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Abstract

This volume comprises a catalogue of 90 genera, 274 species and 13 subspecies of Pliensbachian, Toarcian and Aalenian
Radiolaria. Two genera, 37 species and 3 subspecies are new formal descriptions, 24 species are described in open
nomenclature. Each taxon is presented with a complete and up-to-date synonymy, original description and original
remarks (translated into English where necessary), subsequent emendations, remarks by the authors of this catalogue,
and etymology. Descriptions of species/subspecies further contain the original measurements, type locality, and data on
geographic distribution. Plates illustrate the holotype and one or several specimens from our material, from different
paleogeographic realms where possible. The material was collected from 30 measured sections in the Circum-Pacific belt
(Baja California Peninsula, Oregon, British Columbia, Japan) and the Tethyan realm (Oman, Turkey, Slovenia, Austria).
Abbreviated locality information and a list of all treated taxa are given in the last two chapters.

Povzetek

Knjiga je katalog 90 rodov, 274 vrst in 13 podvrst pliensbachijskih, toarcijskih in aalenijskih radiolarijev. Dva rodova,
37 vrst in 3 podvrste so formalno opisani novi taksoni, 24 vrst je opisanih v odprti nomenklaturi. Vsak takson je
predstavljen z vso dosedanjo sinonimiko, originalnim opisom in originalnimi opombami (v prevodu, ¢e originalni jezik
ni angle$¢ina), poznej$imi revizijami, pripombami avtorjev tega kataloga in etimologijo. Opisi vrst in podvrst vsebujejo $e
originalne meritve, ime tipi¢ne lokalitete in podatke o geografski razsirjenosti. Vsaka vrsta ali podvrsta je predstavljena s
samostojno tablo, na kateri so slike holotipa in ve¢ primerkov iz nasih vzorcev. Kjer je mogoce, so ilustrirani primerki z
razli¢nih paleogeografskih obmocij. Vzorci so bili pobrani na 30 profilih, posnetih v cirkumpacifiskem pasu (Kalifornijski
polotok, Oregon, Britanska Kolumbija, Japonska) in v obmocju Tetide (Oman, Turcija, Slovenija, Avstrija). Dodatek na
koncu knjige vsebuje kratek opis vzoréevanih profilov in seznam vseh obravnavanih taksonov.
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1. INTRODUCTION

1.1. Objectives of this publication

The main goal of this catalogue is to present a set of
uniformly and precisely defined radiolarian species that
will serve as a coherent taxonomic base to establish a
global radiolarian zonation for three Jurassic stages:
the Pliensbachian, Toarcian, and Aalenian. Earliest
Jurassic (Hettangian and Sinemurian) and Middle to
Late Jurassic radiolarians have been studied extensively
but Pliensbachian to Toarcian faunas are less well known
taxonomically, and especially biochronologically. Aalenian
radiolarians are included in order to connect the top of the
studied interval with the base of the global low-latitude
radiolarian zonation of Baumgartner et al. (1995b).

Pliensbachian, Toarcian and early Aalenian radiolarians
have hitherto been systematically studied mostly from the
Circum-Pacific belt: western North America (Pessagno &
Whalen, 1982; Yeh, 1987a, b; Carter et al., 1988; Cordey,
1998; Whalen & Carter, 2002), Japan (Hori, 1988, 1990,
1997; Sashida, 1988; Hori & Otsuka, 1989; Matsuoka,
1991, 2004; Yao, 1997), and the Philippines (Yeh & Cheng,
1996, 1998). Only a few localities are described from the
Tethyan realm s.s.: Turkey (Pessagno & Poisson, 1981; De
Wever, 1981b, ¢, 1982a, b), Oman (De Wever et al., 1990),
and Slovenia (Gorican et al., 2003). It should also be noted
that most of the published taxonomic work is based on a
few excellently preserved but isolated samples (e.g. Yeh,
1987a, b; Pessagno & Poisson, 1981; De Wever, 1981b, c,
1982a,b) whereas few continuous sections suitable for
biochronological studies have been analyzed thus far. The
existing radiolarian zonations for the Pliensbachian to
Aalenian time interval (Pessagno et al., 1987b; Carter et
al., 1988; Hori, 1990) are local and mainly characterized
by a low-resolution potential (Fig. 1.1). The only high-
resolution range chart has been constructed for Queen
Charlotte Islands (Carter et al.,, 1988) but contains two
rather long discontinuities in the early Pliensbachian and
early Toarcian.

The construction of a global radiolarian zonation
for the Pliensbachian to Aalenian interval is essential
for future zonation of the entire Jurassic. Because of this
recognized need and because some of us were currently
studying rich assemblages of this age, we initiated a joint
international project under the framework of INTERRAD
(International Association of Radiolarian Paleontologists).
The Pliensbachian to Aalenian Working Group was formed
in 2000 during the 9" INTERRAD Meeting in Blairsden,
California. During two one-week meetings, held in 2001
and 2002 at the Ivan Rakovec Institute of Paleontology
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Fig. 1.1. State of the art in Pliensbachian to Aalenian radiolarian biochronology. Radiolarian biozones are tied to standard

ammonite zones.

ZRC SAZU, Ljubljana, we agreed upon radiolarian taxa
and stratigraphic sections to be included in the zonation.
Moreover, a provisional range chart was calculated with
BioGraph computer program which is based on the
Unitary Association Method (UA) (Guex, 1977, 1991;
Savary & Guex, 1999). The preliminary information was
presented at two congresses - 6 International Symposium
on the Jurassic System (September 2002, Palermo) and
10" INTERRAD Meeting (September 2003, Lausanne).
Editing of systematics was compiled during September
2004 at Carters’ home in Sisters, Oregon, and concluded
during October 2005 in Ljubljana.

The present catalogue is the first publication of our col-
laborative research. It is a synthesis of previous knowl-
edge on the taxonomy of Pliensbachian to Aalenian spe-
cies complemented by actualized definitions and further
remarks, where necessary. In order to provide a complete
set of potentially important species, some newly described
species were added. The illustrated material comes from 30
measured sections in the Circum-Pacific belt (Baja Cali-
fornia Sur, Oregon, British Columbia, Japan) and the Teth-
yan realm (Oman, Turkey, Slovenia, Austria) (Fig. 1.2).
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The final goal of our joint project is to construct a ra-
diolarian zonation that will span the missing interval be-
tween the well-established Hettangian to Sinemurian
(Carter et al., 1998) and Middle Jurassic to Lower Creta-
ceous (Baumgartner et al., 1995b) radiolarian biozones.
The range chart will be published in a separate paper.

1.2. Organization of chapters

The organization of our work and of this book was
inspired by INTERRAD Jurassic-Cretaceous Working
Group, whose publication (Baumgartner et al., 1995¢) has
during ten years of application proven to be an extremely
useful reference tool, indispensable in systematic and
especially biostratigraphic studies.

The main part of this book is Chapter 2 Systematics,
arranged in alphabetical order of genera and species.
In addition to obligatory headings, such as synonymy,
description, and remarks, a paragraph with known
occurrences is added in order to increase the applicability



Fig. 1.2. World map with localities studied by the Pliensbachian to Aalenian Working Group.

1 - NBC. Northeastern British Columbia (Williston Lake)

2 - QCI. Queen Charlotte Islands (from north to south: Graham,
Maude, Moresby, Louise and Kunga islands)

3 - OR. Oregon (Izee - Paulina and Izee - John Day roads)

4 - BCS. Baja California Sur (Punta San Hipdlito)

5 - SI. Slovenia: Julian Alps (Mt. Mangart)

6 — AT. Austria: Northern Calcareous Alps (Teltschengraben)

7 — TR. Turkey: Taurus Mountains, Gtimiislu Allochthon
(Gumislu village)

of the database for paleobiogeographic studies. The
number of Pliensbachian and Toarcian species included
here is far greater than that of the Aalenian representatives,
because many Aalenian species have already been included
in the catalogue of Baumgartner et al. (1995a). Only
those typical Middle Jurassic species needing revision,
completion of synonymy or additional illustrations
reappear in this book. The stratigraphic ranges of taxa are
not indicated because this portion of the project has not
been completed yet.

Chapter 3 contains basic data on all localities where
studied material was collected. When the Pliensbachian
to Aalenian Working Group was created in 2000, a few
localities integrated in this book were fully described
(Carter et al., 1988; De Wever, 1981b, ¢, 1982a, b) and
since that time some other papers have been published

8 - OM. Oman, Hawasina Nappes: Hamrat Duru Group (Wadi
Muaydin, Jabal Safra, Al Sawad, Wadi Saal, Al Kashbah Mt.,
Sabt), Al Aridh Group (Al Aridh village, Jabal Buwaydah),
Umar Group (Humadiyin)

9 - JP. Japan: Mino Terrane (Inuyama, Nanjo, Mt. Norikuradake,
Gujo-Hachiman, Kamiaso areas), Chichibu Terrane (Kuma
area)

(Whalen & Carter, 2002; Gori¢an et al., 2003; Matsuoka,
2004). Detailed descriptions of remaining localities and
their radiolarian inventory (e.g. Pliensbachian of Queen
Charlotte Islands, Pliensbachian to Aalenian of Oman)
are in preparation and will be published as individual
papers in the near future. Herein, only the location, a short
description of lithology and the overall stratigraphic range
of the studied successions are given. Stratigraphically
important co-occurring fossils are indicated and the
original publication is cited, if available.

Chapter 4 is an index of all taxa treated in the catalogue.
In order to allow an easy search, the list of species appears
in three different arrangements. The same list is sorted in
alphabetical order of genera (Chapter 4.1.), alphabetical
order of species (Chapter 4.2.), and ascending order of
alphanumerical species codes (Chapter 4.3.).

11



12



2. SYSTEMATICS

2.1. Concepts of systematics and
limitations

The main purpose of this catalogue is to provide precise
clues for doubtless identification of taxa that are useful for
global biochronology. The concept of species is basically
the same as that in Baumgartner et al. (1995a). Some
morphotypes with narrow delimitations were combined
into more broadly defined species. If morphological
characteristics of a taxon are narrowly defined but clearly
distinguishable in well-preserved material, we used such
a taxon as a subspecies. In this case the corresponding
species is denominated with sensu lato and has a separate
entry in the database, so that in poorly-preserved material
species identification is at least possible. On the other
hand, when a selected species contains a continuum of
variabilities, we called it species group without further
subdivison.

Generic level taxonomy was not the prime concern of
this book. Some long ago described genera (e.g. Stichocapsa
Haeckel 1881) certainly need thorough revision but
this would necessitate more detailed taxonomic and
phylogenetic studies, which were beyond the scope of this
catalogue. More modern descriptions were, nevertheless,
carefully examined and emended, if necessary. A clear
actualized definition was considered especially important
for those genera having their first or last occurrence in the
Pliensbachian to Aalenian interval and may therefore be
used for biochronology at generic level.

We recently discovered that some genera included
in this catalogue (Atalanta, Beatricea, Canutus, and
Thurstonia) are homonyms of other genera described long
ago. The resolution of this problem is not within the scope
of this publication and will be addressed in the future by
individual authors.

Suprageneric classification is deliberately ignored in
this book; for this information the reader is referred to
De Wever et al. (2001).

13



2.2. Notes for user

The included taxa are treated in alphabetical order of
genera and species. The following headings are used to
define a taxon:

Taxon code: Species and subspecies are coded. This code
has no significance in taxonomy but is required by the
BioGraph computer program for range-chart calculation.
Some species have been used previously in the calculation
of other range charts (Baumgartner et al., 1995b; Carter et
al., 1998); their codes are unchanged. The codes used by
Carter et al. (1998) and the ones newly designated in this
book are composed of three letters and two digits, while
the species codes defined by Baumgartner et al. (1995a, b)
have four digits.

Synonymy: All synonyms appear in chronological order.
Doubtful synonymy is preceded by “?”, taxa explicitly
excluded from a particular synonymy are preceded by

« »

not'.

Type designation: This heading designates holotype and
paratypes in the description of new species/subspecies.

Original description: 'This heading gives the original
description by the author of the taxon. Original descriptions
in languages other than English are translated. Because
the description is an authentic copy from the original
publication, this heading may be called Original diagnosis
or split into Original diagnosis plus Original description.

Emended definition (description): Gives subsequent emen-
dations with the reference to the publication cited. If no
publication is cited, this means that the taxon is emended
herein.

Original remarks are the remarks by the author of the
taxon. If in the original publication only a reference to
remarks under another taxon is given, the remarks under
the latter taxon are also provided.

Further remarks are mostly remarks by the authors of this
catalogue. In a few cases, relevant previously published

comments are given and the source is cited.

Measurements are the measurements from the original
publication.

14

Etymology makes reference to the origin of the formal
name of the taxon.

Type locality states the type locality of individual species
and subspecies.

Included species/subspecies: This heading appears with
genera and species sensu lato, and gives a list of species or
subspecies treated in this catalogue. Names are preceded
by codes.

Occurrence: This heading gives a list of previously known
plus our ‘new’ localities for each species/subspecies. Only
broader regions and not individual locations are listed.
Names of lithostratigraphic units are indicated, when
available. The occurrence of the holotype always appears
as the first on the list.

Plates: Each species/subspecies has its plate that is
numbered with the code of the taxon. The plates show the
holotype (for formal taxa) and one or several illustrations,
from more than one locality if possible. Magnification is
indicated in the plate caption and scale bars are added.
The figure caption indicates for each figure, the following:
country code (e.g. QCI), sample number (e.g. 99-CNA-
MI-10), and photograph/specimen number (e.g. GSC
34567). The figure number of the holotype is followed by
(H), author, year, plate, and figure of original illustration.
The same indication is given for figures previously used
in other publications by the authors of this catalogue.
Permissions granted for reproduction of the illustrations
are gratefully acknowledged.

List of country codes used in the figure captions:

AT = Austria

BCS = Baja California Sur, Mexico

JP =Japan

NBC = Northeastern British Columbia, Canada

OM = Oman

OR = Oregon, USA

QCI = Queen Charlotte Islands, British Columbia, Canada
SI = Slovenia

TR = Turkey

Repository: The holotypes and paratypes of newly de-
scribed species are stored in the authors™ collections. Re-
pository numbers correspond to specimen numbers, indi-
cated in plate captions.



2.3. Systematic description of genera and species

Genus: Acaeniotylopsis Kito & De Wever 1994

Type species: Acaeniotylopsis triacanthus Kito & De Wever 1994

Synonymy:
1994 Acaeniotylopsis n. gen. — Kito & De Wever, p. 130.

Original description: Test composed of spherical or sub-
spherical shell with some radial spines, a medullary shell
and microsphere. Cortical shell comprises massive nodes
connected to each other by short bars. Outer medullary
shell is spherical and is connected to cortical shell by sev-
eral strong triradiate radial beams and by numerous thin
secondary radial beams, which join nodes on cortical shell.
Primary beams merge into spines. Inner medullary shell
polyhedral.

Original remarks: The genus differs from Acaeniotyle
Foreman 1973 by the absence of perforated mammae on
the cortical shell, by a cortical shell composed of bars with
nodes and by the presence of the primary radial beams.

Further remarks: The genus also differs structurally from
Acaeniotyle in having a double medullary shell with a true
microsphere whereas the medullary shell of Acaeniotyle
is, by its size, closer to the macrosphere in the sense of
Hollande and Enjumet (1960). The genus differs essentially
from Acaeniotyle in having a double medullary shell, and
primary radial spines.

Etymology: Acaeniotyle + -opsis (masculine), in reference
to a similar morphology to Acaeniotyle Foreman.

Included species:

2001 Acaeniotylopsis ghostensis (Carter) 1988
4066 Acaeniotylopsis triacanthus Kito & De Wever 1994
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Acaeniotylopsis ghostensis (Carter) 1988
Species code: 2001

Synonymy:

1988 Acaeniotyle (?) ghostensis Carter n. sp. — Carter et al., p. 33,
pL. 9, fig. 6.

1994 Acaeniotylopsis ghostensis (Carter) — Kito & De Wever,
p- 132, pl. 1, figs. 7-8.

1995a Acaeniotylopsis ghostensis (Carter) — Baumgartner et al.,
p- 56, pl. 2001, figs. 1-2.

1997 Acaeniotylopsis ghostensis (Carter) - Yao, pl. 3, fig. 102.

Original diagnosis: Test subspherical and slightly flattened
with 3 long, sturdy, tribladed spines. Surface of cortical
shell covered with strong, slightly perforate nodes.

Original description: Test subspherical, flattened in
plane of equatorial spines. Nodes on cortical shell strong,
moderately spaced with somewhat flattened distal surfaces
(tops); surfaces with fine perforations, some bearing
remnants of fine central spines. Nodes connected by
strong bars that form circular, elliptical and subtriangular
pores. Spines tribladed and long (entire ones greater than
3/4 diameter of test) carrying narrow rounded ridges
and wider grooves; complete spines are pointed. First
medullary shell has small irregular pore frames connected
to cortical shell by radial beams. Radial beams (3) are
strong, triradiate and continuous with each primary spine;
beams of lesser strength are attached to cortical shell at
base of nodes.

Original remarks: Genus queried; the form described
is doubtfully assigned to this genus because nodes are
smaller, knob-like rather than rounded, and have fewer
perforations, and all are much older.

Further remarks: By Kito & De Wever (1994): Our
specimens have longer radial spines than the specimens
of the original description. The microsphere was not
described in the original description, but external features
and internal structure of type specimens are completely
identical with our material.

Measurements (um):
Based on 13 specimens.

HT | Av. | Min. | Max.
Diameter of test 146 | 145 | 175 139
Length of longest spine | 121 | 108 | 145 | 82

Etymology: Named for Ghost Creek, north of the type lo-
cality.

Type locality: GSC locality C-080597. Toarcian of Phantom
Creek Formation, Graham Island, Queen Charlotte Islands,
British Columbia.

Occurrence: Phantom Creek Formation, Queen Charlotte
Islands; Italy; Japan.

Acaeniotylopsis triacanthus Kito & De Wever 1994

Species code: 4066

Synonymy:

1989 Acaeniotyle (?) sp. 1 - Kito, p. 95, pl. 3, figs. 1-5, 8-9.

1991 Acaeniotyle sp. B. — Tonielli, p. 21, pl. 1, fig. 20.

1991 Acaeniotyle ? sp. A — Carter & Jakobs, p. 342, pl. 2, fig. 8.

1994 Acaeniotylopsis triacanthus n. sp. - Kito & De Wever,
p. 132, pl. 1, figs. 4-6, 9-11; pl. 3, figs. 5a-b, 6.

1995a Acaeniotylopsis variatus triacanthus Kito & De Wever
- Baumgartner et al,, p. 58, pl. 4066, figs. 1-7.

1997 Acaeniotylopsis v. triacanthus Kito & De Wever - Yao,
pl. 3, fig. 104.

Original description: Test composed of a spherical or
subspherical cortical shell with three strong radial spines;
one outer and one inner medullary shell. Cortical shell
constituted of massive nodes connected by short bars.
Pores are small, polygonal or circular. Three radial spines
are arranged in a plane at about 120 degrees. Radial spines
possess three wide grooves (primary grooves) alternating
with three narrow grooves (secondary grooves). A short
spine on each ridge arises at the end of the radial spine and
provides a clove-like tip. Outer medullary shell is spherical
and connected to cortical shell by three triradate primary
beams and thin secondary beams. Inner medullary shell is
polygonal, composed of pentagonal pore frames.
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Original remarks: This species differs from Acaeniotyle
diaphorogona variata Ozvoldova 1979 in the construction
of the cortical shell. The cortical shell lacks perforated
mammae. The species also differs from Acaeniotylopsis
ghostensis (Carter) in the aspect of its cortical shell and in
having branched spines.

Measurements (um):
Based on 13 specimens.

HT | Av. | Min. | Max.
Diameter of cortical shell | 189 | 160 | 128 | 204

Length of spine A 206 | - - -
Length of spine B 187 | 159 | 111 222
Length of spine C 193 | - - -

Etymology: From the Greek tri- (three) + acanthus
(spine).

Type locality: Sample S69, Contrada la Ferta, Sicily, Italy.

Occurrence: Italy; Japan; Phantom Creek Formation,
Queen Charlotte Islands.



Plate 2001. Acaeniotylopsis ghostensis (Carter). Magnification x200. Fig. 1(H). Carter et al. 1988, pl. 9, fig. 6.
Fig. 2. QCI, GSC loc. C-080611, GSC 128704.

Plate 4066. Acaeniotylopsis triacanthus Kito & De Wever. Magnification x150. Fig. 1(H). Kito & De Wever 1994, pl. 1,
fig. 11. Fig. 2. Carter & Jakobs 1991, pl. 2, fig. 11. Fig. 3. Baumgartner et al. 1995a, pl. 4066, fig. 3.
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Genus: Anaticapitula Dumitrica & Ziigel 2003

Type species: Anaticapitula clauda Dumitrica & Ziigel 2003

Synonymy:
2003 Anaticapitula n. gen. — Dumitrica & Ziigel, p. 52.

Original description: Highly ovate dicyrtid test with bladed
apical horn and thorax prolonged into a thin-walled termi-
nal tube. Cephalis and thorax continuous externally, with-
out collar stricture. Initial spicule with A, V, D, two L, two
1, and a long Ax. Cephalis and thorax with a superimposed
network of strong ridges. With or without feet representing
external extensions of L and D. Feet, when present, with an
outer blade and two lateral blades.

Original remarks: By its general shape and the tubular
prolongation of the thorax this genus shows characters in
common with the genus Rhopalosyringium Campbell &
Clark, 1944. A comparable axobate was illustrated by De
Wever (1982) in the Lower Jurassic species Ovum per-
tusum De Wever, 1982. Jacus (?) anatiformis De Wever,
1982, described from the lower Pliensbachian of Turkey,
is also almost identical to A. pennata n. gen., n. sp. and,

although De Wever (1982) did not mention the presence
of Ax in his species, a small light-grey spot opposite to the
ventral spine, representing probably a small Ax, is visible
in a broken specimen figured by him (De Wever 1982;
pl. 11, fig. 13). Jacus (?) italicus Jud, 1994 described from
the Lower Cretaceous (Jud 1994) has a morphology similar
to J. () anatiformis and should also be assigned to the ge-
nus Anaticapitula n. gen.

From Napora, Anaticapitula n. gen. differs by having a
well developed Ax in the initial spicule, thorax continuous
with the velum, no crown of spines on the apical horn, and
a much larger cephalis.

Etymology: From the Latin anas: duck; and capitulus: small
head. Feminine gender.

Included species:
JACO2 Anaticapitula anatiformis (De Wever) 1982a
JACO04 Anaticapitula omanensis Dumitrica n. sp.

Anaticapitula anatiformis (De Wever) 1982a
Species code: JAC02

Synonymy:

1982 Bisphaerocephalina (?) sp. - Imoto et al,, pl. 1, fig. 10.

1982a Jacus ? anatiformis n. sp. — De Wever, p. 205, pl. 11,
figs. 10-15.

1982b Jacus ? anatiformis De Wever — De Wever, p. 343, pl. 54,
figs. 1-5; pl. 58, figs. 1, 2, 6.

1984 Jacus sp. A - Murchey, pl. 2, fig. 29.

1984 Jacus sp. B — Murchey, pl. 2, fig. 28.

1987 Jacus sp. A - Hattori, pl. 11, fig. 7.

1987 Jacus sp. D - Hattori, pl. 11, fig. 8.

1989 Jacus sp. A - Hattori, pl. 5, fig. I.

1989 Jacus? sp. B - Hattori, pl. 5, fig. J.

1990 Jacus anatiformis De Wever — De Wever et al., pl. 3, fig. 10.

1998 Jacus ? anatiformis De Wever — Whalen & Carter, p. 74,
pl. 18, figs. 13, 14, 17, 18, 19, 27.

1997 Thetis sp. B - Yao, pl. 10, fig. 467.

1998 Jacus ? anatiformis De Wever — Yeh & Cheng, p. 32, pl. 6,
fig. 10.

2001 Jacus cf. anatiformis De Wever — Gawlick et al., pl. 2,
fig. 16.

2001 Jacus anatiformis De Wever — Gawlick et al., pl. 5, fig. 19.

2002 Jacus ? anatiformis De Wever — Hori & Wakita, pl. 3, fig. 7.

2002 Jacus ? anatiformis De Wever — Whalen & Carter, p. 138,
pl. 16, fig. 18.

2002 Anaticapitula anatiformis (De Wever) — Tekin, p. 191,
plL. 5, fig. 8.

2003 Jacus ? aff. anatiformis De Wever — Gori¢an et al., p. 296,
pl. 4, figs. 5-6.

2003 Jacus ? sp. — Gori¢an et al., p. 296, pl. 4, fig. 7.

2004 Anaticapitula (?) sp. - Matsuoka, fig. 144.

2004 Anaticapitula (?) anatiformis (De Wever) — Matsuoka,
fig. 145.
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Original description: Form with two segments, a strong
apical horn, three diverging feet on thorax and a free sub-
cylindrical velum.

Apical horn triradiate along most of length, but some
specimens with a rounded end. Hemispherical cephalis
imperforate, smooth, with small pustules or with strong
longitudinal wrinkles. A round pore, rather large, pro-
longs cephalic spine V. Thorax roughly tetrahedral in form
with lateral edges extending in three feet. Wall composed
of two superimposed irregular latticed networks: a deli-
cate inner one and a coarse outer one. Thorax extends in
a subcylindrical velum with a thin wall and tiny irregular
pores.

Original remarks: This form is tentatively assigned to this
genus because of the relationship between the velum and
feet: whether the velum is free from the feet or bound to
them could be considered a generic criterion, but it seems
hasty to me in our present stage of knowledge.

This form resembles Lithomelissa amazon Foreman
(1968, p. 26) but is distinguished from it by its slender
appearance proximally. It differs also from all other species
of Lithomelissa by the lack of an axial spine (Ax).

The observation of different layers and their disposition
on the thorax and velum suggests the same growth pattern
as described by Petrushevskaya M.G. (1962) for Cenozoic
forms: development of thoracic wall, then proximal part
of velum, and lastly, the simultaneous development of a
proximal external layer on the thorax-velum suture zone
and distal part of velum.



Plate JACO2. Anaticapitula anatiformis (De Wever). Magnification x300. Fig. 1(H). De Wever 1982a, pl. 11, fig. 10.
Fig. 2. JP, IJIII12. Fig. 3. Whalen & Carter 2002, pl. 16, fig. 18. Fig. 4. QCI, GSC loc. C-080612, GSC 128815.

Fig. 5. OM, Haliw-038-R08-26. Fig. 6. OM, BR706-R05-01. Fig. 7. Gori¢an et al. 2003, pl. 4, fig. 5. Fig. 8. Gori¢an et al.
2003, pl. 4, fig. 6. Fig. 9. OM, BR706-R12-14. Fig. 10. QCI, GSC loc. C-175306, GSC 128816. Fig. 11. OM, BR706-R05-14.
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This species differs from J. coronatus, J. clatratus and
J. isa by its free velum.

Further remarks: This species may easily be assigned to the
genus Anaticapitula (Dumitrica & Ziigel, 2003) by the two-
layered, thick-walled cephalis and thorax, and the tubular
distal extension of the thorax. This species is structurally
close to Anaticapitula clauda Dumitrica & Ziigel.

A large variety of forms are now included in Anaticapitula
anatiformis. These forms differ in length of feet and
structure of thoracic wall, which can be two-layered and
irregular as in the holotype, or simple, composed of large
uniform polygonal pore frames.

Measurements (um):
Based on 11 specimens.

Av. | Min. | Max.
Length of apical horn 82 | 67 100
Width of thorax 84 |75 100

Total length

(including velum and apical horn) 238 | 200 1 290

Etymology: From Latin anas, -atis, duck and formis form.
In a form of a duck, by resemblence to the appearance of
duck in flight.

Type locality: Sample 1662D, Glimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Giimiislii Allochthon, Turkey; Sandilands and
Ghost Creek formations, Queen Charlotte Islands; San
Hipolito Formation, Baja California Sur; Diirrnberg For-
mation, Austria; Skrile Formation, Slovenia; Hocakoy Ra-
diolarite, Turkey; Musallah Formation, Oman; Liminang-
cong Chert, Philippines; Japan.

Anaticapitula omanensis Dumitrica n. sp.
Species code: JAC04

Synonymy:

1989 Thetis spp. — Hattori, pl. 7, figs. E-G.
1997 Thetis sp. D - Yao, pl. 10, fig. 469.

2004 Anaticapitula (?) sp. - Matsuoka, fig. 142.

Type designation: Holotype specimen BR1121-R08-17
from sample BR 1121, Guwayza Formation, Tawi Sadh
Member, Wadi Mu'aydin, Oman.

Diagnosis: Test small, subrhombic in outline with a three-
bladed pointed apical horn and short spines D, Lr and LI

Description: Test small, pyramidal in the upper half, in-
verted conical in the lower half. Cephalis globular, imperfo-
rate, lower part covered by ribs extending from outer layer
of thorax. Apical horn long, three-bladed, gently pointed.
Thorax much larger than cephalis, inflated in the middle
part where it bears three short laterally-downward directed
spines. Spines distally three-bladed, proximally multi-blad-
ed with secondary blades representing prolongations of the
intervening bars of the external layer of the thoracic wall.
Collar stricture indistinct or slightly visible by a change in
outline. Beyond the level of the three spines, thorax de-
creases gradually in diameter and terminates irregularly.
This part of thorax approximally equal in length to the
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portion between top of cephalis and the level of the three
spines. Pores of thorax irregular in size, shape and arrange-
ment; intervening bars of the outer layer usually forming
ribs in various directions.

Remarks: Anaticapitula omanensis differs from A. anati-
formis in having much shorter D and L spines; the conical
part of thorax is also shorter and inverted.

Measurements (um):
Based on 9 specimens.

HT | Min. | Max.

Maximum length of shell
with apical horn

Length of apical horn 53 50 70
Diameter of thorax

at the level of the three spines 87 85 88

170 | 170 | 209

Etymology: From its occurrence in Oman.

Type locality: Sample BR 1121, Guwayza Formation, Tawi
Sadh Member, Wadi Mu'aydin, Oman.

Occurrence: Guwayza Formation, Tawi Sadh Member,
Oman; Mino Terrane, Japan.



Plate JACO04. Anaticapitula omanensis Dumitrica n. sp. Magnification x300. Fig. 1(H). OM, BR1121-R08-17.
Fig. 2. OM, BR1121-R06-13. Fig. 3. OM, BR1121-R08-15. Fig. 4. OM, BR1121-R07-03. Fig. 5. OM, BR1122-R02-12.
Fig. 6. OM, BR1121-R08-08. Fig. 7. OM, BR1121-R10-01.
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Genus: Archaeodictyomitra Pessagno 1976, emend. Pessagno 1977b

Type species: Archaeodictyomitra squinaboli Pessagno 1976

Synonymy:

1976 Archaeodictymitra n. gen. — Pessagno 1976, p. 49.

1977b Archaeodictyomitra Pessagno — Pessagno, p. 41.

1987b Combusta n. gen. — Yeh, p. 60.

1995a Archaeodictyomitra Pessagno — Baumgartner et al., p. 96.

Original description: Test conical, non-lobate, becoming
somewhat spindle-shaped in unbroken or mature forms;
cephalis, thorax, abdomen, and post-abdominal chambers
covered by linearly arranged continuous costae which
converge in the area of the cephalis and thorax; pores
distributed in single row between costae, entirely relict on
earlier chambers and observable only on etched or eroded
specimens.

Emended definition: By Pessagno (1977b): Definition as in
Pessagno (1976), but including forms with constrictions;
constrictions not occurring at joints.

Original remarks: Archaeodictyomitra n. gen., differs from
Dictyomitra Zittel by being non-lobate in outline and lack-
ing well-developed strictures; and by possessing relict

pores and lacking primary pores. It differs from Diplostro-
bus Squinabol for the reasons cited above and by lacking an
apical horn.

Only a few of the many potential species known to be
assignable to this genus have been described from Jurassic
and Cretaceous strata. » Dictyomitra« margarita Aliev, 1961,
from the Lower Cretaceous of Russia is definitely assign-
able to Archaeodictyomitra.

Further remarks: Combusta Yeh is herein considered a
junior synonym of Archaeodictyomitra Pessagno because
there is no structural difference between the two genera.
Both lack an apical horn and constrictions or have only
very weak constrictions at joints; both possess longitudinal
costae with a row of pores in the intercostal depressions,
and a distal aperture.

Included species:

ADMO1 Archaeodictyomitra munda (Yeh) 1987b
ADMO2 Archaeodictyomitra sp. A

ADMO3 Archaeodictyomitra sp. B

Archaeodictyomitra munda (Yeh) 1987b
Species code: ADMO1

Synonymy:

1987b Combusta munda n. sp. - Yeh, p. 61, pl. 20, figs. 6-7, 11,
17; pl. 28, figs. 8, 25.

1987b Combusta sp. A - Yeh, p. 61, pl. 20, fig. 10.

1987b Combusta sp. B — Yeh, p. 61, pl. 28, figs. 9, 16.

2003 Parahsuum spp. — Gori¢an et al., p. 296, pl. 5, fig. 14 only.

2003 Archaeodictyomitra sp. sensu Kojima et al. 1991 -
Kashiwagi & Kurimoto, pl. 3, fig. 11.

2004 Archaeodictyomitra munda (Yeh) — Matsuoka, fig. 187.

Original description: Test as with genus, with seven to nine
post-abdominal chambers. Cephalis medium in size, dome-
shaped. Cephalis, thorax, and abdomen sparsely perforate.
Post-abdominal chambers with one row of small pore
frames between adjacent costae. Costae moderately thick,
merging apically. About twelve costae visible laterally.

Further remarks: Distally more inflated forms (Combusta
sp. A of Yeh, 1987b) and forms with slight constrictions
(Combusta sp. B of Yeh, 1987b) are regarded as intraspecific
variability of Archaeodictyomitra munda (Yeh).
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Measurements (um):
Ten specimens measured.

Length of test (max.) | Width of test (max.)
HT 200 94
Mean 195 90
Max. 200 94
Min. 190 85

Etymology: Mundus-a-um (Latin, adj.) = elegant.

Type locality: Sample OR-600A, Hyde Formation along
Izee-Paulina road, east-central Oregon.

Occurrence: Hyde and Snowshoe formations of east-
central Oregon; Fannin Formation, Queen Charlotte
Islands; Skrile Formation, Slovenia; Japan.



Plate ADMO1. Archaeodictyomitra munda (Yeh). Magnification x300. Fig. 1(H). Yeh 1987b, pl. 19, fig. 11.

Fig. 2. Matsuoka 2004, fig. 187. Fig. 3. Goric¢an et al. 2003, pl. 5, fig. 14.
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Archaeodictyomitra sp. A
Species code: ADMO02

Synonymy:
1989 Lupherium ? sp. C - Hattori, pl. 16, fig. D.
2004 Archaeodictyomitra sp. - Matsuoka, fig. 186.

Remarks: Test spindle-shaped with cephalis, thorax,
abdomen and an undetermined number of post abdominal
chambers that gradually increase in width as added.
Narrow, linearly arranged costae, 12-14 arranged over test;
costae converging apically. Single row of pores between
costae; pores relict on early chambers becoming more open
distally.

This is one of the oldest species of Archaeodictyomitra
(earliest Pliensbachian) and may be ancestral to A. munda
(Yeh). A. sp. A is smaller (length <150um) than A. munda
and the final chamber/s are not constricted.

Occurrence: Ghost Creek Formation, Queen Charlotte Is-
lands; Mino Terrane, Japan.

Archaeodictyomitra sp. B
Species code: ADMO3

Remarks: Test large, narrowly conical apically becoming
almost tubular toward aperture. Coarse linearly arranged
costae (12-14) on exterior of test; costae with rounded
edges. Cephalis and thorax covered with a heavy layer of
microgranular silica.

Occurrence: Fannin Formation, Queen Charlotte Islands.

Genus: Archaeohagiastrum Baumgartner 1984

Type species: Archaeohagiastrum munitum Baumgartner 1984

Synonymy:
1984 Archaeohagiastrum n. gen — Baumgartner, p. 758

Original description: Test composed of four rays, placed at
right angles and of about equal length. The rays are formed
of a primary beam, three primary canals and six external
beams.

Original remarks: The rays of Archaeohagiastrum cor-
respond to the medullary rays of the more evolved hagi-
astrins and represent the simplest possible hagiastrid
structure. It was referred to as ancestor of Hagiastrum
in Baumgartner (1980, Textfig. 7 and p. 284). Tetraporo-
bracchia Kozur and Mostler 1979 has the same ray struc-
ture but rays are arranged along tetraedric or cubic axes.
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Archaeotriastrum De Wever 1981b has a similar ray struc-
ture but has three rays. Because of its simple ray structure
this genus is tentatively included with the hagiastrins. It
should, together with Archaeotriastrum, be assigned to a
new subfamily ancestral to the Hagiastrinae.

Etymology: From the Greek archaeo = ancient, ancestral
form to Hagiastrum.

Included species:

3149 Archaeohagiastrum longipes Baumgartner 1995
3271 Archaeohagiastrum munitum Baumgartner 1984
HAGO1 Archaeohagiastrum oregonense (Yeh) 1987b
HAGO2 Archaeohagiastrum pobi Whalen & Carter 1998
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Plate ADMO02. Archaeodictyomitra sp. A. Magnification x300. Fig. 1. QCI, C-080612, GSC 128708. Fig. 2. QCIL, GSC

loc. C-305388, GSC 128709. Fig. 3. Matsuoka 2004, fig. 186.

Plate ADMO3. Archaeodictyomitra sp. B. Magnification x200. Fig. 1. QCI, GSC loc. C-140495, GSC 128710.
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Archaeohagiastrum longipes Baumgartner 1995
Species code: 3149

Synonymy:

1982 Tetratrabs sp. - Kishida & Sugano 1982, pl. 6, fig. 11.

1987 Archaeohagiastrum sp. A - Hattori, pl. 3, figs. 3-4.

1988 Archaeohagiastrum sp. A - Hattori, pl. 5, fig. B.

1988 Tetratrabs sp. aff. T. gratiosa Baumgartner - Carter et al,,
p- 30, pl. 7, fig. 10.

1989 Archaeohagiastrum sp. - Hattori, pl. 4, fig. E.

1989 Archaeohagiastrum sp. A - Hattori, pl. 25, fig. E.

1991 Tetratrabs sp. aff. T. zealis (Ozvoldova) — Carter & Jakobs,
p. 344, pl. 2, fig. 7.

1995a Archaeohagiastrum longipes Baumgartner n. sp.
- Baumgartner et al,, p. 106, pl. 3149, figs. 1-6.

1996 Archaeohagiastrum sp. A - Yeh & Cheng, p. 96, pl. 1, fig. 2;
pl. 8, figs. 6,7, 12.

1997 Archaeohagiastrum longipes Baumgartner - Yao, pl. 7,
fig. 334.

Original description: Form with four smooth slender rays
of about equal length about at right angles, constructed as
with genus. One row of large circular pores between each
external beam. Beam cross-section hexagonal. Central area
small, smooth, with small, irregular pores or with 4-7 small
nodes. Lateral beams are continuous around the central
area. The external beams of rays are smooth or slightly
nodose. Ray tip sometimes slightly thickened, with short
three-bladed central spine.

Original remarks: This species differs from A. munitum
by distincly longer and slenderer rays and a generally less
nodose test surface. Central knobs are present but much
less developed than with A. munitum.

Measurements (um):
Based on 7 specimens.

HT | av. | min. | max.
Length of rays AX 208 | 210 | 192 | 218
Length of rays BX 198 - - -
Length of rays CX 195 - - -
Length of rays DX - - - -
Width of rays 41 45 33 47
Width of central area | 70 | 75 65 82

Etymology: Longipes, latin for "long-footed" named for its
long rays compared to the type species of this genus.

Type locality: Sample OR 554, Snowshoe Formation, East-
Central Oregon.

Occurrence: Snowshoe Formation, east-central Oregon;
Phantom Creek Formation, Queen Charlotte Islands; Italy;
Diirrnberg Formation, Austria; Tawi Sadh Member of the
Guwayza Formation, Oman; Liminangcong Chert, Philip-
pines; Japan.

Archaeohagiastrum munitum Baumgartner 1984
Species code: 3271

Synonymy:

1982 Crucella sp. A - Sashida et al., pl. 1, fig. 9.

1982 Tetratrabs sp. B — Wakita, pl. 5, fig. 4.

1984 Archaeohagiastrum munitum n. sp. — Baumgartner, p. 759,
pl. 2, figs. 9-13.

1985 Archaeohagiastrum munitum Baumgartner — Nagai, pl. 2,
figs. 5-5a.

1985 Archaeohagiastrum munitum Baumgartner - Yamamoto et
al,, p. 34, pl. 3, figs. 7a-b.

1988 Tetraditryma sp. B — Carter et al,, p. 31, pl. 16, fig. 8.

1990 Archaeohagiastrum munitum Baumgartner - Kito et al.
1990, pl. 1, fig. 6.

1994 Archaeohagiastrum munitum Baumgartner — Gorican,
p. 62, pl. 5, fig. 14.

1995a Archaeohagiastrum munitum Baumgartner —
Baumgartner et al., p. 108, pl. 3271, figs. 1-6.

1997 Archaeohagiastrum munitum Baumgartner - Yao, pl. 7,
fig. 335.

Original description: Small form with four smooth to no-
dose rays of about equal length constructed as with genus.
Central area small, occupied by four to five broad, highly
raised, connected nodes, which alternate with four pores
placed at the proximal termination of the median beams.
The fifth node is central or slightly excentric and fused to
one of the corner nodes. A nearly centrally placed pore of-
ten occurs. Lateral beams are continuous around the cen-
tral area. The external beams of rays are slightly to strongly
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nodose, nodes increase in size towards central area and are
sometimes connected by a blade like ridge. Ray tip blunt or
with short central spine of round cross section.

Original remarks: A. munitum differs from other yet unde-
scribed species of this genus by being distinctly smaller and
by having a strongly nodose test.

Measurements (um):
Based on 7 specimens.

min. | max. | av. | HT
Length of rays AX: 114 - - -
Length of rays BX: 120 - - -
Length of rays CX: 108 - - -
Length of rays DX: 111 95 87 | 120
Width of rays: 51 42 35 | 51
Maximum length of spines: 66 48 28 | 66
Width of central nodose area: | 65 60 | 47 | 76

Etymology: Munitum: fortified, protected (Latin), referring
to the nodose surface of test and central area.

Type locality: Blake Bahama Basin, West Atlantic (DSDP
Leg 71, Site 534).

Occurrence: Worldwide.



Plate 3149. Archaeohagiastrum longipes Baumgartner. Magnification x150. Fig. 1(H). Baumgartner et al. 1995a,
pl. 3149, fig. 4. Fig. 2. OM, BR871-R03-07. Fig. 3. AT, BMW21-31. Fig. 4. Carter et al. 1988, pl. 7, fig. 10.
Fig. 5. Carter & Jakobs 1991, pl. 2, fig. 7.

Plate 3271. Archaeohagiastrum munitum Baumgartner. Magnification x200. Fig. 1(H). Baumgartner 1984, pl. 2, fig. 9.
Fig. 2. Carter et al. 1988, pl. 16, fig. 8. Fig. 3. JP, MNA-10, MA11555. Fig. 4. JP, NK9-62.
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Archaeohagiastrum oregonense (Yeh) 1987b
Species code: HAGO1

Synonymy:

1987 Tetraditryma sp. A - Hattori, pl. 3, fig. 1.

1987b Higumastra oregonensis n. sp. — Yeh, p. 26, pl. 8 figs. 7, 15,
20; pl. 23, fig. 16; pl. 29, figs. 11, 18.

1990 Higumastra oregonensis Yeh — Nagai, pl. 5, fig. 2.

1998 Archaeohagiastrum sp. aff. A. pobi n. sp. - Whalen & Carter,
p. 45, pl. 10, figs. 1, 6, 10, 13, 17.

Original description: Rays relatively uniform in width,
elongate, with short massive primary spines. Primary spines
triradiate proximally, circular in cross section distally.
Central area small, square in outline. Rays nearly equal in
length, comprised of three rows of tetragonal pore frames.
Central area of cortical shell consisting of pentagonal and
hexagonal pore frames quadrilaterally arranged. Pore
frames larger on rays; all pore frames without prominent
nodes at vertices. Test with or without patagium.

Measurements (um):
Ten specimens measured.

Length Width Width Length

of ray of ray of central area of spine
HT 92 31 61 30
Mean 95 28 58 42
Max. 101 31 61 45
Min. 78 24 54 30

Type locality: Locality 600A, Hyde Formation along Izee-
Paulina road, east-central Oregon.

Occurrence: Hyde and Snowshoe formations, Oregon;
Sandilands Formation, Queen Charlotte Islands; Japan.

Archaeohagiastrum pobi Whalen & Carter 1998
Species code: HAG02

Synonymy:

1998 Archaeohagiastrum pobi n. sp. - Whalen & Carter, p. 44,
pl. 10, figs. 3, 4, 5, 9.

1998 Pseudocrucella sp. A - Cordey, p. 70, pl. 20, fig. 1.

Original description: Test composed of four short rays at
right angles, terminating in very long, massive, triradiate
spines. Each ray comprised of an internal primary beam,
three primary canals and six external beams. External spine
ridges and grooves part of integral geometry of four-rayed
test. Longitudinal beams developed on edges of each spine
ridge (two per spine, totaling six beams); transverse bars
connecting these beams creating linear rows of fairly reg-
ular pore frames, most tetragonal (four to fine horizontal
rows of pores per ray). Large raised elliptical to subrectan-
gular nodes aligned perpendicular to beams; nodes located
at vertices of external beams and transverse bars. Three
hagiastrid canals formed by transverse bars spanning the
deeply grooved spine ridges. Central area large, composed
mostly of triangular pore frames with large subrounded
nodes at vertices. Spines very long with broad, rounded
ridges and deep rounded grooves.

Original remarks: Baumgartner (1980, p. 284) wrote, "An
early Sinemurian sample (QC 549) contains 3 types of hagi-
astrids. One of them, a possible ancestor of Hagiastrum, has
a central area similar to the Emiluvia-like forms" (=Udalia
in this paper) "and possesses 3 primary canals and 6 ex-
ternal beams. It seems possible that this form is the first
hagiastrid and has evolved from Emiluvia-like forms by de-
veloping transverse bars between raised ridges of primary
spines and thus enclosing primary grooves to form primary
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canals". We believe the two species of Archaeohagiastrum
discussed and illustrated here conform to this statement.
Archaeohagiastrum pobi n. sp. differs from A. munitum
Baumgartner by the arrangement of pores and/or nodes
in the central area and by having much longer spines. See
A. sp. aff. A. pobi n. sp. for further comparison.

Measurements (um):
Based on 9 specimens.

Length Width Length
of longest ray of widest ray | of longest spine
HT 134 50 260
Max. 134 64 260
Min. 94 41 103
Mean 114 50 170

Etymology: Species name formed by an arbitrary
combination of letters (ICZN, 1985, p. 109, Appendix D,
pt. V, Recommendation 26). Species named in honour of
Dr. Peter O. Baumgartner (POB), Université de Lausanne
who investigated the early history of the hagiastrids
(Baumgartner, 1980) and whose ideas have led us to the
description of the earliest species of Archaeohagiastrum
and Hagiastrum.

Type locality: Locality 89-CNA-KUH-8, Sandilands For-
mation, Kunga Island, Queen Charlotte Islands, British
Columbia, Canada.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands; Bridge River Complex, British
Columbia.
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Plate HAGO1. Archaeohagiastrum oregonense (Yeh). Magnification x300, except Fig. 3b x600. Fig. 1(H). Yeh 1987b,
pl. 8, fig. 7. Fig. 2. OR600A-R03-11. Fig. 3. OR, OR600A, Fig. 3a. R1-1311b, Fig. 3b. R1-1311a.

Plate HAGO2. Archaeohagiastrum pobi Whalen & Carter. Magnification x150. Fig. 1(H). Carter et al. 1998, pl. 10, fig. 3.
Fig. 2. QCI, GSC loc. C-305417, GSC 128801.




Genus: Archaeospongoprunum Pessagno 1973

Type species: Archaeospongoprunum venadoense Pessagno 1973

Synonymy:
1973 Archaeospongoprunum n. gen. — Pessagno, p. 57.

Original description: Test cylindrical, ellipsoidal, or ellip-
soidal and lobate with two polar spines; polar spines trira-
diate or tetraradiate in axial section with longitudinally or
spirally arranged ridges alternating with grooves. Spongy
meshwork comprised of polygonal pore frames arranged in
concentric layers.

Original remarks: Archaeospongoprunum, n. gen., differs
from Spongoprunum Haeckel by possessing polar spines
with longitudinal grooves separated by longitudinal ridges.
A number of species of Archaeospongoprunum have grooves
and ridges that assume a spiral rather than a longitudinal
arrangement.

Included species:
ASPO1 Archaeospongoprunum coyotense Whalen & Carter
2002

Archaeospongoprunum coyotense Whalen and Carter 2002

Species code: ASP01

Synonymy:

1987 2Archaeospongoprunum spp. — Hattori, pl. 22, fig. 8.

1989 Archaeospongoprunum sp. — Hattori & Sakamoto, pl. 18,
fig. L.

2002 Archaeospongoprunum coyotense n. sp. — Whalen & Carter,
p. 110, pl. 4, figs. 1, 2, 6, 7, 10.

Original description: Test elongated along polar axis, cylin-
drical in shape; test surface planiform where it joins polar
spines. Meshwork moderately coarse, composed of large,
irregularly shaped and distributed pentagonal pore frames.
Polar spines massive, triradiate in axial section with nar-
row, rounded longitudinal ridges and steep-sided, longi-
tudinal grooves; longitudinal ridges sometimes split along
proximal margin (see holotype).

Original remarks: Archaeospongoprunum coyotense n. sp.,
is distinguished from A. bipartitum Pessagno 1973, by hav-
ing stronger triradiate spines, more irregular pore frames
and the absence of a sulcus. A. coyotense n. sp. is similar to
Archaeospongoprunum sp. B (pl. 5, no. 199) and A. sp. B2
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(pl. 5, no. 201) of Yao 1997; it differs from the former in
having more tapering spines, and from the latter in having
a more cylindrical test.

Measurements (um):
(Refer to text-figure 7 of Whalen & Carter, 2002).
(n) = number of specimens measured

AA'(9) [ A'S8) [ AS®) | BB(9) [ cc'(9) | dd'(9)
120 | 180 53 101 38 38 |HT
165 | 206 | 195 | 131 38 38 | Max.

120 143 105 90 23 26 | Min.
142 165 141 107 31 33 |Mean

Etymology: This species is named for Estero de Coyote
located to the southeast of the type area.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur, Mexico.

Occurrence: San Hipolito Formation, Baja California Sur;
Japan.



Plate ASPO1. Archaeospongoprunum coyotense Whalen & Carter. Magnification x200. Fig. 1(H). Whalen & Carter
2002, pl. 4, fig. 1. Fig. 2. Whalen & Carter 2002, pl. 4, fig. 2.
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Genus: Archaeotritrabs Steiger 1992, emend. Jud 1994

Type species: Archaeotritrabs gracilis Steiger 1992

Synonymy:

1992 Archaeotritrabs n. gen. — Steiger, p. 40.

1994 Archaeotritrabs Steiger emend. - Jud, p. 64.

1995a Archaeotritrabs Steiger emend. Jud - Baumgartner et al.,
p. 112.

Original description: Hagiastrid with three arms com-
posed of 6 longitudinal ribs, which generate a hexagonal
cross section of the arms. The longitudinal ribs are noddy.
Between them 6 rows of simple pore frames occur. The arm
tips increase in width and have a rounded to trapezoidal
contour. The arm tips can have spines.

Emended description: By Jud (1994): Test three-rayed. Rays
of equal length, composed of 8 beams. Cross-section of rays
rectangular to octogonal. Beams connected with one an-
other by bars forming rectangular pores on the upper and
lower sides of the test, and rectangular to trapezoidal pores
on the lateral sides. Ray tips inflated, with small, polygonal
pore-frames and usually with spines.

Original remarks: The genus Archaeotritrabs differs from
the genera of the subfamiliy of the Tritrabinae by having
simple pore rows between longitudinal ribs. After Baum-

gartner (1980) the Tritrabinae are defined by double pore
rows. It is questionable whether these forms can be related
to the Tritrabinae on the base of the hexagonal cross section
of the arms. The morphological range of the group should
be extended in the sense of having simple pore rows. Oth-
erwise a new subfamily should be created to include simple
pore rows on the same level as double pore rows. Because
of the rare material this is actually impossible.

Further remarks: By Jud (1994): The genus was described
as possessing 6 longitudinal beams on each ray. This inter-
pretation is a result of insufficient observation of the lateral
parts of the rays. Specimens unquestionably assignable to
A. gracilis Steiger occurring in our material prove that this
species has 8 beams and that the rays have a subrectangu-
lar cross-section. Moreover, cross-sections show that the
rays have 4 channels and not 3, as characteristic of Tritrabs
(P. Dumitrica, personal communication, and pl. 4, fig. 7).

Etymology: Greek: archaios — old. Designation signifying
that it is the probable ancestor of the genus Tritrabs.

Included species:
ATTO1 Archaeotritrabs hattorii Dumitrica n. sp.

Archaeotritrabs hattorii Dumitrica n. sp.
Species code: ATTO01

Synonymy:

1985 Homoeoparonaella sp. B — Nagai, pl. 1, figs. 5, 5a.
1987 Homoeoparonaella sp. O - Hattori, pl. 3, figs. 16, 17.
1987 Tritrabs () sp. C — Hattori, pl. 3, fig. 18.

1989 Tritrabs spp. — Hattori, pl. 38, fig. B.

Type designation: Holotype pl. ATTO1, fig. 3, sample
BR871, chert of Tawi Sadh Member reworked in the Gu-
wayza Formation, Al Khashbah Mountains, Oman.

Description: Rays equal in length, slender, spindle-shaped,
increasing slowly in diameter up to the distal third, then
decreasing to terminate in a pointed tip. Sometimes there
are 2 lateral spines in the equatorial plane originating in
the transverse ridges of lateral faces. Rays approximately
octagonal in cross-section, with 8 rows of pores separated
by 8 longitudinal beams. Pore frames rectangular but of two
types: those on oblique faces are simple whereas those on
upper, lower and lateral faces have high transverse ridges
and 2 pores in each rectangle separated by the branches of
the primary ray which form the 4 canals. One row usually
offset with pore frames of neighbouring rows. All vertices
of pore frames pointed. Central area large and triangular
outlined by three beams that connect the two longitudinal
beams on the face of each ray.
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Remarks: Archaeotritrabs hattorii differs from A. gracilis
Steiger in having spindle-shaped rays with pointed tips,
and lacks nodes on rays. The triangular area in the center of
shell is a characteristic also known in Tritrabs casmaliaensis
(Pessagno). In the latter species the triangle has one cortical
beam in each corner, whereas A. hattorii has two. All other
characteristics, except the microsphere, differ in these two
species. The central part of the test of A. hattorii is very
thin, the cortical shell in the center of the triangular area
includes the top and the bottom of the microsphere as
illustrated for Tritrabs and the Tritrabidae (Dumitrica in
De Wever et al., 2001).

Measurements (um):
Based on 4 specimens.

HT |Min. | Max.
Length of rays
from the center to the distal end 14011151140
Maximum diameter of rays 32 122 |47

Etymology: The species is named for Dr. Isamu Hattori,
Geological Laboratory, Fukui University, Japan, to honour
his valuable contribution to the knowledge of Jurassic
radiolarians of Japan.



Type locality: Sample BR871, chert of Tawi Sadh Member ~ Occurrence: Tawi Sadh Member of the Guwayza Forma-
reworked in the Guwayza Formation, Al Khashbah tion, Oman; Mino Terrane, central Japan.
Mountains, Oman.
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Plate ATTO1. Archaeotritrabs hattorii Dumitrica n. sp. Magnification x300. Fig. 1. JP, Nanjo Massif, IH84120461.
Fig. 2. JP, Nanjo Massif, IH84120461. Fig. 3(H). OM, BR871-R09-12. Fig. 4. OM, BR871-R04-14.
Fig. 5. OM, BR871-R04-15.
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Genus: Ares De Wever 1982a

Type species: Ares armatus De Wever 1982a

Synonymy:
1982a Ares n. gen. — De Wever, p. 202.
1986 Parares n. gen — Takemura, p. 46.

Original description: Form with three very strong spines,
recurved or not, corresponding to the extensions of the
cephalic spines A, V, and D. Six collar pores of variable
size; the largest are the cardinal pores, the smallest are
the jugular pores. Collar structure not plane, jugular and
especially cervical pores are oblique to the cardinal pores.
Spines A and V free, spine D attached to the shell by bridges.
Cephalis small, hemispherical. Thorax robust with two
spines as extensions of D and V. Pores of the flared post-
thoracic part (abdomen ?, velum ?) distributed in more or
less regular longitudinal rows.

Original remarks: This genus differs from Dictyoceras,
some species of which resemble A. armatus n. sp., in hav-
ing two thoracic arms (extensions of V and D) instead of
three. It is distinguished from other genera by these two
characteristic arms.

Further remarks: Species lacking an apical horn or hav-
ing only a very short one were assigned to Parares by
Takemura (1986). These species were later included in
the genus Ares, with Parares considered a junior synonym
(Baumgartner et al., 1995a), since the length of the apical
horn is not considered a generic character. In fact if we
take into account the range of the species as known thus
far and the morphology one can see that the evolution of
the genus followed a trend towards reduction of the apical
horn and eventually its disappearance together with ex-
aggerated development of the ventral spine. During this

evolution the ventral spine changed its position and shape
from obliquely downward directed and straight (in the
Sinemurian species A. moresbyensis Whalen & Carter and
A. sutherlandi Whalen & Carter) to obliquely upward di-
rected and recurved (in the Toarcian species A. avirostrum
n. sp. and the Aalenian-Bajocian species A. cylindricus
Takemura). Its exaggerated development pushed the ce-
phalis to the dorsal side of the apex of shell. In this process
the apical horn changed also its position from practically
axial (in the Sinemurian species) to dorso-apical. During
the Pliensbachian the apical horn and ventral spine are al-
ready almost symmetrically curved and displaced from the
shell axis (A. cuniculiformis n. sp.) and during the Toarcian
the apical horn is already shorter than the ventral spine
(A. avirostrum n. sp.).

Etymology: Ares is the Greek War God, son of Zeus and
Hera, who was involved in the Trojan war when his daugh-
ter Penthesilea was killed by Achilles.

Included species and subspecies:

ARS03 Ares armatus De Wever 1982a

ARSO07 Ares avirostrum Dumitrica & Matsuoka n. sp.
ARSO06 Ares cuniculiformis Dumitrica & Whalen n. sp.
4061 Ares cylindricus s.1. (Takemura) 1986

3001 Ares cylindricus cylindricus (Takemura) 1986
4032 Ares cylindricus flexuosus (Takemura) 1986
ARS04 Ares mexicoensis Whalen & Carter 2002
ARSO01 Ares moresbyensis Whalen & Carter 1998
ARSO02 Ares sutherlandi Whalen & Carter 1998
ARSO08 Ares takemurai Dumitrica & Matsuoka n. sp.
4008 Ares sp. A sensu Baumgartner et al. 1995a

Ares armatus De Wever 1982a
Species code: ARS03

Synonymy:

1982a Ares armatus n. sp. - De Wever, p. 203, pl. 10, figs. 1-4.

1982a Ares sp. 1 - De Wever, p. 203, pl. 10, figs. 5, 6.

1982b Ares armatus De Wever — De Wever, p. 335, pl. 51, figs. 2,
4,5,8.

1982b Ares sp. 1 - De Wever, p. 336, pl. 52, figs. 1, 2.

2004 Ares armatus De Wever — Matsuoka, fig. 131.

Original description: Cephalis small, spherical, not perfo-
rated, with an irregular, slightly pustulate surface. Apical
horn curved towards the frontal side, triradiate; grooves
correspond to the location of the secondary lateral (1) and
vertical (V) spines of the cephalic skeleton. Thorax has an
irregular surface, because of ribs between pores. Thoracic
pores and post-thoracic pores circular, closely similar in
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size. Pores often subdivided by a star-shaped lattice. Ver-
tical spine free, sub-rectilinear, triradiate; one ridge at-
tached to the cephalis-thorax junction, prolongs the V
spine. Dorsal spines triradiate, slightly curved, and linked
to the shell by latticed bridges. Post-thoracic part (velum
or abdomen ?) forms a perforated veil which extends the
thorax. Circular pores quincuncially distributed on lon-
gitudinal rows. Post-thoracic part has a stricture before a
distal widening.

Original remarks: This species differs from Ares sp. by
having a partly vertical apical horn, well-differentiated
thorax with larger pores, a sub-rectilinear vertical spine,
and narrowing on the post-thoracic part close to the
thorax.



Measurements (um):

HT | Av. | Min. | Max.
total length (apical horn included) | 205 | 206 | 200 | 220
length of cephalis + thorax
+ post-thoracic part 1401 1351 100 | 160
cephalis length 20 | 21 20 24
cephalis width 30 | 29 25 33
thorax length 30 | 30 30 32
thorax width 70 72 70 80
approx. length
of the curved apical horn 155 1 150
length of vertical spines 125 120 | 160
length of dorsal spine 130 130 | 140

Etymology: From the Latin armatus, -a, -um, adj. = armed.
Refering to martial look that evokes an Antiquity soldier.

Type locality: Sample 1662D, Guimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Gumislit Allochthon, Turkey; Nanjo Massif,
Mino Terrane, central Japan.

Plate ARS03. Ares armatus De Wever. Magnification x250, except Fig. 4b x500. Fig. 1(H). De Wever 1982a, pl. 10,
fig. 4. Fig. 2. Matsuoka 2004, fig. 131. Fig. 3. De Wever 1982a, pl. 10, fig. 5. Fig. 4a, b. TR, 1662D-R11a, b.
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Ares avirostrum Dumitrica & Matsuoka n. sp.
Species code: ARS07

Synonymy:

21987 Cuniculiformis sp. D — Hattori, pl. 20, fig. 14.
1989 Ares spp. — Hattori, pl. 34, figs. L, M.

2004 Ares sp. — Matsuoka, fig. 132.

Type designation: Holotype specimen MA 13750 from
sample MNA-10, Nanjo Massif, Mino Terrane, central
Japan.

Diagnosis: A species of Ares with apical horn much short-
er than ventral spine; dorsal spine straight running along
thorax, and thorax campanulate with thick, undulate distal
end.

Description: Test conical with a slight constriction at the
middle of thorax resulting in a campanulate shape. Cephalis
small, poreless, displaced on the dorsal side of the apical
part of shell. Ventral spine long, curved, and bladed. Apical
horn much shorter than ventral spine; obliquely upward
directed and slightly curved when longer. Dorsal spine
straight, thin, circular in cross section beyond thorax; it is
longer than the thorax and tangential to it. Pores of thorax
quincuncially arranged, pore frames usually hexagonal,
increasing in size distally. Distal end of thorax expanded,
thick, and undulate.

Remarks: Ares avirostrum n. sp. differs from all the other

species of the genus so far known in that the distal part of
thorax is clearly delineated. It is morphologically interme-
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diate between A. cuniculiformis n. sp. and A. cylindricus
Takemura. From the former it differs in having a much
shorter apical horn; from the latter it differs in having a
rather long apical horn and a straight dorsal spine, which
is adjacent to the wall of thorax. A. avirostrum is very close
to Ares takemurai n. sp. but differs in being slightly more
slender and the distal part of thorax is constricted and built
of intervening bars that become thinner and thinner. Ares
sp. A of Baumgartner et al. (1995a) differs from Ares aviros-
trum n. sp. in having a more robust and curved dorsal spine
and a narrower thorax.

Measurement (um):
Based on 15 specimens.

Dimensions HT | Min. | Max.
Length of test without spines | 167 | 160 | 200
Diameter of thorax 161 ] 140 | 197
Length of apical horn 48 | 30 | 63

Length of ventral spine 1731 100 | 173

Etymology: From the Latin avis — bird and rostrum - beak;
noun.

Type locality: Sample MNA-10, Nanjo Massif, Mino Ter-
rane, central Japan (Matsuoka, 2004).

Occurrence: Mino Terrane, Japan; Tawi Sadh Member,
Guwayza Formation, Oman; Fernie Formation, NE British
Columbia.



Plate ARS07. Ares avirostrum Dumitrica & Matsuoka n. sp. Magnification x200, except Fig. 1c(H) x800. Fig. 1(H).
JP MNA-10. Fig. 1a(H). Matsuoka 2004, fig. 132. Fig. 1b(H). MA13749. Fig. 1c(H). MA13748. Fig. 2. JP, MNA-10,
MA13771. Fig. 3. JP, MNA-10, MA13778. Fig. 4. NBC, GSC loc. C-305813, GSC 111805. Fig. 5. OM, BR871-R07-20.
Fig. 6. OM, BR524-R05-09. Fig. 7. OM, BR528-R10-11.
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Ares cuniculiformis Dumitrica & Whalen n. sp.
Species code: ARS06

Synonymy:

? 1987 Cuniculiformis sp. A — Hattori, pl. 20, fig. 11.
21987 Cuniculiformis sp. B - Hattori, pl. 20, fig. 12.
21989 Gen. 2, sp. 1 - Hattori, pl. 21, fig. K.

21997 Ares sp. A0 - Yao, pl. 8, fig. 382.

Type designation: Specimen figs. 1 and la, stub 1662D-
R03-13, sample 1662D, Giimiislii Allochthon, Taurus Mts.,
Turkey.

Diagnosis: A species of Ares with a conical test, A and V
spines relatively equal and recurved, and D spine long, over
twice length of test.

Description: Test high-conical with elliptical or rounded
polygonal pores. Cephalis small, poreless situated on the
dorsal side of the apical part of test, surface weakly pustulate.
Apical and ventral spines robust, bladed, recurved and
slightly dissimilar, usually slightly shorter than D spine
and may be more curved. D spine downwardly directed,
slightly curved, running along thorax and continuing a
long distance beyond.

Remarks: A. cuniculiformis n. sp. resembles A. armatus

De Wever, with which it partly co-occurs, but it differs in
having a narrower test, A and V spines are relatively equal
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in length and both are recurved. There is a slight difference
between this species from the Pliensbachian (Turkey and
Baja California) and the species from the lower Toarcian
(Japan). In the former (and especially the holotype) the
apical horn is almost of the same length as the ventral horn,
whereas in the latter, the apical horn is shorter. They are
probably part of the phylogenetical lineage that gave rise to
A. cylindricus Takemura.

Measurements (um):
Based on 4 specimens.

HT | Min. | Max.
Length of test excluding spines | 187 | 119 | 187
Length of ventral spine 153 | 117 | 153
Length of apical horn 147| 50 | 147
Maximum diameter of thorax | 120| 75 | 130

Etymology: From the Latin cuniculus - hare and forma-
shape; noun.

Type locality: Sample 1662D, Guimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Gumiislii Allochthon, Turkey; San Hipdlito
Formation, Baja California Sur.



Plate ARS06. Ares cuniculiformis Dumitrica & Whalen n. sp. Magnification x200, except fig. 1b(H) x400.
Fig. 1(H)a, b. TR, 1662D-R03-13a, b. Fig. 2. BCS, BPW30.
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Ares cylindricus s.1. (Takemura) 1986
Species code: 4061

Synonymy:
1986 Parares cylindricus n. sp. — Takemura, p. 46, pl. 4, figs. 3-7.
1986 Parares flexuosus n. sp. — Takemura, p. 47, pl. 4, figs. 8-11.
? 1986 Nassellaria gen. et sp. indet. C in Yao et al. 1982 —
De Wever & Cordey, pl. 1, fig. 11.
1987 Parares (?) aff. P. cylindricus Takemura — Hattori, pl. 20,
fig. 9.
1995a Ares cylindricus (Takemura) — Baumgartner et al., p. 116.

See also subspecies.

Included subspecies.
3001 Ares cylindricus cylindricus (Takemura) 1986
4032 Ares cylindricus flexuosus (Takemura) 1986

Ares cylindricus cylindricus (Takemura) 1986
Species code: 3001

Synonymy:

1986 Parares cylindricus n. sp. — Takemura, p. 46, pl. 4, figs. 3-7.

1987 Parares (?) aft. P. cylindricus Takemura — Hattori, pl. 20,
fig. 9.

1989 Parares cylindricus Takemura - Kito, p. 204, pl. 23, fig. 11.

1995a Ares cylindricus cylindricus (Takemura) — Baumgartner
etal,, p. 116, pl. 3001, figs. 1-4.

1997 Ares cylindricus cylindricus (Takemura) - Yao, pl. 8,
fig. 385.

Original description: Cephalis small, poreless and spheri-
cal, with well developed and triradiate vertical spine.
Vertical spine curved downward and in some specimens,
slightly curved upward distally. Thorax cylindrical and
long, with elliptical pores arranged longitudinally and
hexagonally. No apertural ring at the end of the thorax.
Dorsal spine strong and triradiate, about twice as long as
thorax. Dorsal spine curved slightly proximally and distal-
ly straight and slightly twisted anticlockwisely. Some bars
connecting dorsal spine and thoracic wall at several points
in some specimens.

Original remarks: Parares cylindricus n. sp. differs from
P, flexuous n. sp. in cylindrical thorax and distally straight
dorsal spine.

Measurements (um):
Based on 10 specimens.

Min. | Max.
Length of shell including two spines 470 | 610
Height of cephalo-thorax 185 | 270
Maximum width of shell including two spines | 345 | 465
Width of thorax 105 135

Etymology: The species name, cylindricus, cylindrical in
English is derived from the shape of thorax.

Type locality: Sample TKN-105, Komami, Yamato village,
Gifu Prefecture, central Japan.

Occurrence: Japan, Italy.

Ares cylindricus flexuosus (Takemura) 1986
Species code: 4032

Synonymy:

1986 Parares flexuous n. sp. — Takemura, p. 47, pl. 4, figs. 8-11.

1989 Parares flexuous Takemura - Kito, p. 204, pl. 23, fig. 12.

1995a Ares cylindricus flexuosus (Takemura) - Baumgartner et al.,
p. 118, pl. 4032, figs. 1-3.

1997 Ares cylindricus flexuosus (Takemura) — Yao, pl. 8, fig. 388.

Original description: Cephalis small, spherical and pore-
less, with stout and triradiate vertical spine, which is
curved downward distally. Thorax conical to subconical
and slightly narrow distally, without apertural ring. Tho-
racic pores spherical to ellipsoidal, usually arranged lon-
gitudinally and hexagonally. Dorsal spine which is twisted
anticlockwisely strong, triradiate and remarkably curved
downwardly.

Original remarks: Parares flexuous n.sp. is distinguished

from P. cylindricus by its conical to subconical thorax and
markedly curved dorsal spine.
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Further remarks: By Baumgartner et al. (1995a): The name
flexuous is emended (I.C.Z.N., art.33a (I)) into flexuosus,
which is the correct Latin name.

Measurements (um):
Based on 4 specimens.

Min. | Max.
Length of shell including two spines 280 | 335
Height of cephalo-thorax 145 175
Maximum width of shell including two spines | 360 | 420
Width of thorax 100 110

Etymology: The species name, flexuosus, means bending,
derived from its curved dorsal spine.

Type locality: Sample TKN-105, Komami, Yamato Village,
Gifu Prefecture, central Japan.

Occurrence: Japan, Italy.



Plate 4061. Ares cylindricus s.1. (Takemura). Magnification x200. Fig. 1(H). Ares cylindricus cylindricus (Takemura)
1986, pl. 4, fig. 4. Fig 2(H). Ares cylindricus flexuosus (Takemura) 1986, pl. 4, fig. 8. Fig. 3. JP, MIN-1, MA09001.
Fig. 4. P, MKM-1, MA10325. Fig. 5. J,GUH39-14, RH676. Fig. 6. JP, GUH39-11, RH673. Fig. 7. JP, MIN-10, MA09917.
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Ares mexicoensis Whalen & Carter 2002
Species code: ARS04

Synonymy:

1984 Ares sp. — Whalen & Pessagno, pl. 1, fig. 11.

2002 Ares mexicoensis n. sp. — Whalen & Carter, p. 140, pl. 15,
figs. 5, 12; pl. 18, figs. 6, 9.

Original description: Small, dome-shaped cephalis with
massive apical horn; cephalis mostly imperforate with
some small pores near base. Horn triradiate in axial section
with narrow, rounded, longitudinal ridges and broad,
longitudinal grooves. Thorax gradually increasing in
width distally; meshwork on thorax composed of irregular
pentagonal and tetragonal pore frames (mostly pentagonal)
becoming slightly larger distally. Thoracic arms massive,
gently curving downward with one arm slightly longer
than other; shorter arm positioned higher on thorax at
base of cephalis; arms triradiate in axial section with
narrow, longitudinal ridges alternating with steep-sided
longitudinal grooves; narrow, transverse thoracic ridges,
formed by a slight alignment of the pore frames, continue
onto arms, joining with longitudinal ridges.

Original remarks: Ares mexicoensis n. sp., is distinguished
from A. armatus De Wever 1982, in having a shorter
cephalic horn and thoracic arms, larger pore frames on the

thorax, and a steeper-sided thorax; with its sturdy arms and
horn Ares mexicoensis n. sp. is a more robust species than
Ares moresbyensis Whalen and Carter 1998.

Measurements (um):
Based on 14 specimens.

Length Length Length
(excludes horn) of long arm of short arm
150 128 (broken) 128 HT
150 210 150 Max.
105 135 105 Min.
134 169 133 Mean

Etymology: This species is named for the United States of
Mexico.

Type locality: Sample BPW80-30, San Hipolito Formation,
Punta San Hipdlito, Vizcaino Peninsula, Baja California.

Occurrence: San Hipdlito Formation, Baja California Sur;
Fannin Formation, Queen Charlotte Islands; Tawi Sadh
Member, Guwayza Formation, Oman.

Ares moresbyensis Whalen & Carter 1998
Species code: ARS01

Synonymy:

Not 1984 Ares sp. - Whalen & Pessagno, pl. 1, figs. 11, 12.

1998 Ares moresbyensis n. sp. - Whalen & Carter, p. 75, pl. 21,
figs. 1, 2, 11; pl. 27, figs. 2, 8.

Original description: Test with small, dome-shaped ce-
phalis and prominent tapering horn; horn approximately
equal in length to thorax, triradiate in axial section with
narrow, rounded longitudinal ridges and broad, rounded
longitudinal grooves; horn not aligned exactly with long
axis of test. Cephalis with small to medium polygonal pore
frames sometimes obscured by a layer of microgranular
silica. Thorax elongate, trapezoidal in outline with large,
pentagonal, hexagonal, and circular pore frames. Two
prominent spines attached to thorax at base of cephalis
at 45° angle with long axis of test; spines tapering distally,
triradiate in axial section with narrow, rounded longitudi-
nal ridges and broad, rounded longitudinal grooves; near
base of cephalis, longitudinal ridges extend onto thorax
forming prominent transverse ridges. One spine slightly
longer and more massive than other; longer spines equal
to length of thorax.
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Original remarks: The larger, more irregularly shaped
thoracic pore frames of Ares moresbyensis n. sp. distin-
guish it from A. sutherlandi n. sp.

Measurements ([m):
(n) = number of specimens measured.

Length Width Maximum length
(excluding horn) (6) | of thorax (6) | of short arm (5)
105 71 90 HT
120 75 120 Max.
90 71 68 Min.
112 75 92 Mean

Etymology: This species is named for Moresby Island,
Queen Charlotte Islands, British Columbia, located to the
west of the type locality.

Type locality: Sample QC-675, Sandilands Formation,
Kunga Island - north side, Queen Charlotte Islands, British
Columbia.

Sandilands

Occurrence: Formation, Queen Charlotte

Islands.



Plate ARS04. Ares mexicoensis Whalen & Carter. Magnification x200. Fig. 1(H). Whalen & Carter 2002, pl. 15, fig. 5.
Fig. 2. QCI, GSC loc. C-304567, GSC 128706. Fig. 3. QCI, GSC loc. C-140495, GSC 128707. Fig. 4. OM, BR485-R20-10.

Plate ARSO1. Ares moresbyensis Whalen & Carter. Magnification x250. Fig. 1(H). Carter et al. 1998, pl. 21, fig. 1.
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Ares sutherlandi Whalen & Carter 1998
Species code: ARS02

Synonymy:

1984 Ares sp. — Whalen & Pessagno, pl. 1, fig. 12.

1998 Ares sutherlandi n. sp. - Whalen & Carter, p. 76, pl. 21,
figs. 3, 16; pl. 27, figs. 1, 7.

2002 Ares sp. A — Whalen & Carter, p. 142, pl. 15, figs. 6, 13.

Original description: Test with small, dome-shaped ce-
phalis with prominent broad, tapering horn; horn approxi-
mately one-half length of cephalis and thorax combined,
triradiate in axial section with narrow, rounded longitu-
dinal ridges and broad, rounded longitudinal grooves.
Cephalis with variably-sized pore frames usually partially
obscured by layer of microgranular silica. Thorax elongate,
cylindrical, with irregularly arranged small- to medium-
sized polygonal (mostly pentagonal) pore frames; thoracic
pore frames sometimes partially masked by an outer layer
of irregular, polygonal pore frames. Two prominent spines
attached to thorax and base of cephalis; spines triradiate in
axial section with narrow, rounded longitudinal ridges and
broad, rounded longitudinal grooves. Larger, more robust
spine forming an approximate 55° angle with long axis of
test; larger spines bonded to thorax by approximately four
narrow, linear ridges which extend from longitudinal ridge
of spine and continue obliquely across proximal part of test;
smaller spine at 40° to long axis of test.

Original remarks: See remarks under A. moresbyensis n. sp.

Measurements (um):
(n) = number of specimens measured.

Length Width Mlae )Egtlﬁm
(excluding horn) (6) | of thorax (6) of short arm (5)
109 75 90 HT
120 75 90 Max.
83 75 60 Min.
97 75 75 Mean

Etymology: This species is named in honor of A. Sutherland
Brown (British Columbia Department of Mines and
Petroleum Resources, Vancouver, B.C.) who first mapped
the entire Queen Charlotte Archipelago and provided
a detailed account of the geology.

Type locality: Sample QC-675, Sandilands Formation,
Kunga Island - north side, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands Formation, Queen Charlotte
Islands; San Hipdlito Formation, Baja California Sur.

Ares takemurai Dumitrica & Matsuoka n. sp.
Species code: ARS08

Synonymy:

? 1987 Parares (?) sp. A - Hattori, pl. 20, fig. 8.

1987 Parares (?) sp. C — Hattori, pl. 20, fig. 10.

1989 Ares sp. A - Hattori, pl. 3, fig. K.

1989 Parares (?) spp. — Hattori, pl. 3, fig. M, not fig. L.
2004 Ares sp. — Matsuoka, fig. 133.

Type designation: Holotype specimen MA 13779 from
sample MNA-10, Nanjo Massif, Mino Terrane, Japan.

Diagnosis: A species of Ares with thorax constricted
medially as well as distally. Apical horn much shorter than
V spine, D very long and straight.

Description: Test conical, two-segmented with a slight
constriction in the middle part of thorax. Cephalis small,
poreless, displaced on the dorsal side of the apical part of
shell. Ventral spine long, curved, and bladed. Apical horn
much shorter than ventral spine, obliquely directed up-
ward and slightly curved. Dorsal spine straight, thin, very
long, one to two times length of thorax, circular in cross
section beyond thorax, three-bladed on the tangential por-
tion. Pores of thorax quincuncially arranged, pore frames
usually hexagonal, increasing in size distally. Distal half of
thorax expanded, convex in outline, constricted terminally
and built of intervening bars that become ever thinner.
Distal border irregular.
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Remarks: Ares takemurai n. sp. is very close to A. aviros-
trum n. sp.: the A, V and D spines and proximal half of
thorax are morphologically similar, the only major differ-
ence is the shape of the distal half of thorax. This part is
expanded with a clear-cut border in A. avirostrum, where-
as in A. takemurai the distal half of thorax is also expand-
ed, but the terminal part is constricted and made of inter-
vening bars that become ever thinner.

Measurements (um):
Based on 11 specimens

Dimensions HT | Min. | Max.
Length of test excluding spines | 170 | 95 | 190
Length of ventral spine 170 | 75 | 180
Length of apical horn 70 | 40 70

Length of dorsal spine 390 | 90 | 400
Maximum diameter of thorax | 160 | 85 | 160

Etymology: The species is named for Dr. Atsushi Takemura,
Hygoyo University of Teacher Education, Japan, to honour
his valuable contribution to the taxonomy of Jurassic
Radiolaria.

Type locality: Sample MNA-10, Nanjo Massif, Mino
Terrane, Japan.

Occurrence: Nanjo Massif, Mino Terrane, Japan; Tawi Sadh
Member of the Guwayza Formation, Oman.



Plate ARS02. Ares sutherlandi Whalen & Carter. Magnification x300. Fig. 1(H). Carter et al. 1998, pl. 21, fig. 3.
Fig. 2. Whalen & Carter 2002, pl. 15, fig. 6.

Plate ARS08. Ares takemurai Dumitrica & Matsuoka n. sp. Magnification x200. Fig. 1. JP, MNA-10, MA13743.
Fig. 2. JP, MNA-10, MA13608. Fig. 3(H). Matsuoka 2004, fig. 133.
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Ares sp. A sensu Baumgartner et al. 1995a
Species code: 4008

Synonymy:

1982 Nassellaria D (in Yao et al., 1982) — Matsuda & Isozaki,
pl 1, fig. 21.

1986 Parares sp. — Takemura, p. 47, pl. 4, fig. 12.

1987 Parares (?) sp. A - Hattori, pl. 20, fig. 8.

1990 Ares 2 sp. D — Hori, Fig. 8.25.

1995a Ares sp. A - Baumgartner et al., p. 118, pl. 4008, fig. 1.

1996 Ares sp. A — Yeh & Cheng, p. 118, pl. 2, fig. 8; pl. 7,
figs. 1,2, 12.

1997 Ares sp. A Baumgartner et al. - Yao, pl. 8, fig. 387.

1997 Ares 2 sp. D of Yao - Hori, pl. 1, fig. 11.

Original remarks: This species differs from A. cylindricus
by having a short triradiate apical horn.

Occurrence: Mino Terrane, Japan; Liminangcong Chert,
Philippines.

Genus: Atalanta Cordey & Carter 1996

Type species: Atalanta emmela Cordey & Carter 1996

Synonymy:
1996 Atalanta n. gen. — Cordey & Carter, p. 446.

Original diagnosis: Multicyrtid nassellarian. Proximal part
of test smooth, without ornamentation. Two rows of pore
frames per segment; pores regularly aligned transversely
and obliquely, not longitudinally.

Original description: Multicyrtid test conical and may be
constricted distally. Cephalis nonperforate with a horn.
Proximal part of test smooth without ornamentation.
Postabdominal segments have two transverse rows of cir-
cular pores arranged hexagonally. Pores regularly aligned
transversely and obliquely, not longitudinally. Proximal
segments show no development of transverse ridges. More
distally, segment junctions thicken to form transverse
ridges that show a slight to moderately exaggerated zig-zag
outline. Nodes more or less well developed at pore frame
intersections. Depending on species and (or) preservation,
the conical test may be constricted distally.

Original remarks: Atalanta n. gen. differs from Wrang-
ellium Pessagno and Whalen (1982) by possessing hex-
agonal pore frames that are not aligned longitudinally. It
differs from Triversus Takemura (1986) in lacking an am-
phipyndax-type cephalic skeletal structure and in possess-
ing two, rather than three, rows of pores per chamber. Ata-
lanta n. gen. differs from Proparvicingula Carter (1993),
Parvicingula Pessagno (1977), and Ristola Pessagno &
Whalen (1982) by possessing two rows of pores between
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circumferential ridges instead of three, and further differs
from Proparvicingula Carter in having a single rather than
double test wall. Atalanta n. gen. differs from Pseudoristola
Yeh (1987b) by possessing well-developed circumferential
ridges on postabdominal chambers, and the final chamber
is open rather than bulbous and closed. Comparisons with
Nitrader n. gen are developed under that genus.

Remarks under Nitrader n. gen.: Nitrader has clear ex-
ternal affinities with Atalanta n. gen., as both possess
two rows of offset pores set in hexagonal pore frames ar-
ranged between two circumferential ridges, and both
have an apical horn. Nevertheless, the pore arrangement
of Nitrader is different from Atalanta in that the pores
are H-linked on each side of transverse ridges. The struc-
ture of the proximal chambers also differs: Atalanta has
a smooth proximal portion with no clear signs of segmen-
tation, whereas Nitrader develops an external ornamen-
tation composed of a rugose network of segmentation
similar to Proparvicingula Carter, a new genus recently de-
scribed from the Rhaetian of the Queen Charlotte Islands
(Carter 1993). This suggests that Nitrader n. gen. could be
an intermediate form between Proparvicingula Carter and
Atalanta n. gen.

Etymology: Atalanta is an arbitrary combination of letters
(ICZN 1985, article 11b (iii), p. 20).

Included species:
ATAO2 Atalanta emmela Cordey & Carter 1996
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Plate 4008. Ares sp. A sensu Baumgartner et al. Magnification x200. Fig. 1. JP, IYII 12-50. Fig. 2. JP, Hori 1990, fig. 8.25.
Fig. 3. Baumgartner et al. 1995a, pl. 4088, fig. 1.
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Atalanta emmela Cordey & Carter 1996
Species code: ATA02

Synonymy:

1991 Gen. indet. Z sp. A - Tipper et al,, pl. 8, fig. 8.

1996 Atalanta emmela n. gen., n. sp. - Cordey & Carter, p. 447,
pl 1, figs. 1-3.

1998 Atalanta emmela Cordey & Carter — Cordey, p. 126, pl. 25,
fig. 1.

1998 Atalanta emmela Cordey & Carter - Whalen & Carter,
p. 67, pl. 24, fig. 13.

2001 Atalanta emmela Cordey & Carter - Gawlick et al., pl. 2,
fig. 22.

2002 Atalanta emmela Cordey & Carter - Whalen & Carter,
p. 128, pl. 16, figs. 1, 8.

2002 Atalanta emmela Cordey & Carter - Tekin, p. 190, pl. 4,
figs. 10, 11.

Original diagnosis: Multicyrtid nassellarian, conical. Ce-
phalis with simple horn. Proximal part of test smooth,
without ornamentation.

Original description: Multicyrtid test, conical. Cephalis
nonperforate with a horn of medium length disposed asym-
metrically. Proximal part of test smooth, without ornamen-
tation. Post-abdominal segments have two transverse rows
of circular pores arranged in hexagonal pore frames. Proxi-
mal segments show no development of transverse ridges.
Transverse ridges begin to develop at one-third to one-half
of total length of test at junctions between segments; ridges

formed by a thickening of the pore frames. Nodes more or
less well-developed at pore frame intersections. Width of
segments increases regularly towards the distal aperture.

Original remarks: Atalanta emmela, n. sp., differs from
Atalanta epaphrodita, n. sp., in possessing a single horn,
more weakly developed thickening of transverse ridges,
and the test is not constricted distally.

Measurements ([m):
Based on 4 specimens.

HT | Min. | Max.
Length of horn 35 30 40
Length of test, excluding horn | 220 | 200 | 260
Maximum diameter of test 125 | 105 140

Etymology: From the greek emmeles meaning harmonious.

Type locality: GSC loc. C-150155, Sandilands Formation,
Kunga Island, Queen Charlotte Islands, British Columbia.

Occurrence: Sandilands Formation, Queen Charlotte Is-
lands; chert clast from Voght Creek conglomerate, south
Intermontane Belt, British Columbia; San Hipdlito Forma-
tion, Baja California Sur; Diirrnberg Formation, Austria;
Hocakéy Radiolarite, Turkey.

Genus: Bagotum Pessagno & Whalen 1982

Type species: Bagotum maudense Pessagno & Whalen 1982

Synonymy:
1982 Bagotum n. gen. — Pessagno & Whalen, p. 117.

Original description: Test ellipsoidal; final post-abdominal
chamber terminating in latticed, hemispherical cap. Ce-
phalis lacking horn.

Original remarks: Bagotum n. gen., differs from Stichocap-
sa Rist (1885, type species S. jaspidea Riist, 1885) by dis-
playing a thick, double-layered test, typically with more
irregular pore frames. Furthermore, whereas the proximal
part of the test of Bagotum is bluntly rounded or dome-
shaped, that of Stichocapsa is conical. Both genera possess
dome-shaped latticed caps on their final post-abdominal
chambers. Bagotum, n. gen., differs from Droltus n. gen.,

48

by lacking a horn, being ellipsoidal rather than conical and
by having a final post-abdominal chamber terminating in
a latticed, dome-shaped cap.

Etymology: Bagotum is a name formed by an arbitrary
combination of letters (ICZN, 1964, Appendix D, Pt. VI,
Recommendation 40, p.113).

Included species:

BAGO1 Bagotum erraticum Pessagno & Whalen 1982
BAGO3 Bagotum funiculum Whalen & Carter 2002
BAGO2 Bagotum helmetense Pessagno & Whalen 1982
BAGO04 Bagotum kimbroughi Whalen & Carter 2002
BAGO5 Bagotum maudense Pessagno & Whalen 1982
BAGO6 Bagotum modestum Pessagno & Whalen 1982
BAGO7 Bagotum pseudoerraticum Kishida & Hisada 1985
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Plate ATA02. Atalanta emmela Cordey & Carter. Magnification x250. Fig. 1(H). Cordey & Carter 1996, pl. 1, fig. 2.
Fig. 2. Whalen & Carter 2002, pl. 16, fig. 1.
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Bagotum erraticum Pessagno & Whalen 1982
Species code: BAGO1

Synonymy:
1982 Bagotum erraticum n. sp. — Pessagno & Whalen, p. 117,
pl. 1, fig. 10.
1988 Bagotum aft. erraticum Pessagno & Whalen - Li, pl. 1, fig. 3.
1995 Bagotum erraticum Pessagno & Whalen - Suzuki, pl. 8,
fig. 1.
1998 Bagotum sp. cf. B. erraticum Pessagno & Whalen
- Kashiwagi, pl. 2, figs. 6, 7.
2001 Bagotum erraticum Pessagno & Whalen - Gawlick et al.,
pl. 5, fig. 7.

Original description: Test inflated, broader distally than
proximally, usually with four post-abdominal chambers.
Cephalis hemispherical; remaining chambers trapezoidal
in outline; final post-abdominal chamber with broad,
dome-shaped cap. Post-abdominal chambers increasing
slowly in length; increasing moderately rapidly in width
proximally; final one or two post-abdominal chambers
decreasing slightly in width. Proximal one-third of test with
vermicular appearance due to presence of irregular, often
elongate polygonal pore frames in outer layer. Remainder
of test with more regular tetragonal (frequently square or
rectangular) and pentagonal pore frames which sometimes
are aligned longitudinally in rows.

Original remarks: Bagotum erraticum, n sp., is compared
with Bagotum maudense, n. sp., under the latter species.

Further remarks: The more irregular pore frames and
inflated distal portion of test distinguish this species from
Bagotum maudense Pessagno & Whalen.

Measurements (um):
Based on 11 specimens.

Length | Width (maximum)

212.5 100 HT
225 112.5 Max.
175 87.5 Min.

194.7 99.7 Mean

Etymology: Erraticus-a-um (Latin, adj.) = erratic.

Type locality: Sample QC-549, Sandilands Formation
(Kunga Formation in Pessagno & Whalen, 1982), Queen
Charlotte Islands, British Columbia.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands; Diirrnberg Formation, Austria;
Tawi Sadh Member of the Guwayza Formation and Musal-
lah Formation, Oman; Dengqen area, Tibet; Japan.

Bagotum funiculum Whalen & Carter 2002
Species code: BAGO3

Synonymy:

1984 Bagotum spp. — Whalen & Pessagno, pl. 2, figs. 7, 8, 11.

2002 Bagotum funiculum n. sp. - Whalen & Carter, p. 114, pl. 9,
figs, 5, 6, 9.

Original description: Test with approximately four post-
abdominal chambers. Cephalis hemispherical with small
spine; post-abdominal chambers trapezoidal in outline,
gradually increasing in width; final post-abdominal
chamber abruptly decreasing in width, terminating in
closed dome-like cap. Post-abdominal chambers gradually
increasing in height. Cephalis and thorax composed
of small, irregularly shaped pore frames (circular and
tetragonal) on outer latticed layer. Pore frames of outer
latticed layer on first few post-abdominal chambers very
irregularly distributed and shaped (circular, elongate,
pentagonal, tetragonal). Pore frames of outer latticed
layer on distal half of test composed of regular, square
to rectangular pore frames with bars strongly aligned
longitudinally.
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Original remarks: Bagotum funiculum n. sp. is distin-
guished from B. erraticum Pessagno and Whalen 1982, by
the more massive linear pore frames on the distal post-
abdominal chambers.

Measurements (um):
(n) = number of specimens measured

Length (4) | Width (max.) (5)
240 150 HT
255 150 Max.
225 86 Min.
236 98 Mean

Etymology: Funiculus, i (Latin, m) = thin rope, cord, string.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur, Mexico.

Occurrence: San Hipdlito Formation, Baja California Sur;
Fannin Formation, Queen Charlotte Islands.



Plate BAGO1. Bagotum erraticum Pessagno & Whalen. Magnification x300. Fig. 1(H). Pessagno & Whalen 1982,
pl. 1, fig. 10. Fig. 2. QCI, GSC loc. C-305388, GSC 128712. Fig. 3. OM-99-83, 011401. Fig. 4. OM-251, 021530.
Fig. 5. JP, MNA-10, MA12232.

Plate BAGO03. Bagotum funiculum Whalen & Carter. Magnification x300. Fig. 1(H). Whalen & Carter 2002,
pl. 9, fig. 5. Fig. 2. QCI, GSC loc. C-175310, GSC 128713.
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Bagotum helmetense Pessagno & Whalen 1982
Species code: BAG02

Synonymy:

1982 Bagotum? helmetense n. sp. — Pessagno & Whalen, p. 118,
pl. 1, fig. 11; pl. 12, fig. 23.

1984 Bagotum spp. - Whalen & Pessagno, pl. 2, figs. 1, 2.

1993 Bagotum (?) helmetense Pessagno & Whalen - Kashiwagi
& Yao, pl. 1, fig. 6.

1998 Bagotum helmetense Pessagno & Whalen — Whalen &
Carter, p. 61, pl. 15, fig. 1; pl. 26, fig. 1.

1998 Bagotum (?) helmetense Pessagno & Whalen - Kashiwagi,
pl. 2, fig. 4, not fig. 5.

2002 Bagotum helmetense Pessagno & Whalen — Whalen &
Carter, p.114, pl. 10, figs. 1, 14.

2002 Bagotum helmetense Pessagno & Whalen - Tekin, p. 186,
pl. 3, fig. 6.

Original description: Test as with genus, usually with six
post-abdominal chambers. Cephalis hemispherical with
small spine; post-abdominal chambers trapezoidal in out-
line. Proximal post-abdominal chambers gradually increas-
ing in width; distal post-abdominal chambers gradually de-
creasing in width; domelike cap on final post-abdominal
chamber with irregular tetragonal and pentagonal pore
frames. Post-abdominal chambers gradually increasing in
height. Cepahlis and thorax with small, irregularly shaped
pore frames (circular and elongate) in outer latticed layer;
larger, irregularly shaped polygonal pore frames (mostly
elongate) in outer latticed layer of post-abdominal cham-
bers. Pore frames of outer latticed layer not aligned on any
portion of test.

Original remarks: Bagotum (?) helmetense, n. sp., differs
from all other species of Bagotum by showing no linear

arrangement of pore frames. Peculiar circular structure
(diameter approximately 1/3 width of test) formed by pore
frames of outer latticed layer obscured on some specimens;
inner latticed layer of test exposed in center of circular
structure.

Further remarks: The circular structure formed by pore
frames of the outer latticed layer, that was first observed
on upper Sinemurian bagotids from the Queen Charlotte
Islands, is also observed on some specimens from Baja
California Sur.

Measurements (um):
Based on 10 specimens.

Length | Width (max.)
175 80 HT
198 90 Max.
142 63 Min.
167.8 78.3 Mean

Etymology: Bagotum helmetense, n. sp., is named for
Helmet Island, northwest of its type locality.

Type locality: Sample QC 590A, Sandilands Formation
(Kunga Formation in Pessagno & Whalen, 1982), Queen
Charlotte Islands, British Columbia.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands; San Hipoélito Formation, Baja
California Sur; Hocakoy Radiolarite, Turkey; Japan.

Bagotum kimbroughi Whalen & Carter 2002
Species code: BAG04

Synonymy:

1984 Bagotum spp. — Whalen & Pessagno, pl. 2, fig. 3-6.

1987 Bagotum aft. B. maudense - Hattori, pl. 15, fig. 3.

?21987b Drulanta (?) sp. A - Yeh, pl. 4, fig. 27.

?21987b Drulanta (?) sp. C - Yeh, p. 74, pl. 4, fig. 26.

1992 Bagotum? sp. — Sashida, pl. 1, fig. 18.

1998 Bagotum sp. C — Whalen & Carter, p. 62, pl. 15, fig. 3.

2002 Bagotum kimbroughi n. sp. - Whalen & Carter, p. 114,
pl. 9, figs. 7, 8, 12-15; pl. 17, figs. 4, 5.

Original description: Test large, strong, usually with four
to five post-abdominal chambers. Cephalis hemispheri-
cal; abdomen and post-abdominal chambers trapezoidal
in outline. All post-abdominal chambers rapidly increas-
ing in width distally till large, final post-abdominal cham-
ber which terminates in dome-like cap; post-abdominal
chambers gradually increasing in height distally. Cephalis
and thorax with small, irregularly shaped pore frames in
outer latticed layer; larger, regularly shaped tetragonal pore
frames (square and rectangular) in outer latticed layer of
post-abdominal chambers aligned in rows. Circular struc-
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ture (diameter approximately one third width of test) ob-
served in outer latticed layer of test; inner latticed layer ex-
posed in center of circular structure.

Original remarks: The larger pore frames and the eccentric,
ellipsoidal test of Bagotum kimbroughi n. sp., with its final
post-abdominal chamber almost twice as wide as the thorax
and abdomen, distinguish it from B. modestum Pessagno
and Whalen. Circular structures similar to those reported
on specimens of Bagotidae and Canutidae from the
Sandilands and Ghost Creek formations, Queen Charlotte
Islands, British Columbia.

Measurements (um):
Based on 11 specimens.

Length | Width (max.)
203 120 HT
248 135 Max.
180 120 Min.
203 127 Mean
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Plate BAGO02. Bagotum helmetense Pessagno & Whalen. Magnification x300. Fig. 1(H). Pessagno & Whalen 1982,
pl. 1, fig. 11. Fig. 2. Whalen & Carter 2002, pl. 10, fig. 1. Fig. 3. QCI, GSC loc. C-305386, GSC 128714.

Etymology: This species is named for Dr. David  Type locality: Sample BPW80-30, San Hipdlito Formation,

Kimbrough (San Diego State University) a noted student  Baja California Sur.
of the Mesozoic rocks of the Vizcaino Peninsula and

Cedros Island. Occurrence: San Hipolito Formation, Baja California Sur;
Sandilands Formation, Queen Charlotte Islands; Japan.
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Plate BAG04 Bagotum kimbroughi Whalen & Carter. Magnification x300. Fig. 1(H). Whalen & Carter 2002, pl. 9, fig. 7.

Fig. 2. Whalen & Carter 2002, pl. 9, fig. 8.



Bagotum maudense Pessagno & Whalen 1982
Species code: BAGO05

Synonymy:

1982 Bagotum maudense n. sp. — Pessagno & Whalen, p. 118,
pl. 3, figs. 6, 11, 20.

1984 Bagotum sp. aff. B. modestum Pessagno & Whalen —
Murchey, pl. 1, fig. 29.

1987b Bagotum sp. aff. B. maudense Pessagno & Whalen - Yeh,
p. 53, pl. 9, fig. 12; pl. 28, fig. 13.

1989 Bagotum sp. aff. B. maudense Pessagno & Whalen -
Hattori, pl. 10, fig. K.

2 1996 Bagotum modestum Pessagno & Whalen - Pujana,
p. 137, pl. 1, fig. 11.

1997 Parahsuum maudense (Pessagno & Whalen) - Yao, pl. 13,
fig. 637.

1997 Parahsuum sp. NC2 - Yao, pl. 13, fig. 643.

1998 Bagotum sp. aff. B. maudense Pessagno & Whalen -
Kashiwagi, pl. 1, fig. 4.

2001 Bagotum maudense Pessagno & Whalen — Gawlick et al.,
pl. 5, fig. 8.

Original description: Test relatively elongate, central por-
tion nearly cylindrical. Cephalis hemispherical; remaining
chambers trapezoidal in outline. Post-abdominal chambers
gradually increasing in length; first one or two post-ab-
dominal chambers increasing moderately rapidly in width;
increasing more gradually in width medially in cylindrical
portion of test; final one or two post-abdominal chambers
decreasing in width. Cephalis and thorax with small irregu-
lar tetragonal and pentagonal pore frames; pore frames of
other chambers a mixture of large pentagonal and tetrago-
nal pore frames. Domelike cap on final post-abdominal
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chamber with relatively large, irregular tetragonal and
pentagonal pore frames. Test typically with seven post-
abdominal chambers.

Original remarks: Bagotum maudense, n. sp., differs from
B. erraticum, n. sp., by having a slender, less inflated test
that is centrally more cylindrical in character. Furthermore,
B. maudense possesses a greater preponderance of linearly
arranged square to rectangular pore frames.

Measurements (um):
Based on 10 specimens.

Length | Width (max.)
250 100 HT
287.5 130 Max.
210 90 Min.
219.25 108 Mean

Etymology: This species is named for Maude Island, its
type locality.

Type locality: Sample QC 534, Fannin Formation (Maude
Formation in Pessagno & Whalen, 1982), Queen Charlotte
Islands, British Columbia.

Occurrence: Fannin Formation, Queen Charlotte Islands;
Nicely and Hyde formations and Warm Springs member
of the Snowshoe Formation, Oregon; Franciscan Complex,
California; Sierra Chacaicé Formation, Argentina; Diirrn-
berg Formation, Austria; Japan.



Plate BAGO05. Bagotum maudense Pessagno & Whalen. Magnification x300. Fig. 1a(H). Pessagno & Whalen 1982,
pl. 3, fig. 6. Fig. 1b(H). Pessagno & Whalen 1982, pl. 3, fig. 11. Fig. 2. QCI, GSC loc. C-080611, GSC 128715.

Fig 3. GSCloc. C-080612, GSC 128716. Fig. 4. JP, MNA-10, MA13268.
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Bagotum modestum Pessagno & Whalen 1982
Species code: BAG06

Synonymy:

1982 Bagotum modestum n. sp. — Pessagno & Whalen, p. 120,
pl. 3, fig. 7, 16, 17.

1984 Bagotum spp. - Whalen & Pessagno, pl. 2, fig. 9, 10.

1990 Bagotum modestum Pessagno & Whalen - Hori, Fig. 8.29.

1993 Bagotum modestum Pessagno & Whalen - Kashiwagi &
Yao, pl. 1, fig. 8.

1998 Bagotum modestum Pessagno & Whalen - Kashiwagi,
pl 1, fig. 13

2002 Bagotum modestum Pessagno & Whalen - Whalen &
Carter, p. 116, pl. 10, figs. 9, 11, 12.

2003 Bagotum modestum Pessagno & Whalen - Gorican et al.,
p- 296, pl. 5, fig. 22.

2004 Lantus? sp. — Hori, pl. 1, fig. 62 only.

2004 Bagotum modestum Pessagno & Whalen - Matsuoka,
fig. 193.

Original description: Test broader distally than proximally,
having six post-abdominal chambers. Cephalis moderately
broad, hemispherical; remaining chambers trapezoidal in
cross section. Post-abdominal chambers all with linearly
arranged square to rectangular pore frames; chambers
gradually increasing in length; all but last one or two post-
abdominal chambers increasing moderately rapidly in
width as added; final one or two post-abdominal chambers
decreasing slightly in width as added. Dome-shaped cap
covering final post-abdominal chamber with irregular
polygonal pore frames.
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Original remarks: Bagotum modestum, n. sp., differs from
all other new species of Bagotum described herein by show-
ing linearly arranged pore frames on all post-abdominal
chambers.

Further remarks: Some specimens (pl. BAGO6, figs. 5-9)
have a well-differentiated proximal part, separated from
the rest of the shell by a distinct constriction.

Measurements (um):
Based on 9 specimens.

Length | Width (max.)
200 100 HT
250 125 Max.
200 100 Min.
223.6 108.6 Mean

Etymology: Modestus-a-um (Latin, adj.) = moderate,
orderly, restrained.

Type locality: Sample NSF 960, Franciscan Complex,
California.

Occurrence: Franciscan Complex, California; San Hipdlito
Formation, Baja California Sur; Skrile Formation, Slovenia;
Musallah Formation, Oman; Japan .
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Plate BAG06. Bagotum modestumn Pessagno & Whalen. Magification x300. Fig. 1(H). Pessagno & Whalen 1982, pl. 3,
fig. 7. Fig. 2. Matsuoka 2004, fig. 193. Fig. 3. Whalen & Carter 2002, pl. 10, fig. 9. Fig. 4. Gori¢an et al. 2003, pl. 5, fig. 22.
Fig. 5. Hori 1990, fig. 8.29. Fig. 6. OM-00-252, 021730. Fig. 7. OM-00-118, 000611. Fig. 8. OM-00-252, 022015.

Fig. 9. OM-00-252, 021725.
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Bagotum pseudoerraticum Kishida & Hisada 1985

Species code: BAG07

Synonymy:

? 1983 Bagotum (?) sp. — Hattori & Yoshimura, pl. 8, fig. 6.

1985 Bagotum pseudoerraticum n. sp. — Kishida & Hisada,
p. 113, pl. 2, figs. 1-5.

1992 Bagotum aff. pseudoerraticum Kishida & Hisada — Sashida,
pl 1, figs. 13-15, 17.

1998 Bagotum (?) helmetense Pessagno & Whalen - Kashiwagi,
pl. 2, fig. 5, not fig. 4.

1998 Bagotum pseudoerraticum Kishida & Hisada — Kashiwagi,
pl. 2, figs. 8, 9.

2002 Bagotum sp. A — Hori & Wakita, pl. 3, fig. 3.

Original diagnosis: Test inflated, usually made up of 7
chambers. Final post-abdominal chamber with dome-
shaped cap. Outer layer of test with vermicular appear-
ance.

Original description: Test inflated, usually with 4 post-
abdominal chambers, 5th or 6th chamber broadest. Ce-
phalis hemispherical. Remaining chambers trapezoidal in
outline. Final post-abdominal chamber with dome-shaped
cap. Thorax, abdomen and first post-abdominal chambers
increasing slowly in height and increasing rapidly in width
as added; distal 2 chambers decreasing slightly in height
and width as added. Test with vermicular appearance due

to presence of irregular, often elongate polygonal frames in
outer layer. Inner layer of test with pores aligned longitudi-
nally in rows.

Original remarks: Bagotum pseudoerraticum n. sp. differs
from Bagotum erraticum Pessagno and Whalen 1982, in
having vermicular appearance through the outer layer and
more inflated test. It is likely that the latter gave rise to the
former in early Early Jurassic.

Measurements (um):
Based on 10 specimens.

Length | Width
166 92 HT
166 105 | Max.

153 88 Min.
161 97 Av.

Type locality: Locality 230, Ueno-mura area, Kanto Moun-
tains, Central Japan.

Occurrence: Kanto Mountains, Japan; Ghost Creek For-
mation, Queen Charlotte Islands; Musallah Formation,
Oman.

Genus: Beatricea Whalen & Carter 1998

Type species: Beatricea christovalensis Whalen & Carter 1998

Synonymy:
1998 Beatricea n. gen. — Whalen & Carter, p. 57.

Original description: Test small, circular to sub-rectangular
in outline with four long spines in the same plane 90°
apart. Cortical shell thick with planiform upper and lower
surfaces each with variably sized central cavity; sides of
cortical shell straight. Shell composed of numerous layers
of small, irregularly shaped pore frames lacking concentric
arrangement. Layers of pore frames much thicker on
margins of test. Spines usually triradiate in axial section,
rarely circular.

Original remarks: Beatricea n. gen. differs from Praeor-
biculiformella Pessagno by always possessing four strong
primary spines at 90° and in lacking concentrically
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arranged pore frames. Beatricea n. gen. differs from Sophia
n. gen. and Udalia n. gen. in possessing irregularly arranged
pore frames as well as a central cavity; Beatricea n. gen. fur-
ther differs from Sophia n. gen. in lacking a central spicular
network.

Etymology: This genus is named for the ship C. P.R. Princess
Beatrice a sailing vessel in the Queen Charlotte Islands in
the early 1900s.

Included species:

ORBO04 Beatricea? argescens (Cordey) 1998

PDCO1 Beatricea? baroni (Cordey) 1998

SPI03 Beatricea christovalensis Whalen & Carter 1998
ORBO07 Beatricea sanpabloensis (Whalen & Carter) 2002
CRU18 Beatricea? sp. A
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pl. 2, fig. 1. Fig. 2. QCI, GSC loc. C-305388, GSC 128717. Fig. 3. QCI, GSC loc. C-305388, GSC 128718. Fig. 4. QCI, GSC

Plate BAGO7. Bagotum pseudoerraticum Kishida & Hisada. Magnification x300. Fig. 1(H). Kishida & Hisada 1985,
loc. C-304281, GSC 128719. Fig. 5. OM-00-254, 022133.



Beatricea? argescens (Cordey) 1998
Species code: ORB04

Synonymy:

1988 Orbiculiforma sp. A — Carter et al., p. 45, pl. 1, fig. 9.

1989 Emiluvia ? spp. - Hattori, pl. 2, fig. J.

1996 Orbiculiforma sp. A of Carter in Carter et al. - Hori et al.,
pl. 1, fig. 19.

1998 Orbiculiforma argescens n. sp. — Cordey, p. 94, pl. 21,
figs. 6,9, 11.

Original diagnosis: Orbiculiforma possessing four strong
spines.

Original description: Thick test circular to subsquare in
outline with four arms (one at each corner). Lower and up-
per surfaces planar. Test sides vertical to slightly concave.
Cortical cavity deep and with smaller pores than those of
external crown. Test with polygonal pore frames (pentago-
nal to hexagonal) with stout nodes at vertices. Four copla-
nar spines orthogonally disposed and circular in cross-sec-
tion: sometimes elongated proximal pores, extending up to
two-third length of spine.

Original remarks: This form resembles to O. quadrata
Pessagno by its subsquare shape and four spines, but differs
from it by its more massive skeleton and pore-frames and
much longer, massive radial spines.

Further remarks: This species differs from Beatricea
christovalensis Whalen & Carter by having a more square-
shaped test and shorter spines. See also remarks under
B.? baroni (Cordey) and Beatricea? sp. A.

Etymology: From Greek argo- shiny.

Type locality: Locality GSC C-300407, Bridge River Com-
plex, Lake Carpenter, British Columbia.

Occurrence: Bridge River Complex, British Columbia; Fan-
nin Formation, Queen Charlotte Islands; Fernie Forma-
tion, NE British Columbia; Japan; Newcastle Group, New
Zealand.

Beatricea? baroni (Cordey) 1998
Species code: PDCO01

Synonymy:

1998 Pseudocrucella? baroni n. sp. - Cordey, p. 70, pl. 20, fig. 5-7.

2002 Pseudocrucella? baroni Cordey — Whalen & Carter, p. 105,
pl. 1, figs. 5, 6,9, 10, 13, 14.

Original diagnosis: Pseudocrucella? with wide central zone,
broad, short latticed arms, and long distal spines.

Original description: Test almost square, built with a lat-
ticed zone whose corners are prolonged with massive trira-
diate spines. Square zone corresponds to the development
of four latticed arms externally constructed with cortical
shell; the latter comprising several longitudinal beams
(from three to four per lateral face), connected by trans-
verse bars. Nodes observed at the intersection of bars and
beams. Cortical shell absent on central part of test, reveal-
ing the medullary shell formed by small orthogonal pore
frames. Latticed faces of arms concave. Long triradiate
spines extend from arms.

Original remarks: Pseudocrucella? baroni differs from all
other species of Pseudocrucella by a broad development of
central zone, short latticed parts on arms and long distal
spines.

This morphotype is questionably assigned to the genus
Pseudocrucella because the latticed zones on the arms of
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Pseudocrucella are usually longer. The concavity of lateral
faces suggests that this form cannot be assigned to the
genus Higumastra.

Further remarks: This species differs from Beatricea
argescens (Cordey) because the outer edges of the test
between spines are concave, and the spines are longer and
more developed.

Measurements (um):
Based on 2 specimens.

Min. | Max. | Av.
Total length of ray 80 110 | 95
Maximum width of rays 45 75 50
Diameter of central cavity | 45 55 50

Etymology: Arbitrary combination of letters (ICZN, 1985,
art. 11b(iii), p. 20).

Type locality: Locality GSC C-300407, Bridge River Com-
plex, Lake Carpenter, British Columbia.

Occurrence: Bridge River and Hozameen complexes, Brit-
ish Columbia; San Hipdlito Formation, Baja California
Sur.



Plate ORBO04. Beatricea? argescens (Cordey). Magnification x200. Fig. 1(H). Cordey 1998, pl. 21, fig. 6. Fig. 2. QCI,
GSCloc. C-C-080611, GSC 111799. Fig. 3. Carter et al. 1988, pl. 1, fig. 9. Fig. 4. QCI, GSC loc. C-305417, GSC 111800.
Fig. 5. QCI, GSC loc. C-080612, GSC 111801. Fig. 6. NBC, GSC loc. C-305208, GSC 111802.

Plate PDCO1. Beatricea? baroni (Cordey). Magnification x200. Fig. 1(H). Cordey 1998, pl. 20, fig. 5. Fig. 2. Whalen &
Carter 2002, pl. 1, fig. 5. Fig. 3. Whalen & Carter 2002, pl. 1, figs. 6, 10.
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Beatricea christovalensis Whalen & Carter 1998
Species code: SPI03

Synonymy:

1998 Beatricea christovalensis n. sp. — Whalen & Carter, p. 57,
pl. 11, figs. 13, 14, 16-20, 22.

2002 Beatricea christovalensis Whalen & Carter — Suzuki et al.,
p. 175, figs. 6 G-H.

2002 Beatricea christovalensis Whalen & Carter — Tekin, p. 185,
pl. 3, fig. 1.

Original description: Test small, sub-rectangular in out-
line with four, long prominent spines. Test thick with plan-
iform upper and lower surfaces and straight sides. Corti-
cal shell with irregularly shaped tetragonal and polygonal
pore frames with very small nodes at pore frames vertices.
Central cavity variable in size but usually about one-half
diameter of cortical shell. Central area of test thinner than
margins and often missing. Spines usually triradiate (rarely
circular) in axial section with narrow longitudinal ridges
and broad grooves sometimes showing torsion.

Original remarks: This is the first species of Beatricea
n. gen. described from the Lower Jurassic of Queen Char-
lotte Islands. Several morphological features of this spe-
cies are quite variable: the size and shape of cortical shell,
the width of the central cavity, and the length of primary
spines. For the present we have included all Hettangian
and Sinemurian specimens in one widely variable species,

Beatricea christovalensis n. sp. We recognize a possible re-
lationship between B. christovalensis and Spumellarian in-
det. B but owing to our incomplete knowledge of the inner
structure of both forms, their differences are not addressed
in this paper.

Measurements (um):
Based on 12 specimens.

Diameter of | Diameter of Length of

corticall shell | central area | primary spines (max.)
225 124 237 HT
225 124 329 Max.
97 38 84 Min.
150 67 193 Mean

Etymology: This species is named for the San Christoval
Range in Queen Charlotte Islands.

Type locality: Sample 89-CNA-KUG-1A, Sandilands For-
mation, Kunga Island, north side; Queen Charlotte Islands,
British Columbia.

Occurrence: Sandilands, Ghost Creek and Fannin forma-
tions, Queen Charlotte Islands; Hocakdy Radiolarite, Tur-
key; Pucara Group, Peru.

Beatricea sanpabloensis (Whalen & Carter) 2002
Species code: ORB07

Synonymy:

1984 Orbiculiforma sp. - Whalen & Pessagno, pl. 1, fig.18.

2002 Orbiculiformella sanpabloensis n. sp. - Whalen & Carter,
p- 109, pl. 1, figs. 1-2.

Original description: Test small, circular in outline with
vertical sides and upper and lower surfaces of rim rounded.
Test thick in proportion to diameter. Four to six primary
peripheral spines, medium length, triradiate in axial sec-
tion; very small subsidiary spines or spinules located be-
tween principal peripheral spines. Central cavity shallow
almost one half diameter of test, with raised center. Mesh-
work primarily composed of large, irregularly shaped po-
lygonal pore frames; meshwork distinctly finer in central
cavity area.

Original remarks: The rounded top, bottom and rim sur-
faces of Orbiculiformella sanpabloensis n. sp. distinguish it
from O. trispinula (Carter 1988) while the much shorter

spines and larger central cavity distinguish it from O. trisp-
inosa (Yeh 1987).

Measurements (um):
Based on 7 specimens.

Width (Max.) | Width of central cavity (Max.)
158 90 HT
225 135 Max.
158 75 Min.
194 103 Mean

Etymology: This species is named for Punta San Pablo
located to the northwest of the type area.

Type locality: Sample SH-412-14, San Hipolito Formation,
Baja California Sur, Mexico.

Occurrence: San Hipolito Formation, Baja California Sur;
Fannin Formation, Queen Charlotte Islands.

Beatricea? sp. A
Species code: CRU18

Synomnymy:
2002 Crucella? sp. A - Whalen & Carter, p. 107, pl. 1, figs. 4, 8, 12.
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Remarks: The test outline of Beatricea? sp. A appears to be
intermediate between Beatricea? argescens (Cordey) and
Beatricea? baroni (Cordey).

Occurrence: San Hipolito Formation, Baja California Sur.



Plate SPI03. Beatricea christovalensis Whalen & Carter. Magnification: Fig. 1 x150 (scale bar A), Figs. 2, 3 x200 (scale
bar B). Fig. 1(H). Carter et al. 1998, pl. 11, fig. 14. Fig. 2. QCI, GSC loc. C-304566, GSC 128886. Fig. 3. QCI, GSC loc.
C-304566, GSC 128887.

Plate ORBO7. Beatricea sanpabloensis (Whalen & Carter). Magnification x200. Fig. 1(H). Whalen & Carter 2002,
pl. 1, figs. 1-2. Fig. 2. QCI, GSC loc. C-080611, GSC 128850.

Plate CRU18. Beatricea? sp. A. Magnification x200. Fig. 1. Whalen & Carter 2002, pl. 1, fig. 4.
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Genus: Bernoullius Baumgartner1984

Type species: Eucyrtis (?) dicera Baumgartner, in Baumgartner et al. 1980

Synonymy:
1984 Bernoullius n. gen. - Baumgartner, p. 759.

Original description: Spongodiscid spumellarian with
distinct bilateral symmetry: A delicate, finely spongy main
body of flattened egg-shape carries on the narrow end two
symmetric, strongly developed, usually triradiate lateral
spines and sometimes one central spine.

Original remarks: Because of the clear bilateral symmetry,
the spines were interpreted as cephalic horns of a nassel-
larian by Baumgartner in Baumgartner et al. 1980. Well
preserved specimens from DSDP Site 534A show that the
spines are attached to a finely spongy body lacking any

resemblance to nassellarian morphology. For most speci-
mens, the spongy body is not as poorly preserved as spongy
round mass at the base of the spines. Kozur & Mostler
(1979, pl. 21, fig. 2) illustrated a Triassic form which pos-
sibly belongs to this genus.

Etymology: Dedicated to Daniel Bernoulli, Zurich, Swit-
zerland, in honour of his contribution to the understand-
ing of ancient passive continental margins in the Alpine-
Mediterranean realm.

Included species:
3222 Bernoullius delnortensis Pessagno, Blome & Hull 1993
BERO1 Bernoullius saccideon (Carter) 1988

Bernoullius delnortensis Pessagno, Blome & Hull 1993

Species code: 3222

Synonymy:

1987 Bernoullius sp. A - Gorican, p. 181, pl. 1, fig. 17.

1993 Bernoullius delnortensis Pessagno, Blome & Hull n. sp.
- Pessagno et al., p. 120, pl. 1, figs. 4, 15, 26.

1994 Bernoullius rectispinus Kito, De Wever, Danelian & Cordey
s.l. - Gorican, p. 63, pl. 8, figs. 7, 8, 29, 11, 12 only.
1995a Bernoullius rectispinus delnortensis Pessagno, Blome &

Hull - Baumgartner et al., p. 126, pl. 3222, figs. 1-4.
1997 Bernoullius delnortensis Pessagno, Blome & Hull - Hull,
p. 16, pl. 1, fig. 2.
2004 Bernoullius delnortensis Pessagno, Blome & Hull
- Matsuoka, fig. 2.

Original description: Test relatively slender, flaring slightly
laterally away from spines. Primary spines straight, rather
short and massive, triradiate in axial section with three
longitudinal ridges alternating with three longitudinal
grooves. Longitudinal grooves, narrow, deeply incised,
gradually decreasing in width in a distal direction. Ridges
wide proximally, becoming progressively narrower in a
distal direction.

Original remarks: This form greatly resembles Bernoullius
sp. A of Gorican (1987). It possesses straight, short, sub-
equal spines with parallel sided, deeply incised grooves
separating wide, longitudinal ridges which wedge out dis-
tally. Bernoullius sp. A of Gorican, however, possesses short
spines which are nearly equal in length and are somewhat
shorter than those of B. delnortensis. B. delnortensis dif-
fers from B. sp. A (herein) by having considerably shorter,
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wider, and more massive primary spines. B. delnortensis dif-
fers from B. cristatus Baumgartner (1984) by having spines
which are straight and lack curved tips.

Further remarks: By Baumgartner et al. (1995a): This sub-
species differs from Bernoullius rectispinus rectispinus by
having smaller size. The species also differs from Bernoul-
lius dicera and B. cristatus by having straight spines.

Measurements (um):

Based on 4 specimens (see Pessagno et al., 1993 for expla-
nation of system of measurements for this species).

HT | av. | min. | max.
AA': | 210 | 206 | 195 | 225
Sx: 165 | 130 | 105 | 165

S'x": - 136 | 123 | 150
BB': | 135 | 135 | 105 | 180
SS": - 187 | 180 | 195

Etymology: This species is named for Del Norte County,
California.

Type locality: Volcanopelagic strata above Josephine ophi-
olite, Smith River subterrane, Klamath Mountains, north-
western California.

Occurrence: Worldwide.



Plate 3222. Bernoullius delnortensis Pessagno, Blome & Hull. Magnification x200. Fig. 1(H). Pessagno et al. 1993, pl. 1,
fig. 4. Fig. 2. OM, BR871-R02-11. Fig. 3. OM, BR871-R02-15. Fig. 4. OM, BR871-R02-16. Fig. 5. Matsuoka 2004, fig. 2.
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Bernoullius saccideon (Carter) 1988
Species code: BERO1

Synonymy:

1988 Spongiostoma saccideon Carter n. sp. — Carter et al., p. 46,
pl. 12, figs. 4, 7, 10.

21988 Spongiostoma sp. A — Carter et al,, p. 47, pl. 12, figs. 8, 9.

Original diagnosis: Test subcircular in outline, composed
of two spongy concentric layers which gape open. Short
hinge on one edge marked by two strong triradiate spines;
periphery with a few very fine secondary spines.

Original description: Test as for genus; subcircular in out-
line. Hinge normally short and straight with a well defined,
triradiate primary spine on either end. A few short and very
fine, secondary spines radiating from the circular periph-
ery have been noted on some tests.

Original remarks: Compared to Spongiostoma sp. A under
that species. Common to very abundant in middle/upper
Toarcian samples.

Measurements (um):

Measurements are treated in a very preliminary manner as
many of these specimens appear incomplete.

Based on 11 specimens.

HT | Av. | Max. | Min.
Maximum diameter of test 121 | 207 | 250 160

Length of hinge . 109 | 100 | 120 76
(between centres at margin)
Length of longest spine 109 | 124 | 165 80

Etymology: Latin, saccus (n.), bag or pouch; saccideon =
of sac-like appearance.

Type locality: GSC locality C-080583, Phantom Creek For-
mation, Graham Island, Queen Charlotte Islands, British
Columbia.

Occurrence: Phantom Creek Formation, Queen Charlotte
Islands.

Genus: Bipedis De Wever 1982a

Type species: Bipedis calvabovis De Wever 1982a

Synonymy:
1982a Bipedis n. gen — De Wever, p. 192.

Original description: Form with two segments, with a
strong apical horn and two or four feet. Cephalic skeleton
with spines A, V, MB, L, L,, |, and 1; spine D is absent.
Apical horn is an extension of A spine. A cephalic opening
exists at the prolongation of V spine. Two feet correspond
to L; and L,, sometimes two smaller feet occur as external
extensions of ], and 1..

Original remarks: When only two feet are present, they are
not separated from each other by an angle of 180°, due to
the respective locations of L and L, spines on the cephalic

skeleton. For practical reasons, I have placed this genus in
the Pylentonemidae, although the absence of the D spine
makes this placement uncertain.

Etymology: From the Latin bi = two, and pes, pedis = foot
(form with two feet).

Included species:

BPD13 Bipedis calvabovis De Wever 1982a
BPDO5 Bipedis diadema Whalen & Carter 1998
BPD14 Bipedis fannini Carter 1988

BPD15 Bipedis japonicus Hori n. sp.

BPD16 Bipedis yaoi Hori n. sp.

Bipedis calvabovis De Wever 1982a
Species code: BPD13

Synonymy:

1982a Bipedis calvabovis n. sp. - De Wever, p. 193, pl. 2,
figs. 7-11.

1982b Bipedis calvabovis De Wever — De Wever, p. 337, pl. 52,
figs. 5-9.

1982 Bipedis calvabovis De Wever — De Wever & Origlia-Devos,
pl 1, fig. ], ? figs. K, L.

2002 Bipedis sp. aff. B. calvabovis De Wever — Tekin, p. 192,
pl. 5, fig. 10.

Original description: Bipedis with a strong apical horn
and two lanceolate feet, triradiate in cross- section along
their length. Cephalis smooth and imperforate proximally,
smooth or longitudinally ribbed, perforate or not, distally.
Cephalis with a small lateral opening protected by a perfo-
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rate hood at the end of the V spine (Pl 2, fig. 7, 8, 10, 11).
The change in outline between the cephalis and thorax is
sometimes very clear (Pl 2, fig. 8) and sometimes not (PL
2, fig. 10). Cephalis and thorax cone-shaped. Thorax with
small irregular pores in different specimens: large (Pl. 2, fig.
7) or small (PL. 2, fig. 10). Cephalis and thorax more robust
in specimens with smaller pores than in specimens with
large pores. This could result from a more or less important
(ontogenetical ?) development of an external silica layer as
is the case in other forms.

Original remarks: A form close to B. calvabovis n. sp. was
found but it has four feet instead of two.



St 1a(H)

Plate BERO1. Bernoullius saccideon (Carter). Magnification x200. Fig. 1(H). Carter et al. 1988, pl. 12, figs. 4, 10.
Fig. 2. Carter et al. 1988, pl. 12, fig. 7.

Measurements (um): bovis = ox. For similarity with skull of bovids, when the
Based on 10 specimens. apical horn is turned downwards.
HT | Av. | Min. | Max.
Length apical horn 100 | 90 75 100 Type locality: Sample 1662D, Guimiislii Allochthon, Taurus
Cephalo-thorax length | 100 | 103 | 90 | 125 Mts., Turkey.
Cephalo-thorax width | 100 | 100 | 90 109
Length of feet 153 | 118 | 100 | 153 Occurrence: Glimisli Allochthon and Hocakdy Radiolar-
ite, Turkey; Drimos Formation, Greece; Haliw (Aqil) For-
Etymology: From the Latin calva, —ae =skull; and bos, = mation, Oman.

Plate BPD13. Bipedis calvabovis De Wever. Magnification x200. Fig. 1(H). De Wever 1982a, pl. 2, fig. 7. Fig. 2. OM,
Haliw-038-R08-05.
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Bipedis diadema Whalen & Carter 1998
Species code: BPD05

Synonymy:

1998 Bipedis diadema n. sp. - Whalen & Carter, p. 76, pl. 21, figs.
7-10, 13, 17; pl. 22, fig. 1; pl. 27, figs. 11, 12.

Original description: Test hemi-elliptical in outline with
small hemispherical cephalis and medium-sized horn;
horn usually triradiate in axial section proximally with
narrow, rounded longitudinal ridges and broad grooves
becoming rounded in axial section distally. Cephalis
mostly smooth, imperforate, covered with thick, irregular
layer of microgranular silica; some relict pores observed on
cephalis where layer of microgranular silica is thinner. Both
cephalis and thorax compressed in plane of feet. Thorax
with mostly small, irregularly shaped pore frames with
slight development of orientation transverse to long axis of
the test. Test with two medium-sized feet, triradiate in axial
section with narrow rounded ridges and broad grooves;
feet curved slightly inward towards center of test; mouth
elliptical in outline with prominent, broad imperforate
band.

Original remarks: Bipedis diadema n. sp., is distinguished
from all other species of Bipedis by the very wide imperfo-
rate band which rims the mouth, the hemi-elliptical out-
line, and the compressed thorax and cephalis.

Measurements (um):
Based on 10 specimens.

Length Width
(excludi ngg horn) | (max.) Length of feet (max.)
105 90 75 HT
105 109 75 Max.
90 75 45 Min.
101 94 65 Mean

Etymology: Diadema, atis (Latin; neuter) = a royal head-
band, diadem.

Type locality: Sample QC 675. Sandilands Formation,
Kunga Island, Queen Charlotte Islands, British Columbia.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands.

Bipedis fannini Carter 1988
Species code: BPD14

Synonymy:
1988 Bipedis fannini Carter n. sp. — Carter et al., p. 61, pl. 2,
figs. 7, 8.

Original diagnosis: Dicyrtid with small cephalis, globose
thorax with roughened surface, long triradiate horn and
two downward curving terminal feet.

Original description: Bilaterally symmetrical dicyrtid
test. Cephalis medium-sized, spherical, sparsely perforate
basally with long, tapering apical horn. Horn triradiate
with deep grooves on basal half. Thorax large and globose
with constricted circular aperture and two strong, triradiate
downward curving terminal feet. Thorax with roughned
surface composed of low nodes or tubercles surrounded by
small circular to elliptical pores.

Original remarks: This species appears to be entirely new
and differs significantly from all other known species of Bi-
pedis. Rare at type locality, abundant in older Pliensbachian
samples.
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Measurements (um):
Based on 9 specimens.

HT | Av. | Max. | Min.
Height of cephalis and thorax | 132 | 148 | 170 132
Maximum width of thorax 139 | 121 | 140 120
Length of apical horn 60 | 62 70 52
Length of feet - 105 | 120 75

Etymology: Named in honour of John Fannin, curator of
the provincial museum in Victoria, British Columbia, in
the late 1800's.

Type locality: GSC locality C-080577, Fannin Formation,
Creek locality, Maude Island, Queen Charlotte Islands,
British Columbia.

Occurrence: Ghost Creek and Fannin formations, Queen
Charlotte Islands and Williston Lake, north-east British
Columbia.



Plate BPDO5. Bipedis diadema Whalen & Carter. Magnification x300. Fig. 1(H). Carter et al. 1998, pl. 21, fig. 7.
Fig. 2. Carter et al. 1998, pl. 21, fig. 8. Fig. 3. QCI, GSC loc. C-080612, GSC 128711. Fig. 4. Carter et al. 1998, pl. 21,
fig. 10. Fig. 5. Carter et al. 1998, pl. 21, fig. 9. Fig. 6. QCI, GSC loc. C-080612, GSC 128720.

Plate BPD14. Bipedis fannini Carter. Magnification x200. Fig. 1(H). Carter et al. 1988, pl. 2, figs. 7-8. Fig. 2. QCIL, GSC
loc. C-080611, GSC 128721. Fig. 3. QCI, GSC loc. C-080613, GSC 128889. Fig. 4. QCI, GSC loc. C-304566, GSC 128890.
Fig. 5. QCI, GSC loc. C-080611, GSC 128891. Fig. 6. NBC, GSC loc. C-305813, GSC 128892.
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Bipedis japonicus Hori n. sp.
Species code: BPD15

Synonymy:

1982 Nassellaria gen. and sp. indet. B - Yao et al,, p. 41, pl. 2,
fig.13.

1986 Bipedis sp. - Hori, p. 52, fig. 6-12.

1990 Bipedis sp. A - Hori, p. 581, fig. 8-12.

1993 Bipedis sp. — Fujii et al., p. 87, pl. 2, fig. 4.

1994 Bipedis sp. A — Matsuoka et al., pl. 5, fig. 14.

1997 Bipedis horiae n. sp. — Sugiyama, p. 145, fig. 39.10,
not fig. 28.7.

Type designation: Holotype specimen no.Kb05-18 (pl.
BPD15, fig. 1), sample Kb05, Katsuyama Section.

Description: Test dicyrtid with large dome-shaped cephalis
and along massive horn, triradiate in axial section. Cephalis
smooth, imperforate at base of horn. Thorax large, relatively
inflated, subspherical with fairly regular polygonal pore
frames. Two wing-like feet attached at base of thorax;
feet inwardly curving, triradiate in axial section. Narrow
longitudinal ridges and broad grooves visible along side of
thorax for most part. Large aperture at base of thorax.

Remarks: Bipedis sp. A of Hori (1990) was placed in syn-
onymy with Bipedis horiae by Sugiyama (1997), but these
two species are quite different in the shape of shell and feet.

Bipedis sp. A of Hori (1990) is described herein as Bipedis
japonicus n. sp., which is distinguished from Bipedis horiae
Sugiyama by having very long stout feet and a strong horn.
B. japonicus n. sp. differs from Bipedis rotundus Whalen and
Carter by having long well-developed feet and horn, and a
wider thorax with more regularly arranged pore frames.

Measurements (um):

Based on 5 specimens.

HT | Av. | Max. | Min.
Height of cephalis and thorax | 147 | 130 | 147 | 120
Maximum width of thorax 146 | 144 | 153 | 133
Length of apical horn 107 99 | 113 | 84

Length of feet 134|140 | 153 | 133

Etymology: This species of Bipedis occurs mainly in Lower
Jurassic strata of Japan.

Type locality: Kb05 (UFI3+183cm) UF (Katsuyama)
section, Inuyama, Mino terrane, Japan.

Occurrence: Mino terrane, Japan.

Bipedis yaoi Hori n. sp.
Species code: BPD16

Synonymy:

1990 Bipedis sp. B - Hori, p. 581, fig. 8-13.

1990 Bipedis sp. A - Yao, p. 341, pl. 2, fig. 10.

1994 Bipedis sp. B - Matsuoka et al., p. 53, pl. 5, fig. 21.
2001 Bipedis sp. — Gawlick et al., pl. 6, fig. 9.

2005 Bipedis sp. — Hori, pl. 9, fig. 27.

Type designation: Holotype specimen no. IYII24-28 (pl.
BPD16, fig. 1), sample IYII24, IY Section.

Description: Cephalis small and spherical with a long horn;
horn triradiate or solid circular in axial section. Thorax
large and spherical with fairly regularly arranged polygonal
pore frames, a circular aperture and two long feet. Feet
asymmetrical, straight or sometimes curving outward
distally. Feet thin, blade-like in axial section proximally
terminating with a solid spine.

Remarks: This species is distinguished from all other spe-
cies of Bipedis by having a large almost spherical thorax. It
is similar to Bipedis hannai Whalen and Carter 1998, but
differs by having longer feet, a longer stout horn and larger
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shell. B. yaoi Hori n. sp. differs from Bipedis japonicus Hori
n. sp. and B. horiae Sugiyama 1997 by having thin feet that
are circular in cross section terminally, and a small circular
aperture.

Measurements (um):
Based on 12 specimens.

HT | Av. | Max. | Min.
Height of cephalis and thorax | 147 | 143 | 157 | 130
Maximum width of thorax 150 | 145| 152 | 132

Length of apical horn 102 96 | 105 | 72
Length of feet 131|112 | 139 | %4
Diameter of aperture 77 1 79 | 89 68

Etymology: This species is named in honor of Akira Yao for
his pioneering works on Lower Jurassic radiolarian fossils.

Type locality: IY1124 (IY Section), bedded chert sequences,
Inuyama, Mino terrane, southwest Japan.

Occurrence:
Mino terrane, Japan; Diirrnberg Formation, Austria.



Plate BPD15. Bipedis japonicus Hori n. sp. Magnification x200. Fig. 1(H). JP, Kb05-18, RH(1) 1834.
Fig. 2. JP, Kb05-12, RH(1) 1832.

Plate BPD16. Bipedis yaoi Hori n. sp. Magnification x200. Fig. 1(H). Hori 1990, fig. 8.13. Fig. 2. JP, IYII24-29, RH(1) 1683.
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Genus: Bistarkum Yeh 1987b

Type species: Bistarkum rigidium Yeh 1987b

Synonymy:

1971 Amphibrachium Haeckel emend. — Pessagno, p. 20.

1980 Amphibrachium Hertwig emend. - Baumgartner, p. 300.
1987b Bistarkum n. gen. - Yeh, p. 42.

Original description: Test medium to large in size, with
two rays linearly aligned. Rays nearly equal in length, often
terminated with expanded tips. Tips subcircular; elliptical
in outline, or bifurcated. Meshwork of test comprised
of sponge layers or regular (ie., triangular) or irregular
polygonal pore frames. Cross section of rays ellipsoidal,
rectangular; or subrectangular in outline. Rays with or
without spines at distal surface of tips or along sides of
rays.

Original remarks: The name Bistarkum is introduced to
avoid assigning species to Amphibrachium whose definition
is obscured by poor descriptions and illustrations of its type
species.

Etymology: Bistarkum is a name formed by an arbitrary
combination of letters (ICZN, 1985, Appendix D, Pt. 1.4
Recommendation 40, p.201).

Included species:

BIS04 Bistarkum mangartense Gori¢an, Smuc &
Baumgartner 2003

BIS02 Bistarkum phantomense (Carter) 1988

BISO1 Bistarkum rigidium Yeh 1987b

BISO03 Bistarkum saginatum Yeh 1987b

Bistarkum mangartense Gori¢an, Smuc & Baumgartner 2003

Species code: BIS04

Synonymy:

1997 Bistarkum sp. A - Yao, pl. 6, fig. 265.

2 1997 Bistarkum sp. CO - Yao, pl. 6, fig. 269.

2003 Bistarkum mangartense n. sp. — Gori¢an, Smuc &
Baumgartner, p. 293, pl. 2, figs. 7-10.

2004 Bistarkum mangartense Gori¢an, Smuc & Baumgartner
- Matsuoka, fig. 27.

Original description: Test ellipsoidal; cylindrical through
most of its length and terminating with hemispherical ray
tips. Rays circular in cross-section, central area not dif-
ferentiated externally. Spongy meshwork very fine. Short
spines, circular in cross-section, occur on the surface of
well-preserved specimens. Spines more numerous at ray
tips than in the middle part of the shell.

Original remarks: Bistarkum mangartense n. sp. differs

from other Bistarkum species by its ellipsoidal shape with-
out enlargement at ray tips. From Bistarkum phantomense
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(Carter) it differs also by being circular in cross-section.
Bistarkum sp. CO of Yao (1997) is questionably assigned to
Bistarkum mangartense, because the shell seems more flat-
tened, i.e. elliptical and not circular in cross-section.

Measurements (um):
Based on 21 specimens.

HT | Max. | Min. | Av.
Total length (excluding spines) L | 153 | 225 | 126 | 190
Width (across the center) W 88 123 74 | 100
W/L ratio 0.57 ] 0.70 | 0.36 | 0.53

Etymology: Named after type locality.

Type locality: Sample MM 21.70, Skrile Formation, Mt.
Mangart in the Julian Alps, Slovenia.

Occurrence: Skrile Formation, Slovenia; Mino Terrane,
Japan.



Plate BIS04. Bistarkum mangartense Gori¢an, Smuc & Baumgartner. Magnification x250. Fig. 1. Matsuoka 2004,
fig. 27. Fig. 2. SI, MM6.76, 000532. Fig. 3. Gorican et al. 2003, pl. 2, fig. 10. Fig. 4. Gorican et al. 2003, pl. 2, fig. 8.
Fig. 5(H). Gorican et al. 2003, pl. 2, fig. 7.
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Bistarkum phantomense (Carter) 1988
Species code: BIS02

Synonymy:

1988 Amphibrachium (?) phantomensis n. sp. — Carter et al.,
p- 39, pl. 12, fig. 1; figure 9.

1997 Bistarkum sp. C - Yao, pl. 6, fig. 267.

2003 Bistarkum phantomense (Carter) — Gori¢an et al., p. 295,
pl. 2, figs. 13-16.

Original diagnosis: Two-rayed form with very fine, spongy
meshwork. One or both rays variably bilobed.

Original description: Two-rayed patulibracchiid with
very fine, layered spongy meshwork. Tips of rays widely
expanded and rounded; may form either one large lobe
or bifurcate to form two smaller lobes. On some bilobed
specimens lobes become elongate, giving the test an almost
three-rayed appearance. Rays equal in length, very short
and wide, no defined central area. Spines on ray tips vary
from a single central spine to numerous fine ones.

Original remarks: Genus is tentatively placed with
Amphibrachium and queried because of the bilobed nature
of ray tips. It is conceivable, however, that it is an extreme
variant of Paronaella spongiosa n. sp. It is postulated that
in the early late Toarcian a variant form of Paronaella
had appeared (see Pl 11, fig. 7); by the late Toarcian the
figured two-layered bilobed form (A. (?) phantomensis)
had evolved through enlargement of the primary ray
and reduction of the secondary and tertiary rays to form
a single bilobed ray.

Further remarks: We include also specimens with both rays
almost symetrically developed. An indentation in the lobe
of the ray tips can be very indistinct or absent. The rays are
very short so that the shell sometimes appears only slightly
constricted in the middle part. A weakly differentiated
circular central area is observed in some specimens.
Bistarkum phantomense differs from Bistarkum saginatum
Yeh by having wider rays.

Measurements (um):

Based on 11 specimens.

HT | Av. | Max. | Min.
Length of ray | AX | 130 | 137 | 170 125
BX | 135 | 140 | 170 125
Width of ray | cc¢' | 166 | 185 | 280 140
dd'" | 209 | 232 | 280 180

Etymology: Named for Phantom Creek, south of type
locality.

Type locality: GSC locality C-080597, Phantom Creek
Formation, Graham Island.

Occurrence: Phantom Creek Formation, Queen Charlotte
Islands, Guwayza Formation, Oman; Skrile Formation,
Slovenia; Japan.

Bistarkum rigidium Yeh 1987b
Species code: BIS01

Synonymy:

1987b Bistarkum rigidium n. sp. — Yeh, p. 43, pl. 1, figs. 5, 17,
pl. 22, figs. 1, 3,7, 11.

1987b Gorgansium rigidum n. sp. - Yeh, pl. 30, fig. 13.

1987b Bistarkum bifurcum n. sp. - Yeh, p. 43, pl. 1, fig. 10; pl. 21,
fig. 5; pl. 22, figs. 5-6.

1987b Bistarkum sp. cf. G. bifurcum n. sp. — Yeh, p. 43, pl. 9,
fig. 13; pl. 21, fig. 11.

2004 Bistarkum rigidium Yeh - Matsuoka, fig. 22.

Original description: Rays about equal in length, medium
of width, one ray usually slightly wider than the other;
both rays terminating in large ellipsoidal tips. Width of
tips about equal to length of ray shafts. Test comprised of
small irregularly arranged polygonal pore frames without
prominent small nodes at vertices. Several spines with
circular cross-section and variable length occurring at
distal surface of tips and sides of rays.

Original remarks: Bistarkum rigidium Yeh, n. sp., differs
from G. bifurcum n. sp., by lacking bifurcate tips and by
having a wider test.

Further remarks: B. rigidium Yeh and B. bifurcum Yeh are
synonymized because a morphological continuum of forms
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with ellipsoidal to distictly bifurcating ray tips generally oc-
curs in a single sample. Specimens with only moderately
developed bifurcation (determined as Bistarkum ct. bifur-
cum by Yeh, 1987b) are the most common.

Measurements (um):
System of measurement shown in text-figure 7 of Yeh
(1987b). Ten specimens measured.

LR | WR | WT | LT
HT 230 | 90 150 | 80
Mean | 225 | 77 158 | 75
Max. | 230 | 90 172 | 80
Min. 184 | 64 150 | 54

Etymology: Rigidius-a-um (Latin, adj.) = rigid.

Type locality: Sample OR-589D, Warm Springs member,
Snowshoe Formation, east-central Oregon.

Occurrence: Nicely and Hyde formations, and Warm
Springs m+ember of the Snowshoe Formation, Oregon;
Mino Terrane, Japan; Tawi Sadh Member of the Guwayza
Formation, Oman.



Plate BIS02. Bistarkum phantomense (Carter). Magnification x200. Fig. 1(H). Carter et al. 1988, pl. 12, fig. 1.

Fig. 2. OM, BR871-R06-24. Fig. 3. SI, MM5.00, 010111. Fig. 4. SI, MM11.76, 010128. Fig. 5. Gorican et al. 2003, pl. 2,
fig. 16. Fig. 6. Gorican et al. 2003, pl. 2, fig. 14a. Fig. 7. Gori¢an et al. 2003, pl. 2, fig. 15. Fig. 8a. Gorican et al. 2003, pl. 2,
fig. 13. Fig. 8b. SI, MM11.76, 010127.

Plate BISO1. Bistarkum rigidium Yeh. Magnification x100. Fig. 1(H). Yeh 1987b, pl. 22, fig. 11. Fig. 2. Matsuoka 2004,
fig. 22. Fig. 3. OM, BR1123-R05-03. Fig. 4. OM, BR1123-R05-02.
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Bistarkum saginatum Yeh 1987b
Species code: BIS03

Synonymy:

? 1885 Heliodiscus inchoatus n. sp. — Rust, p. 293 (23), pl. 29 (4),
fig. 13.

1987b Bistarkum saginatum n. sp. — Yeh, p. 44, pl. 22, figs. 13, 16.

1988 ?Heliodiscus inchoatus Riist — Carter et al., p. 38, pl. 12,
figs. 2, 5.

2004 Bistarkum saginatum Yeh — Matsuoka, fig. 24.

Original description: Rays extremely short, wide, subellip-
soidal in cross-section, with large subtriangular to hemi-
spherical tips. Test comprised of nearly uniformly sized ir-
regular polygonal pore frames. Pore frames without promi-
nent nodes at vertices. Short spines occurring on distal
surface of tips and sides of rays.

Original remarks: This species differs from other Bistar-
kum spp. in this report by having extremely large tips and
by having short, massive rays.

Further remarks: ?Heliodiscus inchoatus Riist, illustrated
by Carter et al. (1988) appears to be the same species but
with more expanded ray tips.

Measurements (um):
System of measurements shown in text-figure 7 of Yeh
(1987b). Ten specimens measured.

LR | WR | WT | LT
HT 183 | 70 158 | 107
Mean | 181 | 72 154 | 105
Max. | 187 | 75 161 | 107
Min. | 170 | 70 150 | 98

Etymology: Saginatus-a-um (Latin, adj.) = flattened.

Type locality: OR-589D, Warm Springs Member, Snowshoe
Formation, east-central Oregon.

Occurrence: Nicely and Hyde formations, and Warm
Springs member of the Snowshoe Formation, east-cen-
tral Oregon; Phantom Creek Formation, Graham Island,
Queen Charlotte Islands; Mino Terrane, Japan; Tawi Sadh
Member of the Guwayza Formation, Oman.

Genus: Broctus Pessagno & Whalen 1982

Type species: Broctus selwynensis Pessagno & Whalen 1982

Synonymy:
1982 Broctus n. gen. — Pessagno & Whalen, p. 120.

Original description: Test as with family: spindle-shaped.
Final post-abdominal chamber terminating in narrow,
tubular structure (pl. 2, fig. 20) extending from aperture;
cephalis lacking horn. Pore frames regular to irregular,
tending to be more regular distally than proximally.

Original remarks: Broctus n. gen., differs from Bagotum
n. gen. by being spindle-shaped instead of ellipsoidal and
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differs from Bagotum, Droltus, and Noritus by having a final
post-abdominal chamber terminating in a narrow tubular
structure.

Etymology: Broctus is a name formed by an arbitrary
combination of letters (ICZN, 1964, Appendix D, pt. VI,
Recommendation 40, p.113).

Included species:

BROO2 Broctus kuensis Pessagno & Whalen 1982
BROO03 Broctus ruesti Yeh 1987b

BROO1 Broctus selwynensis Pessagno & Whalen 1982



—— | 00 um

Plate BIS03. Bistarkum saginatum Yeh. Magnification x200. Fig. 1(H). Yeh 1987b, pl. 22, fig. 13. Fig. 2. Matsuoka
2004, fig. 24. Fig. 3a,b. Carter et al. 1988, pl. 12, figs. 2, 5. Fig. 4. OM, BR706-R02-13a. Fig. 5. OM, BR871-R01-01.
Fig. 6. OM, BR871-R01-02. Fig. 7. OM, BR871-R02-06. Fig. 8. OM, BR706-R13-08.
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Broctus kuensis Pessagno & Whalen 1982
Species code: BRO02

Synonymy:

1982 Broctus kuensis n. sp. - Pessagno & Whalen, p. 120, pl. 1,
fig. 7; pl. 2, figs. 17, 21.

2002 Broctus kuensis Pessagno & Whalen - Tekin, p. 186, pl. 3,
fig. 7.

Original description: Test as with genus, usually having six
to seven post-abdominal chambers. Cephalis conical; tho-
rax, abdomen, and post-abdominal chambers trapezoidal
in cross section. Post-abdominal chambers increasing rap-
idly in width; last two post-abdominal chambers rapidly
decreasing in width. Cephalis and thorax with small irreg-
ular, polygonal pore frames almost completely obscured by
cover of microgranular silica. Abdomen and post-abdomi-
nal chambers composed of irregular tetragonal and pen-
tagonal pore frames gradually increasing in size distally;
final two post-abdominal chambers composed of larger,
aligned, tetragonal (rectangular) pore frames.

Original remarks: See remarks under B. selwynensis, n. sp.

Measurements (um):

Based on five specimens.

Length | Width (max.)
245.0 100.0 HT
245.0 100.0 Max.
185.0 78.0 Min.
207.6 91.0 Mean

Etymology: Broctus kuensis, n. sp., is named for Kue
Passage, west of its type locality.

Type locality: Sample QC 590A, Sandilands Formation
(Kunga Formation in Pessagno & Whalen, 1982), north
shore of Kunga Island, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands Formation, Queen Charlotte
Islands; Hocakoy Radiolarite and Giimiislii Allochthon,
Turkey.

Broctus ruesti Yeh 1987b
Species code: BRO03

Synonymy:

1987b Broctus ruesti n. sp. - Yeh, p. 54, pl. 4, figs. 1-3, 7, 21.
1987b Broctus sp. aff. B. ruesti n. sp. — Yeh, p. 54, pl. 4, fig. 6.
1987b Broctus sp. A - Yeh, p. 54, pl. 4, figs. 13, 25.

1987 Canutus (?) sp. A - Hattori, pl. 15, fig. 13.

1997 Parahsuum sp. B - Yao, pl. 14, fig. 657.

2004 Broctus ruesti Yeh — Ziabrev et al., Fig. 5-9.

Original description: Test spindle-shaped (conical when
broken), with five to seven post-abdominal chambers.
Cephalis small, hemispherical without horn. Chambers
increasing gradually in length, rapidly in width as added.
Final post-abdominal chamber terminating in narrow
tubular extension. Test wall double-layered. Inner latticed
wall consisting of regularly aligned square to rectangular
pore frames. Outer layer of cephalis imperforate, covered
with layer of microgranular silica. Thorax and subsequent
chambers with massive costae and thin transverse bars
forming rectangular pore frames overlapping on inner layer.
Bars of outer layer fragile, often broken and leaving short
remnants at costae. About eleven to thirteen costae visible
laterally. Pore frames gradually increasing in size from
thorax to final post-abdominal chamber then decreasing in
size distally.

Original remarks: Broctus ruesti n. sp., differs from B. sp. A
by having a narrower test with regular rectangular pore
frames throughout the test rather than irregular pore
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frames on earlier chambers and regular pore frames on
final post-abdominal chambers.

Further remarks: Broctus ruesti Yeh is similar to Broctus
selwynensis Pessagno & Whalen in general shape of the test
and linear arrangement of pores. These two species differ in
the shape of the first segments: B. ruesti is pointed apically
whereas B. selwynensis is rounded.

Note that our specimens of. B. ruesti (pl. BROO03, figs. 2-4)
are considerably smaller than the type material.

Measurements (um):
Ten specimens measured.

Length (max.) | Width (max.)
HT 400 230
Mean 350 200
Max. 400 230
Min. 270 180

Etymology: This species is named for Dr. D. Ruest, in honor
of his contribution to the study of Radiolaria.

Type locality: Sample OR-536], Nicely Formation, south-
east side of Morgan Mountain, east-central Oregon.

Occurrence: Nicely Formation, Oregon; Fannin Formation,
Queen Charlotte Islands; Musallah Formation, Oman;
Japan; Bainang Terrane, Tibet.



Plate BROO02. Broctus kuensis Pessagno & Whalen. Magnification Fig. 1 x200, Fig. 2 x300. Fig. 1. TR, 1662D-R01-07.
Fig. 2(H). Pessagno & Whalen 1982, pl. 1, fig. 7.
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Plate BROO3. Broctus ruesti Yeh. Magnification Fig. 1 x 150 (scale bar A), Figs. 2-4 x200 (scale bar B). Fig. 1(H). Yeh

1987b, pl. 4, fig. 21. Fig. 2. QCI, GSC loc. C-304565, GSC 128893. Fig. 3. QCI, GSC loc. C-080610, GSC 128894.
Fig. 4. OM-00-254, 022204.
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Broctus selwynensis Pessagno & Whalen 1982
Species code: BROO1

Synonymy:
1982 Broctus selwynensis n. sp. — Pessagno & Whalen, p- 121,
plL 1, fig. 6; pl. 2, figs 18, 20; pl. 12, fig. 10.

Original description: Test as with genus, usually with seven
or eight post-abdominal chambers. Cephalis hemispheri-
cal, imperforate. Abdomen and post-abdominal cham-
bers increasing rapidly in width; last two post-abdominal
chambers rapidly decreasing in width. Thorax, abdomen
and post-abdominal chambers trapezoidal in cross section.
Thorax, abdomen and proximal post-abdominal chambers
with small, irregular polygonal pore frames in outer latticed
layer; central part of test composed of more regular tetrago-
nal (mostly rectangular) pore frames in outer latticed layer
aligned in rows; final post-abdominal chamber and tubular
structure composed of less regularly aligned tetragonal and
pentagonal pore frames.

Original remarks: The aligned pore frames over the central
portion of the test distinguishes B. selwynensis, n. sp., from
B. kuensis, n. sp. The latter species does not show such a
strong alignment of pore frames, except for the final two
post-abdominal chambers.

Further remarks: See remarks under Broctus ruesti Yeh.

Measurements ([m):
Based on 10 specimens.

Length | Width (max.)
237.5 107.5 HT
260.0 120.0 Max.
210.0 90.0 Min.
238.8 106.3 Mean

Etymology: Broctus selwynensis is named for Selwyn Inlet,
northwest of its type locality.

Type locality: Sample QC 590A, Sandilands Formation
(Kunga Formation in Pessagno & Whalen, 1982), north
shore of Kunga Island, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands, Ghost Creek and Fannin forma-
tions, Queen Charlotte Islands; Williston Lake, NE British
Columbia; Tawi Sadh Member of the Guwayza Formation
and Haliw Formation, Oman.

Genus: Canoptum Pessagno 1979

Type species: Canoptum poissoni Pessagno, in Pessagno et al. 1979

Synonymy:

1979 Canoptum Pessagno n. gen. — Pessagno et al., p. 182.
1987a Paracanoptum n. gen. — Yeh, p. 67.

1987a Neowrangellium n. gen. — Yeh, p. 65.

Original description: Test spindle-shaped (often conical
when broken) with dome-shaped cephalis lacking horn.
Thorax and abdomen trapezoidal in outline. Post-abdomi-
nal segments subtrapezoidal in outline, separated from
each other by rather broad, slightly perforate, circumfer-
ential ridges at the joints; pores on ridges circular to ellipti-
cal in shape, not set in pore frames. Ridges of inner layer
considerably narrower. Area between a given ridges im-
perforate or sparsely perforate. Segments somewhat con-
stricted between joints and circumferential ridges. Each
postabdominal segment separated by partitions with large,
circular apertures.
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Original remarks: Canoptum n. gen., differs from Spongo-
capsula Pessagno in having a two-layered test wall lacking
spongy meshwork. It differs from Parvicingula Pessagno in
possessing a two-layered test with a microgranular outer
layer lacking discrete pore frames.

Etymology: Canoptum is an arbitrary combination of letters
(see ICZN, 1964. p. 113. recommendation 40).

Included species:

CAN12 Canoptum anulatum Pessagno & Poisson 1981
CAN13 Canoptum artum Yeh 1987b

CANO8 Canoptum columbiaense Whalen & Carter 1998
CANO09 Canoptum dixoni Pessagno & Whalen 1982
CAN11 Canoptum margaritaense Whalen & Carter 1998
CAN14 Canoptum rugosum Pessagno & Poisson 1981
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Plate BROO1. Broctus selwynensis Pessagno & Whalen. Magnification x200. Fig. 1(H). Pessagno & Whalen 1982,

pl. 1, fig. 6. Fig. 2. QCI, GSC loc. C-140418, GSC 111806. Fig. 3. OM, BR1121-R10-14. Fig. 4. OM, Haliw-R03-05.
Fig. 5. QCI, GSC loc. C- 080611, GSC 128722. Fig. 6. QCI, GSC loc. C-080612, GSC 128723. Fig. 7. NBC, GSC loc. C-
305208, GSC 128724. Fig. 8. QCI, GSC loc. C-140495, GSC 128725.
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Canoptum anulatum Pessagno & Poisson 1981
Species code: CAN 12

Synonymy:

1981 Canoptum anulatum n. sp. — Pessagno & Poisson, p. 60,
pl. 9, figs. 6-9, pl. 10, figs. 1-9.

1982 Dictyomitrella (?) sp. - Imoto et al,, pl. 1, fig. 5.

1982 Canoptum anulatum Pessagno & Poisson - Pessagno &
Whalen, p. 123, pl. 6, figs. 1-2.

1982 Canoptum anulatum Pessagno & Poisson - De Wever &
Origlia-Devos, p. 1, fig. X.

1984 Canoptum anulatum Pessagno & Poisson — Murchey,
pl. 1, fig. 32.

1984 Canoptum anulatum Pessagno & Poisson - Whalen &
Pessagno, pl. 3, fig. 7.

1985 Canoptum anulatum Pessagno & Poisson - Kishida &
Hisada, pl. 2, figs. 21-22.

1987a Paracanoptum anulatum (Pessagno & Poisson) - Yeh,
p. 67, pl. 1, figs. 12, 13.

1987b Paracanoptum anulatum (Pessagno & Poisson) - Yeh,
p. 58, pl. 4, fig. 28; pl. 15, fig. 4; pl. 27, fig. 1, 9, 11.

1987 Canoptum anulatum Pessagno & Poisson — Hattori, pl. 18,
fig. 9.

1988 Canoptum anulatum Pessagno & Poisson - Carter et al.,
p. 50, pl. 5, figs. 9-10, 14.

1989 Canoptum sp. aff. C. anulatum Pessagno & Poisson
- Hattori, pl. 14, fig. A, not fig. B.

1990 Canoptum anulatum Pessagno & Poisson - De Wever et
al,, pl. 4, fig. 5.

1992 Paracanoptum anulatum (Pessagno & Poisson) — Pessagno
& Mizutani, pl. 99, fig. 3.

1997 Canoptum anulatum Pessagno & Poisson - Yao, pl. 12,
fig. 574.

1998 Paracanoptum anulatum (Pessagno & Poisson) — Cordey,
pl. 24, fig. 1-2, 11.

1998 Canoptum anulatum Pessagno & Poisson - Kashiwagi,
pl 1, fig. 15.

2002 Canoptum anulatum Pessagno & Poisson - Whalen &
Carter, p. 118, pl. 10, fig. 5.

2004 Canoptum anulatum Pessagno & Poisson — Matsuoka,
fig. 245.

2004 Canoptum anulatum Pessagno & Poisson - Ishida et al.,
pl. 5, fig. 9, 10.

Original description: Cephalis dome-shaped, lacking a
horn. Subsequent chambers trapezoidal in outline, nu-
merous; closely spaced except for final chambers. Post-ab-
dominal chambers eleven to fifteen in number, separated
by prominent circumferential ridges; ridges with short,
discontinuous costae; approximately fifteen costae visible
on a given ridge laterally. Short costae at right angles to
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circumferential ridges, forming linked-H pattern. Single
small, circular pores occurring between two given costae
and adjacent to ridge. Pores, ridges and costae usually bur-
ied by microgranular outer layer of shell material except
when specimen is excessively etched. Pores in area between
ridges usually elliptical in shape, set in linearly arranged,
rectangular pore frames; usually buried by outer layer of
shell material. Final two post-abdominal chambers (seg-
ments) decreasing in width, increasing in height; penulti-
mate chamber often with tubular extension.

Original remarks: Canoptum anulatum, n. sp., possesses
circumferential ridges that are significantly different from
those of the type species of Canoptum, C. poissoni Pessagno
(1979). The linked-H circumferential ridge structure dis-
played by C. anulatum is shared by a number of yet unde-
scribed forms from the Lower Jurassic. Forms with this sort
of structure have not been observed below the Hettangian.
C. anulatum is tentatively included in Canoptum in this re-
port. However, it may be desirable in the future to include
it under a new genus.

C. anulatum also differs from C. poissoni by having a
slender, more elongate test with more closely spaced post-
abdominal chambers (segments).

Measurements (um):

Based on seven specimens.
HT | Min. | Max.
Length | 310 | 310 | 435
Width 95 90 100

Etymology: Anulatus-a-um (Latin, adj.): beringed, orna-
mented with rings.

Type locality: Sample 1662D, Giimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Giimusli Allochthon, Turkey; Bridge River
Complex, and Fannin and Whiteaves formations, Queen
Charlotte Islands; Nicely and Hyde formations, Warm
Springs member of the Snowshoe Formation, Oregon;
Franciscan Complex, California; San Hipdlito Formation,
Baja California Sur; Drimos Formation, Greece; Tawi Sadh
Member of the Guwayza Formation, Oman; Japan.
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Plate CAN12. Canoptum anulatum Pessagno & Poisson. Magnification x250, except Figs. 2b and 7b x500. Fig. 1(H).
Pessagno & Poisson 1981, pl. 9, fig. 6. Fig. 2a,b. TR, 1662D-R06-17. Fig. 3. JP, MNA-10, MA10776. Fig. 4. OM, BR1122-
RO1-04. Fig. 5. OM, BR682-R09-02. Fig. 6. QCI, GSC loc. C-140495, GSC 128726. Fig. 7a,b. OM, BR523-R01-10a, b.
Fig. 8. OM, BR1122-R02-07. Fig. 9. Whalen & Carter 2002, pl. 10, fig. 5.
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Canoptum artum Yeh 1987b
Species code: CAN13

Synonymy:

1987b Canoptum artum Yeh n. sp. - Yeh, p. 56, pl. 5, fig. 23; pl. 6,
figs. 5, 19-20; pl. 14, fig. 9; pl. 27, fig. 4.

1987b Canoptum sp. aft. C. artum Yeh n. sp. - p. 57, pl. 27,
figs. 2, 10., 24-25.

2004 Canoptum artum Yeh — Matsuoka, fig. 246.

2004 Canoptum sp. — Hori et al,, pl. 6, figs. 21, 22.

Original description: Test wide, conical, with six to eight
post-abdominal chambers. Cephalis conical to dome-
shaped without horn. Cephalis, thorax, and abdomen im-
perforate, covered with layer of microgranular silica and
separated from each other by one row of small pores. All
post-abdominal chambers lobated, closely spaced, gradu-
ally increasing in width and length as added. Abdomen and
subsequent chambers separated from each other by smooth,
perforated circumferential ridges. Ridges usually with two
to four rows of small irregular polygonal pore frames. Inner
latticed layer of test comprised of larger, irregular polygonal
pore frames, outer layer of microgranular silica imperfo-
rate at constricted median band of earlier post-abdominal
chambers, perforated with small polygonal pore frames at
final three or four post-abdominal chambers.

Original remarks: Canoptum artum, n. sp., differs from
Canoptum poissoni Pessagno by having a wider test with
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a larger cephalis and more closely spaced post-abdominal
chambers, and by having an outer layer of test wall more
perforate on final post-abdominal chambers.

Further remarks: Note that the size of this species is
quite variable. The length of the test ranges from 190 um
(pl. CAN13, fig. 8) to 450 um (pl. CAN13, fig. 5).

Measurements (um):
Ten specimens measured.

Length (max.) | Width (max.)
HT 300 150
Mean 295 150
Max. 310 150
Min. 240 108

Etymology: Artus-a-um (Latin, adj.) = close, tight.

Type locality: OR-589D, Warm Springs member of the
Snowshoe Formation, near Izee, east-central Oregon.

Occurrence: Nicely and Hyde formations, and Warm
Springs member of the Snowshoe Formation, Oregon;
Ghost Creek and Fannin formations, Queen Charlotte
Islands; Mino Terrane, Japan; Tawi Sadh Member of the
Guwayza Formation and Musallah Formation, Oman.



Plate CAN13. Canoptum artum Yeh. Magnification Figs. 1-5 x200 (scale bar A), Figs. 6-8 x300 (scale bar B). Fig. 1(H).
Yeh 1987b, pl. 6, fig. 5. Fig. 2. OM, BR1121-R08-11. Fig. 3. QCI, GSC loc. C-304281, GSC 128727. Fig. 4. QCI, GSC loc.
C-080612, GSC 128728. Fig. 5. QCI, GSC loc. C-080612, GSC 128729. Fig. 6. OM-00-117, 021134. Fig. 7. JP, MNA- 10,
MA13392. Fig. 8. OM, BR1122-R02-07.

85



Canoptum columbiaense Whalen & Carter 1998
Species code: CANO8

Synonymy:

1998 Canoptum columbiaense n. sp. - Whalen & Carter, p. 64,
pl. 15, figs 6, 10, 11, 15, 19.

1998 Canoptum sp. — Kashiwagi, pl. 2, fig. 12.

2002 Canoptum dixoni Pessagno & Whalen - Suzuki et al.,
p. 181, figs. 8 C-E, J-K.

22002 Canoptum columbiaense Whalen & Carter — Tekin,
p. 189, pl. 4, fig. 5.

Original description: Test conical, usually with 10 to 11
post-abdominal chambers. Cephalis and thorax combined
steeply conical, almost knob-like, with distinct break in
slope from abdomen. Abdomen and post-abdominal
chambers trapezoidal in outline, gradually increasing in
width and height as added. Cephalis and thorax smooth,
imperforate, covered by layer of microgranular silica.
Post-abdominal chambers separated from each other
and abdomen by moderately wide circumferential ridges
alternating with constrictions. Inner latticed layer of
post-abdominal chambers consisting of small, irregular
polygonal pore frames exposed on circumferential ridges;
layer of microgranular silica in constrictions mostly
covering polygonal pore frames on proximal part of test;
many pore frames exposed within constrictions on distal
part of test.

Original remarks: Canoptum columbiaense n. sp. differs
from C. margaritaense n. sp. by the absence of pronounced
nodes on the circumferential ridges; and from C. unicum
Pessagno and Whalen by the development of a thicker layer
of microgranular silica in the constrictions and the shape of
the cephalis.

Measurements (um):
Based on 11 specimens.

Length | Width (max.)
218 98 HT
259 120 Max.
195 90 Min.
232 108 Mean

Etymology: This species is named for the Province of
British Columbia.

Type locality: Sample QC-676, Sandilands Formation,
Kunga Island, Queen Charlotte Islands, British Columbia.

Occurrence: Sandilands, Ghost Creek and Fannin
formations, Queen Charlotte Islands; Pucara Group, Peru;
Japan.

Canoptum dixoni Pessagno & Whalen 1982
Species code: CAN09

Synonymy:

1982 Canoptum dixoni Pessagno & Whalen n. sp. — Pessagno &
Whalen, p. 124, pl. 2, fig. 1-2, 8-9, 14; pl. 12, fig. 2.

1988 Canoptum anulatum Pessagno & Poisson - Li, pl. 1, fig. 2.

1998 Canoptum dixoni Pessagno & Whalen — Whalen & Carter,
p. 64, pl.17, fig. 1; pl. 26, fig. 5.

2002 Canoptum dixoni Pessagno & Whalen - Whalen & Carter,
p. 118, pl. 10, figs. 3, 4.

Original description: Test as with genus; conical, usually
with 12 to 14 post-abdominal chambers. Cephalis conical;
thorax, abdomen, and post-abdominal chambers increasing
gradually in width and height as added. Thorax, abdomen,
and post-bdominal chambers trapezoidal in outline.
Cephalis and thorax smooth, imperforate, covered by layer
of microgranular silica. Cephalis, thorax, and abdomen
together forming prominent area of test. Post-abdominal
chambers separated from each other and abdomen by
narrow circumferential ridgesalternating with constrictions.
Inner latticed layer of post-abdominal chambers consisting
of small, irregular polygonal pore frames exposed on
circumferential ridges; layer of microgranular silica in
constrictions mostly covering polygonal pore frames,
particularly on proximal portion of test (many more pores
within constrictions remaining open distally). Distinctive
beadlike structures on circumferentail ridges formed by
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raised areas of microgranular silica surrounded by small
polygonal pores.

Original remarks: Canoptum dixoni, n. sp. is distinguished
from other species of Canoptum by the beaded nature of its
narrow circumferential ridges.

Measurements (um):
Based on 7 specimens.

Length | Width (maximum)

312.5 112.5 HT
360.0 120.0 Max.
312.5 100.0 Min.
339.7 110.5 Mean

Etymology: This species is named for Captain George
Dixon who explored the Queen Charlotte Islands in 1787.

Type locality: QC 590A, Sandilands Formation (Kunga
Formation in Pessagno & Whalen, 1982), north shore of
Kunga Island, Queen Charlotte Islands.

Occurrence: Sandilands formation, Queen Charlotte
Islands; San Hipdlito Formation, Baja California Sur;
Denggen area, Tibet; Tawi Sadh Member of the Guwayza
Formation and Musallah Formation, Oman.
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Plate CANO08. Canoptum columbiaense Whalen & Carter. Magnification x200. Fig. 1(H). Carter et al. 1998, pl. 15,

fig. 6. Fig. 2. Carter et al. 1998, pl. 15, fig. 11. Fig. 3. Carter et al. 1998, pl. 15, fig. 10. Fig. 4. QCI, GSC loc. C-080613, GSC
128730. Fig. 5. QCI, GSC loc. C-304566, GSC 128731. Fig. 6. QCI, GSC loc. C-304565, GSC 128732. Fig. 7. QCI, GSC
loc. C-304281, GSC 128733. Fig. 8. QCIL, GSC loc. C-140495, GSC 128734. Fig. 9. QCI, GSC loc. C-175309, GSC 128735.

Plate CANO09. Canoptum dixoni Pessagno & Whalen. Magnification x200. Fig. 1(H). Pessagno & Whalen 1982, pl. 2,
fig. 1. Fig. 2. Pessagno & Whalen 1982, pl. 2, fig. 2. Fig. 3. Whalen & Carter 2002, pl. 10, fig. 3. Fig. 4. Whalen & Carter
2002, pl. 10, fig. 4. Fig. 5. OM-00-252, 021824.
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Canoptum margaritaense Whalen & Carter 1998
Species code: CAN11

Synonymy:

1987 Canoptum preanulatum Pessagno & Whalen - Hattori,
pl. 18, figs. 7, 8.

1987a Neowrangellium pessagnoi n. sp. — Yeh, p. 66, pl. 1, figs. 3,
4,210, 22, 23, ; not pl. 1, figs. 5-7, 11, 14.

1998 Canoptum margaritaense n. sp. - Whalen & Carter, p. 64,
pl. 17, figs. 2, 3.

22002 Canoptum margaritaense Whalen & Carter - Tekin,
p- 189, pl. 4, figs. 6, 7.

Original description: Test conical, lobulate, usually with 11
to 13 post-abdominal chambers. Cephalis conical; thorax,
abdomen and post-abdominal chambers trapezoidal in
outline, increasing gradually in width and height as added.
Cephalis and thorax smooth, imperforate, covered by
layer of microgranular silica. Post-abdominal chambers
separated from each other and abdomen by broad, nodose
circumferential ridges alternating with constrictions;
constrictions covered by thick layer of microgranular silica.
Inner latticed layer of post-abdominal chambers usually
obscured but when exposed, consisting of small, polygonal
pore frames. H-linked pattern on circumferential ridges
formed by raised nodes of microgranular silica surrounded
by small polygonal pores.

Original remarks: The H-linked pattern on the circum-
ferential ridges distinguish Canoptum margaritaense n. sp.

from C. dixoni Pessagno and Whalen and C. columbiaense
n. sp.

Further remarks: In this species we include forms without
pores in the constrictions that are identical to the paratypes
of Neowrangellium pessagnoi Yeh but differ from the holo-
type by lacking a horn.

Measurements (um):

Based on 6 specimens.

Length | Width (max.)
368 128 HT
368 128 Max.
225 83 Min.
287 101 Mean

Etymology: This species is named for Cape St. Margarita,
the northern tip of the Queen Charlotte Islands.

Type locality: Sample QC-675, Sandilands Formation,
Kunga Island - north side, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands, Ghost Creek and Fannin forma-
tions, Queen Charlotte Islands; Hyde Formation, Oregon.

Canoptum rugosum Pessagno & Poisson 1981
Species code: CAN14

Synonymy:

1981 Canoptum rugosum n. sp. — Pessagno and Poisson, p. 61,
pl. 11, figs. 5-9; pl. 13, fig. 3; pl. 14, figs. 1-2.

1982 Canoptum rugosum Pessagno & Poisson — Pessagno and
Whalen, p. 125, P1. 6, Fig. 7.

1987 Canoptum rugosum Pessagno & Poisson — Hattori, pl. 18,
figs. 10-12.

1988 Canoptum rugosum Pessagno & Poisson — Sashida, p. 23,
pl. 2, figs. 13, 14, 22, 23.

1988 Canoptum rugosum Pessagno & Poisson - Li, pl. 1, fig. 1.

1989 Canoptum rugosum Pessagno & Poisson — Hattori, pl. 13,
figs. E G, H, L

1995 Canoptum rugosum Pessagno & Poisson - Suzuki, pl. 8,
fig. 2.

1998 Canoptum rugosum Pessagno & Whalen - Kashiwagi,
pl 1, fig. 16, pl. 2, fig. 11.

2003 Canoptum rugosum Pessagno & Poisson — Gorican et al.,
p. 297, pl. 5, fig. 11.

2003 Canoptum cf. rugosum Pessagno & Poisson — Kashiwagi &
Kurimoto, pl. 3, fig. 14.

2004 Canoptum rugosum Pessagno & Poisson — Matsuoka,
fig. 244.

2005 Canoptum sp. cf. C. rugosum Pessagno & Poisson
- Kashiwagi et al., pl. 5, fig. 1.

Original description: Test as with genus. Cephalis hemi-
spherical; post-cephalic chambers trapezoidal in ouline
increasing relatively rapidly in width and height as added.
Circumferential ridges absent between cephalis and thorax
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and between abdomen and thorax; present between abdo-
men and first post-abdominal chamber and each of sub-
sequent four or five post-abdominal chambers. Circumfer-
ential ridge when stripped of outer layer of microgranular
shell material displaying linked-H pattern identical to that
described for C. anulatum, n. sp. Post-abdominal chambers
constricted medially, giving rise to lobulate test outline. In-
ner layer of post-abdominal chambers comprised of two
rows of massive tetragonal pore frames between circumfer-
ential ridges. Outer microgranular layer on well preserved
specimens with rugose surface; rugosities probably a reflec-
tion of massive of inner layer.

Original remarks: Canoptum rugosum, n. sp., differs from
C. anulatum, n. sp., (1) by having a shorter, broader test
with one half to one third the number of post-abdominal
chambers; (2) by having widely rather than closely spaced
circumferential ridges; (3) by having post-abdominal
chambers with a rugose surface; and so forth. Both species
share the same linked-H circumferential ridge structure.

Measurements (um):

Based on eight specimens.
HT | Min. | Max.
Length | 140 | 140 | 165
Width 75 65 95




Plate CAN11. Canoptum margaritaense Whalen & Carter. Magnification x200. Fig. 1(H). Carter et al. 1998, pl. 17,
fig. 2. Fig. 2. Carter et al. 1998, pl. 17, fig. 3. Fig. 3. QCI, GSC loc. C-080611, GSC 128736. Fig. 4. QCI, GSC loc. C-
080611, GSC 128737. Fig. 5. QCI, GSC loc. C-080610, GSC 128738.

Etymology: Rugosus-a-um (Latin, adj.): wrinkled. Occurrence: Gumiislit Allochthon, Turkey; Ghost Creek

Formation, Queen Charlotte Islands; Skrile Formation,
Type locality: Sample 1662D, Gumiislii Allochthon, Taurus  Slovenia; Dengqen area, Tibet; Japan; Musallah Formation,
Mts., Turkey. Oman.

Plate CAN14. Canoptum rugosum Pessagno & Poisson. Magnification x300. Fig. 1(H). Pessagno & Poisson 1981, pL.11,
fig. 5. Fig. 2. OM-00-117, 021130. Fig. 3. JP, MNA-10, MA13381. Fig. 4. SI, MM6.76, 010301. Fig. 5. Gori¢an et al. 2003,
plL. 5, fig. 11. Fig. 6. QCI, GSC loc. C-304281, GSC 128739.
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Genus: Canutus Pessagno & Whalen 1982

Type species: Canutus tipperi Pessagno & Whalen 1982

Synonymy:
1982 Canutus n. sp. — Pessagno & Whalen, p.127.

Original description: Test spindle-shaped to subconical;
when spindle-shaped, often quite inflated. Cephalis with-
out horn. Abdomen and post-abdominal chambers with
two or three layers of fragile polygonal pore frames.

Original remarks: Canutus n. gen., differs from Archaeo-
dictyomitra Pessagno by having a test with several latticed
layers of pore frames, by developing pillar-like nodes, and
by lacking costae.

Further remarks: Only the inflated spindle-shaped forms
are considered to belong to Canutus Pessagno & Whalen,
the subconical forms are now assigned to Parahsuum Yao.
See also further remarks under genus Parahsuum.

Etymology: Canutus is a name formed by an arbitrary
combination of letters (ICZN, 1964, Appendix D, Pt. VI,
Recommendation 40, p.113).

Included species:

CTS06 Canutus baumgartneri Yeh 1987b

CTS08 Canutus diegoi Whalen & Carter 2002

CTS09 Canutus hainaensis Pessagno & Whalen 1982
CTS10 Canutus nitidus Yeh 1987b

CTS15 Canutus rennellensis Carter n. sp.

CTS03 Canutus rockfishensis Pessagno & Whalen 1982
CTS12 Canutus tipperi gr. Pessagno & Whalen 1982
CTS16 Canutus sp. O

Canutus baumgartneri Yeh 1987b
Species code: CTS06

Synonymy:
1987b Canutus baumgartneri n. sp. — Yeh, p. 59, pl. 19, figs. 3-5,
9,16-17, 20-21.

Original description: Test spindle-shaped, large, inflated,
usually with five to six post-abdominal chambers. Cephalis
hemispherical, covered with layer of microgranular
silica. Thorax and subsequent chambers trapezoidal in
outline, gradually increasing in width, final three post-
abdominal chambers gradually decreasing in width. Test
wall consisting of three layers. Inner latticed layer and
intermediate (second) latticed layer comprised of medium
size square to rectangular pore frames (pl. 19, figs. 4-5, 16,
21), outermost latticed layers consisting predominantly of
triangular pore frames. Distal post-abdominal chambers
often lacking outermost layer of meshwork and showing
rectangular pore frames of inner latticed layer(s) (pl. 19,
figs. 3, 20).

Original remarks: Canutus baumgartneri, n. sp. differs
from C. blomei Pessagno & Whalen by having a less inflated
test with less massive pore frames. It can be distinguished
from C. tipperi Pessagno and Whalen by having a test with
less massive pore frames and a less pointed cephalis.
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Further remarks: Canutus tipperi and C. blomei are syno-
nymized herein as the C. tipperi group. C. baumgartneri dif-
fers from this group mainly by having less massive, more
irregularly-shaped pore frames. Lowest Pliensbachian rep-
resentatives of this genus are more strongly spindle-shaped
(almost closed at the bottom) and pore frames are even
more irregular.

Measurements (um):
Ten specimens measured.

Length (max.) | Width (max.)
HT 367 227
Mean 370 228
Max. 380 230
Min. 363 225

Etymology: This species is named after Dr. P. O.
Baumgartner, in honor of his studies on the Mesozoic
Radiolaria.

Type locality: Sample OR-600D, Hyde Formation at Izee-
Paulina road, east-central Oregon.

Occurrence: Hyde Formation, Oregon; Ghost Creek and
Fannin formations, Queen Charlotte Islands.
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Plate CTS06. Canutus baumgartneri Yeh. Magnification x150. Fig. 1(H). Yeh 1987, pl. 20, fig. 3. Fig. 2. QCI, GSC loc.
C-304568, GSC 128770. Fig. 3. QCI, GSC loc. C-175306, GSC 128771. Fig. 4. QCI, GSC loc. C-304567, GSC 128772.
Fig. 5. QCI, GSC loc. C-175311, GSC 128773. Fig. 6 QCI, GSC loc. C-080611, GSC 128774.
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Canutus diegoi Whalen & Carter 2002
Species code: CTS08

Synonymy:

1984 Canutus? sp. - Whalen & Pessagno, pl. 3, fig. 5, 6.

21987 Canutus (?) sp. K - Hattori, pl. 15, fig. 10.

2002 Canutus diegoi n. sp. — Whalen & Carter, p. 120, pl. 10,
figs. 6, 10, 13, 16, 17; pl. 17, figs. 6, 7.

Original description: Test spindle shaped, slightly inflated
with approximately six post-abdominal chambers; large,
dome-shaped cephalis covered by layer of microgranular
silica; thorax, abdomen and post-abdominal chambers
trapezoidal in outline, gradually increasing in width; last
few post-abdominal chambers gradually decreasing in
width and terminating in a short, irregular tubular exten-
sion. Chambers gradually increasing in height till central
post-abdominal chamber and then gradually decreasing
in height. Cephalis, thorax, abdomen and post-abdominal
chambers on proximal half of test with irregularly shaped
pore frames in outer latticed layer; distal post-abdominal
chambers composed of slightly more aligned tetragonal-
pentagonal pore frames. Inner latticed layer of entire test
composed of strong, rectangular pore frames.

Original remarks: The less inflated test and strongly taper-
ing distal chamber distinguish this species from Canutus
rockfishensis Pessagno and Whalen 1982.

Measurements (um):
Based on 9 specimens.

Length | Width (Max.)
225 120 HT
225 135 Max.
180 120 Min.
203 124 Mean

Etymology: Canutus diegoi n. sp., is named for Diego
de Becerra, one of the early explorers of the Baja California
Peninsula.

Type locality: Sample BPW80-30, San Hipolito Formation,
Punta San Hipolito, Vizcaino Peninsula, Baja California
Sur.

Occurrence: San Hipolito Formation, Baja California Sur.

Canutus hainaensis Pessagno & Whalen 1982
Species code: CTS09

Synonymy:

1982 Canutus hainaensis n. sp. — Pessagno & Whalen, p. 128,
pl. 4, figs. 3-4; pl. 5, figs. 1, 13, 14, 16-18, 20; pl. 12, fig. 9.

1988 Canutus hainaensis Pessagno & Whalen - Carter et al.,
p. 51, pl 3, figs. 10-11.

1992 Canutus hainaensis Pessagno & Whalen - Pessagno &
Mizutani, pl. 99, figs. 5, 14, 19.

Original description: Test elongate, spindle-shaped, often
large, with seven to nine post-abdominal chambers usually
present. Cephalis conical, rounded apically; remaining
chambers trapezoidal in cross section. Thorax, abdomen,
and all but final two post-abdominal chambers increasing
moderatly rapidly in width and more gradually in length
as added. Final two post-abdominal chambers decreasing
somewhat in width. Inner latticed layer of post-abdominal
chambers consisting of square to rectangular pore frames
with nodes at vertices; pore frames gradually increasing
in size, becoming large on final post-abdominal chamber.
Outer latticed layer (second layer) consisting of regular
to irregular, commonly tetragonal (rectangular) and
triangular pore frames. Outer latticed layer not developed
on final chamber of well-preserved specimens; pore frames
of inner layer with rudimentary nodes.
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Original remarks: Canutus hainaensis, n. sp., is consider-
ably more elongate and much less inflated than C. tipperi,
n. sp. It also differs from C. tipperi by having a cephalis
rounded rather than pointed apically and by having two
rather than three layers of meshwork on its post-abdomi-
nal chambers.

Measurements (um):
Based on 6 specimens.

Length | Width (max.)
375.0 200.0 HT
400.0 200.0 Max.
300.0 160.0 Min.
357.5 177.9 Mean

Etymology: This species is named for Haina, an abandoned
Indian village on the east shore of Maude Island.

Type locality: Sample QC 534, Ghost Creek Formation
(Maude Formation in Pessagno & Whalen, 1982), Queen
Charlotte Islands, British Columbia.

Occurrence: Ghost Creek and Fannin formations, Queen
Charlotte Islands.



Plate CTS08. Canutus diegoi Whalen & Carter. Magnification Fig. 1a x200, Fig. 1b x300. Fig. 1(H)a, b. Whalen &
Carter 2002, pl. 10, figs. 10, 13.
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Plate CTS09. Canutus hainaensis Pessagno & Whalen. Magnification x150. Fig. 1(H). Pessagno & Whalen 1982, pl. 4,
fig. 3. Fig. 2. QCI, GSC loc. C-304567, GSC 128775. Fig. 3. QCI, GSC loc. C-304567, GSC 128776. Fig. 4. QCI, GSC loc.
C-175311, GSC 128895.
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Canutus nitidus Yeh 1987b
Species code: CTS10

Synonymy:

1987b Canutus nitidus n. sp. - Yeh, p. 59, pl. 6, figs. 1, 17; pl. 19,
figs. 1-2, 6, 11, 18-19.

1987b Canutus sp. aff. C. nitidus n. sp. - Yeh, p. 60, pl. 4, figs. 4-5,
22.

1988 Canutus nitidus Yeh — Carter et al., p. 50, pl. 3, figs. 5, 8, 12.

1988 Canutus sp. aff. C. nitidus Yeh — Carter et al., p. 51, pl. 3,
fig. 6.

Original description: Test spindle-shaped, large, very in-
flated, usually with five to six post-abdominal chambers.
Cephalis small, hemispherical, usually without rudimentary
spine. Abdomen, thorax to second post-abdominal cham-
ber rapidly increasing in width, remaining post-abdominal
chambers rapidly decreasing in width. Cephalis covered
with layer of microgranular silica, remaining chambers
comprised of two inner layers of variable size of irregular
polygonal pore frames (pl. 19, fig. 6), outer most layer of
triangular pore frames. Pore frames thin in rims and thick
in sides, with largest pores at middle portion of test, de-
creasing in size apically and distally. Final post-abdominal
chamber terminating in narrow tubular extension.

Original remarks: Canutus nitidus, n. sp., differs from
C. baumgartneri n. sp., by possessing a very inflated test
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with extremely small cephalis, and by having a test with two
inner layers of variable sized irregular pore frames.

Further remarks: By Carter et al. (1988): The narrow tu-
bular extension terminating the distalmost post-abdominal
chamber, as described by Yeh (1987b, p. 59), has not been
observed in any specimens.

Measurements (um):
Ten specimens measured.

Length (max.) | Width (max.)
HT 324 248
Mean | 315 243
Max. | 325 250
Min. | 302 237

Etymology: Nitidus-a-um (Latin, adj.) = sleek, glittering.

Type locality: Sample OR-600M, Hyde Formation at Izee-
Paulina road, east-central Oregon.

Occurrence: Hyde Formation, Oregon; Fannin Formation,
Queen Charlotte Islands; Fernie Formation, NE British
Columbia.
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Plate CTS10. Canutus nitidus Yeh. Magnification x150. Fig. 1(H). Yeh 1987b, pl. 20, fig. 1. Fig. 2. Carter et al. 1988,
pl. 3, fig. 5. Fig. 3. NBC, GSC loc. C-305208, GSC 128896. Fig. 4. QCI, GSC loc. C-175309, GSC 128897.

Fig. 5. QCI, GSC loc. C-304567, GSC 128898. Fig. 6. QCI, GSC loc. C-080612, GSC 128899. Fig. 7. QCI, GSC loc. C-
175306, GSC 128900. Fig. 8. QCI, GSC loc. C-304567, GSC 128777. Fig. 9. QCI, GSC loc. C-304567, GSC 128778.
Fig. 10. QCI, GSCloc. C-304567, GSC 128901. Fig. 11. QCI, GSC loc. C-304567, GSC 128902.
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Canutus rennellensis Carter n. sp.
Species code: CTS15

Synonymy:

1982 Canutus blomei n. sp. — Pessagno & Whalen, p. 127, pl. 3,
fig. 14 only.

1996 Canutus sp. A - Pujana, p. 138, pl. 1, figs. 18, 19.

1996 Canutus sp. A of Carter — Pujana, p. 138, pl. 1, fig. 20.

2004 Canutus sp. — Matsuoka, ﬁg. 211.

Type designation: Holotype GSC 111711 and paratype
GSC 111712 from GSC loc. C-080612; Ghost Creek
Formation (lower Pliensbachian).

Description: Test spindle-shaped, large, inflated, usually
with five or six post-abdominal chambers. Cephalis hemi-
spherical; thorax, abdomen and first few abdominal cham-
bers rapidly increasing in width, last few post-abdominal
chambers strongly decreasing in width. Apical portion of
test fairly pointed and covered with a layer of microgranu-
lar silica. Pore frames on early chambers relatively small,
irregularly-shaped and arranged; on medial chambers
pore frames mainly tetragonal and aligned in rows, some
with costae-like ridges between. Pore frames on distalmost
chamber(s) smaller and irregular.

Remarks: Canutus rennellensis n. sp. differs from the
C. tipperi group in having finer, more irregular meshwork,

and distal chambers are more constricted. It differs from
C. baumgartneri Yeh in having much finer meshwork and
pore frames on distal post-abdominal chambers are aligned
rather than irregular.

Measurements (um):

Based on 6 specimens.

HT | Max. | Min. | Mean
Length (excl. horn) | 326 | 353 316 | 328
Maximum width 195 | 205 179 191

Etymology: Species named for the type locality at Rennell
Junction, the confluence of logging roads leading north to
Masset and west to Rennell Sound; Graham Island, Queen
Charlotte Islands.

Type locality: Sample CAA-79-Ren-Phant, Ims 1 (GSC
loc. C-080611), Ghost Creek Formation, Rennell Junction
section, central Graham Island, Queen Charlotte Islands,
British Columbia.

Occurrence: Ghost Creek and Fannin formations, Queen
Charlotte Islands; Sierra Chacaicé Formation, Argentina;
Mino Terrane, Japan; Haliw (Aqil) and Musallah forma-
tions, Oman.

Canutus rockfishensis Pessagno & Whalen 1982
Species code: CTS03

Synonymy:

1982 Canutus rockfishensis n. sp. — Pessagno & Whalen, p. 129,
pl. 2, figs. 4, 12, 15, 19; pl. 12, fig. 22.

1998 Canutus rockfishensis Pessagno & Whalen - Whalen &
Carter, p. 65, pl. 17, fig. 18; pl. 26, fig. 8.

2002 Canutus rockfishensis Pessagno & Whalen - Suzuki et al.,
p. 184, fig. 9 L.

Original description: Test as with genus, spindle-shaped,
large, moderately inflated, usually with seven post-
abdominal chambers. Cephalis and thorax conical, mostly
imperforate, composed of inner latticed layers of pore
frames covered by an outer layer of microgranular silica.
Abdomen and proximal post-abdominal chambers rapidly
increasing in width, central two or three post-abdominal
chambers gradually increasing in width; last two post-
abdominal chambers rapidly decreasing in width; thorax,
abdomen and post-abdominal chambers trapezoidal in
cross section. All post-abdominal chambers increasing
in height distally. Abdomen and most post-abdominal
chambers composed of irregular pentagonal to tetragonal
pore frames in outer latticed layer; last two post-abdominal
chambers composed of aligned tetragonal (rectangular)
pore frames. Inner latticed layer composed of rectangular
pore frames.

Original remarks: Canutus rockfishensis, n. sp., differs from
C. blomei, n. sp., by having a test which is not nearly so
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broad and by having post-abdominal chambers with two
rather than three layers of latticed meshwork. Furthermore,
most of the outer latticed layer of C. rockfishensis possesses
irregular pore frames, whereas that of C. blomei possesses
triangular pore frames.

Further remarks: The holotype of Canutus blomei Pessagno
& Whalen is now assigned to C. tipperi Pessagno & Whalen
while its paratype is assigned to C. rennellensis Carter n. sp.
C. rockfishensis Pessagno & Whalen differs from both these
species by having a much less inflated test.

Measurements (m):
Based on 10 specimens.

Length | Width (maximum)
222.5 125.0 HT
270.0 150.0 Max.
220.0 125.0 Min.
243.0 138.5 Mean

Type locality: Sample QC 590A, Sandilands Formation
(Kunga Formation in Pessagno & Whalen 1982), Queen
Charlotte Islands, British Columbia.

Occurrence: Sandilands and Fannin formations, Queen
Charlotte Islands; Nicely Formation, east-central Oregon;
Pucara Group, Peru.



Plate CTS15. Canutus rennellensis Carter n. sp. Magnification x150. Fig. 1(H). QCI, GSCloc. C-080612, GSC 111711.
Fig. 2. QCI, GSC loc. C-080612, GSC 128783. Fig. 3. QCI, GSC loc. C-304281, GSC 128784. Fig. 4. QCI, GSC loc. C-
080612, GSC 111712. Fig. 5. JP, MNA-10, MA13048. Fig. 6. OM-00-118, 000604.

Plate CTS03. Canutus rockfishensis Pessagno & Whalen. Magnification x250. Fig. 1(H). Pessagno & Whalen 1982,
pl. 2, fig. 4.

97



Canutus tipperi gr. Pessagno & Whalen 1982
Species code: CTS12

Synonymy:

1982 Canutus tipperi n. sp. — Pessagno & Whalen, p. 129, pl. 4,
figs 7-9, 11, 12, 14-17; pl. 12, fig. 21.

1982 Canutus blomei n. sp. — Pessagno & Whalen, p. 127, pl. 3,
figs. 13, 15 (not fig. 14); pl. 12, fig. 20.

1988 Canutus tipperi Pessagno & Whalen - Carter et al., p. 51,
pl. 3, fig. 3.

Original description: Test spindle-shaped, pointed api-
cally, large, inflated, usually with seven to nine post-ab-
dominal chambers. Cephalis hemispherical; remaining
chambers trapezoidal in cross section; cephalis and thorax
with apically converging ridges on better preserved speci-
mens. Abdomen and first three post-abdominal chambers
rapidly increasing in height as added. Inner latticed layer
and intermediate (second) latticed layer comprised of large
square to rectangular pore frames (pl. 4, figs. 15, 17); outer
latticed layer comprised predominantly of triangular pore
frames. Final post-abdominal chamber of well-preserved
specimens often lacking outer two layers of meshwork and
showing only rudimentary development of nodes at pore
frame vertices.

Original remarks: Canutus tipperi n. sp. is compared to
C. blomei n. sp. under the latter species.

Original remarks under C. blomei: Canutus blomei, n. sp.,
appears closely related to C. tipperi, n. sp. It can be distin-
guished from C. tipperi by the less pointed and more round-
ed nature of the apical portion of the test. Furthermore, the
test of C. blomei is more inflated and ellipsoidal in character
than that of C. tipperi. In addition, its pore frames are more
massive with less prominent nodes.

Further remarks: Canutus tipperi is an extremely large

multicyrtid with distinctive pore structure, but recent
studies of Canutus in over 80 Pliensbachian samples from
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Queen Charlotte Islands indicate that test morphology is
quite variable. Basal Pliensbachian forms are small, less than
half the size of the type species, others are elongate and less
inflated, but all retain the typical massive rectangular pore
structure of C. tipperi. The shape of the apical portion of the
test is also variable, ranging from the fairly pointed shape
of the holotype to the more hemispherical shape of the
original holotype of C. blomei (the latter now synonymized
with C. tipperi).

C. tipperi was originally recorded from the Rennell
Junction member of the Fannin Formation (upper lower
Pliensbachian) but is now known to appear in basal beds
of the lower Pliensbachian Ghost Creek Formation and
ranges throughout the entire Pliensbachian.

Measurements (um):
Based on 6 specimens.

Length | Width (max.)

475.0 200.0 HT
475.0 200.0 Max.
280.0 180.0 Min.
313.0 195.4 Mean

Etymology: This species is named for Dr. Howard W. Tipper,
Geological Survey of Canada, in honor to his contributions
to the study of the Jurassic ammonite biostratigraphy of the
Queen Charlotte Islands.

Type locality: QC 532, Fannin Formation (Maude Forma-
tion in Pessagno & Whalen, 1982), Skidegate Inlet, Maude
Island, Queen Charlotte Islands, British Columbia.

Occurrence: Ghost Creek and Fannin formations, Queen
Charlotte Islands, and Williston Lake, northeastern British
Columbia.
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Plate CTS12. Canutus tipperi gr. Pessagno & Whalen. Magnification x150. Fig. 1(H). Pessagno & Whalen 1982, pl. 4,
fig. 7. Fig. 2. QCI, GSC loc. C-175311, GSC 128779. Fig. 3. QCI, GSC loc. C-175309, GSC 128780. Fig. 4. QCI, GSC loc.
C-080612, GSC 128781. Fig. 5. QCI, GSC loc. C-175309, GSC 128782. Fig. 6. Carter et al. 1988, pl. 3, fig. 3.

Fig. 7. QCIL, GSC loc. C-127867, GSC 128903.
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Canutus sp. O
Species code: CTS16

Remarks: Test large, subconical to slightly spindle-shaped.
Cephalis hemispherical, thorax and abdomen trapezoidal,
post abdominal chambers gradually increasing in width as
added Cephalis and thorax sparsely perforate covered with
a layer of microgranular silica. Pore frames on initial post-
abdominal chambers mostly irregular, on distal portion
pore frames mainly tetragonal and aligned vertically. This
species differs from C. hainaensis in having a more broadly
conical shape with prominently aligned distal chambers.

Occurrence: Ghost Creek Formation, Queen Charlotte
Islands; Musallah Formation, Oman.

Genus: Carterwhalenia Dumitrica n. gen.

Type species: Saitoum (?) minai Whalen & Carter 2002

Description: Test monocyrtid, hemispherical to sub-
globular with an initial spicule consisting of apical (A),
dorsal (D), ventral (V), and primary lateral spines (Lr, LI)
originating in a short median bar (MB), and arches LL,
LD, LV, AV, AL, and AD. A spine extended outside into
apical horn, and D and L into feet. Apical horn and feet
four-bladed and practically equal, at least in type spe-
cies. Blades with a row of three or more pores decreasing
in size distally. Pores aligned between the axis of apical
horn and feet and the external border of blades. Ventral
spine of initial spicule extended outside cephalic wall into
a short bladed spine.

Remarks: Carterwhalenia n. gen. externally resembles Sait-
ulpus Dumitrica & Ziigel from which it differs structurally
especially in missing the secondary lateral spines of the in-
itial spicule. By this character it also resembles very much
the Cenozoic genera Euscenium Haeckel, Archiscenium
Haeckel, and Pteroscenium Haeckel. From each it differs in
having four-bladed rather than three-bladed spines. Cart-
erwhalenia is close to the Middle and Upper Jurassic genus
Turriseiffelus Dumitrica & Ziigel, in the structure of the
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initial spicule, apical horn, feet, and cephalic wall, but dif-
fers in having four-bladed, short apical horn and feet.

The pores of the blades of the apical horn and feet of this
genus have the same origin as similar pores of the genera
Turriseiffelus, Pteroscenium (e.g. Pteroscenium pinnatum
Haeckel 1887, pl. 53, figs. 14-16), and Arachnoplecta Du-
mitrica & Ziigel 2003. They appear as meshes among the
axis of these spines, a bar forming the external margin of
the blades and branches arising practically perpendicular
from the axis of the spines. Usually these branches may ex-
tend into thorns outside the margin of the blades.

Until present the genus is represented only by its type
species.

Etymology: The genus is named for my radiolarian
colleagues E. S. Carter and P. A. Whalen to honour their
valuable contribution to the knowledge of Upper Triassic
and Lower Jurassic radiolarians.

Included species:
SUMO3 Carterwhalenia minai (Whalen & Carter) 2002
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Plate CTS16. Canutus sp. O. Magnification x200. Fig. 1. QCI, GSC loc. C-175311, GSC 128785. Fig. 2. QCI, GSC loc.

C-080612, GSC 128786. Fig. 3. OM-00-115, 023003. Fig. 4. OM-00-115, 023010. Fig. 5. QCI, GSC loc. C-175306, GSC
128787. Fig. 6. QCI, GSC loc. C-175306, GSC 128904. Fig. 7. QCI, GSC loc. C-175309, GSC 128905.
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Carterwhalenia minai (Whalen & Carter) 2002
Species code: SUMO03

Synonymy:
2002 Saitoum? minai n. sp. - Whalen & Carter, p. 130, pl. 12, figs.
7-9,16,17; pl. 13, fig. 10.

Original description: Test monocyrtid, sub-spherical in
shape with massive apical horn and three feet. Horn trira-
diate in axial section with narrow, longitudinal ridges and
broad grooves for most of length; elongated pores occa-
sionally located at base of grooves of horn; horn circular in
axial section distally, separated from triradiate portion by
three to four short verticils; verticils aligned at right angles
to long axis of horn; horn located off center of highest point
on cephalic dome. Three massive feet triradiate in axial
section for most of length, circular in axial section distally;
triradiate and circular portions of feet separated by verticils
aligned at right angles to long axis of feet; proximal part
of feet sometimes with small pores piercing grooves. Im-
perforate border collar continuous with ridges of feet. Pore
frames irregular, triangular to circular, sometimes appear-
ing to radiate from a central point. V-spine prominently ex-
posed on exterior of test at point half way between border
collar and apex of test.

Original remarks: Saitoum? minai n. sp. is distinguished
from other species of Saitoum by the massive, spiny triradiate
apical horn and feet with verticils. This species differs from
species of Saitulpus (Dumitrica and Ziigel, in press) in that
the V spine does not connect with the border collar.

Further remarks: An attentive look at the apical horn and
feet of the type specimens (holotype and two paratypes)
and of the two specimens herein presented from the
Pliensbachian of Turkey (pl. SUMO03, figs. 4a-b, 5a-b) shows
that these external spines are four-bladed rather than three-
bladed as originally mentioned and that the secondary
lateral spines are completely missing.

Measurements (um):
(n) = number of specimens measured.

Length (6) Width (5) Length of foot
(excludes horn) (Max.) 7
HT 98 90 90
Max. 105 113 105
Min. 83 90 75
Mean 92 104 87

Etymology: This species is named for F. Mina (Geologos
de Petroleos Mexicanos), one of the first geologists to study
the rocks of the Vizcaino Peninsula, Baja California Sur.

Type locality: Sample BPW80-30, San Hipdlito Formation,
Baja California Sur.

Occurrence: San Hipolito Formation, Baja California Sur;
Guimiislit Allochthon, Turkey.

Genus: Charlottea Whalen & Carter 1998

Type species: Charlottea amurensis Whalen & Carter 1998

Synonymy:
1998 Charlottea n. gen. - Whalen & Carter, p. 37.

Original description: Test with three prominent spines in
same plane, equally spaced or with two spines closer together;
spines triradiate in axial section, tapering distally. Cortical
shell spherical to sub-spherical, sometimes triangular in
outline with flattened upper and lower surfaces. Outer layer
of pore frames on cortical shell irregularly shaped (usually
tetragonal, triangular, pentagonal) and sized, with nodes at
pore frame vertices; larger pores on cortical shell sometimes
observed at base of spines.

Original remarks: The external morphology of Charlottea
n. gen. and Ferresium Blome is very similar but the inner
structure is different: Charlottea n. gen. contains an eccen-
tric spicular meshwork occupying a large part of the central
area of the test; Ferresium Blome contains a small micro-
sphere surrounded by a loosely constructed inner spongy
meshwork of bars and small arches (see Family Ferresidae
of Carter 1993, p. 68). Charlottea n. gen., is distinguished
from all other genera of the Subfamily Charlotteinae by
having three straight spines in the same plane.
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Further remarks: The families Perispyridiidae, Ferresiidae
and the subfamily Charlotteinae are considered junior
synonyms of the family Eptingiidae because they have a
similar initial spicule, and three spines of the spicule extend
outside of the test (De Wever et al., 2001).

Etymology: Charlottea n. gen., is named for the British ship
Queen Charlotte, for which Captain George Dixon named
the Queen Charlotte Islands in August of 1787.

Included species:

CHAO2 Charlottea amurensis Whalen & Carter 1998
CHAOQ9 Charlottea hotaoensis Carter n. sp.

CHA10 Charlottea penderi Carter n. sp.

CHAO3 Charlottea proprietatis Whalen & Carter 1998
CHAO5 Charlottea triquetra Whalen & Carter 1998
CHAO07 Charlottea sp. A sensu Whalen & Carter 2002
CHAO08 Charlottea sp. B

CHAL11 Charlottea sp. C

XNMO1 Charlottea? sp. Y



Plate SUMO03. Carterwhalenia minai (Whalen & Carter). Magnification x300. Fig. 1(H). Whalen & Carter 2002,
pl. 12, fig. 7. Fig. 2. Whalen & Carter 2002, pl. 12, fig. 9. Fig. 3. Whalen & Carter 2002, pl. 12, fig. 8.
Fig. 4a,b. TR, 1662D-R07-10. Fig. 5a,b. TR, 1662D-R01-08.




Charlottea amurensis Whalen & Carter 1998
Species code: CHA02

Synonymy:

21989 Acaeniotyle spp. — Hattori, pl. 1, fig. G.

1998 Charlottea amurensis n. sp. - Whalen & Carter, p. 37, pl. 2,
figs. 8,9, 10; pl. 3, figs. 1, 2, 9.

2001 Charlottea amurensis Whalen & Carter — Gawlick et al.,
pl. 2, fig. 5.

2002 Charlottea amurensis Whalen & Carter — Suzuki et al.,
p. 168, figs. 4 H-J.

Original description: Test with medium-sized cortical shell
and three moderatelylong spines. Cortical shell subspherical
and somewhat compressed in plane of spines; cortical shell
composed of medium-sized, irregularly shaped, tetragonal
and triangular pore frames with prominent elongated
nodes at pore frame vertices; pore frame bars much thinner
in Y direction than Z direction (refer to Pl 4, fig. 11 for
measurement system); large pores sometimes located on
cortical shell at base of spines. Internal spicular network
composed of delicate pore frames with no difference in
thickness between Y and Z direction and no apparent
pattern or orientation. Spines tapering distally, usually
shorter than diameter of cortical shell, triradiate in axial
section with narrow, rounded longitudinal ridges and

broad, rounded longitudinal grooves; spines evenly spaced
around cortical shell.

Original remarks: The more delicate, elongated nodes and
triradiate spines of Charlottea amurensis n. sp. distinguish
it from C. johnsoni n. sp.

Measurements (um):
Based on 7 specimens.

HT | Max. | Min. | Mean

Maximum diameter

of cortical shell 146 | 150 138 147

Maximum length

. . 105 | 120 75 95
of primary spines

Etymology: This species is named for Amur Rocks in Dana
Passage, located to the northwest of the type locality.

Type locality: Sample QC-676, Sandilands Formation,
Kunga Island, Queen Charlotte Islands, British Columbia.

Occurrence: Sandilands Formation, Queen Charlotte Is-
lands; Diirrnberg Formation, Austria; Pucara Group, Peru.

Charlottea hotaoensis Carter n. sp.
Species code: CHA09

Synonymy:

1989 Protoperispyridium ? spp. — Hattori, pl. 3, fig. G.
1997 Perispyridium sp. A02 - Yao, pl. 15, fig. 707.
2004 Perispyridium sp. — Matsuoka, fig. 184.

Type designation: Holotype GSC 111713 and paratype
GSC 111714 from GSC loc. C-304566; Rennell Junc-
tion member of the Fannin Formation (upper lower
Pliensbachian).

Description: Test with small cortical shell, triangular to
subtriangular in outline and three medium-sized spines
of equal length. Surface of cortical shell slightly convex
with large subtriangular to irregularly shaped pore frames
and deeply incised pores, sub-round in shape. Pore frame
vertices usually with small to medium sized nodes; some
groups of pore frames partly surrounded by massive raised
ridges. Spines assymetrically arranged; two spines closer
together than the third. Spines stout, triradiate and strongly
tapering with narrow ridges and wide grooves.

Remarks: Charlottea hotaoensis n. sp. differs from

C. triquetra Whalen & Carter in having a strongly trian-
gular rather than subtriangular shell and less convex shell
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surfaces. It is likely that C. hotaoensis n. sp. is derived from
C. triquetra. In our material, C. triquetra ranges from up-
per Sinemurian to basal Pliensbachian; C. hotaoensis n. sp.
does not range below the Pliensbachian. This new species
may also represent the transition between the two eptingiid
genera, Charlottea and Perispyridium.

Measurements (um):
Based on 5 specimens.

HT | Max. | Min. | Mean
Diameter of cortical shell | 132 | 153 123 132
Length of longest spine 80 126 56 93

Etymology: This species is named for the Haida village
of Hotao on the southwest side of Maude Island, Queen
Charlotte Islands, British Columbia.

Type locality: Sample 99-CNA-MI-9 (GSC loc. C-304566),
Rennell Junction member of the Fannin Formation; Fannin
Bay, south side of Maude Island, Queen Charlotte Islands,
British Columbia.

Occurrence: Ghost Creek and Fannin formations, Queen
Charlotte Islands; Mino Terrane, Japan.



Plate CHAO02. Charlottea amurensis Whalen & Carter. Magnification x200. Fig. 1(H)a,b. Carter et al. 1998,
pl. 2, figs. 8, 9.

Plate CHAO09. Charlottea hotaoensis Carter n. sp. Magnification x200. Fig. 1(H). GSC loc. C-304566, GSC 111713.
Fig. 2. QCI, GSC loc. C-304566, GSC 128742. Fig. 3. QCI, GSC loc. C-175306, GSC 128743. Fig.4. QCI, GSC loc. C-
304566, GSC 111714. Fig. 5. QCI, GSC loc. C-305388, GSC 128744. Fig. 6. QCI, GSC loc. C-305388, GSC 128745.
Fig. 7. QCI, GSC loc. C-175311, GSC 128746.
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Charlottea penderi Carter n. sp.
Species code: CHA10

Type designation: Holotype GSC 111715 from GSC loc.
C-080611, Ghost Creek Formation (lower Pliensbachian).
Paratype GSC 111716 from GSC loc. C-304566, Rennell
Junction member of the Fannin Formation (upper lower
Pliensbachian).

Description: Cortical shell generally subtriangular,
somewhat fluted and irregular in outline with convex
upper and lower surfaces and three medium-sized,
strongly tapering spines. Surface of shell double layered;
inner layer of pore frames variably-sized and irregular
in shape. Outer layer of pore frames extremely variable
in size (some quite enormous), irregular in shape; outer
layer of pore frames with very large raised nodes some
coalescing to form strong raised ridges. Pores subequal in
size, irregular in shape. Primary spines equally distributed
around shell; spines composed of very narrow ridges and
wide deep grooves.

Remarks: Charlottea penderi differs from Charlottea ho-
taoensis n. sp. in having an irregularly-shaped cortical

shell with more convex surfaces, large raised nodes some
forming ridges, and primary spines are more equally dis-
tributed around shell.

Measurements (um):
Based on 6 specimens.

HT | Max. | Min. | Mean
Diameter of cortical shell | 137 | 167 110 140
Length of longest spine 84 100 73 85

Etymology: This species is named after Captain Pender who
originally named Maude Island during the 1866 survey.

Type locality: Sample 99-CNA-MI-9 (GSC loc. C-304566),
Rennell Junction member of the Fannin Formation; Fannin
Bay, south side of Maude Island, Queen Charlotte Islands,
British Columbia.

Occurrence: Ghost Creek Formation, and Rennell Junction
member of the Fannin Formation, Queen Charlotte Islands;
Fernie Formation, northeastern British Columbia.

Charlottea proprietatis Whalen & Carter 1998
Species code: CHAO03

Synonymy:
1998 Charlottea proprietatis n. sp. - Whalen & Carter, p. 39,
pl. 4, figs. 1,6, 7,8,9, 10, 13.

Original description: Test with large, inflated cortical shell
with three long, broad spines. Cortical shell subspherical
in shape and subrectangular in outline with irregularly
sized and shaped tetragonal and triangular pore frames
with prominent, elongated nodes at pore frame verti-
ces; pore frame bars thin in Y direction, much thicker in
Z direction; larger pores usually located at base of spines.
Internal spicular network composed of thin, coarsely inter-
woven pore frames with no apparent pattern or orientation.
Spines triradiate in axial section with narrow, rounded lon-
gitudinal ridges and broad, rounded longitudinal grooves;
spines evenly spaced around cortical shell.

Original remarks: The distinctive subrectangular outline of

Charlottea proprietatis n. sp. distinguishes it from all other
species of Charlottea.
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Measurements (um):

HT | Max. | Min. | Mean

Maximum diameter of cortical shell
(8 specimens measured)
Maximum length of primary spines
(5 specimens measured)

180 | 180 | 150 | 161

120 221 | 120 | 188

Etymology: Proprietas, atis (Latin; noun) = a property,
pecularity.

Type locality: Sample QC-675, Sandilands Formation,
Kunga Island - north side, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands.



Plate CHA10. Charlottea penderi Carter n. sp. Magnification x200. Fig. 1(H). GSC loc. C-080611, GSC 111715.
Fig. 2. NBC, GSC loc. C-305208, GSC 128747. Fig. 3. NBC, GSC loc. C-305208, GSC 128748. Fig. 4. GSC loc. C-304566,
GSC 111716. Fig. 5. QCI, GSC loc. C-080611, GSC 128749. Fig. 6. QCI, GSC loc. C-080612, GSC 128750.

Plate CHAO03. Charlottea proprietatis Whalen & Carter. Magnification x200. Fig. 1(H). Carter et al. 1998, pl. 4, fig. 1.
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Charlottea triquetra Whalen & Carter 1998
Species code: CHA05

Synonymy:
1998 Charlottea triquetra n. sp. - Whalen & Carter, p. 39, pl. 4,
figs. 2, 3,4, 5, 11, 14, 15.

Original description: Test with small, slightly elongated
cortical shell compressed in plane of spines and three
moderately long spines. Cortical shell with large, irregularly
shaped and sized pentagonal and hexagonal pore frames
with low, rounded nodes at pore frame vertices; pores
irregularly sized (large and small), usually subcircular in
outline. Internal spicular network composed of very delicate
pore frames with no pattern or orientation. Spines triradiate
in axial section with narrow, rounded longitudinal ridges
and broad, rounded longitudinal grooves; spines usually
shorter than or equal to long dimension of cortical shell;
two spines closer together than third, sometimes curving
inwards toward long axis of cortical shell.

Original remarks: The shorter, less massive spines and less
prominent nodes of C. triquetra n. sp. distinguish it from
Charlottea sp. C.

Measurements (um):

HT | Max. | Min. | Mean

Maximum diameter of cortical
shell (6 specimens measured)
Maximum length of primary
spines (5 specimens measured)

75 90 75 84

71 75 68 73

Etymology: Triquetrus, a, um, (Latin, adj.) = three cornered,
triangular.

Type locality: Sample QC-677, Sandilands Formation,
Kunga Island, Queen Charlotte Islands, British Columbia.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands.

Charlottea sp. A sensu Whalen & Carter 2002
Species code: CHA07

Synonymy:
2002 Charlottea sp. A - Whalen & Carter, p. 122, pl. 7, figs. 4, 5.

Original remarks: The pronounced torsion of the short,
triradiate spines of Charlottea sp. A distinguishes it from
C. amurensis Whalen and Carter 1998 and C. harbridgensis
Whalen and Carter 1998.

Occurrence: San Hipolito Formation, Baja California Sur.

Charlottea sp. B
Species code: CHA08

Remarks: Cortical shell similar in size and shape to
C. amurensis Whalen & Carter, but spines are shorter and
more robust with thin rounded ridges and deep grooves;
distal ridges of spines with numerous small thorn-like
protuberances.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands; Baja California Sur.
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Plate CHAQ7. Charlottea sp. A sensu Whalen & Carter. Magnification x200. Figs. 1-2. Whalen & Carter 2002, pl. 7, figs. 4-5.

Plate CHAO08. Charlottea sp. B. Magnification x200. Fig. 1. QCI, GSC loc. 304281, GSC 128740. Fig. 2. QCI, GSC loc.
305417, GSC 128741. Fig. 3. BCS, SH-412-14.




Charlottea sp. C
Species code: CHA11

Remarks: Corticalshell subtriangularin shape, multilayered.
Outer layer composed of densely packed triangular pore
frames with large highly raised nodes at vertices. Spines
short, thin and circular in axial section. Internal structure
unknown.

Occurrence: Rennell Junction member of the Fannin For-
mation, Queen Charlotte Islands; Fernie Formation, north-
eastern British Columbia.

Charlottea? sp. Y
Species code: XNMO01

Synonymy:
1988 Tripocyclia (?) sp. A - Carter et al., p. 27, pl. 1, fig. 4.

Remarks: Large shell with three long straight spines. Shell
thick, comprised of several layers of latticed pore frames;
outer layer made up of medium-sized, irregularly shaped
and arranged pore frames (mostly triangular, tetragonal
and pentagonal); pore frames with small rounded nodes at
vertices. Spines very long, usually broken; spines triradiate
with wide rounded ridges and narrow deep grooves. Spines
prolonged internally to the edges of a small microsphere.

This species is questionably assigned to Charlottea
because pore frames on the thick-walled outer shell are
smaller, more irregularly arranged, and lack the typical
triangular pattern of Charlottea. Further study of the inner
structure is needed to confirm genus identity.

Occurrence: Fannin Formation, Queen Charlotte Islands.
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Plate CHA11 Charlottea sp. C. Magnification x200. Fig. 1. QCI, GSC loc. C-304566, GSC 111791. Fig. 2. QCI, GSC loc.
C-304566-, GSC 111792. Fig. 3. NBC, GSC loc. C-305208, GSC 111793.

Plate XNMO1. Charlottea? sp. Y. Magnification x 150. Fig. 1. QCI, GSC loc. 304566, GSC 128906. Fig. 2. QCI, GSC loc.
304566, GSC 128907. Fig. 3. QCIL, GSC loc. 304566, GSC 128908. Fig. 4. QCI, GSC loc. 304567, GSC 128909.
Fig. 5. QCI, GSC loc. 304566, GSC 128910.
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Genus: Citriduma De Wever 1982a

Type species: Citriduma radiotuba De Wever 1982a

Synonymy:
1982a Citriduma n. gen — De Wever, p. 202.

Original description: Neosciadiocapsidae with a cephalic
structure including 8 spines (A, V, D, MB, L, L, 1 and 1).
Location of cephalis on one side distinguishes the upper
and a lower face. Cephalis hemispherical, with an apical
horn and a lateral horn, respectively outgrowing from A
and V spines of the cephalic skeleton. Thorax, closed in the

lower part giving a discoidal shape to this genus; thorax
bears lateral tubes.

Etymology: Anagram of P. Dumitrica (Bucarest), in honor
to his meticulous work upon Mesozoic radiolarians.

Included species:
4033 Citriduma hexaptera (Conti & Marcucci) 1991
CITO05 Citriduma radiotuba De Wever 1982a

Citriduma hexaptera (Conti & Marcucci) 1991
Species code: 4033

Synonymy:

1987 Gn. sp. indet. — Hattori, pl. 23, figs. 18.

21989 Gen. sp. indet. - Hattori, pl. 17, fig. L.

1991 Podocapsa (2) hexaptera n. sp. — Conti and Marcucci,
p. 803, pl. 3, figs. 12, 13, 14, 16, 17, 18.

1992 Unnamed 6-rayed livarellids - Yeh, pl. 3, fig. 6.

1995a Podocapsa (?) hexaptera Conti & Marcucci
- Baumgartner et al., p. 428, pl. 4033, figs. 1-5.

1997 Citriduma sp. A - Yao, pl. 12, fig. 558.

2003 Citriduma hexaptera (Conti & Marcucci) - Gorican et al.,
p. 297, pl. 5, fig. 4.

2004 Citriduma hexaptera (Conti & Marcucci) - Matsuoka,
fig. 128.

Original description: The shell shows two distinct parts:
a hemispherical small proximal part without apparent
segmental division but possibly including cephalis and
thorax, and a large and flat abdomen with six porous wings,
lacking a terminal tube. None of the available specimens
show a horn on the proximal part referable to cephalis.
The proximal part presents loosely scattered pores smaller
than those of the abdomen and wings. The abdomen shows
circular uniformly distributed pores. Six conical wings are
seated along the equatorial zone of the abdomen: they show
pores similar to those of abdomen.

Original remarks: This species differs from P. amphitreptera
in the flat rather than globose shape of the distalmost
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segment, in having six equatorial wings and lacking a
terminal tube. Its tentative assignment to genus Podocapsa
is based on the presence of porous wings and of a broad
distalmost segment.

Further remarks: By Gori¢an et al. (2003): Citriduma
hexaptera differs from the Rhaetian Citriduma asteroides
Carter, 1993 and Citriduma sp. C (Carter, 1993) by having
a constant number of tubes (always six), longer tubes and
smaller pores.

Measurements (um):

Based on 5 specimens.

Min. | Max. | HT
Length wings 90 160 | 100
Width wings 30 50 35
Diameter abdomen | 125 200 | 135

Etymology: Greek, hexa = six plus pteron = wing.
Type locality: Ponte di Lagoscuro, Liguria, Italy.

Occurrence: Liguria, Italy; Skrile Formation, Slovenia;
Japan; Warm Springs member of the Snowshoe Formation,
Oregon; Tawi Sadh Member of the Guwayza Formation,
Oman.



Plate 4033. Citriduma hexaptera (Conti & Marcucci). Magnification x200. Fig. 1(H). Conti & Marcucci 1991, pl. 3,
fig. 12. Fig. 2. Matsuoka 2004, fig. 128. Fig. 3. OM, BR706-R12-16. Fig. 4. Gori¢an et al. 2003, pl. 5, fig. 4.
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Citriduma radiotuba De Wever 1982a
Species code: CIT05

Synonymy:

1982a Citriduma radiotuba n. sp. — De Wever, p. 202, pl. 8,
figs. 10-11; pl. 9, figs. 1-8.

1982b Citriduma radiotuba De Wever — De Wever, p. 285, pl. 39,
figs. 1-5; pl. 40, figs. 1-7.

Original description: Discoidal dicyrtid fringed by nu-
merous radial tubes. Location of cephalis on one side
distinguishes the upper and a lower face. Cephalis hemi-
spherical with an apical horn and a lateral horn, respec-
tively outgrowing from A and V spines of the cephalic
skeleton. Cephalis imperforate, covered with numerous
spiny irregularities.

Thorax forms the largest part of the test. It is a biconvex
disc laterally extended by twelve to twenty tubes. These
tubes are situated on prolongation of ridges which origi-
nate at the base of the cephalis and may sometimes pro-
trude outside the tubes (Pl 9, fig. 3). Tubes are distally
narrower and terminally closed, ending in a point.

One specimen shows, on the upper side of the disc near
the cephalis and under the lateral spine, a horizontal open-
ing whose significance is unknown. Near the cephalis, the
thoracic wall is made of two latticed layers, closely linked
by small pillars. Distally, these two latticed layers are inter-
connected and constitute a two-layered wall.

Interior of thorax hollow in the center but pillars exist
between the upper and the lower face laterally. These pillars
are in line with the radial ridges that are visible outside and
inside the test.

Cephalis has spines typical of nassellarians; A and
V extend outside as horns. D, L, L, 1 and 1 extended
peripherally.

Measurements (um):
Based on 6 specimens.

Width of thorax | Width of thorax
including tubes without tubes
609 418 HT
609 418 Max.
333 233 Min.
468 307 Mean

Etymology: From the Latin radiare = to radiate, and tuba,
-ae = tube, pipe.

Type locality: Sample 1662D, Giimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Gumiislii Allochthon, Turkey; Fannin Forma-
tion, Queen Charlotte Islands.

Genus: Crubus Yeh 1987b

Type species: Crubus chengi Yeh 1987b (subsequent designation by Carter, in Carter et al., 1988)

Synonymy:
1987b Crubus n. gen - Yeh, p. 69.
1988 Crubus Yeh - Carter et al., p. 53.

Original description: Test as with family, conical to
subcylindrical, with constrictions between joints. Cephalis
conical, with horn. Cephalis and thorax usually sparsely
perforate, covered with layer of microgranular silica. Outer
layer of abdomen and first one or two post-abdominal
chambers covered with small irregular polygonal pore
frames, remaining chambers with costae superimposed
between each row of pore frames.

Original remarks: Crubus, n. gen., differs from Drulantus,
n. gen., by having a horn, and by having a lobated test with
outer layer of test wall comprised of small irregular polygo-
nal pore frames on the apical portion of the test.
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Further remarks: By Carter et al. (1988): Yeh (1987)
designated Crubus robustus Yeh, 1987 as the type species
of the genus Crubus. However, in the original description
of this species and in all Yeh's subsequent references to this
taxon, the binominal name appears as Crubus (?) robustus.
In the original description Yeh states »this species is
questionably assigned to Crubus n. gen. because it lacks
a horn«. Querying generic assignment of a type species
invalidates that species as type (see Article 67C, ICZN,
1985). A new type species is herein designated that more
clearly conforms to the generic description and is better
documented.

Included species:
CRBO1 Crubus chengi Yeh 1987b



Plate CIT05. Citriduma radiotuba De Wever. Magnification x150 (scale bar A) except Figs. 3b-3¢ x500 (scale bar B).
Fig. 1(H)a,b. De Wever 1982a, pl. 9, figs. 1, 3. Fig. 2. TR, 1662D-R02-05. Fig. 3a,b,c. TR, 1662D-R02-05.
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Crubus chengi Yeh 1987b
Species code: CRBO1

Synonymy:

1987b Crubus chengi n. sp. - Yeh, p. 69, pl. 18, figs. 13-15, 19-20,
24; pl. 19, figs. 7, 15.

1987b Crubus firmus n. sp. - Yeh, p. 69, pl. 18, figs. 12, 18.

1987b Crubus (?) robustus n. sp. - Yeh, p. 70, pl. 3, fig. 18; pl. 18,
figs. 9, 10, 22.

1987b Crubus sp. A - Yeh, p. 70, pl. 18, figs. 11, 17.

Original description: Test wide, subcylindrical, usually
with eight to ten post-abdominal chambers. Cephalis coni-
cal, with short massive rudimentary horn and covered with
layer of microgranular silca. Thorax to second post-ab-
dominal chambers covered by layer of massive, irregular
polygonal pore frames. Costae moderately thick, about ten
to twelve visible laterally.

Original remarks: Crubus chengi Yeh, n. sp., differs from
C.(?) robustus, n. sp., by having a long, massive horn, and
having a test with apical portion more pointed in nature.
Crubus chengi, n. sp., differs from C. firmus, n. sp., by
having a more cylindrical test with more massive horn on
a smaller cephalis.

Further remarks: We consider that Crubus chengi,
C.? robustus, C. firmus, and C. sp. A represent variation in
a single species.

Measurements (um):
Ten specimens measured.

Length (max.) | Width (max.)
HT 287 143
Mean 280 140
Max. 287 143
Min. 272 130

Etymology: This species is named for Dr. Yen-Nien Cheng
for his help on this project.

Type locality: Sample OR-600M, Hyde Formation at Izee-
Paulina road, east-central Oregon.

Occurrence: Nicely and Hyde formations, Oregon; Fannin
Formation, Queen Charlotte Islands.

Genus: Crucella Pessagno 1971

Type species: Crucella messinae Pessagno 1971

Synonymy:
1971 Crucella n. gen. — Pessagno, p. 52.

Original description: Test as with subfamily. Four rays,
elliptical to rectangular in cross-section with polygonal
meshwork arranged linearly to sublinearly; rays equal in
length; tapering distally; terminating in centrally placed
spines. Central area with polygonal (often triangular)
meshwork; sometimes with a lacuna, with or without
patagium.

Original remarks: Crucella n. gen., differs from Hagiastrum
Haeckel (1) by possessing rays of nearly equal length; (2) by
possessing rays with tapered rather than bulbous tips; and

(3) by having prominent spine at the tip of each ray.

Etymology: From the Latin crux = cross.
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Included species and subspecies:

CRU21 Crucella angulosa s.1. Carter 1988

CRU11 Crucella angulosa angulosa Carter 1988
CRU12 Crucella angulosa longibrachiata Carter n. ssp.
PDCO02 Crucella beata (Yeh) 1987b

CRU22 Crucella cavata s.l. Whalen & Carter 1998
CRU10 Crucella cavata cavata Whalen & Carter 1998
CRU20 Crucella cavata giganticava Carter n. ssp.
CRU19 Crucella cavata intermedicava Carter n. ssp.
PDCO5 Crucella jadeae Carter & Dumitrica n. sp.
CRU13 Crucella mijo De Wever 1981b

CRU14 Crucella mirabunda Whalen & Carter 2002
CRU15 Crucella spongase De Wever 1981b

CRU16 Crucella squama (Kozlova) 1971

3131 Crucella theokaftensis Baumgartner 1980
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Plate CRBO1. Crubus chengi Yeh. Magnification x200. Fig. 1(H). Yeh 1987b, pl. 18, fig. 15. Fig. 2. QCI, GSC loc. C-
304566, GSC 128752. Fig. 3. QCI, GSC loc. C-304567, GSC 128753. Fig. 4. QCI, GSC loc. C-304566, GSC 128754.
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Crucella angulosa s.1. Carter 1988
Species code: CRU21

Synonymy:
1988 Crucella angulosa Carter n. sp. — Carter et al., p. 43, pl. 4,
figs. 11, 12.

See also subspecies.

Included subspecies:
CRU11 Crucella angulosa angulosa Carter 1988
CRU12 Crucella angulosa longibrachiata Carter n. ssp.

Crucella angulosa angulosa Carter 1988
Species code: CRU11

Synonymy:

1988 Crucella angulosa Carter n. sp. — Carter et al., p. 43, pl. 4,
fig.11 only.

1998 Pseudocrucella carpenterensis n. sp. - Cordey, p. 69, pl. 19,
figs. 3, 4.

Original diagnosis: Test cruciform. Rays medium to long
and of uniform width, with long sturdy central spines.

Original description: Test cruciform with medium to long
rays terminated by long central spines. Rays uniform in
width, of more or less equal length, diverging abruptly from
the central area. Pore frames irregular in size, shape and
arrangement; composed of thin bars with small rounded
pores at vertices. Rays rectangular in cross-section. Central
spines have (three?) wide, rounded, longitudinal ridges
alternating with wide, strong grooves.

Original remarks: This form, although extremely variable
in ray length, bears no resemblance to any described spe-
cies of Crucella. Indeed, the longer-rayed forms (e.g., Pl. 4,

fig. 12), having finer bars and smaller nodes, may be found
to represent another species when additional, better pre-
served specimens are found.

Measurements (um):
Based on 10 specimens.

HT | Av. | Max. | Min.
Length of ray 111 | 124 | 191 111
Width of ray 39 | 51 66 39
Length of longest spine | 95 | 71 119 45

Etymology: Latin, angulosus (adj.), full of corners.

Type locality: GSC locality C-080577, Fannin Formation,
Maude Island.

Occurrence: Ghost Creek, Fannin, Whiteaves and Phantom
Creek formations, Queen Charlotte Islands; Fernie Forma-
tion, Williston Lake, NE British Columbia; Bridge River
Complex, British Columbia.

Crucella angulosa longibrachiata Carter n. ssp.
Species code: CRU12

Synonymy:
1988 Crucella angulosa Carter n. sp. — Carter et al., p. 43, pl. 4,
fig. 12, not fig. 11.

Type designation: Holotype GSC 111717 from GSC loc. C-
305208, Fernie Formation (lower Pliensbachian).

Description: Test cruciform with long rays terminated by
long central spines. Rays uniform in width, of more or
less equal length. Pore frames irregular in size, shape and
arrangement; composed of thin bars with small rounded
pores at vertices. Rays rectangular in cross-section. Central
spines with three wide, rounded, longitudinal ridges alter-
nating with wide, strong grooves.

Remarks: This species differs from C. angulosa angulosa in
always having much longer arms. Crucella angulosa Carter
originally consisted of two distinctive morphotypes: one
with short arms and one with much longer arms; these are
now separated into subspecies.
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Measurements (um):
Based on 9 specimens.

HT | Max. | Min. | Mean
Length of longest ray 126 | 158 | 112.5 136
Max. width of ray tips 65 75 47 59
Length of longest spine | 203 | 214 150 | 221 (7)

Etymology: From the Latin: longus, -a, -um = long, and
brachium, i = army; longibrachiatus, -a,- um = with long
arms; adjective.

Type locality: Sample 00-TD-HALL (GSC loc. C-305208),
Fernie Formation, Black Bear ridge, Williston Lake, British
Columbia

Occurrence: Fernie Formation, Williston Lake, NE British
Columbia; Fannin Formation, Queen Charlotte Islands.



Plate CRU11. Crucella angulosa angulosa Carter. Magnification x150. Fig. 1(H). Carter et al. 1988, pl. 4, fig. 11.
Fig. 2. QCI, GSC loc. C-080611, GSC 128757. Fig. 3. QCI, GSC loc. C-080611, GSC 128755. Fig. 4. QCI, GSC loc. C-
304566, GSC 128756. Fig. 5. NBC, GSC loc. C-305208, GSC 128758.

Plate CRU12. Crucella angulosa longibrachiata Carter n. ssp. Magnification x150. Fig. 1(H). NBC, GSC loc. C-305208,
GSC 111717. Fig. 2. Carter et al. 1988, pl. 4, fig. 12.
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Crucella beata (Yeh) 1987b
Species code: PDC02

Synonymy:
1987b Pseudocrucella beata n. sp. - Yeh, p. 28, pl. 2, figs. 11-12;
pl. 23, figs. 10, 25.

Original description: Test thick with four wide rays. Rays
subellipsoidal in cross section, medium in length, with
five to six external beams and four to five sublinearly ar-
ranged rows of rectangular pore frames. Central area large
with irregularly arranged subtriangular or rectangular pore
frames. Primary spines medium in length, moderately
thick, circular in axial section. Test with or without pata-
gium.

Original remarks: Pseudocrucella beata, n. sp., differs from
P, jurassica, n. sp., by having a wider test with rays which
are ellipsoidal in axial section and by lacking a central
cavity.

Measurements (um):

Ten specimens measured.

Length | Width of ray Width Length

of ray at base of central area | of spine
HT 108 84 130 86
Mean 105 82 131 88
Max. 108 84 134 103
Min. 103 80 130 83

Etymology: Beatus-a-um (Latin, adj.) = happy.

Type locality: Sample OR-536], Nicely Formation, south-
east side of Morgan Mountain, east-central Oregon.

Occurrence: Nicely Formation, Oregon; Fannin Formation,
Queen Charlotte Islands.

Crucella cavata s.l. Whalen & Carter 1998
Species code: CRU22

Synonymy:
See subspecies.

Included subspecies:

CRU10 Crucella cavata cavata Whalen & Carter 1998
CRU20 Crucella cavata giganticava Carter n. ssp.
CRU19 Crucella cavata intermedicava Carter n. ssp.

Crucella cavata cavata Whalen & Carter 1998
Species code: CRU10

Synonymy:
1998 Crucella cavata n. sp. - Whalen & Carter, p. 49, pl. 12,
figs. 15, 18, 19, 21, 22.

Original description: Test with large central area, four short
rays expanded distally, each with a moderately long central
spine. Rays wide, subrectangular in axial section with up-
per and lower planiform surfaces. Rays gradually widening
to ray tips. Each ray with one long, massive spine, circular
in axial section. Rays with irregularly sized and shaped po-
lygonal pore frames with no development of external line-
ation; small nodes at pore frame vertices. Prominent circu-
lar lacuna in central area variable in size with sides sloping
towards center.

Original remarks: The distinctive lacuna distinguishes

Crucella cavata n. sp. from all other species of Crucella
Pessagno in the Sandilands fauna.
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Measurements (um):
Number of specimens measured = (n)

Length of | Maximum width | Width of ray | Length of
longest | of central area | tips (Max.) | longest
ray (12) (12) (12) spine (7)
124 82 97 111 HT
225 82 122 150 Max.
124 54 79 94 Min.
180 69 101 128 Mean

Etymology: Cavatus, a, um (Latin; adj.) = hollowed out.

Type locality: Sample 86-OF-KUC-8, Sandilands Forma-
tion, north side of Kunga Island, Queen Charlotte Islands,
British Columbia.

Sandilands Queen Charlotte

Occurrence: Formation,

Islands.



Plate PDCO02. Crucella beata (Yeh). Magnification x200. Fig. 1(H). Yeh 1987b, pl. 23, fig. 10. Fig. 2. QCI, GSC loc. C-
080611, GSC 128759.

Plate CRU10. Crucella cavata cavata Whalen & Carter. Magnification x150. Fig. 1(H). Carter et al. 1998, pl. 12, fig. 15.
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Crucella cavata giganticava Carter n. ssp.
Species code: CRU20

Type designation: Holotype GSC 111718 from GSC loc. C-
140413; Rennell Junction member of the Fannin Formation
(upper lower Pliensbachian).

Description: Large cruciform test with massive deep lacuna
and a short central spine on each ray tip. Rays wide, subre-
ctangular in axial section, upper and lower surfaces plani-
form. Rays slightly expanded towards tips; tips rounded,
not tapering. Pore frames surrounding and within central
lacuna large, mostly triangular in shape with moderately
large nodes at vertices; pore frames smaller towards ray
tips. Lacuna occupying most the central area of test. Pri-
mary spines at ray tips short and rod-like.

Remarks: Crucella cavata giganticava n. ssp. differs from C.
cavata cavata in having much larger, more regularly shaped
pore frames with stronger nodes at vertices, and primary
spines are smaller. Lacuna in C. cavata giganticava n. ssp.
larger than in all other subspecies.

Measurements (um):
Based on 6 specimens.

HT Max. | Min. | Mean
Length of longest ray 153 184 | 111 148
Max. width of ray tips 111 135 80 102

Max. width of central cavity 116 116 56 78
Length of longest spine broken | 111 58 | 78(3)

Etymology: From Latin: giganteus, -a, -um = giant, gigantic
and cavus, -a, -um = caved; adjective.

Type locality: North side Cumshewa Inlet, Moresby Island,
Queen Charlotte Islands, British Columbia.

Occurrence: Ghost Creek Formation and Rennell Junction
member of the Fannin Formation, Queen Charlotte
Islands.

Crucella cavata intermedicava Carter n. ssp.
Species code: CRU19

Type designation: Holotype GSC 128888 from GSC loc. C-
080612; Ghost Creek Formation (lower Pliensbachian).

Description: Test with relatively small central area and
four moderately long rays each with a strong central
spine. Rays constant in width or just slightly expanded
distally, subrectangular in axial section with upper and
lower surfaces planiform. Each ray with one massive spine
(usually broken), triradiate in axial section. Rays with
small irregularly arranged pore frames, mostly triangular
and tetragonal in shape; small nodes at pore frame vertices.
Lacuna in central area variable in size, deep with steep
sides.

Remarks: Crucella cavata intermedicava Carter n. ssp.
differs from C. cavata cavata Whalen & Carter in possessing
slimmer rays with slightly larger, more regularly arranged
pore frames, and spines are triradiate rather than circular
in axial section. Differs from C. cavata giganticava n. ssp.
in having narrower rays, less massive pore frames, and a
smaller lacuna.
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Measurements ([m):
Based on 7 specimens.

HT | Max. | Min. | Mean
Length of longest ray 108 | 168 112 133
Max. width of ray tips 72 72 47 62
Max. width of central area | 55 61 37 48

Etymology: From Latin: intermedius, -a, -um = intermediate
and cavus, -a, -um = caved; adjective.

Type locality: Sample CAA-80-T-7, lms. (GSC loc. C-
080612), Ghost Creek Formation, Rennell Junction, Yak-
oun River area, central Graham Island, Queen Charlotte
Islands.

Occurrence: Ghost Creek Formation, Queen Charlotte
Islands; Musallah Formation, Oman.



Plate CRU20. Crucella cavata giganticava Carter n. ssp. Magnification x150. Fig. 1(H). QCI, GSC loc. C-140413, GSC
111718. Fig. 2. QCI, GSC loc. C-304566, GSC 128760. Fig. 3. QCI, GSC loc. C-304566, GSC 128761.

Plate CRU19. Crucella cavata intermedicava Carter n. ssp. Magnification x150. Fig. 1(H). QCI, GSC loc. C- 080612,
GSC 128888. Fig. 2. QCI, GSC loc. C-175311, GSC 128762. Fig. 3. OM-00-251, 021518.

123



Crucella jadeae Carter & Dumitrica n. sp.
Species code: PDCO5

Synonymy:
1987b Pseudocrucella sp. E - Yeh, p. 30, pl. 2, fig. 18; pl. 3, fig. 14.

Type designation: Holotype, pl. PDCO05, fig. 1 (Yeh 1987b,
pl. 2, fig. 18); paratype, fig. 2, GSC 128877; Ghost Creek
Formation, Queen Charlotte Islands.

Description: Test flat with long and narrow rays; rays
increasing very slowly in width distally and terminating in
more or less expanded tips. Each ray with a three-bladed,
pointed distal spine the length of which is about half the
length of ray. Central area flat, small. Surface of rays and
central area with small, dense, irregularly arranged pores.
Sides of rays vertical to slightly concave.

Remarks: As written by Yeh (1987b) this form differs from
Pseudocrucella magna Blome (1984b) by having rays with
expanded tips and with less massive spines. Crucella jadeae
is very close to the Sinemurian species C. kaisunensis

Whalen & Carter but differs in having longer arms and
mostly triradiate rather than circular spines.

Measurements (um):
Based on 6 specimens.

HT Max. | Min. | Mean
Length of rays 170-200 | 390 180 | 230
Width of rays at base 50 70 50 56
With of rays at tip 70-88 140 68 91

Etymology: The species is named for Kuei-Yu Yeh (Jade)
who illustrated the first specimens.

Type locality: OR-536], southeast side of Morgan Moun-
tain, east-central Oregon.

Occurrence: Nicely Formation, east-central Oregon; Ghost
Creek Formation, Queen Charlotte Islands; Tawi Sadh
Member of the Guwayza Formation, Oman.

Crucella mijo De Wever 1981b
Species code: CRU13

Synonymy:

1981b Crucella mijo n. sp. - De Wever, p. 35, pl. 4, figs. 1, 2.

1982b Crucella mijo De Wever — De Wever, p. 253, pl. 28,
figs. 1-3.

1996 Crucella sp. A - Pujana, p. 136, pl. 1, fig. 14.

2002 Crucella mijo De Wever — Suzuki et al., p. 176, fig. 7 C.

Original description: Patulibracchiinae with four wine-
skin-shaped arms terminating in a spine triradiate in axial-
section along its length. Fine spongy network visible, in a
relic stage, mainly at base of arms and between them where
it is probably more protected. Here and there one or several
tiny spines arise radially from this web (Pl. 4, fig. 1). At base
of terminal spine on arms, ridges, which separate grooves
(corresponding to prolongation of a pore), are carved by
secondary grooves. Pores tend to be disposed in an or-
thogonal network in center, oblique relative to axis of arms,
and sometimes slightly aligned on arms. Nodes are often
present at intersection of bars on the network.

Original remarks: This species differs from Crucella messi-
nae Pessagno (1971, p. 55) by its wineskin-shaped arms and
spines triradiate along their length with grooves carved at
base. It is distinguished from C. plana Pessagno (1971,
p- 56) and C. espartoensis Pessagno (1971, p. 54) which
have different pores, less visible nodes and primary spines
rounded in cross-section; from C. irwini Pessagno (1971,
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p. 55) by the shape of the arms. Stauralastrum euganeum
Squinabol (1903, p. 123) has a more massive shape and
does not show aligned pores.

Measurements (um):
Based on 8 specimens.

Av. Min. Max. HT

Overall length (2 arms +
center, without spines)

Maximal width of arm 100 85 116 110
Diagonal of central part 115 85 140 85

366 350 380 380

Length of terminal spines sometimes reach 115 pm, as on
holotype.

Etymology: Arbitrary combination of letters (ICZN, Ap-
pend. D, V, 26)

Type locality: Sample 1662D, Giimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Gumiislii Allochthon, Turkey; Rennell Junc-
tion member of the Fannin Formation; Fernie Formation,
NE British Columbia; Sierra Chacaicé Formation, Argen-
tina; Pucara Group, Peru.



Plate PDCO05. Crucella jadeae Carter & Dumitrica n. sp. Magnification x100. Fig. 1(H). Yeh 1987b, pl. 2, fig. 18.
Fig. 2. QCI, GSC loc. C-305388, GSC 128877. Fig. 3. QCI, GSC loc. C-305386, GSC 111807. Fig. 4. OM, BR524-R04-07.
Fig. 5. OM, BR523-R03-19.

Plate CRU13. Crucella mijo De Wever. Magnification x150. Fig. 1(H). De Wever 1981b, pl. 4, fig. 2. Fig. 2. QCI, GSC loc.
C-304566, GSC 128763. Fig. 3. NBC, GSC loc. C-305208, GSC 128764. Fig. 4. QCI, GSC loc. C-304566, GSC 128765.




Crucella mirabunda Whalen & Carter 2002
Species code: CRU14

Synonymy:

1987 Crucella sp. B - Hattori, pl. 4, fig. 8.

1988 Pseudocrucella sp. A - Carter et al., p. 29, pl. 7, figs. 8-9.

2002 Crucella mirabunda n. sp. - Whalen & Carter, p. 106, pl. 1,
figs. 7, 11; pl. 2, figs. 1, 8.

Original description: Rays with irregularly sized and
shaped triangular and tetragonal pore frames with no linear
arrangement; pore frames with medium-sized nodes at
vertices. Rays subcircularin axial section graduallywidening
toward distal part of ray. Each ray with one massive spine,
triradiate in axial section with broad, rounded longitudinal
ridges and narrow longitudinal grooves. Central area broad,
flat with no lacuna; pore frames in central area with similar
construction and arrangement as rays.

Original remarks: Crucella mirabunda n. sp. differs from
C. kaisuensis Whalen and Carter 1998 by having shorter
triradiate spines; it differs from C. mijo De Wever 1981b by
having shorter, broader rays and more robust spines.

Measurements (um):
Based on 10 specimens.

Length of ray Length of spine
(Max.) when entire (Max.)
105 75 HT
120 116 Max.
83 60 Min.
98 88 Mean

Etymology: Mirabundus, a, um (Latin, adj.) = full of
wonder.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur.

Occurrence: San Hipdlito Formation, Baja California Sur;
Phantom Creek Formation, Queen Charlotte Islands;
Japan.

Crucella spongase De Wever 1981b
Species code: CRU15

Synonymy:

1981 Crucella sp. A — Pessagno & Poisson, pl. 2, figs. 6, 8.

1981b Crucella spongase n. sp. — De Wever, p. 36, pl. 5, figs. 1-3.

1982b Crucella spongase De Wever — De Wever, p. 254, pl. 29,
figs. 1-3.

Original description: Patulibracchiinae with four arms or-
thogonally disposed, each ending in a spine, with a patag-
ium. Arms massive, sometimes bearing very small spines,
and covered with a thin spongy network, often residual.
Terminal spines triradiate in cross section, but one of them
without a 3 part symmetry in cross section. Indeed, one of
the basal pores, open in a groove, is much larger than the
other two. This large pore suggests a bracchiopyle (PL 5,
fig. 2).

Arms inflated in center of test, which is flat, and does
not show a depressed part (lacuna). Network is looser
in center, where pores are triangular, than distally where
pores are rectangular. Nodes exist at bar intersections.
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Original remarks: This form differs from Histiastrum
valanginica Aliev (1965) by presence of secondary spines,
irregularly arranged pores without alignment, and absence
of lacuna.

Measurements (um):
10 specimens measured.

HT | Max. | Min. | Mean

Total length of both arms
without terminal spines
Length of primary spines | 59 32 59 47

336 | 400 | 297 336

Etymology: Anagram of E. A. Pessagno Jr. in honor of his
pioneer work on Mesozoic Radiolaria.

Type locality: Sample 1662D, Gimiislit Allochthon, Taurus
Mts., Turkey.

Occurrence: Gumiislii Allochthon, Turkey; Dirrnberg
Formation, Austria.



Plate CRU14. Crucella mirabunda Whalen & Carter. Magnification x200. Fig 1(H). Whalen & Carter 2002, pl. 1, fig. 7.
Fig. 2. Whalen & Carter 2002, pl. 2, fig. 1.

Plate CRU15. Crucella spongase De Wever. Magnification x150. Fig. 1(H). De Wever 1981b, pl. 5, fig. 3.
Fig. 2. AT, BMW-21-24.
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Crucella squama (Kozlova) 1971
Species code: CRU16

Synonymy:
1971 Hagiastrum squama n. sp. — Kozlova, p. 1175, pl. 1, fig. 10.
1973 Hagiastrum squama n. sp. - Kozlova, p. 59, pl. 18, fig. 8.
1981b Crucella squama (Kozlova) — De Wever, p. 38, pl. 5, fig. 7.
1982b Crucella squama (Kozlova) - De Wever, p. 255, pl. 29, fig. 4.
1988 Crucella sp. aff. C. squama (Kozlova) — Carter et al., p. 43,
pl. 12, figs. 11, 12.
2002 Crucella squama (Kozlova) - Whalen & Carter, p. 106,
pl. 2, figs. 2, 5.

Original description: Skeleton small, cross-shaped, thick.
Four similar, short, triangular arms ending in thick, three-
bladed spines. Structure of central part of the disk and arms
similar, skeleton consisting of several porous layers that
pass in one another. Pores rounded, oval and reniform.

Original remarks: By the outline of skeleton and shape
of arms Hagiastrum squama Kozlova, sp. nov. is close to
Stauralastrum (?) sp. Holmes from which it differs only in
having less long arms; the comparison with this species is
difficult because due to the poor preservation of specimens
W. M. Holmes did not describe the structure of skeleton.

Further remarks: Crucella squama is very similar to Cru-
cella beata (Yeh) but differs from the latter in having three-
bladed spines.

Measurements (um):

Min. | Max
Length of arms from centre (without spines) | 105 | 120
width of arms at base 75 105
Width of spines at base - 27
Diameter of pores 6 12

Etymology: Squama (Lat.) - scale.

Type locality: Sample Timano-Ural region, Pizhma river,
Lower Kimmeridgian Marls.

Occurrence: Timano-Ural region, Russia; Glimtislii Alloch-
thon, Turkey; San Hipoélito Formation, Baja California Sur;
Fannin, Whiteaves and Phantom Creek formations, Queen
Charlotte Islands.

Crucella theokaftensis Baumgartner 1980
Species code: 3131

Synonymy:

1980 Crucella theokaftensis n. sp. — Baumgartner, p. 308, pl. 8,
figs 19-22; pl. 12, fig. 1.

1982 Crucella theokaftensis Baumgartner — Aita, pl. 3, fig. 12.

21985 Crucella theokaftensis Baumgartner — Nagai, pl. 5,
figs. 5, 5a.

1987 Crucella theokaftensis Baumgartner — Aita, p. 63, pl. 1,
fig. 8; pl. 8, fig. 3.

1987 Crucella theokaftensis Baumgartner - Kito, pl. 1, fig. 10.

1989 Crucella sp. A - Hattori, pl. 25, fig. G.

1995a Crucella theokaftensis Baumgartner - Baumgartner et al.,
p. 158, pl. 3131, figs. 1-3.

1997 Crucella theokaftensis Baumgartner — Hull, p. 20, pl. 4,
figs. 6, 12, 14.

2003 Crucella theokaftensis Baumgartner — Gori¢an et al.,
p- 293, pl. 1, fig. 19.

2004 Crucella theokaftensis Baumgartner — Matsuoka, fig. 44.

Original description: Test as with genus, central area in-
flated subspherical on both sides raised over rays. Rays
slender conical tapering into long triradiate spines. Central
area with small, irregular pore frames, ray with lengthened
pores becoming larger toward the base of the spines, some-
times weakly linearly arranged.
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Original remarks: This species is related to C. messinae but
differs in having an inflated central area with smaller pores
and slenderer conical rays. The specimen from the lowest
sample of the Argolis Peninsula POB 899 (pl. 8. fig. 19; pl.
12, fig. 1) differs from the topotypic material (POB 986) in
having much shorter spines and a smaller test; see measure-
ments.

Measurements (um):
Based on 7 specimens.

HT | Av. | Min. | Max.
Length of rays AX 140 | 119 | 97 210
Length of rays BX 210 - - -
Length of rays CX 200 | - - -

Length of rays DX - - - -
Width of rays at base | 70 | 65 50 80
L. longest spine 150 | 61 50 150

Etymology: Named for the type locality.

Type locality: Locality D of Baumgartner (1980); Argolis
Peninsula (Peloponnesus, Greece).

Occurrence: Worldwide.



Plate CRU16. Crucella squama (Kozlova). Magnification x150. Fig. 1(H). Kozlova 1971, pl. 1, fig. 10.
Fig. 2. De Wever 1981b, pl. 5, fig. 7. Fig. 3. Whalen & Carter 2002, pl. 2, fig. 2.

Plate 3131. Crucella theokaftensis Baumgartner. Magnification x200. Fig. 1(H). Baumgartner 1980, pl. 8, fig. 22.
Fig. 2. Matsuoka 2004, fig. 44. Fig. 3. Gorican et al. 2003, pl. 1, fig. 19.
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Genus: Cyclastrum Rist 1898

Type species: Cyclastrum infundibuliforme Riist 1898

Synonymy:
1898 Cyclastrum n. gen - Riist, p. 28.

Original description: Three rays are linked at their distal
ends by a band of patagium.

Included species:

CYCO1 Cyclastrum asuncionense Whalen & Carter 2002
CYCO02 Cyclastrum scammonense Whalen & Carter 2002
CYCO03 Cyclastrum veracruzense Whalen & Carter 2002

CYC04 Cyclastrum sp. A

Cyclastrum asuncionense Whalen & Carter 2002
Species code: CYCO01

Synonymy:
2002 Cyclastrum asuncionense n. sp. - Whalen & Carter, p. 110,
pl. 4, figs. 8,9, 14; pl. 17, fig. 1.

Original description: Test subtriangular in outline, margins
gently convex between peripheral spines; test thin with
rounded edges. Spines medium-sized, slender, triradiate in
axial section with rounded, longitudinal ridges, and grooves.
Meshwork along triangular margin of test composed of
medium sized tetragonal and pentagonal pore frames with
no distinctive alignment. Central portion of test depressed,
broad, triangular in outline, with three-rayed area defined
by smaller, more delicate pore frames than on remainder of
test; three-rayed structure raised above central cavity and
each ray aligned with peripheral spines.

Original remarks: See remarks under Cyclastum ver-
acruzense 1. sp. and Cyclastrum scammonense n. sp.

Further remarks: The shape of the test, moderately
compressed, subtriangular in outline with rounded edges,

distinguishes C. asuncionense from all other species of

Cyclastrum.

Measurements (um):

(n) = number of specimens measured.

Diameter of Length of
cortical shell (Max.) (8) | primary spine (Max.) (6)
236 90 HT
274 90 Max.
225 41 Min.
245 60 Mean

Etymology: This species is named for Punta Asuncion
located to the northwest of the type area.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur, Mexico.

Occurrence: San Hipolito Formation, Baja California Sur.

Cyclastrum scammonense Whalen & Carter 2002
Species code: CYC02

Synonymy:

? 1998 Orbiculiforma silicatilis n. sp. - Cordey, p. 93, pl. 21, fig. 7
(not figs. 5, 8).

2002 Cyclastrum scammonense n. sp. — Whalen & Carter, p. 111,
pl. 4, figs. 3-5, 11-13, 15; plL. 5, figs. 1, 2, 9.

Original description: Test outline a nearly straight-sided
equilateral triangle; test very thick with vertical sides. Re-
cessed area sometimes girdles edge of test. Spines medium-
sized, triradiate in axial section with broad, rounded longi-
tudinal ridges and narrow longitudinal grooves, becoming
circular in axial section distally. Pore frames irregularly
shaped, pentagonal, tetragonal and circular showing an
indistinct lineation subparallel to margin of test. Central
area of test broad, triangular in outline and slightly de-
pressed. Subspherical area, in center of test, with smaller
pore frames, connecting with poorly defined rays aligned
with peripheral spines.

Original remarks: Cyclastrum scammonense n. sp. is distin-
guished from C. veracruzense n. sp. and C. asuncionense n.
sp. by having a straight-sided test.
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Measurements (um):

(n) = number of specimens measured

Diameter of Length of
cortical shell (max.) (17) | primary spine (max.) (14)
225 71 HT
255 94 Max.
195 45 Min.
222 62 Mean

Etymology: This species is named for Scammon's Lagoon
(a haven for migrating gray whales) located to the north-

east of the type area.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur, Mexico.

Occurrence: San Hipdlito Formation, Baja California Sur;
Tawi Sadh Member of the Guwayza Formation, Oman.



Plate CYCO1. Cyclastrum asuncionense Whalen & Carter. Magnification x200. Fig. 1(H)a, b. Whalen & Carter 2002,
pl. 4, figs. 8-9.

Plate CYCO02. Cyclastrum scammonense Whalen & Carter. Magnification x200. Fig. 1a,b(H). Whalen & Carter 2002,
pl. 4, figs. 3-4. Fig. 2. Whalen & Carter 2002, pl. 5, fig. 2. Fig. 3a,b. Whalen & Carter 2002, pl. 4, figs. 5, 12.
Fig. 4. OM, BR1121, 15928.
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Cyclastrum veracruzense Whalen & Carter 2002
Species code: CYC03

Synonymy:

1984 unidentified Radiolaria - Whalen & Pessagno, pl. 1, fig. 14.

2002 Cyclastrum veracruzense n. sp. — Whalen & Carter, p. 111,
plL. 5, figs. 3, 4, 13; pl. 17, fig. 2.

Original description: Test outline a nearly straight-sided
equilateral triangle; on some specimens (including holo-
type), margins curved gently inward between periph-
eral spines. Test very thin with gently rounded edges.
Spines short, stout, triradiate in axial section with narrow,
rounded longitudinal ridges and broad shallow longitu-
dinal grooves. Meshwork along triangular margin of test
composed of irregular, medium-sized tetragonal and pen-
tagonal pore frames with no distinctive alignment. Central
area of test slightly depressed, broad, triangular in outline,
with three-rayed area defined by smaller pore frames with
slightly more alignment than on remainder of test; three-
rayed structure aligned with peripheral spines.

Original remarks: The shorter, broader peripheral spines
and distinctive shape of Cyclastrum veracruzense n. sp.,
distinguish it from C. asunsionense n. sp.

Further remarks: The very thin, compressed test and short
peripheral spines distinguish Cyclastrum veracruzense
n. sp. from all other species of Cyclastrum.

Measurements (Lm):
Based on 6 specimens.

Diameter Length
of cortical shell (max.) of primary spine (max.)
225 53 HT
225 79 Max.
195 30 Min.
218 59 Mean

Etymology: This species is named for Pico Vera Cruz
located to the north of the type area.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur.

Occurrence: San Hipdlito Formation, Baja California Sur;
Fannin Formation, Queen Charlotte Islands.

Cyclastrum sp. A
Species code: CYC04

Description: This species is subtriangular in outline and
very thick with near vertical margins. Upper and lower
surfaces of test with a broad outer rim composed mostly of
subrectangular pore frames, and a narrow poorly defined
central cavity made up of smaller pore frames. Test has
a single spine at each corner of test; spines very small,
triradiate at base becoming circular towards tips.

Remarks: This species differs from Cyclastrum asuncionense
Whalen & Carter in having a much thicker test, a smaller
central area and short minuscule spines.

Occurrence: Ghost Creek Formation and Rennell Junction

member of the Fannin Formation, Queen Charlotte
Islands.
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Plate CYCO3. Cyclastrum veracruzense Whalen & Carter. Magnification x200. Fig. 1a,b(H). Whalen & Carter 2002,
pl. 5, figs. 3-4. Fig. 2. QCI, GSC loc. C-304567, GSC 128766.

Plate CYCO04. Cyclastrum sp. A. Magnification x200. Fig. 1. QCI, GSC loc. C-305386, GSC 128767. Fig. 2. QCI, GSC loc.
C-304566, GSC 128768. Fig. 3. QCI, GSC loc. C-304566, GSC 128769.
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Genus: Danubea Whalen & Carter 1998

Type species: Danubea howardi Whalen & Carter 1998

Synonymy:
1998 Danubea n. gen. - Whalen & Carter, p. 40.

Original description: Test with two prominent spines in
the polar positions. Cortical shell inflated, sub-elliptical in
outline with slightly planiform surfaces adjacent to spines;
meshwork composed of tetragonal and triangular pore
frames with prominent nodes at pore frame vertices; large
pores sometimes located on cortical shell at base of spines.
Spines triradiate in axial section and tapering distally.

Original remarks: The bipolar spines of Danubea n. gen.,
distinguish it from all other genera of the Subfamily
Charlotteinae. Danubea n. gen. differs from Pantanellium
Pessagno by having an inner eccentric spicular network.
Protopsium Pessagno and Poisson differs from Danubea
n. gen. by having spongy meshwork.

Etymology: Danubea n. gen., is named for the steamer
Danube, a well known trading ship in the Queen Charlotte
Islands in the late 1800s.

Included species:
DANO2 Danubea sp. A sensu Whalen & Carter 2002

Danubea sp. A sensu Whalen & Carter 2002
Species code: DAN02

Synonymy:
2002 Danubea sp. A - Whalen & Carter, p. 112, pl. 7, figs. 7, 8.

Original remarks: The much smaller cortical shell with
smaller pore frames but with more prominent nodes at pore
frame vertices and the proportionally longer, more massive
polar spines distinguish this species from D. howardi
Whalen and Carter.

Occurrence: San Hipdlito Formation, Baja California Sur;
Rennell Junction member of the Fannin Formation, Queen
Charlotte Islands.

Genus: Droltus Pessagno & Whalen 1982

Type species: Droltus lyellensis Pessagno & Whalen, 1982

Synonymy:
1982 Droltus n. gen — Pessagno & Whalen, p. 120

Original description: Test conical to cylindrical, lacking
strictures at joints. Cephalis with short to long horn. Ap-
erture of final post-abdominal chamber open, not enclosed
by latticed dome-shaped cap.

Original remarks: Droltus is compared to Bagotum, n. gen.,
under the latter genus.

Further remarks: Droltus differs from Broctus by lacking
a narrow tubular structure on the final postabdominal
chamber.
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Etymology: Droltus is a name formed by an arbitrary
combination of letters (ICZN, 1964, Appendix D, Pt. VI,
Recommendation 40, p.113).

Included species:

DROO07 Droltus eurasiaticus Kozur & Mostler 1990
DROO02 Droltus hecatensis Pessagno & Whalen 1982
DROO03 Droltus laseekensis Pessagno & Whalen 1982
DROO06 Droltus lyellensis Pessagno & Whalen 1982
DROO08 Droltus sanignacioensis Whalen & Carter 2002



Plate DANO2. Danubea sp. A sensu Whalen & Carter. Magnification Fig. 1 x200, Fig. 2 x400. Fig. 1. Whalen & Carter
2002, pl. 7, fig. 7. Fig. 2. Whalen & Carter 2002, pl. 7, fig. 8.
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Droltus eurasiaticus Kozur & Mostler 1990
Species code: DRO07

Synonymy:

1982 Parahsuum (?) sp. A - Yao, pl. 3, fig. 6.

1990 Droltus eurasiaticus n. sp. - Kozur & Mostler, p. 223, pl. 17,
fig. 3-4.

1998 Droltus eurasiaticus Kozur & Mostler — Yeh & Cheng,
p. 20, pl. 12, fig. 1.

2002 Droltus eurasiaticus Kozur & Mostler - Whalen & Carter,
p. 116, pl. 16, figs. 5, 6.

Original description: Test conical, multicyrtid, with 6-7
postabdominal segments lacking strictures at joints. Ce-
phalis rounded conical, imperforate, with prominent apical
horn. Cephalis covered by a layer of microgranular silica.
Thorax and subsequent chambers trapezoidal in cross sec-
tion. Pores arranged in vertical lines. In the thorax they
are closed by layer of microgranular silica. In the remain-
ing chambers the pores are open and become increasingly
larger toward the final postabdominal chamber. Outer lat-
ticed layer indistinct, with large pore frames, arranged in

vertical lines and with small to distinct nodes at pore frame
vertices.

Original remarks: The other Droltus species of our mate-
rial have tricarinate spines.

Measurements (um):

Min. | Max.
Length of test 200 | 214
Maximum width 83 100

Etymology: According to its occurrence in Eurasia.

Type locality: Kirchstein Limestone, Kirchstein, Bavaria,
Germany.

Occurrence: Kirchstein Limestone, Germany; Varhegy
Limestone, Hungary; San Hipoélito Formation, Baja Cali-
fornia Sur; Liminangcong Chert, Philippines.

Droltus hecatensis Pessagno & Whalen 1982
Species code: DRO02

Synonymy:

1982 Droltus hecatensis n. sp. — Pessagno & Whalen, p. 121; pl. 1,
fig. 12,13, 18, 22; pl. 4, figs. 1, 2, 6, 10; pl. 12, figs. 18-19.

1988 Droltus sp. — Sashida, p. 24, pl. 3, figs. 7, 16, 17.

1989 Droltus hecatensis Pessagno & Whalen - Hattori, pl. 12,
fig. F.

1996 Droltus hecatensis s.1. Pessagno & Whalen - Pujana, p. 138,
pl 1, figs. 6, 16, 17.

1996 Bagotidae gen. et sp. indet. — Pujana, p. 138, pl. 1, fig. 10.

1998 Droltus hecatensis Pessagno & Whalen - Whalen &
Carter, p. 63, pl. 15, fig. 14.

2001 Droltus hecatensis Pessagno & Whalen — Gawlick et al.,
plL. 5, fig. 13.

2002 Droltus hecatensis Pessagno & Whalen - Suzuki et al.,
p. 181, figs. 8 G, L-M, not fig. 8 H.

2002 Droltus hecatensis Pessagno & Whalen - Tekin, p. 186,
pl. 3, fig. 9.

Original description: Test conical with six or seven post-
abdominal chambers which are about 5 times as wide as
long. Cephalis small, hemispherical, having small horn
with subsidiary spine. Cephalis and thorax imperforate.
Thorax and subsequent chambers trapezoidal in cross sec-
tion. Outer latticed layer of abdomen and first several post-
abdominal chambers with irregularly sized and shaped
polygonal (predominantly tetragonal and pentagonal) pore
frames; pore frames of last two or three post-abdominal
chambers larger, more uniformly sized, predominantly te-
tragonal (square to rectangular) and aligned in rows.
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Original remarks: This species differs from D. lyellensis,
n.sp., by having a larger, more massive horn with a
subsidiary spine, by being more pointed apically, and by
having more aligned and more uniformly sized tetragonal
pore frames on its final post-abdominal chambers.

Measurements (um):
Based on 9 specimens.

Length excluding horn | Width (maximum)
250.0 125.0 HT
260.0 150.0 Max.
225.0 117.5 Min.
243.33 132.2 Mean

Etymology: D. hecatensis, n. sp., is named for Hecate
Straight east of its type locality.

Type locality: Sample QC 534, Rennell Junction member
of the Fannin Formation (Maude Formation in Pessagno
& Whalen, 1982), Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands, Ghost Creek and Fannin forma-
tions, Queen Charlotte Islands; Sierra Chacaicé Formation,
Argentina; Pucara Group, Peru; Diirrnberg Formation,
Austria; Hocakéy Radiolarite, Turkey; Musallah Formation
and Tawi Sadh Member of the Guwayza Formation, Oman;
Japan.



Plate DROO07. Droltus eurasiaticus Kozur & Mostler. Magnification x200. Fig. 1(H). Kozur & Mostler 1990, pl. 1, fig. 3.
Fig. 2. Whalen & Carter 2002, pl. 16, fig. 6. Fig. 3. Whalen & Carter 2002, pl. 16, fig. 5.
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Plate DROO02. Droltus hecatensis Pessagno & Whalen. Magnification x200. Fig. 1(H). Pessagno & Whalen 1982, pl. 4,
fig. 1. Fig. 2. QCI, GSC loc. C-080611, GSC 128788. Fig. 3. QCI, GSC loc. C-175310, GSC 128789. Fig. 4. QCI, GSC loc.
C-304567, GSC 128790. Fig. 5. OM-00-251, 021431. Fig. 6. OM, BR1122-R02-10. Fig. 7. JP, MNA-10, MA13212.
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Droltus laseekensis Pessagno & Whalen 1982
Species code: DRO03

Synonymy:

1982 Droltus laseekensis n. sp. — Pessagno & Whalen, p. 122,
pl. 2, fugs. 5, 6, 11, 16; pl. 12, fig. 8, 15.

1998 Droltus laseekensis Pessagno & Whalen — Whalen & Carter,
p. 63, pl. 15, fig. 8; pl. 26, fig. 4.

2004 Droltus laseekensis Pessagno & Whalen - Matsuoka,
fig. 199.

Original description: Test as with genus, conical, usually
with seven or eight post-abdominal chambers. Abdomen
and most post-abdominal chambers rapidly increasing
in width; final three post-abdominal chambers gradually
increasing in width. Cephalis conical with small horn.
Cephalis and thorax sparsely perforate, covered by veneer
of microgranular silica; outer latticed layer of abdomen
and most post-abdominal chambers with irregularly sized
and shaped polygonal (tetragonal and pentagonal) pore
frames; pore frames of last two or three post-abdominal
chambers slightly larger, more uniformly sized and shaped
(rectangular) and aligned in rows.

Original remarks: D. laseckensis, n. sp., differs from
D. hecatensis, n. sp., by having pore frames on its final post-
abdominal chambers that are more irregular in shape and
disposition.

Measurements ([m):
Based on 10 specimens.

Length excluding horn | Width (maximum)
257.5 142.5 HT
280.0 142.5 Max.
190.0 95.0 Min.
232.3 122.6 Mean

Etymology: D. laseekensis, n. sp., is named for Laseek Bay,
north of its type locality.

Type locality: Sample QC 590A, Sandilands Formation
(Kunga Formation in Pessagno & Whalen 1982), Queen
Charlotte Islands, British Columbia.

Occurrence: Sandilands and Ghost Creek formations and
Rennell Junction member of the Fannin Formation, Queen
Charlotte Islands; Mino Terrane, Japan.

Droltus lyellensis Pessagno & Whalen 1982
Species code: DRO06

Synonymy:

1982 Droltus lyellensis n. sp. — Pessagno & Whalen, p. 122, pl. 2,
figs. 3, 10; pl. 12, fig. 7.

1998 Droltus lyellensis Pessagno & Whalen — Whalen & Carter,
p. 63, pl. 16, fig. 9.

2002 Droltus lyellensis Pessagno & Whalen - Suzuki et al.,
p. 182, fig. 8 I.

Original description: Test conical to subcylindrical with
five or six post-abdominal chambers over 5 times as wide
as long. Cephalis relatively small, hemispherical with
asymmetrically oriented short horn. Cephalis and thorax
sparsely perforate. Outer latticed layer of abdomen and post-
abdominal chambers with somewhat irregular tetragonal,
pentagonal, and hexagonal pore frames. Tetragonal pore
frames often aligned in rows, tending to be more uniformly
sized.

Original remarks: Droltus lyellensis, n. sp., is compared to
D. hecatensis n. sp., under the latter species.
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Measurements ([m):
Based on 9 specimens.

Length excluding horn | Width (maximum)
170.0 87.5 HT
210.0 100.0 Max.
125.0 75.0 Min.
162.0 90.5 Mean

Etymology: This species is named for Lyell Island south of
its type locality in the Queen Charlotte Islands.

Type locality: Sample QC 550, Sandilands Formation
(Kunga Formation of Pessagno & Whalen, 1982), north
shore of Kunga Island, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands and Ghost Creek formations and
Rennell Junction member of the Fannin Formation, Queen
Charlotte Islands; Pucara Group, Peru.



Plate DROO03. Droltus laseekensis Pessagno & Whalen. Magnification x200. Fig. 1(H). Pessagno & Whalen 1982,
pl. 2, fig. 6. Fig. 2. QCI, GSC loc. C-305386, GSC 128791. Fig. 3. QCI, GSC loc. C-175311, GSC 128792.
Fig. 4. QCI, GSC loc. C-304566, GSC 128878. Fig. 5. Matsuoka 2004, fig. 199.

Plate DROO06. Droltus lyellensis Pessagno & Whalen. Magnification x250. Fig. 1(H). Pessagno & Whalen 1982,
pl. 2, fig. 3. Fig. 2. QCI, GSC loc. C-175310, GSC 128793.
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Droltus sanignacioensis Whalen & Carter 2002
Species code: DRO08

Synonymy:

1984 Bagotum sp. - Whalen & Pessagno, pl. 2, figs. 12-14.

1990 Droltus (?) sp. - De Wever at al,, pl. 4, fig. 6.

1998 Droltus sp. — Kashiwagi, pl. 1, fig. 12; pl. 2, figs. 2, 3.

2002 Droltus sanignacioensis n. sp. - Whalen & Carter, p. 116,
pl. 10, figs. 7, 8, 15.

2003 Parahsuum sp. — Kashiwagi & Kurimoto, pl. 3, fig. 5.

Original description: Test conical, with approximately five
post-abdominal chambers. Cephalis hemispherical without
a horn. Thorax, abdomen and most post-abdominal
chambers gradually increasing in width till last post-
abdominal chamber which slightly decreases in width.
Outer latticed layer on proximal half of test composed of
narrow, irregularly shaped pore frames elongated parallel
to long axis of test; pore frames of outer latticed layer on
distal half of test tetragonal (rectangular) in outline and
aligned in rows.

Original remarks: The elongated, irregularly shaped pore
frames on the proximal portion of the test distinguish this
species from Droltus lyellensis Pessagno and Whalen 1982.

Measurements (um):
(n) = number of specimens measured.

Length (10) Width (Max.) (11)
165 90 HT
180 105 Max.
135 90 Min.
158 95 Mean

Etymology: Droltus sanignacioensis is named for the town
of San Ignacio located to the east of the type area.

Type locality: Sample BPW80-30, San Hipolito Formation,
Baja California Sur.

Occurrence: San Hipdlito Formation, Baja California Sur;
Ghost Creek Formation, Queen Charlotte Islands; Williston
Lake, north-east British Columbia; Musallah Formation,
Oman; Japan.

Genus: Ducatus Whalen & Carter 2002

Type species: Ducatus hipolitoensis Whalen & Carter 2002

Synonymy:
2002 Ducatus n. gen. - Whalen & Carter, p. 132.

Original description: Test multicyrtid, composed of ce-
phalis, thorax, abdomen, and swollen post-abdominal
chamber. Cephalis with horn. Post-abdominal chamber
always much larger than cephalis, thorax, and abdomen,
terminating in long, gently tapering, closed tubular ex-
tension. Post-abdominal chamber with two prominent,
porous arms, gently tapering to closed distal tips; arms
circular in axial-section, attached at mid-point of spheri-
cal portion of post-abdominal chamber, at right angles to
long axis of test.
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Original remarks: The presence of circumferential porous
arms or wings rather than solid spines distinguishes
Ducatus n. gen., from Katroma Pessagno and Poisson 1981,
and Podobursa Wisniowski 1889, emend. Foreman 1973.
Ducatus is distinguished from Podocapsa Riist 1885, by
having only two circumferential wings, rather than three.

Etymology: Ducatus is a name formed by an arbitrary
combination of letters (ICZN 1985, Appendix D, pt. VI,
Recommendation 40, p. 201).

Included species:
DUCO1 Ducatus hipolitoensis Whalen & Carter 2002
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Plate DROO08. Droltus sanignacioensis Whalen & Carter. Magnification x250. Fig. 1(H). Whalen & Carter 2002,

pl. 10, fig. 7. Fig. 2. OM-00-252, 021731. Fig. 3. OM-00-118, 000629. Fig. 4. NBC, GSC loc. C-305208, GSC 128911.
Fig. 5. QCI, GSC loc. C-305417, GSC 128794. Fig. 6. QCI, GSC loc. C-080611, GSC 128795. Fig. 7. QCI, GSC loc. C-
305417, GSC 128912.
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Ducatus hipolitoensis Whalen & Carter 2002
Species code: DUCO01

Synonymy:

1984 unidentified Radiolaria - Whalen & Pessagno, pl. 1,
fig. 13.

2002 Ducatus hipolitoensis n. sp. - Whalen & Carter, p. 132,
pl. 13, figs. 3, 5-7, 11-13, 15; pl. 18, figs. 3, 4.

Original description: Test large with cephalis, thorax,
abdomen, and post-abdominal chamber. Cephalis large,
dome-shaped with horn; cephalis and thorax covered
with layer of microgranular silica. Moderately sized single
horn, circular in cross-section, tapering distally. Abdomen
trapezoidal in outline; noticeable change in slope between
chamber wall of thorax and abdomen; abdomen partially
covered by layer of microgranular silica. Sub-spherical
post-abdominal chamber, large, inflated; hexagonal
pore frames larger on medial portion of post-abdominal
chamber becoming smaller towards abdomen and terminal
tube. Two large porous arms extending at right angles from
post abdominal chamber at medial position and 180° apart;
arms as long as distal closed tube and covered with pores
aligned with long axis of arms.

Original remarks: Ducatus hipolitoensis n. sp. is a mono-
specific genus at this time and is not compared to any other
species.

Measurements (um):
(n) = number of specimens.

Length (9) Length of arms
(excludes horn) (Max.) (10)
375 143 HT
375 143 Max.
251 79 Min.
300 106 Mean

Etymology: Ducatus hipolitoensis n. sp. is named for Punta
San Hipdlito, type locality of the species.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Baja California Sur.

Occurrence: San Hipolito Formation, Baja California.

Genus: Dumitricaella De Wever 1982a, emend. Dumitrica herein

Type species: Dumitricaella pauliani De Wever 1982a

Synonymy:
1982a Dumitricaella n. gen. - De Wever, p. 197.

Original description: Form with two segments bearing
a strong apical horn, two lateral spines and three feet.
Cephalic skeleton consists of actines A, V, D, MB, L, L,
I, and 1. At the extremity of V is a large pore (sometimes
double) on the cephalic wall. The actines |, and 1_give rise
to two lateral spines; the actines D, L, and L, to the three
distal feet. Wall of test composed of several layers as for
Jacus n. gen.

Emended description: Skeleton two-segmented with
an initial skeleton consisting of spines A, V, D, L, L, 1, 1.
originating in a short MB. A spine extended into a strong,
three-bladed apical horn. V and 1 and 1, or only I spines
extended outside wall into horizontally directed horns.
Wall of cephalis and possibly of thorax two layered. D, L,
and L extended into three, three-bladed feet. Cephalis
relatively large, more or less separated from thorax by
a constriction. Thorax short with a wide aperture and
a distinct rim.
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Original remarks: Dumitricaella differs from Jacus by the
presence of the two horizontal lateral spines.

Further remarks: The inclusion of Dumitricaella trispinosa
n. sp. in this genus makes it necessary to emend the genus
specifying that the V spine may also be prolonged outside
the cephalic wall. In fact, the V spine is easily prolonged
outside the cephalis in many genera, whereas the two
1 spines commonly stop in the cephalic wall. By most its
characters Dumitricaella seems to be closely related to Na-
pora Pessagno from which it differs essentially by the pres-
ence of the two secondary lateral spines on the cephalis.

Etymology: Dedicated to P. Dumitrica (Romania) for his
excellent, very meticulous work on Triassic radiolarians.

Included species:
JACO5 Dumitricaella trispinosa Dumitrica n. sp.
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Plate DUCO1. Ducatus hipolitoensis Whalen & Carter. Magnification x200. Fig. 1(H). Whalen & Carter 2002, pl. 13,
fig. 3. Fig. 2. Whalen & Carter 2002, pl. 13, fig. 5.
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Dumitricaella trispinosa Dumitrica n. sp.
Species code: JAC05

Synonymy:
1989 Dumitricaella? spp. - Hattori, pl. 19, fig. L.

Type designation: Specimen R20-02 (pl. JACO5, fig. 1)
from sample BR 485, Tawi Sadh Member of the Guwayza
Formation, Oman.

Diagnosis: Dumitricaella with three equal V and 1 spines.

Description: Test small, pyramidal with a thick, pointed,
three-bladed apical horn. Blades of horn aligned with
spines V and the two 1. Cephalis relatively large, perforate,
thick-walled with three short, broad, laterally directed,
three-bladed spines. Spines sometimes replaced by a lobe-
like prolongation of cephalis that becomes trilobate. Pores
of cephalis with rounded triangular or quadrangular raised
pore frames that can form ridges with different orientations.
Collar stricture relatively well marked by a constriction.
Thorax slightlylonger and broader than cephalis, pyramidal.
Dorsal and primary lateral spines prolonged from the base
of cephalis in the wall of thorax, their outer blade forming
a high rib, and extended into three divergent, curved,
pointed feet. Distal end of thorax wide, open and bordered
distally by an imperforate peristome. Pores of thorax
small, rounded; pore frames aligned to form longitudinal,
transversal or oblique ribs.

Remarks: Dumitricaella trispinosa n. sp. differs from
D. pauliani De Wever in having V and 1 spines equally de-
veloped, in having these spines shorter, and a rather well
marked collar constriction.

Measurements ([m):
Based on 7 specimens.

Min. | Max.
Total length of skeleton 160 | 195
Length of apical horn 45 60
Length of cephalis 26 35
Length of thorax 46 60
Diameter of cephalis with spines or lobes | 50 74
Diameter of thorax 72 100

Etymology: From the three spines (V, I and 1) laterally
extended from the cephalis.

Type locality: Sample BR 485, Guwayza Formation, Tawi
Sadh Member, Jabal Safra, Oman.

Occurrence: Tawi Sadh Member of the Guwayza Forma-
tion, Oman; Skrile Formation, Slovenia; Japan.

Genus: Elodium Carter 1988

Type species: Elodium cameroni Carter 1988

Synonymy:
1988 Elodium Carter — Carter et al., p. 56.
1996 Elodium Carter — Yeh & Cheng, p. 118.

Original description: Test conical and large, with well de-
veloped horn and numerous closely spaced post-abdomi-
nal chambers separated by nodose circumferential ridges.
Three rows of longitudinally aligned circular to subcircu-
lar pores in polygonal (mostly tetragonal) pore frames,
between circumferential ridges. Lateral pore rows flank-
ing ridges slope steeply away from ridges. Post-abdominal
chambers constricted between ridges. Pores in constricted
area may be irregular to absent on distalmost chambers of
test. Cephalis and thorax sparsely perforate to imperforate,
covered with outer layer of microgranular silica; this cover-
ing may extend onto earliest post-abdominal chambers.
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Original remarks: Elodium n. gen. possesses three rows of
primary (open) pores between circumferential ridges; it
differs from Parvicingula Pessagno in that these pores are
longitudinally aligned rather than offset.

Further remarks: Elodium Carter can be distinguished
from Parahsuum Yao by having prominent circumferential
ridges and much less pronounced longitudinal costae.

Etymology: Elodium is formed by an arbitrary combination
ofletters (ICZN, 1985, Appendix D, Pt. VI, Recommendation
40, p. 201).

Included species:

3411 Elodium cameroni Carter 1988

PHSO08 Elodium? mackenziei Carter n. sp.
ELDO02 Elodium pessagnoi Yeh & Cheng 1996
ELDO03 Elodium wilsonense (Carter) 1988



Plate JACO05. Dumitricaella trispinosa Dumitrica n. sp. Magnification x300. Fig. 1(H). OM, BR485-R20-02.
Fig. 2. OM, BR871-R05-22. Fig. 3. BR871-R03-01. Fig. 4. BR871-R08-09. Fig. 5. OM, BR871-R03-03.
Fig. 6. OM, BR871-R09-14. Fig. 7. SI, MM6.76, 000506.
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Elodium cameroni Carter 1988
Species code: 3411

Synonymy:

1988 Elodium cameroni n. sp. — Carter et al., p. 56, pl. 13, figs. 1,
2,6,9.

1991 Elodium cameroni Carter - Tipper et al,, pL. 9, fig. 12.

1991 Elodium cameroni Carter — Carter & Jakobs, p. 342, pl. 3,
fig. 18.

1995a Elodium cameroni Carter — Baumgartner et al., p. 194,
pl. 3411, figs. 1-2.

1996 Elodium sp. aff. E. pessagnoi n. sp. - Yeh & Cheng, p. 120,
pl. 11, fig. 7 only.

1997 Elodium aff. cameroni Carter - Yao, pl. 13, fig. 635.

Not 1997 Elodium cameroni Carter — Yao, pl. 13, fig. 636.

Original diagnosis: Large conical-cylindrical test with 10
to 14 post-abdominal chambers and a strong asymmetric
apical horn. All poreslarge, primary and circular; three rows
on proximal chambers, two rows on distalmost chambers.

Original description: Test large with 10 to 14 strongly
constricted post-abdominal chambers separated by nodose
circumferential ridges; nodes low and rounded. Cephalis
and thorax trapezoidal in external outline, partially
perforate, covered by veneer of microgranular silica.
Cephalis has strong, asymmetric apical horn. All pores on
post-abdominal chambers circular and primary (open);
those within constricted areas smaller, disappearing on
distalmost chambers. Earliest post-abdominal chambers
trapezoidal, increasing gradually in width and height, distal
chambers almost cylindrical with slight decrease in height.

Original remarks: Elodium cameroni is compared to
E. nadenensis n. sp., under the latter. Elodium cameroni is
very abundant, in all middle/upper Toarcian samples.

Original remarks under Elodium nadenensis Carter in
Carter et al. (1988): Differs from Elodium cameroni n. sp. by
having a more conical, apically pointed test with a heavier
coating of microgranular silica. In addition, the horn is
shorter, more symmetrical and circumferential ridges
are wider and more rounded. Differs from Lupherium (?)
sp. B by having more prominent circumferential ridges.
Abundant.

Measurements (um):
Based on 20 specimens.

HT | Av. | Max. | Min.
Length (excluding horn) | 369 | 352 | 450 | 280
Maximum width 161 | 159 | 185 | 147

Etymology: This species is named in honour of B.E.B.
Cameron for his important contribution to the Mesozoic
stratigraphy and foraminiferal biostratigraphy of the Queen
Charlotte Islands, B.C.

Type locality: GSC locality C-080597. Phantom Creek
Formation. Yakoun River, Graham Island, Queen Charlotte
Islands, British Columbia.

Occurrence: Queen Charlotte Islands, British Columbia;
Liminangcong Chert, Philippines; Japan.

Elodium? mackenziei Carter n. sp.
Species code PHS08

Synonymy:

?2 1982 Lupherium sp. A — Pessagno & Whalen, p. 136, pl. 6, fig. 4.

1987b Lupherium sp. G - Yeh, p. 68, pl. 23, fig. 5.

1988 Lupherium (2) sp. B — Carter et al,, p. 54, pl. 5 fig. 11; pl. 13,
figs. 5, 10, 12.

?2 1990 Parahsuum simplum Yao — De Wever at al.,, pl. 4, fig. 9.

22004 Archaeodictyomitra? sp. — Hori, pl. 1, fig. 55.

2004 Lupherium sp. — Matsuoka, figs. 217, 218.

Type designation: Holotype GSC 80758 (Carter et al. 1988,
pl. 13, figs. 5, 10, 12), from GSC loc. C-080583; Phantom
Creek Formation (upper Toarcian).

Description: Test elongate, quite pointed apically, usually
with ten to twelve post-abdominal chambers. Cephalis
conical, possibly including a short apical horn. Remaining
chambers in apical half of the test trapezoidal, increasing
more in height than width as added; next few chambers
cylindrical, final two chambers slightly constricted.
Slightly raised circumferential ridges visible between post-
abdominal chambers on the distal portion of the test.
Costae fine, narrowly spaced throughout length of test.
Pores subcircular to subelliptical in shape.
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Remarks: Elodium? mackenziei n. sp. differs from Elodium
nadenense Carter (1988) in having less prominent
circumferential ridges between post abdominal chambers
and an absent to poorly developed apical horn. It differs
from E. wilsonense Carter (1988) in having a more narrowly
conical shape and less differentiated apical horn. Genus
Elodium is queried because the three rows of aligned pores
between chambers that characterize the genus are not well
developed. E.? mackenziein. sp. may be ancestral to all other
species of Elodium in the upper Toarcian and Aalenian of
Queen Charlotte Islands and it may also represent the link
between Parahsuum and Elodium.

Measurements (um):

Based on 11 specimens.

HT | Max. | Min. | Mean
Length (excl. horn) | 310 | 343 210 290
Maximum width 118 131 92 120

Etymology: This species is named for J.D. MacKenzie
(Geological Survey of Canada) who first mapped central
Graham Island in 1913-1914.



Plate 3411. Elodium cameroni Carter. Magnification x200. Fig. 1(H). Carter et al. 1988, pl. 13, fig. 2.
Fig. 2. Carter & Jakobs 1991, pl. 3, fig. 18. Fig. 3. Carter et al. 1988, pl. 13, fig. 1.

Type locality: Sample GSC loc. C-080583, Phantom Creek
Formation, Yakoun River, Graham Island, approximately
2 km south of Ghost Creek; east side of the river, Queen
Charlotte Islands, British Columbia.
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Occurrence: Fannin member of the Fannin Formation,
Whiteaves and Phantom Creek formations, Queen Char-
lotte Islands; Nicely and Hyde formations, Oregon; Mino
Terrane, Japan.

Plate PHS08. Elodium? mackenziei Carter n. sp. Magnification x250. Fig. 1(H). Carter et al. 1988, pl. 13, fig. 5.

Figs. 2, 3. Matsuoka 2004, figs. 217, 218.
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Elodium pessagnoi Yeh & Cheng 1996
Species code: ELD02

Synonymy:

1982 Parahsuum? sp. - Matsuda & Isozaki, pl. 1, figs. 18, 19.

1989 Parahsuum (?) sp. aff. P. (?) magnum Takemura - Hori &
Otsuka, p. 182, pl. 3, figs. 13-15.

1990 Parahsuum (?) aff. P. magnum Takemura - Hori, Fig. 9.37.

1995a Parahsuum sp. M - Baumgartner et al., p. 384, pl. 2015,
figs. 1, 22.

1996 Elodium jurassicum n. sp. - Yeh & Cheng, p. 118, pl. 11,
figs. 1,2, 6,12, 13.

1996 Elodium pessagnoi n. sp. — Yeh & Cheng, p. 120, pl. 4,
figs. 5, 7-8, 10-13; pl. 11, figs. 3, 4, 9, 14.

1996 Elodium sp. aff. E. pessagnoi n. sp. - Yeh & Cheng, p. 120,
pl. 6, fig. 13; pl. 11, figs. 5, 11, 15, not fig. 7.

1996 Elodium sp. cf. E. pessagnoi n. sp. — Yeh & Cheng, p. 120,
pl. 4, fig. 6.

1996 Elodium sp. B — Yeh & Cheng, p. 122, pl. 12, figs. 1, 6, 8, 12,
not fig. 4.

1996 Elodium sp. C - Yeh & Cheng, p. 122, pl. 12, fig. 2, 7, 9, 10.

1996 Elodium sp. D - Yeh & Cheng, p. 122, pl. 12, figs. 3, 15.

1996 Elodium sp. E - Yeh & Cheng, p. 122, pl. 12, figs. 5, 11.

1997 Parahsuum (?) aff. P. magnum Takemura — Hori, pl. 1, fig. 7.

2004 Parahsuum (?) sp. aff. magnum Hori & Otsuka — Ishida et
al,, pl. 5, fig. 21.

Original description: Test medium in size, conical in shape,
multicyrtid with six to seven post-abdominal chambers.
Cephalis and thorax moderately broad, hemispherical with
massive horn. Horn tapered, circular in axial section. Outer
testlayer of cephalis and thorax covered with raised irregular
pore frames. First postabdominal chamber separated
from abdomen and subsequent postabdominal chambers
separated from each other by nodose circumferential ridges.
Abdomen and postabdominal chambers trapezoidal in
shape; each chamber having three rows of tetragonal pore

frames. Pore frames longitudinally aligned. Postabdominal
chambers increasing very slowly in height and gradually in
width as added.

Further remarks: In Elodium pessagnoi we include all
forms with a long straight apical horn, circular in cross-
section. The test is conical or subcylindrical in shape; the
apical portion of the test is covered by simple circular
pores or possesses an additional layer of raised irregular
nodes. Elodium jurassicum is herein synonymized with
E. pessagnoi. It should be noted that holotypes of these
two species (and most specimens of informal species)
illustrated from Busuanga Island (Yeh & Cheng, 1996) are
from a single sample.

Measurements ([m):
Based on 7 specimens.

Max. Max. Length No. of
test width | test length | of horn | postabdom. chambers
HT 148 284 49 6
Mean 145 264 55 5.5
Max. 150 291 74 6
Min. 138 239 41 5

Etymology: This species is named for Prof. E. A. Pessagno,
UT-Dallas, U.S.A., in honor of his great contribution to
Mesozoic radiolarian studies.

Type locality: Liminangcong Chert near Ocam Ocam vil-
lage, Busuanga Island, Philippines.

Occurrence: Liminangcong Chert, Philippines; Japan.

Elodium wilsonense (Carter) 1988
Species code: ELD03

Synonymy:
1988 Crubus wilsonensis Carter n. sp. — Carter et al., p. 53, pl. 5,
fig. 12.

1996 Elodium sp. cf. E. wilsonense (Carter) — Yeh & Cheng,
p. 122, pl. 12, figs. 13, 14.

Original diagnosis: Test large, broadly conical with short
horn. Eighteen costae visible laterally; three longitudinally
aligned pores per chamber between adjacent costae. Ridges
slightly raised with small nodes superimposed on costae.

Original description: Test broadly conical, rounded apically
with short cylindrical horn. Cephalis hemispherical,
all other chambers trapezoidal in outline. Cephalis
imperforate, thorax and abdomen sparsely perforate; all
three covered with a layer of microgranular silica. Usually
7 to 9 postabdominal chambers. All but final chamber
increase gradually in width and height. Fifteen continuous
narrow costae visible laterally, nodose along ridges. Single
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rows of longitudinally aligned pores (three per chamber, set
in square pore frames) alternate with costae.

Original remarks: Differs from Crubus firmus Yeh in hav-
ing three rows of linearly arranged pore frames per cham-
ber, larger pores on initial chambers, a stouter horn, and
stronger costae.

Further remarks: Elodium wilsonense differs from
E. cameroni Carter in having fewer postabdominal cham-
bers and much less prominent circumferential ridges. It
differs from E. pessagnoi Yeh & Cheng in having a more
broadly conical shape, two rows of pore frames on early
postabdominal chambers and a shorter apical horn.

Measurements (um):
Based on 10 specimens.

HT | Av. | Max. | Min.
Length (excluding horn) | 334 | 290 | 334 | 210
Maximum width 188 | 171 | 190 155




Plate ELDO2. Elodium pessagnoi Yeh & Cheng. Magnification x250. Fig. 1(H). Yeh & Cheng 1996, pl. 11, fig. 3.
Fig. 2. JP, NK86050720. Fig. 3. Hori 1990, fig. 9-37.

Etymology: Named for Wilson Creek on Graham Island, = Occurrence: Whiteaves Formation, Queen Charlotte Is-
site of one of the early coal mines. lands; Liminangcong Chert, Philippines.

Type locality: GSC locality C-080579, Whiteaves Forma-
tion, Creek locality, Maude Island, Queen Charlotte Is-
lands, British Columbia.

Plate ELDO3. Elodium wilsonense (Carter). Magnification x200. Fig. 1(H). Carter et al. 1988, pl. 5, fig. 12.
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Genus: Eospongosaturninus Kozur & Mostler 1990

Type species: Spongosaturnalis protoformis Yao 1972

Synonymy:
1990 Eospongosaturninus n. gen. — Kozur & Mostler, p. 211.

Original description: Shell large, spongy, consisting of
several concentric layers. Microsphere latticed. The shell
reaches on the ridge around the base of the peripolar
spines. Ring transversally elongated elliptical, narrow to
moderately broad, in parts of the ring undifferentiated, in
other parts with ridge near the inner side of the ring. Outer
margin of ring smooth or with one peripolar spine on the
long axis poles. Near the base of the peripolar spines tiny
auxiliary spines may be present.

Original remarks: Eospongosaturninus n. gen. is the fore-
runner of Spongosaturninus Campbell and Clark, 1944b
that has more distinct ridges along the whole inner mar-
gin of the ring, a latticed second medullary shell and a
rather large third medullary shell (transitional to a cortical
shell) covered by a still rather thick spongy layer. Pseuda-
canthocircus n. gen. has an undifferentiated ring and the
shell reaches never until the ring. Spongosaturnalis Camp-
bell and Clark, 1944b displays more distinct ridges along
the whole inner margin of the ring and the shell does not
reach the ring. Eospongosaturninus n. gen. lies in the transi-
tion field between the genera Pseudacanthocircus n. gen.,
Spongosaturninus Campbell and Clark, 1944b and Spon-
gosaturnalis Campbell and Clark, 1944b. The type species
is surely the forerunner of Spongosaturninus Campbell
and Clark, 1944b. In Eospongosaturninus? bispinosus (Yao,
1972) the overreach of the shell on the ring is not so dis-

tinct and in several specimens the inner ridge on the ring
is indistinct, partly even missing (Yao, 1972, pl. 2, fig. 9).
The specimen, figured by Yao (1972, pl. 2, fig. 8) as Spon-
gosaturnalis bispinosus belongs to an other species and is
probably the first representative of the genus Spongosatur-
nalis Campbell and Clark, 1944b. The genus Acanthocircus
Squinabol, 1903b has strong outer ridges on the ring or the
ridges cover the whole ring. A deep furrow on the lateral
outer side of the ring is always present. This genus is only
homoeomorphic to the Pseudacanthocircidae n. fam. (and
in it to Eospongosaturninus n. gen.) and evolved from the
parasaturnalinid stock.

Further remarks: In disagreement with Kozur and Mos-
tler (1990) we consider that in spite of its name Eospongo-
saturninus has nothing to do with Spongosaturninus and is
not »in the transition field between the genera Pseudacan-
thocircus Kozur and Mostler, Spongosaturninus Campbell
and Clark and Spongosaturnalis Campbell and Clark«. In
the Middle Jurassic the genus should be restrained to the
type species. Its main generic character is the three-bladed
ring in the middle part and twisting of the ring, the result
being the change of the position of the blades from the
middle part to the distal part.

Etymology: Forerunner of Spongosaturninus Campbell &
Clark 1944.

Included species:
2021 Eospongosaturninus protoformis (Yao) 1972

Eospongosaturninus protoformis (Yao) 1972
Species code: 2021

Synonymy:

1972 Spongosaturnalis protoformis n. sp. - Yao, p. 27, pl. 1, figs.
2-7; pl. 10, figs. 1-2.

1995a Acanthocircus protoformis (Yao) — Baumgartner et al.,
p. 64, pl. 2021, figs. 1-3.

1996 Acanthocircus protoformis (Yao) — Yeh & Cheng, p. 108,
pl. 2, fig. 11.

Original description: Spongosaturnalis with simple ring,
where no spine is developed. Shell approximately spherical,
spongy, composed of irregular meshes which become
denser centrally. Polar spines short, smooth, not always
distinguished when shell extends completely across ring.
Polar spines change to sturdy spines inside shell. When
shell is not preserved, numerous fragmentary thorns
are observed on sturdy spines and rarely on ring where
each of polar spines bifurcates. Ring generally bilaterally
symmetrical or ovoidal, simple, with ridges on both edges
near polar spines. Ridge on outer edge extends across ends
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of polar spines, and another one on inner edge disappears
at polar spines. Both ridges become obsolete on terminal
end of ring. No spine on ring.

Original remarks: This species may be similar to Saturnalis
simplex Squinabol (1914, p. 286-287, pl. 22, fig. 2; Jurassic,
Fontanafredda (Euganei), Italy) in the shape of the saturna-
lin ring, but the generic assignment of S. simplex is doubtful
because the nature of the shell is not known, namely the
shell is not preserved and the fragmentary thorns are not
observed on the polar spines. Spongosaturnalis protoformis
differs from S. bispinus (described below) in lacking spine
on each terminal end of the ring, and in having ridges on
both edges of the ring.

Further remarks: In spite of the similarity to Saturnalis
simplex Squinabol the species differs from the latter by the
character of the blades.



Measurements (um):
Based on 6 specimens.

HT | Av. |Min. | Max.
Diameter of ring along polar spines | 170 | 191 | 170 | 210
Diameter of ring transversaly 335 | 362 | 330 | 420
Diameter of shell 110 | 153 | 110 | 180
Length of polar spine 20 15 7 20
Breadth of ring 11-21]12-20] 9 29

Type locality: Manganese carbonate ore, Mino Belt, river
side of the Kiso, east of Unuma, Kagamihara City, Gifu
Prefecture, Central Japan.

Occurrence: Inuyama area, Japan; Italy; Tawi Sadh Member
of the Guwayza Formation, Oman; Liminangcong Chert,
Philippines; Snowshoe Formation, Oregon.

Plate 2021. Eospongosaturninus protoformis (Yao). Magnification x200. Fig. 1(H). Yao 1972, pl. 1, fig. 2.
Fig. 2. JP, IYII-17. Fig. 3. OM, BR871-R01-08. Fig. 4. OM, BR871-R01-11. Fig. 5. BR871-R01-05. Fig. 6. OM, BR871-
RO1-12. Fig. 7. OM, BR871-R02-12. Fig. 8. JP, Nanjo Massif, IH84120462-R05-08. Fig. 9. OR555-R07-07.
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Genus: Eucyrtidiellum Baumgartner 1984

Type species: Eucyrtidium (?) unumaensis Yao 1979

Synonymy:

1984 Eucyrtidiellum n. gen. - Baumgartner, p. 764.

1986 Monosera n. gen — Takemura & Nakaseko, p. 1021.

1986 Eucyrtidiellum Baumgartner — Takemura, p. 66.

1990 Eucyrtidiellum Baumgartner — Nagai & Mizutani, p. 593.

Original description: Test composed of four segments.
Cephalis small, spherical, poreless with variably developed
straight or slightly oblique apical horn, rare forms with
apical and vertical horn. A sutural pore is present at collar
stricture or on proximal portion of thorax. Thorax dome-
shaped, poreless, with irregular ornamentation consisting
of ridges and nodes leaving depressions (“closed pores” of
some authors) or with plicae. One or two rows of pores may
occur at stricture between thorax and abdomen. Abdomen
inflated annular to hemispherical, poreless, except for the
distal quarter, where one or two irregular rows of pores may
occur. Ornamentation of abdomen varying with species.
One row of large pores marks the joint with fourth segment.
Fourth segment delicate, mostly cylindrical, covered with
circular pores in loose diagonal rows, with a distal poreless
constriction.

Original remarks: The Mesozoic species hitherto
questionably assigned to Eucyrtidium are assigned to this
new genus, because they bear no resemblance to the type
species E. acuminatum (Ehrenberg).

Further remarks: The stratigraphic record and structural
features prove that Eucyrtidiellum is derived from the genus

Thetis De Wever, and especially T. oblonga De Wever. In
fact, the two genera seem to be synonymous: both have
four segmented tests where the first three are thicker-
walled and the fourth is thin-walled and usually not
preserved; a practically imperforate cephalis; and usually
an apical horn that is always circular in cross section. What
would differentiate T. oblonga De Wever, the type species
of the genus Thetis, from the other species of the genus
Eucyrtidiellum would be the presence of three thoracic
spines representing probably the dorsal and the two primary
lateral spines, and the large ventral pore aligned with the
ventral spine. However, a ventral pore is present with
Thetis, or at least the type species. T. oblonga? (De Wever,
1982a, pl. 4, fig. 16) seems to show it, and a specimen we
illustrate herein from the type sample shows clearly such a
pore (see under T. oblonga, pl. THTO01, fig. 4). The fact that
the holotype of T. oblonga shows no ventral pore is because
it is illustrated in the dorsal position.

Included species:

EUCO09 Eucyrtidiellum disparile gr. Nagai & Mizutani 1990

EUCI10 Eucyrtidiellum gujoense (Takemura & Nakaseko)
1986

EUCO03 Eucyrtidiellum gunense gr. Cordey 1998

EUCO06 Eucyrtidiellum nagaiae Dumitrica, Gori¢an &
Matsuoka n. sp.

EUCO07 Eucyrtidiellum omanojaponicum Dumitrica,
Gorican & Hori n. sp.

EUCO04 Eucyrtidiellum ramescens Cordey 1998

Eucyrtidiellum disparile gr. Nagai & Mizutani 1990

Species code: EUC09

Synonymy:

1986 Eucyrtidiellum sp. a and sp. a, — Nagai, pl. 1, figs. 5, 6.

1986 Monosera unumaensis (Yao) — Takemura & Nakaseko,
p. 1022, pl. 4, fig. 9.

1987 Eucyrtidiellum sp. A - Hattori, pl. 12, figs. 1, 2.

1987 Eucyrtidiellum aft. E. unumaensis Yao — Hattori, pl. 12,
figs. 5, 6.

1988 Eucyrtidiellum sp. a — Nagai, pl. 1, figs. 1a-d, 2.

1988 Eucyrtidiellum sp. A - Hattori, pl. 8, fig. D.

1988 Eucyrtidiellum sp. aff. E. unumaensis Yao — Hattori, pl. 8,
fig. J.

1989 Eucyrtidiellum spp. — Hattori, pl. 7, fig. H.

1989 Eucyrtidiellum unumaensis (Yao) - Hattori, pl. 28, Fig. H.

1990 Eucyrtidiellum disparile n. sp. - Nagai & Mizutani, p. 594,
fig. 3. 6-8a,b,c.

1991 Eucyrtidiellum sp. cf. E. disparile — Kojima et al., pl 1,fig. 17.

1993 Eucyrtidiellum disparile Nagai & Mizutani - Fujii et al.,
pl 1, fig. 13.

1993 Eucyrtidiellum sp. a - Fujii et al,, pl. 1, fig. 14.

1995 Eucyrtidiellum disparile Nagai & Mizutani — Nagai, pl. 4,
fig. 3; pl. 5, fig. 8.

1997 Eucyrtidiellum aft. unumaense (Yao) - Yao, pl. 10, fig. 458.
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1998 Eucyrtidiellum disparile Nagai & Mizutani — Kashiwagi,
pl 1, fig. 18.

Not 2001 Eucyrtidiellum disparile Nagai & Mizutani
- Matsuoka et al., pl. 3, fig. 16.

2003 Eucyrtidiellum disparile Nagai & Mizutani — Gori¢an et
al,, p. 296, pl. 5, figs. 2, 3.

2004 Eucyrtidiellum disparile Nagai & Mizutani - Hori, pl. 3, fig. 42;
pl. 5, figs. 52-54, not fig. 55; pl. 6, figs. 4-8, pl. 10, fig. 27.

2004 Eucyrtidiellum sp. - Ishida et al., pl. 5, fig. 13.

22004 Eucyrtidiellum disparile Nagai & Mizutani — Matsuoka,
fig. 177.

2004 Eucyrtidiellum disparile Nagai & Mizutani — Suzuki &
Ogane, pl. 8, fig. 2.

2005 Eucyrtidiellum aft. disparile Nagai & Mizutani - Hori,
pl. 8, fig. 20.

2005 Eucyrtidiellum disparile Nagai & Mizutani — Hori, pl. 8,
fig. 21; pl. 12, figs. 18-20, 49; pl. 13, figs. 24-25.

2005 Eucyrtidiellum disparile Nagai & Mizutani — Kashiwagi et
al,, pl. 6, fig. 11.

Original diagnosis: Abdomen has circular pores regularly
arranged along two diagonal lines on its whole surface.



Original description: This species has a test which is com-
posed generally of three segments, cephalis, thorax and
abdomen. Cephalis is small, spherical with a medium-
sized apical horn. Sutured pores are arranged at a stricture
between thorax and abdomen. Thorax truncated-conical
with closed pores and irregular hexagonal meshworks on
the whole surface. Abdomen is relatively large and inflat-
ed-hemispherical, with circular pores regularly arranged
along two diagonal lines on its whole surface.

Original remarks: External shell form of Eucyrtidiellum
disparile is almost identical with that of E. unumaense, but
differs in having pores on its entire abdomen. Many speci-
mens of Eucyrtidiellum have been provisionally described
as Eucyrtidium (?) sp. or Eucyrtidiellum (?) sp., just be-
cause of the presence of opened pores in their abdomen.

Further remarks: Although initially we were tempted to
separate this species into two subspecies, one with shorter
apical horn, the other with longer apical horn, we decided
against this because, except for the length of this horn,
the test morphology is similar in almost all the other
respects. The specimen determined by Matsuoka (2004)
as E. disparile is questionably included in the synonymy
of this species because it lacks pores on the middle part
of the abdomen. Accordingly, this specimen is closer to

E. unumaense (Yao) and looks intermediary between the
two species. This would prove that the evolutionary trend
giving rise to E. unumaense started in the early Toarcian.

Measurements (um):
Based on 10 specimens.

Min. | Max. | Awv.
Height of apical horn 3 13 8
Height of entire body including
cephalis, thorax and abdomen

67 100 | 79

Height of cephalis 5 19 13
Width of cephalis 8 21 17
Height of thorax 14 23 18
Width of thorax 31 38 35
Height of abdomen 41 66 48
Width of abdomen 48 77 71

Etymology: Derived from Latin adjective disparilis, -e,
which means unlike or dissimilar.

Type locality: Sample MNHKO5, Kamiaso, Mino Terrane,
central Japan.

Occurrence: Japan; Skrile Formation, Slovenia; Tawi Sadh
Member of the Guwayza Formation, Oman.

Plate EUC09. Eucyrtidiellum disparile gr. Nagai & Mizutani. Magnification x400. Fig. 1(H). Nagai & Mizutani 1990,
fig. 3-8c. Fig. 2. Gori¢an et al. 2003, pl. 5, fig. 2. Fig. 3. Gori¢an et al. 2003, pl. 5, fig. 3. Fig. 4. OM, BR1121-R06-10.
Fig. 5. OM; BR1121-R06-24. Fig. 6. OM, BR706-R13-03. Fig. 7. JP, MNA-10, MA13437. Fig. 8. JP, MNA-10, MA11896.
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Eucyrtidiellum gujoense (Takemura & Nakaseko) 1986

Species code: EUC10

Synonymy:

1986 Monosera gujoensis n. sp. — Takemura & Nakaseko,
p. 1022, figs. 4.10, 4.11, 5.1-5.3.

1986 Eucyrtidiellum gujoensis (Takemura & Nakaseko)
— Takemura, p. 67, pl. 12, figs. 13-15.

1986 Eucyrtidiellum sp. e — Nagai, p. 14, pl. 1, figs. 3a-c.

1987 Eucyrtidiellum gujoensis — Hattori, pl. 12, figs. 14, 15.

1989 Eucyrtidiellum sp. aff. E. gujoensis Takemura - Hattori &
Sakamoto, pl. 10, fig. B.

1988 Eucyrtidiellum gujoensis (Takemura & Nakaseko) — Nagai,
pl. 2, figs. 5, 9.

1988 Eucyrtidiellum sp. f - Nagai, pl. 2, fig. 8.

1989 Tethys oblonga De Wever - Hattori, pl. 7, figs. C, D.

1989 Eucyrtidiellum gujoensis Takemura & Nakaseko — Nagai,
pl. 1, fig. 7; pl. 2, fig. 7a-b; pl. 3, fig. 7; pl. 4, fig. 5.

1995 Eucyrtidiellum gujoensis Takemura — Nagai, pl. 5, fig. 9.

1995 Eucyrtidiellum sp. f - Nagai, pl. 5, fig. 10.

1997 Eucyrtidiellum sp. DO - Yao, pl. 10, fig. 452.

2001 Eucyrtidiellum disparile Nagai & Mizutani — Matsuoka
etal, pl. 3, fig. 16.

2002 Eucyrtidiellum gujoense (Takemura & Nakaseko) — Hori &
Wakita, pl. 3, fig. 4.

2004 Eucyrtidiellum gujoense (Takemura & Nakaseko)
- Matsuoka, fig. 178.

2004 Eucyrtidiellum sp. DO sensu Yao — Hori, pl. 2, fig. 8.

Original diagnosis: A species of Monosera characterized by
the existence of pore frames on abdominal surface and by
irregular or longitudinal arrangement and dense distribu-
tion of abdominal pores.

Original description: Cephalis small, spherical to subspher-
ical, poreless with a strong rod-like apical horn. Thorax
truncated conical to subhemispherical with usually irregu-
larly arranged pores or relict pores. Abdomen subspherical
with pores on surface. Abdominal pores with pore frames,
longitudinally or irregularly distributed in great density.
Fourth segment inflated-cylindrical with irregularly dis-
tributed pores. Cephalic structure same as genus.
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Original remarks: Monosera gujoensis n.sp. is distin-
guished from M. unumaensis by the presence of abdominal
pore frames and the distribution and density of abdominal
pores. Monosera gujoensis difters from Eucyrtidium ptyc-
tum Riedel and Sanfilippo in the absence of plicae on the
surface of the abdomen and in the presence of abdominal
pores and pore frames.

Further remarks: Morphologically E. gujoense is very close
to Thetis oblonga De Wever from which it differs in having a
shorter, conical apical horn, and lacks spines on the thorax,
and shoulders on the upper third of the abdomen.

Measurements (um):
Based on 15 specimens.

Min. | Max.
Length of apical horn | 10 50
Height of cephalis 15 20
Height of thorax 20 30
Height of abdomen 40 50
Width of cephalis 20 25
Width of thorax 40 50
Width of abdomen 70 90

Etymology: The trivial name, gujoensis, is derived from the
Gujo County, Gifu Prefecture, Japan.

Type locality: Manganese carbonate ore deposits (sample
TKN-105) from the Gujo-hachiman area of the Mino
Terrane, Japan.

Occurrence: Japan; Tawi Sadh Member of the Guwayza
Formation and Musallah Formation, Oman.



Plate EUC10. Eucyrtidiellum gujoense (Takemura & Nakaseko). Magnification x400. Fig. 1(H). Takemura &
Nakaseko 1986, fig. 4-10. Fig. 2. Matsuoka 2004, fig. 178. Fig. 3. OM, BR1121-R08-28. Fig. 4. OM-00-252, 021905.
Fig. 5. OM-00-258, 022630.
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Eucyrtidiellum gunense gr. Cordey 1998
Species code: EUC03

Synonymy:

1982 Eucyrtidium (2) sp. C - Imoto et al,, pl. 1. fig. 9.

1984 Eucyrtidiellum sp. A - Murchey, pl. 2, fig. 25.

1984 Eucyrtidiellum sp. B - Murchey, pl. 2, fig. 26.

1986 Eucyrtidiellum sp. C group — Nagai, p. 12, pl. 2, fig. 10,
not 11-12.

1987 Eucyrtidiellum sp. C — Hattori, pl. 12, fig. 10.

1990 Eucyrtidiellum sp. C3 — Nagai, pl. 4, fig. 2, 3.

1992 Eucyrtidiellum sp. — Sashida, pl. 1, figs. 19, 20.

1995 Eucyrtidiellum sp. C — Nagai, pl. 4, fig. 6.

1997 Eucyrtidiellum sp. Q0 - Yao, pl. 10, fig. 453.

1998 Eucyrtidiellum gunensis n. sp. - Cordey, p. 109, pl. 25,
figs. 8-9.

2004 Eucyrtidiellum sp. QO sensu Yao — Hori, pl. 2, fig. 7.

2004 Eucyrtidiellum gunense Cordey — Matsuoka, fig. 180.

2005 Eucyrtidiellum sp. C sensu Nagai — Hori, pl. 8, figs. 16-18,
not fig. 19.

Original diagnosis: Eucyrtidiellum with a long and massive
apical horn.

Original description: Shell with four segments. Cephalis
cylindrical and seems incorporated into the proximal part
of the long, stout apical horn. Diameter of base of horn
same as cephalis; decreasing progressively to the generally
sharp tip. Sutural pore observed at base of horn. Thorax
small, without pores proximally and smooth or with small
costae. Abdomen wide, sphaeroidal, porous and without
costae. One row of large pores separates abdomen form
fourth segment which is seldom preserved. Fourth segment
made of thick pore frames with a loose network.

Original remarks: This form is close to E. gujoensis
(Takemura and Nakaseko), but differs mainly by having
a much stouter and longer apical horn (horn includes
cephalis). E. gujoensis is known only from the Middle
Jurassic while E. gunense n. sp. appears during the Lower
Jurassic. This new morphotype shows apparent affinities
with species attributed to genus Thetis De Wever (Thetis
undulata De Wever, 1982a, p. 196, pl. 5, fig. 8, 9, 2Thetis
oblonga De Wever, 1982a, p. 196, pl. 4, fig. 15-16); cephalic
structure of Thetis has not been observed by its author, but
this genus possesses three external cephalic spines, which
are probably external extensions of inner cephalic spines
(De Wever, personal communication, 1987). However, the
cephalic structure of Eucyrtidiellum does not have these
three spines; this implies true phylogenetic differences
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between Eucyrtidiellum and Thetis in spite of the common
external resemblance of certain species.

Further remarks: Most specimens from Oman and Japan
included in this species do not correspond perfectly to
the original diagnosis and differ significantly from the
holotype, but to a lesser extent from the paratype. The
apical horn is shorter and conical in our specimens, and
the thorax is larger, well marked by the cortical and lumbar
constrictions and is either truncate conical or convex in
outline. The thorax is also completely porous whereas the
original description mentions that it is poreless proximally.
The abdomen is also different: the holotype shows a
sphaeroidal abdomen but the abdomen of the paratype
is also truncated conical. The original description also
mentions a row of large pores separating the abdomen from
the postabdominal segment. Our study shows that there
are no such pores at the postlumbar boundary, but false
pores (when existing) result from some ribs superposed
on the test in different directions, most in a longitudinal
direction. The fourth segment is wide open and inverted
truncate conical, in some specimens (pl. EUCO03, figs. 3, 4)
it is almost closed distally.

One of the characteristic features of this species, besides
those mentioned in the original description or in the
paragraph above, is that the abdominal pores are commonly
aligned in oblique rows and, consequently, most are
rhombically framed. Also the surface of the abdomen may
have some oblique ribs representing thickened intervening
bars.

E. gunense is very close to Thetis oblonga but differs in
having the cephalis less marked, and lacking thoracic
spines, and in having thick ribs on the entire postabdominal
segment or only proximally around the postlumbar
stricture.

Etymology: From the name of a local stream Gun.

Type locality: Locality GSC C-300407, Bridge River
Complex, Carpenter Lake, British Columbia.

Occurrence: Bridge River Complex, British Columbia;
Hyde Formation, Oregon; Franciscan Complex, California;
Skrile Formation, Slovenia; Tawi Sadh Member of the
Guwayza Formation, Oman; Japan.



Plate EUCO03. Eucyrtidiellum gunense gr. Cordey. Magnification x300. Fig. 1(H). Cordey 1998, pl. 25, fig. 8.

Fig. 2. OR600A-R03-01. Fig. 3. SI, MM11.76, 010211. Fig. 4. OM-99-83, 011312. Fig. 5. OM, BR1121-R06-25.
Fig. 6. OM, BR1121-R08-27. Fig. 7. OM, BR1121-R08-03. Fig. 8. OM; BR524-R04-19. Fig. 9. OM, BR1122-R02-1.
Fig. 10. OM, BR1122-R02-14. Fig. 11. OM; BR1121-R08-21. Fig. 12. Matsuoka 2004, fig. 180.

Fig. 13. OM, BR523-R03-08. Fig. 14. OM, BR1121-R08-24. Fig. 15. OM, BR1121-R08-06.
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Eucyrtidiellum nagaiae Dumitrica, Gori¢an & Matsuoka n. sp.

Species code: EUC06

Synonymy:

1986 Eucyrtidiellum sp. C, — Nagai, pl. 2, fig. 12.

1987 Eucyrtidiellum sp. C, - Hattori, pl. 12, fig. 12.

1989 Eucyrtidiellum spp. - Hori & Otsuka, pl. 4, fig. 3, not figs. 1, 2.

1990 Eucyrtidiellum sp. C, — Nagali, pl. 4, figs. la-c.

1995 Eucyrtidiellum sp. C, — Nagai, pl. 4, figs. 7a-b, 8.

1997 Eucyrtidiellum sp. X - Yao, pl. 10, fig. 456.

1997 Eucyrtidiellum sp. Y - Yao, pl. 10, fig. 457.

2003 Eucyrtidiellum sp. C, sensu Nagai — Kashiwagi & Kurimoto,
pl. 4, figs. 8, 9.

2004 Eucyrtidiellum sp. - Matsuoka, fig. 179.

Type designation: ~ Holotype  specimen  MA13547
(pl. EUCO6, figs. 1a,b) from sample MNA-10, Nanjo Mas-
sif, Mino Terrane, Japan.

Diagnosis: Eucyrtidiellum with stout apical horn and strong
longitudinal abdominal costae separated by 2-4 longitudi-
nal rows of pores.

Description: Test composed of three segments. Cephalis
smooth, poreless, incorporated into a long, stout, pointed
apical horn, circular in cross-section throughout length.
Sutural pore situated in the proximal part of the cephalis.
Thorax larger, trapezoidal in outline, with a regular mesh-
work of polygonal pore frames. Abdomen inflated, porous,
ornamented with 7-9 strong, continuous vertical costae vis-
ible laterally. Pores on abdomen circular; number of pore
rows between adjacent costae may vary from two (rarely
one) to four on a single specimen.

Remarks: Eucyrtidiellum nagaiae n.sp. differs from
E. ramescens Cordey by having well-individualized costae
throughout the abdomen. The wall of the abdomen is
otherwise smoother, perforate but the pore frames do not
form coalescent thickenings as in E. ramescens and the
apical horn is shorter. The stout apical horn and the rows
of intercostal pores also differentiate this species from
E. ptyctum (Riedel & Sanfilippo).

Measurements (um):
Based on 8 specimens.

HT | Min. | Max. | Mean
Height of cephalis and apical horn | 86 | 37 86 57
Width of cephalis at base 40 | 20 | 43 29
Height of thorax 241 20 | 32 25
Maximum width of thorax 58 | 40 58 48
Height of abdomen 107 | 47 | 114 | 80
Maximum width of abdomen 112 77 | 118 95

Etymology: Named for Hiromi Nagai, Nagoya University,
to honour her contribution to the knowledge of Mesozoic
Radiolaria and especially of Eucyrtidiellum.

Type locality: Sample MNA-10, Nanjo Massif, Mino
Terrane, Japan.

Occurrence: Nanjo Massif, Mino Terrane, Japan; Hyde
Formation, Oregon; Musallah Formation, Oman.

Eucyrtidiellum omanojaponicum Dumitrica, Gori¢an & Hori n. sp.

Species code: EUC07

Synonymy:
1990 Eucyrtidiellum (?) sp. C group — Hori, fig. 8. 27.
1997 Eucyrtidiellum sp. C group of Nagai — Hori, pl. 1, fig. 12.

Type designation: Holotype specimen 15862 (pl. EUCO07,
fig. 1) from sample BR1122, Tawi Sadh Member of the
Guwayza Formation, Wadi Muaydin, Oman.

Diagnosis: Eucyrtidiellum with numerous thin, longitudi-
nal abdominal costae and a row of pores in each intercostal
depression.

Description: Test composed of four segments of which only
the first three are completely preserved. Cephalis integrated
into the proximal part of the long, stout conical apical horn
and visible as a slightly inflated portion at the base of the
latter. Diameter of horn at base the same as cephalis, de-
creasing progressively to the sharp tip. Thorax small, trun-
cate conical with convex sides and numerous small pores
disposed irregularly. Abdomen wide, subglobular and po-
rous; pores circular aligned in longitudinal rows, each row
separated by thin costae. Fourth segment preserved only
as remains.
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Remarks: The species is very rare and is described based
on 3 specimens only. E. omanojaponicum n. sp. resembles
E. nagaiae n. sp. in having longitudinal abdominal costae,
but the costae are weaker and separated by a single row
of pores whereas E. nagaiae has 2-4 rows of pores in the
intercostal intervals.

Measurements (um):
Based on 3 specimens.

HT | Min. | Max.
Length of apical horn + cephalis | 59 | 38 84
Length of thorax 27| 26 | 30
Length of abdomen 65 | 54 86
Diameter of cephalis 24 | 24 27
Diameter of thorax 551 45 55
Diameter of abdomen 93] 83 | 105

Etymology: From its occurrence in Oman and Japan.

Type locality: Sample BR 1122 from theTawi Sadh Member
of the Guwayza Formation, Wadi Muaydin, Oman.

Occurrence: Tawi Sadh Member of the Guwayza Formation,
Oman; Japan.



Plate EUCO06. Eucyrtidielluin nagaiae Dumitrica, Gori¢an & Matsuoka n. sp. Magnification x300. Fig. 1a,b(H).
JP, MNA-10, MA13547, MA13548. Fig. 2. JP, MNA-10, MA12501. Fig. 3. OM-00-255, 022326. Fig. 4. JP, MNA-10,
MA12499. Fig. 5. OM-00-254, 022126. Fig. 6. Hori & Otsuka 1989, pl. 4, fig. 3.

Plate EUCO7. Eucyrtidiellum omanojaponicum Dumitrica, Gori¢an & Hori n. sp. Magnification x300.
Fig. 1(H). OM, BR1122-R04-04. Fig. 2. Hori 1990, fig. 8-27. Fig. 3. OM-00-92, 011110.
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Eucyrtidiellum ramescens Cordey 1998
Species code: EUC04

Synonymy:

1982 Eucyrtidium (2) sp. C - Yao et al,, pl. 2, fig. 12.

1982 »Eucyrtidium« sp. — Nishizono et al, pl. 2, fig. 13.

1986 Eucyrtidiellum sp. C, - Nagai, pl. 2, fig. 11.

1987 Eucyrtidiellum sp. C, - Hattori, pl. 12, fig. 11.

1995 Eucyrtidiellum sp. C, - Nagai, pl. 4, fig. 5.

1998 Eucyrtidiellum ramescens n. sp. - Cordey, p. 110, pl. 25,
figs. 7, 11-13.

2004 Eucyrtidiellum sp. C, sensu Nagai — Hori, pl. 5, fig. 24.

2005 Eucyrtidiellum sp. C sensu Nagai — Hori, pl. 8, fig. 19, not
figs. 16-18.

Original diagnosis: Eucyrtidiellum with a very long apical
horn and massive, porous abdominal costae.

Original description: Test composed of four segments.
Cephalis cylindrical and appears integrated into the
proximal part of the long, stout apical horn. Diameter of
horn at base, the same as cephalis, decreasing progressively
to the sharp tip. Sutural pore situated in proximal part
or near the collar edge. Thorax small, without pores in

proximal part and smooth or with small costae. Abdomen
wide, sphaeroidal and porous; pores circular without
specific alignment. Some pore-frames reinforced near
proximal part of abdomen and become thicker distally
giving rise to longitudinal costae, sometimes transversally
connected. One row of large pores separates abdomen
from fourth segment which is seldom preserved. Fourth
segment composed of thick pore frames with a loose
network.

Original remarks: This form differs from E. gunensis n. sp.
by the presence of thick abdominal and post-abdominal
costae.

Etymology: From Latin ramus (branch).

Type locality: Locality GSC C-300407, Bridge River Com-
plex, lake Carpenter, British Columbia.

Occurrence: Bridge River Complex, British Columbia;
Musallah Formation, Oman; Japan.

Genus: Farcus Pessagno, Whalen & Yeh 1986

Type species: Farcus graylockensis Pessagno, Whalen & Yeh 1986

Synonymy:
1986 Farcus n. gen. — Pessagno, Whalen & Yeh, p. 23.

Original diagnosis: Test as with family but possessing
a single, massive apical horn that is attached to the apical
bar. Thorax lacking tubular, velum-like structure distally.
Original description of family Farcidae (Pessagno, Whalen
& Yeh 1986, p. 22): Test dicyrtid with single layer of latticed
meshwork on both cephalis and thorax. Latticed layer of
cephalis and occasionally proximal portion of thorax cov-
ered by thin outer layer of microgranular silica. Cephalis
large, hemispherical with one horn (e.g., Farcus n. gen.), or
two horns (e.g., Rolumbus n. gen.), which are triradiate in
axial section. Cephalic skeletal elements cyrtoid, including
vertical bar, primary left lateral bar, primary right lateral
bar, median bar, secondary left lateral bar, secondary right
lateral bar, and apical bar (dorsal bar absent). Thorax large,
inflated, with four (rarely five) feet that are triradiate in
axial section. Four feet opposed to two primary lateral and
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two secondary lateral bars; fifth foot, if present, opposed to
vertical bar. Base of thorax hemispherical with centrally-
placed circular aperture (mouth) that has an imperforate
rim. Thorax with (e.g., Rolumbus, n. gen.) or without (e.g.,
Farcus, n. gen.) fragile tubular, velum-like structure ex-
tending distally from aperture (mouth) of well-preserved
specimens.

Original remarks: Farcus n. gen., is compared to Rolumbus
n. gen., under the latter genus.

Etymology: Farcus (masc.) is a name formed by an arbitrary
combination of letters (ICZN, 1964, Appendix D, Pt. VI,
Recommendation 4, p. 113).

Included species:

FARO2 Farcus asperoensis Pessagno, Whalen & Yeh 1986
FARO4 Farcus graylockensis Pessagno, Whalen & Yeh 1986
FARO3 Farcus kozuri Yeh 1987b



Plate EUCO04. Eucyrtidiellum ramescens Cordey. Magnification x300. Fig. 1(H). Cordey 1998, pl. 25, fig. 7.
Fig. 2. OM-00-118, 000702.
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Farcus asperoensis Pessagno, Whalen & Yeh 1986
Species code: FAR02

Synonymy:

1986 Farcus asperoensis 1. sp. — Pessagno, Whalen & Yeh, p. 23,
pl. 3, figs. 12, 16, 17, 21; pl. 11, fig. 9.

2002 Farcus asperoensis Pessagno, Whalen & Yeh — Whalen &
Carter, p. 124, pl. 11, figs. 3, 11, 15.

Original diagnosis: Cephalis medium-sized, hemispheri-
cal, with single, massive triradiate horn; cephalis common-
ly covered by layer of microgranular silica. Horn triradi-
ate in axial section with rounded, longitudinal ridges and
narrow grooves. Thorax with small, polygonal pore frames,
commonly partially covered by a thin layer of microgranu-
lar silica. Four feet, medium-sized, triradiate in axial sec-
tion with narrow, rounded longitudinal ridges and broad
grooves. Four feet commonly attached to base of thorax,
although on some specimens two of the feet are attached
part way up the thorax. Circular mouth surrounded by im-
perforate rim.

Original remarks: Farcus asperoensis n. sp., differs from
other species of Farcus by the nature of the distinctive
imperforate rim surrounding the mouth. An undescribed

species of Farcus (Pl 11, fig. 14) from the Hyde Formation
of east-central Oregon possesses an elongated thorax and
massive horn similar to those of E asperoensis, n. sp.

Measurements (um):
Numbers of specimens measured are in parentheses.

HT | Mean Max. | Min.
length of cephalis 20 | 22.3(9) | 30(9) | 18(9)
length of thorax 80 80(9) | 90(9) | 70 (9)
width of thorax at top 48 | 50.5(9) | 64(9) | 43 (9)
width of thorax at base 50 | 61.2(8) | 70(8) | 50(8)
length of horn 48 | 64.6(9) | 80 (9) | 48 (9)
width of horn at base 13 12049 | 25(09) | 13(9)
length of foot (maximum) | 32 | 61.3(9) | 80(9) | 32(9)

Etymology: This species is named for Pico Aspero, which is
located east of its type area.

Type locality: Sample SH-412-14, San Hipdlito Formation,
Vizcaino Peninsula, Baja California Sur.

Occurrence: San Hipdlito Formation, Baja California Sur;
Musallah Formation, Oman.

Farcus graylockensis Pessagno, Whalen & Yeh 1986

Species code: FAR04

Synonymy:

1986 Farcus graylockensis n. sp. — Pessagno, Whalen & Yeh,
p. 24, pl. 2, figs. 4, 6-8, 12, 15.

1987b Farcus graylockensis Pessagno, Whalen & Yeh - Yeh,
p.76,pl. 1, fig. 7.

1996 Farcus graylockensis Pessagno, Whalen & Yeh - Pujana,
p.-139,pl. 1, fig. 7.

1997 Farcus graylockensis Pessagno, Whalen & Yeh - Yao, pl. 8,
fig. 395.

1997 Farcus aff. kozuri Yeh - Yao, pl. 8, fig. 396.

2002 Farcus graylockensis Pessagno, Whalen & Yeh - Tekin,
p. 189, pl. 4, fig. 2.

Original diagnosis: Single horn wide, massive, triradiate in
axial section; horn comprised of three wide, wedge-shaped
grooves alternating with three wide, rounded ridges. Tho-
rax with massive, uniformly-sized tetragonal and pentago-
nal pore frames. Feet moderately long, triradiate in axial
section; three longitudinal grooves deep, wider proximally
than distally, wedging out distally; three longitudinal ridges
rounded, becoming progressively narrower distally.

Original remarks: This species differs from similar forms
among the Hilarisiregidae Takemura and Nakaseko, 1982,
by possessing a dicyrtid test, and considerably different
wall structure (see PL 1, figs. 4, 5, 10).
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Measurements (um):
Based on 10 specimens.

HT Mean | Max. | Min.
length of cephalis 25 25.7 | 30 20
length of thorax 100 92.5 100 75
width of thorax at top 62.5 | 63.7 87.5 | 50
width of thorax at base 112.5 | 106.2 | 120 100
length of horn 70 72.7 87.5 | 62.5
width of horn at base 25 23.5 25 20

length of foot (maximum) | 95 96.5 125 75

Etymology: Farcus graylockensis n. sp., is named for Gray-
lock Butte, which is located north of its type locality.

Type locality: OR-536, Nicely Formation, southeast side of
Morgan Mountain, east-central Oregon.

Occurrence: Nicely Formation, Oregon; Sierra Chacaico
Formation, Argentina; Hocakdy Radiolarite, Turkey; Tawi
Sadh Member of the Guwayza Formation, Oman; Japan.



Plate FARO2. Farcus asperoensis Pessagno, Whalen & Yeh. Magnification x300. Fig. 1(H). Pessagno, Whalen & Yeh
1986, pl. 3, fig. 12. Fig. 2. Pessagno, Whalen & Yeh 1986, pl. 3, fig. 16. Fig. 3. OM-00-251, 021607.

Plate FARO4. Farcus graylockensis Pessagno, Whalen & Yeh. Magnification x300. Fig. 1(H). Pessagno, Whalen & Yeh
1986, pl. 2, fig. 6. Fig. 2. OM, BR1122-R01-09.
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Farcus kozuri Yeh 1987b
Species code: FAR03

Synonymy:

1986 Farcus sp. A - Pessagno, Whalen & Yeh, p. 24, pl. 3, fig. 4.
1986 Farcus sp. B — Pessagno, Whalen & Yeh, p. 24, pl. 3, fig. 13.
1987b Farcus kozuri n. sp. - Yeh, p. 75, pl. 1, figs. 2, 6, 13.

Original description: Test dicyrtid, cephalis medium in
size, hemispherical, imperforate, covered with layer of
microgranular silica. Single horn moderately massive,
triradiate with three narrow ridges alternating with three
wide grooves. Thorax hemispherical, with slightly variable
size of massive polygonal pore frames. Distal portion of
thorax with three to four prominent transverse ridges,
ridges continuous or slightly offset, parallel to each other
and merging with those of feet. Feet massive, medium in
length, tapering distally, triradiate in axial section with
three wide, deep longitudinal grooves alternating with
three narrow longitudinal ridges.

Original remarks: Farcus kozuri, n. sp., differs from F. gray-
lockensis Pessagno, Whalen, and Yeh (1986) by possessing
three to four well-developed transverse ridges on the distal
portion of thorax.

Measurements (um):
Based on 10 specimens.

HT | Mean | Max. | Min.
Length of cephalis 29 29 30 28
Length of thorax 78 84 78 90
width of thorax at top 43 42 43 40
width of thorax (maximum) | 114 | 112 114 108
length of apical horn 78 65 78 36
length of foot (maximum) 100 90 100 78

Etymology: This species is named for Dr. H. Kozur, in
honor of his studies on Mesozoic Radiolaria.

Type locality: Sample OR-536], Nicely Formation, south-
east side of Morgan Mountain, east-central Oregon.

Occurrence: Nicely Formation, Oregon; Tawi Sadh Mem-
ber of the Guwayza Formation, Oman.

Genus: Foremania Whalen & Carter 1998

Type species: Foremania sandilandsensis Whalen & Carter 1998

Synonymy:
1998 Foremania n. gen. — Whalen & Carter, p. 79.

Original description: Test elongate, cylindrical with single-
layered wall. Cephalis large, dome shaped with irregularly
branching horn. Post-abdominal chambers generally
rectangular in outline; first few chambers very gradually
increasing in size as added; post-abdominal chambers
gradually decreasing in width producing an open tube.
Regularly shaped pore frames on most post-abdominal
chambers; pore frames more regular in shape (tetragonal)
and aligned in distinct horizontal and vertical rows on distal
portion of test; pore frames smaller on more proximal part
of test, larger and more regularly shaped on distal part of
test.
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Original remarks: The narrow but open tubular extension
of the test and the very regularly shaped and aligned pore
frames on the distal post-abdominal chambers distinguish
Foremania n.gen. from Pseudoeucyrtis Pessagno. The
single-layered wall distinguishes Foremania n. gen. from
Canutus Pessagno and Whalen and Droltus Pessagno and
Whalen.

Etymology: This genus is named in memory of Helen
Foreman a noted scholar of fossil Radiolaria.

Included species:
FRMO1 Foremania sandilandsensis gr. Whalen & Carter
1998



Plate FARO3. Farcus kozuri Yeh. Magnification x200. Fig. 1(H). Yeh 1987b, pl. 1, fig. 6. Fig. 2. Pessagno, Whalen & Yeh
1986, pl. 3, fig. 4. Fig. 3. Pessagno, Whalen & Yeh 1986, pl. 3, fig. 13.
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Foremania sandilandsensis gr. Whalen & Carter 1998

Species code: FRMO1

Synonymy:
1982a gen. et sp. indet. 1 — De Wever, p. 220, pl. 13, figs. 13-14.
1982b gen. et sp. indet. 1 - De Wever, p. 354, pl. 56, figs. 10-11.
? 1990 Nassellaria gen. et sp. indet. - De Wever et al,, pl. 4, fig. 2.
1990 Gen. sp. indet. 1 in De Wever 1982 — De Wever et al.,
pl. 4, fig. 3.
1998 Foremania sandilandsensis n. sp. - Whalen & Carter, p. 79,
pl. 24, figs. 14, 15, 18-21, 24-26.

Original description: Test elongate, cylindrical, commonly
with ten postabdominal chambers. Cephalis large, dome-
shaped with horn; horn irregularly shaped, branching,
usually with two or three prongs varying in size. Cephalis
and thorax mostly imperforate, almost completely
covered by layer of microgranular silica. Thorax and
abdomen trapezoidal in outline. Most postabdominal
chambers subrectangular to square in outline, very
gradually increasing in width and height as added; last
few postabdominal chambers gradually decreasing in
width. On well preserved specimens, test terminating in a
narrow, open tube. Pore frames on initial chambers of test
small and irregularly shaped; pore frames on test gradually
increasing in size as added, becoming much more regularly
tetragonal and aligned in distinct horizontal and vertical
rows on distal part of test; small rounded nodes at vertices
of all pore frames.

Original remarks: Foremania sandilandsensis is the only
species of Foremania yet recognized. Since the test is

very large and seldom complete, the observed number of
postabdominal chambers depends on preservation.

Further remarks: The size of this species is very variable.
The length of the specimens illustrated herein varies from
140pm (pl. FRMOI, fig 1(H)) to 530um (pl. FRMO1, fig.
8a).

Measurements (um):
Based on 5 specimens.

Length | Max. width
140 26 HT
227 103 Max.
140 26 Min.
200 80 Mean

Etymology: This species is named for Sandilands Island,
located in Skidegate Inlet, north of South Bay, Queen
Charlotte Islands, British Columbia.

Type locality: Sample QC 590A. Kunga Island, north side,
Sandilands Formation, Queen Charlotte Islands, British
Columbia, Canada.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands; Diirrnberg Formation, Austria;
Giimiislit Allochthon, Turkey; Tawi Sadh Member of the
Guwayza Formation and Musallah Formation, Oman;
Japan.

Genus: Gigi De Wever 1982a

Type species: Gigi fustis De Wever 1982a

Synonymy:
1982a Gigi n. gen. — De Wever, p. 194.
1988 Gigi De Wever - Hori, p. 558.

Original description: Two-segmented test with a long po-
rous closed tube. Apical horn small, simple or forked. On
the cephalis, or at the collar stricture, one (or several ?)
spines corresponding to the external prolongation of ce-
phalic spines are present. Cephalic skeleton not in collar
plane.

Revised description: By Hori (1988): Test comprising 2
to 3 chambers, cephalis, thorax or abdomen, or both and
closed tube, without radial spines. The proximal portion
subspherical, having smooth surface and circular pores
with a crown-like apical horn and thorn(s). Tube porous
and elongated cylindrically, sometimes weakly expanded
near the distal end.
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Original remarks: This genus differs from Katroma by hav-
ing only two segments, very small cephalic horns (except
the apical horn) and smaller pores. It differs from Podobursa
by the number of segments and the structure of the pores.
This genus could be considered as older than Katroma (P.
Dumitrica, pers. com.).

Further remarks: Contrary to the assumption in the origi-
nal remarks, our new data show that Katroma appears prior
to Gigi.

Etymology: Name formed by an arbitrary combination of
letters (ICZN, art. 40, p. 113).

Included species:
GIGO1 Gigi fustis De Wever 1982a



- wg X
-

"
-

Plate FRMO1. Foremania sandilandsensis gr. Whalen & Carter. Magnification Figs. 1-7 x300 (scale bar A), Figs. 8-16
x200 (scale bar B), except Fig. 8b x400. Fig. 1(H). Carter et al. 1998, pl. 24, fig. 20. Fig. 2. Carter et al. 1998, pl. 24, fig. 19.
Fig. 3. Carter et al. 1998, pl. 24, fig. 18. Fig. 4. OM; BR1121-R10-06. Fig. 5. OM, BR1121-R10-11. Fig. 6. OM, BR1121-
R08-18. Fig. 7. QCI, GSC loc. C-305417, GSC 111808. Fig. 8a,b. TR, 1662D-R03-12. Fig. 9. TR, 1662D-R02-13.

Fig. 10. JP, I'YII8-85. Fig. 11. OM-00-252, 022012. Fig. 12. AT, BMW21-17. Fig. 13. OM-00-118, 000612.

Fig. 14. OM, BR528-R10-07. Fig. 15. OM, BR524-R04-24. Fig. 16. OM, BR706-R12-03.
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Gigi fustis De Wever 1982a
Species code: GIGO1

Synonymy:
1982a Gigi fustis n. sp. - De Wever, p. 195, pl. 4, figs. 1-8.
1982b Gigi fustis De Wever — De Wever, p. 340, pl. 57,
figs. 1-6, 12.
1982 Gigi fustis De Wever — De Wever & Origlia-Devos, pl. 1,
fig. E
1988 Gigi sp. aff. G. fustis De Wever - Hori, p. 559, fig. 9.1, 2.
1988 Katroma dengqenesis n. sp. — Li, p. 328, pl. 1, fig. 18,
not fig. 9.
1993 Katroma sp. — Kashiwagi & Yao, pl. 1, fig. 10.
1993 Gigi fustis De Wever - Kashiwagi & Yao, pl. 1, fig. 11.
1994 Gigi fustis De Wever — Gori¢an, p. 70, pl. 16, figs. 11-13.
1995 Gigi fustis De Wever - Suzuki, pl. 8, fig. 5.
1997 Gigi cf. G. fustis De Wever - Hori, pl. 1, fig. 20.
1997 Gigi sp. cf. G. fustis De Wever - Hori et al,, fig. 2.3.
1998 Gigi fustis De Wever — Kashiwagi, pl. 2, figs. 13, 14.
2001 Gigi fustis De Wever — Kashiwagi, fig. 6.4.
2004 Gigi fustis De Wever — Matsuoka, fig. 116.

Original description: Two-segmented test with a long
closed tube and a very small clove-shaped apical horn.
Horn sometimes simple and not branched when poorly
preserved. Cephalis conical, porous. Cephalic skeleton
massive, especially at the level of median bar. One spine of
the cephalic skeleton (probably V) outgrowing as a small
horn. Thorax globular with small pores. Thorax extending
in a long tube with widely open proximal pores and smaller
distal pores; the latter are aligned along the tube and show
a tendency towards helicoidal distribution. Two keels seem
to be developed distally.

Original remarks: This species differs from Katroma neagui,
K. bicornus and K. sp. A, K. sp. B, by having a simpler
outline, smaller horns (apical and lateral), and especially by
its two-segmented test.

Measurements (um):
Based on 14 specimens.

HT | Max. | Min. | Mean

Total length

(including the apical horn) 450 | 490 | 360 | 443

Tube length 320 | 390 | 260 | 315
Tube width 24 33 24 28
Length of cephalis plus thorax | 107 | 170 90 120
Maximum width of thorax 79 110 72 88

Etymology: From the Latin fustis, -is, m. = bludgeon,
referring to general shape.

Type locality: Sample 1662D, Glimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Gimiislii Allochthon, Turkey; Budva Zone,
Montenegro; Pindos Zone, Greece; Haliw (Aqil) Formation,
Oman; Denggen area, Tibet; Japan; New Zealand.

Genus: Gorgansium Pessagno & Blome 1980

Type species: Gorgansium silviesense Pessagno & Blome 1980

Synonymy:
1980 Gorgansium n. gen. — Pessagno & Blome, p. 234.

Original description: Cortical shell typically elliptical
with 3 primary spines of unequal length usually occurring
in same plane. Primary spines asymmetrically arranged;
2 spines closer together, often considerably shorter than
third spine. Cortical shell usually compressed in plane of 3
primary spines. First medullary shell small, spherical with
fragile pore frames.

Original remarks: Gorgansium, n. gen. differs from Betrac-
cium Pessagno, (Pessagno et al., 1979), in the asymmetri-
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cal arrangement and unequal length of its primary spines.
Whereas Betraccium has symmetrically arranged, more or
less equidistant spines of equal length, Gorgansium has its 2
shorter spines situated close together.

Etymology: Gorgansium is a name formed by an arbitrary
combination of letters (ICZN, 1964. Appendix D. Pt. 6.
recommendation 40. p.113). The gender of this genus is
neuter.

Included species:
GORO02 Gorgansium gongyloideum Kishida & Hisada 1985
GORO3 Gorgansium morganense Pessagno & Blome 1980



Plate GIGO1. Gigi fustis De Wever. Magnification x300, except Fig. 1b(H) x500. Fig. 1a,b(H). De Wever 1982a, pl. 4,
figs. 1, 2. Fig. 2. TR, 1662D-R02-08. Fig. 3. Matsuoka 2004, fig. 116. Fig. 4. JP, Nanjo chert, NA-16, RH(1)394.

Fig. 5. JP, Nanjo chert, NAI-76, RH(1)442. Fig. 6. JP, Nanjo chert, NA-11-12, RH(1)391. Fig. 7. OM, Haliw-039-R02-05.
Fig. 8. OM, Haliw-038-R09-23. Fig. 9. OM, Haliw-038-R08-08. Fig. 10. OM, Haliw-039-R02-06. Fig. 11. OM, Haliw-
038-R08-19. Fig. 12. OM, Haliw-039-R06-20. Fig. 13. OM, Haliw-039-R02-08. Fig. 14. OM, Haliw-039-R06-28.
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Gorgansium gongyloideum Kishida & Hisada 1985

Species code: GOR02

Synonymy:

1982 Gorgansium sp. A - Kishida & Sugano, pl. 4, fig. 8.

1984 Gorgansium sp. aff. morganense Pessagno & Blome
- Whalen & Pessagno, pl. 1, figs. 15-16.

1985 Gorgansium gongyloideum n. sp. - Kishida & Hisada,
p. 116, pl. 1, figs. 21-22.

1986 Gorgansium gongyloideum Kishida & Hisada — Kishida &
Hisada, Fig. 4.4.

1990 Gorgansium gongyloideum Kishida & Hisada — Hori, Fig. 8.6.

1994 Gorgansium gongyloideum Kishida & Hisada — Goric¢an,
p. 70, pl. 1, fig. 6.

1998 Gorgansium gongyloideum Kishida & Hisada - Yeh &
Cheng, p. 12, pl. 1, fig. 1.

2002 Gorgansium gongyloideum Kishida & Hisada - Whalen &
Carter, p. 105, pl. 6, figs. 3-5, 9-11.

2002 Gorgansium gongyloideum Kishida & Hisada — Tekin,
p. 179, pl. 1, fig. 4.

2003 Gorgansium spp. — Gorican et al., p. 291, pl. 1, fig. 7.

Original diagnosis: Cortical shell spherical, with three
three-bladed primary spines. Two spines somewhat shor-
ter than third spine. Third spine as long as diameter of
cortical shell.

Original description: Cortical shell spherical, with pre-
dominantly hexagonal pore frames lacking well-devel-
oped nodes at vertices. Thickness of pore frame bars in
7 direction about two times as thick as in Y direction (Text-
fig. 5). Seven pore frames visible on test surface along AB,
six to seven pore frames visible along CD (Text-fig. 5). Pri-
mary spines triradiate in axial section; composed of three
narrow grooves alternating with three moderately wide

ridges longitudinally. Two primary spines nearly equal in
length; third spine somewhat longer. Third spine as long as
diameter of cortical shell.

Original remarks: Gorgansium gongyloideum n. sp. differs
from Gorgansium crassum n. sp., in having cortical shell
without compression, more numerous pore frames and
primary spines with wider ridges.

Measurements (Lm):

Based on 5 specimens.

System of measurements shown in Text-fig. 5 of Kishida &
Hisada (1985).

AB | CD | AT | EF | GH

78 | 81 | 80 | 61 | 59 | HT
81 | 83 | 88 | 69 | 68 | Max.
78 | 81 | 78 | 56 | 57 | Min.

79 | 82 | 82 | 62 | 61 | Aw.

Etymology: The name is derived from the Latin adjective
gongylis + deus, meaning spherical.

Type locality: Locality 230 of Kishida & Hisada (1985),
Ueno-mura area, Kanto Mountains, Central Japan.

Occurrence: Japan; Fernie Formation, northeastern Brit-
ish Columbia; San Hipdlito Formation, Baja California
Sur; Skrile Formation, Slovenia; Budva Zone, Montenegro;
Hocakéy Radiolarite, Turkey; Liminangcong Chert, Philip-
pines.

Gorgansium morganense Pessagno & Blome 1980
Species code: GOR03

Synonymy:
1980 Gorgansium morganense n. sp. — Pessagno & Blome,
p. 234, pl. 6, figs. 10, 18, 23.

Original description: Cortical shell circular in outline
compressed somewhat in plane of spines and comprised
of large pore frames with poorly developed nodes at the
vertices. Bars of pore frames of medium thickness along Y;
thicker along Z (text-fig. 5). Five to 6 pore frames visible on
test surface along AB; 5 pore frames visible along CD (see
pl. 8, fig. 16). Two primary spines nearly equal in length;
third spine longer. All 3 spines triradiate in axial section,
comprised of 3 massive, wide ridges alternating with 3
moderately wide grooves longitudinally; grooves somewhat
wider than ridges.

Original remarks: This species differs from G. silviesense,
n. sp., in having a cortical shell that is circular rather than
elliptical in outline and in having much longer primary
spines.
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Measurements (um):
Based on 7 specimens.
System of measurement shown in plate 8, figure 16 of
Pessagno & Blome (1980).
AB | CD | AT | EF | GH
94 | 75 | 94 | 69 | 75 | HT
9% | 81 93 | 55 | 65 | Aw.
106 | 113 | 106 | 75 | 88 | Max.
88 | 75 81 | 56 | 63 | Min.

Etymology: G. morganense is named for Morgan Mountain
near its type locality.

Type locality: Sample OR 536, Nicely Formation, northeast
side of Morgan Mountain, Oregon.

Occurrence: Nicely Formation, Oregon; Fannin Formation,
Queen Charlotte Islands.



Plate GORO02. Gorgansium gongyloideum Kishida & Hisada. Magnification x300. Fig. 1(H). Kishida & Hisada 1985,
plL 1, fig. 21. Fig. 2. JP, MNA-10, MA11018. Fig. 3. Whalen & Carter 2002, pl. 6, fig. 3. Fig. 4. Whalen & Carter 2002,
pl. 6, fig. 5. Fig. 5. Whalen & Carter 2002, pl. 6, fig. 4.

Plate GORO3. Gorgansium morganense Pessagno & Blome. Magnification x300. Fig. 1(H). Pessagno & Blome 1980,
pl. 6, fig. 10. Fig. 2. QCI, GSC loc. C-304566, GSC 128796.
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Genus: Haeckelicyrtium Kozur & Mostler 1979, emend. Carter 1993

Type species: Haeckelicyrtium austriacum Kozur & Mostler 1979

Synonymy:

1979 Haeckelicyrtium n. gen. — Kozur & Mostler, p. 98.

1993 Haeckelicyrtium Kozur & Mostler — Carter, p. 96.

1997 Haeckelicyrtium Kozur & Mostler — Sugiyama, p. 154-155.

Original description: Cephalis imperforate without apical
horn. Thorax very wide, cap-shaped, with rough pores,
which can be completely closed in the proximal part by
an imperforate layer. Abdomen short, very strongly and
abruptly flaring into a disc distally. Distal border smooth
in the type species, but with short, wide and blunt spines
distributed in the disc plane in Haeckelicyrtium? spinosum
n. sp. Aperture wide, circular. Internal spicule as in family.

Emended description: Carter (1993): Includes forms with
or without an apical horn. Distal rim of abdomen may be
spinose as well as smooth.

Original remarks: Dreyericyrtiumn. gen. and Deflan-
drecyrtium n. gen. have an apical horn. Dreyericyrtium is
however considerably more slender, and Deflandrecyrtium
has a two-segmented conical cephalis as well as laterally

and downwardly directed spines at the distal end of the
abdomen.

Further remarks: Sugiyama writes that based on
evidence from Hori (1992) and from diverse Lower and
Middle Jurassic assemblages of Yao (1997), the genus
Haeckelicyrtium disappears at the end of the Triassic.
However, Carter et al. (1998) found Haeckelicyrtium sp.
A in Hettangian/Sinemurian strata of the Sandilands
Formation, Queen Charlotte Islands, Whalen and Carter
(2002) found Haeckelicyrtium sp. B in Baja California Sur,
and abundant Haeckelicyrtium (H. crickmayi described
herein) are present in Pliensbachian formations of Queen
Charlotte Islands. Rare specimens of Haeckelicyrtium are
also known from the Fernie Formation of northeastern
British Columbia.

Etymology: Named for E. Haeckel, the famous pioneer of
radiolarian research.

Included species:
HCKO5 Haeckelicyrtium crickmayi Carter n. sp.
HCKO04 Haeckelicyrtium sp. B sensu Whalen & Carter 2002

Haeckelicyrtium crickmayi Carter n. sp.
Species code: HCKO05

Type designation: Holotype GSC 111719 and paratype GSC
111720 from GSC loc. C-304281, Ghost Creek Formation
(lowermost Pliensbachian).

Description: Cephalis small and globular, imperforate,
without horn. Thorax short, funnel-shaped, with small cir-
cular to subcircular pores. Abdomen abruptly flaring to a
wide, downwardly directed net-like skirt composed mostly
of large subcircular to circular pore frames becoming larger
towards periphery. Periphery of skirt most irregular with
outer portions of skirt extending as flared perforate arms of
variable width. All arms of skirt terminating in one or more
short circular spines; narrower arms commonly terminate
with bifurcating spines.

Remarks: Haeckelicyrtium crickmayi n.sp. differs from
H. karcharos Carter (1993) in lacking a horn and in pos-
sessing long, net-like arms of variable width on the edge
of the skirt that terminate in one or more spines. It differs
from Haeckelicyrtium sp. B of Whalen and Carter (2002)

in having a less distinct boundary between the thorax and
cephalis and in possessing long, net-like arms on the edge
of the skirt.

Measurements (um):
Based on 9 specimens.

HT | Max. | Min.
Diameter of cephalis 52 66 32
Max. diameter of thorax
(excl. arms and spines)

Mean
51(7)

464 | 469 | 352 429

Etymology: Named for Colin H. Crickmay, who contribut-
ed significantly to the knowledge of Late Triassic and Early
Jurassic ammonoids of British Columbia

Type locality: Ghost Creek Formation, South side of Maude
Island, several hundred metres west of Ells Bay, Skidegate
Inlet, Queen Charlotte Islands, British Columbia.

Occurrence: Ghost Creek and Fannin formations, Queen
Charlotte Islands; Fernie Formation, NE British Columbia.

Haeckelicyrtium sp. B sensu Whalen & Carter 2002

Species code: HCK04

Synonymy:

1998 Haeckelicyrtium karcharos Carter — Yeh & Cheng, p. 32,
pl. 12, fig. 8.

2002 Haeckelicyrtium sp. B — Whalen & Carter, p. 122, pl. 16, fig. 9.
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Original remarks: The pore frames of this species are more
massive than the pore frames of Haeckelicyrtium sp. A of
Whalen & Carter 1998.

Occurrence: San Hipdlito Formation, Baja California Sur;
Liminangcong Chert, Philippines.



Plate HCKO5. Haeckelicyrtium crickmayi Carter n. sp. Magnification x100. Fig. 1(H). GSC loc. C-304281, GSC 111719.
Fig. 2. QCI, GSC loc. C-304567, GSC 128803. Fig. 3. QCI, GSC loc. C-304281, GSC 111720. Fig. 4. QCI, GSC loc. C-
304567, GSC 128913. Fig. 5. NBC, GSC loc. C-305208, GSC 128802.

Plate HCKO04. Haeckelicyrtium sp. B sensu Whalen & Carter. Magnification x150. Fig. 1. Whalen & Carter 2002,
pl. 16, fig. 9.
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Genus: Hagiastrum Haeckel 1881

Type species: Hagiastrum plenum Rist 1885 (subsequent designation by Campbell, 1954)

Synonymy:

1881 Hagiastrum n. gen. — Haeckel, p. 460.

1887 Hagiastrum Haeckel — Haeckel, p. 542.

1971 Hagiastrum Haeckel emend. - Pessagno, p. 52.
1977b Hagiastrum Haeckel emend. — Pessagno, p. 72.
1980 Hagiastrum Haeckel emend. - Baumgartner, p. 289.

Original description: 3c. Tribe: Euchitonida. Porodiscida
with arms, arms chambered situated in the equatorial
plane and radiating from the margin of the disk (often with
terminal spines on the arms, and often with the arms joined
by a patagium or chambered web).

C. With four arms, arranged in the form of a rectangular
Cross.

CI. With simple arms.

Ia. Without patagium.

Emended description: By Baumgartner (1980): Test as
with subfamily, composed of 4 arms approximately at right
angles. Rays slender elongate usually with bulbous tips,
with or without spines.

Emendation of the subfamily Hagiastrinae Riedel 1971
(Baumgartner, 1980, p. 288): Test as with family, composed
of 2 to 4 rays extending from a central area which is simply
formed by the convergence of the rays. Cortical rays
composed of numerous (8-12) longitudinal external beams,
connected by bars regularly in transverse rows forming
single rows of circular, rectangular or parallelogram-shaped
pores between beams. Cross-section of ray circular or
elliptical. Central area of cortical shell usually with smaller,
more irregular pore frames, nodes may be developed.
Medullary shell centrally placed, about one-third the
diameter of cortical shell, leaving a cylindrical cortical space
around it. Medullary shell connected by numerous radially

arranged subsidiary beams to cortical shell. Medullary shell
as with family, rays circular in cross section, composed of
several medullary beams comprising 3 (sometimes up to
6) primary canals. Central area of medullary shell with
internal vertical beamlets.

Further remarks: By Baumgartner (1980): Included are
only those four-rayed forms displaying linear arrangement
of beams and pore rows and having an inner structure as in
the subfamily. Species with more irregular porearrangement
assigned to this genus by Kozur and Mostler (1978) and
Pessagno, Finch and Abbott (1979), should be assigned to
the genus Crucella Pessagno under the Patulibracchiidae
Pessagno, emend.

This volume: Although Hagiastrum is the type genus of
the family Hagiastridae the cross-section of rays of the type
species of Hagiastrum is not yet known. In revising the fam-
ily, Baumgartner (1980) made no remarks on the number
of beams and rows of pores because of the difficulty to find
a specimen confidently assigned to the type species. Herein
we assign to this genus all species answering more or less
the emended definition without taking into account the ray
structure. However, we note that Hagiastrum macrum De
Wever (see below) has rays with 3 primary and 9 secondary
canals.

Etymology: From the Greek agion = holy, and astron =
starrulet.

Included species:

HAGO6 Hagiastrum macrum gr. De Wever 1981b
HAGO3 Hagiastrum majusculum Whalen & Carter 1998
HAGO04 Hagiastrum rudimentum Whalen & Carter 1998

Hagiastrum macrum gr. De Wever 1981b
Species code: HAG06

Synonymy:
1981b Hagiastrum macrum n. sp. - De Wever, p. 29, pl. 1, figs. 7-9.
1982b Hagiastrum macrum De Wever — De Wever, p. 232,

fig. 75, pl. 20, figs. 7-8; pl. 21, fig. 1.
1987b Tetratrabs imlayi n. sp. — Yeh, p. 31, pl. 21, figs. 8, 10, 12.
2004 Tetraditryma macra (De Wever) — Matsuoka, fig. 41.

Original diagnosis: Hagiastrum with four long and thin
rays ornamented with long secondary spines.

Original description: Straight arms, composed of stout
longitudinal beams with regularly distributed connecting
bars that form quadrangular pores. This network exists only
on arms, while pores are randomly arranged in center.

Original remarks: This species is distinguished from other

species of Hagiastrum by its skeleton-like shape and well-
developed secondary spines.
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Arm structure is slightly different from other Hagiastri-
nae. In this subfamily the medullary shell is surrounded
by a cortical space, crossed by bars. For H. macrum, the
large number of bars and their distinctive shape seem
to form porous canals that fill the cortical space (pl. 1,
fig. 9). This is in agreement with P. O. Baumgartner’s obser-
vations (1981, pers. comm.) who noticed that the cortical
space is more and more restricted in early forms.

Further remarks: Although not mentioned in the origi-
nal description, the view along one broken ray (De Wever
1981b, pl. 1. fig. 9) shows 3 primary canals surrounded by
9 secondary canals and 9 or more external beams; such
structure is similar to that of Homoeoparonaella elegans
(see Baumgartner, 1980).



Measurements (um):
Based on 7 specimens.

HT | Min. | Max. | Mean

Total length

(of two rays without terminal spines)
Width of rays 40 | 40 | 54 44
Length of terminal spines 70 | 62 70 66

442 | 430 | 496 | 458

Etymology: From Latin macer, -a, -crum, adj. = with little
substance, thin, stunted. By analogy with the emaciated
shape of this form.

Type locality: Sample 1662D, Guimiislii Allochthon, Taurus
Mts., Turkey.

Occurrence: Glimiislii Allochthon, Turkey; Fernie Forma-
tion, NE British Columbia; Hyde Formation and Warm
Springs member of the Snowshoe Formation, Oregon;
Mino Terrane, Japan; Tawi Sadh Member of the Guwayza
Formation, Oman.

Plate HAGO06. Hagiastrum macrum gr. De Wever. Magnification 150x. Fig. 1(H). TR, De Wever 1981b, pl. 1, fig. 7.
Fig. 2. TR, 1662D-R07-11. Fig. 3. NBC, GSC C-305208, GSC 128807. Fig. 4. OM, BR871-R04-04. Fig. 5. OM, BR525-
R08-10. Fig. 6. OM; BR1121-R07-18. Fig. 7. OM; BR706-R12-15. Fig. 8. OM-00-231, 020405.
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Hagiastrum majusculum Whalen & Carter 1998
Species code: HAG03

Synonymy:

1987b Tetratrabs sp. E - Yeh, p. 32, pl. 11, fig. 12; pl. 22, fig. 2.

1988 Hagiastrum sp. cf. H. egregium Riist — Carter et al., p. 29,
pl. 7, figs. 11, 12.

1988 Hagiastrum sp. A — Carter et al,, p. 29, pl. 2, fig. 2.

1990 Hagiastrum sp. — Nagai, pl. 5, fig. 7.

1991 Hagiastrum sp. cf. H. egregium Riist — Carter & Jakobs,
p. 342, pl. 2, fig. 10.

1996 Hagiastrum cf. H. egregium Riist - Tumanda et al., p. 172,
fig. 6.6.

1996 Tetraditryma sp. A — Yeh & Cheng, p. 97, pl. 1, fig. 5.

1996 Hagiastrum sp. A — Yeh & Cheng, p. 96, pl. 1, fig. 12.

1997 Tetraditryma sp. F - Yao, pl. 7, fig. 331.

1998 Hagiastrum sp. A — Cordey, p. 67, pl. 19, figs. 5, 7, 9-10 only.

1998 Hagiastrum majusculum n. sp. - Whalen & Carter, p. 45, pl.
10, figs. 11-12, 14-16.

2002 Hagiastrum majusculum Whalen & Carter - Whalen &
Carter, p. 103, pl. 8, figs. 3, 11, 13.

2004 Hagiastrum rudimentum Whalen & Carter — Matsuoka,
fig. 38.

Original description: Test composed of four long, nodose
rays with bulbous tips terminating in moderately long
triradiate spines. Rays usually composed of eight external
nodose longitudinal beams; beams display strong linearity
frequently becoming slightly twisted. Beams connected by
transverse bars forming single, longitudinal rows of square
to tetragonal pore frames; pores circular to subcircular.
Nodes at vertices of pore frames elliptical to subrectan-
gular, strongly raised and highly distinctive. Central area
small, composed of triangular and rectangular pore frames
with large nodes at vertices. Bulbous ray tips composed
of square pore frames with weak nodes at vertices. Spines
moderate in length, triradiate.

Original remarks: 'This form is likely derived from
Hagiastrum rudimentum n. sp. It differs from the latter
species in havinglonger rays with more strongly pronounced
linearity, stronger nodes on both rays and central area, and
in developing bulbous tips at the ends of the rays.

Further remarks: This species now includes forms with six
to eight external beams and a slightly larger, more nodose
central area.

Measurements (um):
Based on 14 specimens.

Length of | Width of Width of Length of
longest widest bulbous longest
ray ray tips spine
249 43 - - HT
395 52 99 131 Max.
205 37 74 75 Min.
292 43 85 92 Mean

Etymology: Name from the Latin majusculus, um (m.)
meaning somewhat larger or greater.

Type locality: Sample 86-OF-KUB-2, Sandilands Forma-
tion, Kunga Island - north side, Queen Charlotte Islands,
British Columbia.

Occurrence: Sandilands, Ghost Creek, Fannin and Phantom
Creek formations, Queen Charlotte Islands; Bridge River
Complex and Williston Lake, British Columbia; San
Hipolito Formation, Baja California Sur; Hyde Formation,
Oregon; Japan; Liminangcong Chert, Philippines; Skrile
Formation, Slovenia; Tawi Sadh Member of the Guwayza
Formation, Oman.

e

Plate HAGO3. Hagiastrum majusculum Whalen & Carter. Magnification Figs. 1-5 x100 (scale bar A), Figs. 6-10 x150
(scale bar B), except Fig. 8¢ x300. Fig. 1(H). Carter et al. 1998, pl. 10, fig. 11. Fig. 2. QCI, GSC loc. C-304567, GSC
128806. Fig. 3. QCIL, GSC loc. C-304567, GSC 128804. Fig. 4. QCI, GSC loc. C-175306, GSC 128805. Fig. 5. Whalen &
Carter 2002, pl. 8, fig. 3. Fig. 6. OR600A-R01-03. Fig. 7. OR600A-R01-07. Fig. 8a,b,c. OM, BR682-R10-10.

Fig. 9. JP, MNA-10, MA10864. Fig. 10. SI, MM5.00, 010102.
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Hagiastrum rudimentum Whalen & Carter 1998
Species code: HAG04

Synonymy:

1987 Hagiastrum sp. C — Hattori, pl. 3, fig. 14.

1998 Hagiastrum sp. A — Cordey, p. 67, pl. 19, figs. 6, 8 only.

1998 Hagiastrum rudimentum n. sp. - Whalen & Carter, p. 46,
pl. 10, figs. 2,7, 8,18, 19.

2002 Hagiastrum rudimentum Whalen & Carter — Suzuki et al.,
p. 178, figs. 7 H-1.

2002 Hagiastrum rudimentum Whalen & Carter - Whalen &
Carter, p. 103, pl. 8, fig. 2.

Original description: Test with four long rays, almost
cylindrical in cross-section, sometimes broadening slightly
near tips. Rays terminating in long triradiate spines having
broad ridges and grooves. Rays usually composed of eight
external longitudinal beams separated by a single row of
pore frames and connected by transverse bars to from
a single linear row of pores between two beams. Nodes
at vertices of pore frames round and moderately raised.
Central area large, composed mostly of triangular and
tetragonal pore frames with strongly raised circular nodes
at vertices.

Original remarks: This is the earliest species of Hagiastrum
to appear in our samples. It has a few irregularly arranged

pores on the rays but in all other aspects seems to conform
to the definition of Hagiastrum as emended by Baumgartner
(1980). See. H. majusculum n. sp. for comparisons.

Measurements ([m):
Based on 10 specimens.

Length of Width of Length of

longest ray widest ray longest spine
181 38 43 HT
244 56 146 Max.
161 38 43 Min.
206 46 62 Mean

Etymology: Name from the Latin rudimentum meaning
first principle, beginning.

Type locality: Sample QC-675, Sandilands Formation,
Kunga Island - north side, Queen Charlotte Islands, British
Columbia.

Occurrence: Sandilands and Ghost Creek formations,
Queen Charlotte Islands; Bridge River Complex, British
Columbia; San Hipdlito Formation, Baja California Sur;
Pucara Group, Peru; Japan.

Genus: Helvetocapsa O’Dogherty, Gori¢an & Dumitrica 2006

Type species: Tricolocapsa matsuokai Sashida, in Sashida et al. 1999

Synonymy:
2006 Helvetocapsa O'Dogherty, Gori¢an & Dumitrica n. gen.
- O’Dogherty et al., p. 450.

Original diagnosis: Test spindle shaped, multisegmented,
composed of three, four, or possibly more segments. Last
segment inversely conical with a small constricted aper-
ture at its base. Segmental divisions generally not well pro-
nounced externally, only faint strictures present in some
species. Small circular pores on surface arranged in longi-
tudinal rows. Numerous longitudinal plicae are generally
well developed on the entire test. One row of pores present
between neighbouring plicae.

Original remarks: The genus is similar to Striatojapono-
capsa Kozur, from which it differs by having an inversely
conical last segment with a simple aperture but no ap-
pendage or eccentric porous depression. It differs from
Protunuma Ichikawa and Yao by having only one row of
pores between adjacent plicae.

A relatively continuous stratigraphic record can be
reconstructed for Helvetocapsa n. gen. from previously
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known occurrences. The genus ranges from the early
Toarcian (Matsuoka 1991a, Gorican et al. 2003), through
Aalenian and Bajocian (Yao 1997; Sashida et al. 1999) to
the Bathonian (Yamamoto et al. 1985; this study). Species
of this genus have previously been assigned to different
genera, depending on the number of segments. We
grouped them together because the available data suggest
that the number of pores (one vs. two or more) between
adjacent plicae is an important taxonomic character but
the number of segments varies through time in the same
phylogenetic lineage.

Etymology: Referring to the occurrence in Switzerland.

Included species and subspecies:

TPS03 Helvetocapsa minoensis (Matsuoka) 1991

SCP03 Helvetocapsa nanjoensis (Matsuoka) 1991

SCP06 Helvetocapsa plicata s.l. (Matsuoka) 1991

SCP04 Helvetocapsa plicata plicata (Matsuoka) 1991
SCPO05 Helvetocapsa plicata semiplicata (Matsuoka) 1991



Plate HAGO04. Hagiastrum rudimentum Whalen & Carter. Magnification x150. Fig. 1(H). Carter et al. 1998, pl. 10, fig. 2.
Fig. 2. QCI, GSC loc. C-080612, GSC 128808.
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Helvetocapsa minoensis (Matsuoka) 1991
Species code: TPS03

Synonymy:

1987 Tricolocapsa sp. A - Hattori, pl. 13, fig. 1.

1987 Tricolocapsa sp. B - Hattori, pl. 13, fig. 2.

1989 Tricolocapsa sp. A — Hattori, pl. 10, fig. A.

1989 Tricolocapsa spp. — Hattori, pl. 10, fig. D.

1990 Tricolocapsa sp. — Nagai, pl. 4, figs. 5a-b.

1991 Tricolocapsa minoensis n. sp. — Matsuoka, p. 723,
Fig. 2. la-5b.

?2 1991 Tricolocapsa sp. cf. T. plicarum - Kojima et al,, pl. 1, fig. 10.

1997 Tricolocapsa minoensis Matsuoka - Yao, pl. 9, fig. 422.

2003 Tricolocapsa minoensis Matsuoka — Gori¢an et al., p. 297,
pl. 4, figs. 13a-b, 14a-b.

2004 Tricolocapsa minoensis Matsuoka — Matsuoka, fig. 81.

Original description: Shell of three segments, drop-like
shaped. Cephalis hemispherical, poreless. Thorax truncate
conical. Abdomen large, subspherical with constricted ap-
erture. Collar and lumber strictures slightly recognizable
or indistinct externally. Outer surface of shell ornamented
with continuous longitudinal plicae. Eleven to 15 moder-
ately spaced plicae visible on outer shell. One row of pores
present between longitudinal plicae. Pores small to moder-
ate in size, circular and uniform in shape. Aperture moder-
ate in size, circular.

Original remarks: Pores vary in size among specimens,
from small (Figures 2-1a,b) to moderate (Figure 2-3).

Tricolocapsa minoensis, n. sp., differs from T. plicarum
Yao by lacking a dish-like basal appendage, by having more
spaced plicae and by its smaller size.

Measurements ([m):
Numbers of specimens measured are in parentheses.

HT | Max. | Min. | Mean
Total height of shell 115 | 115 93 105 | (15)
Maximum width of shell | 94 94 72 83 | (15)
Diameter of aperture 13 14 12 13 (6)

Etymology: This species is named for the Mino Terrane
which includes the type area, Nanjo Massif.

Type locality: Sample MNA-10, Nanjo Massif, Mino Ter-
rane, central Japan.

Occurrence: Japan; Hyde Formation, Oregon; Skrile For-
mation, Slovenia; Tawi Sadh Member of the Guwayza For-
mation, Oman.

Helvetocapsa nanjoensis (Matsuoka) 1991
Species code: SCP03

Synonymy:
1991 Stichocapsa nanjoensis n. sp. - Matsuoka, p. 733,
Fig. 9.1 - 4b.

1997 Stichocapsa nanjoensis Matsuoka - Yao, pl. 9, fig. 440.
2004 Stichocapsa nanjoensis Matsuoka — Matsuoka, fig. 88.

Original description: Shell of four segments, spindle-
shaped. Cephalis hemispherical, poreless. Thorax truncate
conical, abdomen barrel-shaped and fourth segment
inverted conical with a constricted, circular aperture.
Collar stricture pronounced externally. Other segmental
joints indistinct externally. Eight to 10 weakly developed
longitudinal plicae run from thorax to the distal end
in lateral view. One row of pores arranged between the
longitudinal plicae. Pores circular to subcircular, small and
uniform in size.

Original remarks: Stichocapsa nanjoensis, n. sp. is distin-

guished from S. biconica, n. sp. by its small size, by consist-
ing of four segments rather than five and by having longi-
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tudinal plicae. It also differs from Cyrtocapsa (?) kisoensis
Yao by having longitudinal plicae and by lacking an apical
horn.

Measurements (Lm):
Numbers of specimens measured are in parentheses.

HT | Max. | Min. | Mean
Total height of shell 104 | 104 | 90 96 | (10)
Maximum width of shell | 62 63 54 59 | (10)
Diameter of aperture - 8 7 8 (5)

Etymology: The species is named for the Nanjo Massif, its
type locality.

Type locality: MNA-10, Nanjo Massif, Mino Terrane,
central Japan.

Occurrence: Mino Terrane, Japan; Tawi Sadh Member of
the Guwayza Formation and Musallah Formation, Oman.



Plate TPS03. Helvetocapsa minoensis (Matsuoka). Magnification x400. Fig. 1(H). Matsuoka 1991, Fig. 2.1a.
Fig. 2. OM, BR1122-R02-04. Fig. 3. OM, BR1122-R04-16. Figs. 4a-b, 5a-b. Gorican et al. 2003, pl. 4, figs. 14a-b, 13a-b.

Plate SCP03. Helvetocapsa nanjoensis (Matsuoka). Magnification x500. Fig. 1(H). Matsuoka 1991, Fig. 9.1.
Fig. 2. OM, BR1122-R04-15. Figs. 3a, b. OM-00-254-022212, 022213.
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Helvetocapsa plicata s.1. (Matsuoka) 1991
Species code: SCP06

Synonymy:
1991 Stichocapsa plicata n. sp. — Matsuoka, p. 727, Fig. 5-1a-5b:
6-1a-6b.

See also subspecies.

Included subspecies:
SCP04 Helvetocapsa plicata plicata (Matsuoka) 1991
SCPO05 Helvetocapsa plicata semiplicata (Matsuoka) 1991

Original description: Shell of four to six segments, drop-
like or spindle shaped. Cephalis hemispherical, poreless.
The last segment large, inverted hemispherical or inverted
conical with a constricted aperture. Remaining segments
including thorax and abdomen truncate conical. Stric-
tures between segments indistinct externally. Fifteen to 22
densely spaced longitudinal plicae visible on outer shell ex-
cept for cephalis. The longitudinal plicae distinct or part-
ly obscure. One row of pores present between the plicae.
Pores uniform, small and circular. Aperture small, circular,
occasionally with a short protruding rim.

Original remarks: Two subspecies are included under
this species; these are . plicata plicata, n. subsp. and
S. plicata semiplicata, n. subsp. S. plicata, n. sp. differs from
S. convexa Yao by having longitudinal plicae between which
one row of pores is present.

Measurements (um):
Numbers of specimens measured are in parentheses.

HT | Max. | Min. | Mean
Total height of shell 154 | 170 110 142 | (29)
Maximum width of shell | 108 | 124 80 96 (29
Diameter of aperture 8 8 6 7 (12)

Etymology: This specific name comes from the Latin
plicatus-a-um (= plicate).

Type locality: MNA-10, Nanjo Massif, Mino Terrane, cen-
tral Japan.

Occurrence: See subspecies.

Helvetocapsa plicata plicata (Matsuoka) 1991
Species code: SCP04

Synonymy:

1989 Tricolocapsa sp. B. — Hattori, pl. 10, fig. B.

1989 Tricolocapsa spp. — Hattori, pl. 10, fig. E

1989 Tricolocapsa sp. D. — Hattori, pl. 29, fig. D.

1989 Tricolocapsa sp. — Hattori & Sakamoto, pl. 19, fig. B.

1991 Stichocapsa plicata plicata n. subsp. — Matsuoka, p. 729,
fig. 5. 1a - 5b.

1997 Stichocapsa plicata Matsuoka — Yao, pl. 9, fig. 437.

2003 Stichocapsa plicata plicata Matsuoka — Gorican et al.,
p. 297, pl. 4, fig. 17a-b.

2004 Stichocapsa plicata plicata Matsuoka — Matsuoka, fig. 84.

Original description: Shell of four to five segments, drop-
like or spindle shaped. Cephalis hemispherical, poreless.
The last segment large, inverted hemispherical or inverted
conical with a constricted aperture. Remaining segments
including thorax and abdomen truncate conical. Strictures
between segments indistinct externally. Fifteen to 22
densely spaced longitudinal plicae visible on outer shell.
The plicae distinct on whole shell except for cephalis. One
row of pores present between plicae. Pores uniform, small
and circular. Aperture small, circular, occasionally with
a short protruding rim.

Original remarks: Shape varies among specimens; some

are drop-like shaped (Figure 5-1a, 3a, 4, 5a, b) and others
spindle shaped (Figure 5-2a). Stichocapsa plicata plicata,
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n. subsp. differs from S. plicata semiplicata, n. subsp. by
having distinct longitudinal plicae that extend from the
thorax to the distal end.

Further remarks: In comparison to the type material, some
specimens have less numerous plicae and much larger pores
with thicker pore frames (pl. SCP04, figs. 6-9). They are in-
cluded in Helvetocapsa plicata plicata, because transitional
forms (pl. SCP04, figs. 5a-b) also exist.

Measurements (um):
Numbers of specimens measured are in parentheses.

HT | Max. | Min. | Mean
Total height of shell 154 | 170 110 142 | (20)
Maximum width of shell | 108 | 124 82 102 | (20)
Diameter of aperture 8 8 6 7 9)

Etymology: This subspecies is the nominotypical subspe-
cies of Stichocapsa plicata, n. sp.

Type locality: MNA-10, Nanjo Massif, Mino Terrane,
central Japan.

Occurrence: Japan; Skrile Formation, Slovenia; Musallah
Formation and Tawi Sadh Member of the Guwayza
Formation, Oman.
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Figs. 5.1a-b. Figs. 2, 3. Matsuoka 1991, Fig. 5.3a, 4. Fig. 4. Gori¢an et al. 2003, pl. 4, fig. 17a. Figs. 5a, b. OM-99-89-
011416, 011415. Fig. 6. OM-00-263-021330. Figs. 7a, b. OM-00-252-022010, 022011. Fig. 8. OM-00-251-021609.

Plate SCP04. Helvetocapsa plicata plicata (Matsuoka). Magnification x400. Fig. 1(H) a, b. Matsuoka 1991,
Fig. 9. OM-00-115-023022.



Helvetocapsa plicata semiplicata (Matsuoka) 1991

Species code: SCP05

Synonymy:
1991 Stichocapsa plicata semiplicata n. subsp. - Matsuoka,
p- 729, Fig. 6. 1a - 6b.
1997 Stichocapsa semiplicata Matsuoka - Yao, pl. 9, fig. 438.
2004 Stichocapsa plicata semiplicata Matsuoka — Matsuoka, fig. 85.

2005 Stichocapsa plicata semiplicata Matsuoka — Kashiwagi et al.,
pl. 5, fig. 8.

Original description: Shell of five to six segments, drop-like
shaped. Cephalis hemispherical, poreless. The last segment
large, truncate subspherical with a constricted aperture.
Remaining segments including thorax and abdomen
truncate conical. Strictures between segments indistinct
externally. Fifteen to 22 densely spaced longitudinal plicae
visible on outer shell except for cephalis and the middle part
of shell. Pores small, circular and arranged longitudinally.
One row of pores present between the plicae. Aperture
small, circular, occasionally with a short protruding rim.
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Original remarks: Stichocapsa plicata semiplicata, n. subsp.
is compared to S. plicata plicata, n. subsp. under the latter
subspecies.

Measurements (um):
Numbers of specimens measured are in parentheses.

HT | Max. | Min. | Mean
Total height of shell 139 | 149 123 142 1 (9
Maximum width of shell | 95 99 80 94 1 (9
Diameter of aperure 7 8 7 7 (3)

Etymology: The subspecific name comes from the Latin
semi (=half) and plicatus-a-um (=plicate).

Type locality: Sample MNA-10, Nanjo Massif, Mino Ter-
rane, central Japan.

Occurrence: Japan; Tawi Sadh Member of the Guwayza
Formation, Oman.



Plate SCP05. Helvetocapsa plicata semiplicata (Matsuoka). Magnification x400. Fig. 1(H)a, b. Matsuoka 1991,
Fig. 6.1a-b. Figs. 2, 3. Matsuoka 1991, Figs. 6.3, 6.5. Fig. 4. OM, BR524-R05-16.
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Genus: Hexasaturnalis Kozur & Mostler 1983

Type species: Spongosaturnalis? hexagonus Yao 1972

Synonymy:
1983 Hexasaturnalis n. gen. — Kozur & Mostler, p. 28.
1983 Yaosaturnalis n. gen. - Kozur & Mostler, p. 31.

Original description: Ring and outer spines strongly blad-
ed. Outline of ring hexagonal to octagonal or subquadrati-
cally rounded. 4-8 very strong outer spines. Two massive
polar spines opposite to interspine spaces on the outer
margin of the ring. No auxiliary spines. Ring often a little
constricted in the polar spine attachment region. Cortical
shells spongy, widely separated from the inner margin of
the ring. Medullary shell latticed.

Original remarks: By increase of the number of marginal
spines the hexagonal to octagonal outline of the ring is
transformed to a polygonal to subcircular one. In this man-
ner the genus Spongosaturnalis Campbell and Clark, 1944b,

evolved in the Cretaceous from Hexasaturnalis n. gen.
Praehexasaturnalis n. gen. from the Norian has the same
outline of ring, but the polar spines are still situated op-
posite to the marginal spines and the narrow ring is still flat
to shallow oval in cross section. Yaosaturnalis n. gen. has
the same outline and structure of ring as Hexasaturnalis
n. gen., but auxiliary spines are present.

Further remarks: Herein we follow De Wever et al. (2001)
who synonymized Yaosaturnalis Kozur & Mostler with
Hexasaturnalis Kozur & Mostler.

Etymology: According to the outline.

Included species:

3502 Hexasaturnalis hexagonus (Yao) 1972

SAT11 Hexasaturnalis octopus Dumitrica & Hori n. sp.
3089 Hexasaturnalis tetraspinus (Yao) 1972

Hexasaturnalis hexagonus (Yao) 1972
Species code: 3502

Synonymy:

1972 Spongosaturnalis ? hexagonus n. sp. — Yao, p. 31, pl. 6,
figs. 1-3; pl. 11, figs. 3a-c.

1982 Spongosaturnalis ? hexagonus Yao — Wakita & Okamura,
pl. 5, fig. 2.

1982 Spongosaturnalis ? hexagonus Yao — Matsuda & Isozaki,
pl. 1, fig. 20.

1982 Spongosaturnalis ? hexagonus Yao — Wakita, pl. 4, fig. 11.

1982 Spongosaturnalis (?) tetraspinus Yao — Kishida & Sugano,
pl. 6, fig. 9, not 10.

1982 Acanthocircus hexagonus (Yao) — Kido, pl. 3, fig. 10.

Not 1986 Hexasaturnalis hexagonus (Yao) — Grill & Kozur, pl. 2,
fig. 5.

1987 Acanthocircus hexagonus (Yao) — Hattori, pl. 1, fig. 2.

not 1988 Mesosaturnalis hexagonus (Yao) — Carter et al., pl. 47,
pl. 9, figs. 11-12.

1988 Acanthocircus hexagonus (Yao) — Hattori, pl. 1, fig. K.

1989 Acanthocircus hexagonus (Yao) — Hattori & Sakamoto,
pl. 2, fig. B, not fig. C.

1989 Acanthocircus hexagonus (Yao) — Hattori, pl. 18, fig. B,
pl. 35, fig. F.

1989 Mesosaturnalis sp. cf. M. hexagonus (Yao) — Hori & Otsuka,
pl. 4, fig. 9.

1990 Mesosaturnalis hexagonus (Yao) — Hori, Fig. 9.42.

1991 Mesosaturnalis hexagonus (Yao) — Carter & Jakobs, p. 343,
pl. 2, fig. 15.

1993 Acanthocircus hexagonus Yao - Fujii et al., pl. 1, fig. 3.

1995a Hexasaturnalis hexagonus (Yao) — Baumgartner et al.,
p. 252, pl. 3502, figs. 1-3.

1996 Mesosaturnalis hexagonus (Yao) - Tumanda et al., p. 173,
fig. 5.19.

1996 Acanthocircus hexagonus (Yao) — Yeh & Cheng, p. 106,
pl. 2, fig. 9; pl. 7; fig. 4.

1997 Mesosaturnalis hexagonus Yao — Hori, pl. 1, figs. 10a-c.
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1997 Hexasaturnalis hexagonus (Yao) - Yao, pl. 5, fig. 218.

? 1997 Hexasaturnalis aff. hexagonus (Yao) - Yao, pl. 5, fig. 222.

2002 Hexasaturnalis hexagonus (Yao) — Hori & Wakita, pl. 3,
fig. 16.

2004 Hexasaturnalis hexagonus (Yao) — Hori, pl. 4, fig. 38; pl. 6,
fig. 2; pl. 9, fig. 6; pl. 13, fig. 59; pl. 23, fig. 21.

2005 Hexasaturnalis hexagonus (Yao) — Hori, pl. 12, fig. 21;
pl. 13, fig. 36.

Original description: Spongosaturnalid with subhex-
agonal ring, and with six strong spines on ring. Shell not
preserved, but believed to be wholly spongy because nu-
merous fragmentary thorns, which may be connected with
spongy shell, are clearly observed on sturdy spines. Polar
spines short, thick, with no ridge. Ring bilaterally sym-
metrical, subhexagonal, strong, with clear ridge on outer
edge. Inner edge of ring curves rather smoothly, while
outer edge is subhexagonal, with spine at each vertex. Ring
which joins with polar spine bends slightly toward inside.
Spines, situated diagonally on ring, strong, somewhat long,
of sharp tip, with clear ridges which continue to one on
outer edge of ring.

Original remarks: This species differs from Spongosatur-
nalis ? septispinus in the number of the spine, and from
S. 2 minoensis in lacking auxiliary spines on the inner mar-
gin of the saturnalin ring. Spongosaturnalis ? sp., reported
by Foreman (1971, pl.1, fig.4; Cretaceous sediments core,
Site 61, west margin of East Mariana Basin, through the
Deep Sea Drilling Project), is similar to this species, but
the former has slender spines on which there is no ridge.



Measurements (um):
Based on 6 specimens.

HT | Av. | Min. | Max.
Diameter of ring longitud. | 243 | 198 | 156 | 243
Diameter of ring trans. 278 | 245 | 188 | 282
Diameter of shell 136 | 104 | 75 136
Lenght of polar spine 23 19 10 25
Lenght of spine 126 | 101 62 130
Breadth of ring 36 | 27 17 39

Type locality: Manganese carbonate ore, Mino Belt, river
side of the Kiso, east of Unuma, Kagamihara City, Gifu
Prefecture, Central Japan.

Occurrence: Worldwide.

Plate 3502. Hexasaturnalis hexagonus (Yao). Magnification x150. Fig. 1(H). Yao 1972, pl. 6, fig. 2. Fig. 2. Hori 1990,
fig. 9-42.
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Hexasaturnalis octopus Dumitrica & Hori n. sp.
Species code: SAT11

Synonymy:
1972 Spongosaturnalis ? sp. a - Yao, pl. 8, figs. 6, 7.
1997 Hexasaturnalis sp. A - Yao, pl. 5, fig. 221.

Type designation: Holotype pl. SAT11, fig. 1, sample BR871,
chert of Tawi Sadh Member reworked in the Guwayza
Formation, Al Khashbah Mountains, Oman.

Diagnosis: Hexasaturnalis with eight-spined ring.

Description: Shell spongy, ellipsoidal when preserved. Ring
symmetrical, subcircular or elliptical, rounded on the inner
margin, octagonal on outer margin, with a spine at each
corner. Inner margin without auxiliary spines. Middle part
of ring more or less constricted in the vicinity of contact
with polar rays. Outer blades of ring well developed
especially at proximal part of ring. Spines usually strong,
four-bladed, pointed; peripolar spines longer than distal
spines, the latter rarely extremely short. Commonly distal
spines closer to each other than to peripolar spines.
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Remarks: This new species differs from the other species of
the genus Hexasaturnalis in the number of spines.

Measurements (um):
Based on 6 specimens.

HT | Av. | Min. | Max.
Longitudinal size of ring 213 | 195 | 180 | 213

Transversal size of ring 220 | 236 | 220 | 267
Length of shell 90 - - -
Length of polar rays 67+ 56 47 73

Length of peripolar spines | 47-60 | 56 40 67
Length of distal spines 27-33 | 28 20 47
Breadth of ring bar 20 21 17 27

Etymology: From the Greek octo - eight and pous, podos
— foot, referring to the number of spines; noun.

Type locality: Sample BR871, Tawi Sadh Member, Guwayza
Formation, Al Khasbah Mountains, Oman.

Occurrence: Tawi Sadh Member of the Guwayza Formation,
Oman; Japan; Snowshoe Formation, Oregon.



Plate SAT11. Hexasaturnalis octopus Dumitrica & Hori n. sp. Magnification x150. Fig. 1(H). OM, BR871-R01-10.
Fig. 2. OM, BR871-R01-07. Fig. 3. JP, IYII10-143. Fig. 4. JP, IYII14-41. Fig. 5. JP, IYII14-65. Fig. 6. JP, IYI114-44.
Fig. 7. JP, IYI114-43. Fig. 8. JP, IYII10-142. Fig. 9. JP, IYII10-11. Fig. 10. JP, IYII-144. Fig. 11a,b. OR555-R07-13.
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Hexasaturnalis tetraspinus (Yao) 1972
Species code: 3089

Synonymy:

1972 Spongosaturnalis ? tetraspinus n. sp. — Yao, p. 29, pl. 4,
figs. 1-6; pl. 11, figs. 1-2.

1982 Spongosaturnalis ? tetraspinus Yao — Wakita, pl. 4, fig. 12.

not 1982 Spongosaturnalis ? tetraspinus Yao - Kishida &
Sugano, pl. 6, figs. 9-10.

? 1984 Mesosaturnalis squinaboli — Carayon et al., pl. 1, fig. 2.

? 1986 Hexasaturnalis hexagonus (Yao) — Grill & Kozur, pl. 2,
fig. 5.

1987 Mesosaturnalis tetraspinus (Yao) — Gorican, p. 184, pl. 3,
fig. 1.

1988 Acanthocircus tetraspinus Yao — Hattori, pl. 2, fig. B.

? 1988 Mesosaturnalis hexagonus (Yao) — Carter et al., pl. 47,
pl. 9, figs. 11-12.

1989 Acanthocircus tetraspinus Yao — Hattori, pl. 35, fig. G.

1990 Mesosaturnalis tetraspinus (Yao) - Yao, pl. 3, fig. 24.

1991 Mesosaturnalis tetraspinus (Yao) — Carter & Jakobs, p. 343,
pl. 2, fig. 16.

1991 Hexasaturnalis tetraspinus (Yao) — Tonielli, p. 23, pl. 1,
fig. 5.

1995a Hexasaturnalis tetraspinus (Yao) — Baumgartner et al.,
p- 254, pl. 3089, figs. 1-3.

1996 Acanthocircus tetraspinus (Yao) — Yeh & Cheng, p. 106,
pl. 2, fig. 10.

1997 Hexasaturnalis tetraspinus (Yao) - Yao, pl. 5, fig. 219.

? 1997 Hexasaturnalis aff. tetraspinus (Yao) - Yao, pl. 5, fig. 220.

2004 Hexasaturnalis tetraspinus (Yao) — Hori, pl. 4, fig. 39,
pl. 11, fig. 43, pl. 13, fig. 60.

2005 Hexasaturnalis tetraspinus (Yao) — Hori, 