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25-2(4244)
25-3(4648)

25-3(113-115)
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26-3(4345)
26-4(4345)
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8(1). Family COLLOSPHAERIDAE Miiller, 1858 from the surface of these bars rather than from the pore margins (Plate

22, Figure 2). These occurrences are older than the earliest collosphae-

The oldest members of this family that we have found in the Leg rids reported in the Leg 7 material, but are so sparse and intermittent

10 material are in the Theocyrtis tuberosa Zone—a single specimen of that they do not shed much light on the origin of the family. The reported

Polysolenia in 94-12-1 (Plate 22, Figure 1), and in 94-12(CC) two speci- occurrence of a collosphaerid in the Bohemian Cretaceous (Perner, 1891)
mens of a form with narrow intervening bars and short spines arising remains enigmatic.

| + 4+ |+ +

hoooolaoonoalanoco|oaoalenaaeanaenfalaanfalaadan
+
|
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8(2). Family ACTINOMMIDAE Haeckel 1862, Emend. A. minor may be identical with Stylosphaera liostylus Ehrenberg
Riedel 1967 (1873, p. 259; 1875, pl. 25, figs. 2, 3)-specimens that we have found in
; ; : Eocene assemblages from Barbados have smaller pores than are shown
bemA:tho:l%h. a tchonmderablt; :;ll.m!ber of m?mbers ﬁf Lh‘.s family have in Ehrenberg’s figure. Other generally similar species include Ellipsoxi-
> tbe“’a fﬂ ‘i‘ & °°‘".S°g ; ‘Slln't’cs"gf"“’“* d“’; a‘;c Immany cf“lfs phus cultum Borisenko (1960b, p. 225, pl. 2, fig. 2), Xiphosphaera irinae
;’mr,zn *;m': ’; “c:“a:i“ :e it T j“"“s ;Psba“ there t‘?f € many of the Lipman (1960, p. 75, pl. 10, fig. 6; pl. 13, fig. 6), and Xiphostylus minimus
igencel 4 PIngs are defermined mere Yy by convenuon Or conven- Mamedo\" (1969‘ p. 94‘ Pl- 1- ﬁg- 1]
Three specimens of saturnalins with spiny rings (one of them illus- "
trated on Plate 22, Figure 3) were found in samples from Core 86-8. 8(2)B. “ASTROSPHAERINS
8(2)A. Genus AMPHISPHAERA Haeckel Not enough is known of the relationships of forms hitherto known
: £ A as astrosphaerids to judge whether they should appropriately be
Amphisphaera Haeckel, 1881, p. 452. Type species (indicated by Camp- grouped as a subfamily of the Actinommidae Haeckel (in the sense of
bell, 1954, p. 54) Amphisphaera neptunus HaeclSel (1887, p. 142). Riedel, 1967). However, the following unnamed forms, fragmentarily
_A genus that may be closely related, though its cortical shell is represented in the cores, appear to be related to one another, and to
ellipsoidal, is Stuermeria Deflandre (1964, p. 3)—type species (by mono- the astrosphaerids, and may therefore be referred to as “astrosphaer-
typy) Stuermeria hollandei Deflandre (1964, p. 3, pl. 1, figs. 12-14). ins” until more is known of their structure and relationships. We have
8(2)Aa. Amphisphaera minor (Clark and Campbell) distinguished six forms of radial spines, but know little of the shape,
(Plate 1, Figures 1-5; Plate 22, Figure 4) structure and number of concentric shells.
Sry!gphaem minor Clark and Campbell, 1942, p. 27, pl. 5, figs. 1, 2, 2a, 8(2)Ba. Astrosphaerin sp. A
Description: Cortical shell wall of moderate thickness, with small (Plase 5, Figures 1,2; Plate 22, Figure 3)
circular pores (approximately 14-20 on the half-equator) and minutely The external portion of the main radial spines is heavy, subcylin-
thorny surface. Delicate double medullary shell joined to cortical shell drical to slightly swollen, terminating distally in three short, divergent
by two bars collinear with the polar spines, and other bars randomly thorns (rather like a clove, the flower bud of Syzygium aromaticum).
distributed. Polar spines smoothly conical, usually longer than diameter The lattice-shell is formed of large, irregular meshes separated by heavy
of cortical shell. cylindrical bars, and the radial spines (always broken short) continue
Measurements (based on 30 sjpecimens from 94-18-4, 94-28-5, inside it as three-bladed bars. Some fragments of the coarse lattice-shell
94-29(CC) and 94-30-1). Diameter ¢ f cortical shell 95-175u, of outer also bear shorter, simple conical spines.
medullary shell 30-45u. In Core 96-3, which is above the range of this species, occur spines
Remarks: This species is distinguish :d from the Axoprunum pierinae (Plate 22, Figure 6) rather similar to astrosphaerin sp. A but terminat-
group by the spherical cortical shell, smaller pores, and constantly coni- ing proximally in a small-pored lattice-shell, rather than giving rise to
cal spines. a coarse shell and continuing as a bladed bar.
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TABLE 4B
Radiolarians from Site 94 (Lower Section)
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Stylotrochus quad. multibrachiatus

Amphymenium splendiarmatum
Xiphospira circularis

Spongodiscus americanus
Spongodiscus quartus bosoculus

Spongodiscus rhabdostylus

Amphicraspedum prolixum group
Spongodiscus phrix

Spongodiscus quartus quaritus
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Stylotrochus quad.
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bidarfensis

8(2)Bb. Astrosphaerin sp. B
(Plate 5, Figures 3,4; Plate 22, Figure 7)

Similar to astrosphaerin sp. A, and evidently very closely related,
but with the distal portion of the main radial spines minutely and
irregularly thorny, rather than terminally trifurcate, and with these
spines gradually tapering rather than swollen.

8(2)Bc. Astrosphaerin sp. C
(Plate 5, Figures 5,6; Plate 22, Figure 8)

The external part of the radial spine is subcylindrical, gradually
tapering, with minute, irregularly disposed thorns distally (similar to
those of astrosphaerin sp. B). Proximally, the radial spine is three-
bladed, and from it arise two whorls of three long, tapering spinules
cach (generally not arising at exactly the same level), and one or two
small-pored lattice-shells.

8(2)Bd. Astrosphaerin sp. D
(Plate 6, Figures 1, 2; Plate 22, Figure 9)

A long, three-bladed spine, terminating distally in a conical thorn
surrounded by a whorl of three long, downwardly-curved, tapering
spinules lying approximately in a plane at right angles to the axis of
the spine. These spinules in this and the following two species com-
monly terminate in a spathilla (Plate 22, Figures 10, 11) such as those
described by Haeckel (1887) in Octodendron spathillatum, by Mast
(1910) in Heterospongus varians, by Hollande and Enjumet (1960) in
Octodendron hamuliferum, and by many authors in phaeodarians.
The blades of the spine are sometimes thorny, and sometimes spi-
rally twisted.

In assemblages containing this and the following species are frag-
ments of lattice-shells, sometimes filled with delicate, irregular,
loosely anastomosing filaments (Plate 22, Figure 12), which may
represent the central structure of these species.

8(2)Be. Astrosphaerin sp. E
(Plate 6, Figures 3-6; Plate 23, Figure 1)

Similar to astrosphaerin sp. D, but the conical thorn beyond the
whorl of spinules is either absent or represented by a small knob or
very short thorn.
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8(2)Bf. Astrosphaerin sp. F
(Plate 6, Figures 7, 8; Plate 23, Figure 2)

The three distal spinules on the bladed spine differ from those of
the preceding two species in being flattened and curved (all in the
same sense), so that the structure resembles a three-bladed propeller.
The long, three-bladed spine is probably similar to that of the two
preceding species, but this species is difficult to recognize when that
spine is long and the whorl consequently viewed from the side.

B(2)C. Genus AXOPRUNUM Haeckel

Axoprunum Haeckel, 1887, p. 298. Type species (by monotypy) Axo-
prunum stauraxonium Haeckel (1887, p. 298, pl. 48, fig. 4).

8(2)Ca. Axoprunum pierinae (Clark and
Campbell) group
(Plate 1, Figures 6-12; Plate 23, Figure 3)

Includes Lithatractus pierinae Clark and Campbell, 1942, p. 34, pl. 5, fig.
25 and Xiphatractus mirificus Mamedov, 1969, p. 100, pl. 1, figs. 3,
3a.

Description: Cortical shell slightly to markedly ellipsoidal, of varia-
ble thickness, with subcircular pores of variable size (approximately
10-16 on the half-equator). Double medullary shell (the outer one len-
ticular or spherical) joined to cortical shell by strong bars in the
equatorial plane or zone, and in some specimens also by two bars collin-
ear with the polar spines. Polar spines very variable in size and form—
in some specimens bladed, in others conical.

Measurements (based on 25 specimens from 94-18-4; 94-28-5;
94-29 (CC); 94-30-1; and 94-32 (CC)). Major diameter of cortical shell
120-195y, its minor diameter 95-185u. Maximum diameter of outer
medullary shell 30-50u. Length of polar spines 30-2504.

Remarks: This group is used to embrace all ellipsoidal forms with
two polar spines occurring in the early Eocene and Late Paleocene
assemblages, which are not treated separately. More than one species
may be included, but we have not been able to separate them satisfac-
torily.

8(2)D. Genus CANNARTUS Haeckel
Cannartus Haeckel, 1881, p. 462; emend. Riedel, 1971, p. 652.
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4In these assemblages, typical Dictyophimus craticula is outnumbered by the apparently ancestral form described in

the discussion of the Family Plagoniidae.

8(2)Da. Cannartus mammiferus (Haeckel)

Cannartidium mammiferum Haeckel, 1887, p. 375, pl. 39, fig. 16.
Cannartus mammiferus (Haeckel), Riedel, 1959, p. 291, pl. 1, fig. 4.

8(2)Db. Cannartus prismaticus (Haeckel)

Pipettella prismatica Haeckel, 1887, p. 305, pl. 39, fig. 6; Riedel, 1959,
p. 287, pl. 1, fig. 1.

Cannartus prismaticus (Haeckel), Riedel and Sanfilippo, 1970, p. 520, pl.
15, fig. 1; 1971, p. 1588, pl. 2C, figs. 11-13, pl. 4, fig. 5.

8(2)Dc. Cannartus tubarius (Haeckel)

Pipettaria tubaria Haeckel, 1887, p. 339, pl. 39, fig. 15; Riedel, 1959, p.
289, pl. 1, fig. 2.

Cannartus tubarius (Haeckel), Riedel and Sanfilippo, 1970, p. 520, pl. 15,
fig. 2.

8(2)Dd. Cannartus violina Haeckel

Cannartus violina Haeckel, 1887, p. 358, pl. 39, fig. 10; Riedel, 1959, p.
290, pl. 1, fig. 3.

8(2)E. Genus CARPOSPHAERA Haeckel

Carposphaera Haeckel, 1881, p. 451. Frizzell and Middour (1951, p. 10)
attempted to fix Carposphaera melitomma Haeckel, 1887, as the type
species, but that is not possible because a number of species were
described in this genus by Riist in 1885.

8(2)Ea. Carposphaera subbotinae (Borisenko)
(Plate 4, Figure 3; Plate 23, Figures 4,5)

Cenosphaera subbotinae Borisenko, 1958, p. 85, pl. 5, figs. 5-7.

Description: Cortical shell spherical, thin-walled, with thorny sur-
face and circular to subcircular pores regular to irregular in size and
arrangement. Medullary shell large, generally similar to cortical shell but
with pores about 30 per cent smaller in diameter, attached to the cortical
shell by numerous (perhaps 30-40) radial bars which do not extend
beyond the shell surface.
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Measurements (based on 15 specimens from 86-7, CC; 86-8-3;
86-8-4; and 86-8, CC). Diameter of cortical shell 180-240u, of medul-
lary shell 105-130u. Distance between centers of pores of cortical shell
15-22.5u.

Remarks: This species is distinguished by its large medullary shell.
There is some similarity to Haliomma entactinia Ehrenberg (1873, p.
235; 1875, pl. 26, fig. 4), but we have not been able to determine whether
the two species are identical.

8(2)F. Genus CENOSPHAERA Ehrenberg
Cenosphaera Ehrenberg, 1854a, p. 237. Type species (by monotypy)

Cenosphaera plutonis Ehrenberg (1854a, p. 241; 1854b, pl. 35B, fig.

20).

It seems likely that Monosphaera Shrubsole (1889, p. 123 - type
species, by monotypy, Monosphaera toliapica Shrubsole, 1889, p. 123, fig.
11) is a synonym of Cenosphaera.

8(2)Fa. Cenosphaera sp. A
(Plate 4, Figure 4; Plate 23, Figure 6)

Description: Shell single, thick-walled, small, spherical, with mi-
nutely thorny surface and subcircular to circular pores rather regular in
size and arrangement (distance between pore centers 8-15u).

Measurements (based on 20 specimens from 94-28-2, 94-29, CC
and 94-30-2). Diameter of shell 70-95u.

Remarks: The principal reason for describing this unnamed species
is the fact that small, simple spheres of this size occur rather frequently
over a restricted range in the sequence examined. A rather similar form
from the Californian Eocene has been described as Cenosphaera mega-
chileby Clark and Campbell (1945, p. 5, pl. 1, fig. 1). Other, larger single
spherical shells occur together with this form and in older and younger
assemblages, but may represent incompletely developed or poorly pre-
served individuals of species having a medullary shell. Because of the
uncertain relationships of these simple shells, we have been unable to
identify them specifically.
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Similar, but larger, species described in the literature on Paleogene
radiolarians include Cenosphaera mitgarzi Lipman (1950, p. 54, pl. 1,
fig. 2) and C. micra Borisenko (1960a, p. 200, pl. 1, figs. 1, 2).

8(2)G. Genus DIPLOPLEGMA Hinde

Diploplegma Hinde, 1890, p. 48. Type species (by monotypy) Diplo-
plegma cinctum Hinde (1890, p. 48, pl. 3, fig. 10).
It seems unlikely that the species described below is closely related
to the Paleozoic type species, even though both have spongy cortical
and medullary shells.

8(2)Ga. Diploplegma somphum Sanfilippo and
Riedel, new species
(Plate 4, Figure 5; Plate 23, Figures 7, 8)

Description: Cortical shell spherical, with a thick spongy wall of
rather coarse meshes, thorny surface, and a narrow pylome gener-
ally surrounded by differentiated thorns. Medullary shell spongy,
directly attached to the cortical shell wall, in a position bearing no
constant relationship to the location of the pylome.

Measurements (based on 30 specimens from 86-7, CC and
86-8-3). Diameter of cortical shell 185-255u, of medullary shell (as
seen darkly through the cortical shell) approximately 20-55u.

Remarks: It seems possible that D. somphum gave rise to Thecospha-
erella ptomatus, since the upper limit of its range essentially coincides
with the lower limit of the range of the latter, and these are the only two

species present with the medullary shell directly attached to the cortical
shell.

The specific name is derived from the Greek adjective somphos
(porous, spongy).

8(2)H. Genus ENTAPIUM Sanfilippo and Riedel,
new genus

Type species Entapium regulare Sanfilippo and Riedel, new species.

Definition: This genus differs from all others with a spherical cortical
shell in possessing a single medullary shell which is pyriform, or at least
has pores of different size at two poles. Bladed external spines are usually
present on the cortical shell.

The name is derived from the Greek enros(within) and apion (pear),
and is neuter.

8(2)Ha. Entapium chaenapium Sanfilippo and
Riedel, new species
(Plate 3, Figure 3: Plate 23, Figures 9-12)

Description: Spherical cortical shell with minutely thorny wall of
moderate thickness, perforated by subcircular pores rather variable in
size (approximately 11-14 on the half-equator), and bearing approxi-
mately 4 bladed spines. Medullary shell pyriform, delicate, with rela-
tively large pores, connected to the cortical shell by about 5-7 bladed
bars, some of which (including one from the narrow end of the medullary
shell) are collinear with the external spines. Practically all specimens
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from the later part of the range of this species, and some from earlier
assemblages, have an opening in the medullary shell at the end opposite
its conical part. In the vicinity of this opening, bars connecting the
medullary with the cortical shell are not bladed but thin, as if atrophying.

Measurements (based on 20 specimens from 94-22-4 and 94-28-2).
Diameter of cortical shell 105-150. Width of medullary shell 37-50y.

Remarks: Cooccurring with this species, and in slightly older and
younger assemblages, are at least two other generally similar forms with
pyriform medullary shells. One of these ( Entapium regulare) has a larger
number of smaller pores on the cortical shell (approximately 22-26 on
the half-equator), and in another the pores of the cortical shell are
rosette-shaped. Thus the characters distinguishing these forms are not
very prominent, and our principal reason for treating this species is the
possibility that it may be ancestral to Lithapium plegmacantha (see
discussion under that heading).

The specific name is derived from the Greek chaino (open) and
apion (pear), and is used as a noun in apposition.

8(2)Hb. Entapium regulare Sanfilippo and
Riedel, new species
(Plate 1, Figures 10-19; Plate 24, Figures 1-3)

Description: Cortical shell spherical, of very variable diameter, mod-
erately thick-walled, with circular pores (approximately 7.5-12.5u be-
tween centers, and 22-26 pores on the half-equator) and minutely thorny
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surface. Medullary shell single, delicate, pyriform, attached to the corti-
cal shell by at least six strong, bladed bars, some of which extend from
the surface as free spines.

Measurements (based on 30 specimens from 86-8 CC; 94-29, CC;
and 96-3-6). Diameter of cortical shell 130-245u. Width of medul-
lary shell 3045u.

Remarks: This species is distinguished from others with a pyriform
medullary shell by the pores of the cortical shell being small, rather
regular in size and arrangement, and not rosette-shaped.

8(2)1. Genus HEXACONTIUM Haeckel

Hexacontium Haeckel, 1881, p. 452. Type species (indicated by Camp-
bell, 1954, p. 60) Hexacontium phaenaxonium Haeckel (1887, p.
192).

8(2)Ia. Hexacontium palaeocenicum Sanfilippo
and Riedel, new species
(Plate 4, Figure 2; Plate 24, Figure 4)

Description: Spherical cortical shell thick-walled, with thorny sur-
face and hexagonally framed, rosette-shaped pores rather regular in size
and arrangement (distance between centers approximately 11-17.5u). Six
external spines mutually perpendicular, short, heavy, pronouncedly
bladed, especially near the bases where the blades are continuous with
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TABLE 8B
Radiolarians from Site 96 (Lower Section)

A. SANFILIPPO, W. R. RIEDEL

SIPOIoDA] S1I4AI0P0g

| Wﬂﬂﬂumnﬂ S4A20P04

DSONUIS S111A00P0g

SIXAYd SHAA00pOg

f— ——— STAD 110410 DA1dsoydl

F

STUDTYIVAqH] L ponb SAio0210

ST OTAqEA PO POTD SAOO0[AIS

N 1 L R L B LT T

—————STUA|U SAIOHOIAIS

§7]0d0d §114A00P0

T3] SAAD00P0F

oupaif] 208 sudd0pog

SN4Op SI4A20p0d

DSaUDIP SHALI0P0,

R +{-{-[R|-|-|F

R

UDILIZWD STISIPO.

—IPIPIpu ]S ARy AW

—|F{F|{RI+[-{+|F|-

>
dnois Haﬁhogm Wnpadsoionydid
-

E] unEnE

F|R

Igﬂnxjhmsqﬁuihﬁ 4

R [R|F|—|RIR| | F|+|—{+|F|-|-|F

RR|C|-|F

[~ anoIs $njja00 PIoAI0yIT]

—|F|F|C|—|C|R{H F| +|—|R|F |—[-|C

T
[~ Ano13 31jo]OJ514D DIoAIOII]

DJTEUDIA] S1UUDIAd1d] DUaDydida,

TIUDIAAIA] STUDIAdIL] DUaDd143,

Di[ap DuavydIag

DI0J2p Duzbydiiag

“(d)ds smydisorapy

STUI0]D13youl] Snovydodis i

TABLE 8C

uonealasalg

Gl=|R|—| =R~

FPuEpUNqy

A
F
E
F

Samples

Radiolarians from Site 96 (Lower Section)

3-1(4143)
3-3(4244)
3-4(42-44)
3-5(42-44)
3-6(42-44)
5-1(114-116)
5 (CC)

3(CC)
4 (CC)

Zones

Bekoma
bidarfensis
Unzoned
interval

DIDIDYD S114A20p0,

DULIOYdp SHAA20POg

D]dIID 51J4A00P0g

snydd4ndna Dssjjauosuody

D]]aUnonNs D55]]aosuods

—|r|—|-

———————— DaiId SIgIopany

vpINA S1y1110pqoyy

DID] ﬁuNNmab.ﬂéU

RIR |+

WIAA SiAdsofjva1s

+

SUaNJu0J 514AdSOpDIIO(]

—|R|R|—|F|R|+
+

—R|R|—|F[R|+

—R|R|—-|F|R |-
—|R |+ |F

DA2DYds SAAASOA1oI(]

— RS2 SIAAds0A1a1c]

SDI18 SIdAdsoA3oic]

snasip spddsod1 o

R|—
R|—
Rl
R|-

| ST OASDP DOIDANIj44n] SLAdso4puacy

BTN LAT] DI124n144n] Sl dsodpuacy

—————S3p1osPy SAGSO4PUST

PINJD 1A mmﬁk_“ﬁm.nw

D114 814

Alel-|-|r|-
AlGl-]-|F}l-
A lel-|-|Fl-

UOIJBAIISIL] =
aouEpuUNnqy 1z,
% =)
—_— P p—,p— p—, L)
E| $YI3Y 3
m ol R o Mo | }}M)
“l T |
S e o e et
Fogune | DLl
mmenmomn|lonstnn
a2
L] -
g g2 EE
M S = o5
~ e Mm
a2 2
oLy

496



TABLE 9
Radiolarian events at Sites 86, 94, 95, and 96
Groups in
Radiolarian
Leg 4| Leg 7| Leg 8 [Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
- T Stichocorys -9-2
armata m 93 P
(294-296)
T Carpocanopsis -9-2
favosa m 9.4 M
(294-297)
T Cannartus " Above -5-1 -9-1 Above -2-1 Above -2-1
prismaticus m 9(CC) M
(293-301)
T Spirocyrtis -5-2 -9-2 Above Calocycletta
aff. S. scalaris ™ | -5-3 P |9cc P |21 M costata
L (373-375) (294-301)
" Cannartus violina -9(CC)
= C. mammifer -10-2 G
(301-333)
B Lithopera -9(CC)
renzae mn -10-2 P
(301-333)
_ B Carpocanopsis -9(CC)
cristata " -10(CC) P
(301-336) &
[ T Lychnocanoma -9(CC) \
bipes mn -10-2 M
(301-333)
B Calocyletta -9(CO)
costata e -10-2 M
(301-333)
B Dorcadospyris -9(CC)
dentata H 102 M
(301-333)
B Stichocorys -9(CO)
diploconus n -10-2 M
3 (301-333) AN
T Botyropyle -9(CO)
sp. A m 4102 P
(301-333)
T Theocorys Above -5-1 -9(CC) Above -2-1 Above -2-5
spongoconum ™ -10-2 G
(301-333)
B Liriospyris -9(CO)
stauropora m -10-2 M
(301-333)
B Stichocorys -9(CC)
wolffii m-e -102 G
L (301-333) Caloeycletta
B Stichocorys -9(CC) virginis
- armata m -2 M
(301-333)
_ T Dorcadospyris Above -5-1 -9(CC) Above -2-1 Above -2-1
ateuchus m ;102 P
(301-333)
B Stichocorys -9(CC)
- delmontensis ™ -10-2 G
(301-333)
B Botyrocyrtis -9(CC)
Spp. m 102 P
(301-333)

Aor explanation, see text Section 6.
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A, SANFILIPPO, W, R. RIEDEL

TABLE 9 — Continued

Groups in
Radiolarian
Leg 4|Leg 7|Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
T Dorcadospyris -9(CO)
papilio -10(Ccc) P
(301-336)
B Siphocampe aff. -9(CC)
S. corbula -10-2 P
(301-333)
B Cyrtocapsella ., ,, -9(CC)
elongata € -102 P
L (301-333)
" Cannartus tubarius -10-2
= (. violina -10(Cc) P
(333-336) Calocycletta
Cyelampterium pegetrum| Above -5-1 -10-2 Above -2-1 Above -2-1 virginis
- —=+C. leptetrum -10(CC) M
(333-336)
T Theocyrtis Probably -10-3 Above -2-1 Above -2-1
- annosa m above -5-1 -10(CC) M
L (335-336)
B Acrobotyrs -10-2
spp. m -10(CC) P
L (333-336)
T Buryella Above Above -8(CC)
? clinata mo| 54 M | -17-1 M |-9CC) G
_ (341-344)
B Carpocanopsis -1O(CC) Above -2-1 Above -2-1
- bramlettei m (113 M
R (336-364) ,
B Cyrtocapsella -10(CC) \\
cornuta 0 -11-2
(336-362)
B Carpocanopsis -10(CC) Above -2-1 Above -2-1
favosa - [11-3 M
(336-364)
Psychospyris parva 9 | Above -2-1
=P, intermedia Probably -11
B Cyrtocapsella -10(CC)
tetrapera = =11-2 G
(336-362)
B Calocycletta -10(CC) Above -2-1 Above -2-1 N
virginis -11-3 M Y
- (336-364) \
B Carpocanopsis -10(CC) Above -2-1 Above -2-1
cingulata -11-3 M
(336-364)
T Artophormis Above -5-1 -10(CC) Above -2-1 Above -2-1
_ gracilis L -11-.2 . G
(336-362)
B Lychnocanoma -10(CC)
— bipes m ‘1122 G
B (336-362) k
B Artostrobium -10(CC)
miralestense -11-2 P
L (336-362)
B Cannartus -10(CC) -2-3 Above -2-1 .
- tubarius me -11-3 P 2(CC) M Dorcadospyris
(336-364) (86-91) ateuchus
T Heliostylus -10(CC) Above -2-1 -2-1
- sp(p)- -11-44 M -2-4 P
(336-365) (200-204)
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TABLE 9 — Continued

CENOZOIC RADIOLARIA

Groups in
Radiolarian
Leg 4|Leg 7|Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
- T Dorcadospyris -10-3 -2-1
praeforcipata -10(CC) P -2-2 M
(335-336) (83-84)
- B Psychospyris 2-6
parva -2(CC) M ,
Dorcadospyris
(90-91) ateuchus
T Dorcadospyris -10(CC) -2(CC) Above -2-1
- circulus -11-3 M -3-1 M
(336-364) (91-122)
Lithocyclia angusta Above -5-1 -10(CC) -2(CC) -2-4
- = Cannartus prismaticus -11-3 M -3-1 M -3-1 M
_ (336-364) (91-122) (204-302) ]
B Dorcadospyris Above -5-1 -10(CC) -3-1 -2(CC) \\\
- forcipata m-e -11-44 P -3-3 M | -31 P
(336-365) (122-125) (208-302)
B Dorcadospyris Above -5-1 -10(CC) -3-1
- praeforcipata -11-3 P -3-2
(336-364) (122-123)
Tristylospyris triceros -5-1 -10(CC) -2(CC) -2(CC)
= Dorcadospyris -5-3 G -11-3 M -3-1 G -3-1 G
| ateuchus (372-375) (336-364) (91-122) (208-302) \\
B B Dorcadospyris -5-1 -10(CC) 4-2
papilio -5-2 P -11(cecy P -4-3 P
(372-374) (336-369) (161-163)
Centrobotrys -5-3 -10(CC) -4-2
petrushevskayae -5(CC) P -11-4 P -5-1 G
|| =C. thermophila (375-377) (336-365) (161-199)
B Theocyrtis -5-4 -10(CC) -4-2 -2(CC)
- annosa -6(CC)y P -11-3 M 4(CC) M -3-1 M
(376-440) (336-364) (161-165) (208-302)
Cyclampterium milowi | -5-3 -10(CC) -4(CC) -2(CC)
- =+ (. pegetrum -6(CC) P -13(cCcy P -5(CCy P -3-1 M
(375-440) (336-383) (165-204) (208-302)
B B T Lithoeyclia 0 -11-5 -4-4 0
crix -11-6 M -“4(Ccy) P
(367-368) (164-165)
T Theocyrtis 0 -11-6 -4(CC) 0
tuberosa -1 (ce) P -5-1 G Theocyrtis
- (368-369) (165-199) tuberosa
B T Dorcadospyris 0 -11-5 -4(CC) 0
spinosa -11-6 M -5-1 P
L. (367-368) (165-199)
B B Dorcadospyris -5(CC) -11(CC) -4(CC) -2(CC)
circulus -6(CC) G -12-1 M -5-1 M -3-1 M
L (377-440) (369-370) (165-199) (208-302)
T Lithomitra -5(CC) -11(CC) -4(CC)
docilis mlwecc M |[-1221 M |[-51 P
L (377-440) (369-370) (165-199)
B Artostrobium -5-4 -11(CC) -5-2 -2(CC)
= aff. A. doliolum ™ | -6(CcC) M |-12-1 P 5-3 M | -31 P
(377-440) (369-370) (200-202) (208-302)
- B Dorcadospyris 0 -12(CC) -5-1 0
spinosa -13-2 M -5-3 P
(375-380) (199-202)
- T Theocampe -5-4 -13-3 -5-3
amphoragroup ™ | 6cC) M [-142 M |-54 P
(377-440) (382-408) (202-203)
? B Theocorys -5-2 -13-3 -5-2 -2-5
spongoconum ™ | -5-3 P -14-2 P -5-3 P -2-6 P
(374-375) (382-408) (200-202) (206-207)
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A. SANFILIPPO, W. R. RIEDEL

TABLE 9 — Continued

Groups in
Radiolarian
Leg 4|Leg 7|Leg 8|Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
[ | B Botyropyle 0 132 -5-2
sp. A m ‘142 M |53 P
(380-408) (200-202)
Centrobotrys gravida -5(CC) -13-2 -5-2
= . petrushevskayae -6(CC) M -14-2 M -5-4 G
(377-440) (380-408) (200-203)
B Spirocyrtis -5-4 -13-3 -4-4 Theocyrtis
aff, 8. scalaris -6(CC) P -14-2 M -5-1 M tuberosa
L (375-440) (382-408) (164-199)
|' B Lithocyclia 0 -13(CC) -5(CC) 0
- crux -14-2 G -6-1 P
(383-408) (204-237)
B Centrobotrys 0 0 -5(CC)
- gravida -6-1 M
(204-237)
Lithocyclia aristotelis -5(CC) -13(CC) -5(CC) -2(CC) \
- — L. angusta -6(CC) M -14-2 M -6-1 G -3-1 M
(377-440) (383-408) (204-237) (208-302)
Artophormis barbadensis| -13(CC) -5(CC)
- —>A. gracilis -14-2 G -6-1 P
(383-408) (204-237) N\
T Theocampe -5-4 -13-3 -5(CC)
pirum M 1l6cc)y M |-142 M |61 M
L (375440) | (382408) | (204-237) NN
T Lychnocanoma -5(CO) -13-3 -5(CC)
babylonis group -6(CC) -14-2 G -6-1 G
(377-440) (382-408) (204-237)
T Theocampe m -5(CCO) -13(CC) -5(CC)
mongolfieri -6(CC) G -14-2 G -6-1 G
(377-440) (383-408) (204-237)
T Lophocyrtis -5(CO) -13(CO) -5(CC)
Jacchia -6(CC) G -14-2 G -6-1 P
(377-440) (383-408) (204-237)
T Lychnocanoma -5(CC) -13(CC) -5(CC)
amphitrite -6(CC) M -14-2 G -6-1 M
(377-440) (383-408) (204-237)
T Theocampe -5(CC) -13-3 -5(CC)
armadillo group ™ | -6(CC) G | -142 G | -6l G
(377-440) (382-408) (204-237)
T Periphaena -5(CC) -13(CC) Above -7-1 0
decora Ml 6cc) M |-142 M
B Cyelampterium -13-3 -5(CC) bromia
milowi i -13(cc) P | -61 M
(382-383) (204-237)
T Theocampe -54 -13-3 -5(C0C)
urceolus Ml 6cc) M |-142 G | 61 M
L (376-440) (382-408) (204-237)
B B Theocyrtis 0 -14-2 -5(CC) 0
— tuberosa m -14-4 P -6-1 P
(408-411) (204-237)
B Artophormis -14-3
- barbadensis ™ 144 M
L (410-411)
B T Thyrsocyrtis -5(CC) -14(CC) -5(CC)
bromia ™l ecc) M [-154 G | -61 G
(377-440) (412-417) (204-237)
T Thyrsocyrtis -5(CC) -14(CC) -5(CC)
tetracantha ml.ecc) G |-154 G |-61 G
(377-440) (412-417) (204-237)
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TABLE 9 — Continued

CENOZOIC RADIOLARIA

Groups in
Radiolarian
Leg 4|Leg 7 |Leg 8(Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
T Calocyclas . -5(CC) -14(CC) -5(CC)
turris -6(CC) G -15-4 G -6-1 G
(377-440) (412-417) (204-237)
T Calocycloma - -5-4 -14(CC) -5(CO) -2(CC)
ampulla -6(CC) P -16-1 P -6-1 P -3-1 M
(377-440) (412-419) (204-237) (208-302)
T Thyrsocyrtis i -5(CC) -14(CC) -5(CC)
rhizodon 6(CC) G |-154 G |-61 G
= (377-440) (412417) (204-237)
T Lithapium -5(CO) -14(CC) -6-4 0
e
- mitra -6(CC) M -15-4 P 6(CC) M
(377-440) (412-417) (241-245)
T Podocyrtis
e 0 0 -6-3 0
— goetheana 64 G
L (240-241)
B Thyrsocyrtis triacantha | -5(CC) -16-3 -5(CC)
- =+ T. tetracantha -6(CC) G -16(CC) G -6-1 G 2
(377-440) (422-423) (204-237) Th};rsoc){rrw
T Eusyringium -16-2 -6-1 romia
- fistuligeram ™ 163 P | -64 P
(420-422) (237-241)
T Artophormis -16-2 -5(CC)
dominasinensis -16-3 P -6-1 M
L (420-422) (204-237)
- T Calocyclas - -16(CC) -5(CC)
hispida -17-1 G -6-1 P
(423-425) (204-237)
[ B B Lophocyrtis -6(CC) -16-3 -6-4
- jacchia -Hee)y G -17-1 M 6(CC) M
(440-506) (422-425) (241-245)
Podocyrtis chalara 0 0 -6-4 0
- =P, goetheana -6(CC) G
(241-245)
B Theocampe - -6(CC) -16(CC) -6-4
pirum -1eec)y G -17-1 M -6(CC) G
= (440-506) (423-425) (241-245)
[~ Lychnocanoma bellum -6(CC) -16(CC) -6(CC)
= = L. amphitrite -7(CC) M -17-1 M -7-1 G
(440-506) (423-425) (245-275)
T Podocyrtis 0 -16(CC) -6(CC) -2(CC)
= papalis ‘172 G |71 G |31 G
(423-426) (245-275) (208-302)
I Lithocyclia ocellus -6(CC) -16(CC) -6(CC) 0
— L. aristotelis ) M -17-1 G -7-1 G
(440-506) (423-425) (245-275)
B Thyrsocyrtis —-— -6(CC) -16(CC) -6(CC)
bromia CCc)y M -17-1 G -7-1 G \ P goetheana
(440-506) (423-425) (245-275) \ Zone
- = t
B Tristylospyris -6(CC) -16(CC) -6(CC) 0 N o
triceros J€C) G |11 6 |1 M repre”md
(440-506) (423-425) (245-275)
B Cach yelas i -6(CC) -16(CC) -6(CC)
L turris -H(Ccey G -17-1 G -7-1 G
| (440-506) (423-425) (245-275) :\
B Artophormis -16-3 -6(CC)
dominasinensis -17-1 P -7-1 P
(422-425) (245-275) Podocyrtis
T Theocotyle -16(CC) -6(CC) chalara
ficus -17-1 M -7-1 G
(423-425) (245-275)
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TABLE 9 — Continued

Groups in
Radiolarian
Leg 4| Leg 7| Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
T Lithochytris -16(CC) -6(CC)
— vespertilio -17-1 G -7-1 G
Podocyrtis mitra 0 -16(CC) -6(CC) 0 chalara
— =P, chalara -17-1 P -7-1 M
(423-425) (245-275)
Lithapium anoectum 0 -16-2 -6-4 0
=+ L. mitra -17-1 M -7-1 G
(420-425) (241-275)
T Podocyrtis 0 -16(CC) 0 0
trachodes -17-1 M
(423-425)
T Thecosphaerella 0 -16(CC) -6(CQC) 0
of. agdaraensis -17-2 P -7-1 M
(423-426) (245-275)
B Theocampe -6(CC) -16(CC) -6(CC)
armadillo group ™ | -7(CC) G |-17-1 G |71 G
(440-506) (423-425) (245-275)
T Ceratospyris 0 -16(CC) -6(CC) 0
articulata -17-2 G -7-1 P
(423-426) (245-275)
T Lophocyrtis - -16(CC) -6(CC)
biaurita 171 G |74 P
(423-425) (245-279)
T Rhopalocanium -16(CC) -6(CC)
ornatum m -17-1 M -7-3 M
(423-425) (245-278) Podocyrtis
T Spongatractus 0 -16(CC) -6(CC) 0 mifre
pachystylus -17-2 M -7-1 M
(423-426) (245-275)
T Dorcadospyris -5-4 -16(CC) -6(CC) -2(CC)
platyacantha -6(CC) P -17-2 M -7-1 M -3-1 M
(376-440) (423-426) (245-275) (208-302)
T Dictyospyris - 0 -16(CC) -6(CC) 0
sphaera -17-2 M -7-1 M
(423-426) (245-275)
T Phormocyrtis -16(CC) -6(CC)
striata striata -17-1 P -7-1 G
L (423-425) (245-275)
B T Podocyrtis 0 -17-2 -6(CC) 0
ampla £ -17-4 P -7-1 M
(426-429) (245-275)
T Lithapium -17-1 -6(CC)
plegmacantha -17-2 P -7-1 G
(425-426) (245-275)
B Podocyrtis -17-4 0
trachodes -1(CC) M
| (429-432)
B Podocyrtis sinuosa -17(CC) -6(CC) %
- —+P. mitra -18-2 G -7-1 P
(432-435) (245-275)
T Periphaena -17(CC) \
- tripyramis m -18-1 M
- triangula (432-434) &
T Spongodiscus -6(CC) -17(CC) -7-2
— americanus -1(CC) G -18-2 M -71(CC) P
(440-506) (432-435) (276-283) Podocyrtis
T Theocorys 18-1 ] aniple
anapographa -18-3 P -7-3 P
(434-437) (276-278)
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TABLE 9 — Continued

CENOZOIC RADIOLARIA

Groups in
Radiolarian
Leg 4| Leg 7|Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
T Amphiternis -18-3
clava -18-4 P
(437-438)
T Amphicraspedum -18-2 .
prolixum m -18(CC) P Podocyrtis
— group (435-439) ampla
™ Eusyringium lagena -18-3 -7-1
- —>E. fistuligerum -19-3 G =7-3 G
(437-446) (275-278)
Podocyrtis phyxis 0 -18(CC) -7-2 0
- —>P. ampla -19-2 M -7-5 M
(439-444) (276-281)
Podocyrtis diamesa 0 0 0 0
—>P. phyxis
T Spongodiscus -18(CC) -7-2
phrix n -19-1 P 74 P
L (439-443) (276-279)
T Podocyrtis -19-2 -14
dorus = -19(CC) M| 75 P
(444-450) (279-281)
B T Entapium -19-2 -T(CC)
chaenapium ™ 193 M| 81 M
(444-446) (283-333)
T Spongodiscus -18(CC) -TCO)
cruciferus m -19-3 P -8-1 G
(439-446) (283-333) .
T Podocyrtis 192 7(CC) s
platypus m -19(CcCy P -8-1 P
(444-450) (283-333)
T Theocotyle -19(CC)
- cryptocephala m -20-2 G
conica (450-453)
T Amphicraspedum -20-2 -T(CC)
- prolixum m 20(CC) P | 81 G
(453-457) (283-333)
T Lamptonium -2((CC) -8-1
? fabaeforme m -21-2 P -8-3 P
chaunothorax (457462) (333-336)
T Thyrsocyrtis -20(CC) -7-6
= hirsuta hirsuta -21-2 G -8-1 G
(457-462) (282-333)
T Lamptonium -20(CC) -7-6
— fabaeforme m -21-2 G -8-1 G
constrictum (457-462) (282-333)
B Eusyringium -20(CC) -7-6
- lagena -21-2 G -8-1 G
(457-462) (282-333)
Thyrsocyrtis hirsuta -20-3 -7(CC)
== tensa—>T. -21-2 G -8-1 G
triacantha (455-463) (283-333)
B Podocyrtis -20(CC) -7(CC)
~ dorus e 212 M| -8l P
(457-462) (283-333)
T Lamptonium -20(CC) -7-6 -2(C0C) Theocampe'
—~ fabaeforme m 21-2 G | -81 G -3-1 G mongolfieri
- fabaeforme (457-462) (282-333) (208-302)
T Periphaena -21-2 -T(CC)
- delta 21(CC) P -8-1 G
(462-463) (283-333)
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TABLE 9 — Continued

Groups in
Radiolarian
Leg 4| Leg 7| Leg 8 |Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
T Dorcadospyris 0 -21(CC) -7-1
? confluens -22-1 P -7-4 P
(463-470) (275-279)
[ | Theocotyle -21-2 76
cryptocephala® 223 G | -81 M
—+T. c. conica (462-473) (282-333)
T Giraffospyris 21(CC) -7(CC)
cyrillium -22-1 P -8-1 M
= (463-470) (283-333)
B T Thyrsocyrtis -22-2
- hirsuta robusta -22-3 4
(471-473) Theocampe
B Lithapium 222 -7(CC) mongolfteri
- anoectum o 224 P | 81 M
(471-474) (283-333)
T Theocorys -22-3 -7-6
= anaclasta L -22-4 M -8-1 G
L (473-474) (282-333)
T Dictyospyris Within -7(CC) -2(CC)
discus -23-2 P -8-1 P -3-1 M
(480) (283-333) (208-302)
Lithochytris archaea -23-2 -8-3
= L. vespertilio -23(CC) M 9(CcC) G
(480-481) (336-344) ] |
B Theocampe -6(CO) -24-3 -1-6 \
mongolfieri -IHCC) G -24-4 G -8-1 G
(440-506) (491-492) (282-333)
T Stylotrochus -24-1 -T(CO)
quadribrachiatus m -24-2 M -8-1 G
. quadribrachiatus (488-489) (283-333) \
. T Stylotrochus -24(CC)
quadribrachiatus m -25-1 M
multibrachiatus (493-497)
Podocyrtis aphorma 0 -24-3 -7(CC) 0
=P, sinuosa -25-3 G -8-1 G
L (491-500) (283-333)
T Dendrospyris 0 -24(CC) -8-4 0
- turriturcica m -25-2 P -8(CC) P
turriturcica (493-498) (337-341)
T Stylosphaera -25-1 -1(CC)
- coronata m -25-2 M -8-1 G
sabaca (497-498) (283-333)
B Thyrsocyrtis -25(CC)
hirsuta robusta -26-2 P Theocotyle c.
(501-502) eryptocephala
B Stylotrochus -25(CC)
quadribrachiatus m-e -26-2 P
multibrachiatus (501-502)
B Lithapium -25(CC) -7(CC)
plegmacantha  ™® 262 P | -81 G
L (501-502) (283-333)
T Dictyospyris 0 -25-3 -8-1 0
- gigas o 262 P -8-4 P
(500-502) (333-337)
B Periphaena -29(CC) -8-4
? tripyramis m -30-1 P -8(CO)
tripyramis (551-572) (337-341)
B Stylosphaera -26-2 -8-6
- coronata m -26-4 M -8(CC)
laevis (502-505) (340-341)
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TABLE 9 — Continued

CENOZOIC RADIOLARIA

Groups in
Radiolarian
Leg 4|Leg 7 |Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
A
|— T Calocycloma -26-3 -8(CC) \
castum -26-5 M 9Ce) G
(504-507) (341-344)
Theocotyle crypto- -26-3 -8(CC)
cephala nigriniage — -26-4 G 9CC) G
T.c. cryptocephala (504-505) (341-344)
T Stylotrochus -6(CC) -26-3 -8(CC) -2(CC)
nitidus SIHCC) P -26-5 P 9CC) M -3-1 M
L (440-506) (504-507) (341-344) (208302) RN
T Dendrospyris -27(CC)
turriturcica m -28-1 M
dasyotus (508-533)
B Dictyophimus -28-2
craticula -28-5 M
(534-539)
B Dendrospyris -28-4
turriturcica m-e -28-5 M
dasyotus (537-539)
T Lamptonium -28-3 -8(CO)
sanfilippoae -28-5 M 9(CC) G
s (536-539) (341-344)
I B Theocorys -28-5 -8(CC) .
anaclasta m 228(CC) M | 9(CC) G Phor::g;{;m
(539-540) (341-344) &
B Theocorys -28-5 -8(CC)
anapographa 28(CC) M 9cCc)y P
(539-540) (341-344)
B Periphaena -28-5 -8(CO)
delta 28(CC) P | -9CC) P
L (539-540) (341-344)
B Podocyrtis 0 -28(CC) Below 0
? aphorma * 29(CC) M| -9¢C) G
(540-551)
B Stylotrochus -27(CC) -8(CC)
? quadribrachiatus m -32(CC) M 9(CC) G
quadribrachiatus (508-609) (341-344)
B T Theocorys -28(CC) 0 -2(CC) \
acroria m 229(CC) G -3-1 M
(540-551) (208-302)
T Astrosphaerin -28-5 -2(CC)
sp. E " 29(CC) M -3-1 G
(539-551) (208-302)
T Cenosphaera -28(CC) -8(CC)
sp. A m 29(CC) G | 9@CC) M
(540-551) (341-344)
B Lamptonium -28(CC) -8(CC)
fabaeforme m 29(CC) M Qe G
constrictum (540-551) (341-344)
T Spongomelissa -28(CC) -8(CC)
cucumella m -29(CC) P 9CC) M
(540-551) (341-344) R
B Podocyrtis -28(CC) -8(CC)
diamesa e 29(CC) P | 9CC) M
(540-551) (341-344)
T Spongomelissa -28(CC)
euparyphus m 229(CC) M
(540-551)
T Dictyospyris -28(CC) -8(CC)
melissium m 29(CC) M | 9cC) P
(540-551) (341-344) N
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TABLE 9 - Continued

Groups in
Radiolarian
Leg 4|Leg 7|Leg 8|Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
R
T Lithomespilus 0 -8(CC) 0 \
mendosa 9(Ccec) p
(341-344)
B Rhopalocanium -28(CC) -8(CC)
ornatum m 29(CC) G | 9€CC) G
(540-551) (341-344)
B Spongodiscus | 0 -28(CC) -8(CC) 0
phrix -29(CC) P 9(CC) M
(540-551) (341-344)
B Podocyrtis -28(CC) -8(CC)
platypus 29(CC) M 9CCc) M
(540-551) (341-344)
T Spongodiscus -6(CC) -28-3
quartus quartus ey M -29(Cc) P
(440-506) (536-551)
B Thyrsocyrtis -6(CC) -28(CC) -8(CC)
rhizodon m | -7cc) 6 | -29¢C) G |-9€CC) G
(440-506) (540-551) (341-344)
B Stylosphaera -28(CC) -8(CC)
coronata m-e -29(CC) G 9(CC) G
sabaca (540-541) (341-344) \
B Amphymenium 0 -28(CC) 0
splendiarmatum 29CC) M
(540-541)
FPhormocyrtis striata -6(CC) -28(CC) -8(CC) -2(CC)
exquisita > P. 5. ey G -29(CC) G 9o G -3-1 G
striata (440-506) (540-551) (341-344) (208-302)
B Thyrsocyrtis -28(CC) -8(CC)
hirsuta tensa ™ 29(CC) M| 9(CC) G
. (540-551) (341-344) \
[ B Lychnocanoma -6(CC) -30(CC) -8(CC)
bellum M lacce p o |[31c0) P | 9Cc0 M
(440-506) (574-589) (341-344)
B Entapium -29(CC) -8(CC)
chaenapium -30-1 P 9(CC) M
(551-572) (341-344)
B Spongodiscus -31(CO) -8(CC)
rhabdostylus -32(Cc) P 9CC) M
(589-609) (341-344)
B Periphaena -29(CC) -8(CC)
tripyramis m-e -30-1 P 9Ccc) P
il triangula (551-572) (341-344)
il B Theocampe -6(CC) -28(CC) Below
amphora group JECC) G| -29(CC) G| 9(CC) Buryella
(440-506) (540-551) clinata
B Dendrospyris 0 -28(CC) Below 0
turriturcica m 29(CC) M 9CC M
| turriturcica (540-551)
Rhabdolithis -6(CC) Below -2(CQC)
? ellida = R. pipa -7(CC) -29(CC) M -3-1 M
(440-506) (208-302)
T Dendrospyris 0 -29(CC) -8-5 0
? acuta ‘“ -30-1 P -8(cc) P
(551-572) (339-341)
T Astrosphaerin i 0 -29(CC) -2(CO)
sp. B -30-2 M -3-1 M
(551-574) (208-302)
T Spongodiscus -6(CC) -29(CC) 0 -2(CC)
quartus m -CC) G -30-1 P -3-1 P
bosoculus (440-506) (551-572) (208-302)
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CENOZOIC RADIOLARIA

Groups in
Radiolarian
Leg 4] Leg 7|Leg 8|Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
T Phormocyrtis -29(CC) Below -2(CC)
cubensis -30-1 G -9(CC) -3-1 G
(551-572) (208-302)
T Giraffospyris 0 -29(CC) 0 -2(CC)
lata b 30-1 M -3-1 G
(551-572) (208-302)
B Astrophacus -29(CC) Below
linckiaformis ™ 301 P | -9CO)
(551-572)
B Lithocyclia -29(CC) Below
ocellus group ™ -30-1 M -9(CC)
(551-572)
Spongatractus balbis 0 -28-5 Below 0
= 8. pachystylus -30-1 M 9CC) M
L (539-572)
T Theocosphaerella 0 Within 0
- glebulenta m -30(CC)
(572)
[~ | T Theocotyle -30-1
fimbria m 302 M
(572-574)
T Thecosphaera -30-1
larnacium m 302 M
- (572-574)
[~ | B Amphiternis -30-2
clava = -30(CC) P
(573-574)
B Lithelius hexa- -30-2 -8(CC) 0
xyphophorus ~ ™¢ 30(CC) M | 9¢cC) P
- (573-574) (341-344) Bu_ryea'z’a
B Theocotyle auctor -30(CC) Below -2(CC) clinata
= T. alpha -31(CC) M -9(CO) -3-1 G
(574-589) (208-302)
T Pterocodon i -30(CC) -2(CC)
ampla 31(CC) G 31 M
(574-589) (208-302)
B Ceratospyris i 0 -30(CC) Below 0
articulata S31(CC) M| -9(CO)
(574-589)
B Spongatracius mee 0 -30(CC) -8(CC) 0
balbis 31(CC) M | 9cC) P
(574-589) (341-344)
T Bekoma m -30(CC) -2(CC)
bidarfensis -31(CC) P -3-1 G
(574-589) (208-302)
B Giraffospyris m 0 -30(CC) Below 0
cyrillium S1(CC) M -9(CO)
(574-589)
B Periphaena m -30(CC) Below
decora S31(CC) G 9Ce) M
(574-589)
Spongomelissa adunca -30(CC) Below -2(CC)
8. euparyphus SBICC) M -9(CO) -3-1 M
(574-589) (208-302)
Theocotyle alpha -30(CC) Below
= T. ficus S31(CC) M -9(CC)
(574-589)
T Lithelius - -6(CC) -30-2 -8(CC) 0
foremanae -1(CC) P -31(CCy P 9(Ccc) P
(440-506) (573-589) (341-344)
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Groups in
Radiolarian
Leg 4 |Leg 7|Leg 8 |Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
B Calocyclas -30(CC) Below
hispida SB1CC) G -9(CC)
(574-589)
T Theocorys -30(CC) -2(CC)
phyzella m -31(CC) G -3-1 G
(574-589) (208-302) Buryella
T Pterocodon -30(CC) -2(CC) s
tenellus = -31(CC) G -3-1 M
(574-589) (208-302)
T Phormocyrtis -30(CC) -2(CC)
turgida o -31(CC) M -3-1 G
L (574-589) (208-302)
[~ B Dendrospyris 0 -31(CC) Below 0 w
acuta al -32(CC) G -9(CC)
(589-609)
B Thecosphaerella 0 -31(CC) Below 0
cf. agdaraensis 32(CC) M -9(CO)
(589-609)
Lychnocanoma auxilla -30(CC) Below -2(CC)
= Lithochytris archaea -32(CC) G -HCC) -3-1 G
(574-609) (208-302)
B Lophocyrtis -31(CC) -8-5
biaurita = -32(CC) M| -8(CC) P
(589-609) (339-341)
B Calocycloma -31(CC) Below
castum = -32(CC) G | -9(CC)
(589-609)
B Cenosphaera -31(CC) Below
sp. A m -32(CC) P -9(CC)
(589-609)
Buryella tetradica -6(CC) -31(CC) Below -2(CC)
—+B. clinata HCC)y G -32(CC) G -9(CC) -3-1 G
(440-506) (589-609) (208-302)
B Spongomelissa 0 -31(CC) 0 0
cucumella m -32(CC) M
(589-609)
B Theocotyle -31(CC)
fimbria S34CC) G
(589-609)
B Dictyospyris 0 -31(CC) Below 0
gigas m -32(CCYy M 9(CcCc) G
(589-609)
B Thecosphaerella 0 -31(CC) 0 0
glebulenta -32(CC) M
(589-609)
Thyrsocyrtis tarsipes -31(CC) Below -2(CC)
—T. hirsuta hirsuta -32(CCYy G -9(CC) -3-1 G
(589-609) (208-302)
B Dictyospyris -31(CC)
melissium -32(CC) P
(589-609)
B Theocotyle -31(CC) Below
cryptocephala m -32(CC) G -9(CC)
nigriniae (589-609)
B Lamptonium -31(CO) Below
sanfilippoge ™ -32(CC) M| -9(co)
(589-609)
B Dictyospyris 0 -31{CC) Below 0
sphaera -32(CC) P -9(CC)
(589-609) NN
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CENOZOIC RADIOLARIA

Groups in
Radiolarian
Leg 4 |[Leg 7|Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
B Theocampe -6(CC) -31(CC) Below &
urceolus M 1aco 6 | -32CC) G | -9C0)
(440-506) (589-609) \
B T Astrosphaerin Below -2(CC)
sp. C m -32(CC) -3-1 G
(208-302)
B Lamptonium Below Below
fabaeforme m -32(CC) -9(CC)
chaunothorax
T Stylosphaera -6(CCO) Below Below -2(CO)
goruna Mol aece) M| -32(C0) -9(CC) -3-1 M
= (440-506) (208-302)
= Bekoma
T Astrosphaerin -6(CC) -30-2 -3-3 J 2
sp. D ™ | o P | -32(c0) P 3(Cc) P bidarjenss
(440-506) (574-609) (305-310)
T Lychnocanoma -31(CC) -3-1
aff. L. bellum -32(CC) M -3-3 M
L (589-609) (302-305)
B T Stylotrochus -6(CC) Below Below -3-5
alveatus S7(CC) M -32(CC) -9(CO) -3-6 M
(440-506) (308-309)
T Astrosphaerin -6(CC) Below -3-3
sp. F Seey P -32(CC) -3(CCcy P
L (440-506) (305-310)
[ [ B Astrosphaerin 0 Below 3(C0) \
sp. B -32(CC) 4(CC) M
(310-321)
B Theocotyle Below -3(CO)
auctor m -32(CC) -4(CC) M
(310-321)
B Lychnocanoma Below -3(CC)
aff. L. bellum ™ -32(C0C) -4(CC) M
(310-321)
B Bekoma Below -3(CO)
bidarfensis m -32(CC) -4(CC) M
(310-321)
Lamptonium pennatum | -6(CC) Below -3-5
=> L. fabaeforme -Hece) G -32(CC) -4(CC) G
fabaeforme (440-506) (308-321)
B Pterocodon Below -3(CO)
tenellus S -32(CC) 4(CC) M
i (310-321) k
[~ B Theocorys Below -4(CC)
acroria m -32(CC) S(CCy P
(321-331)
T Amphiternis sp. -6(CC) -4(CC)
cf. Stichomitra m SHCC) M -5(CC) P
alamedaensis (440-506) (321-331)
B Pterocodon Below -4(CC)
ampla o -32(CC) 5(CC) P
(321-331) Unzoned
T Astrosphaerin - -6(CC) Below Below
sp. A -HCC) -32(CC) -4CC)
(440-506)
B Astrosphaerin 0 Below Below
sp. C -32(CC) -4(CC)
B Lychnocanoma Below -4(CC)
auxilla -32(CC) -5(CC) P
(321-331)
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TABLE 9 — Continued

Groups in
Radiolarian
Leg 4| Leg 7| Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
Lychnocanoma -6(CC) Below Below -4(CC)
babylonis m -HCC) G -32(CC) M -9(CO) S(CC) M
group (440-506) (321-331)
Giraffospyris 0 Below Below Below
lata m 32(CC) M| -9(CC) -4(CC)
Podocyrtis Below -4(CC)
papalis -9(CC) -5(CC) G
(321-331)
Buryella -6(CC) -4(CC)
pentadica % | 2o o 5(CC) P
(440-506) (321-331)
Theocorys Below -4(CC)
phyzella m -32(CC) 5(CC) M
(321-331)
Dorcadospyris -6(CC) Below Below Below
platyacantha -HCC) M -32(CC) -9(CC) -4(CC)
(440-506)
Thecosphaerella 0 Below -8-6 -4(CC)
ptomatus m -32(CC) -8(CC) P S5(CC) M
(340-341) (321-331)
Thyrsocyrtis Below -4(CC)
tarsipes -32(CC) S(CC) P
(321-331)
Phormocyrtis Below -4(CC)
turgida -32(CC) -5(CC) P
L (321-331)
Calocycloma Below Below Below
ampulla -32(CC) -9(CC) -5(CC) Uizonad
" Lychnocanoma -6(CC)
anacolum (CC)y G
(440-506)
Dictvoceras -6(CC)
caia SHCC) G
(440-506)
Bekoma -6(CC)
campechensis m J(CC) G
(440-506)
Clathrocycloma -6(CC)
capitaneum -ce) G
(440-506)
Lamptonium -6(CC)
colymbus ee) G
(440-506)
Orbula -6(CC)
comitata Mol 7ce G
(440-506)
Dorcadospyris 0 Below -8(CC) Below
confluens -32(CC) 9QCC) M 4(CC) M
(341-344)
Spongodiscus -6(CC) Below -8(CO) Below
cruciferus m J(CC) G -32(CC) M 9(CC) M 4(CC) G
(440-506) (341-344)
Phormocyrtis Below Below
cubensis m -32(CC) -5(CC)
Bekoma -6(CC)
demissa m lacey o
(440-506)
Orbula -6(CC)
discipulus - lg9ece) 6
(440-506)
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TABLE 9 — Continued

Groups in
Radiolarian
Leg 4 |Leg 7|Leg 8| Leg 10 Events Site 86 Site 94 Site 95 Site 96 Zones
Dictyospyris 0 Below -8(CC) Below
discus i 32(CC) M| -9(CC) M | -4CC) M
(341-344)
Bekoma -6(CC)
divaricata ™ laco ¢
(440-506)
Orbula -6(CC)
ducalis m 1 ce 6
(440-506)
Hexalonche -6(CC) 0 Below Below
sp. A m ol ace P -9(CC) -4(CC)
(440-506)
Lamptonium -6(CC)
incohatum L CC) G
(440-506)
Amphicraspedum -6(CC) Below 0 Below
murrayanum — m 7(CC) G -32(CC) M -4(CC)y G
(440-506)
Hexacontium -6(CC) Below Below Below
palaeocenicum ey G -32(CC) -9(CC) -5(CC) Unzoned
(440-506)
Clathrocycloma -6(CC)
parcum m -1(CC)y G
(440-506)
Amphicraspedum -6(CC) Below Below Below
prolixum m o 3ccy M |-32(c00 6 | -9cO) -4(CC)
(440-506)
Amphicraspedum -6(CC) Below Below Below
prolixum m 7(CC) M -32(CC) G 9(CC) M -HCC) M
group (440-506)
Spongodiscus -6(CC) Below 0 Below
quartus quartus STCC) M -32(CC) G S(CC) P
(440-506)
Diploplegma -6(CC) Below Below Below
somphum 7(CC) G -32(CC) -9(CC) -5(CQC)
| (440-506)
Stvlotrochus -TCC) Below Below Below
— nitidus -8-2 P -32(CC) -9(CC) -4(CC)
(506-511)

the bars between pores. Medullary shell double, the outer one subspheri-
cal, joined to the cortical shell by six strong bars collinear with the
external spines.

Measurements (based on 25 specimens from 86-7, CC and 86-8,
CC). Diameter of cortical shell 150-190u, of outer medullary shell
45-55u.

Remarks: This species is characterized by the short, heavy, bladed
spines, and the hexagonally framed rosette-shaped pores.  H. palaeo-
cenicum is placed in the genus Hexacontium as a matter of tempo-
rary convenience only (pending elucidation of actinommid lineages),
and is evidently closely related to Thecosphaerella cf. agdaraensis,
T. glebulenta and T. rotunda. The possibility of this relationship is
supported by the fact that both Hexacontium palaeocenicum and
Thecosphaerella rotunda are in some assemblages accompanied by
forms differing only in that the cortical shell is double, the two shells
joined by very closely spaced bars, and the outer one having much
smaller pores (usually three overlying each pore of the inner cortical
shell).

8(2)J. Genus HEXALONCHE Haeckel

Hexalonche Haeckel, 1881, p. 451. Type species (indicated by Campbell,
1954, p. 60) Hexalonche phaenaxonia Haeckel (1887, p. 180).

8(2)Ja. Hexalonche (7) sp. A
(Plate 4, Figure 1; Plate 24, Figure 5)

Description: Cortical shell moderately thick-walled, with minutely
thorny surface and bearing approximately 6 thin cylindrical spines with
bladed bases, their length approaching the diameter of the cortical shell
when not broken. Pores subcircular to circular, irregular in size and
arrangement (distance between centers approximately 7.5-15u). Rare
specimens have remnants of internal bars collinear with the exfemal
spines, and thus completely developed and perfectly preserved specimens
would presumably possess a delicate medullary shell.

Measurements (based on 25 specimens from 86-8-3 and 86-8, CC).
Diameter of cortical shell 90-130u. )

Remarks: This species is distinguished by its thin cylindrical spines,
and the delicacy of the rarely-preserved internal structures. It is not
named because we do not know the structure of the medullary shell, and
it somewhat resembles a large form with smaller, more regular pores,
mentioned in the discussion of Amphisphaera minor.

8(2)K. Genus LITHAPIUM Haeckel
Lithapium Haeckel, 1887, p. 303; Riedel and Sanfilippo, 1970, p. 520.
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Figure 5. Radiolarian ranges for late Paleocene through part of middle Eocene.
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Figure 6. Radiolarian ranges for part of middle Eocene through early Miocene.

8(2)Ka. Lithapium anoectum Riedel and
Sanfilippo
(Plate 24, Figures 6,7)

Lithapium () anoectum Riedel and Sanfilippo, 1970, p. 520, pl. 4, figs.
4.,5.
Remarks: The stratigraphic range of this species relative to that of
L. plegmacantha seems to indicate that it evolved from the latter, though
the ranges of the morphotypes overlap considerably.

8(2)Kb. Lithapium mitra (Ehrenberg)

Cornutella mitra Ehrenberg, 1873, p. 221; 1875, pl. 2, fig. 8.
Lithapium (7) mitra (Ehrenberg) (?), Riedel and Sanfilippo, 1970
p. 520, pl. 4, figs. 6, 7.

8(2)Kc. Lithapium plegmacantha Riedel and
Sanfilippo
(Plate 3, Figures 1,2; Plate 24, Figures 8,9)

Lithapium (?) plegmacantha Riedel and Sanfilippo, 1970, p. 520, pl. 4,
figs. 2, 3.
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Remarks: It is now possible to add two observations to the original
description of this species. The original description indicated that the
bladed external spines are randomly distributed. This is to some extent
true, but we have never found any arising from a large area of the shell
opposite the conical protuberance. Secondly, the cortical shell structure
in many specimens from the earlier part of the range of this species is
not everywhere a simple lattice, but is made up of smaller pores superim-
posed upon larger ones, in a zone intermediate between the conical
projection and the opposite pole (Plate 24, Figure 8).

Unlikely though it may seem at first, there are some indications
that Lithapium plegmacantha may have evolved from Entapium cha-
enapium (see Plate 23, Figures 9-12) (which has a rather coarse-pored,
spherical cortical shell joined to a delicate, pyriform medullary shell by
bladed bars which continue externally as spines), by the medullary shell
moving in the direction of its narrow end so as to protrude from the
cortical shell and become fused with its meshwork. The indications
favoring this hypothesis are the following:

1) Shortly before the earliest appearance of L. plegmacantha,
most specimens of E. chaenapium have the medullary shell open at its
broad end, and in this region the bars connecting it with the cortical shell
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Figure 6. (Continued).

are atrophied, while the bars closer to the narrow end remain strong and
bladed.

2) When external spines (additional to the “apical” spine) are
present in L. plegmacantha, they tend to occur not in the area
opposite the conical protuberance, but about a third of the dis
tance “‘upward” (toward the “‘apical” end), i.e., in a zone corre-
sponding to the “lowest” of the strong bars connecting the
medullary and cortical shells in E. chaenapium as described in (1),
above.

3) The subdivided pores of the earliest specimens of L. pleg-
macantha occur in a zone just “below” the conical protuberance, i.e., in
the region where two sets of pores might tend to form if the hypothesis
of outward migration of the medullary shell is valid.

This process of outward migration of an inner shell may be paral-
leled in Oropagis dolium Friend and Riedel (1967), though in that spe-
cies it is not yet possible to demonstrate that the process occurred as a
progression through time.

It must be admitted that one of the principal motivations for the
development of this hypothesis is the fact that no other likely ancestor
for L. plegmacantha was found in the assemblages immediately below its
earliest occurrence. However, this species may have evolved by a com-
pletely different route, in another part of the world ocean, and it may

eventually prove not to be necessary to invoke a mechanism so dramatic
as outward migration of a medullary shell.

8(2)L. Genus LITHOMESPILUS Haeckel

Lithomespilus Haeckel, 1881, p. 450. Type species (indicated by Camp-
bell, 1954, p. 69) Lithomespilus phloginus Haeckel (1887, p. 302, pl.

14, fig. 16).

Druppocarpus Haeckel (1887, p. 311), with the type species Drup-
pocarpus ananassa Haeckel (1887, p. 311) designated by Campbell (1954,
p. 70), may be a synonym, but its cortical and medullary shells are
probably connected by straight bars, and there is no indication that
the spines are grouped at the poles.

8(2)La. Lithomespilus mendosa (Krasheninnikov)
(Plate 4, Figures 6, 7; Plate 24, Figures 10, 11)

Ellipsidium (1) mendosum Krasheninnikov, 1960, p. 281, pl. 1, fig. 14.
Ellipsidium cultum Borisenko, 1960b, p. 224, pl. 3, fig. 4.
Description: Cortical shell inflated-ellipsoidal, almost spherical, with
shell wall of very variable thickness. Most specimens, with thinner walls,
have usually well-separated, subcircular pores irregular in size and ar-
rangement, and less common specimens with thick walls have pores
which are simple inward, subdivided near the outer surface of the shell.
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Shell surface generally thorny, with a group of long, conical thorns at
each pole. Many specimens have no internal structures, but some show
a large medullary structure which in one broken specimen is seen to
consist of an irregularly shaped, very delicate, large-meshed shell joined
to the cortical shell by numerous bars which branch and anastomose.

Measurements (based on 30 specimens from 86-7, CC and 86-8-3).
Maximum diameter of cortical shell 120-200u.

Remarks: This species is distinguished principally by the group of
larger thorns at each pole, and when it becomes better known the internal
structure may prove to be diagnostic. The names in synonymy are both
of 1960, and we have chosen Krasheninnikov’s because his description
emphasizes the bipolar grouping of thorns.

8(2)M. Genus SPONGATRACTUS Haeckel

Spongatractus Haeckel, 1887, p. 350. Type species (indicated by Camp-
bell, 1954, p. 74) Spongosphaera pachystyla Ehrenberg (1873, p. 256;
1875, pl. 26, fig. 3).

Spongoxiphus Haeckel, 1887, p. 353. Type species (designated by Camp-
bell, 1954, p. 74) Spongoxiphus prunococcus Haeckel (1887, p. 354,
pl. 17, figs. 12, 13)
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8(2)Ma. Spongatractus balbis Sanfilippo and
Riedel, new species
(Plate 2, Figures 1-3; Plate 25, Figures 1,2)

Description: Cortical shell ellipsoidal, thick-walled, with subcircular
pores (approximately 8-13 on the half-equator), joined to the double
medullary shell by bars lying approximately in the equatorial plane, and
usually two bars collinear with the polar spines. On the surface of the
cortical shell are one to three layers of meshwork formed by connection
of the distal ends of small superficial thorns. Two-bladed polar spines are
somewhat variable in form and size, but are commonly robust, about half
as long as the cortical shell, with a change in contour from parallel-sided
proximally to tapered distally.

Measurements {based on 25 specimens from 94-28-5; 94-29, CC;
and 94-30-1). Major diameter of cortical shell (excluding the external
layers) 105-150g, its minor diameter 65-145u. Maximum diameter of
outer medullary shell 30-50u.

Remarks: This species is distinguished from the Axoprunum pierinae
group by the external meshwork on the cortical shell. S. pachystylus, with
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Figure 6. (Continued).

a greater development of external spongy meshwork, evidently evolved
from the A. pierinae group via this species.

The specific name is the Greek balbis (starting-point), used as a
noun in apposition.

8(2)Mb. Spongatractus Pachystylus (Ehrenberg)
(Plate 2, Figures 4-6; Plate 25, Figure 3)

Spongosphaera pachystyla Ehrenberg, 1873, p. 256; 1875, pl. 26, fig. 3.
Spongoxiphus prunococcus Haeckel, 1887, p. 354, pl. 17, figs. 12, 13.
Spa;igoprunum markleyense Clark and Campbell, 1942, p. 37, pl. 4, fig.

Spongoprunum markleyense ovum Clark and Campbell, 1942, p. 37, pl.
4, fig. 5.

Spongoprunum densum Clark and Campbell, 1942, p. 37, pl. 4, fig. 3.
Remarks: This species evidently arose from Spongatractus balbis,

from which it is distinguished by greater development of the spongy

outer layer. Its spines are constantly robust, and show a characteristic

change in contour from parallel-sided proximally to tapered distally.

Reexamination of topotypic assemblages reveals that the forms
described by Clark and Campbell are not solid spongy shells, but are
in fact similar in structure to Ehrenberg's species.

8(2)N. Genus STYLOSPHAERA Ehrenberg

Stylosphaera Ehrenberg, 1847a, chart to p. 385. Type species (by mono-
typy) Stylosphaera hispida Ehrenberg (1854a, p. 246; 1854b, pl. 36,
fig. 26, C right).

Genera with rather similar type species, and which may be syno-
nyms, include -

Druppatractus Haeckel, 1887, p. 324. Type species (designated by Friz-
zell and Middour, 1951, p. 20) Druppatractus hippocampus Haeckel
(1887, p. 324, pl. 16, figs. 10, 11).

Druppatractylis Haeckel, 1887, p. 325. Type species (designated by
Campbell, 1954, p. 71) Druppatractus ostracion Haeckel (1887, p.
326, pl. 16, figs. 8, 9).

Ellipsoxiphetta Haeckel, 1887, p. 296. Type species (designated by
Campbell, 1954, p. 69) Ellipsoxiphus flosculus Haeckel (1887, p. 296).
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The type species of Stylosphaerantha Haeckel (1887, p. 133), Stylos-
phaera calliope Haeckel (1887, p. 134, pl. 16, fig. 6 - designated by
Campbell, 1954, p. 53), is somewhat similar, though with a spherical
cortical shell. The Miocene type species (by monotypy) of Cromydrup-
pocarpus Campbell and Clark (1944, p. 20), Cromydruppocarpus esterae
Campbell and Clark (1944, p. 20, pl. 2, figs. 26-28), may have had a
different evolutionary origin.

8(2)Na, Stylosphaera coronata coronata Ehrenberg
(Plate 1, Figures 13-17; Plate 25, Figure 4)

Stylosphaera coronata Ehrenberg, 1873, p. 258; 1875, pl. 25, fig. 4.
Druppatractus trichopterus Clark and Campbell, 1942, p. 34, pl. 5, fig.
4

?Lithatractus hederae Clark and Campbell, 1942, p. 33, pl. 5, fig. 3.
?Druppatractus polycentrus Clark and Campbell, 1942, p. 35, pl. 5, fig.
19.
1Druppatractus parasagittatus Middour, in Frizzell and Middour, 1951,
p- 21, pl. 2, figs. 11, 12.
Description: Cortical shell ellipsoidal, thick-walled, with pores sub-
circular, generally rosette-shaped (distance between centers approxi-
mately 11-17.5u). At each pole of the cortical shell is a heavy, bladed
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spine—one of them evenly tapered, approximately as long as the cortical
shell, and the other shorter, with its outline commonly subparallel proxi-
mally and abruptly tapered distally. Medullary shell delicate, pyriform,
with its axis usually coincident with that of the cortical shell, joined to
the cortical shell by about eight or more bars, of which the two collinear
with the external spines are the strongest.

Measurements (based on 30 specimens from 94-17-2, 94-22-4,
94-26-2, and 96-3-5). Major diameter of cortical shell 75-115y, its
minor diameter 75-110g. Width of medullary shell 27.5-37.5u.

Remarks: Occasional specimens with two spines at one pole are
excluded from this species (see remarks on Stylosphaera goruna).

Somewhat similar forms in the literature include that identified as
Druppatractus ostracion Haeckel by Brandt (1935, p. 52, pl. 9, figs. 5, 6),
and that identified as Druppatractus santaeannae (Campbell and Clark)
by Kozlova and Gorbovets (1966, p. 63, pl. 9, figs. 7-9).

8(2)Nb. Stylosphaera coronata laevis Ehrenberg
(Plate 1, Figure 19;Plate 25, Figures 5, 6)
Stylosphaera laevis Ehrenberg, 1873, p. 259; 1875, pl. 25, fig. 6.
Description: Shell resembling Stylosphaera coronata coronata, but
with cortical shell thinner-walled and with smoother surface, and spines
longer, evenly tapering.



Measurements (based on 30 specimens from 94-17-2 and 94-22-4).
Major diameter of cortical shell 75-100g, its minor diameter 65-80u.
Length of the longer spine 70-125u.

Remarks: This subspecies evidently developed from S. coronata
coronata, with which it cooccurs, Its limits can be only morphotypically
defined.

8(2)Nc. Stylosphaera coronata sabaca Sanfilippo
and Riedel, new subspecies
(Plate 1, Figure 18; Plate 25, Figures 7,8)

Description: Shell resembling that of S. coronata coronata, but with
cortical shell superficially thorny and more nearly spherical, and its wall
“double™ as a result of expansion of the pores between the inner and
outer surfaces.

Measurements (based on 20 specimens from 94-26-2 and 94-28-2).
Major diameter of cortical shell 110-135u, its minor diameter
105-130p.

Remarks: The origin of the “‘double” cortical shell in this form is not
in the usual manner, by joining of the branched ends of short spines as
in the forms with “tertiary shells” described by Mast (1910), but by the
bars separating the pores becoming thinner between the inner and outer
surfaces of the thick shell wall. There is a superficial similarity to
Cromyatractus tetracelyphus Haeckel (1887, p. 335, pl. 15, figs. 1, la).

The subspecific name is derived from the Greek sabakos (feeble,
rotten), an allusion to the apparent breakdown of the wall of the cortical
shell.

8(2)Nd. Stylosphaera goruna Sanfilippo and
Riedel, new species
(Plate 1, Figures 20-22; Plate 25, Figures 9,10)

Description: Cortical shell ellipsoidal, of variable wall thickness, with
pores subcircular or occasionally rosette-shaped, of irregular size and
arrangement (distance between centers approximately 9-17.5u). From
the surface of the cortical shell arise several strong, blades spines -
commonly a long one at or near each pole (its length approaching that
of the cortical shell) and 1-3 shorter ones scattered over each half-
ellipsoid. Medullary shell single, delicate, pyriform, with its axis not
aligned with the longer spines (and therefore commonly appearing to be
circular in outline). Cortical and medullary shells joined by six or more
radial bars, some of which are collinear with some of the external spines.
In the older assemblages examined, many specimens have no medullary
shells nor internal bars.

Measurements (based on 20 specimens from 86-7, CC; 86-8, CC;
and 96-3-1). Major diameter of cortical shell 65-105y, its minor diam-
eter 60-95g. Width of medullary shell 25-354.

Remarks: This species is distinguished principally by possessing two
or more strong spines on each half-ellipsoid. Excluded from the present
definition are rare specimens resembling Stylosphaera coronata but with
two spines at one pole and one at the other (Plate 25, Figure 11), and
a small, single-shelled ellipsoidal form having sparse, irregularly dis-
tributed pores and a group of thorns at each pole (Plate 25, Figure 12).

The specific name is an arbitrary combination of letters, used as a
noun in apposition.

8(2)0. Genus THECOSPHAERA Haeckel

Thecosphaera Haeckel, 1881, p. 452. Type species (indicated by Camp-
bell, 1954, p. 50) Thecosphaera triplodictyon Haeckel (1887, p. 79).
Campbell (1951, p. 528) proposed a new genus Thecotapus to include
the single species that Riist (1885) assigned to Thecosphaera. The
legality of that procedure is questionable, but until the true relation-
ships of the type species of Thecosphaera are better known it seems
advisable to continue to use that generic name in the conventional
sense.

8(2)0a. Thecosphaera larnacium Sanfilippo and
Riedel, new species
(Plate 3, Figures 4-6; Plate 25, Figures 13,14)

Description: Double spherical medullary shell connected to cortical
shell by six rather robust, bladed bars situated approximately at right
angles. Cortical shell tending to be cubic, as a result of flattened faces
being developed on the sphere at the points of its junction with the six
internal bars. Cortical shell wall usually rather thick, with surface rough-
ened by minute thorns arising from the intervening bars; its pores (espe-
cially in thicker-walled specimens) tending to be rosette-shaped. Some
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specimens have short thorns on the cortical shell in line with the internal
bars, and some have stronger, bladed spines arising from the rounded
corners of the “cubic” cortical shell.

Measurements (based on 30 specimens from 86-8, CC; 94-32 CC;
and 96-3-1). Diameter (diagonal) of cortical shell 120-220y, of outer
medullary shell 35-55u.

Remarks: This species is distinguished from others of the genus by
the tendency to a cubic shape, presence of six regularly arranged internal
bars, and absence of strong external spines collinear with the internal
bars. The pores on the cortical shell are much smaller than in Carpospha-
era buxiformis Clark and Campbell (1942, p. 21, pl. 5, fig. 20).

The species name (larnakion, a small box) is used as a noun in
apposition.

8(2)P. Genus THECOSPHAERELLA Haeckel

Thecosphaerella Haeckel, 1887, p. 80. Type species (designated by
Campbell, 1954, p. 50) Haliomma inerme Haeckel (1860a, p. 815;
Actinomma inerme, Haeckel, 1862, p. 440, pl. 24, fig. 5).

8(2)Pa. Thecosphaerella sp. cf. T. Agdaraensis (Mamedov)
(Plate 2, Figures 7-9; Plate 25, Figure 15)

cf. Sphaerostylus agdaraensis Mamedov, 1969, p. 96, pl. 2, figs. 1, 2.

Description: Double medullary shell joined to cortical shell by ap-
proximately 6-9 rather robust, bladed bars. Cortical shell thick-walled,
tending to be flattened at the points of junction with the internal bars.
Pores of cortical shell usually rosette-shaped, and its surface roughened
by small thorns. One to three robust, bladed spines on cortical shell are
not collinear with internal bars.

Measurements (based on 30 specimens from 94-28-5 and 94-30-2).
Maximum diameter of cortical shell 135-205u, of outer medullary
shell 40-70x.

Remarks: This species is distinguished from all others of the genus
treated here by the possession of strong external spines. When only two
spines are present, these are commonly disposed opposite one another,
and the specimen then resembles an Axoprunum; however, in this species
there are no internal bars collinear with the two spines. In the original
illustration of Sphaerostylus agdaraensis, external spines are shown as
being collinear with internal bars.

8(2)Pb. Thecosphaerella glebulenta Sanfilippo and
Riedel, new species
(Plate 3, Figures 12, 13; Plate 26, Figure 1)

Description: Double medullary shell connected to cortical shell by
approximately 7-10 bars. At their points of junction with the cortical
shell, the latter is as if drawn inward in relation to the other parts of the
shell, which thus has an irregular, lumpy appearance. Cortical shell wall
moderately thick, with pores tending to be rosette-shaped and surface
greatly roughened by small thorns which are joined by lamellar exten-
sions of the intervening bars. No external spines.

Measurements (based on 25 specimens from 94-30-1, 94-30-2 and
94-31, CC). Maximum diameter of cortical shell 140-195y, of outer
medullary shell 50-70p.

Remarks: This species is distinguished from T. cf. agdaraensisby the
lack of external spines, and from all other members of the genus by its
more irregular form.

The specific name is derived from the Latin adjective glebulentus,
lumpy.

8(2)Pc. Thecosphaerella ptomatus Sanfilippo and
Riedel, new species
(Plate 3, Figures 14-18; Plate 26, Figure 2)

Description: Cortical shell spherical, generally rather thin-walled,
with pores subcircular (very rarely rosette-shaped in late specimens) and
variable in size, and with surface thorny and commonly having a few
larger thorns with broad bases. Medullary shell thin-walled, double (the
inner one commonly attached directly to the outer), the outer one di-
rectly attached to the cortical shell and consequently appearing to be
flattened on that side. There are few or no bars connecting the outer
medullary shell with the cortical shell, but the surface of the former often
bears numerous, very delicate spines radiating from its free surface.

Measurements (based on 30 specimens from 94-22-4, 94-30-2, and
96-3-5). Diameter of cortical shell 115-185u, of outer medullary shell
35-60u. Distance between centers of pores of cortical shell 9-15u.
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Remarks: This species is distinguished from Diploplegma somphum
by the cortical and medullary shells not being spongy, and from other
species by the medullary shell being directly attached to the cortical
shell. Actinomma undosa Kozlova (Kozlova and Gorbovets, 1966, p. 59,
pl. 9, figs. 1-4) is somewhat similar, but the medullary shells are not
described as being eccentrically positioned in that species.

The specific name (ptomatos, that which has fallen) is used as a noun
in apposition.

8(2) Pd. Thecosphaerella rotunda (Borisenko)
(Plate 3, Figures 7-11; Plate 26, Figure 3)

Thecosphaera rotunda Borisenko, 1960b, p. 222, pl. 1, fig. 3; pl. 3, figs.

2,3

Description: Double medullary shell joined to cortical shell by ap-
proximately 6-9 bars irregularly disposed. Cortical shell (especially in
late specimens) very thick, the sphere slightly irregular due to its being
flattened at the points of junction with the internal bars. Pores of the
cortical shell tend to be rosette-shaped, and its surface is roughened by
small thorns.

Measurements (based on 30 specimens from 94-17-2, 94-28-5, and
94-30-2). Maximum diameter of cortical shell (excluding thorns) 145-
2054, of outer medullary shell 45-70u.

Remarks: This species is distinguished from Thecosphaerella cf. ag-
daraensis by the absence of strong external spines, from Thecosphaera
larnacium by the irregular disposition of the internal bars connecting
medullary and cortical shells, and from Thecosphaerella glebulenta by
the cortical shell being more spherical. Thecosphaerella rotunda may be
identical with, or closely related to, Thecosphaera californica Clark and
Campbell (1942, p. 22, pl. 4, fig. 7), but the pores of the cortical shell
of that species are not described as tending to be rosette-shaped, and the
outer surface is apparently not thorny.

8(3). Family LITHELIIDAE Haeckel 1862

8(3)A. Genus LITHELIUS Haeckel

Lithelius Haeckel, 1860b, p. 843. Type species (by monotypy) Lithelius
spiralis Haeckel (1860b, p. 843; 1862, pl. 27, figs. 6, 7).

8(3)Aa. Lithelius foremanae Sanfilippo and Riedel,
new species
(Plate 7, Figures 1-6; Plate 26, Figures 4, 5)

Description: Cortical shell spherical, robust, with pores subcircular,
very irregular in size and arrangement, and with numerous thorns and-
/or cylindrical spines scattered over the surface. Internally is a spiral
lattice of approximately 2-3 whorls increasing in breadth outwardly and
connected with one another and with the cortical shell by numerous
radial bars. The termination of this spiral structure joins with the cortical
shell, though in some orientations the two appear to be separated by the
width of the last whorl.

Measurements (based on 12 specimens from 86-8-3; 86-8, CC;
94-30-2; and 96-3, CC). Diameter of cortical shell 105-130g.

Remarks: This species is characterized by the cortical shell being well
differentiated from the internal spiral, even though the two are joined.

It is named for Helen P. Foreman of Oberlin College, in recogni-
tion of her valuable contributions in the field of radiolarian studies.

8(3)Ab. Lithelius hexaxyphophorus (Clark and Campbell)
(Plate 7, Figures 7-9; Plate 26, Figures 6, 7)

Stylosphaera hexaxyphophora Clark and Campbell, 1942, p. 28, figs. 4,

8y iy 1 12,

Description: Cortical shell spherical, robust, with pores generally
uniform on each specimen, but from specimen to specimen varying in
size and from subcircular to rosette-shaped. Surface bears numerous
small thorns, and few (approximately 6-30) long cylindrical spines with
bladed bases, collinear with some of the internal bars. “Medullary”
structure a delicate latticed spiral of approximately three whorls, occu-
pying about a quarter to a half of the cortical shell diameter, joined to
the cortical shell by numerous, thin radial bars.

Measurements (based on 30 specimens from 86-8, CC; 94-20-2;
94-24-2; and 94-30-2). Diameter of cortical shell 130-200u. Distance
between centers of pores of cortical shell 7.5-15u.

Remarks: This species apparently evolved from Lithelius foremanae,
from which it is distinguished principally by the marked separation
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between internal spiral and cortical shell, and secondarily by generally
larger size and heavier external spines. In large-pored specimens which
we have examined from Clark and Campbell’s locality A1793, the
medullary structure is spiral.

In some assemblages, this species is accompanied by a superficially
similar form (Plate 7, Figure 10; Plate 26, Figure 8) which has the
medullary structure not spiral, but of two concentric spherical shells
joined to the cortical shell by numerous thin bars.

8(4). Family PHACODISCIDAE Haeckel 1881

8(4)A. Genus ASTROPHACUS Haeckel

Astrophacus Haeckel, 1881, p. 457. Type species (indicated by Campbell,

1954, p. 82) Astrophacus asteriscus Haeckel (1887, p. 453).

We apply this generic name to forms in which the cortical shell has
rather large pores, and a surface which is roughened by ridges or
thorns on the intervening bars, as opposed to the generally smaller
pores and completely smooth surface of the cortical shell of the forms
assigned to Periphaena. Although Haeckel describes the type species of
Astrophacus as having a smooth cortical shell, our examination of speci-
mens from Challenger Station 265 revealed the presence of indistinct
ridges along the bars between pores, and minute, scattered thorns on its
surface.

8(4)Aa. Astrophacus linckiaformis (Clark and Campbell)
(Plate 7, Figures 11, 12; Plate 26, Figure 9)

Heliodiscus linckiaformis Clark and Campbell, 1942, p. 40, pl. 3, fig. 13.

Remarks: This species is characterized by rather large pores which
generally have inwardly directed points indicating coalescence of 2-4
smaller pores. The surface of the cortical shell is often roughened by
thorns arising at the junction of three intervening bars. Marginal spines
(rarely connected by a narrow girdle) generally number from 7 to 13.
Diameter of cortical shell 155-230u, of medullary shell 45-75u.
Number of pores on a radius 5-11.

8(4)B. Genus HELIOSTYLUS Haeckel

[?] Astrostylus Haeckel, 1887, p. 431. Type species (designated by Camp-
bell, 1954, p. 81) Phacostylus caudatus Haeckel, 1887, p. 431, pl. 32,
fig. 6.

Heliostylus Haeckel, 1881, p. 457, Type species (designated by Campbell,
1954, p. 81) Sethostylus dentatus Haeckel, 1887, p. 429, pl. 34, fig.
1

Phac:mrylus Haeckel, 1881, p. 457. Type species (indicated by Campbell,
1954, p. 80) Phacostylus amphistylus Haeckel, 1887, p. 430, pl. 31, fig.
12

Stylodiscus Haeckel, 1887, p. 412. Type species (designated by Campbell,

1954, p. 78) Stylodiscus endostylus Haeckel, 1887, p. 413, pl. 31, fig.

11,

We apply this generic name to all phacodiscids in which two
opposite bars connect the cortical and outer medullary shells. These
two bars are often continued as strong marginal spines. The connec-
tion between the cortical and other medullary shells is not effected by
these bars alone, but also by shorter bars to the central area of the
discoidal cortical shell.

It is not yet possible satisfactorily to define species within this
genus, and we therefore record all representatives as Heliostylussp (p).
(Plate 8, Figures 1-7; Plate 26, Figures 10-12; Plate 27, Figure 1).

8(4)C. Genus PERIPHAENA Ehrenberg

Astrophacomma Haeckel, 1887, p. 454. Type species (designated by
Campbell, 1954, p. 82) Haliomma humboldti var. Bury (1862, pl. 8,
fig. 3 at right; Astrophacus cingillum Haeckel, 1887, p. 454).

Heliodiscomma Haeckel, 1887, p. 448. Type species (designated by
Campbell, 1954, p. 82) Heliodiscus cingillum Haeckel, (1887, p.
448, pl. 33, fig. 7).

[?7] Heliostaurus Haeckel, 1881, p. 457. Type species (designated by
Campbell, 1954, p. 81) Sethostaurus cruciatus Haeckel (1887, p. 434,
pl. 31, fig. 5).

Paracenodiscus Krasheninnikov, 1960, p. 284. Type species (by original
designation) Paracenodiscus familiaris Krasheninnikov (1960, p. 284,
pl. 2, figs. 4a, 4b).

Periphaena Ehrenberg, 1873, p. 246. Type species (by monotypy) Peri-
phaena decora Ehrenberg (1873, p. 246; 1875, pl. 28, fig. 6).



Perizona Haeckel, 1881, p. 457. Type species (indicated by Campbell,
1954, p. 78) Perizona scutella Haeckel (1887, p. 427, pl. 32, fig. 7).

Phacotriactis Sutton, 1896, p. 61. Type species (by monotypy) Phaco-
triactis triangula Sutton (1896, p. 61, fig. 3).

[?7] Sethostylus Haeckel, 1881, p. 457. Type species (indicated by Camp-
bell, 1954, p. 81) Sethostylus distyliscus Haeckel (1887, p. 428, pl. 31,
fig. 9).

Staurodiscus Krasheninnikov, 1960, p. 289. Type species (by monotypy)
Staurodiscus primus Krasheninnikov (1960, p. 289, pl. 2, figs. 1la,
11b).

Triactis Haeckel, 1881, p. 457, and Triactiscus Haeckel, 1887, p. 432. See
discussion of type species by Riedel and Sanfilippo (1970, p. 521).
Loeblich and Tappan (1961, p. 224) indicate that Triactis Haeckel is
a homonym of Trigetis Klunzinger, 1877,

We have grouped under this generic name all forms in which the
cortical shell has a smooth surface and numerous small pores. Shells
may be circular, triangular or elliptical in outline, and the margin may
be provided with a variable number of spines (or none), or a girdle,
or spines joined by a girdle.

Several phyletic lines may be present within this genus, but these
do not seem to be reflected by the Haeckelian genera, and the forms
included here are apparently more closely related to each other than
to those which are placed in the genus Astrophacus.

8(4)Ca. Periphaena decora, Ehrenberg
(Plate 8, Figures 8-10; Plate 27, Figures 2-5)

Periphaena decora Ehrenberg, 1873, p. 246; 1875, pl. 28, fig. 6; Riedel

1957b, p. 258, pl. 62, fig. 1.

Haliomma humboldtii Ehrenberg, 1847b, p. 55; 1854b, pl. 36, fig. 27;

1875, pl. 27, fig. 3.

Heliodiscus humboldti (Ehrenberg), Haeckel, 1887, p. 449; Riedel,

1957b, p. 258, pl. 62, fig. 2.

Heliodiscus cingillum Haeckel, 1887, p. 448, pl. 33, fig. 7.
Periphaena cincta Haeckel, 1887, p. 426, pl. 33, fig. 4.
Perizona scutella Haeckel, 1887, p. 427, pl. 32, fig. 7.

Remarks: Under this name are included forms with a girdle of vary-
ing width, with or without projecting spines. Although we have not been
able to find Periphaena cincta or Perizona scutella in material from
Challenger Station 268, the occurrence of Periphaena decora there would
be consistent with the fact that that sample contains some reworked
Eocene forms (including Theocampe mongolfieri). No material from
Challenger Station 274 is available to us for examination.

8(4)Cb. Periphaena delta Sanfilippo and Riedel,
new species
(Plate 8, Figures 11,12; Plate 27, Figures 6,7)

Description: Lenticular cortical shell with short, broad marginal
spines. Cortical shell with thick wall, smooth surface, and numerous,
small, cylindrical pores, with broad, delta-shaped, radially striated spines
(usually six in number) arising as extensions of the margin. Medullary
shell double.

Measurements (based on 20 specimens from Cores 94-22, 94-23,
and 94-26). Diameter of cortical shell (excluding spines) 130-205u, of
outer medullary shell 40-55u. Number of pores on a radius of cortical
shell 9-12u.

Remarks: This species is distinguished from all others of the genus
by the short, broad, radially striated marginal spines. The radial stria-
tions are connected with the intervening bars of the pores at the margin
of the cortical shell, as is common in members of this genus.

The specific name is an allusion to the shape of the marginal spines.

8(4)Cc. Periphaena heliasteriscus (Clark and Campbell)
(Plate 9, Figures 1-6; Plate 27, Figures 8, 9)

Heliodiscus heliasteriscus Clark and Campbell, 1942, p. 39, pl. 3,
figs. 10, 11.

Heliodiscus cf. heliasteriscus Clark and Campbell, 1945, p. 22, pl. 5, fig.
5

Heliodiscus pentasteriscus Clark and Campbell, 1942, p. 39, pl. 3, fig. 8.
Remarks: This species is characterized by having many cylindrical

pores perforating the smooth-surfaced cortical shell. Some individuals

have pores a little larger than normal, but in these specimens the shell

surface is never thorny or nodose, nor the pores rosette-shaped, as in

Astrophacus linckiaformis. The diameter of the cortical shell is variable
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(140-230u), as is the number and degree of development of the marginal
spines (sometimes absent). Diameter of outer medullary shell
40-55u. Number of pores on a radius 9-14u.

8(4)Cd. Periphaena tripyramis tripyramis (Haeckel)
(Plate 9, Figures 7-9)

Triactis tripyramis Haeckel, 1887, p. 432, pl. 33, fig. 6.
Triactis tripyramis tripyramis Haeckel, Riedel and Sanfilippo, 1970, p.

521, pl. 4, fig. 8.

Remarks: As has been indicated previously (Riedel and Sanfilippo,
1970, p. 521), this form is evidently very closely related to Haliomma
triactis Ehrenberg. There is a strong possibility that Periphaena tripyra-
mis tripyramis evolved from Periphaena heligsteriscus by a three-spined
form of the latter becoming stabilized.

8(4)Ce. Periphaena tripyramis triangula (Sutton)
(Plate 9, Figures 10, 11)

Phacotriactis triangula Sutton, 1896, p. 61.
Triactis tripyramis triangula (Sutton). Riedel and Sanfilippo, 1970,
p. 521, pl. 4, figs. 9, 10.

8(5). Family COCCODISCIDAE Haeckel 1862

8(5)A. Genus LITHOCYCLIA Ehrenberg

Lithocyclia Ehrenberg 1847a, chart to p. 385; emend. Riedel and Sanfi-
lippo, 1970, p. 522.

8(5)Aa. Lithocyclia angusta (Riedel)

Trigonactura augusta Riedel, 1959, p. 292, pl. 1, fig. 6.
Lithocyclia angustum (Riedel), Riedel and Sanfilippo, 1970, p. 522,
pl. 13, figs. 1, 2.

8(5)AB. Lithocyclia aristotelis (Ehrenberg) group

Astromma aristotelis Ehrenberg, 1847b, p. 55, fig. 10.
Lithocyclia aristotelis (Ehrenberg) group, Riedel and Sanfilippo, 1970, p.
522.
Remarks: There is now little doubt that Lithocyclia augusta
evolved from the L. aristotelis group, which developed from the L.
ocellus group.

8(5)Ac. Lithocyclia crux Moore
Lithocyelia crux Moore, 1971.

8(5)Ad. Lithocyclia ocellus Ehrenberg group
(Plate 10, Figures 1,2)

Lithocyelia ocellus Ehrenberg, 1854b, pl. 36, fig. 30; 1873, p. 240.
Lithocyelia ocellus Ehrenberg group, Riedel and Sanfilippo, 1970, p. 522,
l. 5, figs. 1, 2.

PRemarlEss: Specimens in assemblages from near the lower limit of the
range of this species-group tend more frequently to have spongy mesh-
work covering the cortical shell, than do later forms. These early forms
do not show concentric zonation of the spongy flange, and commonly
have 3-6 bladed spines originating at the periphery of the cortical shell.

This species-group represents the oldest member of the coccodis-
cids, and its evolutionary origin is therefore of importance. We have
not been able to elucidate this satisfactorily, because the evolutionary
change involved evidently occurred during the time represented by
the gap in coring between Cores 94-29 and 94-30. However, it appears
likely that the earliest member of the Lithocyclia ocellus group was very
closely related to Periphaena tripyramis tripyramis, which has similar
cortical and medullary shells, and bladed spines. Another, though less
likely, possibility is that the L. ocellus group evolved from Spongatractus
pachystylus by a change in form of the cortical shell from ellipsoidal to
lenticular (with concomitant displacement of the axis of rotational
symmetry through 90%), and increase in the number of spines.

8(6). Family SPONGODISCIDAE Haeckel 1862, emend.
Riedel 1967

In this chapter we treat only a small proportion of the forms
included in the Spongodiscidae in the sense of Riedel. We have at-
tempted, though with little success, to group the species naturally into
genera. It seems that the structure of the shell, especially in its central
part (Kozlova, 1967a, 1967b) provides a more reliable basis for generic
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definition than does outward form, and therefore species with spongy
arms have been placed in the same genus as discoidal forms having a
similar internal structure. A measure of our lack of success in making

natural groupings is the fact that we had to group under the name
Spongodiscus a Jarge number of forms, not all of which are closely
related.

8(6)A. Genus AMPHICRASPEDUM Haeckel

Amphicraspedum Haeckel, 1881, p. 460. Type species (indicated by
Campbell, 1954, p. 86) Amphicraspedum maclaganium Haeckel
(1887, p. 523, pl. 45, fig. 11).

There is little likelihood that the forms listed below are closely
related to the type species of this genus. They are included under this
generic name merely as a matter of temporary convenience, until their
relationships are better understood, because of Haeckel’s assignment
here of Amphicraspedum murrayanum.

8(6)Aa. Amphicraspedum murrayanum Haeckel
(Plate 10, Figures 3-6; Plate 28, Figure 1)

Amphicraspedum murrayanum Haeckel, 1887, p. 523, pl. 44, fig. 10.

Remarks: This species has an elliptical central body and two opposite
arms. The central body has rings which are closely spaced internally and
more widely spaced peripherally, traversed by numerous delicate radial
spines. The arms originate within the central body, and are of dense
spongy meshwork with distinct radial structure. Many of the radial
elements protrude as thin spines from the ends of the arms, and each arm
also bears a pair of divergent, terminal-lateral, longer, heavier spines. In
some specimens, a narrow solid rim is formed along the sides of the arms
from the bases of these strong spines.

Accompanying the earliest representatives of this species is an
apparently related form with more pronounced radial structure and
lacking the strong terminal-lateral spines (Plate 28, Figure 2). It seems
possible that this form may be ancestral to 4. murrayanum, and that
the specimens of that species occurring in 96-4 (CC) may represent
contamination from higher in the hole.

The facts that this species was first described from a plankton
sample, and that in our material it appears to have a restricted Paleo-
gene range, cannot at present be reconciled.

8(6)Ab. Amphicraspedum prolixum Sanfilippo and
Riedel, new species
(Plate 10, Figures 7-11; Plate 28, Figures 3,4)

Description: Elongated cylindrical skeleton, thickened at the ends,
with or without a median swelling. Central structure in some specimens
quite indistinct, consisting of only one or two rings, in others more
distinct, with several closely spaced concentric rings. Two opposite arms
greatly variable in length, consisting of a central core with pronounced
longitudinal structure, surrounded by a more irregularly spongy sheath
which also covers the central structure and distally merges into the
expanded terminations of the arms. Spongy terminations of the arms
either knoblike, conical, or flatly expanded, and in many specimens
bearing few to many spines or thorns which can sometimes be seen to
be continuations of the longitudinal structural elements of the arms.

Measurements (based on 20 specimens from Cores 94-23, 94-26,
94-31, 94-32 and 96-3). Length from center to end of spongy arm
235-830u. Because specimens with very long arms are more suscepti-
ble to breakage than are those with short arms, this range of measure-
ments is not as meaningful as it is with most other species. Specimens
with very long arms will not so often be sufficiently well preserved to
show a complete arm, as will specimens with shorter arms.

Remarks: This species is distinguished from other members of the
A. prolixum group by the longer arms and more pronounced longitudinal
structure, and from Amphymenium splendiarmatum Clark and Camp-
bell (1942, p. 46, pl. 1, figs. 12, 14) in that the latter has transversely
chambered arms, not expanded terminally, and a less extensive spongy
sheath. In rare specimens of A. prolixum, the expanded terminations of
the arms are flanked by two spines similar to those of A. murrayanum.

The specific name is derived from the Latin prolixus (stretched out).

8(6)Ac. Amphicraspedum prolixum Sanfilippo and
Riedel group
(Plate 11, Figures 1-5; Plate 28, Figure 5)

Description: Elongate spongy skeleton consisting of two arms with
some indication of longitudinal structure (not necessarily prominent),
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and expanded terminations. Central structure greatly variable, from a
very slight swelling associated with one or two concentric rings to an
expanded disc with many closely spaced rings.

Measurements (excluding specimens of 4. prolixum itself, and
based on 30 specimens from 94-23-2; 94-26-2; 94-32, CC; and 96-3-6).
Length from center to end of spongy arm 100-435u. Dimensions of A.
prolixum are given in the description of that species.

Remarks: This group is defined so as to embrace A, prolixum and all
other two-armed spongodiscids present in the Early Eocene assemblages
with the exception of 4. murrayanum, Amphymenium splendiarmatum,
and some apparent relatives of Spongodiscus cruciferus with only two
arms developed rather than four.

8(6)B. Genus AMPHYMENIUM Haeckel

Amphymenium Haeckel, 1881, p. 460. Type species (indicated by Camp-
bell, 1954, p. 86) Amphymenium zygartus Haeckel (1887, p. 520, pl.
44, fig. 7)

8(6)Ba. Amphymenium splendiarmatum Clark and
Campbell
(Plate 11, Figures 6-8; Plate 28, Figures 6-8)

Amphymenium splendiarmatum Clark and Campbell, 1942, p. 46, pl. 1,
figs. 12, 14.

8(6)C. Genus SPONGODISCUS Ehrenberg

Spongodiscus Ehrenberg, 1854a, p. 237. Type species (designated by
Frizzell and Middour, 1951, p. 26) Spongodiscus resurgens Ehrenberg
(1854a, p. 246; 1854b, pl. 35B, fig. 16).

Because the relationships of this and related genera are not under-
stood, we use this generic name in a very broad sense, to include forms
with closely spaced concentric rings or no rings in the spongy disc, and
with or without radial spines. The rhombic Spongodiscus cruciferus is
included here because of its apparently close relationship to a late Paleo-
cene Spongodiscus sp. with very numerous radial spines, though Spon-
gaster klingi Riedel and Sanfilippo (1971) (probably a junior synonym of
Spongasteriscus berminghami Campbell and Clark, 1944) is placed in a
different genus because it forms part of a well understood Neogene
lineage. Amphicraspedum murrayanum evidently arose from a Spon-
godiscus sp. in the late Paleocene, and because of its distinctive form is
left in the genus to which Haeckel assigned it.

8(6)Ca. Spongodiscus americanus Kozlova
(Plate 11, Figures 9-13; Plate 27, Figure 11; Plate 28, Figure 9)

Spongodiscus americanus Kozlova, in Kozlova and Gorbovets, 1966, p.

88, pl. 14, figs. 1, 2.

Remarks: This form may be identical with Spongodiscus communis
Clark and Campbell (1942, p. 47, pl. 2, figs. 1, 11, 13, 14; pl. 3, figs. 1,
4), but we have avoided using that name because their illustrated speci-
mens may include more than one species. There is considerable similarity
also with Spongodiscus biconcavus Haeckel (1887, p. 577; Popofsky,
1912, p. 143, pl. 6, fig. 2), but the early Eocene specimens are somewhat
larger (up to 370u), sometimes have numerous radial spines on the
margin, and have closely spaced dark rings in the thicker central portion.

We have not included in this species a superficially similar form
(occurring commonly in 94-27, CC, for example) in which the peri-
pheral meshwork is coarser and the center has a structure similar to
that of Spongodiscus pulcherand S. phrix, and which is evidently closely
related to those species.

8(6)Chb. Spongodiscus cruciferus Clark and Campbell
(Plate 11, Figures 14-17; Plate 28, Figures 10, 11)

Spongasteriscus cruciferus Clark and Campbell, 1942, p. 50, pl. 1, figs.

1-6, 8, 10, 11, 16-18.

Remarks: Our forms correspond well with Clark and Campbell’s
description and illustrations, but it seems inappropriate to speak of a
“central disc” because there is no such distinct structure, the closely
spaced concentric dark rings extending a considerable distance outward
along the narrow and broad “arms”. Radial spines commonly protrude
from the sides and ends of the narrow arms.

This species very closely resembles Spongaster klingi Riedel and
Sanfilippo (1971) in general form, and evidently developed from the Late
Paleocene Spongodiscus sp. with very numerous radial spines (Plate 11;
Figures 18, 19; Plate 29, Figure 1), in the same manner as 5. klingi



developed from its discoidal ancestor (probably Spongodiscus
biconcavus).

8(6)Cc. Spongodiscus phrix Sanfilippo and
Riedel, new species

Description: Thin discoidal shell with distinctive eyelike center and
numerous marginal spines. The central part of the shell appears to
consist of a pylonid structure, surrounded by a few dark rings (spiral in
some specimens) which become less distinct outward where the structure
is irregularly and coarsely spongy. Margin of the disc with a large and
variable number of cylindrical radiating spines. Radial spines also pro-
trude obliquely from the shell surfaces, and there are thicker (darker in
transmitted light) radii of the disc associated particularly with those
spines that protrude from the surface just inward from the periphery.
Shell margin somewhat irregular, extending further outward along the
stronger radial spines. Prominent marginal pylome commonly present.

Measurements (based on 30 specimens from 94-22-4, 94-25-2, and
94-28-5). Diameter, excluding spines, 225-510p.

Remarks: This species is preceded and accompanied by an apparently
ancestral form which differs in somewhat smaller diameter (195-250u)
and in lacking the thickened radii, and which may be identified as
Spongodiscus pulcher Clark and Campbell (1945, p. 26, pl. 4, fig. 5).

The specific name is the Greek phrix (ripple), used as a noun in
apposition.

8(6)Cd. Spongodiscus pulcher Clark and Campbell
(Plate 12, Figures 3-5; Plate 29, Figures 3, 4)

Spongodiscus pulcher Clark and Campbell, 1945, p. 26, pl. 4, fig. 5.

Remarks: Although we have not tabulated this species, it is common
in many of the Early Eocene samples, where it occurs together with
Spongodiscus phrix. In most specimens of S. pulcherthe disc is of approx-
imately uniform density throughout, but in some the central and peri-
pheral portions are denser than the median zone, giving a superficial
resemblance to S. biconcavus (which however lacks the distinctive cen-
tral eyelike structure and has finer spongy meshes).

8(6)Ce. Spongodiscus quartus quartus (Borisenko)
(Plate 12, Figures 6, 7; Plate 29, Figures 5, 6)

Staurodictya quartus Borisenko, 1958, p. 96, pl. 2, fig. 5.

Description: Uniformly thin, discoidal shell (in some specimens tend-
ing to be angular in outline), with numerous concentric rings and radial
bars. Numerous (generally seven to fourteen), evenly spaced concentric
rings, and radial rods which extend from the margin to the inner rings,
mark off square or rectangular chambers. The first few rings surrounding
the central chamber are elliptical. Lattice plate forming each surface of
the disc has one to two pores across the breadth of each ring. Radial
spines are often present on the margin, and in some specimens, in which
these are relatively strong and four to eight in number, they cause the
shell outline to be angular.

Measurements (based on 25 specimens from Cores 94-30 and
96-3). Diameter (excluding spines) 160-275u.

Remarks: This species is distinguished by the very regular square to
rectangular internal structure resulting from the evenly spaced rings and
radial rods. In contrast to the subspecies S. quartus bosoculus, the disc
in the nominate subspecies is only one chamber thick throughout.

8(6)Cf. Spongodiscus quartus bosoculus Sanfilippo and
Riedel, new subspecies
(Plate 12, Figures 8-10; Plate 29, Figure 7)

Description: Similar in fundamental structure to the nominate
subspecies, but differing in having a larger number (generally 14 to 16)
of concentric rings, lacking the prominent radial spines which could
cause angularity, and in the disc being several chambers thick toward the
margin and in the central area. The median area between the thickened
margin and central area is thin and delicate, and therefore broken away
in many specimens; in some specimens in which it is not broken, delicate
rods cross the depression from the central area to the thickened peri-
pheral area.

Measurements (based on 30 specimens from Cores 86-7, 86-8,
94-30, and 96-3). Diameter of disc 165-2204.

The specific name is a combination of the Latin bos (bull) and
oculus (eye), and is used as a noun in apposition.
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8(6)Cg. Spongodiscus rhabdostylus (Ehrenberg)
(Plate 13, Figures 1-3; Plate 30, Figures 1, 2)

Spongosphaera rhabdostyla Ehrenberg, 1873, p. 256; 1875, pl. 26, figs. 1,
2

Stylotrochus rhabdostylus (Ehrenberg), Haeckel, 1887, p. 584.

Remarks: The lenticular disc, which is very thick in its middle part,
does not show concentric rings. The earliest specimens tend to have four
strong, conical radial spines crossed at right angles (rarely two spines),
but later assemblages include also specimens with three strong spines.
We exclude from this species specimens with more than four strong
spines.

8(6)D. Genus STY LOTROCHUS Haeckel

Stylotrochus Haeckel, 1862, p. 463. Type species uncertain, since that
indicated by Campbell, 1954, p. 94, and Strelkov and Lipman, 1959,
p. 450 (Stylospongia huxleyi Haeckel, 1862, p. 473, pl. 28, fig. 7) is
ineligible because it was not one of the originally included species.
Placement of the following species in Stylotrochus is simply a con-
venience to separate them from the group of species with more closely
spaced rings or a simply spongy discoidal skeleton, which we treat under
Spongodiscus.

8(6)Da. Stylotrochus alveatus Sanfilippo and Riedel,
new species
(Plate 13, Figures 4,5; Plate 30, Figures 3,4)

Description: Strongly biconvex, robust shell with coarsely structured
margin. The shell consists essentially of a thin, chambered disc sur-
rounded on all sides by spongy meshwork which is closely connected to
the disc peripherally and separated or only loosely connected near the
center—thus forming an almost hollow cavity on either side of the disc.
Disc concentrically chambered, with dark rings spaced about 10-17u
apart, commonly interrupted by four radial rods; approximately two
poras across the breadth of a ring. The surrounding spongy meshwork
is rather coarse, especially near the margin, which commonly bears many
short, strong spines and in some specimens a few longer cylindrical
spines (these latter are often four in number, and collinear with the radial
rods of the inner disc).

Measurements (based on 20 specimens from Core 86-8). Diame-
ter, excluding spines, 225-355u.

Remarks: This species is distinguished from others of the genus by
the coarse structure of the margin, and the cavities commonly present
on either side of the central disc. In many specimens the loosely sup-
ported spongy meshwork is broken away from the faces of the disc, and
in others the entire central part is missing. The chambered disc of this
species closely resembles S. charlestonensis.

The specific name is the Latin alveatus (hollowed out).

8(6)Db. Stylotrochus charlestonensis (Clark and
Campbell) ?
(Plate 13, Figures 6-8; Plate 30, Figures 5,6)

Porodiscus charlestonensis Clark and Campbell, 1945, p. 23, pl. 3, figs.

11-16.

Remarks: This name is applied, with some hesitation, to a form
which occurs throughout our Early to Middle Eocene sequence, and
which appears to represent the stock which gave rise to Stylotrochus
nitidus and S. quadribrachiatus. The principal difficulty in applying this
name is that Clark and Campbell describe the rings of the disc as being
10u wide, whereas in our specimens the rings average about 14u wide.
Also, our specimens have only about 2 pores on the breadth of a ring,
which agrees with Clark and Campbell’s illustrations but not with their
written description.

8(6)Dec. Stylotrochus nitidus Sanfilippo and Riedel,
new species
(Plate 13, Figures 9-14; Plate 30, Figures 7-10)

Description: Lenticular skeleton, the central part of which shows 4-7
dark, elliptical to circular rings spaced approximately 13-15u apart,
surrounded by a spongy zone without rings. The thicker, central portion
of the lenticular skeleton is covered by spongy meshwork with relatively
large pores. Cylindrical spines, commonly about half as long as the shell
radius, occur at the shell margin and on its surfaces. Margin between
these spines either smooth and entire, or minutely thorny (with entire
margin between thorns). Many specimens have a distinct, narrow, mar-
ginal pylome.
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Measurements (based on 30 specimens from 94-25-2, 94-30-2, and
96-3-5). Shell diameter (excluding spines) 140-230u.

Remarks: This species differs from the evidently closely related form
that we have recorded as S. charlestonensis ? in lacking rings in the
peripheral part of the skeleton, and from Stylotrochus geddesii Haeckel
(1887, p. 585, pl. 41, fig. 11) in having cylindrical rather than bladed
spines.

In the oldest specimens in our material (from 86-7, CC), the shell
has the typical marginal structure but the internal concentric rings are
indistinct or lacking.

The specific name is the Latin adjective meaning “neat, elegant”.

8(6)Dd. Stylotrochus quadribrachiatus quadribrachiatus
Sanfilippo and Riedel, new species
(Plate 14, Figures 1, 2; Plate 31, Figure 1)

Description: Shell consisting of a thin central disc with either four
arms approximately at right angles or two opposite arms with lobes of
spongy material between them. The central disc contains 3-5 dark, ellip-
tical to circular rings spaced approximately 8-10u apart. The arms and
lobes generally show internal radial structure continuous with thin cylin-
drical spines scattered along the surface and especially at the ends of the
arms, and in some specimens show vague transverse dark bands as well.

Measurements (based on 30 specimens from Cores 94-25, 94-26,
and 94-27). Maximum length (excluding spines) 135-265u.

Remarks: Specimens of this form with two arms and two lobes differ
from Spongodiscus cruciferusand Amphicraspedum murrayanumin hav-
ing the rings of the central disc more widely separated. Specimens with
four arms do not closely resemble-any described species.

8(6)De. Stylotrochus quadribrachiatus multibrachiatus
Sanfilippo and Riedel, new subspecies
(Plate 14, Figures 3, 4; Plate 31, Figures 2, 3)

Description: Similar in structure to the nominate subspecies, but with
the arms commonly more than four in number (up to 7) and always less
regularly formed. Spines are restricted to the margin, and they tend to
be quite prominent.

Measurements (based on 25 specimens from Core 94-25). Max-
imum diameter (excluding spines) 185-255pu.

Remarks: This form evidently evolved directly from S. quadribra-
chiatus quadribrachiatus.

8(6)E. Genus XIPHOSPIRA Haeckel

Xiphospira Haeckel, 1887, p. 504, Type species (designated by Campbell,
1954, p. 92) Xiphodictya staurospira Haeckel (1887, p. 504, pl. 42, fig.
12).

We use this generic name for forms in which the concentric, spiral
or irregular rings are fewer and more widely spaced than in Spongodis-
cus, and without any implication regarding the presence or number of
radial spines.

8(6)Ea. Xiphospira circularis (Clark and Campbell)
(Plate 14, Figures 5-12: Plate 31, Figures 4-7)

Porodiscus circularis Clark and Campbell, 1942, p. 42, pl. 2, figs. 2,

6,10.

Xiphodictya amphixiphos Clark and Campbell, 1942, p. 43, pl. 2,

fig. 4.

Remarks: The concept of this species employed here embraces forms
with three to five widely spaced, concentric, spiral or irregular rings (of
which the inner ones tend to be elliptical), and with or without radial
spines. There are commonly two or three lattice pores in the breadth of
a ring. Throughout the late Paleocene to middle Eocene sequence exam-
ined, specimens with concentric or spiral rings far outnumber those with
irregular rings.

8(7). Family ACANTHODESMIIDAE Haeckel 1862, emend.
Riedel 1967

Goll (1971) has recently attempted to stabilize Trissocyclidae as
the name of this family by designating, as lectotype of the type species
of Acanthodesmia Miiller, an illustration that he believes not to show a
sagittal ring. It seems to us, however, that the illustration chosen
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(Miiller, 1858, pl. 1, fig. 6) is very likely of the same species as at least
some of Miiller’s other figures, and probably has a sagittal ring. We
therefore continue to use Acanthodesmiidae as the name of this family,
and admit forms (e.g. Rhabdolithis pipa) in which the sagittal ring has
apparently degenerated so as to become incomplete. In less formal usage,
it is probable that the term “spyroids™ or “spyrids” will continue to be
used to refer to members of this family (or suborder, as in Petrushev-
skaya, 1971) until the broad relationships of its members are better
understood.

8(7)A. Genus CERATOSPYRIS Ehrenberg

Ceratospyris Ehrenberg 1847a, chart to p. 385.
Type species (by subsequent monotypy in Ehrenberg, 1847b, p.
43) Haliomma " radicatum Ehrenberg (1844, p. 83).

8(7)Aa. Ceratospyris articulata Ehrenberg
(Plate 15, Figures 1-3; Plate 31, Figures 8,9)

Ceratospyris articulata Ehrenberg, 1873, p. 218; 1875, pl. 20, fig. 4.

Remarks: This distinctive species is easily recognized by its three or
five long robust feet, thicker near their middle part or in the proximal
half, circular in section. The apical bar extends freely through the ce-
phalic cavity, and the apical and posterior parts of the sagittal ring are
joined to the shell wall. Three feet are associated with the dorsal and
primary lateral bars, and when five are present two originate between the
dorsal and primary laterals. The shell wall is thick and tubercular, and
there is a robust apical horn. Some specimens show fragments of a
thin-walled, porous thorax between the feet, and the thorns commonly
present on the thickened part of the feet are probably remnants of this
structure.

Excluded from this species is a form with shorter, stubby feet, thick
and sparsely pored cephalic wall, and stubby apical horns (Plate 15,
Figure 4; Plate 31, Figure 10). Height of cephalis 35-50p; length of
feet 55-145u (based on 30 specimens from Cores 94-22, 94-25, 94-28,
and 94-30).

8(7)B. Genus DENDROSPY RIS Haeckel

Dendrospyris Haeckel, 1881, p. 441; emend. Goll, 1968, p. 1417. Type
species (indicated by Campbell, 1954, p. 112) Ceratospyris stylophora
Ehrenberg (1873, p. 220; 1875, pl. 20, fig. 10).

8(7)Ba. Dendrospyris acuta Goll
(Plate 15, Figure 5; Plate 31, Figure 11)

Dendrospyris acuta Goll, 1968, p. 1419, pl. 173, figs. 7-9, 12.

Remarks: Specimens in our material generally conform with the
original description and illustration of this species, with the exception
that they rarely have elongate pores at the base of the lattice-shell.

In some samples, this species is accompanied by a less common,
apparently closely related form (Plate 15, Figures 6,7; Plate 31, Figure
12) that is larger, more circular in outline, not pointed distally, but
with the same separation of the lattice shell from the upper part of the
sagittal ring.

8(7)Bb. Dendrospyris fragoides Sanfilippo and Riedel,
new species
(Plate 15, Figures 8-13; Plate 31, Figures 13,14)

Description: Shell sparsely pored, dome-shaped, without sagittal
constriction, with a series of lamellar teeth distally.

Sagittal ring D-shaped, separated from the lattice shell except for
a shorter or greater distance above the vertical spine. Apical bar
straight, joined to the lattice-shell by one or two pairs of bars. Apical
part of sagittal ring connected with lattice shell by shorter or longer
bars, or rarely joined to it directly. Primary and secondary lateral bars,
and dorsal bar, well developed. Some specimens have a poorly devel-
oped apical spine, and others have a tuft of short thorns apically, but
usually the shell surface is completely smooth. Vertical pore distinct.

Lattice shell thick, with sparse, small, circular pores tending to be
tubular. Peristome a poreless band, from which arise approximately 15
flat, parallel lamellar teeth.

Measurements (based on 30 specimens from Cores 94-22, 94-25,
94-30, 94-32, and 96-3). Height of shell (including teeth) 70-105u, of
sagittal ring 35-50u. Maximum breadth 65-80u.

Remarks: This species resembles Dendrospyris acuta and D. turritur-
cica in having the apical part of the sagittal ring separated from the



lattice shell, but differs from them in possessing a wide peristome with
lamellar teeth. The feet are shorter than those of Petalospyris flabellum
Ehrenberg (1873, p. 247; 1875, pl. 22, fig. 7), though the shape of the
cephalis is somewhat similar.

The specific name is derived from the superficial resemblance of
the outline to that of a strawberry.

8(7)Bc. Dendrospyris turriturcica turriturcica Sanfilippo
and Riedel, new species
(Plate 16, Figure 1; Plate 31, Figure 15; Plate 32, Figure 1)

Description: Shell, when viewed anteriorly or posteriorly, showing an
elliptical to subangular cephalis without median constriction, and a nar-
rower, open, distally tapering thorax. In side view, the shell is markedly
compressed.

The sagittal ring extends somewhat more than half the distance
from the collar pores to the apex, and from its top arises an apical spine
which is incorporated into the shell wall and then extends as a short
thorn from the apical surface. Surface of lattice shell puckered at the
level of the top of the sagittal ring. Primary and secondary lateral bars
well developed.

Lattice shell robust, with pores of unequal size, subcircular on the
cephalis and tending to be longitudinally elongated on the thorax.
Vertical pore distinct. Termination of thorax uneven, with irregular
lamellar teeth not markedly differentiated from the bars separating
adjacent pores.

Measurements (based on 15 specimens from Cores 94-28 and
94-30). Height of shell 80-145u, of sagittal ring 25-40u. Maximum
breadth 75-120u

Remarks: This species differs from Dendrospyris acuta in the thorax
being open rather than closed, in the pores being more irregular, and in
possessing an apical spine. Above its range of occurrence is a somewhat
similar form (Plate 16, Figure 2; Plate 32, Figure 2) in which the cephalis
is not markedly wider than the thorax—this form is not included in the
concept of this species.

8(7)Bd. Dendrospyris turriturcica dasyotus Sanfilippo
and Riedel, new subspecies
(Plate 16, Figure 3; Plate 32, Figure 3)

Description: Similar to the nominate subspecies, except that the up-
per lateral part of each of the two cephalic lobes is somewhat drawn out
and perforated by a wide opening surrounded by irregular teeth.

This form evidently developed directly from D. turriturcica tur-
riturcica, and cooccurs with it in the upper part of the range of the latter.

The subspecific name is used as a noun in apposition (dasys, tufted;
otos, ear).

8(7)C. Genus DICTYOSPYRIS Ehrenberg

Dictyospyris Ehrenberg, 1847a, chart to p. 385.

It is impossible at this time to define the limits of this genus
satisfactorily, because we do not understand the evolutionary lineage
sufficiently well. Use of this generic name must therefore depend on
an evaluation of the relationship of other species with its type species.
Dictyospyris ceratospyris Ehrenberg (1860, p. 823), the type species in-
dicated by Campbell (1954, p. 114), is a nomen nudum, and therefore
another type species must be chosen from among the species first de-
scribed in this genus (by Ehrenberg, 1854). We here designate as the type
species Dictyospyris triloba Ehrenberg (1854b, pl. 36, fig. 24; 1873, p.
224), which has morphological similarities with the three species treated
below, and which occurs in at least Core 94-16 (Section 2, Thyrsocyrtis
bromia Zone).

8(7)Ca. Dictyospyris discus Sanfilippo and Riedel,
new species
(Plate 16, Figures 4-8; Plate 32, Figures 4-7)

Description: Lattice shell strongly compressed in the apical-basal
direction or obliquely in relation to the apical-dorsal bar, and circular
to reniform in outline.

Sagittal ring distinct, D-shaped, in reniform specimens joined di-
rectly to the shell at apex, base, and posteriorly; the staight anterior
bar of the sagittal ring extends freely across the shell cavity, and the
indentation of the shell outline corresponds to the posterior part of the
ring. In circular specimens, the sagittal ring is of about the same
dimensions as in reniform ones, and therefore the posterior part of the
sagittal ring (as well as the anterior part) extends freely across the shell
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cavity. In a small area at the base of the shell (which may be near the
center of a flat face of the disc, or near its margin) are three or four
collar pores—a pair of cardinal pores and one or two jugular pores
posterior to them. The orientation of the sagittal ring in relation to the
geometry of the disc varies; in some specimens the apical-dorsal bar
is parallel to the axis of the disc and near that axis, while in others it
can be at least 45° from this position so that its apical end is near the
center of one face of the disc and its dorsal end near the margin of the
opposite face.

Apart from the collar pores in some specimens, and a slightly
enlarged vertical pore toward which the vertical spine is directed, the
pores of the shell are small and circular. The shell wall is thick and
smooth, and the pores therefore tubular. The apical spine is only very
rarely expressed externally. Some specimens have thorns irregularly
distributed around the margin of the discoidal shell, some have no
such thorns, and occasional late reniform specimens have one cylin-
dro-conical spine on the convexly curved margin and two on the
indented margin giving a false impression of an apical horn and feet
but having no connection with the sagittal ring (Plate 32, Figure 7).

Measurements (based on 30 specimens from 94-32, CC and 96-3,
CC). Maximum diameter of lattice shell 85-125u, its height (thickness
of the disc, measured on only 11 specimens) 40-75u.

Remarks: This species differs from D. gigas in being more strongly
compressed, and in its collar pores being less distinct. It differs from D.
sphaera in being compressed and in lacking the profusion of branches
from the sagittal ring to the inner surface of the lattice shell. In early
assemblages, some specimens are elliptical to reniform in outline, and
others circular, while in later assemblages (in Core 94-29 and younger)
all are elliptical to reniform.

The specific name is the Latin discus, and is used as a noun in
apposition.

In the upper part of its range, D. discusis accompanied by another
species (Plate 32, Figures 8,9; evidently closely related and perhaps even
an evolutionary offshoot) in which the collar pores are at the margin of
the disc, and the apical-dorsal bar is parallel to the plane of the disc and
extended beyond it as a free apical spine. Three strong, usually lanceo-
late, feet are present—two primary laterals and a dorsal. The vertical
pore is situated near the jugular pore(s). The sagittal ring is joined to the
discoidal lattice shell posteriorly, is free within the cavity apically, and
is connected to the lattice shell by a few bars near the departure of the
apical spine from the ring. The proposed close relationship between this
form and D. discus may seem unlikely in view of the different relationship
between the sagittal ring and the geometry of the disc, but it is supported
by the fact that in D. discus the apical-dorsal bar of the sagittal ring is
often oriented obliquely to the axis of the discoidal shell, and there is no
other obvious ancestor of this unnamed species. It is important to distin-
guish this form from superficially similar specimens of D. discus having
three cylindro-conical marginal spines which bear no fixed relationship
to the sagittal ring and its apophyses.

8(7)Cb. Dictyospyris gigas Ehrenberg
(Plate 16, Figures 9,10; Plate 32, Figures 10,11)

Dictyospyris gigas Ehrenberg, 1873, p. 224; 1875, pl. 19, fig. 6; Biitschli,

1881, pl. 32, figs. 14a, 14b.

Remarks: This species was described and illustrated inadequately by
Ehrenberg, and more thoroughly by Biitschli. The lattice shell tends to
be lobate as a consequence of furrows associated with the posterior part
of the sagittal ring and extensions of the secondary lateral bars. The
maximum shell diameter is 80-120u (based on 30 specimens from Cores
94-28, 94-29, and 94-30), and in seven specimens it was possible to
measure the shell height as 50-65u. In younger assemblages occurs a
rather similar form (Plate 32, Figure 12), but without furrows associated
with the secondary lateral bars. These forms are therefore less lobate, and
we have excluded them from our tabulation of occurrences of D. gigas,
though they might possibly be included in Biitschli's concept of the
species.

8(7)Cc. Dictyospyris melissium Sanfilippo and Riedel,
new species
(Plate 17, Figures 1,2; Plate 32, Figure 13)
Description: Shell discoidal, very variable in size and irregularity of
outline, complexly subdivided by internal structures. Externally the shell

is formed of a lattice plate with numerous small, circular to subcircular
pores. Near the center of one surface of the disc is a larger pore, toward
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which is directed an internal thorn. Interior of shell traversed by numer-
ous, delicate and robust, transverse and oblique (sometimes anastomos-
ing) rods, except for a small central area evident in some specimens as
a two-or three-lobed cavity. This cavity and the internal thorn directed
toward the larger pore indicate that this form is an acanthodesmiid, but
the complexity of the internal structures prevents our being able to
determine which bars are parts of the sagittal ring or collar structures.

Measurements (based on 20 specimens from 94-29, CC; 94-30-1;
and 94-30-2). Diameter of disc 125-250x. Maximum width of inter-
nal cavity 35-60u.

Remarks: Because it has not been possible to determine the nature
of the sagittal ring, nor the phylogenetic development of this species, its
assignment to Dictyospyris is very tentative. There is some resemblance
to Psychospyris, in the honeycomblike internal structure of the peripheral
part of the disc, but D. melissium has a much smaller internal cavity than
the members of that genus, and its stratigraphic range is clearly prior to
the origin of the Psychospyris lineage.

The specific name (melfission, honeycomb) is used as a noun in
apposition.

8(7)Cd. Dictyospyris sphaera Biitschli
(Plate 17, Figures 3-5; Plate 32, Figures 14-18)

Dictyospyris sphaera Biitschli, 1881, pp. 510-511, pl. 32, figs. 15a, 15b.

Remarks: The internal structure of shells of this species is difficult to
discern because of the profuse branching of the bars connecting the
sagittal ring with the lattice shell. The description and figure by Biitschli
show all that can be seen without a very thorough investigation, with the
following exception. At the base of the shell of well-preserved specimens
is a type of small, circular “mouth™ surrounding a thin plate joined by
three bars to its margin (Plate 32, Figure 17). The collar pores are
situated some distance inside this plate, and there is therefore a small
cavity that could be regarded as a thorax. The surface of the thick shell
wall in some specimens bears numerous spines, and the shell diameter
is 85-115u (based on 20 specimens from Cores 94-18 and 94-30). In
Core 94-24 and younger assemblages, some specimens have pores
uniform overall, and it is no longer possible to distinguish special-
ized pores in the region below the collar pores (Plate 32, Figure 18).

Above the range of this species occurs a superficially similar form
with a larger sagittal ring, and lacking the branched bars connecting
the sagittal ring with the lattice shell (Plate 32, Figures 19, 20). Cooc-
curring with the earliest specimens of D. sphaera (in Core 94-31, CC)
is an apparently related form which is not spherical but compressed in
the apical-basal direction.

8(7)D. Genus DORCADOSPYRIS Haeckel

Dorcadospyris Haeckel, 1881, p. 441,

This generic name is here used to include not only forms in which
two feet are especially strongly developed, but also some species as-
signed to Dorcadospyris by Goll (1969) for other reasons. The result is
an uncomfortable association of forms which may not be closely related,
but it is not yet possible to make a more satisfactory grouping.

8(7)Da. Dorcadospyris alata (Riedel)

Brachiospyris alata Riedel, 1959, p. 293, pl. 1, figs. 11, 12,
Dorcadospyris alata (Riedel), Riedel and Sanfilippo, 1970, p. 523, pl. 14,
fig. 5.

8(7)Db. Dorcadospyris ateuchus (Ehrenberg)

Ceratospyris ateuchus Ehrenberg, 1873, p. 218; 1875, pl. 21, fig. 4.
Dorcadospyris ateuchus (Ehrenberg), Riedel and Sanfilippo, 1970, p. 523,
pl. 15, fig. 4.

8(7)Dc. Dorcadospyris circulus (Haeckel)

Gamospyris circulus Haeckel, 1887, p. 1042, pl. 83, fig. 19.
Dorcadospyris circulus (Haeckel), Moore, 1971.

8(7)Dd. Dorcadospyris confluens (Ehrenberg)
(Plate 17, Figures 6-10; Plate 33, Figure 1)

Petalospyris confluens Ehrenberg, 1873, p. 246; 1875, pl. 22, fig. 5.
Dorcadospyris confluens (Ehrenberg), Goll, 1969, p. 337, pl. 58, figs. 9-12
(in part, excluding figure).
Remarks: Use of this name is here restricted to specimens with a
distinctly porous thorax, and a generally short apical spine. In other
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respects the species closely resembles D, platyacantha, except that the
cephalis tends to be wider.

8(7)De. Dorcadospyris dentata Haeckel

Dorcadospyris dentata Haeckel, 1887, p. 1040, pl. 85, fig. 6; Riedel,
1957a, p. 79, pl. 1, fig. 4.

8(7)Df. Dorcadospyris forcipata (Haeckel)

Dipospyris forcipata Haeckel, 1887, p. 1037, pl. 85, fig. 1.
Dorcadospyris forcipata (Haeckel), Riedel and Sanfilippo, 1970, p. 523,
pl. 15, fig. 7.

8(7)Dg. Dorcadospyris papilio (Riedel)

Hexaspyris papilio Riedel, 1959, p. 294, pl. 2, figs. 1, 2.
Dorcadospyris papilio (Riedel), Riedel and Sanfilippo, 1970, p. 523, pl. 15,
fig. 5.

8(7)Dh. Dorcadospyris platyacantha (Ehrenberg)
(Plate 17, Figures 11-15; Plate 33, Figure 2)

Petalospyris platyacantha Ehrenberg, 1873, p. 247; 1875, pl. 22, fig. 8.
Petalospyris platyacantha Ehrenberg (?), Riedel, 1957b, p. 259, pl. 63, fig.
3

Dorcadospyris confluens (Ehrenberg), Goll, 1969, p. 337, pl. 58, figs. 9-12

(in part, including figure).

Remarks: This name is here used for forms in which the thorax is
very short and poreless, and thus we exclude (and treat as Dorcadospyris
confluens) forms with a porous thorax. Goll included both in his concept
of D. confluens, and the specimen that he figured is one that we treat as
D. platyacantha. Among the specimens in our material, many are more
elongated laterally than the one figured by Goll, the pores occupy a
greater proportion of the shell area, and the horn is longer and more
robust.

8(7)Di. Dorcadospyris praeforcipata Moore
Dorcadospyris praeforcipata Moore, 1971,

8(7)Dj. Dorcadospyris pseudopapilio Moore
Dorcadospyris pseudopapilio Moore, 1971.
8(7)Dk. Dorcadospyris spinosa Moore
Dorcadospyris spinosa Moore, 1971.
8(7)E. Genus GIRAFFOSPYRIS Haeckel

Giraffospyris Haeckel, 1881, p. 442; emend. Goll, 1969, p. 329. Type
species (indicated by Campbell, 1954, p. 114) Ceratospyris heptaceros
Ehrenberg (1873, p. 219; 1875, pl. 20, fig. 2).

8(7)Ea. Giraffospyris cyrillium Sanfilippo and Riedel,
new species
(Plate 18, Figures 1-3; Plate 33, Figure 3)

Description: Shell generally rounded, inverted-conical basally. No
sagittal constriction, and slight or no constriction between cephalis and
thorax.

Sagittal ring D-shaped, connected directly with the lattice shell
posteriorly and apically, and separated from it anteriorly. Primary and
secondary lateral bars well developed. Apical spine usually protrudes
from shell surface as a short thorn.

Lattice shell moderately robust, with subcircular pores, and com-
monly with few scattered thorns on the surface. Open base of invert-
ed-conical thorax has no differentiated peristome except a less porous
area terminated usually by an irregular number of short triangular
teeth. 3

Measurements (based on 20 specimens from 94-28-1; 94-28-5;
94-29, CC; and 94-30-2). Height of shell 75-140u, of sagittal ring
30-45u. Maximum breadth 65-105u.

Remarks: This species is distinguished from Giraffospyris lata by the
rounded rather than pointed lobes of the cephalis, and more robust shell
wall.

The specific name is derived from the Greek kyrillion (a jug with
a narrow neck), and is used as a noun in apposition.



8(7)EDb. Giraffospyris lata Goll
(Plate 18, Figures 3-7; Plate 33, Figure 4)

Giraffospyris lata Goll, 1969, p. 334, pl. 58, figs. 22, 24-26.

Remarks: Our specimens conform well with those described and
illustrated by Goll. Although the range of the species is short, there is
a tendency for the shell to become more triangular in later specimens.

8(7)F. Genus LIRIOSPYRIS Haeckel

Liriospyris Haeckel, 1881, p. 443; emend. Goll, 1968, p. 1423. Type
species (indicated by Campbell, 1954, p. 114) Liriospyris hexapoda
Haeckel (1887, p. 1049, pl. 86, fig. 7).

8(7)Fa. Liriospyris parkerae Riedel and Sanfilippo

Liriospyris parkerae Riedel and Sanfilippo, 1971, p. 1590, pl. 2C, fig. 15;
pl. 5, fig. 4.

8(7)Fb. Liriospyris stauropora (Haeckel)

Trissocyclus stauroporus Haeckel, 1887, p. 987, pl. 83, fig. 5.
Liriospyris stauropora (Haeckel), Goll, 1968, p. 1431, pl. 175, figs. 1-3,
7; text-fig. 9.

8(7)G. Genus PSYCHOSPYRIS Riedel and Sanfilippo
Psychospyris Riedel and Sanfilippo, 1971, p. 1591.

8(7)Ga. Psychospyris grandis Riedel and Sanfilippo
Psychospyris grandis Riedel and Sanfilippo, 1971, p. 1591, pl. 6, figs. 3-5.

8(7)Gb. Psychospyris intermedia Riedel and Sanfilippo

Psychospyris intermedia Riedel and Sanfilippo, 1971, p. 1591, pl. 5, fig.
11; pl. 6, figs. 1, 2.

8(7)Ge. Psychospyris parva Riedel and Sanfilippo

Psychospyris parva Riedel and Sanfilippo, 1971, p. 1591, pl. 5, figs. 8-10.
8(7)H. Genus RHABDOLITHIS Ehrenberg

Rhabdolithis Ehrenberg, 1847b, p. 50-51. Type species (by subsequent
designation, here) Rhabdolithis pipa Ehrenberg (1854b, pl. 36, fig.
59).

The discovery of Rhabdolithis ellida elucidates the relationships of
the hitherto enigmatic R. pipa.

8(7)Ha. Rhabdolithis ellida Sanfilippo and Riedel,
new species
(Plate 18, Figures 8-11; Plate 33, Figures 5-8)

Description: Spinelike skeleton, thickened and sigmoidally curved
near one end, and bearing arborescent branches toward the other end.
Skeletons usually broken, but rare examples show a short, delicate,
median bar from which arise a tiny, thornlike axial spine, a longer,
acicular vertical spine, arborescent lateral spines (more commonly pri-
mary laterals than secondary laterals), sometimes a dorsal spine, and a
strong apical spine that constitutes the most robust part of the skeleton.
Abpical spine delicate proximally (where the arborescent spines arise),
thicker distally, reaching maximal thickness at the sigmoid curve, and
cleft terminally to form two short thorns. The sigmoidally curved part
of the apical spine is directed “‘backward™ (approximately parallel to the
median bar, and in such a position that if extended it might form the
upper part of an original sagittal ring).

Measurements (based on 10 specimens from Core 96-3, in which
the median bar is preserved). Length from cleft tip of apical spine to
median bar 305-440u.

Remarks: Although the sagittal ring is incomplete, this species seems
more appropriately placed in the Acanthodesmiidae than in the Plagonii-
dae, because the spines arising from the median bar are highly differen-
tiated in a manner similar to those of many acanthodesmiids.
Rhabdolithis ellida ranges downward to the earliest Paleocene assem-
blages presently available, and we therefore have no opportunity to
determine its phylogenetic development.
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This species is distinguished from R. pipa by the lesser degree of
thickening and smoother surface of the sigmoid portion of the apical
spine, and probably by the more profuse branching of the lateral and
accessory spines.

The species is named for the ship of Frithiof, a hero in Icelandic
sagas, because of the resemblance of the thickened end of the spine
to the prow of a Viking vessel.

8(7)Hb. Rhabdolithis pipa Ehrenberg
(Plate 18, Figures 12-16; Plate 33, Figures 9, 10)

Rhabdolithis pipa Ehrenberg, 1854b, pl. 36, fig. 59; 1875, p. 159, pl. 1,

fig. 27.

Rge.-marks: We have not observed any specimens with the median bar
preserved, but there is no doubt that this species evolved directly from
Rhabdolithis ellida, in which that structure is present. In R. pipa the
thickened distal part of the apical spine is ellipsoidal to spherical, and
its surface roughened with pits, tubercles or ridges. Ehrenberg's descrip-
tion omits mention of accessory spines arising from the proximal half of
the apical spine; remnants of such spines are present in many specimens,
and they appear not to be so profusely branched as in R. ellida. No
descendants of R. pipa are known, and thus this species may terminate
its evolutionary lineage.

8(7)1. Genus TRISTY LOSPYRIS Haeckel

Tristylospyris Haeckel, 1881, p. 441. Type species (indicated by Campbell
(1954, p. 112) Tristylospyris palmipes Haeckel (1887, p. 1033, pl. 84,
fig. 14).

8(7)1a. Tristylospyris triceros (Ehrenberg)

Ceratospyris triceros Ehrenberg, 1873, p. 220; 1875, pl. 21, fig. 5.
Tristylospyris triceros (Ehrenberg), Haeckel, 1887, p. 1033.

8(8). Family PLAGONIIDAE Haeckel 1881, Emend. Riedel 1967

Below we treat all of the reasonably common, large members of
this family occurring in the early Eocene and late Paleocene samples,
but not the small, delicate, two-segmented forms which seem to occur
throughout the Cenozoic.

While examing this family, we have also kept notes on the theope-
rid Dictyophimus craticula Ehrenberg (Plate 19, Figure 1; Plate 33,
Figure 11). This species characteristically has the proximal pores on the
thorax regularly arranged (with two pores between adjacent feet in the
first row, and three pores in the second row), the thorax widely expanded
at least proximally, the feet departing from the thorax at the end of the
second row of thoracic pores, and the thorax beyond this second row not
connected to the feet. In the earliest occurrences (94-28-5 and 94-28,
CC), this characteristic form is outnumbered by the apparent ancestor,
in which the proximal thoracic pores tend to be not so regularly ar-
ranged, the proximal thorax is not so widely expanded, and the thorax
tends to be joined to the feet beyond its second row of pores (Plate 19,
Figure 2; Plate 33, Figure 12). In at least some of these early specimens,
the collar pores are situated lower than in later forms, so that the cephalis
is relatively larger.

8(8)A. Genus SPONGOMELISSA Haeckel

Spongomelissa Haeckel, 1887, p. 1209. Type species (by monotypy) Li-
thomelissa spongiosa Biitschli (1881, p. 519, pl. 33, figs. 25 a-c).
The following three species are only tentatively included under

this generic name, because though they show some similarity to the

type species of this genus it is not yet possible to determine whe-
ther or not they are closely related to it.

8(8)Aa. Spongomelissa adunca Sanfilippo and Riedel,
new species
(Plate 19, Figures 3,4; Plate 34, Figures 1-6)

Description: Shell flattened-campanulate, with large cephalis, mod-
erately expressed collar stricture, and three downwardly curved feet
larger than the robust, bladed apical spine. Cephalis subhemispherical,
with either two or three lobes. Furrows connecting the apical spine with
the primary laterals are pronounced in all specimens, and some speci-
mens also have a furrow connecting the apical and dorsal spines. From
the short median bar arise the apical bar which extends freely in the
cephalic cavity and possesses a pair of a branches (in the sense of Petru-
shevskaya, 1968), the dorsal and primary lateral bars connected with
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strong thoracic ribs terminating in the feet, the vertical spine directed
obliquely upward, and a branched axial spine which in some specimens
is accompanied by similar structures extending downward from the
primary lateral bars. A broad collar velum is connected with the dorsal

bar. Most specimens have a latticed tube surrounding the short, protrud-
ing vertical spine. This tube is unusual in its large diameter, and in that
it is not a prolongation of a single pore, but arises from the surface of
the cephalis and thorax, and includes several pores of the shell wall. Wall
of cephalis and thorax rough, with subcircular pores, considerably larger
in thorax than in cephalis. Peristome of thorax surrounded by a thick-
ened, inturned rim. Feet bladed, in most specimens latticed in the proxi-
mal half.

Measurements (based on 30 specimens from 86-8, CC: Core
96-3; and Core 96-4). Width of cephalis 80-135u, of thorax
125-200u.

Remarks: Distinguished from Spongomelissa euparyphus as indicated
in the description of that species.

The specific name is derived from the Latin adjective aduncus, bent
inward.

8(8)Ab. Spongomelissa cucumella Sanfilippo and
Riedel, new species
(Plate 19, Figures 6,7; Plate 34, Figures 7-10)

Description: Shell compact, thick-walled, with slightly expressed col-
lar stricture, constricted peristome, and apical spine and three thoracic
wings stubby, of approximately the same size and shape. Cephalis large,
subhemispherical, in some specimens indistinctly divided into three lobes
by furrows corresponding with the ap and probably mc arches of Petru-
shevskaya (1968). Internal spicular structure comprises a short median
bar, apical bar extending freely in the cephalic cavity, vertical bar di-
rected obliquely upward, primary lateral bars, dorsal bar, and short axial
spine. The apical and primary lateral bars give off branches just before
reaching the shell wall, and the dorsal spine has, in addition, a small
amount of lattice work constituting a rudimentary collar velum. Apical
spine and three thoracic wings (continuations of dorsal and primary
lateral bars) short, thick and bladed. Thorax contracts distally, and
terminates in a thick constricted peristome, in many specimens closed by
a thin lattice plate. Wall of cephalis and thorax thick, with rounded pores
of variable size, similar on the two segments.

Measurements (based on 25 specimens from Core 94-30). Width
of cephalis 60-90y, of thorax 95-125u.

Remarks: This species is distinguished by its robust horn and wings,
thorax constricted distally, and peristome closed by a lattice plate.

The phylogenetic development of this form is not known, but its
structure indicates a close relationship to the Spongomelissa adunca-S.
euparyphus lineage. Nor does it appear to have left any descendants in
cores younger than 94-30, but Core 94-29 contains a somewhat similar
though smaller and more delicate form, with no differentiated termina-
tion of the thorax (Plate 19, Figure 8; Plate 34, Figure 11).

The specific name (Latin, meaning “kettle”) is a noun in apposi-
tion.

8(8)Ac. Spongomelissa euparyphus Sanfilippo and
Riedel, new species
(Plate 20, Figure 1; Plate 34, Figures 12, 13)

Description: Similar to Spongomelissa aduncain structure, but differ-
ing in the following characters. The general form of the shell is somewhat
more flattened, and the feet slightly smaller. There is a more pronounced
difference in size between the cephalic and thoracic pores, and the tho-
racic pores, especially the proximal ones (and also, in some specimens,
the cephalic pores), are subdivided into 2-5 smaller pores by delicate
bars. Indistinct thoracic ribs collinear with the three feet are present in
some specimens. The distal thoracic margin is very characteristic—it is
as if the inturned margin of S. adunca had become even more com-
pressed, and the outermost edge extended as a flat flange.

Measurements (based on 5 specimens from 94-29, CC and Core
94-30). Width of cephalis 85-110p, of thorax 185-230u.

Remarks: There is little doubt that this species is directly descended
from Spongomelissa adunca.

The specific name is derived from the Greek adjective euparyphos,
with a fine border.
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8(8)B. Genus VELICUCULLUS Riedel and Campbell

Velicucullus Riedel and Campbell, 1952, p. 669. Type species (by mono-
typy) Soreuma magnificum Clark and Campbell (1942, p. 51, pl. 4,
fig. 15).

Under the name Velicucullus spp. (Plate 20, Figures 2-6; Plate 34,

Figure 14) we include all forms with a large cephalis, flatly expanded

thorax, and no or many feet. The distal margin of the thorax is usually

denser in structure than the remainder of the thoracic wall because of
the presence of a spongy velum, and the cephalic structure is in general
similar to that described for Spongomelissa adunca, though more deli-
cate. In the early forms, at least, there is a well developed collar velum.

8(9). Family CARPOCANNIDAE Haeckel 1881, emend.
Riedel 1967

We have attempted to elucidate the origin of this family, but
discontinuities in the available sequence of assemblages has pre-
vented a completely satisfactory solution. Forms (Plate 35, Figures
1, 2) belonging to Carpocanistrum in the sense of our Leg 7 report
(Riedel and Sanfilippo, 1971) extend downward in considerable
numbers through Core 95-5 (Theocyrtis tuberosa Zone), and very
rarely into Core 94-15 (Thrysocyrtis bromia Zone). The origin of
members of this genus is obscure, but one possibility is that they
arose from descendants of the pterocoryid Cryptoprora ornata
(Plate 35, Figures 3, 4) which extend up to Core 94-14 (Thyrocyrtis
bromia Zone) but no higher. Associated with C. ornata are speci-
mens with a very similar structure but possessing a bladed apical
horn (and commonly an opening at the apex of the cephalis), and at
least sometimes a pronounced lateral cephalic tubule (Plate 35,
Figures 7, 8). A less likely possibility is that they developed from a
theoperid with an ovate thorax, constricted peristome, and com-
monly three short wings arising from the distal half of the thoracic
wall (Plate 35, Figure 6), which range up to Core 94-16 (Thy-
roscyrtis bromia Zone).

The distinctive species described below as Carpocanistrum (1) azyx
is only questionably assigned generically, because it also may have origi-
nated from a member of the Cryptoprora ornata group, but separately
and earlier than the forms grouped as Carpocanistrum spp. C. (?) azyx
has been found only from Cores 95-6 through 94-15 ( Thyrsocyrtis bromia
Zone).

8(9)A. Genus CARPOCANISTRUM Haeckel
Carpocanistrum Haeckel, 1887, p. 1170.

8(9)Aa. Carpocanistrum (?) azyx Sanfilippo and Riedel,
new species
(Plate 35, Figure 9)

Description: Cephalis within upper part of thoracic wall, and its
structure consequently obscure—it is not a small sphere, but a larger
structure constructed (at least distally) of widely separated, narrow bars
forming a loose “basket”. Thorax regularly ellipsoidal, with smooth
surface, a somewhat constricted peristome, and thick wall perforated by
small, closely spaced, circular pores longitudinally aligned. Peristome
narrow, probably with an inwardly directed shelf, terminating in small
thorns connected by ridges with the bars between distalmost thoracic
pores, and perhaps the remnant of a previously existing abdomen.

Measurements (based on 30 specimens from Cores 94-15, 94-16,
and 95-6). Total length 105-140u, maximum breadth 85-120u.

Remarks: This species is distinguished from the forms assigned to
Carpocanistrum spp. by its generally larger size, and thick thoracic wall
penetrated by numerous, regularly spaced pores.

There is considerable similarity to Carpocanopsis cingulata, but
we have refrained from assigning it to that genus because no similar
forms connect the latest occurrence of Carpocanistrum (?) azyx with the
earliest Carpocanopsis.

The specific name is the Greek azyx (solitary).

8(9)B. Genus CARPOCANOPSIS Riedel and Sanfilippo

Carpocanopsis Riedel and Sanfilippo, 1971, p. 1596.
8(9)Ba. Carpocanopsis bramlettei Riedel and
Sanfilippo

Carpocanopsis bramlettei Riedel and Sanfilippo, 1971, p. 1597, pl. 2G,
figs. 8-14; pl. 8, fig. 7.



8(9)Bb. Carpocanopsis cingulata Riedel and
Sanfilippo

Carpocanopsis cingulatum Riedel and Sanfilippo, 1971, p. 1597, pl. 2G,
figs. 17-21; pl. 8, fig. 8.

8(9)Bc. Carpocanopsis cristata (Carnevale)?
? Sethocorys cristata Carnevale, 1908, p. 31, pl. 4, fig. 18.

Carpocanopsis cristatum (Carnevale)?, Riedel and Sanfilippo, 1971, p.
1597, pl. 1G, fig. 16; pl. 2G, figs. 1-7.

8(9)Bd. Carpocanopsis favosa (Haeckel)

Cyeladophora favosa Haeckel, 1887, p. 1380, pl. 62, figs. 5, 6.
Carpocanopsis favosum (Haeckel), Riedel and Sanfilippo, 1971, p. 1597,
pl. 2G, figs. 15, 16; pl. 8, figs. 9-11.

8(10). Family PTEROCORYIDAE Haeckel 1881, emend.
Riedel 1967

8(10)A. Genus CALOCYCLETTA Haeckel
Calocycletta Haeckel, 1887, p. 1381.

8(10)Aa. Calocycletta costata (Riedel)

Calocyclas costata Riedel, 1959, p. 296, pl. 2, fig. 9.
Calgcyderm costata (Riedel), Riedel and Sanfilippo, 1970, p. 535, pl. 14,
g 12

8(10)Ab. Calocycletta virginis Haeckel

Calocyclas (Calocycletta) virginis Haeckel, 1887, p. 1381, pl. 74, fig. 4.
Calocycletia virginis Haeckel, Riedel and Sanfilippo, 1970, p. 535, pl. 14,
fig. 10.

8(10)B. Genus PODOCYRTIS Ehrenberg
Podocyrtis Ehrenberg, 1847a, chart to p. 385.
Subgenus PODOCYRTIS Ehrenberg
Podocyrtis Ehrenberg, Riedel and Sanfilippo, 1970, p. 533.
8(10)Ba. Podocyrtis (podocyrtis) ampla Ehrenberg

Podocyrtis () ampla Ehrenberg, 1873, p. 248; 1875, pl. 16, fig. 7.
Podocyrtis (Podocyrtis) ampla Ehrenberg, Riedel and Sanfilippo,
1970, p. 533, pl. 12, figs. 7, 8.

8(10)Bb. Podocyrtis (podocyrtis) diamesa Riedel and
Sanfilippo
(Plate 20, Figures 9,10; Plate 35, Figures 10,11)

Podocyrtis (Podocyrtis) diamesa Riedel and Sanfilippo, 1970, p. 533

(pars), pl. 12, fig. 4 (non figs. 5 and 6).

Remarks: The specific name is now restricted to forms in which the
pores of the thorax and abdomen are small, and the mouth, though
;omewhat constricted, is wider than that of the holotype of Podocyrtis

orus.

8(10)Bc. Podocyrtis (podocyrtis) dorus Sanfilippo and
Riedel, new species
(Plate 35, Figures 12-14)

Podocyrtis (Podocyrtis) diamesa Riedel and Sanfilippo, 1970, p. 533

(pars), pl. 12, fig. 5.

Description: Thorax pronouncedly inflated-conical, and lumbar
stricture distinct. Pores aligned strictly longitudinally on both thorax
and abdomen, those of the abdomen somewhat larger than those of the
thorax, separated by longitudinal ridges. Abdomen tapers distally to a
mouth at least as narrow as that in the specimen illustrated by Riedel
and Sanfilippo (1970, pl. 12, fig. 5). Abdomen in some specimens short,
as if compressed, narrowing abruptly rather than tapering distally. The
poreless peristome bears a variable number of short triangular teeth,
rather than three spathulate feet.

Remarks: This form differs from Podocyrtis diamesa and P. phyxisin
having the mouth more strongly constricted, and from the latter in
having smaller pores.

The specific name is derived from the Greek doros (leather bag),
and is used as a noun in apposition.
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8(10)Bd. Podocyrtis (podocyrtis) papalis Ehrenberg
(Plate 20, Figures 11-14; Plate 36, Figures 2,3)

Podocyrtis papalis Ehrenberg, 1847b, fig. 2; 1854, pl. 36, fig. 23; 1873,
p- 251; Riedel and Sanfilippo, 1970, p. 533, pl. 11, fig. 1.
Remarks: This species is the earliest well-understood pterocory-

thid, and it was therefore hoped that the lower part of the Leg 10

radiolarian sequence would provide clues to the evolutionary origin

of its three-lobed cephalis. However, this feature evidently arose
during the period between the time of deposition of Core 86-7 and

that of Core 96-4, which was not satisfactorily cored. Core 96-5

contains a form somewhat resembling Podocyrtis papalis but

lacking feet, and with the cephalis showing indistinct furrows but

no bulged lobes (Plate 36, Figure 1).

In the oldest assemblage containing Podocyrtis papalis (from 96-4,
CC), radiolarians in two states of preservation are present—some skele-
tons are very well preserved (and may be from cavings from higher in
the hole), and others are so poorly preserved that the cephalic structure
of this species cannot be determined. In well preserved specimens from
96-4, CC, and in those from Core 96-3, two lateral cephalic lobes are
separated from the unpaired lobe by furrows that extend from near the
point of junction of the primary lateral bars with the lattice shell to a
point just below that at which the apical spine leaves the cephalic surface,
and the entire cephalis is approximately uniformly perforated by pores
(Plate 36, Figure 2). The apical bar extends freely within the cephalic
cavity. In somewhat younger samples (e.g. Core 94-30), some specimens
retain this structure but others have a cephalis in which the lateral
furrows join the apical bar (incorporated in the cephalic wall) at a lower
point, and the median cephalic lobe is poreless or sparsely pored (Plate
36, Figure 3). In these latter forms, the apical spine tends to have a broad
base, with blades originating as the intervening bars between the sparse

pores.

8(10)Be. Podocyrtis (podocyrtis) phyxis Sanfilippo and
Riedel, new species
Podocyrtis (Podocyrtis) diamesa Riedel and Sanfilippo, 1970, p. 533

(pars), pl. 12, fig. 6.

Description: Similar in general form to P. diamesa, but rather stocky,
with a relatively larger, somewhat more inflated abdomen, and larger
pores on both abdomen and thorax. No longitudinal ribs between pores.

Remarks: We here designate the specimen figured by Riedel and
Sanfilippo (1970, pl. 12, fig. 6) as the holotype of this species, which is
the intermediate form in the evolutionary lineage from Podocyrtis
diamesa to P. ampla.

The specific name is the Greek phpxis (flight), and is used as a noun
in apposition.

8(10)Bf. Podocyrtis (podocyrtis) platypus Sanfilippo and
Riedel, new species
(Plate 21, Figures 1-3; Plate 36, Figures 4,5)

Description: Cephalis elongate-hemispherical, with small pores,
bearing a bladed horn somewhat longer than the cephalis. Collar stric-
ture indistinctly marked by change in contour. Thorax inflated-conical,
with pores circular or slightly elongate (with inwardly projecting
thorns), in longitudinal rows separated by ridges. Generally a slight
external lumbar stricture. Abdomen approximately cylindrical, slightly
inflated, with pores and intervening ridges in some specimens similar to
those of distal part of thorax, in others pores larger and less regularly
arranged. Feet long, spathulate, usually heavily ridged, abruptly trans-
versely terminated (or rarely cleft), with abdominal pores in most speci-
mens extending onto the upper part of the feet. No distinct poreless
peristome at the abdominal margin between the feet.

Measurements (based on 20 specimens from Cores 94-22, 94-27,
and 94-28). Length (excluding horn) 285-370u, maximum breadth
125-160u.

Remarks: This species is characterized principally by its distinctively
ridged, squared-off feet. It differs from Podocyrtis papalis in having the
outline not smoothly fusiform, but tending to show a lumbar stricture,
and from P. diamesa in the form of the feet and abdominal termination.

The specific name is chosen to indicate that the feet of this form
show a general resemblance to the bill of a platypus (Ornithorhynchus
anatinus), and is treated as a noun.
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Subgenus LAMPTERIUM Haeckel

Lampterium Haeckel, 1881, p. 434.
Podocyrtis (Lampterium) Haeckel, Riedel and Sanfilippo, 1970, p. 534.

8(10)Bg. Podocyrtis (lampterium) amphorma Riedel
and Sanfilippo
(Plate 20, Figures 7,8)

Podocyrtis (Lampterium) aphorma Riedel and Sanfilippo, 1970, p. 534,
pl. 11, fig. 2.

8(10)Bh. Podocyrtis (lampterium) chalara Riedel
and Sanfilippo

Podocyrtis (Lampterium) chalara Riedel and Sanfilippo, 1970, p. 535, pl.
12, figs. 2, 3.

8(10)Bi. Podocyrtis (lampterium) goetheana (Haeckel)

Cycladophora goetheana Haeckel, 1887, p. 1376, pl. 65, fig. 5.
Podocyrtis (Lampterium) goetheana (Haeckel), Riedel and Sanfilippo,
1970, p. 535.

8(10)Bj. Podocyrtis (lampterium) mitra Ehrenberg

Podocyrtis mitra Ehrenberg, 1854b, pl. 36, fig. B20.
Podocyrtis (Lampterium) mitra Ehrenberg, Riedel and Sanfilippo, 1970,
p. 534, pl. 11, figs. 5, 6.

8(10)Bk. Podocyrtis (lampterium) sinuosa Ehrenberg?
(Plate 21, Figures 4,5)

[?] Podocyrtis sinuosa Ehrenberg, 1873, p. 253; 1875, pl. 15, fig. 5.
Podocyrtis (Lampterium) sinuosa Ehrenberg (?), Riedel and Sanfilippo,
1970, pl. 11, figs. 3, 4.

8(10)BI. Podocyrtis (lampterium) trachodes Riedel and
Sanfilippo

Podocyrtis (Lampterium) trachodes Riedel and Sanfilippo, 1970, p. 535,
pl. 11, fig. 7; pl. 12, fig. 1.

8(10)C. Genus THEOCYRTIS Haeckel
Theocyrtis Haeckel, 1887, p. 1405.
8(10)Ca. Theocyrtis annosa (Riedel)

Phormaocyrtis annosa Riedel, 1959, p. 295, pl. 2, fig. 7.
Theocyrtis annosa (Riedel), Riedel and Sanfilippo, 1970, p. 535, pl. 15,
fig. 9.

8(10)Cb. Theocyrtis tuberosa Riedel
Theocyrtis tuberosa Riedel, 1959, p. 298, pl. 2, figs. 10, 11.

8(11). Family CANNOBOTRYIDAE Haeckel 1881, emend.
Riedel 1967

The early Eocene samples contain rare cannobotryids, which prob-
ably all belong to one species, and which are at least superficially
similar to early members of the Botryopyle dictyocephalus group except
in that they lack a postcephalic chamber. The antecephalic chamber (in
the sense of Petrushevskaya, 1965) is connected to the cephalic chamber
by two pairs of large pores separated by the apical bar and its anterior
appendages (a of Petrushevskaya, 1968), and in some specimens also by
two or three smaller pores above these large ones. The apical bar extends
freely within the upper part of the antecephalic chamber, There is a slight
external furrow associated with the ap arch (of Petrushevskaya, 1968),
in the wall of the lower anterior part of the cephalic chamber.

These early cannobotryids (Plate 21, Figures 6-13; Plate 36, Fig-
ures 6-8) do not have a dorsal branch from the apical bar traversing
the antecephalic chamber as in Eribotrys Foreman (1968), but Core
96-3 contains small skeletons resembling the cephalis and upper part of
the thorax of pterocorythids, in which such a dorsal branch is pre-
sent (Plate 36, Figures 8-11). The possible relation of these latter to
the late Cretaceous Eribotrys remains to be determined, as also does
the reason for the absence of cannobotryids in Cores 96-4, 86-7,
and 86-8. The paired lobes of the pterocorythid-like forms may be
homologous with the lower part of the antecephalic chamber in the
early cannobotryids.
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8(11)A. Genus ACROBOTRYS Haeckel
Acrobotrys Haeckel, 1881, p. 440.
8(11)Aa. Acrobotrys spp.

Acrobotrys spp., Riedel and Sanfilippo, 1971, p. 1601, pl. 17, figs. 12-16;
pl. 27, figs. 13-15; pl. 3F, fig. 8.

8(11)B. Genus BOTRYOCYRTIS Ehrenberg

Botryocyrtis Ehrenberg, 1860, p. 829. Type species (designated by Camp-
bell, 1954, p. 144) Botryocyrtis caputserpentis Ehrenberg (1872a, p.
301; 1873, pl. 10, fig. 21).

8(11)Ba. Botryocyrtis spp.

Botryocyrtis spp., Riedel and Sanfilippo, 1971, p. 1602, pl. 17, figs. 1-11;
pl. 2J, figs. 10-12; pl. 3F, fig. 7.

8(11)C. Genus BOTRYOPY LE Haeckel

Botryopyle Haeckel, 1881, p. 440. Type species (indicated by Campbell,
1954, p. 144) Botryopyle sethocorys Haeckel (1887, p. 1112, pl. 96, fig.
7).

8(11)Ca. Botryopyle sp. A

Botryopyle sp. A, Riedel and Sanfilippo, 1971, p. 1602, pl. 2J, figs. 20,
21; pl. 3F, fig. 13.

8(11)Cb. Botryopyle dictyocephalus Haeckel group

Botryopyle dictyocephalus Haeckel, 1887, p. 1113, pl. 96, fig. 6.
Botryopyle dictyocephalus Haeckel group, Riedel and Sanfilippo, 1971, p.
1602, pl. 173, figs. 21-26; pl. 2], figs. 16-18; pl. 3F, figs. 9-12.

8(11)D. Genus CENTROBOTRYS Petrushevskaya

Centrobotrys Petrushevskaya, 1965, p. 113. Type species (by monotypy)
Centrobotrys thermophila Petrushevskaya.

8(11)Da. Centrobotrys gravida Moore
Centrobotrys gravida Moore, 1971.

8(11)Db. Centrobotrys petrushevskayae Sanfilippo and
Riedel, new species
(Plate 36, Figures 12, 13)

Centrobotrys (7) sp. A, Riedel and Sanfilippo, 1971, p. 1602, pl. 3F, figs.

15, 16.

Description: Prominent eucephalic lobe surrounded by a large, ir-
regularly pored chamber that is not subdivided into ante- and post-
cephalic parts. Cephalic outline generally smoothly rounded, but in late
forms its apex tends to be pointed though to a lesser degree than in C
thermophila. Thorax subcylindrical, its wall irregularly porous, tending
to be closed distally in some late specimens.

Measurements (based on 20 specimens from 95-4-4 and 95-5-2).
Total length of shell 85-120u. Maximum breadth of cephalis 45-65p.

Remarks: This species differs from Centrobotrys thermophila in hav-
ing a more porous shell and rounded apex, and from C. gravida in not
having the thorax closed and inflated, and in somewhat thinner shell
wall. C. petrushevskayae appears to represent an evolutionary link be-
tween C. gravida and C. thermophila.

The species is named for M.G. Petrushevskaya, in recognition of
her contributions to the understanding of the fundamental structure
of Cannobotryidae and other radiolarian families.

8(11)Dc. Centrobotrys thermophila Petrushevskaya

Centrobotrys thermophila Petrushevskaya, 1965, p. 115, text-fig.
20.
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PLATES

Plates 1-21 constitute a synchronopticon, with figures
arranged in such a way that a horizontal row contains the
forms in an assemblage of one age, and vertical rows show
changes in a group through time. The youngest assem-
blage is at the top of these plates, and the oldest at the
bottom. The five samples from which the illustrated speci-
mens were obtained are the following: 94-22-4 (42-44 cm),
94-28-5 (43-45 cm), 94-30-2 (114-116 cm), 96-3-5 (42-44
cm), and 86-8 (CC). These are the same levels as used by
Foreman in the synchronopticon in her chapter in this
volume. Because each horizontal row generally illustrates
forms from a single sample, it has not been necessary to
specify the sample in the explanation of each figure. How-
ever, in those cases in which a species does not occur in
the samples used for the synchronopticon, or in which it
has not been possible to find a suitable specimen in one of
the above five samples, a specimen has been chosen from
another sample and its source is specified in the figure
explanation.

The sample number and slide designations indicate
preparations in our collection at Scripps Institution of
Oceanography, and designations in the form “U 35/1”
indicate England Finder positions of the illustrated speci-
mens on the slides. Slides bearing type specimens will be
deposited in the U.S. Museum of Natural History, Wash-
ington, D.C.

Evolutionary limits have been applied, where possible,
in naming the species in the explanations to the syn-
chronopticon plates. The abundance of each morphotype
in an assemblage is indicated by *“a” (abundant), “c”
(common), “f” (few), “r” (rare), or “+" (very rare) near
the top of each figure.

We attempted to use only a few different magnifications
in preparing the illustrations, but breakdown of one set of
photomicrographic equipment during the course of this
work forced us to change to another, resulting in a larger
variety of magnifications than is desirable. The reader is
therefore cautioned to note the magnifications given, when
comparing illustrations.
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Figures 1-5

Figures 6-12

Figures 13-17

Figure 18

Figure 19

Figures 20-22

PLATE 1

Amphisphaera minor (Clark and Campbell)
1. Cse. 1, X29/4 (95X)

2. Cse. 1, F22/0 (95X)

3. Cse. 1, D30/3 (95X)

4. Cse. G, D23/3 (95x)

5. Cse. A, D19/1 (95X)

Axoprunum pierinae (Clark and Campbell) group
6. Cse. 1, L22/0 (95X)

7. 8L 1, L5/4 (95X)

8. Cse. 1, Q35/0 (95X)

9. Cse. 1, R36/0 (95X)

10. Cse. G, L16/1 (95X)

11. Cse. G, M22/2 (95X)

12, Cse. 1, T39/4 (95X)

Stylosphaera coronata coronata Ehrenberg
13. Ph. 2, Y21/1 (95X)

14. SI. 1, 040/0 (95%)

15. Cse. 1, R36/0 (95%)

16. SI. A, X23/0 (95X)

17. SI. A, W9/3 (95%)

Stylosphaera coronata sabaca Sanfilippo and Riedel,

n. subsp.
Cse. 1, N22/0 (95X)

Stylosphaera coronata laevis Ehrenberg
Ph. 2, Y42/2 (95X)

Stylosphaera goruna Sanfilippo and Riedel, n. sp.
20. SI. A, T34/0 (95%)

21. SL. A, K8/1 (165X)

22. SL. A, E35/3 (165X%)
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Figures 1-3

Figures 4-6

Figures 7-9

Figures 10-19

PLATE 2

Spongatractus balbis Sanfilippo and Riedel, n. sp.
1. Cse. 1, D44/3 (95X)
2. Cse. 5, K20/4 (95X)
3. Cse. 1, Q48/2 (95X)

Spongatractus pachystylus (Ehrenberg)
4. Cse. 1, X24/4 (95X)

5. Cse. 5, N23/3 (95X)

6. SL. 1, J12/0 (95X%)

Theocosphaerella Sp. cf. T. agdaraensis (Mamedov)
7. Cse. 1, L16/3 (95%)

8. SI. 1, L34/2 (95X)

9. SL. 1, Y46/1 (95X%)

Entapium regulare Sanfilippo and Riedel, n. sp.
10. Cse. 1, R45/1 (95%)
11. Cse. 1, T19/4 (95%)
12. Cse. 1, T39/1 (95X)
13. Cse. 1, Q35/4 (95X)
14. Cse. 1, Q24/3 (95X)
15. Cse. 1, T43/3 (95X)
16. Cse. 2, H47/2 (105%)
17. Cse. G, L22/0 (105X)
18. Cse., M19/0 (95x%)
19. Cse. 1, V10/4 (95X)
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PLATE 3

Figures 1, 2 Lithapium plegmacantha Riedel and Sanfilippo
1. Cse. 1,U12/2(95X)
2. Sl. 2,U30/4 (95X)

Figure 3 Entapium chaenapium Sanfilippo and Riedel, n. sp.
Cse. 5, M27/3 (95X)

Figures 4-6 Thecosphaera larnacium Sanfilippo and Riedel, n.
Sp-
4. Cse. 1, B18/1 (95X)
5. Cse. G, L26/1 (95X%)
6. Cse., V34/0 (95X)

Figures 7-11 Thecosphaerella rotunda (Borisenko)
7. Cse. 1, U37/4 (95X%)
8. Sl 1, V25/3 (95x)
9. S 1, X50/3 (95%)
10. Cse. E, K46/4 (95X%)
11. Cse. 1, L14/1 (95X%)

Figures 12, 13 Thecosphaerella glebulenta Sanfilippo and Riedel, n.
sp.
12. Cse. 1, W14/1 (95X%)
13. Cse. 1, Y15/4 (95%)

Figures 14-18  Thecosphaerella ptomatus Sanfilippo and Riedel, n.
sp.
14. Cse. 1, P39/3 (95%)
15. Cse. 1, L14/0 (95X)
16. Cse. 1, Q19/0 (95X%)
17. Cse. G, W8/3 (105%)
18. Cse. 1, W28/0 (95X)
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PLATE 4
Figure 1 Hexalonche () sp. A
Cse., Q38/2 (95X)
Figure 2 Hexacontium palaeocenicum Sanfilippo and Riedel,
n. sp.

Cse. 1, N30/0 (95%)

Figure 3 Carposphaera subbotinae (Borisenko)
Cse. 1, N30/0 (95%)

Figure 4 Cenosphaera sp. A
SL 1, X26/2 (95X)

Figure 5 Diploplegma somphum Sanfilippo and Riedel, n. sp.
Cse., J37/0 (95X)

Figures 6, 7 Lithomespilus mendosa (Krasheninnikov)

6. Cse. 1, E29/2 (95X)
7 Cse. 1, J9/4 (95%)
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Figures 1, 2

Figures 3, 4

Figures 5, 6

PLATE 5

Astrosphaerin sp. A
1. Cse.,, V38/0 (95x)
2. Cse.,, X7/2 (95%)

Astrosphaerin sp. B
3. Cse. 1, Y42/1 (95X)
4. Cse. F, 823/0 (95X)

Astrosphaerin sp. C
5. Cse. F, Q10/2 (95X)
6. Cse. F, H31/1 (95X)
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PLATE 6

Figures 1, 2 Astrosphaerin sp. D
1. 96-3-6 (42-44 cm). Cse. 1, W17/2 (95X)
2. Cse., U20/4 (95%)

Figures 3-6 Astrosphaerin sp. E
3. GCse. 1, V27/1 (95X)
4. 96-3-6 (42-44 cm). Cse. 1, Y32/1 (95X)
5. Cse.,, L38/2 (95%)
6. Cse., B26/1 (95X)

Figures 7, 8 Astrosphaerin sp. F.
7. Cse. F, R10/0 (95%)
8. Cse., R6/1 (95%)
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Figures 1-6

Figures 7-9

Figure 10

Figures 11, 12

PLATE 7

Lithelius foremanae Sanfilippo and Riedel, n. sp.
Cse. 1, P23/0 (95X)

. SL 1, U22/2 (95%)

. Sl 1, B34/2 (95%)

. SL 1, X45/3 (95X)

. SL A, L42/2 (95X)

. Cse. 1, M40/3 (95X)

il o

o Lh

Lithelius hexaxyphophorus (Clark and Campbell)
7. Cse. 1, T18/4 (95X)
8. Cse. 5, T37/3 (95X)
9. Cse. 1, N23/3 (95%)

Actinommid gen. et. sp. idet.
Cse. 1, K32/1 (95X)

Astrophacus linckiaformis (Clark and Campbell)
11. Cse. 1, H45/3 (95)
12. Cse. 1, N15/0 (95%)
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PLATE 8

Figures 1-7 Heliostylus spp.

. Cse. 1, H32/2 (60X)
Cse. 1, V49/1 (95X)
Cse. 1, K11/2 (95%)
Cse. 1, U31/3 (95X)
Cse. G, Q12/2 (95X)
Cse. F, J27/3 (95X)
Cse. A, K12/0 (60X)

N v AW~

Figures 8-10  Periphaena decora Ehrenberg
8. Cse. 1, 842/3 (95X)
9. SI. 1, Y41/2 (95X)
10. Cse. 1, K51/2 (95X)

Figures 11, 12 Periphaena delta Sanfilippo and Riedel, n. sp.

11. Cse. 1, Q25/2 (95X)
12. SL. 1, E42/3 (95X)
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Figures 1-6

Figures 7-9

Figures 10, 11

PLATE 9

Periphaena heliasteriscus (Clark and Campbell)
. Cse. 1, S34/4 (95X)

SI 1, X41/0 (95%)

Cse. 1, L42/4 (95X)

Cse. 1, W49/0 (95X)

Cse. G, J27/4 (105 X)

Cse. A, D37/3 (95X)

R

Periphaena tripyramis tripyramis (Haeckel)
7. Cse. 1, N36/2 (95X)

8. SL 1, X43/3 (95%)

9. Sl 1,N20/0 (95X)

Periphaena tripyramis triangula (Sutton)
10. Cse. 1, U14/0 (95X)
11. Cse. 1, J28/3 (105X)
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PLATE 10

Figures 1, 2 Lithocyclia ocellus Ehrenberg group
1. Cse. 1, F36/1 (95X)
2. Cse. 1, W48/3 (95X)

Figures 3-6 Amphicraspedum murrayanum Haeckel
3. Cse. 1, K21/4 (95X%)
4. Cse. 2, R27/0 (95X)
5. Cse. G, X13/1 (95%)
6. Cse. G, Ul4/4 (95%)

Figures 7-11  Amphicraspedum prolixum Sanfilippo and Riedel
group
7. Cse. 1, Y15/0 (60X)
8. SI. 1, G30/4 (95%)
9. Cse. 1, E40/1 (95X)
10. Cse. G, N15/2 (95X)
11. Cse. G, U30/4 (60x)
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Figures 1-5

Figures 6-8

Figures 9-13

Figures 14-17

Figures 18, 19

PLATE 11

Amphicraspedum prolixum Sanfilippo and Riedel
group

1. Cse. 1, X14/0 (95X)

2. 94-22-1 (42-44 cm), Cse. A, G50/0 (95%)

3. 94-28-2 (42-44 cm), Cse. 2, U32/2 (95X)

4. 94-30-2 (44-46 cm), Cse. G, T16/3 (60X)

5. Cse. G, V33/1 (95X)

Amphymenium splendiarmatum Clark and Camp-
bell

6. SL 2, M32/2 (165X)

7. SL 2, M41/1 (165X)

8. SL. 1, V10/0 (165x)

Spongodiscus americanus Kozlova

9. 94-22-1 (42-44 cm), Cse. C, T22/0 (95X)
10. Cse.1, S19/4 (95X)

11. Cse. 2, N31/4 (95X)

12. Cse. G, U23/1 (95%)

13. Cse. 1, R26/0 (95X)

Spongodiscus cruciferus Clark and Campbell
14. 94-22-1 (42-44 cm), Cse. C, Q27/4 (95X)
15. SL 1, N12/0 (95X)

16. Cse. 2, L31/3 (95X%)

17. Cse. G, 030/0 (95X%)

Spongodiscus sp.
18. 96-4-CC, Sl. 1A, F30/3 (105x)
19. Cse. A, T18/3 (105x)
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Figures 1, 2

Figures 3-5

Figures 6, 7

Figures 8-10

PLATE 12

Spongodiscus phrix Sanfilippo and Riedel, n. sp.

1. Cse. 1, U26/3 (95X)
2. 94-28-2 (42-44 cm), Cse. 2, W34/0 (95X)

Spongodiscus pulcher Clark and Campbell
3. Cse. 1, L30/3 (95X)
4. Cse. 1, U39/0 (95X)
5. Cse. 1, M23/0 (95%)

Spongodiscus quartus quartus (Borisenko)
6. Cse. G, P45/4 (95%)
7. Cse. F, S24/4 (95X)

Spongodiscus quartus bosoculus Sanfilippo and Rie-
del, n. subsp.

8. SL 1, W33/3 (95X)

9. Cse. G, 029/3 (95X%)

10. Cse. 1, U37/4 (95X)



ieri

B. clinata Z. P. s. striata Z. T. mongolf

B. bidarfensis Z.

Unzoned interval

PLATE 12
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Figures 1-3

Figures 4, 5

Figures 6-8

Figures 9-14

PLATE 13

Spongodiscus rhabdostylus (Ehrenberg)
1. Cse. 1, X41/4 (95%)

2. Cse. 1, L28/1 (95X)

3. Cse. 2, H27/1 (95X)

Stylotrochus alveatus Sanfilippo and Riedel, n. sp.
4. Cse. G, S21/3 (95%)
5. Cse. 1, J34/0 (95X)

Stylotrochus charlestonensis (Clark and Campbell) ?
6. SL 1, 032/3 (95X)
7. Cse. 1, H15/3 (95X)
2,Y37/3 (95%)

Stylotrochus nitidus Sanfilippo and Riedel, n. sp.
9. Cse. 2, D42/3 (95X)
10. Cse. 1, S40/0 (95)
11. Cse. 2, T33/0 (95X)
12. Cse. G, J15/1 (95X)
13. Cse. G, C26/4 (95X)
14. Cse. 1, Q16/4 (95%)
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PLATE 14

Figures 1,2 Stylotrochus quadribrachiatus quadribrachiatus San-
filippo and Riedel, n. sp.
1. Cse.G,E23/1 (95X)
2. Cse.2,W37/2 (95X)

Figures 3,4 Stylotrochus quadribrachiatus multibrachiatus San-
filippo and Riedel, n. subsp.
3. 94-25-1 (42-44 c¢m), Cse. C, T16/0 (95X)
4. 94-25-2 (42-44 cm), Cse., T13/1 (95X)

Figures 5-12 Xiphospira circularis (Clark and Campbell)

; 5. Cse. 1,X33/4 (95X)

6. Cse. 1,843/2 (95X)

7. Cse. 1,N19)‘0 (95X)
8. Cse. G, W36/1 (95X)

9. Cse. 2,C36/0 (95X)

10. Cse. G. S38/1 (95X)

11. Cse. G, V29/2 (95X)

12. Cse. 1,839/0 (95X)
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Figures 1-3

Figure 4

Figure 5

Figures 6, 7

Figures 8-13

PLATE 135

Ceratospyris articulata Ehrenberg
1. S1.2,M36/3 (165X)
2. SL.1,X15/4 (165X)
3. Ph.2,L10/1 (165X)

Ceratospyris (?) sp.
S1. 2, T38/3 (165X)

Dendrospyris acuta Goll
S1. 1,P47/2 (165X)

Dendrospyris aff. D. acuta Goll
6. Ph. 2,Y33/2 (165X)
7. Ph. 2, U15/2 (165X)

Dendrospyris fragoides Sanfilippo and Riedel, n. sp.

8.
D

10.
11.
12
13.

SL. 2, T41/0 (165X)
SL. 1, V23/3 (165X)
Ph.2,017/3 (165X)
Ph. 2, N22/4 (165X)
SI. A, K45/1 (165X)
Slide “<124uA”, Y41/2 (165X)
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Figure 1

Figure 2

Figure 3

Figures 4-8

Figures 9, 10

566

PLATE 16

Dendrospyris tirriturcica tirriturcica Sanfilippo and
Riedel, n. sp.
SI. 1,V27/2 (165X)

Dendrospyris ¢f. D. tirriturcica Sanfilippo and Riedel
94-28-4 (42-44 cm), Sl. 2, N42/4 (165X)

Dendrospyris tirriturcica dasyotus Sanfilippo and
Riedel, n. subsp.
94-28-3 (43-45 cm), S1. C, V36/0 (180X)

Dictyospyris discus Sanfilippo and Riedel, n. sp.
4. S1.1,V19/0 (165X)

5. Ph. 2, F26/0 (165X)

6. Ph. 2,Y34/3 (165X)

7. Slide “<124uA”, 018/2 (165X)

8. Slide “<124uA”, X23/) (165X)

Dictyospyris gigas Ehrenberg
9. SI. 1, U15/4 (165X)
10. Ph.2,R37/0 (165X)
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PLATE 17

Figures 1, 2 Dictyospyris melissium Sanfilippo and Riedel, n. sp.
1. Sl 1, B26/4 (165X)
2. SL. 1, F31/1 (165X)

Figures 3-5 Dictyospyris sphaera Biitschli
3. SL 2, X38/4 (165%)
4. SI. 1, D 33/0 (165x%)
5. Ph. 2, Z13/2 (165X)

Figures 6-10 Dorcadospyris confluens (Ehrenberg)
6. SI. 2, M20/1 (180%)
7. SI. 1, R14/1 (165X)
8. Sl 1, H49/2 (165%)
9. SI. 1, X41/4 (165X)
10. Slide “<124uA”,J54/1 (165X)

Figures 11-15  Dorcadospyris platyacantha (Ehrenberg)
11. SL 2, U47/0 (165x)
12. SI. 1, T11/4 (165%)
13. Ph. 2, N18/0 (165X)
14. Ph. 2, T15/0 (165X)
15. SI. G, B41/0 (165x)
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PLATE 18

Figures 1-3 Giraffospyris cyrillium Sanfilippo and Riedel, n. sp.
1. Ph. 2, J29/4 (165X)
2. Sl 1, P24/3 (165X)
3. Ph. 2, L37/3 (180 %)

Figures 4-7 Giraffospyris lata Goll
4. 81 1, R36/0 (165x)
5. Ph. 2, H11/3 (165 X)
6. Slide “<124uA”, 038/4 (165X)
7. Slide “<124pA™, E23/0 (165X)

Figures 8-11 Rhabdolithis ellida Sanfilippo and Riedel, n. sp.
8. 94-28-4 (42-44 cm), S1. 2, N29/0 (165X)
9. 96-3-3 (42-44 cm), Cse. 1, X9/1 (95X%)
10. Cse. E, L11/3 (95X%)
11. SL A, T29/4 (165X)

Figures 12-16  Rhabdolithis pipa Ehrenberg
12. SL. 2, D22/3 (165X)
13. 94-28-4 (42-44 cm), Sl. 2, M38/4 (180X)
14. Cse. 1, Q45/3 (165X)
15. SL 1, H13/2 (165X)
16. 96-3-3 (42-44 cm), Cse. 5, L39/3 (165X)
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Figure 1

Figure 2

Figures 3, 4

Figure 5

Figures 6, 7

Figure 8

PLATE 19

Dictyophimus craticula Ehrenberg
94-22-1 (42-44 cm), Cse. A, H17/2 (105x)

Dictyophimus sp. aff. D. craticula Ehrenberg
Cse. A, T43/4 (95X)

Spongomelissa adunca Sanfilippo and Riedel, n. sp.
3. Cse. G, L19/1 (95%)
4. Cse. A, V46/2 (95X)

Spongomelissa sp. aff. S. adunca Sanfilippo and
Riedel
Cse. A, X27/0 (95X)

Spongomelissa cucumella Sanfilippo and Riedel, n.
sp.
6. Ph. 1, M11/0 (165x)
7. Ph. 1, R38/3 (165X)

Plagoniid gen. et. sp. indet.
94-29 (CC), SI. 5, C11/4 (165%)
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Figure 1

Figures 2-6

Figures 7, 8

Figures 9-10

Figures 11-14

PLATE 20

Spongomelissa euparyphus Sanfilippo and Riedel, n.
sp.
94-30-1 (80-82 cm), Cse. 1, E46/3 (95X)

Velicucullus sp(p).

. 94-22-1 (42-44 cm), Cse. A, L35/2 (105X)
94-28-1 (113-115 cm), Cse. C, D47/2 (105X)
94-30-2 (44-46 cm), Cse. G, S37/0 (105X)
Cse. F, D38/1 (105X)

Cse. 1, Q44/3 (95X)

R RS

Podocyrtis aphorma Riedel and Sanfilippo
7. Cse. 1, T33/1 (95X)
8. Cse. 2, N25/1 (95X)

Podocyrtis diamesa Riedel and Sanfilippo
9. Cse. 1, N15/3 (95X%)
10. SL 1, L35/0 (95x)

Podocyrtis papalis Ehrenberg
11. Cse. 1, G29/4 (95X)
12. SL 1, L32/3 (95X)

13. SL 1, S37/0 (95%)

14, Cse. F, W19/1 (95X)
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PLATE 21

Figures 1-3 Podocyrtis platypus Sanfilippo and Riedel, n. sp.
1. Cse. 1, F13/3 (95X)
2. SL 1, C43/4 (95X)
3. Cse. 2, J26/0 (95X)

Figures 4, 5 Podocyrtis sinuosa Ehrenberg ?
4. Cse. 1, T20/0 (95X)
5. SL 1, N11/4 (95X%)

Figures 6-13  Cannobotryids gen(n). et sp(p). indet.
6. S1.2, W11/0 (165X)
7. 94-28-2 (4244 cm), S1. 1, G13/2 (165X)
8. 94-30-1 (80-82 cm), Ph. 2, W43/2 (165X)
9. 94-31 (CC), S1. 2, R14/3 (165X)
10. 94-31 (CC), S1. 2, T46/3 (165X)
11. 94-31 (CC), S1. 2,J26/0 (165X)
12. 96-34 (4244 cm), Sl. 1,U20/4 (165X)
13. 96-3 (CC), SI. 1, Q38/2 (165X)
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PLATE 22

Figure 1 Polysolenia sp.
94-12-1 (42-44 cm), SL. A, T19/2 (230X)

Figure 2 Collosphaerid gen. et. sp. indet.
94-12 (CQC), SI. 1, J21/3 (230x)

Figure 3 Saturnalin with spiny ring
86-8-4 (1-2 cm), Cse., T30/3 (180x)

Figure 4 Amphisphaera minor (Clark and Campbell)
94-22-4 (42-44 cm), Cse. 1, X29/4 (165 X)

Figure 5 Astrosphaerin sp. A
86-8 (CC), Cse., V38/0 (165X)

Figure 6 Astrosphaerin sp. cf. sp. A
96-3 (CC), Cse. A, V32/3 (180%)

Figure 7 Astrosphaerin sp. B
96-3-5 (42-44 cm), Cse. F, S23/0 (165X)

Figure 8 Astrosphaerin sp. C
96-3-5 (42-44 cm), Cse. F, H31/1 (165X)

Figure 9 Astrosphaerin sp. D
96-3-6 (42-44 cm), Cse. 1, W17/2 (165X)

Figures 10, 11, Terminal spathilla on astrosphaerin spine
86-8 (CC), Cse., R27/0 (255X)
10. 255
11. 350%

Figure 12 Lattice-shell fragment, possibly from astrosphaerin

sp. D, Eor F.
94-30-2 (114-116 cm), Cse. 1, Q17/3 (165X)
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Figure 1

Figure 2

Figure 3

Figures 4, 5

Figure 6

Figures 7, 8

Figures 9-12

PLATE 23

Astrosphaerin sp. E
86-8 (CC), Cse., B26/1 (165X)

Astrosphaerin sp. F
86-8 (CC) Cse., R6/1 (180%)

Axoprunum pierinae (Clark and Campbell) group
94-22-4 (42-44 cm), Cse. 1, L22/0 (165X)

Carposphaera subbotinae (Borinsenko)
4. 86-8 (CC), Cse., J12/2 (165X)
5. 94-30-2 (44-46 cm), Cse. 1, E47/3 (165X)

Cenosphaera sp. A
94-30-2 (114-116 cm), Ph. 2, X12/1 (255X)

Diploplegma somphum Sanfilippo and Riedel, n. sp.
7. Holotype, 96-3-6 (42-44 cm), Cse. 1, R42/1
(180%)
8. 86-8 (CC), Cse., J12/4 (165X)

Entapium chaenapium Sanfilippo and Riedel, n. sp.
9. Holotype, 94-28-2 (42-44 cm), Ph. 1, 024/1

(180x)

10-12: Broken specimens showing open medullary
shell, displaced peripherally in fig. 11.

10. 94-26-4 (43-45 cm), Cse. 2, E19/3 (255X)

11. 94-26-4 (43-45 cm), Cse. 2, H23/1 (255%)
12, 94-27 (CC), S1. 1, M24/1 (255X)
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Figures 1-3

Figure 4

Figure 5

Figures 6, 7

Figures 8, 9

Figures 10, 11

PLATE 24

Entapium regulare Sanfilippo and Riedel, n. sp.
1, 2. Holotype, focused on different planes.
94-22-4 (42-44 cm), Cse. 1, H25/1 (165X)
3. 96-3-6 (42-44 cm), Cse. 2, X42/0 (180X)

Hexacontium palaeocenicum Sanfilippo and Riedel,
n. sp.
Holotype, 86-8-3 (44-46 cm), Cse., J18/2 (165X)

Hexalonche (?) sp. A
86-8-4 (46-48 cm), Cse. 5, L12/0 (255X)

Lithapium anoectum Riedel and Sanfilippo

6. 95-7-1 (43-45 cm), SI. 1, R50/3 (255X%)

7. 95-7-1 (43-45 cm), Slide “<124uA”, V43/0
(230x)

Lithapium plegmacantha Riedel and Sanfilippo
8. 94-25-3 (113-115 cm), Cse., W24/3 (255X)
9. 94-23-2 (42-44 cm), Cse. 1, P16/0 (230X)

Lithomespilus mendosa (Krasheninnikov)
10. 86-8-3 (44-46 cm), Cse., P35/3 (255X)
11. 86-8-3 (44-46 cm), Cse., H18/2 (255X)
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Figures 1, 2

Figure 3

Figure 4

Figures 5, 6

Figures 7, 8

Figures 9, 10

Figures 11, 12

Figures 13, 14

Figure 15

PLATE 25

Spongatractus balbis Sanfilippo and Riedel, n. sp.
1. Holotype, 95-8-2 (42-44 cm), Cse. 1, J15/0
(165X)
2. 94-30-2 (114-116 cm), Cse. 1, Q48/2 (165X)

Spongatractus pachystylus (Ehrenberg)
94-22-4 (42-44 cm), Cse. 1, D33/3 (165X)

Stylosphaera coronata coronata Ehrenberg
95-7 (CC), SL 1, M37/1 (255 X)

Stylosphaera coronata laevis Ehrenberg

5. 94-20-2 (39-41 cm), SL. 2, H39/4 (255X)

6. 94-17-1 (36-38 cm), Slide “<124uA” K21/1
(230x)

Stylosphaera coronata sabaca Sanfilippo and Riedel,
n. sp.

7. Holotype, 94-26-2 (43-45 cm), Ph. 1, K18/2
(255%)

8. 94-28-5 (43-45 cm), SI. 1, C46/4 (255X)

Stylosphaera goruna Sanfilippo and Riedel, n. sp.
9. 86-7 (CC), Sl. 2, U13/0 (180x)

10. Holotype, 96-3-4 (4244 cm), Ph. 2, X46/0

(255)

Actinommids genn. et spp. indet
11. 96-3-4 (42-44 cm), Ph. 2, Y18/4 (255X)
12. 86-7 (CC), SI. A, T27/0 (230X)

Thecosphaera larnacium Sanfilippo and Riedel, n.
sp.

13. Holotype, 96-4 (CC), SL. 1A, S19/0 (180X)
14, 86-8-3 (44-46 cm), Cse., M10/0 (255X%)

Thecosphaerella sp. cf. T. agdaraensis (Mamedov)
95-8 (CC), Cse. A, T27/3 (165X)
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Figure 1

Figure 2

Figure 3

Figures 4, 5

Figures 6, 7

Figure 8

Figure 9

Figures 10-12

PLATE 26
Thecosphaerella glebulenta Sanfilippo and Riedel, n.

sp.
Holotype, 94-30-2 (114-116 cm), Cse. 1, S$50/0
(255 %)

Thecosphaerella ptomatus Sanfilippo and Riedel, n.
sp.
Holotype, 96-3-5 (42-44 cm), Cse. G, W8/3 (165X)

Thecosphaerella rotunda (Borisenko)
95-8-4 (42-44 cm), Cse. 1, W22/1 (165X)

Lithelius foremanae Sanfilippo and Riedel, n. sp.
4. Holotype, 86-7 (CC), SL. 2, R38/1 (180x)
5. 94-30-1 (80-82 cm), Cse. 2, P28/0 (180%)

Lithelius hexaxyphophorus (Clark and Campbell)
6. 94-22-2 (42-44 cm), SI. 1, L20/1 (255X)
7. 94-24-2 (42-44 cm), SI. 2, Q14/1 (255X)

Actinommid gen. et. sp. indet.
94-30-2 (114-116 cm), Cse. 1, X38/3 (255X)

Astrophacus linckiaformis (Clark and Campbell)
95-7-4 (43-45 cm), Cse. 1, L35/2 (165X)

Heliostylus sp(p).

10. 96-3-6 (42-44 cm), Cse. 2, Y41/2 (180X)
11. 96-3-6 (42-44 cm), Cse. 2, E20/2 (180X)
12. 96-3-6 (42-44 cm), Cse. 2, Q42/0 (180X)
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Figure 1

Figures 2-5

Figures 6, 7

Figures 8§, 9

Figure 10

Figure 11

PLATE 27

Heliostylus sp(p).
94-23-2 (112-114 cm), Cse. 1, C42/0 (180X)

Periphaena decora Ehrenberg
2. 94-20-4 (42-44 cm), Cse. 1, M37/4 (180X)
3. 95-7-4 (43-45 cm), Cse. 1, K38/4 (165X)
4. 94-20-4 (42-44 cm), Cse. 1, Y17/0 (180X)
5. 94-21-2 (42-44 cm), Cse. 1, C31/3 (180X)

Periphaena delta Sanfilippo and Riedel, n. sp.

6. Holotype, 94-23-2 (112-114 cm), Cse. 1, U33/0
(180%)

7. 94-23-2 (112-114 cm), Cse. 1, U23/1 (180X)

Periphaena heliasteriscus (Clark and Campbell)
8. 95-7-4 (43-45 cm), Cse. 1, 033/3 (165X)
9. 94-20-4 (42-44 cm), Cse. 1, R27/0 (180x)

Spongodiscid gen. et sp. indet.
86-8-3 (44-46 cm), Cse., P26/0 (165X)

Spongodiscus americanus Kozlova

Specimen with large hollow cone penetrating from
periphery toward center. 96-3 (CC), Cse. 1, G36/4
(165x)
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Figure 1

Figure 2

Figures 3, 4

Figure 5

Figures 6-8

Figure 9

Figures 10, 11

PLATE 28

Amphicraspedum murrayanum Haeckel
96-3-5 (42-44 cm), Cse. G, U14/4 (165X)

Amphicraspedum sp. cf. A. murrayanum Haeckel
96-4 (CC), Cse. 2, Y38/4 (165X)

Amphicraspedum prolixum Sanfilippo and Riedel, n.

sp.

3. 94-22-4 (42-44 cm), Cse. 1, Y15/0 (95X)

4. Holotype, 94-28-2 (42-44 cm), Cse. 2, U32/2
(165%)

Amphicraspedum prolixum Sanfilippo and Riedel
group
96-3-5 (42-44 cm), Cse. G, V33/0 (165X%)

Amphymenium splendiarmatum Clark and Camp-
bell

6. 94-28-5 (43-45 cm), SL. 1, V10/0 (230X)

7. 94-20-2 (39-41 cm), Ph. 1, S16/0 (230X)

8. 94-22-4 (42-44 cm), Sl. 2, M32/2 (230X)

Spongodiscus americanus Kozlova
94-26-3 (43-45 cm), Cse. 1, T22/2 (165x)

Spongodiscus cruciferus Clark and Campbell
10. 96-3-5 (42-44 cm), Cse. G, 030/0 (165X)
11. 96-4 (CC), Cse. 2, X46/4 (165-211)
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Figure 1

Figure 2

Figures 3, 4

Figures 5, 6

Figure 7

PLATE 29

Spongodiscus sp.
86-8 (CC), Cse. A, T18/3 (180X)

Spongodiscus phrix Sanfilippo and Riedel, n. sp.
Holotype, 94-26-3 (43-45 cm), Cse. 1, U27/0
(165%)

Spongodiscus pulcher Clark and Campbell
3. 95-8-1 (44-46 cm), Cse. C, Y14/0 (165X)
4. 95-8-2 (42-44 cm), Cse. 1, C25/0 (165x)

Spongodiscus quartus quartus (Borisenko)
5. 96-3-5 (42-44 cm), Cse. F, 824/4 (165X)
6. 96-3-6 (42-44 cm), Cse. 1, B19/4 (165x)

Spongodiscus quartus bosoculus Sanfilippo and Rie-
del, n. sp.
Holotype, 96-3-5 (42-44 cm), Cse. G.029/3 (165%)
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Figures 1, 2

Figures 3, 4

Figures 5, 6

Figures 7-10

PLATE 30

Spongodiscus rhabdostylus (Ehrenberg)
1. 94-22-1 (42-44 cm), Cse. C, Q34/0 (165X)
2. 95-8-2 (42-44 cm), Cse. 1, Q46/3 (165X)

Stylotrochus alveatus Sanfilippo and Riedel, n. sp.
3. 86-8 (CC), Cse. A, D41/1 (165X)
4, Holotype, 86-8 (CC), S1. A, L15/0 (165X)

Stylotrochus charlestonensis (Clark and Campbell)?
5. 96-3-5 (42-44 cm), Cse. F, D23/0 (180%)
6. 94-21-2 (42-44 cm), Cse. 1, U34/4 (180X)

Stylotrochus nitidus Sanfilippo and Riedel, n. sp.
7. Holotype, 96-3-5, 42-44 cm, Cse. F, H37/2
(180x)
8. 96-3-6 (42-44 cm), Cse. 1, P32/1 (180X)
9. 96-3-6 (42-44 cm), Cse. 1, F38/3 (180X)
10. 96-3-6 (42-44 cm), Cse. 2, H36/3 (180X)
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Figure 1

Figures 2, 3

Figures 4-7

Figures 8, 9

Figure 10

Figure 11

Figure 12

Figures 13, 14

Figure 15

PLATE 31

Stylotrochus  quadribrachiatus  quadribrachiatus
Sanfilippo and Riedel, n. sp.

Holotype, 94-25-1 (42-44 cm), Cse. C, X31/0
(165x)

Stylotrochus  quadribrachiatus  multibrachiatus
Sanfilippo and Riedel, n. sp.

2. Holotype, 94-25-2 (42-44 cm), Cse., K44/2
(165x)

3. 94-25-2 (42-44 cm), Cse., P32/0 (165X%)

Xiphospira circularis (Clark and Campbell)

4. 95-8 (CC), Cse. A, J14/4 (165X)

5. 95-8-1 (44-46 cm), Cse. C, L34/4 (165X)
6. 94-22-1 (42-44 cm), Cse. A, U25/0 (180x)
7. 96-3-6 (42-44 cm), Cse. 2, S39/4 (180X)

Ceratospyris articulata Ehrenberg
8. 94-27 (CQC), Ph. 1, P21/1 (255X)
9. 94-27 (CC), Ph. 1, V39/1 (255X)

Acanthodesmiid gen. et sp. indet.
94-22-4 (42-44 cm), S1. 2, T38/3 (255X)

Dendrospyris acuta Goll
94-30-2 (114-116 cm), S1. 1, P47/2 (255X)

Dendrospyris (?) sp. cf. D. acuta Goll
94-30-2 (114-116 cm), Ph. 2, U15/2 (255X)

Dendrospyris fragoides Sanfilippo and Riedel, n. sp.
13. Holotype, 96-3-4 (42-44 cm), Ph. 2, W47/3
(255%)
14. 96-3-5 (42-44 cm), Slide “<I124uA”, Y41/2
(255)

Dendrospyris turriturcica turriturcica Sanfilippo and
Riedel, n. sp.
Holotype, 94-28-3 (43-45 cm), S1. C, 829/3 (255 X)
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Figure 1

Figure 2

Figure 3

Figures 4-7

Figures 8, 9

Figures 10, 11

Figure 12

Figure 13

Figures 14-18

Figures 19, 20

PLATE 32

Dendrospyris turriturcica turriturcica Sanfilippo and
Riedel, n. sp.
94-28 (CC), S1. C, F31/4 (255X)

Dendrospyris sp. cf. D. turriturcica Sanfilippo and
Riedel
94-28-3 (43-45 cm), S1. C, Q28/1 (255X)

Dendrospyris turriturcica dasyotus Sanfilippo and
Riedel, n. subsp.
Holotype, 94-28-3 (43-45 cm), S1. C, V36/0 (255 %)

Dictyospyris discus Sanfilippo and Riedel, n. sp.

4. Holotype, 94-32 (CC), S1. 1, J48/0 (255X)

5. 96-3 (CC), Cse. 1, W43/2 (255X)

6. 94-32 (CC), Ph. 2, U17/0 (255X)

7. 94-29 (CC), Slide *53-124u, no. 37, X32/1
(255X)

Dictyospyris sp. aff. D. discus Sanfilippo and Riedel
8. 94-29 (CC), Slide “53-124u, no. 37, X27/1
(255%)

9. 94-30-1 (80-82 cm), Ph. 2, C23/0 (255X)

Dictyospyris gigas Ehrenberg
10. 94-30-1 (80-82 cm), Sl, 2, V15/2 (255X)
11. 94-30-1 (80-82 cm), Sl. 2, X7/0 (255X)

Dictyospyris sp. cf. D. gigas Ehrenberg
94-16 (CC), 8L 1, E27/2 (255%)

Dictyospyris melissium Sanfilippo and Riedel, n. sp.
Holotype, 94-30-2 (114-116 cm), Sl 1, F31/1
(255X)

Dictyospyris sphaera Biitschli

14. 94-28-5 (43-45 cm), Sl. 1, D33/0 (255X)

15. 94-30-2 (114-116 cm), Ph. 2, Z13/3 (230X)
16. Broken specimen showing bars connecting sa-
gittal ring with lattice-shell. 94-30-2 (114-116 cm),
Ph. 2, T48/3 (255X)

17. 94-30-2 (114-116 cm), Cse. 1, C15/1 (480%)
18. 94-24-2 (42-44 cm), SI. 1, M43/3 (255x)

Dictyospyiris sp. cf. D. sphaera Biitschli
19. 94-16-2 (42-44 cm), Sl 2, P32/3 (255X)
20. 94-14-3 (42-44 cm), Sl 1, J45/2 (255x)
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PLATE 33

Dorcadospyris confluens (Ehrenberg)
94-28-3 (43-45 cm), SI. C, M9/4 (255x)

Dorcadospyris platyacantha (Ehrenberg)
94-17-1 (36-38 cm), SI. C, N36/3 (255X)

Giraffospyris cyrillium Sanfilippo and Riedel, n. sp.
Holotype, 94-28-3 (43-45 cm), Sl. C, C22/2 (255X)

Giraffospyris lata Goll
94-30-2 (114-116 cm), SL 1, R36/0 (255X)

Rhabdolithis ellida Sanfilippo and Riedel, n. sp.

5. Holotype, 96-3-6 (42-44 cm), Cse. 1, X38/1
(165x)

6. 96-3-6 (42-44 cm), Cse. 1, G26/3 (165X)

7 & 8. Specimens oriented to show median bar and
apical, vertical and lateral spines.

7. 96-3-4 (42-44 cm), Cse. 2, U13/0 (255X)

8. 96-3-6 (42-44 cm), Cse. 1, G26/3 (165X)

Rhabdolithis pipa Ehrenberg

9. 94-21-2 (118-120 cm), Cse. 2,U29/4 (180X)
10. 94-17-1 (36-38 cm), Slide “<124u, A”, B46/3
(230x)

Dictyophimus craticula Ehrenberg
95-8-6 (43-45 cm), Cse. 2, F18/0 (165X)

Dictyophimus sp. aff. D. craticula Ehrenberg
94-28-5 (43-45 cm), Cse. A, T43/4 (165X)
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Figures 1-6

Figures 7-10

Figure 11

Figures 12, 13

Figure 14

PLATE 34

Spongomelissa adunca Sanfilippo and Riedel, n. sp.

1. 96-3-6 (42-44 cm), Cse. 1, R38/0 (165X)

2. 96-3-6 (42-44 cm), Cse. 1, Q48/1 (180X)

3. 96-3-6 (42-44 cm), Cse. 2, W49/0 (180X)

4. Specimen showing lateral tube on left-hand side
of cephalis. 96-3-5, 42-44 cm, Cse. F, H14/1 (230 X)

5. Holotype, 96-3-6 (42-44 cm), Cse. 1, Q48/3
(180%)

6. 96-3-5 (42-44 cm), Cse. G, L19/2 (180%)

Spongomelissa cucumella Sanfilippo and Riedel, n.
sp.
7. Holotype, 94-30-2 (114-116 cm), Ph. 2, V19/1
(230%)

8. 94-30-2 (114-116 cm), Ph. 2, W48/1 (230X)

9. Specimen in oblique basal view, showing basal
lattice. 94-30-2 (114-116 cm), Ph. 2, W45/3 (230X)
10. View through peristome, of collar structures.
94-30-2 (114-116 cm), Ph. 2, R25/1 (255X)

Spongomelissa (1) sp.
94-29 (CC), Sl 5, C11/4 (255X)

Spongomelissa euparyphus Sanfilippo and Riedel, n.
Sp.

12. Holotype, view from below showing collar
structure. 94-30-1 (80-82 cm), Cse. 2, E39/3 (180 %)
13. View from above, indistinctly showing large
tube over thoracic wall. 94-29 (CC), Slide ““124-
246y, no. 37, Ul4/2 (180X)

Velicucullus sp.

View from above, focussed through cephalis on col-
lar structure. 96-3-5 (42-44 cm), Cse. G, Q44/3
(180x)
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Figures 1, 2

Figures 3, 4

Figure 5

Figure 6

Figures 7, 8

Figure 9

Figures 10, 11

Figures 12-14

PLATE 35

Carpocanistrum sp(p).
1. 95-5-4 (42-44 cm), Sl. 1, R17/1 (255 X)
2. 95-6-2 (42-44 cm) SI. 2, T16/0 (255X)

Cryptoprora ornata Ehrenberg
3. 94-14-3 (42-44 cm), S1. 1, V13/2 (255X)
4. 94-14-3 (42-44 cm), SI. 1, R30/1 (255%)

Cryptoprora sp. cf. C. ornata Ehrenberg
95-6-2 (42-44 cm), Sl. 2, R31/0 (255%)

Theoperid gen. et. sp. indet.
94-17-4 (43-45 cm), SI. 2, T13/1 (255X)

Pterocoryid gen. et sp. indet.

7. 94-16-3 (42-44 cm), SI. 1, V9/0 (255%)

8. Specimen with lateral cephalic tube. 86-6 (CC),
Sl 2, P22/1 (255X)

Carpocancistrum (?) azyx Sanfilippo and Riedel, n.
Sp.
Holotype, 94-16-3 (42-44 cm), SL. 1, V37/1 (255X)

Podocyrtis diamesa Riedel and Sanfilippo
10. 94-21-2 (42-44 cm), Cse. 1, U34/4 (180%)
11. 94-21-2 (42-44 cm), Cse. 1, V49/0 (180X)

Podocyrtis dorus Sanfilippo and Riedel, n. sp.

12. 94-20-4 (42-44 cm), Sl. 2, L38/2 (165XX)

13. Holotype, 94-22-4 (42-44 cm), Cse. 2, M27/3
(165<)

14. 94-20-4 (42-44 cm), Cse. 2, F14/0 (165X)
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Figure 1

Figures 2, 3

Figures 4, 5

Figures 6-8

Figures 9-11

Figures 12, 13

PLATE 36

Podocyrtis (?) sp. cf. P. papalis Ehrenberg
96-5 (CC), SI. A, 028/3 (230X)

Podocyrtis papalis Ehrenberg
2. 96-4 (CC), SI. 1A, K36/4 (230%)
3. 94-30 (CC), Cse. C, P33/3 (230%)

Podocyrtis platypus Sanfilippo and Riedel, n. sp.

4. Holotype, 94-28-2 (42-44 cm), Cse. 2, G48/0
(165x%)

5. 94-28-2 (42-44 cm), Cse. 2, S39/0 (165x)

Cannobotryids gen(n). et sp(p). indet.
6. 94-28-2 (42-44 cm), SI. 1, K18/4 (480X)

7. 94-30-1 (80-82 cm), Ph. 2, W43/2 (480X)
8. 96-3-4 (42-44 cm), SI. 1, U20/4 (480%)

Sketches of the cephalic structure of a cannobotryid
(fig. 9) and apparently related forms (figs. 10, 11)
from Core 96-3. Forms constructed as in fig. 9 are
very rare, fig. 10 rare, and fig. 11 moderately rare.
A, apical spine; D, dorsal bar and spine; Vert, verti-
cal bar and spine; L and 1, primary and secondary
lateral bars, respectively; DB, dorsal branch; a, an-
terior appendages; ap, “ap™ arch.

Centrobotrys petrushevskayae Sanfilippo and Riedel,
n. sp.

12. Holotype, 95-5-2 (42-44 cm), Ph. 1, 016/0
(230x)

13. 95-5-2 (42-44 cm), Ph. 1, W33/0 (230 %)
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Acanthodesmia, 8(7)
Acrobotrys, 8(11)Aa

spp., 8(11)Aa; Tab. 1, 3, 5, 7, 9; 6a; Fig. 6
Actinomma

inerme, 8(2)P

undosa, 8(2)Pc
Amphicraspedum, 8(6)A

maclaganium, 8(6)A

murrayanum, 8(6)Ac; 8(6)C; 8(6)Aa; PL. 10, figs. 3-6; PL 28, fig.

1;Tab. 2,4.6,8,9;6d; Fig. 5

prolixum, 8(6)Ab; PL. 10, figs. 7-11; PI. 28, figs. 3, 4; Tab. 2, 4, 6, 8,

9; Fig. 5
prolixum group, 8(6)Ac; Pl 11, figs. 1-5; PL. 28, fig. 5; Tab. 2, 4, 6,
8,9; Fig. 5
Amphisphaera, 8(2)A
minor, 8(2)Ja; 8(2)Aa; Pl 1, figs. 1-5; Pl. 22, fig. 4; Tab. 2-4, 6, 8;
6a; 6b; Figs. 5, 6

neptunus, 8(2)A
Amphiternis

clava, Tab. 9

sp. cf. Stichomitra alamedaensis, Tab. 9
Amphymenium, 8(6)B

splendiarmatum, 8(6)Ab; 8(6)Ac; 8(6)Ba; PI. 11, figs, 6-8; P1. 28, figs,

6-8; Tab. 2, 4, 6, 8, 9; 6c; Fig. 5

zygartus, 8(6)B
Artophormis

barbadensis, Tab. 9; Fig. 6

dominasinensis, Tab. 9; Fig. 6

gracilis, Tab. 9; Fig. 6
Artostrobium

miralestense, Tab. 9; Fig. 6

sp. aff. A. doliolum, Tab. 9; Fig. 6
Astrophacus, 8(4)C; 8(4)A

asteriscus, B(4)A

cingillum, 8(4)C

linckiaformis, 8(4)Aa; Pl 7, figs. 11, 12; P 26, fig. 9, Tab. 2, 4, 6,

8,9; 6c; Fie. 5
Astrosphaerins, 8(2)B

sp- A, 8(2)Ba; PL. 5, figs. 1, 2; Pl. 22, fig. 5:Tab. 2,4, 8, 9.6b;

Fig. 5

sp. B, 8(2)Bb; PL. 5, figs. 3, 4; PL. 22, fig. 7; Tab. 2, 4, 8, 9;

sp. C, 8(2)Bc; Pl 5, figs. 5, 6; PL. 22, fig. 8; Tab. 2, 4, 8, 9;

sp. D, 8(2)Bd; PL 6, figs. 1, 2; PL. 22, fig, 9; Tab. 2, 4, 8, 9; 6b; Fig‘

5

Z’:‘!
48 G
Lh Lh

sp. E, 8(2)Be; PL 6, figs. 3-6; PL. 23, fig. 1; Tab. 2, 4, 8, 9; 6b; Fig.
5

sp. F, 8(2)Bf; PL. 6, figs. 7, 8; PI. 23, fig. 2; Tab. 2, 4, 8, 9; 6b; Fig.
5

Astrostylus, 8(4)B
Axoprunum, 8(2)Pa; 8(2)C
pierinae group, 7; 8(2)Aa; 8(2)Ca; PI. 1, figs. 6-12; P1. 23, fig. 3; Tab.
2, 4, 6, 8; 6b; 6¢; Fig. 5
Bekoma
bidarfensis, Tab. 9
campechensis, Tab. 9
demissa, Tab. 9
divaricata, Tab. 9
Botryocyrtis, 8(11)B
caputserpentis, 8(11)B
spp., 8(11)Ba; Tab. 1, 3, 5, 7, 9; 6a; Fig. 6
Botryapyle, 8(11)C
dictyocephalus group, 8(11); 8(11)Cb; Tab. 1, 3, 5, 7; 6a; 6d
sethocorys, 8(11)C
sp. A, 8(11)Ca; Tab. 1, 3, 5, 7, 9; Fig. 6
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Brachiospyris alata, 8(7)Da
Buryella
clinata, Tab. 9
pentadica, Tab. 9
tetradica, Tab. 9
Calocyclas
costata, 8(10)Aa
hispida, Tab. 9; Fig. 6
turris, Tab. 9; Fig. 6
virgimis, 8(10)Ab
Calocycletta, 8(10)A
costata, 8(10)Aa; Tab. 3, 5, 7, , 6a; Fig. 6
virginis, 8(10)Ab; Tab. 1, 3, 5, 7, 9; 6a; Fig. 6
Calocycloma
ampulia, Tab. 9; Fig. 6
castum, Tab. 9
Cannartidium mammiferum, 8(2)Da
Cannartus, 8(2)D
laticonus, 6a
mamifer 8(2)Da; Tab. 3, 9; 6 _
prismaticus, 8(2)Db; Tab. 1, 3, 5, ; Fig. 6
tubarius, 8(2)Dc¢; Tab. 3, 5, 7, 9; Fig. 6
violina, 8(2)Dd; Tab. 3, 5, 7, 9; Fig. 6
Carpocanistrum, 8(9); 8(9)A
%azyx, 8(9); 8(9)Aa; Pl. 35, fig. 9; Tab. 1, 3, 4, 5; 6e; Fig. 6
Carpocanopsis, 8(9)B
bramleiter, 8(9)Ba; Tab. 3, 5, 7, 9
cingulata 8(9)Aa; 8(9)Bb; Tab. 1
cristata?, 8(9)Be; Tab. 3,5, 7,9;
favosa, 8(9)Bd; Tab. 3,5,7,9.F
Carposphaera, 8(2)E
buxiformis, 8(2)Oa
melitomma, 8(2)E
subbotinae, 8(2)Ea; Pl. 4, fig. 3; Pl. 23, figs. 4, 5; Tab. 2, 4, 6, 8; 6b;
6d; Fig. 5
Cenosphaera, 8(2)F
megachile, 8(2)Fa
micra, 8(2)Fa
mitgarzi, 8(2)Fa
plutonis, 8(2)F
sp. A, 8(2)Fa; Pl 4, fig. 4; Pl. 23, fig. 6; Tab. 2, 4, 6, 8, 9; Fig. 5
subbotinae, 8(2)Ea
Centrobotrys, 8(11)D
gravida, 7, 8(11)Db; 8(11)Da; Tab. 1, 3, 5, 7, 9; Fig. 6
petrushevskayae, T; 8(11)Db; PI. 36, figs. 12, 13; Tab. 1, 3, 5, 7, 9; Fig.
6

a; Fig. 6
7.9

; 6a; Fig. 6
3.5,7,9;6a;Fig. 6
6a; Fig. 6

ig. 6

Isp. 6

7sp. A, 8(11)Db

thermophila, 7; 8(11)D; 8(11)Db; 8(11)D¢; Tab. 1, 3, 5, 7, 9, 6a; Fig.
6

Ceratospyris, B(TA
articulata, 8(T)Aa; Pl 15, figs. 1-3; PL. 31, figs. 8, 9; Tab. 2-6, 8, 9;
Figs. 5, 6
ateuchus, 8(7)Db

borealis, 8(T)A

heptaceros, 8(T)E

stylophora, 8(7)B

triceros, 8(T)la
Cladospyris, 8(T)A

moluccans, 8(T)A
Clathrocycloma

capitaneum, Tab. 9

parcum, Tab. 9
Cornutella mitra, 3(2)Kb
Cromyatractus tetracelyphus, 8(2)Nc
Cromydruppocarpus, 8(2)N

esterae, 8(2)N
Cryptoprora ornata, 8(9); P1. 35, figs. 3, 4
Cycladophora

Jfavosa, 8(9)Bd

goetheana, 3(10)Bi



Cyclampterium
leptetrum, Tab. 9; Fig. 6
milowi, Tab. 9; Fig. 6
pegetrum, Tab. 9; Fig. 6
Cyrtocapsella
cornuta, Tab. 9; Fig. 6
elongata, Tab. 9; Fig. 6
tetrapera, Tab, 9; Fig. 6
Dendrospyris, 8(T)B
acuta, 8(T)Ba; Pl, 15, fig. 5; PI. 31, fig. 11; Tab. 2, 4, 6, 8, 9; Fig. 5
Sfragoides, 8(7)Bb; Pl. 15, figs. 8-13; Pl. 31, figs. 13, 14; Tab. 2-6, 8;
6b; 6d; Fig. 5
turriturcica dasyotus, 7; 8(7)Bd; PL 16, fig. 3; PL. 32, fig. 3; Tab. 4,
9; Fig. 5
turriturcica turriturcica, 7; 8(7)Bd; 8(7T)B¢; Pl 16, fig. 1; Pl 31, fig.
15; PI. 32, fig. 1; Tab. 2, 4, 6, 8, 9; Fig. 5
Dictyoceras caia, Tab. 9
Dictyophimus craticula, 8(8); Pl. 19, fig. 1; Pl. 33, fig. 11; Tab. 2, 4, 6,
8, 9; 6d; Fig. 5
Dictyospyris, 8(T)C
ceratospyris, 8(7)C
discus, 8(T)Ca; Pl. 16, figs. 4-8; P1. 32, figs. 4-7; Tab. 2, 4, 6, 8, 9; Fig.
5
gigas, 8(7)Cb; Pl. 16, figs. 9, 10; Pl. 32, figs. 10, 11; Tab. 2, 4, 6, 8,
9 Fig. 5
melissium, 8(T)Cc; Pl 17, figs. 1, 2; Pl. 32, fig. 13; Tab. 4, 6, 9; Fig.
5
sphaera, 8(T)Cd; Pl. 17, figs. 3-5; PI. 32, figs. 14-18; Tab. 1-6, 8, 9;
Figs. 4, 6
triloba, 8(7)C
Diploplegma, 8(2)G
cinctum, 8(2)G
somphum, 7; 8(2)Pc; 8(2)Ga; PL. 4, fig. 5; Pl. 23, figs. 7, 8; Tab. 2,
4,6, 8,9; 6b; Fig. 5
Dipospyris forcipata, 8(7)Df
Dorcadospyris. 8(T)D
alata, 8(7)Da; Tab. 3; 6a
ateuchus, 8(7)Db; Tab. 1, 3, 5, 7, 9; Fig. 6
circulus, 8(T)Dg; Tab. 1, 3, 5, 7, 9; Fig. 6
confluens, 8(7)Dh; 8(7)Dd; Pl 17, figs. 6-10; PI. 33, fig. 1; Tab. 1-6,
8 9; Fig. 5
dentata, 8(T)De; Tab. 1, 3, 5, 7, 9; 6a; Fig. 6
Jforcipata, 8(T)Df; Tab. 1, 3, 5, 7, 9; 6a; Fig. 6
papilio, 8(7)Dg; Tab. 1, 3, 5, 7, 9; Fig. 6
platyacantha, 8(T)Dh; Pl. 17, figs. 11-15; PL. 33, fig. 2; Tab. 1-6, 8,
9; Figs. S, 6
praeforcipata, 8(T)Di; Tab. 1, 3, 5, 9; Fig. 6
pseudopapilio, 8(T)Dj; Tab. 3, 5
spinosa, 8(T)Dk; Tab. 1, 3, 5, 7, 9; Fig. 6
Druppatractus, 8(2)N
hippocampus, 8(2)N
ostracion, 8(2)N; 8(2)Na
parasagittatus, 8(2)Na
polycentrus, 8(2)Na
santaeannae, 8(2)Na
trichopterus, 8(2)Na
Druppatractylis, 8(2)N

Druppocarpus, 8(2)L
ananassa, 8(2)L
Ellipsidium
cultum, 8(2)La
mendosum, 8(2)La
Ellipsoxiphetta, 8(2)N
Ellipsoxiphus
cultum, 8(2)Aa
flosculus, 8(2)N
Entapium, 8(2)H
chaenapium, 7, 8(2)Kc; 8(2)Ha; PI. 3, fig. 3; P, 23, figs. 9-12; Tab.
4, 6, 9; Fig. 5
regulare, 8(2)H; 8(2)Hb; PL1. 1, figs. 10-19; P1. 24, figs 1-3; Tab. 2, 4,
6, 8; 6b; 6¢; Fig. 5
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Eribotrys, 8(11)
Eusyringium
fistuligerum, Tab. 9; Fig. 6
lagena, Tab. 9
Gamospyris circulus, 8(7)Dc
Giraffospyris, 8(DE
cyrillium, 8(T)Ea; Pl. 18, figs. 1-3; P1. 33, fig. 3; Tab. 2, 4, 6,89
Fig. 5
lata, ﬁs('?)ElJ; Pl 18, figs. 4-7; P1. 33, fig. 4; Tab. 2, 4, 6, 8, 9; Fig. 5
Haliomma
humboldtii, 8(4)Ca
humboldti var., 8(4)C
inerme, 8(2)P
radicatum, 8(7)A
triactis, 8(4)Cd
Heliodiscomma, 8(4)C
Heliodiscus
cingillum, 8(4)C; 8(4)Ca
heliasteriscus, 8(4)Cc
humboldti, 8(4)Ca
linckiaformis, B(4)Aa
pentasteriscus, 8(4)Cc
Heliostaurus, 8(4)C
Heliostylus, 8(4)B
sp(p)., 8(4)B; P1. 8, figs. 1-7; Pl. 26, figs. 10-12; P1. 27, fig. 1; Tab.
2-8, 9; 6b; Figs. 5, 6
Heterospongus varians, 8(2)Bd
Hexacontium, 8(2)1
palaeocenicum, 8(2)1a; Pl 4, fig. 2; PL. 24, fig. 4; Tab. 2, 4, 6, 8, 9;
6b; Fig. 5
phaenaxonium, 8(2)1
Hexalonche, 8(2)J
phaenaxonia, 8(2)J
(Dsp. A, 8(2)Ja; PL 4, fig. 1; PL. 24, fig. 5; Tab. 2, 4, 6, 8, 9; 6b; Fig.
5
Hexaspyris papilio, 8(7)Dg
Lamptonium
colymbus, Tab. 9
Sfabaeforme chaunothorax, Tab. 9
Sfabaeforme constrictum, Tab. 9
Sfabaeforme fabaeforme, Tab. 9
incohatum, Tab, 9
pennatum, Tab. 9
sanfilippoae, Tab. 9
Liriospyris, 8(T)F
hexapoda, 8(T)F
parkerae, 8(T)Fa; 6a
stauropora, 8(7)Fb; Tab. 3, 9; 6a; Fig. 6
Lithapium, 8(2)K
anoectum, T, 8(2)Ka; Pl 24, figs. 6, 7; Tab. 1-8, 9; Figs. 5, 6
mitra, 8(2)Kb; Tab. 1, 3, 5, 7, 9; Fig. 6
plegmacantha, 7; 8(2)Ha; 8(2)Ka; 8(2)Kc; Pl. 3, figs. 1, 2; Pl 24, figs.
8, 9; Tab. 2-6, 9; Fig. 5

Lithatractus
hederae, 8(2)Na
pierinae, $(2)Ca
Lithelius, 8(3)A
Jforemanae, T; 8(3)Ab; 8(3)Aa; Pl 7, figs. 1-6; Pl. 26, figs. 4, 5; Tab.
2,4, 6,8, 9; 6b; Fig. 5
hexaxyphophorus, T; 8(3)Ab; PL 7, figs. 7-9; PI. 26, figs. 6, 7; Tab.
4,6, 8,9; 6c; Fig. 5

spiralis, 8(3)A
Lithochytris
archaea, Tab. 9
vespertilio, Tab. 9; Fig. 6
Lithocyclia, 8(5)A
angusta, 8(5)Ab; 8(5)Aa; Tab. 1.3,5,7,9;Fig. 6
aristotelis group, 8(5)Ab; Tab. 1-9; Fig. 6
crux, 8(5)Ac; Tab. 1, 3, 5,7, 9; Fig. 6
ocellus group, 8(5)Ab; 8(5)Ad; Pl. 10, figs. 1, 2; Tab. 1-9; Figs. 5, 6
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Lithomelissa spongiosa, 8(8)A
Lithomespilus, 8(2)L
mendosa, 8(2)La; Pl. 4, figs. 6, 7; P1. 24, figs. 10, 11; Tab. 2, 4, 6, 8,
9; éb; Fig. 5
phloginus, 8(2)L
Lithomitra docilis, Tab. 9; Fig. 6
Lithopera renzae, Tab. 9; Fig. 6
Lophocyrtis
biaurita, Tab. 9; Fig. 6
Jacchia, Tab. 9; Fig. 6
Lychnocanium bipes, see Lychnocanoma bipes
Lychnocanoma
amphitrite, Tab. 9; Fig. 6
anacolum, Tab. 9
auxilla, Tab. 9
babylonis group, Tab. 9; Fig. 6
bellum, Tab. 9; Fig. 6
bipes, Tab.9; Fig. 6
sp. aff. L. bellum, Tab. 9
Monosphaera, 8(2)F
toliapica, 8(2)F
Octodendron
hamuliferum, 8(2)Bd
spathillatum, 8(2)Bd
Orbula
comitata, Tab. 9
discipulus, Tab. 9
ducalis, Tab. 9
Oropagis dolium, 8(2)Kc
Paracenodiscus, 8(4)C
Samiliaris, 8(4)C
Periphaena, 8(4)A; 8(4)C
cincta, 8(4)Ca
decora, 8(4)C; 8(4)Ca; PL. 8, figs. 8-10; Pl. 27, figs. 2-5; Tab. 1-4, 6,
8, 9; Figs. 5, 6
delta, 8(4)Ch; PL. 8, figs. 11, 12; P1. 27, figs. 6, 7; Tab. 2, 4, 6, 8, 9;
Fig. 5
heliasteriscus, 7; 8(4)Cd; 8(4)Cc; PL. 9, figs. 1-6; P1. 27, figs. 8, 9; Tab.
2, 4, 6, 8; 6b; 6¢c; Fig. 5
tripyramis triangula, 8(4)Ce; Pl, 9, Figs. 10, 11; Tab. 4, 6, 8, 9; Fig.
5

tripyramis tripyramis, 7; 8(5)Ad; 8(4)Cd; P1. 9, figs. 7-9; Tab. 4, 6, 8,
9; 6¢c; Fig. 5
Perizona, 8(4)C
scutella, 8(4)C; 8(4)Ca
Petalospyris
confluens, 8(7)Dd
Slabellum, 8(7T)Bb
platyacantha, 8(T)Dh
Phacostylus, 8(4)B
amphistylus, 8(4)B
caudatus, 8%(4)B
Phacotriactis, 8(4)C
triangula, 8(4)C; 8(4)Ce
Phormocyrtis
annosa, 8(10)Ca
cubensis, Tab. 9
striata exquisita, Tab. 9
striata striata, Tab. 9; Fig. 6
turgida, Tab. 9
Pipettaria tubaria, 8(2)Dc
Pipettella prismatica, 8(2)Db
Podocyrtis, 8(10)B
ampla, 7;8(10)Be; 8(10)Ba; Tab. 1, 3-6, 9; Fig. §
aphorma, 8(10)Bg; PL. 20, figs. 7, 8; Tab. 2. 4, 6. 9; Fig. 5

chalara, 8(10)Bh; Tab. 1-6, 9; Fig. 6

diamesa, 7; 8(10)Bc; 8(10)Be; 8(10)Bb; Pl. 20, figs. 9, 10; P1. 35; figs.
10, 11; Tab. 4, 6, 9; Fig. 5

dorus, 7, 8(10)Bc; Pl. 35, figs. 12-14; Tab. 4, 6, 9; Fig. 5

goetheana, 8(10)Bi; Tab. 1-6, 9; Fig. 6

mitra, 8(10)Bj; Tab. 1-6, 9; Figs. 5, 6

papalis, 7, 8(10)Bd; PL. 20, figs. 11-14; PL. 36, figs. 2, 3; Tab. 1-9; Figs.
56

phyxis, 7; 8(10)Be; Tab. 4, 6, 9; Fig. 5
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platypus, 7; 8(10)Bf; Pl, 21, figs. 1-3; Pl 36, figs. 4, 5; Tab. 4, 6, 9;
Fig. §
sinuosa?, 8(10)Bk; Tab. 1-6, 9; Fig. §
trachodes, 8(10)B1; Tab. 4, 6, 9; Figs. 5, 6
Polysolenia, 8(1); PL. 22, fig. 1
Porodiscus
charlestonensis, 8(6)Db
circularis, 8(6)Ea
Psychospyris, 8(T)Cc; 8(DG
grandis, 8(T)Ga; Tab. 3; 6a
intermedia, 8(7)Gb; Tab. 3, 9; 6a; Fig. 6
parva, 8(T)Ge; Tab. 3, 5, 7, 9; Fig. 6
Pterocodon
ampla, Tab. 9
tenellus, Tab. 9
Rhabdolithis, 8(TH
ellida, T; 8(7)Hb; 8(T)Ha; PI1. 18, figs. 8-11; P1. 33, figs. 5-8; Tab. 2,
4, 6, 8, 9; 6b; Fig. 5
pipa, T; 8(7); 8(7) H; 8(7)Hb; PI. 18, figs. 12-16; PI. 33, figs. 9, 10;
Tab. 2, 4, 6, 8, 9; 6c; Fig. 5
Rhopalocanium ornatum, Tab. 9; Fig. 6
Sethocorys cristata, 8(9)Be
Sethostaurus cruciatus, 8(4)C
Sethostylus, 8(4)C
dentatus, 8(4)B
distyliscus, 8(4)C
Siphocampe sp. aff. S. corbula, Tab. 9; Fig. 6
Soreuma magnificum, 8(8)B
Sphaerostylus agdaraensis, 8(2)Pa
Spirocyrtis sp. aff. S. scalaris, Tab. 9; Fig. 6
Spongaster klingi, 8(6)C
Spongasteriscus
berminghami, 8(6)C
cruciferus, 8(6)Cb

Spongatractus, 8(2)M
balbis, 7; 8(2)Mb; 8(2)Ma; Pl. 2, figs. 1-3; P, 25, figs. 1, 2; Tab. 2,
4,6,89; Fig. 5
pachystylus, 7; 8(5)Ad; 8(2)Mb; PL. 2, figs. 4-6; P1. 25, fig. 3; Tab. 1-9;
Figs. 5, 6

Spongodiscus, 8(6)D; 8(6)C
americanus, 8(6)Ca; PI, 11, figs.9-13; P1. 27, fig. 11; PL. 28, fig. 9; Tab.
2,4, 6,8, 9; 6b; Fig. 5
biconcavus, 8(6)Ca; 8(6)Cb
communis, 8(6)Ca
cruciferus, 8(6)Ac; 8(6)Ch; PI. 11, figs. 14-17; PI 28, figs. 10, 11; Tab.
2,4,6,89; Fig. 5
phrix, 8(6)Ca; 8(6)Cc; PI. 12, figs. 1, 2; P1. 29, fig. 2; Tab. 2, 4, 6,
8,9; Fig. 5
pulcher, 8(6)Ca; 8(6)Cd; Pl. 12, figs. 3-5; PI. 29, figs. 3, 4
quartus bosoculus, 8(6)Cf; P, 12, figs. 8-10; PL. 29, fig. 7; Tab. 2, 4,
6, 8, 9, 6b; Fig. 5
quartus quartus, 8(6)Ce; PL. 12, figs. 6, 7; P1. 29, figs. 5, 6; Tab. 2,
4, 6, 8, 9; Fig. 5
resurgens, 8(6)C
rhabdostylus, 8(6)Cg; PL. 13, figs. 1-3; P1. 30, figs. 1, 2; Tab. 2, 4, 6,
8, 9; 6c; Fig. 5
sp., 8(6)Cb; Pl, 11, figs. 18, 19; PL. 29, fig. 1
Spongomelissa, 8(8)A
adunca, 7; 8(8)Ab; 8(8)Ac; 8(8)B; 8(8)Aa; PL 19, figs. 3, 4; PL 34,
figs. 1-6; Tab. 2, 4, 6, 8, 9; 6b; Fig. 5
cucumella, 8(8)Ab; PI. 19, figs. 6, 7; PI. 34, figs. 7-10; Tab. 2, 4, 6,
8,9; Fig. 5
euparyphus, 7, 8(8)Ab; 8(8)Ac; PL. 20, fig. 1; P1. 34, figs. 12, 13; Tab.
2,4,6,8,9; Fig. 5
Spongoprunum
densum, 8(2)Mb
markleyense, 8(2)Mb
Spongosphaera
pachystyla, 8(2)M; 8(2)Mb
rhabdostyla, 8(6)Cg
Spongoxiphus, 8(2)M
prunococcus, 8(2)M; 8(2)Mb
Staurodictya quartus, 8(6)Ce



Staurodiscus, 8(4)C
primus, 8(4)C
Stichocorys
armata, Tab. 9; Fig. 6
delmontensis, Tab. 9; Fig. 6
diploconus, Tab. 9; Fig. 6
wolffii, Tab. 9; Fig. 6
Stuermeria, 8(2)A
hollandei, 3(2)A
Stylodiscus, 8(4)8
endostylus, 8(4)B
Stylosphaera, 8(2)N
calliope, 8(2)N
coronata coronata, 7; 8(2)Nb; 8(2)Na; Pl. 1, figs. 13-17; P1. 25, fig.
4; Tab. 2, 4, 6, 8; 6b; 6¢; Fig. 5
coronata laevis, 8(2)Nb; Pl. 1, fig. 19; PL. 25, figs. 5, 6; Tab. 4, 6, 9;
6¢; Fig. S
coronata sabaca, 7; 8(2)N¢; Pl. 1, fig. 18; PL. 25, figs. 7-8; Tab. 4, 6,
9; Fig. 5
goruna, 8(2)Na; 8(2)Nd; PI. 1, figs. 20-22; P1. 25, figs. 9, 10; Tab. 2,
4, 6, 8, 9; 6b; Fig. 5
hexaxyphophora, 8(3)Ab
hispida, 8(2)N
liostylus, 8(2)Aa
minor, 8(2)Aa
Stylosphaerantha, 8(2)N
Stylospongia huxleyi, 8(6)D
Stylotrochus, 8(6)D
alveatus, 8(6)Da; Pl, 13, figs. 4, 5; P1. 30, figs. 3, 4; Tab. 2, 4, 6, 8,
9; éb; Fig. 5
charlestonensis?, 8(6)Dc; 8(6)Db; Pl. 13, figs. 6-8; Pl. 30, figs. 5, 6
geddesi, 8(6)Dc
nitidus, 8(6)Db; 8(6)Dc; PL. 13, figs. 9-14; Pl. 30, figs. 7-10; Tab. 2,
4, 6,8, 9 Fig. 5
quadribrachiatus multibrachiatus, 7; 8(6)De; P1, 14, figs. 3, 4; PI. 31,
figs. 2, 3; Tab. 2, 4, 6, 8, 9; Fig. 5
quadribrachiatus quadribrachiatus, 7; 8(6)Db; 8(6)De; 8(6)Dd; PIl.
14, figs. 1, 2; PL 31, fig. 1; Tab. 2, 4, 6, 8, 9; Fig. 5
rhabdostylus, 8(6)Cg
Thecosphaera, 8(2)0
californica, 8(2)Pd
larnacium, 8(2)Oa; PI. 3, figs. 4-6; PL. 25, figs. 13, 14; Tab. 2, 4, 6,
8, 9; 6b; Fig. 5
rotunda, 8(2)Pd
triplodictyon, 8(2)0
Thecosphaerella, 8(2)P
cf. agdaraensis, 8(2)1a; 8(2)Pa; Pl. 2, figs. 7-9; Pl. 25, fig. 15; Tab.
2-9; Figs. 5, 6
glebulenta, 8(2)Ia; 8(2)Pb; PL. 3, figs. 12, 13; PI. 26, fig. 1; Tab. 4,
6, 8, 9; Fig. 5
prtomatus, T; 8(2)Ga; 8(2)Pc; PL 3, figs. 14-18; PI. 26, fig. 2; Tab. 2,
4, 6, 8, 9; 6c; Fig. 5
rotunda, 8(2)Ia; 8(2)Pd; PL. 3, figs, 7-11; Pl. 26, fig. 3; Tab. 2, 4, 6,
8; 6b; 6c; Fig. 5

CENOZOIC RADIOLARIA

Thecotapus, 8(2)0
Theocampe
amphora group, Tab. 9; Fig. 6
armadillo group, Tab. 9; Fig. 6
mongolfieri, Tab. 9; Fig. 6; 8(4)Ca
pirum, Tab.9; Fig. 6
urceolus, Tab. 9; Fig. 6
Theocorys
acroria, Tab. 9
anaclasta, Tab. 9
anapographa, Tab. 9
phyzella, Tab. 9
spongoconum, Tab. 9; Fig. 6
Theocotyle
alpha, Tab. 9
auctor, Tab. 9
cryptocephala conica, Tab. 9
cryptocephala cryptocephala, Tab. 9
cryptocephala nigriniae, Tab. 9
Jicus, Tab. 9; Fig. 6
fimbria, Tab. 9

Theocyrtis, 8(10)C

annosa, 8(10)Ca; Tab. 1, 3, §, 7, 9; Fig. 6

tuberosa, 8(10)Cb; Tab. 1, 3, 5, 7, 9; Fig. 6
Thyrsocyrtis

bromia, Tab. 9; Fig. 6

hirsuta hirsuta, Tab. 9

hirsuta robusta, Tab. 9

hirsuta tensa, Tab. 9

rhizodon, Tab. 9; Fig. 6

tarsipes, Tab. 9

tetracantha, Tab. 9; Fig. 6

triacantha, Tab. 9; Fig. 6

Triactis, 8(4)C
tripyramis, 8(4)Cd
tripyramis triangula, 8(4)Ce
Triactiscus, 8(4)C
Trigonactura angusta, 8(5)Aa
Trissocyclus stauroporus, 8(7)Fb
Tristylospyris, 8(TI
palmipes, (7)1
triceros, 8(Tla; Tab. 1-7, 9; Fig. 6
Velicucullus, 8(8)B
spp., 8(8)B; Pl 20, figs. 2-6; Pl 34, fig. 14
Xiphatractus mirificus, 8(2)Ca
Xiphodictya
amphixiphos, 8(6)Ea
staurospira, 8(6)E
Xiphosphaera irinae, 8(2)Aa
Xiphospira, 8(6)E
circularis, 8(6)Ea; P, 14, figs. 5-12; Pl, 31, figs. 4-7; Tab. 2, 4, 6, 8;
6b; 6¢; Fig. 5
Xiphostylus minimus, 8(2)Aa
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