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ABSTRACT 

Radiolarians form a remarkable part of the fossil plankton for Cretaceous sediments of the North Atlantic. Selected 
sites with long-term sedimentary successions of deep facies were studied (ODP Leg 103 and DSDP Site 398 off north­
west Spain and DSDP Site 603 off the east coast of the United States). Preservation of the radiolarian faunas is gener­
ally poor, and the faunal abundance and diversity reflect the diagenetic history of the host sediment rather than the 
original faunal productivity. Several exceptions include abundant and some well-preserved radiolarian faunas from 
lower Campanian, Cenomanian/Turonian boundary, upper Albian, lower Albian, and Barremian sediments. These in­
creases in radiolarian abundance and preservation coincide with well-established Cretaceous oceanic events in the North 
Atlantic. Typical faunal associations of these sections are described, and faunal associations from the Cenomanian/Tu­
ronian Boundary Event are documented for the first time in the North Atlantic. The relationship of the radiolarian 
blooms with coeval oceanic events in the North Atlantic is also discussed. 

INTRODUCTION 

Leg 103 of the Ocean Drilling Program (ODP) drilled a total 
of 15 holes on the Galicia Bank, along the northwest edge of 
the Iberian continental margin (Fig. 1). Four of the five sites 
drilled were devoted to the recovery of a continuous sedimen­
tary record to document the timing of rifting for this part of the 
North Atlantic. 

Sites 638, 639, and 641 form a transect through a tilted block 
and were drilled to obtain pre-, syn-, and post-rift sediments. 
The succession comprises an almost complete stratigraphic rec­
ord from the Tithonian to lower Tertiary, according to foramini­
fer and nannofossil flora data. Except for the Upper Jurassic 
and lowermost Cretaceous, the depositional environment has 
characteristic deep-sea parameters (Moullade et al., this vol­
ume). The Cretaceous lithologic units are a time-controlled fa­
cies succession that is similar to the Atlantic formations estab­
lished by Jansa et al. (1979). These formations are characterized 
by 

Predominantly variegated claystones in the Upper Cretaceous 
(Plantagenet Formation) 

A prominent biosiliceous black shale horizon at the Ceno­
manian/Turonian boundary (Herbin et al., 1986) 

Cyclic sedimentation of black shales and grayish-greenish 
claystones in the upper Barremian to Albian (Hatteras Forma­
tion) 

Light-colored nannofossil limestones with intercalations of 
dark calcareous mudstones. 

Leg 103 drilled a thick pile of Valanginian/Hauterivian ter­
rigenous sediments intercalated in the Blake-Bahama Forma­
tion, an arrangement similar to those reported from other North 
Atlantic sites (von Rad and Sarti, 1986). Stratigraphic gaps or 
condensed sections are recorded for the Cenomanian, Albian, 
and Barremian stages. In addition, the biostratigraphic resolu-

1 Boillot, G., Winterer, E. L., et al., 1988. Proc. ODP, Sci. Results, 103: Col­
lege Station, TX (Ocean Drilling Program). 

tion of the terrigenous sequence is not accurate. Remarkable ra­
diolarian enrichments have been recorded in Lower Cretaceous 
sediments, whereas the Upper Cretaceous brown claystones are 
barren with respect to siliceous microfossils. 

Site 398 (Fig. 1) of Deep Sea Drilling Program (DSDP) Leg 
47B was drilled at the southern end of the Galicia margin, south 
of Vigo Seamount. Nearly 1000 m of Cretaceous (upper Hau­
terivian to Maestrichtian) sediment was recovered. Again, the 
sedimentary sequences are quite similar to the Atlantic forma­
tions of Jansa et al. (1979), and, as in the case of DSDP Sites 
638 and 639, there is also a terrigenous influence in the upper 
Hauterivian/lower Barremian. Stratigraphic gaps occur between 
Campanian and Turonian and between upper Aptian/lower Al­
bian sediments ("Site 398" chapter; Shipboard Scientific Party, 
1979). Remarkable amounts of radiolarians were recovered in 
the Lower Cretaceous and sediments near the Cenomanian/Tu­
ronian boundary. The Upper Cretaceous brown claystones have 
not been studied in detail, but they are barren with respect to si­
liceous microfossils (Shipboard Scientific Party, 1979). 

Site 603 of DSDP Leg 93 (Fig. 2) was drilled at the lower 
continental rise east of Cape Hatteras, North Carolina. Approxi­
mately 500 m of Cretaceous sediments was recovered, again with 
sedimentary successions similar to the Cretaceous Atlantic for­
mations of Jansa et al. (1979). Like at Sites 638 and 639, a thick 
pile of terrigenous sediments is intercalated into the Hauteriv­
ian/Barremian sediments (Sarti and von Rad, 1987). 

The biostratigraphic resolution is not as good as at Site 603. 
The "Site 603" chapter (Shipboard Scientific Party, 1987) docu­
ments a complete Upper Cretaceous stratigraphic record that 
could not be confirmed (Moullade et al., this volume). Parts of 
the Cenomanian are missing or are strongly condensed. The en­
tire Lower Cretaceous may be represented, but the biostrati­
graphic control is not yet convincing. 

Abundant radiolarians have been recovered in the lower Cam­
panian and Turonian. The Lower Cretaceous lithologies, which 
compare well with those of the sites described in the preceding, 
have not been studied in detail, but thin-section studies and 
shipboard data (see the biostratigraphic summary in the "Site 
603" chapter; Shipboard Scientific Party, 1987) reveal radiolar­
ian faunas of Albian and Hauterivian/Barremian age. 

Upper Cretaceous radiolarian-rich intervals in the North At­
lantic are not well documented. Sanfilippo and Riedel (1976, 
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Figure 1. Location map of ODP Leg 103 and DSDP Leg 47B sites at the Galicia Bank/Vigo Seamount (V) region. Bathymetry in meters. 

Figure 2. Location map of DSDP Site 603. 

1985), Foreman (1977), Wolfart (1982), and Empson-Morin 
(1984) compiled Upper Cretaceous radiolarian occurrences from 
the North Atlantic based on DSDP data. However, the biostrati­
graphic control provided by calcareous planktonics (foramini­
fers and nannofossils) is generally poor. Well-preserved radiolar­
ian faunas are rarely recorded, and they are usually of Campa­
nian age, such as those off northwest Africa (Petrushevskaya 
and Kozlova, 1972; Foreman, 1978b) and in the Caribbean region 
(Pessagno, 1969; Foreman, 1973a; Sanfilippo and Riedel, 1976). 
Upper Cretaceous radiolarian occurrences in circum-North At­

lantic onshore sections are commonly recorded, although abun­
dance and preservation are poor, with the exception of the Car­
ibbean occurrences. Most of these faunas are ascribed to the 
Campanian (Sanfilippo and Riedel, 1985). 

Radiolarian associations from the Cenomanian/Turonian 
Boundary Event (CTBE) have never been documented from the 
North Atlantic, although strata deposited during this event are 
widely recorded at other locations (Muller et al., 1983, 1984; 
Herbin et al., 1986). Siliceous plankton faunas deposited during 
this event have been recorded from African coastal basins as 
well as from the alpine fold belts surrounding the western Medi­
terranean (Thurow et al. 1982; Kuhnt et al., 1986; Thurow and 
Kuhnt, 1986). 

Radiolarian associations in the North Atlantic are better doc­
umented from Lower Cretaceous than from Upper Cretaceous 
DSDP sites (compilations in Foreman, 1977; Wolfart, 1982; San­
filippo and Riedel, 1985) or from land sections in Europe and 
North Africa (e.g., Baumgartner, 1984). As Foreman (1977) 
pointed out, the radiolarian occurrences are not continuous in 
Lower Cretaceous sediments, and three major age distributions 
of radiolarians are usually distinguishable: a Late Jurassic to 
early Neocomian group (not considered in this chapter), a Hau­
terivian/Barremian group (widely represented in the samples 
from Sites 638 and 640), and an Albian/Cenomanian group 
(represented in samples from Sites 398 and 641). 

METHODS 
Standard preparation methods used included the drying of samples, 

treatment with diluted HC1, sieving with a 63-/*m sieve, and treatment 
with a mixture of H202 and chalk (to avoid oxidization of pyrite-re-
placed specimens). Many samples required final preparation with a de­
tergent (REWOQUAT), followed by washing and squeezing of the sam­
ple through a flexible 63-fim nylon sieve formed like a sack. This proce­
dure removed a large amount of the remaining secondarily silicified clay 
but may have also destroyed some of the more fragile skeletons. Never­
theless, despite the extensive number of preparation steps, many of the 
samples yielded radiolarian faunas too poorly preserved for biostrati­
graphic analyses. One explanation may be the presence of silica in the 
host sediment. Another problem is raised by the filling of pyrite-re-
placed skeletons, mainly with coarse calcite (Thurow, this volume), be­
cause processing of these samples is difficult and large parts of the 
fauna are destroyed. In general, faunal diversity within the pyritized ra­
diolarian faunas is less than in those faunas with silica skeletons. Fi­
nally, in thin section, many samples exhibited grain sorting of radiolari­
ans, indicating resedimentation or perhaps slight reworking of the fauna. 
Faunas that exhibit such phenomena are rarely considered in this paper. 

Some samples from Cores 398D-110 through 398D-120 yielded rich 
faunas, but the preservation in many of the samples is so poor as to pre­
clude consideration of these faunas in this study. 
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The preservation of radiolarians in each sample is defined as fol­
lows: 

G = good—specimens show little or no surface dissolution and/or 
overgrowth 

M-G = moderate-good (g-m = good-moderate)—specimens show 
some dissolution and/or overgrowth but not all species can be identified 

M-P = moderate-poor (p-m = poor-moderate)—specimens show 
intermediate degrees of surface dissolution and/or overgrowth; although 
impaired, some identification of species is still possible 

P = poor—specimens show a high degree of dissolution and/or 
overgrowth, with specific identification rare 

The abundance of radiolarians calculated for 10 cm3 in each sample 
is defined as follows: 

Rare/few = present, but < 100 specimens 
Common = more than 100 specimens 
Abundant = more than 500 specimens 

Abundance was calculated without considering the preservation. In gen­
eral, less than 10% of a fauna can be determined on a specific level. 
Furthermore, most of the determinable species have no stratigraphic 
value. 

Selected samples with moderately to well-preserved radiolarians were 
studied under the scanning electron microscope (SEM), and the com­
mon faunal associations are documented in Plates 1-10. Studies under 
transmitted light were not possible because of skeletal pyrite replace­
ment or the common occurrence of coarse zeolite steinkerns. 

Species present in each sample from sites with sufficient radiolarians 
for Upper Cretaceous stratigraphic interpretation are tabulated in Tables 
1 and 2. Tabulation of the species in each Lower Cretaceous sample 
would require study of the whole faunal association of each sample with 
the SEM, which was not possible in the time available and cannot be 
currently justified because of the poor preservation. (All Cretaceous 
samples that yielded comparable rich radiolarian associations are listed 
with their preservation mineralogy by Thurow, this volume.) However, 
such a study with a much broader sampling base, involving more sites, 
may be suitable for future research. Occurrence and abundance of Lower 
Cretaceous radiolarians from selected samples with well-preserved fau­
nas are tabulated in Table 3. Occurrence is summarized in the text in 
general terms. 

Age assignments of cores from Sites 398 and 603 and Leg 103, based 
on synthesis of calcareous nannoplankton and foraminifer assemblage 
data, are presented in Figure 3. 

Zonation 
Previous studies of Cretaceous radiolarians have produced 

many preliminary zonations (Fig. 4), but well-documented Cre­
taceous sections containing known calcareous planktonics for 
biostratigraphic control are generally lacking. This may be one 
reason why there is no widely accepted zonation. Recently, San-
filippo and Riedel (1985) and Schaaf (1985) presented updated 
modifications of previous zonations (Fig. 4). Although Schaaf s 
(1985) composite zonation is comparably fine, especially in the 
middle Cretaceous, occurrence data from both zonations were 
used because of the large amount of radiolarian-rich middle 
Cretaceous samples examined in this study. For reasons yet un­
known, some index radiolarians were not observed in the mate­
rial studied and others have different ranges; thus, the com­
bined zonation of Sanfilippo and Riedel (1985) and Schaaf (1985) 
was modified in some parts. 

Absolute age assignment for the different zones was difficult. 
No recent compilations with references to co-occurring plank­
tonic organisms exist, and the various radiolarian studies use 
different time scales. In this report, Schaafs (1985) age assign­
ment is adapted, but it is worth noting that he fixed the Juras­
sic/Cretaceous boundary at 130 m.y., in contrast to the 144 m.y. 
date in the widely accepted DNAG time scale (Kent and Grad­
stein, 1985). The difference at the boundary between the Lower 

and Upper Cretaceous is only 2.5 m.y. (95 vs. 97.5 m.y., respec­
tively). 

However, in comparing the absolute age assignments given 
by Sanfilippo and Riedel (1985) and Schaaf (1985), there is a 
strong discrepancy in the age of several radiolarian zones. For 
example, the former authors place their Staurosphaera septem-
porata (Cecrops septemporatus) Zone in the lower to middle 
Valanginian, whereas the latter author gives a latest Valangin­
ian/early Hauterivian age to his C. septemporatus Zone. Both 
zones are defined by the first occurrence (FO) of C. septem­
poratus. 

The following is a summary of the zonation used in this re­
port (Fig. 4): 

The top of each zone is also defined by the base of the over­
lying zone (except in the Upper Cretaceous, where several gaps 
in the radiolarian record were observed), which coincides with 
the FO of each named species. 

Amphipyndax pseudoconolus Zone 
Definition. FO of Amphipyndax pseudoconolus (Pessagno, 

1963). 
Age. Santonian (Campanian, according to Sanfilippo and 

Riedel, 1985). No radiolarian record from the upper Turonian to 
the base of the Campanian. 

Crucella cachensis Zone 
Definition. FO of Crucella cachensis Pessagno, 1976. 
Age. Latest Cenomanian/earliest Turonian, depending on the 

microfossil/macrofossil group used for calibration. 
No radiolarian record in the lower and middle Cenomanian. 

Rhopalosyringium majuroensis Zone 
Definition. FO of Rhopalosyringium majuroensis Schaaf, 

1981. 
Age. Latest Albian. 
Remarks. R. majuroensis was first found at Site 398 in upper 

Albian samples (according to foraminifer data; Muller et al., 
1983, 1984). Schaaf (1985) described this species as having an 
FO in the middle Cenomanian, but he also figured specimens 
from Sample 398-63-6, 73-75 cm, which is of latest Albian age 
(Muller et al., 1983, 1984). 

Thanarla veneta Zone 
Definition. FO of Thanarla veneta (Squinabol, 1903). 
Age. Late Albian. 

Pseudodictyomitra pseudomacrocephala Zone 
Definition. FO of Pseudodictyomitra pseudomacrocephala 

(Squinabol, 1903). 
Age. Middle late Albian. 

Mita gracilis Zone 
Definition. FO of Mita gracilis (Squinabol, 1903). 
Age. Base of late Albian. 

Holocryptocanium barbui Zone 
Definition. FO of Holocryptocanium barbui Dumitrica, 1970. 
Age. Latest early Albian. 

Theoconus coronatus Zone 
Definition. FO of Theoconus coronatus Squinabol, 1904 

(Spongocapsula zamoraensis Pessagno, 1976). 
Age. Middle early Albian. 
Remarks. 5. zamoraensis Pessagno (1976) is regarded as a 

junior synonym of T. coronatus Squinabol (1904) in this chap­
ter (see Appendix). 
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Table 1. Occurrence and abundance of Upper Cretaceous radiolarians at Holes 603B and 641A. 

!i 
—i — <N 

X * 

Acaeniotyle umbilicata (Rust) 
Alievium gallowayi (White) 
Alievium superbum (Squinabol) 
Archaeospongoprunum sp. div. 
Cavaspongia antelopensis Pessagno 

Cavaspongia californiaensis Pessagno 
"Cenosphaera" sp. 
Conocaryomma universa (Pessagno) 
Conocaryomma cf. C. universa (Pessagno) 
Crucella cachensis Pessagno 

Crucella espartoensis Pessagno 
CrucellaiP.) sp. A 
Crucella sp. B 
Dumitricaia maxwellensis Pessagno 
Halesium quadratum Pessagno 

Halesium sexangulum Pessagno 
Orbiculiforma sp. 
Patellula sp. 
Patellula verteroensis (Pessagno) 
Patulibracchium califorensis Pessagno 

Patulibracchium cf. davisi Pessagno 
'Patulibracchium petroleumensis Pessagno 
Pseudoaulophacus floresensis Pessagno 
Pseudoaulophacus lenticulatus (White) 
Pseudoaulophacus pargueraensis Pessagno 

Pseudoaulophacus putahensis Pessagno 
Pyramispongia glascockensis Pessagno 
Amphipyndaxpseudoconulus (Pessagno) 
Amphipyndax stocki (Campell and Clark) 
Archaeodictyomitra cf. A. lamellicostata (Foreman) 

Archaeodictyomitra aff. A. simplex (Squinabol) 
Clathropyrgus titthium Riedel and Sanfilippo 
Cryptamphorella conara (Foreman) 
Cryptamphorella macropora Dumitrica 
Dictyomitra formosa Squinabol 

Dictyomitra cf. D. formosa Foreman 
Dictyomitra koslovae s.l. 
Eastonerius sp. 
Eucyrtidium{1) sp. div. 
Heliocryptocapsa sp. A 

Hemicryptocapsa polyhedra Dumitrica 
Neosciadiocapsa diabloensis Pessagno 
Pseudodictyomitra nakesekoi Taketani 
Pseudodictyomitra pseudomacrocephala (Squinabol) 
Rhopalosyringium sp. A 

Sethocapsa cf. S. simplex 
Stichomitra sp. 
Stichomitra communis (Squinabol) 
Thanarla(?) sp. aff. T. veneta (Squinabol) 
Theocampe tina (Foreman) 

Novixitus sp. A 
Novixitus sp. B 
Novixitus^.) sp. div. 
Xitus sp. A 
XitusO) sp. div. 

Afens liriodes Riedel and Sanfilippo 

sp. 
sp. 

aff 

sp. 

• • 
sp. sp. 

sp. 

• • 

sp. 

Abundance: • 1, °—5, •—20, # > 2 0 a/m a/m a/m a/p c/p f/p c/p c/m c/m f/p r/p a/p 

Opaline preservation. 
Preserved in pyrite/quartz. 
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Table 2. Occurrence and abundance of radiolarians around the CTBE interval in Hole 398D. 

II 
Acanthocircus sp. div. 
Acaeniotyle umbilicata (Riist) 
Acaeniotyle diaphorogona Foreman 
Acaeniotyle sp. 
Alievium superbum (Squinabol) 

Archaeospongoprunum cortinaensis Pessagno 
Archaeospongoprunum cf. vascoensis Pessagno 
Archaeospongoprunum sp. div. 
Cavaspongia sp. 
Conocaryomma californiaensis (Pessagno) 

Conocaryomma universa (Pessagno) 
Conocaryomma sp. 
Crucella cachensis Pessagno 
Crucella messinae Pessagno 
Crucella sp. 

Dumitricaia maxwellensis Pessagno 
Halesium quadratum Pessagno 
Halesium sexangulum Pessagno 
Hexapyramis cretacea Squinabol 
Orbiculiforma sp. div. 

(incl. O. cf. O. railensis Pessagno) 

Patellula sp. div. 
Paronella sp. 
Patulibracchium cf. davisi Pessagno 
Patulibracchium sp. 
Pseudoaulophacus putahensis Pessagno 

Pseudoaulophacus sp. div. 
Pyramispongia glascockensis Pessagno 
Amphipyndax mediocris (Tan Sin Hok) 
Archaeodictyomitra simplex Pessagno 
Archaeodictyomitra squinaboli Pessagno 

Archaeodictyomitra sp. 
Cryptamphorella sp. 
Dictyomitra formosa Squinabol 
Eucyrtidium(7) sp. div. 
Eusyringium spinosum (Squinabol) 

Hemicryptocapsa polyhedra Dumitrica 
Hemicryptocapsa praepolyhedra Dumitrica 
Holocryptocanium sp. 
Pseudodictyomitra carpatica (Lozyniak) 
Pseudodictyomitra nakasekoi Taketani 

Pseudodictyomitra pseudomacrocephala (Squinabol) 
Pseudodictyomitra sp. 
Rhopalosyringium sp. 
Sethocapsa sp. 
Squinabollum fossilis (Squinabol) 

Stichomitra communis (Squinabol) 
Thanarla elegantissima (Cita) 
Thanarla veneta (Squinabol) 
Theoconus coronatus (Squinabol) 
Novixitus weyli Schmidt-Effing 

Xitus spicularius (Aliev) 
Xitus sp. B 
Ultranapora sp. 

o • • 

Cf 

aff. 
cf 

• • 

• • 

• • 

• • O 

o o 

cf. 

• o 

cf. 

cf. 

"Large Spumellarians with four spines" 
Abundance: • 1, °—5, •—20, # > 2 0 c/m-p a/m-p a/m-p a/m-p f/p a/m-p c/m-p c/m-p r/p a/m-p 

• 
c/p 

O 

c/m-p a/m-p a/m 
• 

c/p 

Acaeniotyle umbilicata Zone 
Definition. Last appearance of Pantanellium lanceola (Pa­

rana, 1890), according to Foreman (1985). Last appearance of 
Triactoma hybum Foreman, 1975 according to Schaaf (1985). 

Age. Late Aptian in the North Atlantic. 
Remarks. Because of the lack of well-preserved Aptian fau­

nas in the North Atlantic, the base of this zone is tentative. 

Stichocapsa euganea Zone 
Definition. FO of Stichocapsa euganea Squinabol, 1903. 
Age. Early Aptian. 

Crolanium pythiae Zone 
Definition. FO of Crolanium pythiae Schaaf, 1981. 
Age. Barremian. 
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Table 3. Occurrence and abundance of Lower Creta­
ceous radiolarians from samples with well-preserved 
faunas at Sites 398, 638, 640, and 641. 

Acaeniotyle diaphorogona Foreman 
Acaeniotyle sp. cf. A. diaphorogona Foreman 
Acaeniotyle umbilicata (Rust) 
Acaeniotyle sp. A 
Acanthocircus dicranacanthos (Squinabol) 
Acanthocircus sp. cf. A. dicranacanthos (Squinabol) 
Acanthocircus trizonalis (Rust) 
Acanthocircus sp. 
Alievium antiquum Pessagno 
Alievium helenae Schaaf 
Alievium superbum (Squinabol)—"Cenomanian" form 
Alievium sp. A 
Alievium sp. C 
Amphipyndax mediocris (Tan Sin Hok) 
Amphipyndax{l) sp. 
AngulobracchiaiP.)portmanni Baumgartner 
Archaeodictyomitra lacrimula (Foreman) 
Archaeodictyomitra sp. cf. A. lamellicostata (Foreman) 
Archaeodictyomitra pseudoscalaris (Tan Sin Hok) 
Archaeodictyomitra puga Schaaf 
Archaeodictyomitra sp. cf. A. puga Schaaf 
Archaeodictyomitra simplex Pessagno 
Archaeodictyomitra squinaboli Pessagno 
Archaeodictyomitra vulgaris Pessagno 
Archaeodictyomitra sp. cf. A. vulgaris Pessagno 
Archaeodictyomitra sp. A 
Archaeodictyomitra^) sp. B 
Archaeospongoprunum cortinaensis Pessagno 
Archaeospongoprunum sp. cf. A. tehamaensis Pessagno 
Cecrops septemporatus (Parana) 
Conocaryomma lipmanae (Pessagno) 
Conocaryomma sp. aff. C. lipmanae (Pessagno) 
Conocaryomma universa (Pessagno) 
Conocaryomma sp. A 
Conocaryomma (?) sp. 
Conosphaera tuberosa Tan Sin Hok 
Crolanium pythiae Schaaf 
Crolanium sp. cf. C. triquetrum Pessagno 
Crucella messinae Pessagno 
Crucella{1) sp. C 
CrucellaO) sp. D 
Cryptamphorella conara (Foreman) 
Cryptamphorella sp. cf. C. conara 
Cryptamphorella dumitricai Schaaf 
Cryptamphorella sp. A 
Cryptamphorella sp. B 
Cyclastrum infundibuliforme Rust 
Cyrtocapsa sp. cf. C. grutterinki Tan Sin Hok 
Dibolachras tytthopora Foreman 
Dumitricaia maxwellensis Pessagno 
Eucyrtis sp. A 
Eusyringium spinosum Squinabol 
Eusyringium sp. cf. E. spinosum Squinabol 
Eusyringium (?) formanae Taketani 
GodiaO) sp. A 
Godiaip.) sp. B 
Godiail) sp. C 
Godia{1) sp. E 
Godia(1) sp. F 
GodiaO) sp. G 
Halesium quadratum Pessagno 
Halesium sexangulum Pessagno 
Hemicryptocapsa sp. cf. H. polyhedra Dumitrica 
Hemicryptocapsa (?) sp. A 
Hexapyramis pantanelli Squinabol 
Hexastylurus magnificus (Squinabol) 
Holocryptocanium barbui Dumitrica 
Holocryptocanium sp. A 
Holocryptocanium sp. B 
Holocryptocanium sp. C 
Homosparonaella (?) sp. A 
Mita gracilis (Squinabol) 
Mita sp. A 
Mita sp. B 
Mita sp. C 
Mita(l) sp. D 
Mita(l) sp. E 

Table 3 (continued). 

Novixitus mclaugalini Pessagno 
Novixitus weyli Schmidt-Effing 
Novixitus sp. C 
Orbiculiforma railensis Pessagno 
Pantanellium lanceola (Parana) 
Paronaella sp. cf. P. bandyi Pessagno 
Paronaella sp. A 
Paronaella sp. B 
Paronaella sp. C 
Parvicingula boesii (Parana) 
Parvicingula malleola (Aliev) 
Parvicingula(?) sp. 
Patellula(l) sp. B 
Patulibracchium sp. cf. P. davisi Pessagno 
Podobursa triacantha (Riechli) 
Podobursa tricola Foreman 
Podobursa sp. A 
Pseudoaulophacus putahensis Pessagno 
Pseudoaulophacus sp. B 
Pseudoaulophacus^) sp. C 
Pseudoaulophacus^]) sp. B 
Pseudocrucella sp. A 
Pseudocrucella (?) sp. B 
Pseudocrucella (?) sp. C 
Pseudodictyomitra carpatica (Lozyniak) 
Pseudodictyomitra leptoconica (Foreman) group 
Pseudodictyomitra lilyae (Tan Sin Hok) 
Pseudodictyomitra lodogaensis Pessagno 
Pseudodictyomitra pentacolaensis Pessagno 
Pseudodictyomitra pseudomacrocephala (Squinabol) 
Pseudodictyomitra sp. cf. P. pseudomacrocephala (Squinabol) 
Pseudodyctyiomitra cf. P. vestalensis Pessagno 
Pyramispongia glascockensis Pessagno 
Rhopalosyringium majuroensis Schaaf 
Rhopalosyringium sp. A 
Rhopalosyringium sp. B 
Rhopalosyringium sp. C 
Sethocapsa orca Foreman 
Sethocapsa sp. A cf. S. simplex 
Sethocapsa trachyostraca Foreman 
Sethocapsa uterculus (Perona) 
Sethocapsa sp. cf. 5. uterculus (Parana) 
Sethocapsa(1) sp. B 
Siphocampium(1) davidi Schaaf 
Squinabollum fossilis (Squinabol) 
Staurocyclia martini (Rust) 
Stichocapsa euganea Squinabol 
Stichomitra communis Squinabol 
Stichomitra sp. cf. S. communis Squinabol 
Stichomitrail) sp. A 
Stichomitra^) sp. B 
Thanarla conica (Aliev) 
Thanarla sp. C aff. T. conica (Aliev) 
Thanarla(l) sp. B aff. T. conica (Aliev) 
Thanarla elegantissima (Cita) 
Thanarla pulchra (Squinabol) 
Thanarla veneta (Squinabol) 
Thanarla sp. A 
Theocapsomma ancus Foreman 
Theoconus coronatus Squinabol group 
Theoconus sp. cf. T. coronatus Squinabol 
Theocorys renzae Schaaf 
Triactoma echoides Foreman 
Triactoma hybum Foreman 
Tritabe sp. cf. T. rhododactylus Baumgartner 
Tritrabs sp. 
Ultranapora durhami Pessagno 
Ultranapora praespinifera 
Vitorfus campbelli Pessagno 
Vitorfus ssp. 
Williriedellum sp. aff. V. carpathicum Dumitrica 
Williriedellum gilkeyi Dumitrica 
Williriedellum peterschmittae Schaaf 
Williriedellum sp. aff. V. peterschmittae Schaaf 
Williriedellum sp. A 
Xitus alievi (Foreman) 
Xitus sp. A. cf. Xitus alievi (Foreman) 
Xitus plenus Pessagno 
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Age 

Campanian 

Santonian 

Coniacian 

late 
Turonian 

early 

late 
Cenomanian 

early 

late 
Albian 

early 

late 
Aptian 

early 

late 
Barremian 

early 

late 
Hauterivian 

early 

Valanginian late 

Hole 398D 

Section 

56-1 
56-2 
56-2 
56-3 

58-1 
80-4 
81-1 
104-1 
104-1 
119-3 
119-4 
127-7 
128-1 
129-3 
129-4 
133-5 
134-1 
138-2 

Depth 
(mbsf) 

945.5 
948.0 
948.0 
949.5 

964.5 
1202.0 
1202.0 
1412.0 
1412.0 
1558.0 
1558.0 
1639.0 
1639.0 
1653.0 
1653.0 
1696.0 
1696.0 
1740.0 

Hole 603B 

Section 

25, CC 
26, CC 

33-1 

33-1 
33-3 

33, CC 
35-1 

Depth 
(mbsf) 

1056.5 
1065.5 

1119.0 

1119.0 
1127.2 
1127.2 
1137.5 

Hole 638B 

Section 

20-3 
23-3 
23-3 
23-3 
23-3 
26-6 
27-1 
29-4 
30-1 
31-2 

Depth 
(mbsf) 

183.6 
212.7 
212.7 
212.8 
212.8 
247.7 
247.7 
276.7 
276.7 
288.2 

Hole 640A 

Section 

3-4 
3,CC 
6-1 

6,CC 

Depth 
(mbsf) 

174.0 
174.3 
194.1 
203.3 

Hole 641C 

Section 

1-1 
6-3 
6-3 
8-4 
8-5 

12-7 
13-1 
16-2 

Depth 
(mbsf) 

151.3 
207.4 
207.4 
227.6 
227.6 
266.5 
266.5 
298.5 

Figure 3. Age assignments of cores from Holes 398D, 603B, 638B, 640A, and 641C, based on synthesis of calcareous nannofossil and foraminifer 
assemblage data (after Moullade et al., this volume; Shipboard Scientific Party, 1979, 1987). 

Dibolachras tytthopora Zone 
Definition. FO of Dibolachras tytthopora Foreman, 1973b. 
Age. Late Hauterivian. 

Cecrops septemporatus Zone 
Definition. FO of Cecrops septemporatus (Parona, 1890) ( = 

Sphaerostylus septemporatus Parona, 1890). 
Age. Latest Valanginian/earliest Hauterivian. 

Sethocapsa trachyostraca Zone 
Definition. FO of Sethocapsa trachyostraca Foreman, 1973b. 
Age. Late Valanginian. 

SITE 603 

Hole 603B 
Radiolarians were recovered, extracted, and studied from sam­

ples of Upper Cretaceous black shales and variegated claystones 
from Hole 603B of DSDP Leg 93. Samples with abundant radi­
olarians are predominantly concentrated in the variegated clay­
stones. These claystones can be divided into an upper part from 
Core 603B-24 to Section 603B-29-2, consisting of claystones with 
greenish gray layers mostly dominating over reddish brown lay­
ers, and a lower part of approximately Core 603B-33, consisting 

of pelagic greenish grayish claystones lacking any reddish brown 
color. 

The preservation did not allow a statistical evaluation of the 
fauna, but the recovered specimens were sufficiently well pre­
served to resolve the biostratigraphy and provide pertinent pale­
oceanographic data for these radiolarian-rich intervals. 

A first drilled interval of radiolarian-rich sediments is repre­
sented in Samples 603B-25, CC (90-93 cm), 603B-26-1, 90-93 
cm, 603B-26-2, 90-93 cm, 603B-26-3, 90-93 cm, and Section 
603B-26, CC. Radiolarians are common to abundant and gener­
ally poorly preserved, with diagenetic transformation into clino-
ptilolite. All of the samples, however, contain a small amount 
(< 1% per 10 cm3) of moderately to well-preserved specimens. 
Not all of the species are described, but many, especially nassel-
larians, are recorded by other workers in coeval strata, and some 
reliable stratigraphic markers can be discriminated. The most 
abundant forms belong to the genera Dictyomitra {Dictyomitra 
formosa and Dictyomitra koslovae), Alievium (Alievium gallo­
wayi), and Pseudoaulophacus {Pseudoaulophacus floresensis, 
Pseudoaulophacus lenticulatus, and Pseudoaulophacus pargue-
raensis). Other important stratigraphic forms include Afens li-
riodes, Amphipyndax cf. pseudoconolus, Archaeodictyomitra 
lamellicostata, Clathropyrgus titthium, Theocampe tina, and 
Patulibracchium californiaensis (Fig. 5 and Pis. 1 and 2). 

Upper Cretaceous sections with radiolarians continuous 
throughout are rarely recorded; thus, the stratigraphic ranges of 
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Figure 4. Compilation of radiolarian zonations (modified from Schaaf, 1985, and Sanfilippo and Riedel, 1985). 
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Radiolarian zones 
(Sanfilippo and Riedel, 1985) 
Magnetic reversals 

Crucella cachensis 
Patulibracchium davisi 
Halesium quadratum 
Halesium sexangulum 
Alievium superbum 
Pseudoaulophacus putahensis 
Dumitricaia maxwellensis 
Pyramispongia glascockensis 
Cavaspongia antelopensis 
Cavaspongia californiaensis 
Thanarla veneta 
Pseudodictyomitra pseudomacrocephala 
Pseudodictyomitra nakasekoi 
Dictyomitra multicostata 

Novixitus sp. B 
Theocampe urna 
Theocampe Una 
Cryptamphorella conara 
Obesacapsula somphedia 
Conocaryomma universa 
Amphipyndax pseudocunolus 
Amphipyndax tylotus 

Archaeodictyomitra lamellicostata 

Dictyomitra formosa 
Dictyomitra koslovae 
Clathropyrgus titthium 
Afens liriodes 

Alievium gallowayi 
Pseudoaulophacus lenticulatus 
Pseudoaulophacus floresensis 
Pseudoaulophacus pargueraensis 
Patulibracchium californiaensis 
Crucellai?) sp. A 
Heliocryptocapsa sp. A 
Novixitus sp. A 

Figure 5. 
samples. 

Composite range chart of Upper Cretaceous radiolarians. Most of the specimens have been identified in North Atlantic 

Upper Cretaceous species are not well established. But the co­
occurrence of the forms listed above suggests, according to most 
authors (see also Moullade et al., this volume), a Campanian 
(probably early to middle Campanian) age for such a radiolar­
ian association. 

Sample 603B-33-1, 38-42 cm, from a quartz sandstone marks 
an important change in the sedimentation at Site 603. Shipboard 
scientists (Shipboard Scientific Party, 1987) fixed the boundary 
between their lithologic Units III (= Plantagenet Formation) 
and IV (= Hatteras Formation) at this level. The sample con­
tains rare and poorly preserved (replaced by clinoptilolite) radi­
olarians. A. liriodes, Alievium sp., Crucella sp. (with a large la­
cuna in the central part), Patellula sp., and some poorly pre­
served Dictyomitra ssp. can be distinguished. The age of this 
sample is uncertain. A. liriodes would indicate a Campanian 
age, but Sanfilippo and Riedel (1985) recently reported A. li­

riodes from Turonian strata in northern Italy. Crucella sp. with 
a large lacuna in the central area is either Crucella cachensis 
(Turonian) or Crucella espartoensis (Santonian/Campanian). Ali­
evium sp. is common in the Upper Cretaceous, and Patellula sp. 
is a long-ranging form. 

Present knowledge of radiolarians would suggest a Turonian 
age for this sample, which would set the lithologic boundary be­
tween the Plantagenet Formation and the Hatteras Formation 
above the CTBE, which is rather unlikely. This sample most 
probably contains the youngest radiolarian fauna present in the 
underlying suite of radiolarian-rich sediments. The sample is 
most probably a mixture of the youngest Turonian clay and the 
overlying detrital layer of unknown age (older than Campanian). 

A second interval of radiolarian-rich sedimentation occurs 
below 42 cm in Section 603B-33-1. The sequence consists of 
dark greenish gray and greenish black claystones with the ap-
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pearance of the first true black shales. Samples 603B-33-1, 90-
93 cm, 603B-33-2, 90-93 cm, and 603B-33-3, 90-93 cm, contain 
common to abundant, poor to moderately preserved, and clino-
ptilolite-replaced radiolarians (Table 1). The most characteristic 
form is C. cachensis. Additional species of stratigraphic impor­
tance include Alievium super bum, Pseudoaulophacus putahen­
sis, Cavaspongia antelopensis, Cavaspongia californiaensis, Py-
ramispongia glascockensis, Dumitricaia maxwellensis, Pseudo-
dictyomitra nakasekoi, and P. pseudomacrocephala (Pis. 1-3). 

The radiolarian association in the second interval is the char­
acteristic fauna of the CTBE (Thurow et al., 1982; Thurow and 
Kuhnt, 1986). This event is always characterized by a strong bio-
siliceous component. A calibration of mid-Cretaceous radiolari­
ans with planktonic foraminifers (Thurow et al., 1982; Kuhnt et 
al., 1986) reveals that species such as C. antelopensis, C. cali-
forniaensis, or C. cachensis never occur together with the keeled 
planktonic foraminifer genera Rotalipora, which becomes ex­
tinct in the uppermost Cenomanian. Observed specimens of C. 
cachensis always display an elevated and prominent central area 
that characterizes species from the deeper part of the C. cachen­
sis partial range Zone. The FO of this form is always coeval 
with the onset of the Whiteinella aprica Zone (planktonic fora­
minifer), which marks the chronologically less precisely fixed 
Cenomanian/Turonian boundary. On the other hand, none of 
the species known to have late Turonian FOs is present (e.g., 
Thanarla urna); therefore, an early Turonian age is suggested 
for this interval. This age assignment is in good accordance with 
the dinoflagellate data (Herbin et al., 1987). Dinoflagellate cysts 
in Sample 603B-33, CC (1 cm), suggest a late Cenomanian/early 
Turonian age immediately below the radiolarian-rich interval. 

Cores 603B-35 and 603B-34 (black shales) and Section 603B-
33, CC, (greenish claystone) contain rare, generally poorly—but 
sometimes moderately—preserved radiolarians. Most of the spec­
imens are not determinable to either a specific or generic level. 
The two samples studied from the black shale interval (603B-
35-1, 90-93 cm, and 603B-34-3, 90 cm) contain only a few age-
diagnostic forms, which is also true for Section 603B-33, CC 
(transition from the black shales to the overlying greenish zeo-
litic claystones). In Sample 603-34-3, 90 cm, Holocryptocanium 
aff. barbui, Conocaryomma aff. universa, P. glascockensis, P. 
putahensis, and Patellula sp. can be distinguished. This associa­
tion is not very common, but P. glascockensis is recorded from 
Cenomanian to middle Turonian sediments, whereas P. puta­
hensis s.s. never occurs before the CTBE. A late Cenomanian/ 
early Turonian age is likely for this interval. 

SITE 398 

Hole 398D 
Based on Sigal's (1979) compilation, which provides an over­

view of abundance, preservation, and skeletal mineralogy of 
Lower to middle Cretaceous faunas found at Site 398, and list­
ings in Basov et al. (1979) and Schaaf (1985), radiolarian-rich 
intervals of Barremian to Turonian age were sampled. The Up­
per Cretaceous brownish claystones at this site were not consid­
ered. According to the "Site 398" chapter (Shipboard Scientific 
Party, 1979), they are devoid of radiolarians. 

To allow direct comparison with the radiolarian-rich inter­
vals studied at other sites, the faunal description is presented in 
three parts that reflect the three radiolarian-rich intervals. The 
Upper Cretaceous interval from Samples 398D-56-1, 112-116 
cm, to 398D-56-3, 145-149 cm, comprises the CTBE. The other 
two intervals, in the thick upper Lower Cretaceous (Albian) se­
quence from Cores 398D-58 to 398D-104, are the result of radi­
olarian-rich sedimentation or enhanced preservation and con­
tain moderately to well-preserved faunas. The second interval is 

upper to uppermost Albian, from Samples 398D-62-1, 57-61 
cm, to 398D-63-6, 90-94 cm. The third interval is the upper part 
of the middle Albian, from Samples 398-71-4, 36-40 cm, to 
398D-75-2, 37-40 cm. 

Below these intervals down to the bottom of the hole, con­
centrations of radiolarians are common, but the quality of pres­
ervation decreases downhole and the faunas are generally too 
poorly preserved for biostratigraphic analysis. 

Upper Cretaceous (CTBE): Samples 398D-56-1, 112-116 cm, 
to 398D-56-3, 145-149 cm 

Fifteen samples were studied from this interval, and the re­
sults are presented in Table 2. Radiolarians are common but, in 
general, poorly preserved. The poor preservation does not allow 
a statistical evaluation of the fauna, but enough specimens are 
sufficiently preserved for biostratigraphic analysis. The samples 
compare well in faunal composition, and differences reflect pres­
ervation rather than primary faunal composition. 

Biostratigraphically important species included, superbum, 
P. putahensis, Cavaspongia sp., P. glascockensis, Archaeodic-
tyomitra simplex, Archaeodictyomitra squinaboli, D. formosa, 
Novixitus weyli, Pseudodictyomitra carpatica, P. nakasekoi, Tha­
narla elegantissima, Thanarla veneta, and T coronatus. This as­
sociation is characteristic of the fauna around the CTBE (Fig. 5). 

The most important marker species for this time, C. cachen­
sis, first occurs in Sample 398D-56-2, 98-102 cm. This form is 
used as the marker for the onset of the CTBE (Thurow et al., 
1982), and its FO coincides with the latest Cenomanian extinc­
tion of the foraminifer genus Rotalipora, which is followed by 
the onset of the Whiteinella archaeocretacea Zone. This zone 
includes the chronologically less precise Cenomanian/Turonian 
boundary. Several species are not influenced by this event, in­
cluding D. maxwellensis, Halesium quadratum, Halesium sex-
angulum, P. glascockensis, and P. pseudomacrocephala. But this 
event is also reflected in the disappearance of P. carpatica, T. 
elegantissima, and T coronatus and the appearance of A. su­
perbum s.s., C. cachensis, Conocaryomma universa, A. squi­
naboli, and D. formosa. 

It is worth noting that the species that is always a common 
element in a typical CTBE radiolarian association, D. maxwel­
lensis, is rare. The presence of A. superbum s.s.2, which has its 
FO together with C. cachensis in other occurrences of the CTBE 
interval, is known prior to Sample 398D-56-3, 57-61 cm. P. pu­
tahensis s.s. is found together equally with the first C. cachensis 
in onshore CTBE outcrops. In Samples 398D-56-3, 43-47 cm, 
and 398D-56-3, 57-61 cm, both forms occur together with the 
planktonic foraminifer Rotalipora cushmani (which suggests a 
late Cenomanian age), some centimeters below the FO of C. ca­
chensis (Table 2). Because planktonic foraminifers in this inter­
val are found generally within detrital (resedimented?) layers in 
the claystones, their biostratigraphic value is impaired. The pre­
ceding samples may show a mixed fauna of autochthonous and 
allochthonous plankton. However, the samples are not older 
than late Cenomanian. 

It is obvious from comparison of the radiolarian inventory 
of the Site 398 CTBE interval with well-documented onshore 
CTBE assemblages (Kuhnt et al., 1986; Thurow and Kuhnt, 
1986; Thurow, 1987 [Tethyan and Atlantic realms]; Pessagno, 
1976 [California]) that the diversity at Site 398 is lower. One 

A. superbum is first described from a sample of latest Albian age at Site 398 
(Schaaf, 1985). However, reexamination of this interval (Core 398D-63) reveals 
that although the specimens described as A. superbum are, without a doubt, 
closely related to A. superbum, they do not show all of the characteristics of the 
type species. The FO of true specimens of A. superbum (A. superbum s.s.) is 
around the Cenomanian/Turonian boundary. 
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possible explanation for the lower diversity is that the missing 
species have fragile skeletons (e.g., Neosciadiacapsidae) that were 
destroyed during diagenesis. 

Lower Cretaceous 
One hundred thirty samples were prepared from Lower Cre­

taceous strata at Site 398, including the dark grayish-greenish 
and black claystones low in CaC03 and the more calcareous lay­
ers at the base of the sequence. Only a few samples were really 
barren, with most of them revealing common to abundant radi­
olarians with varying preservation. Whereas poor preservation 
is the rule in the lower part of the sequence, moderately to well-
preserved faunas occur in the upper part (except for Cores 
398D-57 through 398D-61, which are barren with respect to ra­
diolarians, representing the uppermost Albian and lower Ceno­
manian, according to calcareous plankton). 

Upper Albian: Samples 398D-62-1, 57-61 cm, to 398D-63-6, 
90-94 cm 

The 10 samples from the interval from Samples 398D-62-1, 
57-61 cm, through 398D-63-6, 90-94 cm, contain abundant and 
well-preserved radiolarians. SEM observation reveals that the 
surfaces of the specimens are slightly dissolved or broken by the 
crystallization of clinoptilolite inside the skeleton. However, the 
radiolarian faunas in this interval are abundant, diverse, and 
well preserved, a rare exception to the unfavorable habitat pre­
sented by the Atlantic Ocean for radiolarians at that time. 

The faunas are dominated by species of the genera Pseudo-
dictyomitra Pessagno 1977b (compare with Pl. 3, Figs. 11-17), 
Novixitus Pessagno 1977b, Xitus Pessagno 1977b, Mita Pessa­
gno 1977b, Thanarla Pessagno 1977b, Orbiculiforma Pessagno 
1973, emend. Pessagno 1976, and Patellula Petrushevskaya and 
Kozlova 1972, emend. Empson-Morin 1981. Common and well-
known species are M. gracilis, P. pseudomacrocephala, Xitus 
alievi, N. weyli, Stichomitra communis, Amphipyndax medio-
cris, T. elegantissima, and T. veneta. Less common are T. coro-
natus, H. barbui, Cryptamphorella conara, Eusyringium spino-
sum, Sethocapsa(?) simplex, and Squinabollum fossilis. 

These forms are recorded from Albian/Cenomanian strata. 
A comparison with the zonal scheme reveals that they can be as­
cribed to the A. umbilicata Zone of Schaaf (1985). Compared 
with the subzones defined by Schaaf (1985), the co-occurrence 
of A. umbilicata, T. coronatus, H. barbui, M. gracilis, P. pseu­
domacrocephala, and T. veneta is noteworthy. The FO of these 
marker species defines their nominate subzones (Schaaf, 1985) 
within the A. umbilicata Zone of Schaaf (1985) (Fig. 4). The oc­
currence of T. veneta indicates a latest Albian age. On the other 
hand, the common occurrence of R. majuroensis and the lack 
of Obesacapsula somphedia would suggest the upper part of the 
O. somphedia Zone/R. majuroensis Subzone of Schaaf (1985), 
which is of late Cenomanian age. However, the co-occurring 
planktonic foraminifers from this interval ascribe a latest Al­
bian age. 

The samples from Core 398D-64 to Sections 4 and 5 of Core 
398D-71 contain few to abundant, rather poorly preserved radi­
olarians (see Thurow, this volume) that are highly similar to the 
following faunal association. These samples are not considered 
in this chapter. 

A second radiolarian peak was found in the upper Albian, 
from Samples 398-71-4, 36-40 cm, to 398D-75-2, 37-40 cm. The 
overall composition of the fauna is similar to the association de­
scribed for the preceding interval, but the poorer preservation 
decreases the biostratigraphic potential of the samples. Com­
mon faunal elements within each sample include the following: 
A. metacryst, A. simplex, Cyrtocapsaperspicua, H. barbui, M. 
gracilis (Pl. 3, Fig. 2; and the forms figured by Schaaf, 1985, 
p. 110-111, figs. 5a-5c, H), N. weyli (rare), Pseudodictyomitra 

group without P. pseudomacrocephala, Rhopalosyringium sp. 
(see Pl. 4, Fig. 17), Sethocapsa cf. 5. simplex (Pl. 4, Fig. 23), T. 
coronatus (rare), Napora sp., Xitus alievi and Xitus spicularius 
(both rare), cryptothoracic nassellarians (as figured in Pl. 4, 
Figs. 24 and 26), Acaeniotyle diaphorogona, A. umbilicata, 
Acaeniotyle sp. (Pl. 6, Fig. 2), Alievium antiquum, Alievium 
sp. (Pl. 5, Fig. 12), Archaeospongoprunum cortinaensis, Con-
ocaryomma sp., Crucella messinae, Hexapyramis pantanellii, 
Paronaella sp. (Pl. 6, Fig. 8), Patellula ssp., Patulibracchium 
sp. aff. P. grapevinensis, and Pseudoaulophacus ssp. (Pl. 5, 
Figs. 14 and 14A). 

Nonsilicified samples within this interval have also fragments 
of Hagiastrids, Neosciadiocapsids, and Acanthocircus ssp. in 
common. 

A careful check for the index species of the subzones within 
the A. umbilicata Zone of Schaaf (1985) found A. umbilicata, 
T. coronatus (rare), H. barbui, and M. gracilis. The co-occur­
rence of these forms characterizes the base of the upper Albian 
(M. gracilis Zone), which is in accordance with the age of cal­
careous planktonics within this interval (Sigal, 1979). 

Below this interval, only a few samples revealed abundant 
and sufficiently preserved radiolarians (see Thurow, this vol­
ume). 

The overall faunal composition of Samples 398-77-3, 37-41 
cm, to 398D-102-1, 134-138 cm, is comparable to that described 
from the overlying interval. All samples contain some elements 
in common, although not all of the distinctive species are pres­
ent in all samples. The more common (and unfortunately, not 
yet age diagnostic) species include Godia(l) ssp., Patellula ssp., 
Orbiculiforma ssp., numerous undescribed Pseudoaulophacids, 
numerous fragments of Hagiastrids, H, pantanellii, A. diapho­
rogona, A. umbilicata, A. metacryst, Archaeospongoprunum 
ssp., Halesium cf. H. sexangulum (Pl. 6, Fig. 4), Patulibrac­
chium sp., Pseudodictyomitra ssp., Sethocapsa cf. S. simplex, 
Napora sp., X. alievi, X. spicularius, and unknown nassellar­
ians gen. et sp. indet. 6 (Pl. 4, Fig. 24). The upper part of this 
interval has common Conocaryomma sp., C. conara, H. bar­
bui, M. gracilis, Sethocapsa cf. S. simplex, and S. communis. 

A check for the subzone marker species in this interval re­
vealed that C. conara s.s. and H. barbui s.s. have their FOs in 
Sample 398-89-4, 66-70 cm. M. gracilis and P. pseudomacro­
cephala are lacking. The indicated H. barbui Zone is not older 
than late early Albian. 

The Parvicingula malleola group, which Schaaf (1981, 1985) 
described from the lower Aptian, occurs downhole from Sam­
ple 398-97-4, 61-65 cm. All of the other species Schaaf (1981, 
1985) described as characteristic of an Aptian association are 
lacking; therefore, a younger age is possible. 

Downhole from Sample 398D-100-3, 148-150 cm, the faunal 
composition changes, and the occurrence of S. euganea, Acan­
thocircus trizonalis, A. cortinaensis, Dicroa sp. A Foreman, 
1975, and Eucyrtis aff. E. tenuis indicates an Aptian age, which 
is roughly coincident with the calcareous plankton age (base of 
the Albian). 

The faunal association in Samples 398D-100-5, 34-41 cm, 
398D-101-5, 98-102 cm, and 398D-102-1, 134-138 cm, is al­
most identical to that of Sample 398D-100-3, 148-150 cm. In 
Sample 398D-100-5, 34-41 cm, Triactoma cf. T. echoides, and 
Emiluvia(l) sp. also occur. The absence of A. cortinaensis and 
the common occurrence of S. euganea might suggest a slightly 
older age. X. alievi, which has been recorded from strata not 
younger than middle Aptian, occurs in Sample 398D-101-5, 98-
102 cm. The last sample with determinable specimens (Sample 
398D-102-1, 134-138 cm) contains Staurocyclia martini, S. eu­
ganea, and X. alievi, which are characteristic of the S. euganea 
Zone (lower to middle Aptian). This age assignment based on 
the radiolarian fauna is in disagreement with that from the cal-
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careous plankton, which suggest the base of the Albian. How­
ever, studied upper Lower Cretaceous sections are not numer­
ous, and the ranges are not well-established. The quite similar 
faunal composition in Samples 398D-77-3, 37-41 cm, to 398D-
102-1, 134-138 cm, is easily explained by the high sedimenta­
tion rate during the early to middle Albian at this site. 

SITE 641 

Hole 641A 
Twenty samples from this hole were studied, but only two 

samples (103-641A-4X-1, 48-52 cm, and 103-641A-6X, CC [21-
24 cm]) contain rare and poorly preserved radiolarians. 

Two radiolarians were found in Sample 103-641A-4X-1, 48-
52 cm: S. fossilis (Squinabol) (Pl. 4, Fig. 21) and a nassellarian 
that is generally named S. communis Squinabol (Pl. 4, Fig. 10). 
5. fossilis is recorded from the upper Albian to the top of the 
upper Turonian in Japan, and S. communis is common in mid-
Cretaceous sediments of southern Europe, northwest Africa, 
and at Site 398. However, the stratigraphic ranges of both forms 
are not well established; therefore, the precise age of the sample 
remains uncertain. Furthermore, the rarity (two specimens) and 
preservation of the radiolarians in a sedimentary environment 
that is generally devoid of siliceous microfossils suggests that 
these specimens may be derived from a small lithoclast. 

A zeolite-replaced, and therefore doubtful, Alievium sp. with 
a domed pillowlike shape was found in Sample 103-641A-6X, 
CC (21-24 cm), of the black shale. Such forms have their FO 
approximately at the base of the Turonian. 

Hole 641C 
Eighty samples from this site were studied. Radiolarians are 

common throughout the sequence, sometimes abundant in the 
upper part, and less common in the lower part. They are re­
placed by quartz or opal-CT in most samples and are poor to 
moderately preserved. Certain fauna may show replacement of 
the skeleton by pyrite or pyrite overgrowths. Coarse zeolite casts 
are abundant, and from Core 103-641C-10R downhole, radio­
larians are commonly replaced by pyrite. 

Shipboard scientists ("Site 641" chapter; Boillot, Winterer, 
et al., 1987) divided the sedimentary sequence into several sub­
units, but only the deepest unit, lithologic Unit VI (Core 103-
641C-11R to Section 103-641C-16R, CC), contains a distinct ra­
diolarian fauna. This unit broadly corresponds to lithologic Sub­
unit IIA at Site 638, and the radiolarian faunas compare well, 
except for the exclusive replacement by pyrite. 

The radiolarians can be used to divide the upper part of the 
sequence into two biostratigraphic intervals. An upper interval 
from Samples 103-641C-1R-1, 36-38 cm, to 103-641C-3R-5, 8-
12 cm, is characterized by greenish gray and black, homoge­
neous and laminated claystones and is rich in radiolarians, some 
of which are moderately preserved. Several of the radiolarians 
are of biostratigraphic importance, which allows age assign­
ment for this interval. The faunas of this interval broadly corre­
spond to those of Subunit IVb at Site 398 (Cores 398-79 to 398-
102), which roughly represents the lower and middle Albian. 
Common surface dissolution of the silica-preserved radiolarian 
tests precludes a precise age determination and a statistical eval­
uation at the present. 

Calcareous plankton are not common in the interval recov­
ered at Site 641, but nannofossil data (Applegate and Bergen, 
this volume) suggest either a late early Albian or early late Al­
bian age. There is no general difference in radiolarian abun­
dance and preservation between the greenish gray and black 
claystones. Several samples contain a remarkable amount of sili­
ceous sponge debris (Thurow, this volume). 

The faunal composition of each sample within this interval is 
similar, and differences reflect variation in preservation rather 
than primary diversity fluctuations. Characteristic species for 
this interval are A. diaphorogona, A. umbilicata, Acaeniotyle 
sp. with four spines, A. antiquum, Archaeospongoprunum te-
hamaensis, Archaeospongoprunum ssp., C. messinae, Crucella 
sp., Godia(l) ssp., H. pantanellii, Paronaella ssp., fragments of 
Hagiastrids, A. metacryst, A. simplex, E. spinosum (see Pl. 4, 
Figs. 18 and 20), M. gracilis, N. weyli, Pseudodictyomitra lodo-
gaensis, Rhopalosyringium aff. R. obiraensis, Sethocapsa cf. S. 
simplex, S. communis, Napora sp., and X. spicularius. 

The faunal composition indicates an Albian age for the in­
terval. This age is confirmed by the common occurrence of M. 
gracilis, which has its FO at the base of the M. gracilis Zone 
(base of upper Albian), whereas P. pseudomacrocephala has its 
FO in the next, younger zone, the P. pseudomacrocephala Zone. 
Furthermore, the faunas are dominated by large, long-ranging 
Spumellarids, Patellula ssp., and Orbiculiforma ssp. Both the 
genera Patellula and Orbiculiforma are represented in Hole 641C 
by different species that are undescribed but are known to char­
acterize the Albian. 

The second interval ranges from Samples 103-641C-3R-5, 8-
12 cm, to 103-641C-9R-1, 75-78 cm, and represents the lower 
Albian to middle Aptian, based on planktonic foraminifers. Li­
thologies include greenish gray and black, homogeneous and 
laminated claystones in the upper part and greenish gray marl­
stones, microturbidites, and limestone conglomerate in the lower 
part. Radiolarians are common in the upper part of the interval 
and less common in the lower part. Again, a pronounced disso­
lution of the silica-preserved radiolarian tests obscures the taxa-
characteristic pore frame structure, and zeolite casts inhibit stud­
ies in transmitted light. More SEM studies are required to pre­
cisely establish the radiolarian biostratigraphy of this interval. 
Age-diagnostic species are rare, but the common occurrence of 
M. gracilis and the lack of P. pseudomacrocephala indicate a 
middle Albian age. In Sample 103-641C-6R-2, 81-82 cm, M. 
gracilis is absent, but H. barbui is a common faunal element. 
This assemblage might be indicative of the H. barbui Zone, 
which suggests a late early Albian age. Below this sample down 
to Section 103-641C-9R, CC, no age-diagnostic species have 
been found, but the faunal compositions still suggest an Albian 
age. 

Samples 103-641C-9R, CC (11-14 cm), and 103-641C-10R-5, 
5-9 cm, contain a pyrite-replaced radiolarian association that is 
diverse but largely fragmented. A. diaphorogona, A. umbili­
cata, Alievium helenae, Conocaryomma sp. A, Conosphaera 
tuberosa, Cyclastrum infundibuliforme, Godia(l) ssp., Hagias­
trids (Angulobracchia{l) portmanni), P lanceola, Paronaella cf. 
P. bandy, Orbiculiforma railensis, Patellula(l) sp. A, Pseudo-
crucella(?) sp. B and other forms with a central depression, T. 
hybum, A. metacryst, Archaeodictyomitra apiara (rare), Arch-
aeodictyomitra lacrimula, Archaeodictyomitra vulgaris, Cryp-
tamphorella sp., Cyrtocapsa grutterinki, D. tytthopora, Eucyr-
tis sp., Holocryptocanium sp. B (pyrite replacement is never 
observed), Podobursa triacantha, Siphocampium{l) davidi, 
Thanarla conica, Thanarla pulchra, Sethocapsa orca, Setho­
capsa trachyostraca, Williriedellum gilkeyi, and Xitus spicula­
rius. 

This association is similar to those of Sample 103-638B-21R-5, 
52-54 cm, and is the characteristic association of the Barre­
mian/lowermost Aptian (C pythiae Zone, respectively the base 
of the S. euganea Zone). 

In the underlying interval, which corresponds to lithologic 
Unit VI, radiolarians are rare and the preservation is poor. Be­
tween Samples 103-641C-12R-3, 35-37 cm, and 103-641C-15R-2, 
99-102 cm, the diversity of radiolarian faunas decreases (re-
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working?), and they are less fragile and commonly not age diag­
nostic. Included in this assemblage are A. diaphorogona, A. 
umbilicata, C. tuberosa, P. lanceola, A. vulgaris, P. carpatica, 
T. conica, and X. spicularius. 

The common occurrence of S. orca restricts this interval from 
upper Hauterivian to lowermost Aptian. In Sample 103-641C-
12R-5, 38-41 cm, the last occurrence (LO) of Sethocapsa uter-
culus marks the Barremian/Aptian boundary interval. Sample 
103-641C-15R-2, 99-102 cm, in which the preservation is some­
what better than in the younger samples, contains a fauna that 
is quite similar to that in Section 103-640A-3R, CC, consisting 
of age-diagnostic species such as S. orca, S. trachyostraca, W. 
gilkeyi, and Williriedellum peterschmittae. These taxa indicate a 
Hauterivian/Barremian age for the last downhole occurrence of 
a radiolarian-rich sample. 

The radiolarian associations from Section 103-641C-9R, CC, 
downhole are comparable with those from Sites 638 and 640 
and are characteristic of the Blake-Bahama Formation. There­
fore, the boundary between this formation and the overlying 
Hatteras Formation is tentatively placed within Core 103-641C-
9R, CC. 

SITE 638 

Holes 638B and 638C 
Rare to common radiolarians of varying preservation occur 

throughout the Cretaceous sequence at Hole 63 8B. Biostrati­
graphically useful radiolarians were found only in lithologic Unit 
II. This unit is characterized by bioturbated nannofossil marl­
stone, limestone, and calcareous mudstone. This unit is divided 
by the shipboard scientists into two subunits ("Site 638" chap­
ter; Boillot, Winterer, et al., 1987). Radiolarian occurrences and 
mode of preservation permit two biostratigraphic intervals to be 
recognized within the Cretaceous sedimentary section of Hole 
63 8B. These intervals coincide roughly with the shipboard-de­
fined lithologic units. 

Radiolarians from Subunit IIA, pelagic limestone alternat­
ing with laminated marlstone rich in terrigenous material, are 
preserved as silica and can be regarded as true in-situ associa­
tions. Radiolarians from the Subunit IIB bioturbated marlstone 
are replaced by pyrite. Several faunas may even be reworked. A 
compilation of the sediment-radiolarian relationships at this site 
is given in the "Site 638" chapter (Boillot, Winterer, et al., 
1987). A description of the different diagenetic features is pre­
sented by Thurow (this volume). 

Twenty-five samples, from all lithologies, were studied from 
Subunit IIA. Radiolarians are abundant but are generally al­
tered to calcite, which obscures the skeletal meshwork. Com­
monly, calcite steinkerns are the remains of the original faunal 
component (Thurow, this volume). However, in rare cases, a 
part of the faunal assemblage remains preserved as quartz, which 
allows biostratigraphic evaluation. 

In-situ radiolarians were etched from lightly bioturbated lime­
stones in the interval between Samples 103-638B-21R-1, 4-6 cm, 
and 103-638B-22R-5, 138-140 cm. The radiolarians are fragile 
and show imprints of calcite crystals on the test surfaces. 

A rich and diverse fauna was found in Sample 103-638B-
21R-5, 52-54 cm. The most characteristic species are Archaeo-
dictyomitra puga, A. vulgaris, C. pythiae, Cryptamphorella ssp. 
(Cryptamphorella dumitricai, C. cf. conard), C. grutterinki, D. 
tytthopora, Godia(l) ssp., Mita ssp., Parvicingula boesii, Parvi-
cingula(l) sp., P. triacantha, Podobursa tricola, Pseudodictyo-
mitra lilyae, S. orca, S. trachyostraca, S. uterculus, Siphocam-
piumip.) davidi, Stichocapsa cribata, T. conica, T. pulchra, X. 
alievi, X. spicularius, A. diaphorogona, A. umbilicata, A. tri-
zonalis, A. helenae, Angulobracchia(l) portmanni, A. tehama-

ensis, C. tuberosa, Hexastylurus magnificus, O. railensis, C. in-
fundibuliforme, P. lanceola, and T. echoides. 

A comparably well-preserved and diverse fauna was found in 
Sample 103-638B-21R-4, 38-40 cm, including^, diaphorogona, 
A. umbilicata, A. helenae, A. lacrimula, Archaeodictyomitra 
pseudoscalaris, A. tehamaensis, C. infundibulum, Eucyrtis cf. 
elido, Eusyringium sp., Godia(l) ssp., Mirifusus chenodes, Or-
biculiforma ssp., P. lanceola, Paronaella sp., Patulibracchium 
sp., Pseudocrucella aff. P. theokaftensisil), P. carpatica, P. li­
lyae, T. hybum, T. conica, T. pulchra, Napora sp., W. peter­
schmittae, X. alievi, X. spicularius, and an unknown spumel-
larian gen. et sp. indet. 20. 

The occurrence of the short-ranging species M. chenodes, C. 
pythiae, and D. tytthopora is characteristic of the C. pythiae 
Zone and allows a precise age assignment of middle Barremian. 
The co-occurrence of S. orca, S. uterculus, and A. helenae in 
Sample 103-638B-21R-5, 52-54 cm, and the occurrence of T. hy­
bum in Sample 103-638B-21R-4, 38-40 cm, support this age as­
signment, which is in good accordance with the ages provided by 
calcareous microfossils (nannoplankton: late Barremian/?early 
Aptian; foraminifers: late Barremian). 

This resulting age assignment affects the ranges of several 
biostratigraphically important species, S. trachyostraca and 57-
phocampiumip.) davidi, which have been said to become extinct 
at the end of the Hauterivian. 

Fifty samples were studied from all of the Subunit IIB (Sec­
tions 103-638B-23R-3 to 103-638B-32R-2) lithologies. Enrich­
ments of sufficiently preserved radiolarians are mainly in the 
dark gray clay-rich marlstone, which alternates with light gray 
nannofossil marlstone containing radiolarians replaced by coarse 
calcite. Radiolarians are common in the dark marlstone but py-
rite-replaced and poorly preserved. Rather well-preserved fau­
nas were in Section 103-638B-25R, CC, and Sample 103-638B-
26R-1, 21-25 cm; both associations are identical. Important bio­
stratigraphic markers include: A. diaphorogona, A. umbilicata, 
A. helenae, A. tehamaensis, C. septemporatus, A. lacrimula, 
A. vulgaris/pseudoscalaris, P. boesii, Godiail) ssp., P. triacan­
tha, S. orca, S. trachyostraca, Siphocampium(?) davidi, Syrin-
gocapsa agolarium, T. conica, W. peterschmittae, and X. spicu­
larius. 

This faunal association does not differ from that in Subunit 
IIA, but the presence of C. septemporatus indicates an age not 
younger than early Barremian. A hiatus in Section 103-638B-
23R-3, which is likely based on the nannofossil results (Apple­
gate and Bergen, this volume), is not confirmed by the radiolar­
ian results. However, the potential biostratigraphic resolution of 
radiolarians is still quite coarse and does not allow the separa­
tion of different datum levels within a stage. 

In Sample 103-638B-31R-2, 34-36 cm, the following were 
found: A. diaphorogona, A. umbilicata, A. helenae, Angulo-
bracchia(!) portmanni, "Cenosphaera" sp., C. tuberosa, sev­
eral species of Hagiastrids, Homoeoparonaella sp., Orbiculi-
forma ssp., Pseudocrucella(7) sp. A, Pseudocrucellaip.) sp. B, S. 
martini, T. hybum gen. et sp. indet. 12, A. vulgaris, D. tyttho­
pora, Godia{l) sp., E. elido, P. boesii, P. triacantha, P. car­
patica, Sethocapsa dorysphaeroides (Schaaf, 1985, p. 155, Pis. 
6a and 6b), Sethocapsa leiostraca, S. cf. S. simplex, S. trachyo­
straca, S. uterculus (1 specimen), Siphocampium(l) davidi, S. 
cribata, Stichomitra sp., T. conica, W. peterschmittae (rare), X. 
spicularius, and unknown spumellarian gen. et sp. indet. 17. 

The co-occurrence of D. tytthopora, S. leiostraca, and S. crib­
ata indicates the D. tytthopora Zone of middle Hauterivian age. 
According to the radiolarian data presented, Subunit IIB sedi­
ments are of middle Hauterivian to Barremian age. However, re­
working is a common feature in this interval, and an age assign­
ment to this subunit by means of radiolarians may be impaired. 
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Lithologic Unit III (Sections 103-638B-32R-2 to 103-638B-
45R, CC, and 103-638C-1R-1 to 103-638C-14R, CC) is charac­
terized by the occurrence of terrigenous turbidites. Sixty sam­
ples were studied from Unit III. Radiolarians are generally com­
mon, but confined to silty-sandy layers. All faunas are replaced 
by pyrite with strong crystal overgrowth. Except for a few speci­
mens, the radiolarians are preserved as pyrite molds that are 
useless for biostratigraphic analysis (see Thurow, this volume). 

SITE 640 

Hole 640A 
Radiolarians were found in only four samples at Site 640 

(Samples 103-640A-3R-3, 138-142 cm, and 103-640A-3R-4, 11-
13 cm, and Sections 103-640A-3R, CC, and 103-640A-5R, CC), 
all within lithologic Unit III (dark gray calcareous clays and 
marls, clayey limestones, silty calcareous clays, and sandstones— 
similar to the sequence at Holes 638B and 638C). All specimens 
are replaced by pyrite and only one sample, from Section 103-
640A-3R, CC, contains radiolarians that are sufficiently pre­
served for a biostratigraphic evaluation. This fauna is selected 
as a reference for this time interval. The fauna is diverse, and 
several age-diagnostic species were distinguished, including A. 
diaphorogona, A. umbilicata, Acanthocircus dicranacanthos, 
A. helenae, Angulobracchiail) cf. portmanni, Conosphaera tu-
berosa, P. lanceola, Pseudocrucella(7) sp., Tritrabs sp., A. lacri-
mula, Archaeodictyomitra nuda, A. pseudoscalaris, A. puga, 
A. vulgaris, Cryptamphorella ssp., C. grutterinki, E. elido, P. 
boesii, P. triacantha, Pseudodictyomitra leptoconica, P. lilyae, 
S. trachyostraca, S. uterculus, Siphocampium(l) davidi, Theo-
corys renzae, Triactoma cf. hybum, T. conica, T. pulchra, W. 
gilkeyi, W. peterschmittae, X. alievi, and X. spicularius. 

The co-occurrence of A. dicranacanthos, A. lacrimula, S. 
trachyostraca, S. uterculus, and T. pulchra gives an age that co­
incides rather well with the Hauterivian/Barremian boundary 
but is considerably older than the age provided by the nannofos­
sils (middle to late Barremian). The results from Hole 638B in­
dicate that S. trachyostraca also occurs in the Barremian. The 
other problem is the presence of A. dicranacanthos, which would 
restrict the age of the sample to Hauterivian or older. However, 
the overall faunal composition compares well to that of Sample 
103-638B-21R-5, 52-54 cm, the reference sample for Hole 638B. 
Therefore, a Barremian age for the sample from Section 103-
640-3R, CC, seems possible. 

The presence of completely pyritized radiolarians makes it 
rather difficult to discriminate between several Lower Creta­
ceous genera of Nassellarians; however, it is possible to ascribe 
morphotypes present in the studied material to several genera al­
ready erected or quoted in the past. Because it is impossible to 
study the specimens in transmitted light, I assign the morpho­
types to those genera. 

The overall faunal composition is somewhat strange; in fact, 
a large part of the age-diagnostic species is restricted to the 45-
63 fim size fraction, whereas the coarser fraction is dominated 
by nondiverse, long-ranging spumellarids. In the western Tethys, 
radiolarian assemblages representing this time interval are char­
acterized by the occurrence of large nassellarians that are al­
most absent in Section 103-640A-3R, CC. It is not clear if this 
absence is a result of sorting during transport or if such forms 
are missing in middle- to high-latitude areas. Taking into ac­
count the results from Hole 638B and the fact that below Sec­
tion 103-640A-5R, CC, the sediments are mainly turbidites, the 
former explanation seems more likely. 

DISCUSSION 
The Cretaceous North Atlantic Ocean is not known as a fa­

vorable site for radiolarian preservation. Cretaceous radiolari­

ans are rare in the North Atlantic deep-sea sequences, and they 
are generally not as well preserved as those in the Pacific and In­
dian basins. Examination of the Mesozoic sequences at Sites 
398, 638, 640, and 641 from the Northeast Atlantic continental 
margin and Site 603 from the Northwest Atlantic continental 
margin reconfirm this observation, but there are exceptions. 

It is not the purpose of this paper to focus on this problem, 
but one explanation for the poor radiolarian preservation may 
be the relatively small amount of silica deposited in the Creta­
ceous Atlantic Basin. Unfavorable living conditions resulting 
from the great outflow of salt brine from the western Tethys, re­
spective to the Atlantic borderlands, may be another explana­
tion. 

Within the Upper Cretaceous, from which radiolarians are 
only rarely documented, two short intervals of radiolarian-rich 
sedimentation are distinguished (Fig. 5). The younger bloom is 
restricted to the Campanian, but calibration with other plank­
tonic groups is not yet well established to definitely restrict the 
Campanian radiolarian occurrences to a distinct global siliceous 
event. The older bloom coincides with the well-known CTBE 
(e.g., Thurow et al., this volume). Because radiolarian-rich oc­
currences now are widespread and can be traced into Atlantic 
marginal seas, radiolarians are commonly recorded in onshore 
outcrops. 

The Campanian radiolarian spike at Site 603 coincides with a 
worldwide enrichment of radiolarian-rich or siliceous Campa­
nian sediments in different tectonic settings, as recorded by sev­
eral authors (compilation in Empson-Morin, 1984). Low-latitude 
sediments have similar radiolarian associations (Herm, 1962; 
Butt, 1981; Taketani, 1982; compilation of various occurrences 
in Empson-Morin, 1984; Iwata and Tajika, 1986). These biosi-
liceous sediments are predominantly detectable in pelagic or 
"flyschoid" sediments. Fine-grained calcilutitic layers of turbi­
dite series within the Great Valley sequence (California; Pessa-
gno, 1976), in Japan, in the Gibraltar Arch area, and in the 
Eastern Alps evidence the strong influence of this biosiliceous 
"event." However, it also coincides with some significant shal­
low-marine manganese deposits, sulfide/umber associations 
upon ophiolite suites (Robertson and Hudson, 1974; Tippit et 
al., 1981; Blome and Irwin, 1985; Schlanger, 1986), the end of 
Oceanic Anoxic Event 3 (Arthur et al., 1987), and probably 
with the end of the middle Cretaceous magnetic quiet zone. 

In the Gosau Basin close to Bad Reichenhall (northern cal­
careous limestone Alps, Bavaria, Federal Republic of Germany), 
a short-lived spike of radiolarian-rich sediments is reported from 
the Campanian (Herm, 1962; Butt, 1981). Butt (1981) figured 
some of the radiolarians (pl. 20), and Empson-Morin (1984) de­
scribed some of the fauna. The faunal composition is highly 
similar to that of samples from Core 603B-26. Similar faunal 
associations are widely reported. Most of the occurrences can­
not be calibrated with planktonic foraminifers, but one excep­
tion is in the Gosau Basin. Sections in this area also contain 
planktonic foraminifers, which allows direct calibration with 
the radiolarians. Herm's (1962) sample 223, which marks the 
peak in radiolarian abundance, and Butt's (1981) sample 84 
(nearly 100% radiolarians) are both from the upper part of the 
Rothelbach Section, which is the planktonic foraminifer Globo­
truncana elevata Zone of Butt (1981). Both authors report the 
FO of Globotruncana calcarata several meters above the radio­
larian peak, which points to an early to middle Campanian age 
for this radiolarian bloom, thereby confirming the results of 
Moullade et al. (this volume) for the North Atlantic. 

The older, Upper Cretaceous radiolarian event coincides with 
the well-recorded CTBE (Oceanic Anoxic Event 2 of Schlanger 
and Jenkyns, 1976; Brumsack and Thurow, 1986; Herbin et al., 
1986; Kuhnt et al., 1986; Schlanger et al., 1987; Thurow and 
Kuhnt, 1986; Thurow et al., this volume), an almost global oce-

392 



CRETACEOUS RADIOLARIANS OF THE NORTH ATLANTIC 

anic event that is recorded in the deep sea by a strongly con­
densed biosiliceous black shale sedimentation enriched in trace 
metals. The true black shale deposits of this event rarely have 
the well-preserved radiolarians commonly observed in DSDP 
black shale samples, in exclusion of Bralower and Thierstein's 
(1984) contention that rich radiolarian occurrences are preferen­
tially found in black shales because of a better fossilization po­
tential, thereby denying the idea that such radiolarian blooms 
may be a result of higher surface productivities. 

The reason for the biosiliceous sedimentation and high pres­
ervation of radiolarian faunas at the CTBE is not fully under­
stood, but currently a widely accepted explanation is that it re­
sults from a combined effect of sea-level highstand, low deep-
sea sedimentation rates because of starved terrigenous material, 
overall enhanced surface productivity, and coastal upwelling lead­
ing to high surface productivity and high sedimentation rates in 
certain areas. Transportation of radiolarians from upwelling areas 
downslope may also contribute to radiolarian enrichments in 
deep-sea sediments (Thurow and Kuhnt, 1986). 

The two Lower Cretaceous intervals are characterized by rich 
and comparably well-preserved radiolarian associations in the 
upper Albian and a longer-ranging interval from the upper Bar­
remian to Albian. The younger "event" has not been intensively 
studied, but it is coincident with the first occurrence of red, oxic 
sediments at several sites in the North Atlantic, as well as in bor­
dering areas (e.g., western Tethys; Thurow, 1987). Furthermore, 
there is strong paleontological evidence that the first deep-water 
connection between the South Atlantic and central North At­
lantic was established at approximately this time (Moullade and 
Guerin, 1982; Wiedmann and Neugebauer, 1978). 

The older sequence of radiolarian-rich sediments is coinci­
dent with the Oceanic Anoxic Event 1 of Schlanger et al. (1986) 
(approximately uppermost part of the Blake-Bahama Forma­
tion and lower part of the Hatteras Formation), a widespread 
and thick layer of sediments deposited in environments that 
were not as well oxygenated. The first rich and well-preserved 
radiolarian faunas occur at the end of the high-productivity 
nannofossil limestone sequences that are characteristic of the 
top of Blake-Bahama Formation. Age-equivalent radiolarian en­
richments can be traced far into the Tethys (Majolica Lime­
stone). The wide connection between the Tethys and the North 
Atlantic has narrowed since the Aptian, and circulation in the 
North Atlantic has decreased, causing the North Atlantic to be­
come a restricted basin. Rather abruptly onshore and gradation-
ally in the North Atlantic, the typical sediments change to less 
calcareous, mainly clayey sediments that are commonly a sink 
for organic carbon, chiefly of terrestrial origin, which could af­
fect the climate in the borderlands. Radiolarians are common in 
the clayey layers, but preservation is poor. The first oxygenated 
sediments in the Albian mark the decline of radiolarian preser­
vation in the Upper Cretaceous North Atlantic. 

In summary, radiolarians are a common, but rarely well-pre­
served, part of the North Atlantic Cretaceous planktonics. Rich 
and well-preserved occurrences reflect major oceanic events (e.g., 
upwelling, change in the carbonate compensation depth, change 
in oceanic circulation pattern, or increase in volcanic activity), 
initiated by quite different phenomena that are mainly related to 
the formation of the Atlantic Basin but are not as yet com­
pletely understood. 
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APPENDIX 
Taxonomic Notes 

Acaeniotyle diaphorogona Foreman 
(Pl. 9, Fig. 8) 

Acaeniotyle diaphorogona Foreman, 1973b, p. 258, pl. 2, figs. 2-5; 
Foreman, 1975, p. 607, pl. 2F, figs. 1-5, and pl. 3, figs. 1 and 2; 
Schaaf, 1981, p. 431, pl. 15, fig. 2; Baumgartner, 1984, p. 753, pl. 1, 
figs. 1 and 2; Schaaf, 1984, p. 104-105, text figs. 1-5, H; Sanfilippo 
and Riedel, 1985, p. 586-587, text fig. 4 (la and lb). 

Acaeniotyle tribulosa Foreman, 1973b, p. 258, pl. 2, fig. 8. 
Acaeniotyle sp. aff. A. diaphorogona Foreman, 1973b, pl. 2, figs. 6 and 

7, and pl. 16, fig. 16; Empson-Morin, 1981, p. 261, pl. 3, figs. 8A-
8D. 

Acaeniotyle gedrangta Empson-Morin, 1981, pl. 3, figs. 6 and 7. 
Range and occurrences. This form is recorded worldwide in strata of 

Tithonian to middle Albian age, and closely related forms are recorded 
up to the Upper Cretaceous. 

Acaeniotyle sp. cf. A. diaphorogona Foreman 
(Pl. 6, Fig. 4) 

Remarks. This form is very similar in shape and size to A. diapho­
rogona, but it has slightly twisted spines. 

Acaeniotyle umbilicata (Rust) 
(Pl. 9, Fig. 7) 

Xiphosphaera umbilicata Rust, 1898, p. 7, pl. 1, fig. 9; Dumitrica, 
1972, p. 832, pl. 1, fig. 1; Renz, 1974, p. 799, pl. 2, figs. 9-12, and 
pl. 9, fig. 21. 

Xiphosphaera tuberosa Tan Sin Hok, 1927, p. 35, pl. 5, fig. 8. 
Spumellariinid Pessagno, 1969, p. 610, pl. 4, fig. N. 
Acaeniotyle umbilicata (Rust)—Foreman, 1973b, p. 258, pl. 1, figs. 13, 

14, and 16; Foreman, 1975, p. 607, pl. 2E, figs. 14-17, and pl. 3, 
fig. 3; Kocher, 1981, p. 51, pl. 12, figs. 1 and 2; Schaaf, 1981, p. 431, 
pl. 6, fig. 11, and pl. 15, figs. 3a and 3b; Schaaf, 1984, p. 148-149, 
text figs. l-3b, H; Sanfilippo and Riedel, 1985, p. 587, text fig. 4 
(2a-2d). 
Range. Tithonian(?) to Albian. 
Occurrences. Recorded worldwide. 

Acaeniotyle sp. A 
(Pl. 6, Fig. 2) 

Remarks. This form differs from other species within this genus by 
its four large spines arranged in an angle of 90°. 

Acanthocircus dicranocanthos (Squinabol) 
(Pl. 10, Fig. 3) 

Saturnalis dicranacanthos Squinabol, 1914, p. 289, fig. 1, pl. 22, figs. 4 
and 6 (not figs. 5 and 7), and pl. 23, fig. 8. 

Saturnalis novalensis Squinabol, 1914, p. 297, pl. 20, fig. 1, and pl. 23, 
fig. 7. 

Saturnulus sp. Fischli, 1916, p. 46, fig. 53. 

Spongosaturnalis dicranacanthos (Squinabol)—Pessagno, 1969, p. 610, 
pl. 4, figs. A and B; Moore, 1973, p. 824, pl. 3, figs. 1 and 3. 

Acanthocircus dizonius (Rust)—Foreman, 1973b, p. 260, pl. 4, figs. 4 
and 5; Riedel and Sanfilippo, 1974, pl. 2, figs. 4 and 5 (not fig. 3). 

Acanthocircus dicranacanthos (Squinabol)—Foreman, 1975, p. 610, 
pl. 2D, figs. 5 and 6; Pessagno, 1977a, p. 73, pl. 3, fig. 5; Pessagno, 
1977b, p. 31, pl. 2, fig. 6; Kocher, 1981, p. 51-52, pl. 12, fig. 3; 
Schaaf, 1981, p. 431, pl. 7, fig. 1, and pl. 16, fig. 3; Baumgartner, 
1984, p. 754, pl. 1, fig. 7; Schaaf, 1984, p. 106-107, text figs. 1-5; 
Sanfilippo and Riedel, 1985, p. 591-592, text fig. 5 (2a-2c). 
Range. Kimmeridgian (in Europe), Tithonian (in North America) to 

the base of Barremian. 
Occurrences. Recorded worldwide. 

Acanthocircus sp. cf. A. dicranacanthos (Squinabol) 
(Pl. 10, Fig. 4) 

Remarks. This form is very similar in shape and size to A. dicrana­
canthos, but the characteristic dovetail-like shape of the spine is not 
clear. 

Acanthocircus trizonalis (Rust) 
(Pl. 10, Fig. 2) 

Saturnulus trizonalis Rust, 1898, p. 9, pl. 2, fig. 4; Fischli, 1916, p. 46, 
fig. 52. 

Saturnalis amissus Squinabol, 1914, p. 296, pl. 23, figs. 2-5. 
Saturnalis? aff. amissus Squinabol—Zhamoida, 1969, p. 19, fig. 9, p. 24. 
Spongosaturnalis amissus (Squinabol)—Moore, 1973, p. 824, pl. 3, 

fig. 2. 
Acanthocircus trizonalis (Riist)(?)—Foreman, 1973b, p. 261, pl. 4, figs. 

6-8; Schaaf, 1981, p. 431, pl. 16, fig. 1; Sanfilippo and Riedel, 1985, 
p. 592, text fig. 5 ( la-Id). 

Acanthocircus dizonius (Rust)—Riedel and Sanfilippo, 1974, pl. 2, 
fig. 3 (not figs. 4 and 5). 
Range. Valanginian to approximately Aptian. 
Occurrences: Worldwide. 

Acanthocircus sp. 
(Pl. 10, Fig. 1) 

Acanthocircus sp. Schaaf, 1981, p. 431, pl. 7, fig. 7. 
Afens liriodes Riedel and Sanfilippo (Pl. 2, Fig. 1) 
Afens liriodes Riedel and Sanfilippo, 1974, p. 775, pl. 11, fig. 11, and 

pl. 13, figs. 14-16; Foreman, 1978b, p. 750, pl. 5, fig. 24; Kling, 
1982, p. 548, pl. 1, figs. 23 and 24, and pl. 3, figs. 5 and 6. 

Afens liriodes Sanfilippo and Riedel, 1985, p. 624, text fig. 13 (3a-3c). 
Incertae sedis sp. A Moore, 1973, pl. 13, figs. 1-3. 

Remarks. Sanfilippo and Riedel (1985, p. 624) describe rare A. li­
riodes from the Cismon section, northern Italy. The co-occurrence of 
Turonian planktonic foraminifera {Hedbergella lehmanni and Globo­
truncana helvetica) suggests that A. liriodes occurred previously in the 
Turonian part of the O. somphedia Zone. 

Range. A. pseudoconulus Zone to the A. tylotus Zone of Sanfilippo 
and Riedel (1985); approximately Campanian. 

Occurrences. North Atlantic, Japan, central Pacific, the Caribbean 
region, and North Italy. 

Alievium antiquum Pessagno 
Alievium antiquum Pessagno, 1972, p. 298, pl. 24, figs. 1-4; Pessagno, 

1977b, p. 29, pl. 3, figs. 14, 17, 21, and 22; Schaaf, 1981, p. 431, 
pl. 8, fig. 2, not pl. 7, fig. 10. 
Range. Barremian(?) to Cenomanian, A. antiquum s.s. ranges from 

upper Albian to Cenomanian. 
Occurrences. Central Pacific, California, and North Atlantic. 

Alievium gallowayi (White) 
(Pl. 2, Fig. 3) 

Baculogypsinaip.) gallowayi White, 1928, p. 305, pl. 4, figs. 9 and 10. 
Aulophacus gallowayi (White)—Pessagno, 1962, p. 364, pl. 3, figs. 5 

and 6. 
Pseudoaulophacus gallowayi (White)—Pessagno, 1963, p. 202, pl. 2, 

figs. 1, 3, and 6, pl. 4, figs. 2, 5, and 7, and pl. 7, figs. 2 and 4; Ship-
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board Scientific Party, 1969, pp. 206, 209; (?)Riedel and Sanfilippo, 
1970, p. 505, pl. 2, fig. 5; (non) Petrushevskaya and Kozlova, 1972, 
pl. 6, fig. 1. 

Alievium gallowayi (White)—Pessagno, 1972, p. 299, pl. 25, figs. 4-6, 
pl. 26, fig. 5, and pl. 31, figs. 2 and 3; Pessagno, 1976, p. 27, pl. 8, 
figs. 13 and 14, and pl. 9, fig. 1; 1977c, pl. 6, figs. 5 and 6; Pessagno 
and Longoria, 1973, p. 550; Pessagno and Michael, 1974, p. 969; 
Foreman, 1975, p. 613, pl. ID, figs. 2 and 3, and pl. 5, fig. 11; Fore­
man, 1977, p. 315; 1978a, p. 840; Nakaseko and Nishimura, 1981, 
p. 142, pl. 2, fig. 3; de Wever, 1981, p. 516; Kling, 1982, p. 548, 
pl. 1, figs. 15 and 16(7); Taketani, 1982, p. 50, pl. 10, fig. 7; Sanfi­
lippo and Riedel, 1985, p. 594, text fig. 6(1). 

Pseudoaulophacus superbus (Squinabol)—Riedel and Sanfilippo, 1974, 
p. 780, pl. 3, figs. 1-3 (in part). 

Range. A. pseudoconulus Zone through the A. tylotus Zone of San­
filippo and Riedel (1985), Campanian through Maestrichtian. 

Occurrences. North Atlantic, East Indian Ocean, Japan, west and 
central Pacific, California, the Caribbean region, Bavaria, and Cyprus. 

Alievium helenae Schaaf 
(Pl. 9, Fig. 9) 

Alievium helenae Schaaf, 1981, p. 431, pl. 7, fig. 9, and pl. 10, figs. 2a 
and 2b; Kocher, 1981, p. 53, pl. 12, fig. 6; Baumgartner, 1984, p. 
755, pl. 1, figs. 8-10; Schaaf, 1984, p. 112-113, text figs. l-3b, H. 

Alievium sp. Foreman, 1973b, p. 262, pl. 9, figs. 1 and 2; Foreman, 
1975, p. 613, pl. 2D, figs. 7 and 8, and pl. 5, fig. 14. 
Range. Upper Berriasian to the base of the Aptian. 
Occurrences. Recorded worldwide. 

Alievium superbum (Squinabol) 
(Pl. 2, Fig. 2) 

Theodiscus superbus Squinabol, 1914, p. 271, pl. 20, fig. 4. 
Pseudoaulophacus superbus (Squinabol)—(?)Kling, 1971, pl. 6, figs. 13 

and 14; (?)Petrushevskaya and Kozlova, 1972, p. 527, pl. 3, figs. 1-3; 
(?)Dinkelman, 1973, p. 790, pl. 1, fig. 9; (?)Moore, 1973, p. 825, 
pl. 12, figs. 4 and 5; (in part) Riedel and Sanfilippo, 1974, p. 780, 
pl. 3, figs 1-3. 

Alievium superbus (Squinabol)—Pessagno, 1972, p. 302, pl. 24, figs. 5 
and 6, and pl. 25, fig. 1. 

Alievium superbum (Squinabol)—Dumitrica, 1975, fig. 2; Pessagno, 
1976, p. 27, pl. 3, fig. 12; Pessagno, 1977c, pl. 6, fig. 3; Foreman, 
1977, p. 315; Schmidt-Effing, 1980, p. 245, fig. 14; Nakaseko and 
Nishimura, 1981, p. 142, pl. 2, fig. 2; Taketani, 1982, p. 51, pl. 10, 
fig. 8; Thurow and Kuhnt, 1986, text fig. 9 (7). 

(l)Alievium sp. cf. A. superbum (Squinabol)—Nakaseko et al., 1979, 
p. 21, pl. 5, fig. 3. 
Range. C. cachensis Zone to the (?) A. pseudoconulus Zone (ap­

proximately Turonian to Campanian). 
Occurrences. North Atlantic, eastern Indian Ocean, Japan, central 

Pacific, California, the Caribbean region, southern Europe, and north­
western Africa. 

Alievium superbum (Squinabol)—"Cenomanian" form 
(Pl. 5, Fig. 11) 

Remarks. This species, already present in the upper Albian, and de­
scribed by Schaaf (1984) as A. superbum, differs from A. antiquum 
Pessagno by its pillow-shaped outline and the already clearly visible oc­
tagonal growth pattern of the meshwork of the skeleton. This species 
seems to be a transitional form between A. antiquum Pessagno and A. 
superbum Pessagno. 

Alievium sp. A 
(Pl. 5, Fig. 12) 

Remarks. This form differs from other species within this genus by 
the knobby surface of the test. 

Alievium sp. B 
(Pl. 5, Fig. 16) 

Alievium antiquum Schaaf, 1981 p. 431, pl. 7, fig. 10. 

Amphipyndax mediocris (Tan Sin Hok) 
(Pl. 1, Fig. 7, and Pl. 4, Fig. 5) 

Dictyomitra mediocris Tan Sin Hok, 1927, p. 55, pl. 10, fig. 82. 
Stichocapsastocki Campbell and Clark, 1944, p. 44, pl. 8, figs. 31-33. 
Stichocapsa megalocephalia Campbell and Clark, 1944, p. 44, pl. 8, 

figs. 26 and 34. 
Dictyomitra uralica Kozlova and Gorbovets, 1966, p. 116, pl. 6, figs. 6 

and 7. 
Amphipyndax stocki (Campbell and Clark)—Foreman, 1968, p. 78, 

pl. 81, figs. 12a-12c; Foreman, 1973a, p. 430, pl. 13, fig. 5; Petru­
shevskaya and Kozlova, 1972, p. 545, pl. 8, figs. 16 and 17; Moore, 
1973, p. 827, pl. 11, fig. 6; Riedel and Sanfilippo, 1974, p. 775, 
pl. 11, figs. 1-3, and pl. 15, fig. 11; Pessagno, 1975, p. 1016, pl. 3, 
figs. 4-8. 

Amphipyndax mediocris (Tan Sin Hok)—Renz, 1974, p. 788, pl. 5, 
figs. 7-9, and pl. 12, fig. 3; Schaaf, 1981, p. 431, pl. 3, fig. 11, and 
pl. 22, figs. 7a and 7b. 
Range. Not well established in Cretaceous. 
Occurrences. Recorded worldwide. 

Amphipyndax pseudoconulus Pessagno 
(Pl. 1, Fig. 8) 

Lithostrobus pseudoconulus Pessagno, 1963, p. 210, pl. 1, fig. 8, and 
pl. 5, figs. 6 and 8. 

Lithostrobuspunctulatus Pessagno, 1963, pl. 5, figs. 4 and 5 (not holo­
type, pl. 1, fig. 1). 

Amphipyndax enesseffi Foreman, 1966, p. 356, text figs. 10 and 11; 
1973b, pl. 15, fig. 19; Foreman, 1977, p. 313, pl. 1, fig. 2; Foreman, 
1978b, p . 745, pl. 4, fig. 3; Dinkelman, 1973, p . 790, pl. 1, fig. 10; 
Moore, 1973, p. 827, pl. 11, fig. 5; Riedel and Sanfilippo, 1974, 
p. 775, pl. 10, figs. 12 and 13; Nakaseko and Nishimura, 1981, 
pl. 17, fig. 14; Kling, 1982, p. 548, pl. 2, fig. 12, and pl. 4, figs. 2 
and 3. 

Amphipyndax sp. A Petrushevskaya and Kozlova, 1972, p. 545, pl. 8, 
fig. 18. 

Amphipyndax pseudoconulus (Pessagno)—Empson-Morin, 1982, p. 510, 
pl. 1, fig. 5, and pl. 2, figs. 1-5, 9, 10, and 12; Sanfilippo and Rie­
del, 1985, p. 598, text fig. 7 (la-lc). 
Range. Restricted to A. pseudoconulus Zone (Campanian). 
Occurrences. North Atlantic, western Australia, Indonesia, Japan, 

central Pacific, Alaska, California, the western interior of North Amer­
ica, the Caribbean region, and southern Europe. 

Amphipyndaxil) sp. 
(Pl. 4, Fig. 6) 

Remarks. This form is tentatively assigned to the Amphipyndacidae, 
but it differs from other species within the genus Amphipyndax by its 
spindle-shaped outline and the decrease in width of the last segments, 
which are terminally closed. 

Angulobracchia{1) portmanni Baumgartner 
(Pl. 10, Figs. 13 and 15) 

Angulobracchia(l)portmanni Baumgartner, 1984, p. 757, pl. 2, figs. 1-3. 
Hagiastrids gen. et sp. indet. Foreman, 1973b, pl. 7, figs. 1, 3, and 5 

(not 2, 4, 6, and 7). 
Paronaella sp. Schaaf, 1981, p. 436, pl. 8, fig. 7. 

Range and occurrences. This form is recorded from Berriasian to 
Barremian in the Pacific, North Atlantic, southern Spain, and the South­
ern Alps. 

Archaeodictyonitra lacrimula (Foreman) 
(Pl. 3, Fig. 8) 

Archaeodictyomitra lacrimula (Foreman)—Schaaf, 1981, p. 432, pl. 22, 
figs. 3a and 3b; Sanfilippo and Riedel, 1985, p. 598-599, text fig. 7 
(3a-3c). 

Dictyomitra^) lacrimula Foreman, 1973b, p. 263, pl. 10, fig. 11; Fore­
man, 1975, p. 614, pl. 2G, figs. 5 and 6, and pl. 6, fig. 1; Nakaseko 
et al., 1979, p. 22, pl. 4, fig. 1. 

Cornutana conica Aliev—Moore, 1973, p. 830, pl. 14, figs. 1 and 2 (not 
Aliev, 1965, pl. 6, fig. 1). 
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Range. Middle Valanginian to middle Aptian (base of the S. septem-
poratus Zone to the base of the A. umbilicata Zone). 

Occurrences. Recorded worldwide. 

Archaeodictyomitra sp. cf. A. lamellicostata (Foreman) 
(Pl. 1, Fig. 14) 

Remarks. The specimen figured is tentatively assigned to A. lamelli­
costata (Foreman) because of the poor preservation of the specimens 
observed. 

Archaeodictyomitra pseudoscalaris (Tan Sin Hok) 
(Pl. 7, Fig. 14) 

Archaeodictyomitra pseudoscalaris (Tan Sin Hok)—Schaaf, 1981, p. 432, 
pl. 4, fig. 5, and pl. 21, figs. 13a and 13b. 

Stichomitra pseudoscalaris Tan Sin Hok, 1927, p. 56, pl. 11, fig. 84; 
(not Renz, 1974, pl. 8, figs. 5 and 6, and pl. 11, fig. 34). 
Range. Not well established; Lower Cretaceous. 
Occurrences. North Atlantic, Pacific, and Indonesia. 

Archaeodictyomitra puga Schaaf 
(Pl. 6, Fig. 15) 

Archaeodictyomitra puga Schaaf, 1981, p . 432, pl. 3, fig. 7, and pl. 21, 
figs. 11a and l ib . 

Dictyomitra(l) sp. Dumitrica, 1972, pl. 4, fig. 7. 
Range and occurrences. Recorded from Barremian in the North At­

lantic and Pacific. 

Archaeodictyomitra sp. cf. A. puga Schaaf 
(Pl. 6, Fig. 18, and Pl. 7, Fig. 15) 

Remarks. This form differs from A. puga Schaaf by its pronounced 
costae and the different diameter of the pores in the upper and lower 
rows. 

Archaeodictyomitra simplex Pessagno 
(Pl. 3, Fig. 9) 

Archaeodictyomitra simplex Pessagno, 1977b, p. 43, pl. 6, figs. 1, 24, 
and 28, and pl. 12, fig. 12. 
Range and occurrences. Recorded from Albian to Cenomanian in 

California, North Atlantic, and southern Europe. 

Archaeodictyomitra squinaboli Pessagno 
Archaeodictyomitra squinaboli Pessagno, 1976, p. 50, pl. 5, figs. 2-8; 

Blome and Irwin, 1985, text fig. 4 (9). 
Range and occurrences. Recorded from Albian to Campanian strata 

of California, approximately Albian of the North Atlantic, and Turo­
nian of Cyprus. 

Archaeodictyomitra vulgaris Pessagno 
(Pl. 6, Fig. 19) 

Dictyomitra sp. Foreman, 1973b, pl. 10, fig. 8. 
Archaeodictyomitra vulgaris Pessagno, 1977b, p. 44, pl. 6, fig. 15; 

Schaaf, 1981, p. 432, pl. 4, fig. 2. 
Range and occurrences. Recorded from Barremian to Aptian strata 

of the central Pacific, California, and the North Atlantic. 

Archaeodictyomitra sp. cf. A. vulgaris Pessagno 
(Pl. 7, Fig. 13) 

Remarks. This form differs from A. vulgaris by the two rows of 
pores of each segment, respectively, by the more conical test. 

Archaeodictyomitra sp. A 
(Pl. 3, Fig. 10) 

Remarks. This form differs from other species within this genus by 
the inflated second last segment and the tubelike shape of the last seg­
ment, which exhibits large rounded pores between the costae. 

Archaeodictyomitra^.) sp. B 
(Pl. 7, Fig. 10) 

Remarks. This form is tentatively assigned to Archaeodictyomitra 
Pessagno because of its similarities in shape and size. 

Archaeospongoprunum cortinaensis Pessagno 
(Pl. 9, Fig. 19) 

Archaeospongoprunum cortinaensis Pessagno, 1973, p. 60-61, pl. 9, 
figs. 4-6; Riedel and Sanfilippo, 1974, p. 775, pl. 1, fig. 9; Pessa­
gno, 1976, p. 33, pl. 1, fig. 3; Pessagno, 1977b, p. 29, pl. 1, fig. 8; 
Schmidt-Effing, 1980, p. 246, fig. 15; Schaaf, 1981, pl. 7, fig. 11; 
Taketani, 1982, p. 48-49, pl. 2, fig. 2. 
Range and occurrences. Recorded worldwide from middle Aptian to 

lower Campanian. 

Archaeospongoprunum sp. cf. A. tehamaensis Pessagno 
(Pl. 6, Fig. 1) 

Remarks. This form differs from A. tehamaensis Pessagno by its 
large test and the triradiate outline of the polar spines. 

Cavaspongia californiaensis Pessagno 
(Pl. 2, Fig. 21) 

Cavaspongia californiaensis Pessagno, 1973, p. 77, pl. 19, figs. 2-4; 
1976, p. 37, pl. 4, figs. 2 and 3; Kuhnt et al., 1986, pl. 8L. 
Range and occurrences. Lower Turonian of southern Europe and 

North Atlantic; lower to middle Turonian of California. 

Cecrops septemporatus (Parona) 
(Pl. 9, Fig. 18) 

Staurosphaera septemporata Parona, 1890, p. 151, pl. 2, figs. 4 and 5; 
Cita and Pasquare, 1959, p. 398, fig. 3, no. 7; Moore, 1973, p. 824, 
pl. 2, fig. 2; Foreman, 1973b, p. 259, pl. 3, fig. 4; Riedel and Sanfi­
lippo, 1974, p. 780, pl. 1, figs. 6-8; Foreman, 1975, p. 609, pl. 2E, 
fig. 7, and pl. 3, fig. 6; Schaaf, 1981, p. 439, pl. 7, figs. 8a and 8b, 
and pl. 16, figs. 10a and 10b. 

Cecrops septemporatus (Parona)—Pessagno, 1977b, p. 33, pl. 3, fig. 11; 
Kocher, 1981, p. 60, pl. 12, fig. 25; Baumgartner, 1984, p. 761, pl. 2, 
figs. 17 and 18; Schaaf, 1984, p. 136, p. 137, figs. l-3b, H. 
Range and occurrences. Valanginian to Barremian, recorded world­

wide. 

Clathropyrgus titthium Riedel and Sanfilippo 
(Pl. 2, Fig. 24) 

Theoperid gen. et sp. indet. Kling, 1971, pl. 8, figs. 7 and 8; Foreman, 
1971, p. 1676, pl. 3, fig. 3; Foreman, 1973a, p. 430, pl. 13, fig. 1; 
Riedel and Sanfilippo, 1973, pl. 4, fig. 15. 

Artopilium sp. A Moore, 1973, p. 830, pl. 11, fig. 7. 
Clathropyrgus titthium Riedel and Sanfilippo, 1974, p. 775, pl. 3, fig. 12, 

and pl. 12, figs. 9-12; Foreman, 1975, p. 613, pl. 6, fig. 10; Fore­
man, 1977, p. 315; Foreman, 1978b, p. 746, pl. 5, fig. 19; Kling, 
1982, p. 548, pl. 1, fig. 21, and pl. 3, fig. 7; Sanfilippo and Riedel, 
1985, p. 616, text fig. 13 (2a-2e). 
Range. A. pseudoconulus Zone into the A. tylotus Zone of Sanfi­

lippo and Riedel (1985) (restricted to Campanian). 
Occurrences. West and East Atlantic, central and North Pacific, and 

the Caribbean region. 

Conocaryomma lipmanae (Pessagno) 
(Pl. 5, Fig. 9) 

Praeconocaryomma lipmanae Pessagno, 1976, p. 41, pl. 4, figs. 12 and 
13; Taketani, 1982, p. 47, pl. 9, fig. 3. 
Range and occurrences. Middle Cenomanian to Turonian of Japan, 

upper Cenomanian to lower Turonian of California, and upper Albian 
of the North Atlantic. 

Conocaryomma sp. aff. C. lipmanae (Pessagno) 
(Pl. 5, Fig. 10) 

Remarks. This form is very similar in shape and size to C. lipmanae 
but is lacking the spines circular in axial section. 

Conocaryomma universa (Pessagno) 
(Pl. 2, Fig. 18) 

Praeconocaryomma universa Pessagno, 1976, p. 42, pl. 6, figs. 14-16; 
Taketani, 1982, p. 47, pl. 1, figs. 3a, 3b, and 4, and pl. 9, fig. 4; 
Thurow and Kuhnt, 1986, text fig. 9 (22). 
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Conocaryomma universa (Pessagno)—Empson-Morin, 1981, pl. 3, fig. 5. 
Remarks. Pessagno's (1976) holotype shows remains of radial spines 

that are triradiate in axial section. Campanian forms do not show such 
spines clearly, or they are lacking (Empson-Morin, 1981, pl. 3, fig. 5). 

Range. C. cachensis Zone to the A. pseudoconulus Zone (Turonian 
to middle Campanian). 

Occurrences. North Atlantic, Japan, central Pacific, the Caribbean 
region, Cyprus, and Bavaria. 

Conocaryomma sp. cf. C. universa Pessagno 
(Pl. 2, Figs. 17a and 17b) 

Conocaryomma sp. A—Empson-Morin, 1984, pl. 1, fig. 9. 
Remarks. This form differs from C. universa in having strongly con­

ical shaped tubercles or mammae. 
Range and occurrences. Recorded from the Campanian of the North 

Atlantic, Caribbean region, Bavaria, Cyprus, and central Pacific. 

Conocaryomma sp. A 
(Pl. 9, Fig. 5) 

Praeconocaryomma sp. A Pessagno, 1977b, p . 34, pl. 3, fig. 23. 
ConocaryommaC?) sp. (Pl. 9, Fig. 6) 

Remarks. This form is tentatively assigned to Conocaryomma (Pes­
sagno) because of its similarities in shape and size. 

Conosphaera tuberosa Tan Sin Hok 
(Pl. 9, Fig. 3) 

Conosphaera tuberosa Tan Sin Hok, 1927, p. 36, pl. 6, fig. 10; Schaaf, 
1981, p. 432, pl. 12, figs. 5a and 5b. 

IConosphaera tuberosa Tan Sin Hok—Renz, 1974, p. 789, pl. 2, figs. 6-
8, and pl. 17, fig. 17. 
Remarks. This form is similar to Conocaryomma Pessagno in many 

respects, but lacks spines. 
Range and occurrences. Recorded from Barremian (approximately) 

sediments in the North Atlantic, Indian Ocean, Pacific, and Indonesia. 

Crolanium pythiae Schaaf 
(Pl. 6, Fig. 23) 

Dictyomitrai?) sp. Foreman, 1975, p. 615, pl. 2H, fig. 4. 
Crolanium pythiae Schaaf, 1981, p. 432, pl. 20, figs. 5a-5c. 

Range. C. pythiae ranges from the base of the C. pythiae Zone into 
the S. euganea Zone (Barremian to lower Aptian). 

Occurrences. North Atlantic and Pacific. 

Crolanium sp. cf. C. triquetrum Pessagno 
(Pl. 3, Fig. 14) 

Remarks. This species differs from C. triquetrum Pessagno and from 
C. cunetus (Aliev and Smirnova) by its pronounced triangular outline 
and its prominent tubercles. 

Crucella cachensis Pessagno 
(Pl. 2, Fig. 13) 

Crucella cachensis Pessagno, 1971b, p. 53-54, pl. 9, figs. 1-3; Pessa­
gno, 1976, p. 31-32, pl. 3, figs. 14-15; Kuhnt et al., 1986, pl. 7J; 
Thurow and Kuhnt, 1986, text fig. 9 (5 and 6). 

(probably C. cachensis Taketani, p. 50, pl. 9, fig. 16; non Crucella sp., 
cf. C. cachensis, Schaaf, p. 433, pl. 8, fig. 3). 
Range. C. cachensis Zone, uppermost Cenomanian/base of Turo­

nian to middle Turonian in Europe/North Atlantic and Turonian in Cal­
ifornia. 

Occurrences. North Atlantic, southern Europe, California, and Ja­
pan. 

Crucella espartoensis Pessagno 
(Pl. 2, Fig. 14) 

Crucella espartoensis Pessagno, 1971b, p . 54-55, pl. 18, figs. 1-4; Pes­
sagno, 1976, p. 32, pl. 8, fig. 16; Taketani, 1982, p. 50, pl. 9, fig. 15. 

Range. Santonian/Campanian of California, upper Coniacian to 
Campanian of Japan. 

Occurrences. North Atlantic, the Caribbean region, California, and 
Japan. 

Crucella messinae Pessagno 
(Pl. 5, Fig. 22) 

Crucella messinae Pessagno, 1971b, p. 56, pl. 6, figs. 1-3; Pessagno, 
1976, p. 32, pl. 1, fig. 4; Pessagno, 1977b, p. 27, pl. 1, figs. 3, 4, and 
13; Foreman, 1975, p. 612, pl. 5, fig. 2, and pl. 10, figs. 8 and 9; Ta­
ketani, 1982, p. 50, pl. 9, fig. 17. 
Range. Approximately Aptian to Cenomanian. 
Occurrences. North Atlantic, North Africa, southern Europe, the 

Carribbean region, California, North Pacific, and Japan. 

Crucellaip.) sp. A 
(Pl. 2, Figs. 12 and 16) 

Crucellal sp. A—Empson-Morin, 1984, pl. 1, figs. 4 and 5. 
Remarks. This form differs from Crucella sp. by having short robust 

rays with low length-to-width ratio and a skeleton strongly biconvex in 
peripheral view. 

Range and occurrences. Recorded from Campanian sediments: North 
Atlantic, the Caribbean region, Bavaria, Cyprus, and the central Pa­
cific. 

Crucella sp. B 
(Pl. 2, Fig. 15) 

Remarks. This form is quite similar to C. espartoensis but is lacking 
the central lacuna. 

Crucella{1) sp. C 
(Pl. 5, Fig. 21) 

Remarks. This form is tentatively assigned to Crucella because of its 
four rays and the meshwork of its skeleton; it differs by the thickened 
terminal parts of the rays. 

CrucellaO) sp. D 
(Pl. 5, Fig. 23) 

Remarks. This form is tentatively assigned to Crucella because of its 
four rays with terminal spines; it differs by the meshwork pattern of the 
central part of the skeleton. 

Cryptamphorella conara (Foreman) 
(Pl. 1, Fig. 2, and Pl. 5, Fig. 1) 

Hemicryptocapsa conara Foreman, 1968, p. 35, pl. 4, figs. 11a and l i b . 
Cryptamphorella conara (Foreman)—Dumitrica, 1970, p. 80, pl. 11, 

figs. 66a and 66c; Dumitrica, 1972, p. 842, pl. 1, figs. 2-5; Dumi­
trica, 1975, fig. 2, no. 28; Moore, 1973, p. 827, pl. 7, figs. 4 and 
5(?); Nakaseko et al., 1979, p. 21, pl. 6, fig. 1; (non) Schaaf, 1981, 
p. 433, pl. 1, figs. 6a and 6b, and pl. 9, figs. 15a and 15b; Nakaseko 
and Nishimura, 1981, p. 148, pl. 5, figs. 11a and l i b ; Kling, 1982, 
p. 549, pl. 5, figs. 10 and 11; Taketani, 1982, p. 67, pl. 7, figs. 6a, 
6b, 7a, and 7b; Sanfilippo and Riedel, 1985, p. 613, text fig. 12 ( la­
ic). 

(non) Cryptamphorella sp. aff. C. conara (Foreman)—Petrushevskaya 
and Kozolova, 1972, p. 541, pl. 2, fig. 17. 

(non) Cryptamphorella cf. conara (Foreman)—Dumitrica, 1972, p. 842, 
pl. 1, figs. 2-5. 
Range. A. umbilicata through the A. tylotus Zone of Sanfilippo and 

Riedel (1985) (approximately Albian through Maestrichtian), C. conara 
(Pl. 8, Fig. 20) is from a sample dated as Barremian by nannofossils and 
benthic foraminifers. 

Occurrences. North Atlantic, Japan, central Pacific, California, Ro­
mania, southern Europe, and northwestern Europe. 

Cryptamphorella sp. cf. C. conara 
(Pl. 8, Fig. 20) 

Remarks. This form is similar in shape and size to C. conara, but the 
outer shape of the cephalic-thoracic part (no partly sunken thorax, no 
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central depression) and the development of the prominent sutural pore 
are different. 

Cryptamphorella dumitricai Schaaf 
(Pl. 8, Fig. 23, and Pl. 10, Fig. 19) 

Cryptamphorella dumitricai Schaaf, 1981, p. 433, pl. 1, figs. 5a-5c, and 
pl. 9, figs. 5a, 5b, 13a, and 13b. 
Range and occurrences. Recorded from Barremian strata of the cen­

tral Pacific and the North Atlantic. 

Cryptamphorella macropora Dumitrica 
(Pl. l .Fig. 3) 

Cryptamphorella macropora Dumitrica, 1970, p. 37, pl. X, figs. 64a-
64c and 65 (non pl. XI, figs. 67, 69-72a, and 72b). 
Range and occurrences. This form is recorded from the lower Cam­

panian of Romania and the North Atlantic. 

Cryptamphorella sp. A 
(Pl. 9, Fig. 2) 

Remarks. This form is similar in shape and size to C. conara, but the 
outer shape of the cephalic-thoracic part and the development of the 
prominent sutural pore are different. 

Cryptamphorella sp. B 
(Pl. 8, Fig. 22) 

Remarks. This form is similar in shape and size to C. conara, but 
differs in the outer shape of the cephalic-thoracic part and the develop­
ment of a ring of large pores around it. 

Cyclastrum infundibuliforme Rust 
(Pl. 9, Fig. 21) 

Cyclastrum infundibuliforme Rust, 1898, p. 28, pl. 9, fig. 5; Schaaf, 
1981, p. 433, pl. 14, fig. 8. 
Range and occurrences. Recorded from upper Barremian of the cen­

tral Pacific and the North Atlantic. 

Cyrtocapsa sp. cf. C. grutterinki Tan Sin Hok 
(Pl. 8, Figs. 2 and 3) 

Cyrtocapsa grutterinki Tan Sin Hok, 1927, p. 64, pl. 13, fig. 110; 
Schaaf, 1981, p. 433, pl. 6, figs. 6a and 6b. 

Dibolachras tytthopora Foreman 
(Pl. 7, Fig. 20) 

Dibolachras tytthopora Foreman, 1973b, p. 265, pl. 11, fig. 4, and pl. 16, 
fig. 15; Foreman, 1975, p. 617, pl. 2L, figs. 2 and 3, and pl. 6, fig. 
16; Schaaf, 1981, p. 433, pl. 5, figs. 3a and 3b, and pl. 26, figs, la, 
lb, and 4; Schaaf, 1984, p. 146-147, text figs. l-3b, H. 

Range. D. tytthopora Zone into the S. euganea Zone (Hauterivian 
into lower Aptian). 

Occurrences. Pacific, Indian Ocean, and North Atlantic. 

Dictyomitra formosa Squinabol 
(Pl. 1, Fig. 25) 

Dictyomitra formosa Squinabol, 1904, p. 232, pl. X, fig. 4; Moore, 
1973, p. 829, pl. 1, figs. 1 and 3 (non 2 and 4); Pessagno, 1976, p. 
51, pl. 8, figs. 10-12; Taketani, 1982, p. 58, pl. 4, figs. 6a and 6b, 
and pl. 11, fig. 13; Kawabata, 1984, pl. 2, fig. 3. 

Dictyomitra torquata Foreman—Butt, 1981, pl. 20, fig. 2 and ?3. 
Dictyomitra multicostata Zittel—Pessagno, 1963, p. 206-208, pl. 1, 

fig. 10, pl. 4, figs. 1 and 3, and pl. 5, fig. 7. 
Remarks. D. formosa Squinabol differs from D. multicostata Zittel 

s.s. by having deep strictures between the postabdominal chambers, more 
massive costae, a more markedly lobate test, and only weakly developed 
costae on the cephalis and thorax. 

Range. T. urna Zone into the A. pseudoconulus Zone of Sanfilippo 
and Riedel (1985) (lower Coniacian to lower Campanian in California, 
lower Campanian of Bavaria, and Turonian to Campanian in the North 
Atlantic). 

Occurrences. North Atlantic, Japan, Bavaria, central Pacific, and 
northern Italy. 

Dictyomitra cf. D. formosa 
(Pl. 1, Fig. 23) 

Remarks. The length/width ratio and the number of coastae of the 
figured specimen are not in accordance with a strict definition of D. for­
mosa. Dictyomitra cf. D. formosa might be an ancestor of D. formosa/ 
D. koslovae. 

Dictyomitra koslovae s.l. 
(Pl. 1, Fig. 29) 

(l)Dictyomitra sp. C Riedel and Schloecker, 1956, p. 360, text fig. 7. 
Dictyomitra sp. Kling, 1971, p. 1090, pl. 8, fig. 2; Foreman, 1971, p. 

1677, pl. 3, fig. 5; Foreman, 1973b, pl. 15, figs. 13-15. 
(l)Dictyomitra torquata Foreman—Foreman, 1971, p. 1676, pl. 3; de 

Wever, 1981, p. 516. 
Dictyomitra duodecimcostata (Squinabol) group—Petrushevskaya and 

Kozlova, 1972, p . 550, pl. 2, fig. 11 (not 10). 
Dictyomitra cf. D. torquata Foreman—Moore, 1973, p. 829, pl. 9, 

figs. 1-4. 
Dictyomitra torquata Foreman—Riedel and Sanfilippo, 1974, p. 778, 

pl. 5, figs. 1-4, and pl. 14, fig. 2. 
Dictyomitra koslovae Foreman, 1975, p. 614, pl. 7, fig. 4; (non) Fore­

man, 1978b, p. 746, pl. 4, fig. 10; Nakaseko and Nishimura, 1981, 
p. 151, pl. 8, figs. 2-5, and pl. 16, figs. 2 and 3; de Wever, 1981, 
p. 516; Kling, 1982, p. 548, pl. 2, fig. 10 (not pl. 3, fig. 4); Taketani, 
1982, p. 58, pl. 4, figs. 9 and 10, and pl. 11, figs. 14 and 15. 

Dictyomitra duodecimcostata duodecimcostata (Squinabol)—Foreman, 
1978b, pl. 4, fig. 9 (not 8); Kling, 1982, p. 549, pl. 4, fig. 6. 

Dictyomitra cf. duodecimcostata (Squinabol)—Nakaseko et al., 1978, 
p. 22, pl. 7, fig. 2, and questionably pl. 8, figs. 15 and 16. 

Dictyomitra koslovae s.l., Sanfilippo and Riedel, 1985, p. 599, text fig. 
7 (4a-4e). 

Dictyomitra cf. D. multicostata Zittel—Butt, 1981, pl. 20, fig. 1. 
Remarks. Included here in this species are all specimens with a promi­

nent fourth segment. 
Range. A. pseudoconulus Zone into the A. tylotus Zone of Sanfi­

lippo and Riedel (1985); approximately Campanian. 
Occurrences. West and East Atlantic, Japan, central and northwest 

Pacific, California, the Caribbean region, Bavaria, and eastern Indian 
Ocean. 

Dumitricaia maxwellensis Pessagno 
(Pl. 2, Fig. 22) 

Dumitricaia maxwellensis Pessagno, 1976, p. 38-39, pl. 4, figs. 10-11; 
Thurow and Anderson, 1986, pl. 5, fig. 3; Thurow and Kuhnt, 1986, 
text fig. 9 (23). 
Range and occurrences. This form is recorded from lower Turonian 

strata in California, the North Atlantic, southern Europe, and north­
west Africa. 

Eastonerius sp. A 
(Pl. 1, Fig. 16) 

Remarks. This species is quite similar to Eastonerius acuminatus 
(Dumitrica), but the overall shape is more spindlelike and it posesses a 
long spine. 

Range. Recorded from Campanian strata by Dumitrica (1970) and 
Empson-Morin (1981). 

EucyrtidiumC?) sp. div. (Eucyrtidium(7) sp. A-J) 
(Pl. 1, Figs. 9-12) 

Remarks. Included are all forms that show close relationships to Eu-
cyrtidium Ehrenberg. This genus contains various forms and has a long 
stratigraphic range. In view of phylogeny, one has to divide this genus 
into several genera; the species from Hole 603B herein are only tenta­
tively assigned to Eucyrtidium. 

Eucyrtis sp. A 
(Pl. 4, Fig. 7) 

Remarks. This form is similar in shape and size to Eucyrtis Haeckel 
but is lacking the apical spine. 
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Eusyringium spinosum Squinabol 
(Pl. 4, Fig. 18) 

Eusyringium spinosum Squinabol, 1903, p. 141, pl. 8, fig. 42; Taketani, 
1982, p. 64, pl. 6, figs. 2a-2c, 3a, 3b, 4a, and 4b, and pl. 13, figs. 4 
and 5. 

Eucyrtis bulbosus Renz—Riedel and Sanfilippo, 1974, p. 778, pl. 5, fig. 
8; Foreman, 1975, p. 615, pl. 2K, fig. 3, not figs. 4 and 5. 

Eucyrtis spinosus (Squinabol)—Dumitrica, 1975, p. 87-89, text fig. 2, 
fig. 25. 
Range. Not well established in the mid-Cretaceous. Recorded from 

Japan, Indian Ocean, Romania, northern Italy, and the North Atlantic. 

Eusyringium sp. cf. E. spinosum Squinabol 
(Pl. 4, Fig. 20) 

Remarks. This form is similar in shape and size to E. spinosum, but 
each node terminates in a circular spine, and the postabdominal tube is 
missing (broken?). 

Eusyringium^) formanae Taketani 
(Pl. 4, Fig. 19) 

Eusyringium(l) formanae Taketani, 1982, p. 64, pl. 6, figs, la and lb, 
and pl. 13, fig. 2. 
Range and occurrences. Albian of the North Atlantic and Japan. 

GodiaiP.) sp. A 
(Pl. 5, Fig. 20) 

Godia{1) sp. B 
(Pl. 5, Fig. 17) 

Godia(l) sp. C 
(Pl. 5, Fig. 15) 

GodiaO) sp. D 
(Pl. 9, Fig. 15) 

Godia(1) sp. E 
(Pl. 9, Fig. 22) 

Godia(?) sp. F 
(Pl. 9, Fig. 23) 

Gen. et sp. indet., Schaaf 1981, pl. 10, figs. 8a and 8b. 
Remarks. All species are quite common in the interval at Site 398. 

They are tentatively assigned to the genera Godia Wu Hao-Ruo because 
of their morphologic similarities and coeval occurrence. 

Range and occurrences. Uppermost Albian/Cenomanian of Tibet 
and Site 398. 

Halesium quadratum Pessagno 
(Pl. 2, Fig. 10) 

Halesium quadratum Pessagno, 1971b, p. 23-25, pl. 3, figs. 1-6, and 
pl. 4, figs. 1 and 2; Pessagno, 1976, p. 29, pl. 1, fig. 5; Thurow and 
Kuhnt, 1986, text fig. 9 (16). 
Range and occurrences. This form is recorded from Cenomanian/ 

lower Turonian strata in California, the North Atlantic, southern Eu­
rope, northwest Africa, and the Middle East. 

Halesium sexangulum Pessagno 
(Pl. 6, Fig. 3) 

Halesium sexangulum Pessagno, 1971b, p. 25-26, pl. 1, figs. 5 and 6, 
and pl. 2, figs. 1-6; Pessagno, 1976, p. 29, pl. 1, fig. 6; Tippit et al., 
1981, text fig. 3 (9), Thurow and Kuhnt, 1986, text fig. 9 (15). 

Halesium cf. sexangulum—Kuhnt et al., 1986, pl. 7E. 
Range and occurrences. Halesium sexangulum s.s. is recorded from 

Cenomanian/lower Turonian strata in California, the North Atlantic, 
southern Europe, northwest Africa, and the Middle East. The form fig­
ured is common in Aptian/Albian samples at Sites 398D/641C, and it 
differs from Pessagno's holotype by lacking the pronounced alterna­
tions of the pores. 

Heliocryptocapsa sp. A 
(Pl. 1, Fig. 4) 

Heliocryptocapsa sp. A—Empson-Morin, 1984, pl. 2, figs. 1 and 2. 
Remarks. This species shows relationships to some extent with H. 

neagui Dumitrica (1970) from the lower Campanian of Romania. H. sp. 
A is recorded from the Campanian of the Caribbean region, the North 
Atlantic, Bavaria, and Cyprus. 

Hemicryptocapsa polyhedra Dumitrica 
(Pl. 1, Fig. 1) 

Hemicryptocapsa polyhedra Dumitrica, 1970, p. 28, pl. 14, figs. 85a-
85c; Tippit et al., 1981, text fig. 3 (6); Taketani, 1982, p. 66, pl. 7, 
figs. 5a and 5b. 
Range and occurrences. This form is common in lower Turonian 

strata from the North Atlantic, southern Europe, Romania, and the 
Middle East. 

Hemicryptocapsa prepolyhedra Dumitrica 
Hemicryptocapsaprepolyhedra Dumitrica, 1970, p. 71, pl. 13, figs. 80a-

80c and 81-83b, and pl. 20, fig. 131; probably Moore, 1973, p. 827, 
pl. 8, figs. 1 and 2. 
Range and occurrences. Recorded from Cenomanian strata in Ro­

mania and from lower Turonian in the North Atlantic. 

Hemicryptocapsa sp. cf. H. polyhedra Dumitrica 
(Pl. 5, Fig. 2) 

Remarks. This species is closely related to H. polyhedra, but it is dis­
tinguished by its less pronounced polygonal areas and smaller pores. 

Hemicryptocapsa^) sp. A 
(Pl. 8, Fig. 18) 

Remarks. This specimen, quite common in the interval, is tentatively 
assigned to the genus Hemicryptocapsa Dumitrica because of its inter­
nal skeletal elements. 

Hexapyramis pantanelli Squinabol 
(Pl. 6, Fig. 5) 

Hexapyramis pantanelli Squinabol, 1903, p. 114, pl. 10, fig. 5. 
Histiastrum aster Lipman—Schaaf, 1981, p. 435, pl. 8, fig. 1, and pl. 11, 

fig. 5. 
Remarks. The form, figured by Schaaf (1981), is the common frag­

mentation product of Hexapyramis pantanelli, with two rays missing 
(compare with Pl. 9, Fig. 13). 

Range and occurrences. Aptian to Cenomanian of northern Italy 
and Hole 398D. 

Hexastylurus magnificus (Squinabol) 
(Pl. 9, Fig. 16) 

Staurosphaera magnifica Squinabol, 1904, p. 191, pl. 3, fig. 1. 
Hexastylurus magnificus (Squinabol)—Schaaf, 1981, p. 435, pl. 7, fig. 

2, and pl. 14, figs, la and lb. 
Range and occurrences. Not well established: Lower Cretaceous of 

Italy, the North Atlantic, and Pacific. 

Holocryptocanium barbui Dumitrica 
(Pl. 5, Figs. 5-8) 

Holocryptocanium barbui Dumitrica, 1970, p. 76, pl. 17, figs. 105-
108b, and pl. 21, fig. 136; Foreman, 1975, p. 618, pl. IF, and pl. 6, 
fig. 13; Schaaf, 1981, p. 435, pl. 2, figs, la and lb, and pl. 10, 
figs. 6a and 6b; Taketani, 1982, p. 67, pl. 7, figs, la and lb, and 
pl. 13, figs. 18 and 19; Sanfilippo and Riedel, 1985, p. 614, text 
fig. 12 (2a-2c). 

Holocryptocanium japonicum Nakaseko et al., 1979, p. 23, pl. 5, figs. 8 
and 10; Taketani, 1982, p. 67, pl. 7, figs. 2a, 2b, and 3, and pl. 13, 
fig. 21. 

Holocryptocanium barbui japonicum Dumitrica—Nakaseko and Nishi-
mura, 1981, p. 154, pl. 3, figs. 5-7, and pl. 14, fig. 10. 
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Remarks. In the material observed there is a progressive trend in 
skeletal evolution from forms with a smooth surface and small pores to 
forms with hexagonal pore frames. 

Range and occurrences. This form ranges from the A. umbilicata 
Zone into the O. somphedia Zone of Sanfilippo and Riedel (1985) (ap­
proximately middle Aptian to Cenomanian) and has been recorded from 
the North Atlantic, Romania, Japan, and northwest Pacific. 

Holocryptocanium sp. A 
(Pl. 4, Fig. 25) 

Remarks. This species differs from all other species of this genus by 
having small tubercles alternating with large pores. 

Holocryptocanium sp. B 
(Pl. 9, Fig. 1) 

Cryptocephalic Nasselaria gen. et sp. indet.—Schaaf, 1981, pl. 2, fig. 2. 
Remarks. This form is always preserved as silica, even when all other 

specimens are replaced by pyrite. 

Holocryptocanium sp. C 
(Pl. 8, Fig. 21) 

Holocryptocanium sp. Schaaf, 1981, pl. 2, fig. 8. 
Remarks. This species differs from H. sp. B by having regularly ar­

ranged polygonal pores and replacement by pyrite. 

Homoeoparonaella sp. A 
(Pl. 10, Fig. 10) 

Remarks. This species, quite common in the interval, differs from 
all other species of this genus by its spongy meshwork between the 
arms. 

Mita gracilis (Squinabol) 
(Pl. 3, Fig. 2) 

Sethoconus gracilis Squinabol, 1903, p. 131, pl. 10, fig. 13. 
Mita magnifica Pessagno—Schaaf, 1981, p. 435, pl. 6, fig. 10, and pl. 24, 

figs. 13a and 13b. 
Mita gracilis (Squinabol)—Taketani, 1982, p. 60, pl. 5, figs. 2a and 2b, 

and pl. 12, fig. 3; Schaaf, 1984, p. 110-111, text figs. 5a-5c. 
Remarks. The specimen figured shows a rounded cephalo-thoracic 

part, which is characteristic of Mita gracilis. Morphotypes that are simi­
lar but are lacking the slight inflation of the cephalo-thoracic part have 
their first appearance in the middle Albian (and would be named M. 
magnifica Pessagno), whereas M. gracilis already occurs in the lower­
most Albian at Hole 398D. 

Mita sp. A 
(Pl. 3, Fig. 1) 

Remarks. This species differs from all other species of this genus by 
its rounded apical area without horn and its oval outline in lateral view. 
It is probably synonymous to Pessagno's Mita sp. B (1977b, p. 45, pl. 7, 
fig. 6). 

Mita sp. B 
(Pl. 3, Fig. 3) 

Remarks. This species differs from M. gracilis by its large inflated 
terminal segment. It was found only in samples from Core 398D-63. 
Figure 2 (p. 11) of Schaaf (1985) is probably a flattened fragment of 
Mita sp. B. 

Mita sp. C 
(Pl. 3, Fig. 4) 

Remarks. This form similar to Mita sp. B is probably an ancestral 
form of the latter species. 

Mita(l) sp. D 
(Pl. 6, Fig. 21) 

Mita(l) sp. E 
(Pl. 6, Fig. 22) 

Remarks. This species is tentatively assigned to the genus Mita be­
cause of its morphotypic similarities. 

Napora durhami (Pessagno) 
(Pl. 5, Fig. 4) 

Ultranapora durhami Pessagno, 1977b, p. 39, pl. 5, figs. 1-3, 13, 14, 
and 19, and pl. 12, fig. 4. 
Range and occurrences. Albian of California and northeastern At­

lantic. 

Napora praespinifera (Pessagno) 
(Pl. 5, Fig. 3) 

Ultranapora praespinifera Pessagno, 1977b, p. 39, pl. 5, figs. 4 and 
8-10. 
Remarks. The preservation of Napora ssp. in the samples studied 

(the apical horn missing) excludes, with a few exceptions, determination 
to a species level. 

Range and occurrences. Upper Albian of California and northeast­
ern Atlantic. 

Neosciadiocapsa diabloensis Pessagno 
(Pl. 2, Fig. 25) 

Neosciadiocapsa diabloensis Pessagno, 1969, p. 410-411, pl. 35, figs. 3-
10, and pl. 36, fig. 1; Pessagno, 1976, p. 47, pl. 13, fig. 5. 
Range. Upper Campanian of California and lower to middle Cam­

panian of Hole 603B. 
Occurrences. North Atlantic and California. 

Novixitus mclaughlini Pessagno 
(Pl. 3, Fig. 21) 

Novixitus mclaughlini Pessagno, 1977b, p. 54, pl. 9, fig. 17. 
Range and occurrences. This species is recorded from uppermost Al­

bian/lower Cenomanian of California, Hole 398D, and southern Spain. 

Novixitus weyli Schmidt-Effing 
(Pl. 4, Fig. 1) 

Novixitus weyli Schmidt-Effing, 1980, p. 252-253, fig. 33; Taketani, 
1982, p. 62, pl. 5, figs. 9a and 9b, and pl. 12, fig. 11. 

(l)Stichomitra elegans (Squinabol)—Dumitrica, 1975, p. 87-89, text 
fig. 2, fig. 11. 
Range and occurrences. This species is recorded from uppermost Al­

bian/lower Cenomanian of southern Europe, North Atlantic, the Car­
ibbean area, California, and Japan. 

Novixitus sp. A Pessagno, 1977b, p. 54, pl. 9, fig. 6. 
Range and occurrences. Upper Albian to Cenomanian of southern 

Europe, the North Atlantic, the Caribbean area, California, and Japan. 

Novixitus sp. A 
(Pl. 1, Fig. 28) 

Remarks. This species differs from Novixitus mclaughlini by having 
only one circumferentially arranged row of large tubercles. 

Novixitus sp. B 
(Pl. 1, Fig. 30) 

Remarks. This species differs from Novixitus mclaughlini by having 
only one circumferentially arranged row of large tubercles and small tu­
bercles on the other rows. 

Novixitus sp. C 
(Pl. 3, Figs. 18 and 18A) 

Remarks. This species differs from all other species of Novixitus by 
the "pseudomacrocephalic" appearance of its first segments. Common 
in the uppermost Albian at Hole 398D. 
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Novixitus{l) sp. D 
(Pl. 1, Fig. 20) 

Novixitusl sp. C—Empson-Morin, 1984, pl. 2, fig. 13. 
Theocampe sp.—Butt, 1981, p. 20, fig. E. 

Range and occurrences. Campanian of the North Atlantic and 
Bavaria. 

Obesacapsula{1) sp. A 
(Pl. 1, Fig. 19) 

Novixitusl sp. B—Empson-Morin, 1984, pl. 2, fig. 12. 
Remarks. The species is tentatively assigned to Obesacapsula Pessa-

gno because of its morphotypic similarities with O. somphedia. 

Orbiculiforma railensis Pessagno 
(Pl. 5, Fig. 18, and Pl. 9, Fig. 20) 

Orbiculiforma railensis Pessagno, 1977b, p. 28, pl. 1, figs. 14 and 21, 
and pl. 12, fig. 5. 
Range and occurrences. Recorded from Albian strata in California 

and Hole 398D. 

Pantanellium lanceola (Parona) 
(Pl. 9, Fig. 14) 

(l)Stylosphaera lanceola Parona, 1890, p. 150, pl. 1, fig. 19. 
Stylosphaera sp. Parona, 1890, p. 150, pl. 1, fig. 18; Zhamoida in Dundo 

and Zhamoida, 1963, pl. 1, fig. 9; Kling, 1971, p. 1089, pl. 10, 
fig. 3. 

Tithatractus sp. Parona and Rovereto, 1895, p. 175, fig. 27 (not fig. 28). 
Xiphostylus felsinae Neviani, 1901, p. 649, pl. 9, fig. 7. 
Stylatractus ovatus Hinde, 1900, p. 19, pl. 4, figs. 29, 31-33, and 36; 

Moore, 1973, p. 823, pl. 2, fig. 1. 
Stylatractusparonae Hinde, 1900, p. 18, pl. 4, fig. 34. 
Stylosphaera squinaboli Tan Sin Hok, 1927, p. 35, pl. 6, figs. 9a-9d. 
Radiolarian (l)Meyenella hensoni Davis, 1950, p. 210, pl. 7, figs. 11 

and 12. (gen. and sp. indet.) Turner, 1965, p. 394, pl. 52, figs. 14 and 
15. 

Spumellariinid Pessagno, 1969, p. 610, pl. 4, fig. D. 
Sphaerostylus lanceola (Parona) group—Foreman, 1973b, p. 258, pl. 1, 

figs. 7-11; Foreman, 1975, p. 609, pl. 2E, figs. 3-6; Schaaf, 1981, 
p. 438, pl. 7, fig. 6; pl. 16, figs. 5a and 5b. 

Sphaerostylus lanceola (Parona)—Riedel and Sanfilippo, 1974, pl. 1, 
figs. 1-3. 

Pantanellium corriganensis Pessagno, 1977b, p. 33, pl. 3, figs. 5 and 6. 
Pantanellium riedeli Pessagno, 1977b, p. 33, pl. 3, figs. 1. 
Pantanellium lanceola (Parona)—de Wever and Thiebault, 1981, p. 589, 

pl. 2, fig. 9. 
Paronaella sp. cf. P. bandyi Pessagno (Pl. 10, Fig. 12). 
Paronaella bandyi Pessagno, 1977a, p. 69, pl. 1, figs. 4 and 5; Baum-

gartner, 1980, p. 300, pl. 9, fig. 4; Kocher, 1981, p. 79; Baumgartner, 
1984, p. 777, pl. 6, fig. 16. 

(?)Paronaella mulleri Pessagno—Ishida, 1983, pl. 10, fig. 4. 
Remarks. The species figured differs from P. bandyi by lacking the 

terminal dovetail-like spines. 

Paronaella sp. A 
(Pl. 6, Fig. 7) 

Range and occurrences. Common in Albian strata at Hole 398D. 

Paronaella sp. B 
(Pl. 6, Fig. 8) 

Remarks. Numerous, but always fragmented. The lack of a com­
plete specimen excludes determination to a species level. 

Paronaella sp. C 
(Pl. 10, Fig. 19) 

Parvicingula boesii (Parona) 
(Pl. 6, Fig. 9) 

Dictyomitra boesii Parona, 1890, p. 170, pl. 6, fig. 9; Riedel and Sanfi­
lippo, 1974, p. 778, pl. 4, figs. 5 and 6; Foreman, 1975, p. 613, 
pl. 2H, figs. 10 and 11, and pl. 7, fig. 9. 

Lithocampe ananassa Rust, 1885, p. 315, pl. 40, fig. 3; Moore, 1973, 
p. 828, pl. 4, figs. 7-9. 

Amphipyndax(1) sp. Foreman, 1973b, p. 263, pl. 9, figs. 3 and 4. 
Parvicingula boesii (Parona)—Pessagno, 1977b, p. 48, pl. 8, fig. 5; 

Schaaf, 1981, p. 436, pl. 3, figs. 13a and 13b, pl. 4, fig. 13, and 
pl. 18, figs. 6a and 6b. 

Mirifusus boesii (Parona)—Foreman, 1978b, p. 746, pl. 2, fig. 6. 
Parvicingula boesii (Parona) group—Kocher, 1981, p. 81-82, pl. 15, 

figs. 10 and 11. 
Range. Upper Jurassic to Barremian (Albian/lower Cenomanian— 

Moore, 1973). 
Occurrences. Recorded worldwide. 

Parvicingula malleola (Aliev) 
Dictyomitra malleola Aliev, 1961, p. 62, pl. 2, figs. 5-7; Aliev, 1965, 

p. 48, pl. 8, figs. 4-6; ?Renz, 1974, p. 790, pl. 8, fig. 20, and pl. 11, 
fig. 28. 

Parvicingula malleola (Aliev) group—Schaaf, 1981, p. 436, pl. 21, figs. 2 
and 12. 

Parvicingula malleola (Aliev)—Schaaf, 1985, p. 159, fig. 11. 
Range. Recorded as a common element of Aptian faunas by Schaaf 

(1984). 

Parvicingula^) sp. 
(Pl. 6, Fig. 10) 

Remarks. This species is tentatively assigned to Parvicingula Pessa­
gno because of its morphotypic similarities with species of this genera. 

Patellula verteroensis (Pessagno) 
(Pl. 2, Figs. 19 and 20) 

Stylospongia verteroensis Pessagno, 1963, p. 199. 
Patellula verteroensis (Pessagno)—Empson-Morin, 1981, p. 257, pl. 2, 

figs. 1-5. 
Range and occurrences. This form is recorded from Campanian sed­

iments in the Caribbean region, North Atlantic, Bavaria, and Cyprus. 

Patellula^!) sp. B 
(Pl. 5, Fig. 19) 

Remarks. Quite different forms of Patellula are included within these 
two species, but the insufficient preservation does not allow determina­
tion to the species level. 

Patulibracchium californensis Pessagno 
(Pl. 2, Fig. 9) 

Patulibracchium californensis Pessagno, 1971b, p. 29, pl. 11, fig. 6, and 
pl. 12, figs. 1 and 2; Pessagno, 1976, p. 30, pl. 10, fig. 13; Empson-
Morin, 1984, text fig. 9A-9C). 
Range. Lower part of the A. pseudoconulus Zone (lower Campa­

nian) 
Occurrences. North Atlantic, the Caribbean region, Bavaria, Cy­

prus, and the Middle East. 

Patulibracchium sp. cf. P. davisi Pessagno 
(Pl. 6, Fig. 6) 

Patulibracchium davisi Pessagno, 1976, p. 30, pl. 1, fig. 7. 
Remarks. This form is always poorly preserved in the samples stud­

ied; therefore, assignment to P. davisi Pessagno is tentative. 
Range and occurrences. P. davisi is recorded from the Cenomanian 

of California. 

Patulibracchium petroleumensis Pessagno 
(Pl. 2, Fig. 11) 

Patulibracchium petroleumensis Pessagno, 1971b, p. 37-38, pl. 11, 
figs. 2-5; Pessagno, 1976, p. 30, pl. 10, fig. 15. 
Remarks. P. petroleumensis occurs in lower Campanian strata of 

California. 
Occurrences. North Atlantic and California. 
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Podobursa triacantha (Fischli) 
(Pl. 7, Figs. 16 and 19) 

Theosyringium acanthophorum Rust var. triacanthus Fischli, 1916, p. 47, 
fig. 38. 

Theosyringium acanthophorum Rust var. tetracanthus Fischli, 1916, 
p. 47, fig. 39. 

Theosyringium acanthophorum Rust var. polyacanthus Fischli, 1916, p. 
47, fig. 41. 

Podobursa triacantha (Fischli)—Foreman, 1973b, p. 266, pl. 13, figs. 
1-3; Foreman, 1975, p. 617, pl. 2L, figs. 4-6; Pessagno, 1977a, p. 92, 
pl. 12, fig. 6; Pessagno, 1977b, p. 57, pl. 11, fig. 6; Schaaf, 1981, 
p. 436, pl. 5, fig. 11, and pl. 25, figs, la and lb. 

Podobursa sp. Riedel and Sanfilippo, 1974, pl. 13, fig. 7. 
Range. Upper Jurassic to lower Aptian. 
Occurrences. Recorded worldwide. 

Podobursa tricola Foreman 
(Pl. 7, Fig. 17) 

Podobursa tricola Foreman, 1973b, p. 267, pl. 13, fig. 9, and pl. 16, 
fig. 12; Foreman, 1975, p. 617, pl. 2L, figs. 7 and 8; Schaaf, 1981, 
p. 436, pl. 6, figs, la and lb, and pl. 25, figs. 2a and 2b. 
Range. Recorded from lower Hauterivian to upper Aptian. 
Occurrences. North Atlantic and Pacific. 

Podobursa sp. A 
(Pl. 7, Fig. 18) 

Remarks. This species differs from P. tricola by having two long ter­
minal spines. 

Pseudoaulophacus floresensis Pessagno 
(Pl. 2, Fig. 5) 

Pseudoaulophacus floresensis Pessagno, 1963, p. 200, pl. figs. 2 and 5, 
pl. 4, fig. 6, and pl. 7, figs. 1 and 5; Pessagno, 1972, p. 304, pl. 26, 
fig. 6, pl. 28, figs. 4-6, pl. 29, figs. 1 and 2, and pl. 31, fig. 1; Pessa­
gno, 1976, p. 28, and pl. 9, fig. 6; Pessagno, 1977c, pl. 10, fig. 3; 
Foreman, 1971, p. 1675, pl. 2, fig. 6; Foreman, 1973a, p. 429, pl. 13, 
fig. 8; Pessagno and Longoria, 1973, p. 550; Moore, 1973, p. 824, 
pl. 12, figs. 2 and 3; Pessagno and Michael, 1974, p. 969; Nakaseko 
and Nishimura, 1981, p. 158, pl. 2, fig. 4; Kling, 1982, p. 548, pl. 1, 
fig. 11. 

Pseudoaulophacus cf. P. floresensis Pessagno—Taketani, 1982. 
Remarks. The three spines are always broken. 
Range. A. pseudoconulus Zone to the A. tylotus Zone of Sanfilippo 

and Riedel (1985); Campanian through Maestrichtian. 
Occurrences. North Atlantic, Japan, central Pacific, California, the 

Caribbean region, Cyprus, and the Middle East (Oman). 

Pseudoaulophacus lenticulatus (White) 
(Pl. 2, Fig. 6) 

Baculogypsina{l) lenticulata White, 1928, p. 306, pl. 41, figs. 9 and 11. 
Aulophacus lenticulatus (White)—Pessagno, 1962, p. 364, pl. 6, figs. 1 

and 2. 
Pseudoaulophacus lenticulatus (White)—Pessagno, 1963, p. 202, pl. 2, 

figs. 8 and 9; Pessagno, 1972, p. 306, pl. 2, figs. 5 and 6, and pl. 3, 
figs. 1-3; Pessagno, 1976, p. 28, pl. 9, figs. 11 and 12; Shipboard 
Scientific Party, 1969, p. 206; Pessagno and Longoria, 1973, p. 550; 
Dinkelmann, 1973, p. 790, pl. 1, fig. 12; (as P. lenticularis) Moore, 
1973, pl. 12, fig. 1; Pessagno and Michael, 1974, p. 969; Foreman, 
1977, p. 315; Butt, 1981, pl. 20, figs. Q and R; Nakaseko and Nishi­
mura, 1981, p. 158, pl. 2, figs. 7a and 7b; Kling, 1982, p. 548, pl. 1, 
fig. 12; Taketani, 1982, p. 51, pl. 10, fig. 11; Sanfilippo and Riedel, 
1985, p. 596, text fig. 6 (4a and 4b). 
Range. A. pseudoconulus Zone (Campanian). 
Occurrences. North Atlantic, Japan, central Pacific, California, Cy­

prus, Oman, the Caribbean region, and Bavaria. 

Pseudoaulophacus pargueraensis Pessagno 
(Pl. 2, Fig. 7) 

Pseudoaulophacus pargueraensis Pessagno, 1963, p. 204, pl. 2, figs. 4 
and 7, and pl. 6, figs. 4 and 5; Pessagno, 1972, p. 309, pl. 30, fig. 4; 
Shipboard Scientific Party, 1969, p. 206; Foreman, 1971, p. 1675, 

pl. 2, fig. 7; Foreman, 1973a, p. 429; Foreman, 1973b, pl. 15, 
fig. 18; Foreman, 1975, p. 613, pl. 5, fig. 8; Foreman, 1977, p. 315; 
Foreman, 1978b, p. 744, pl. 3, fig. 9; Moore, 1973, p. 824, pl. 12, 
figs. 6 and 7; Riedel and Sanfilippo, 1974, p. 780, pl. 2, figs. 12-14; 
Nakaseko and Nishimura, 1981, p. 158, pl. 2, fig. 5; Kling, 1982, 
p. 548, pl. 1, figs. 13(?) and 14; Sanfilippo and Riedel, 1985, p . 596, 
text fig. 6 (5a-5d). 
Range. A. pseudoconulus Zone into the A. tylotus Zone of Sanfi­

lippo and Riedel (1985); approximately Santonian to Campanian. 
Occurrences. North Atlantic, Japan, north central Pacific, the Car­

ibbean region, Austria, and Bavaria. 

Pseudoaulophacus putahensis Pessagno 
(Pl. 2, Fig. 4) 

Pseudoaulophacus putahensis Pessagno, 1972, p. 310-311, pl. 27, fig. 1; 
Pessagno, 1976, p. 28, pl. 3, fig. 13; Thurow and Anderson, 1986, 
pl. 5, fig. 5; Thurow and Kuhnt, 1986, text fig. 9 (8). 
Range. C. cachensis Zone (lower to middle Turonian). 
Occurrences. North Atlantic, southern Europe, northwestern Africa, 

and California. 

Pseudoaulophacus sp. A 
(Pl. 2, Fig. 8) 

Remarks. This species differs from all other Pseudoaulophacidae 
Pessagno by its triangular outline. 

Pseudoaulophacus sp. B 
(Pl. 5, Fig. 13) 

Remarks. This species differs from P. putahensis by having large 
prominent secondary spines between the three major spines. 

Pseudoaulophacus^.) sp. C 
(Pl. 9, Fig. 17) 

Remarks. This species is tentatively assigned to Pseudoaulophacus 
Pessagno because of its morphotypic similarities. 

Pseudoaulophacus(l) sp. D 
(Pl. 5, Fig. 14) 

Remarks. This species is tentatively assigned to Pseudoaulophacus 
Pessagno because of its morphotypic similarities (especially to P. lenti­
culatus). 

Pseudocrucella sp. A 
(Pl. 10, Fig. 9) 

Pseudocrucellail) sp. B 
(Pl. 10, Fig. 7) 

Remarks. This species is tentatively assigned to Pseudocrucella Baum­
ga r t e r because of its morphotypic similarities. Common in Hauteriv­
ian/Barremian strata in the northeast Atlantic. 

Pseudocrucella^.) sp. C 
(Pl. 10, Fig. 6) 

Remarks. This species is tentatively assigned to Pseudocrucella Baum­
gar te r because of its morphotypic similarities. 

Pseudodictyomitra carpatica (Lozyniak) 
(Pl. 6, Fig. 12) 

Dictyomitra carpatica Lozyniak, 1969, p. 38, pl. 2, figs. 11-13. 
Dictyomitra carpatica Lozyniak(?)—Foreman, 1973b, p. 263, pl. 10, 

figs. 1-3, and pl. 16, fig. 5; Foreman, 1975, p. 614, pl. 2G, figs. 11-
14, and pl. 7, fig. 7 (not fig. 6). 

Pseudodictyomitra carpatica (Lozyniak)—Schaaf, 1981, p. 436, pl. 3, 
figs, la-lc and 2, and pl. 20, figs. 4a and 4b; de Wever and Thiebault, 
1981, p. 590-591, pl. 2, fig. 2; Schaaf, 1984, p. 94, figs. 1-3. 
Range. Not well established, Valanginian to Turonian (Schaaf, 1984). 
Occurrences. Recorded worldwide. 
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Pseudodictyomitra leptoconica (Foreman) Group 
(Pl. 6, Fig. 11) 

Dictyomitra leptoconica Foreman, 1973b, p. 264, pl. 10, fig. 4, and 
pl. 16, fig. 6. 

Pseudodictyomitra leptoconica (Foreman)—Schaaf, 1981, p. 437, pl. 3, 
fig. 3, and pl. 18, figs. 3a and 3b; Schaaf, 1984, p. 117-118, figs. 1-7. 
Range. Recorded from Berriasian-lower Aptian. 

Pseudodictyomitra lilyae (Tan Sin Hok) 
(Pl. 6, Figs. 13, 14, and 17) 

Dictyomitra lilyae Tan Sin Hok, 1927, p. 55, pl. 10, fig. 83; Riedel and 
Sanfilippo, 1974, pl. 4, figs. 7-9, and pl. 12, fig. 13; Renz, 1974, 
p. 791, pl. 8, figs. 1-4, and pl. 11, fig. 33. 

Pseudodictyomitra lilyae (Tan Sin Hok)—Schaaf, 1981, p. 437, pl. 3, 
fig. 8, and pl. 18, figs. 5a and 5b; Schaaf, 1984, p. 118-119, figs. 
1-7. 
Range. Upper Valanginian-Barremian (Schaaf, 1984). 
Occurrences. Pacific, Indian Ocean, Indonesia, and the North 
Atlantic. 

Pseudodictyomitra lodogaensis Pessagno 
(Pl. 3, Fig. 12) 

Pseudodictyomitra lodogaensis Pessagno, 1977b, p. 50, pl. 8, figs. 4, 
21, and 28; Schaaf, 1981, p . 437, pl. 3, fig. 5. 
Range. Upper Albian to Cenomanian. 
Occurrences. Central Pacific, California, and the North Atlantic. 

Pseudodictyomitra nakasekoi Taketani 
Pseudodictyomitra nakasekoi Taketani, 1982, p. 60, pl. 12, figs. 4-6; 

Kuhnt et al., 1986, pl. 7S. 
Dictyomitra tiara Holmes—Dumitrica, 1975, p. 87-89, text fig. 2, fig. 

9. 
Dictyomitra^.) sp. B—Nakaseko et al., 1979, p. 22, pl. 6, fig. 21. 

Range. Cenomanian/Turonian. 
Occurrences. Northwestern Africa, Japan, and the North Atlantic. 

Pseudodictyomitra pentacolaensis Pessagno 
(Pl. 3, Fig. 17) 

Pseudodictyomitra pentacolaensisPessagno, 1977b, p. 50, pl. 8, figs. 3, 
17, and 23, and pl. 12, fig. 10. 
Range. Upper Albian. 
Occurrences. California and the North Atlantic. 

Pseudodictyomitra pseudomacrocephala (Squinabol) 
(Pl. 1, Fig. 13, and Pl. 3, Fig. 16) 

Dictyomitra pseudomacrocephala Squinabol, 1903, p. 139, pl. 10, fig. 2; 
Cita, 1964, p. 143, pl. 12, figs. 8 and 9; Petrushevskaya and Koz-
lova, 1972, p. 550, pl. 2, fig. 5; Pessagno and Michael, 1974, p. 969; 
Foreman, 1975, p. 614, pl. 7, fig. 10; Foreman, 1977, p. 315; Dumi­
trica, 1975, fig. 2, no. 19; Pessagno, 1976, p. 53, pl. 3, figs. 2 and 3; 
Nakaseko et al., 1979, p. 22, pl. 6, figs. 12-15; Kozlova in Basov et 
al., 1979, fig. 4. 

Dictyomitra malleola Aliev—Pessagno, 1969, p. 610, pl. 5, fig. A. 
Dictyomitra macrocephala Squinabol—Moore, 1973, p. 829, pl. 9, figs. 8 

and 9; Riedel and Sanfilippo, 1974, p. 778, pl. 4, figs. 10 and 11, 
and pl. 14, fig. 11. 

Dictyomitra dnistrensis Lozyniak, 1975, p. 52, pl. 2, figs. 3-7. 
Dictyomitra sp. Foreman, 1973, p. 264, pl. 14, fig. 16. 
(l)Dictyomitrasagitafera Aliev, 1961, p. 25, pl. 1, figs. 1-3; Aliev, 1965, 

p. 55. 
Pseudodictyomitra pseudomacrocephala (Squinabol)—Pessagno, 1977b, 

p. 51, pl. 8, figs. 10 and 11; Schmidt-Effing, 1980, p. 247, fig. 8; 
Schaaf, 1981, p. 437, pl. 24, figs, la and lb; Nakaseko and Nishi-
mura, 1981, p. 159, pl. 9, figs. 1-4, pl. 16, figs. 5 (not 6), 7, and 8; 
Taketani, 1982, p. 61, pl. 5, figs. 4a and 4b, and pl. 12, figs. 7 and 8; 
Sanfilippo and Riedel, 1985, p. 608, text fig. 10 (la-lc); Kuhnt et 
al., 1986, pl. 7T; Thurow and Kuhnt, 1986, text fig. 9 (11). 
Range. Base of the P. pseudomacrocephala Zone into the C. ca-

chensis Zone (Albian to Turonian). 

Occurrences. North Atlantic, Japan, central and northwest Pacific, 
California, Costa Rica, southern Europe, northwestern Africa, and 
Oman. 

Pseudodictyomitra sp. cf. P. pseudomacrocephala (Squinabol) 
(Pl. 3, Fig. 11) 

Remarks. This species differs from P. pseudomacrocephala (Squina­
bol) by its less inflated cephalo/thorax. 

Pseudodyctiomitra vestalensis Pessagno 
(Pl. 3, Fig. 15) 

Pseudodyctiomitra vestalensis Pessagno, 1977b, p. 51, pl. 8, figs. 4, 21, 
and 28; Schaaf, 1981, p. 437, pl. 3, fig. 10; Schaaf, 1985, p. 161, 
figs. 4a and 4b. 
Remarks. This species is only tentatively assigned to P. vestalensis 

Pessagno because the preservation of this species is generally poor and it 
is always lacking the characteristic final chamber. 

Range and occurrences. P. vestalensis Pessagno is common in Al­
bian strata of the central Pacific, California, and at Hole 398D. 

Pyramispongia glascockensis Pessagno 
(Pl. 2, Fig. 23) 

Pyramispongia glascockensis Pessagno, 1973, p. 79-80, pl. 21, figs. 2-5; 
Pessagno, 1976, p. 37, pl. 1, fig. 9; Taketani, 1982, p. 51, pl. 10, 
fig. 12; Thurow and Kuhnt, 1986, text fig. 9 (4). 
Range and occurrences. P. glascockensis is reported from upper Ce­

nomanian to middle Turonian (CTBE) strata in southern Europe and 
northwest Africa, from the Cenomanian/Turonian of California, and 
from the upper Cenomanian to lower Santonian of Japan. 

Rhopalosyringium majuroensis Schaaf 
(Pl. 4, Fig. 15) 

Rhopalosyringium majuroensis Schaaf, 1981, p. 437, pl. 6, figs. 2 and 
3, and pl. 23, fig. 5; Schaaf, 1985, p. 120-121, figs. l-7b. 

Rhopalosyringium sp. Foreman, 1971, p . 1682, pl. 3, fig. 9. 
(l)Rhopalosyringium sp. A. Moore, 1973, p. 826, pl. 7, fig. 1. 
Artostrobium urna Foreman—Schmidt-Effing, 1980, p. 254, fig. 4. 

Range. Upper Cenomanian to (?)Turonian. 
Occurrences. Recorded from Atlantic and Pacific sites. 

Rhopalosyringium sp. A 
(Pl. l .Fig. 5) 

Remarks. The poor preservation of the specimens does not allow de­
termination to the species level, but they appear to be related to Rhopa­
losyringium magnificum Campell and Clark. 

Rhopalosyringium sp. B 
(Pl. 4, Fig. 16) 

Remarks. This species differs from R. majuroensis by its much shorter 
and unradiated spine and by having additional spines on the thorax. 

Rhopalosyringium sp. C 
(Pl. 4, Fig. 17) 

Remarks. This species differs from R. majuroensis by its long tube­
like abdomen and by having additional spines on the thorax. 

Sethocapsa orca Foreman 
(Pl. 8, Fig. 4) 

Sethocapsa(l) orca Foreman, 1975, p. 617, pl. 2J, figs. 1-2, and pl. 6, 
fig. 12. 

Sethocapsa orca Foreman—Schaaf, 1981, p. 437, pl. 26, figs. 3a and 
3b; Schaaf, 1985, p. 155, figs. 8a and 8b. 
Range. Recorded from upper Valanginian to lowermost Aptian. 

Sethocapsa sp. A cf. S. simplex 
(Pl. 4, Fig. 23) 

Remarks. This species shows close relationships to S. simplex Take­
tani, but its proximal part is slightly different. 
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Sethocapsa trachyostraca Foreman 
(Pl. 8, Fig. 5) 

Sethocapsa trachyostraca Foreman, 1973b, p. 268, pl. 12, fig. 4; Riedel 
and Sanfilippo, 1974, p. 780, pl. 9, figs. 5-7; Foreman, 1975, p. 617, 
pl. 2J, figs. 3 and 4; Muzavor, 1977, p. 119, pl. 6, fig. 5; Foreman, 
1978b, p. 749, pl. 1, fig. 18; Schaaf, 1981, p. 437, pl. 23, figs, la and 
lb; Sanfilippo and Riedel, 1985, p. 613, text fig. 10 (3a and 3b). 

Stichocapsa conosphaeroides Rust, 1898, p. 66, pl. 19, fig. 3; Moore, 
1973, p. 827, pl. 4, figs. 5-6. 
Range. Approximately Berriasian to Hauterivian. 
Occurrences. Southern Europe, the North Atlantic, and Pacific. 

Sethocapsa uterculus (Parona) 
(Pl. 7, Fig. 21) 

Theocapsa uterculus Parona, 1890, p. 168, pl. 5, fig. 17. 
Sethocapsa sp. cf. Theocapsa uterculus Parona—Foreman, 1975, p. 617, 

pl. 21, figs. 21 and 22. 
Sethocapsa uterculus (Parona)—Schaaf, 1981, p. 437, pl. 5, figs. 8a and 

8b; pl. 26, figs. 5a and 5b; Schaaf, 1984, p. 150, fig. 1-4; Sanfilippo 
and Riedel, 1985, p. 613, text fig. 10 (6a-6e). 
Range. Approximately Hauterivian to Barremian (from the Dibo-

lachras tytthopora Zone to the Crolanium pythiae Zone). 
Occurrences. Southern Europe, North Atlantic, and Pacific. 

Sethocapsa sp. cf. S. uterculus (Parona) 
(Pl. 7, Fig. 22) 

Remarks. This species differs from S. uterculus by its irregular sur­
face and the less pronounced first postabdominal chamber. 

Sethocapsa(7) sp. A 
(Pl. 7, Fig. 24) 

Remarks. This species is tentatively assigned to Sethocapsa Haeckel 
by its morphologic similarities. 

Siphocampium(?) davidi Schaaf 
(Pl. 7, Fig. 25) 

Siphocampium(1) davidi Schaaf, 1981, p. 437-438, pl. 5, fig. 7, and 
pl. 27, figs. 10a and 10b; Schaaf, 1985, p. 102-103, figs. l-6b. 
Range. Middle Hauterivian to lower Barremian (Dibolachras tyttho­

pora Zone into the Crolanium pythiae Zone). 
Occurrences. Recorded from the North Atlantic and Pacific. 

Squinabollum fossilis (Squinabol) 
(Pl. 4, Fig. 21) 

Clistosphaena fossilis Squinabol, 1903, p. 130, pl. 10, fig. 11. 
Micromelissa ventricosa Squinabol, 1903, p. 130, pl. 10, fig. 22. 
Xiphostylus communis Squinabol, 1903, p. I l l , pl. 10, fig. 20. 
Squinabollum fossilis (Squinabol)—Dumitrica, 1970, p. 83, pl. 19, figs. 

118a-118c, 119a-119c, 120, 121a-121c, and 122; Dumitrica, 1975, 
p. 87-89, text fig. 2, fig. 29; Nakaseko et al., 1979, p. 23, pl. 5, 
fig. 12; Taketani, 1982, p. 70, pl. 6, figs. 10a, 10b, 11a, and l i b , and 
pl. 13, figs. 10 and 11. 
Range. Mid-Cretaceous. 
Occurrences. Southern Europe, the North Atlantic, Japan, and the 

Pacific. 

Staurocyclia martini (Rust) 
(Pl. 10, Fig. 8) 

Staurocycla martini Rust, 1898, p. 21, pl. 6, fig. 11; Schaaf, 1981, p. 
439, pl. 11, figs. 2a and 2b. 
Range. Recorded from Barremian to lower Aptian strata. 

Stichocapsa euganea Squinabol 
(Pl. 3, Figs. 6 and 7) 

Stichocapsa euganea—Squinabol, 1903, pl. 8, fig. 30; Schaaf, 1981, p. 
432, pl. 22, figs. 4 and 5, and pl. 23, fig. 7; Schaaf, 1985, p. 158-
159, fig. 8. 

(?.)Archicapsa similis Parona, 1890, p. 163, pl. 5, fig. 4; Hinde, 1900, 
p. 28, pl. 3, fig. 22; Moore, 1973, p. 825, pl. 16, figs. 3 and 4. 

Cyrtocapsaperspicua Squinabol, 1903, p. 142, pl. 10, fig. 16; Schaaf, 
1985, p. 163, fig. 10. 

Mita sp. A—Kuhnt et al., 1986, pl. 7P. 
Remarks. Specimens from samples of the type section as well as 

from Hole 398D show no differences between Stichocapsa euganea and 
Cyrtocapsa perspicua, with all transitional forms occurring between these 
end-members. However, Squinabol's (1903) holotype of Stichocapsa eu­
ganea shows, according to his drawing, transverse pore rows, and his 
drawing of Cyrtocapsa perspicua shows vertical pore rows. The studied 
specimens have vertical pore rows (seen in lateral view). 

Range. Lower Aptian to Cenomanian; Stichocapsa euganea Zone to 
O. somphedia Zone of Schaaf (1985). 

Occurrences. Southern Europe, the North Atlantic, and Pacific. 

Stichomitra communis Squinabol 
(Pl. 4, Fig. 10) 

Stichomitra communis Squinabol, 1903, p. 141, pl. 8, fig. 40; Taketani, 
1982, p. 54-55, pl. 3, fig. 9, and pl. 11, fig. 5; Schaaf, 1984, p. 162, 
figs. 8a and 8b; Kuhnt et al., 1986, pl. 7W. 

(?.)Stichomitra sp. Dumitrica, 1975, p. 87-89, text fig. 2, fig. 21. 
ParvicingulaQ) tekschaensis (Aliev)—Schaaf, 1981, pl. 3, fig. 12, and 

pl. 20, figs. 3a and 3b. 
Remarks. This species is recorded from upper Cenomanian to lower­

most Coniacian strata of Japan, from Cenomanian to Turonian strata 
of southern Europe and northwest Africa, and from Albian to Turonian 
strata at Hole 398D and Oman. 

Stichomitra sp. cf. S. communis Squinabol 
(Pl. 4, Fig. 9) 

Remarks. This species differs from S. communis by the tubelike seg­
ment on the final postabdominal chamber and by the less pronounced 
polygonal meshwork on the test. 

Stichomitra(?) sp. A 
(Pl. 1, Fig. 17) 

Remarks. This species is tentatively assigned to Stichomitra Cayeux 
because of its morphotypic similarities. 

Stichomitra(7) sp. B 
(Pl. 1, Fig. 17) 

Remarks. This species is tentatively assigned to Stichomitra because 
of its morphotypic similarities; however, it differs by having three circu­
lar spines extending from the final postabdominal chamber. 

Thanarla conica (Aliev) 
(Pl. 6, Fig. 20, and Pl. 7, Figs. 5 and 11) 

Cornutanna conica Aliev, 1965, p. 34-35, pl. 6, fig. 1; Moore, 1973, 
p. 830, pl. 14, figs. 1 and 2. 

DictyomitraiP.) lacrimula Foreman, 1973b, p. 263, pl. 10, fig. 11; Fore­
man, 1975, p. 614, pl. 2G, figs. 5 and 6, and pl. 6, fig. 1. 

Thanarla conica (Aliev)—Pessagno, 1977b, p. 45, pl. 7, figs. 1, 13, and 
15; Mattson and Pessagno, 1979, figs. 2A, 2D, and 2E; Taketani, 
1982, p. 59, pl. 4, figs, l l a - l l c . 
Range. Valanginian to lower Aptian. 
Occurrences. California, the Caribbean region, North Atlantic, Rus­

sia, Japan, and the Pacific. 

Thanarla{l) sp. A aff. T. conica (Aliev) 
(Pl. 7, Figs. 7 and 8) 

Remarks. This species differs from T. conica by its clearly visible 
segmentation. 

Thanarla sp. B aff. T. conica (Aliev) 
(Pl. 7, Fig. 12) 

Thanarla sp. aff. T. conica (Aliev)—Pessagno, 1977b, p. 46, pl. 7, figs. 
8 and 14. 
Remarks. This species differs from T. conica by having more widely 

spaced costae. 

406 



CRETACEOUS RADIOLARIANS OF THE NORTH ATLANTIC 

Thanarla elegantissima (Cita) 
(Pl. 4, Fig. 11) 

Thanarla elegantissima (Cita)—Pessagno, 1977b, p . 46, pl. 7, fig. 10; 
Schmidt-Effing, 1980, p. 246, figs. 2 and 21 (not 22); de Wever, 
1981, p. 516; Taketani, 1982, p. 59, pl. 4, fig. 12, and pl. 11, figs. 17 
and 18; Sanfilippo and Riedel, 1985, p. 600, text fig. 8 (la-le). 

Lithocampe elegantissima Cita, 1964, p. 148, pl. 12, figs. 2 and 3; Rie­
del and Sanfilippo, 1974, p. 779, pl. 6, figs. 8-10, and pl. 13, figs. 
2-4; Pessagno, 1976, p. 55, pl. 3, fig. 6. 

Sethamphora pulchra Squinabol—Moore, 1973, p. 826, pl. 3, fig. 4 
(only). 

Thanarla pulchra (Squinabol)—Nakaseko and Nishimura, 1981, p. 163, 
pl. 7, figs. 4 and 7, and pl. 15, fig. 12. 
Range. Hauterivian to Cenomanian (Dibolachras tytthopora Zone 

to Obesacapsula somphedia Zone of Schaaf, 1985). 
Occurrences. Worldwide. 

Thanarla pulchra (Squinabol) 
(Pl. 7, Fig. 9) 

Sethamphora pulchra Squinabol 1904, p. 213, pl. 5, fig. 8; Moore, 
1973, p. 825, pl. 3, figs. 5 and 6 (not fig. 4); Riedel and Sanfilippo, 
1974, pl. 13, fig. 5. 

Cryptocephalus(l) sp.—Riedel and Schloecker, 1956, p. 358, fig. 2. 
Dictyomitra pulchra (Squinabol)—Dumitrica, 1975, p. 87, text fig. 2, 

fig. 7. 
Lithocampe elegantissima Cita—Foreman, 1975, p. 616, pl. 2G, figs. 3 

and 4; Muzavor, 1977, p. 100, pl. 8, fig. 1; Nakaseko et al., 1979, 
p. 23, pl. 4, fig. 2. 

Thanarla pulchra (Squinabol)—Pessagno, 1977b, p . 46, pl. 7, figs. 7, 
21, and 26; Nakaseko and Nishimura, 1981, p. 163, only pl. 15, 
fig. 11; Schaaf, 1981, p. 439, pl. 4, fig. 10, and pl. 19, figs. 7a and 
7b; Taketani, 1982, p. 59, pl. 11, fig. 19; Schaaf, 1984, p. 132, 
figs. 1-7. 

Thanarla elegantissima (Cita)—Schmidt-Effing, 1980, p. 246, fig. 22. 
Remarks. Sanfilippo and Riedel (1985) distinguish between T. ele­

gantissima and T. pulchra on the base of the distension of the last seg­
ment, and the latter form is said to range only from approximately Ber­
riasian to Barremian, but their text figure 8 (2d) shows Pessagno's (1977b) 
type specimen, which is from the lower Cenomanian of the Great Valley 
sequence. 

Thanarla veneta (Squinabol) 
(Pl. 4, Figs. 13 and 14) 

Phormicyrtis veneta Squinabol, 1903, p. 134, pl. 9, fig. 30. 
Phormicyrtis(7) veneta Squinabol—Pessagno, 1976, p. 35, pl. 3, fig. 10. 
Dictyomitra veneta (Squinabol)—Petrushevskaya and Kozlova, 1972, 

p. 550, pl. 2, fig. 2; Foreman, 1973b, p. 264, pl. 14, fig. 11; Riedel 
and Sanfilippo, 1974, p. 778, pl. 5, figs. 5 and 6; Foreman, 1975, 
p. 614, pl. 1G, fig. 4; Dumitrica, 1975, p. 87-89, text fig. 2, fig. 17. 

Thanarla veneta (Squinabol)—Pessagno, 1977b, p. 46, pl. 7, figs. 5, 12, 
17, 19, and 25, and pl. 12, fig. 8; Schmidt-Effing, 1980, p. 247, 
figs. 3 and 23; Nakaseko and Nishimura, 1981, p. 164, pl. 6, figs. 13 
and 15, and pl. 15, fig. 15; Taketani, 1982, p. 60, pl. 5, figs, la - lc , 
and pl. 11, fig. 20 (not 21); Sanfilippo and Riedel, 1985, p. 602, text 
figs. 8a-8f. 
Range. Pseudodictyomitra pseudomacrocephala Zone into the O. 

somphedia Zone of Schaaf (1985); upper Albian to Cenomanian. 
Occurrences. Recorded worldwide. 

Thanarla(1) sp. aff. T. veneta (Squinabol) 
(Pl. 1, Figs. 15 and 27) 

Thanarla^7.) aff. T. veneta (Squinabol)—Empson-Morin, 1984, pl. 2, 
fig. 8. 
Range and occurrences. Recorded from Campanian strata in the 

Caribbean region, the central Pacific, and Romania. 

Thanarla sp. C 
(Pl. 4, Fig. 12, and Pl. 7, Fig. 6) 

Remarks. This species differs from T. veneta by possessing an upper 
conical and a lower barrel-like part. 

Theocampe tina (Foreman) 
(Pl. l .Fig. 6) 

Artostrobium tina Foreman, 1971, p. 1678, pl. 4, fig. 3; Foreman, 1973a, 
p. 430; 1975, p. 613, pl. IF, figs. 3-5, and pl. 6, fig. 5; (non) Moore, 
1973, p. 826, pl. 8, fig. 6; Taketani, 1982, p. 53, pl. 2, figs. 11a and 
l i b . 

Artostrobium urna Foreman—Nakaseko et al., 1979, p. 21, pl. 8, fig. 13; 
Taketani, 1982, pl. 10, fig. 17. 

Theocampe tina (Foreman)—Sanfilippo and Riedel, 1985, p. 605, text 
fig. 9 (5a-5c). 
Range. Upper part of C. cachensis Zone to the A. pseudoconulus 

Zone (approximately Turonian to Campanian). 
Occurrences. Western Atlantic, Japan, central and North Pacific, 

the Caribbean region, and northern Italy. 

Theocapsomma ancus Foreman 
(Pl. 4, Fig. 8) 

Theocapsomma ancus Foreman, 1968, p. 32, pl. 4, fig. 3; Schaaf, 1981, 
p. 440, pl. 24, figs. 4, 9a, and 9b. 

Diacanthocapsa cf. ancus (Foreman)—Dumitrica, 1970, p. 64, pl. 6, 
figs. 35a and 35b, pl. 7, fig. 40, and pl. 20, fig. 125. 

Theoconus coronatus Squinabol Group 
(Pl. 4, Fig. 2) 

Theoconus coronatus Squinabol, 1904, p. 220, pl. 8, fig. 3. 
Stichomitra(7) zamoraensis Pessagno, 1976, p. 54, pl. 3, figs. 7-9. 
Spongocapsula zamoraensis (Pessagno)—Pessagno, 1977b, p. 53, pl. 9, 

figs. 5 and 16. 
Spongocapsula! zamoraensis Pessagno—Schaaf, 1981, p. 438, pl. 24, 

figs. 2a and 2b; Taketani, 1982, p. 62, pl. 5, figs. 6a and 6b, and pl. 
12, figs. 12 and 13. 

Theoconus coronatus Squinabol—Kuhnt et al., 1986, pl. 7Q. 
Remarks. This form is recorded from Albian to ?Campanian strata 

in the central Pacific, Japan, California, North Atlantic, and northern 
Italy, but it is never found within CTBE intervals. T. coronatus s.s. be­
came extinct with the onset of the CTBE, but it is probably an ancestral 
form of the Late Cretaceous age Novixitus(!) sp. D (Pl. 1, Fig. 20). 

Theoconus sp. A cf. T. coronatus Squinabol 
(Pl. 4, Figs. 3 and 4) 

Remarks. This species differs from T. coronatus by its pronounced 
segmentation and the lack of a spongy meshwork on the final postab-
dominal chambers. 

Theocorys renzae Schaaf 
(Pl. 8, Fig. 1) 

Theocorys renzae Schaaf, 1981, p. 440, pl. 5, figs. 13a-13c, and pl. 27, 
figs, la and lb; Schaaf, 1985, p. 134-135, figs. l-6b. 
Range. Hauterivian to Barremian (D. tytthopora Zone into Crola-

nium pythiae Zone). 
Occurrences. North Atlantic and Pacific. 

Triactoma echoides Foreman 
(Pl. 9, Fig. 12) 

Triactoma echoides Foreman, 1973b, p. 260, pl. 3, fig. 1, and pl. 16, 
fig. 21; Foreman, 1975, p. 609, pl. 2F, figs. 9 and 10, and pl. 3, 
fig. 10; Baumgartner et al., 1980, p. 64, pl. 2, fig. 10; Kocher, 1981, 
p. 101, pl. 17, figs. 8 and 9; Kanie et al., 1981, pl. 1, fig. 7; Baum­
gartner, 1984, p. 789, pl. 10, fig. 2; Thurow and Kuhnt, 1986, text 
fig. 9 (19). 
Range. Upper Jurassic to upper Aptian. 
Occurrences. North Atlantic, southern Europe, and Pacific. 

Triactoma hybum Foreman 
(Pl. 9, Fig. 11) 

Triactoma hybum Foreman, 1975, p. 609, pl. 2F, figs. 6 and 7, and pl. 3, 
figs. 7 and 9; Schaaf, 1981, p. 440, pl. 12, fig. 7. 

Triactoma sp. cf. T. echoides Foreman, 1973b, pl. 3, fig. 2 (not 3). 
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Range. Uppermost Hauterivian to Aptian (base of the Acaeniotyle 
umbilicata Zone of Schaaf, 1985). 

Tritrabs sp. cf. T. rhododactylus Baumgartner 
(Pl. 10, Fig. 14) 

Tritrabs rhododactylus Baumgartner, 1980, p. 294, pl. 4, figs. 12-15, 
and pl. 11, fig. 15. 

Tritrabs rhododactyla Baumgartner—Kocher, 1981, p. 106, pl. 17, fig. 2. 
Tritrabs sp. cf. T. casmaliaensis (Pessagno)—Sato et al., 1982, pl. 3, 

fig. 5. 
Remarks. The species figured differs from T. rhododactylus by hav­

ing numerous short spines at the end of each arm. 

Tritrabs sp. 
(Pl. 10, Fig. 17) 

Remarks. Fragments of Tritrabs ssp. are common in the samples 
studied. 

Vitorfus campbelli Pessagno 
(Pl. 10, Fig. 5) 

Vitorfus campbelli Pessagno, 1977b, p. 35, pl. 3, figs. 1, 2, and 7. 

Vitorfus ssp. 
Remarks. Numerous in Lower Cretaceous strata at Hole 398D. The 

discrimination between the different species of this genus is based mainly 
on the number and arrangement of spines on the elliptical ring. The 
preservation of Vitorfus ssp. in the samples studied excludes, with a few 
exceptions, determination to a species level. 

Williriedellum sp. aff. W. carpathicum Dumitrica 
(Pl. 8, Fig. 11) 

Williriedellum carpathicum Dumitrica, 1970, p. 70, pl. 9, figs. 56a, 
56b, and 57-59, and pl. 10, fig. 61; Schaaf, 1981, p. 440, pl. 1, 
figs. 2a and 2b. 
Remarks. The species figured differs from W. carpathicum by its 

more pronounced pores and by the tiny rounded spines. 

Williriedellum gilkeyi Dumitrica 
(Pl. 8, Figs. 10, 13, and 14) 

Williriedellum^) gilkeyi Dumitrica, 1972, p. 841, pl. 3, figs. 4 and 6, 
and pl. 4, figs. 1 and 2. 

Williriedellum gilkeyi Dumitrica—Schaaf, 1981, p. 440, pl. 2, figs. 6a-
6c. 
Range and occurrences. Recorded from approximately Hauterivian 

to Albian in the North Atlantic and Pacific. 

Williriedellum peterschmittae Schaaf 
(Pl. 8, Fig. 8) 

Williriedellum peterschmittae Schaaf, 1981, p. 440, pl. 1, figs. 3a and 
3b, and pl. 9, figs. 3a and 3b. 

Hemicryptocapsa(l) nodosa (Tan Sin Hok)—Dumitrica, 1972, p. 841, 
pl. 1, fig. 6, and pl. 2, figs. 1 and 2. 
Range and occurrences. Recorded from Hauterivian/Barremian strata 

in the Pacific and North Atlantic. 

Williriedellum sp. aff. W. peterschmittae Schaaf 
(Pl. 8, Fig. 9) 

Remarks. This species differs from W. peterschmittae by the lack of 
a central pore on each node. 

Williriedellum sp. A 
(Pl. 8, Fig. 12) 

Remarks. This species differs from W. peterschmittae by the lack of 
a central pore on each node and the large sutural pore, which is closed 
by bridge growth. 

Xitus alievi (Foreman) 
(Pl. 7, Fig. 2) 

Xitus alievi (Foreman)—Schaaf, 1981, p. 440, pl. 5, figs. 4a and 4b, and 
pl. 19, figs, la, lb, 8a, and 8b. 

Dictyomitra alievi Foreman, 1973b, p. 263, pl. 9, fig. 10, and pl. 16, fig. 
4; Foreman, 1975, p. 613, pl. 2H, figs. 8 and 9, and pl. 7, fig. 2. 
Range. Uppermost Valanginian to middle Aptian (upper Albian if 

X. plenus is a junior synonym of X. alievi). 
Occurrences. Pacific, California, North Atlantic, and southern Eu­

rope. 

Xitus sp. cf. Xitus alievi (Foreman) 
(Pl. 7, Fig. 3) 

Remarks. This species differs from X. alievi by the decreased width 
of the distal segments. 

Xitus plenus Pessagno 
(Pl. 3, Fig. 22) 

Xitus plenus Pessagno, 1977b, p. 55, pl. 9, figs. 15, 21, 22, and 26, and 
pl. 12, fig. 15. 
Remarks. The form figured complies with the definition given by 

Pessagno (1977b) to discriminate X. plenus Pessagno from other Xiti-
dae; however, Sanfillippo and Riedel (1985) describe X. plenus as a 
younger synonym of X. alievi, which implies that the latter form ranges 
into the upper Albian. 

Range and occurrences. Upper Albian of California and northeast 
Atlantic. 

Xitus spicularius (Aliev) 
(Pl. 3, Fig. 19, and Pl. 7, Fig. 1) 

Xitus spicularius (Aliev)—Pessagno, 1977b, p. 56, pl. 9, fig. 7, and 
pl. 10, fig. 5; Schaaf, 1981, p. 440-441, pl. 4, fig. 11, pl. 5, figs. 12a 
and 12b, and pl. 19, figs. 2a and 2b. 

1 Dictyomitra spicularia Aliev, 1961, p. 34, pl. 2, figs. 1 and 2; Aliev, 
1965, p. 39, pl. 6, fig. 9. 

Dictyomitra sp. cf. D. spicularia Aliev—Foreman, 1973b, p. 264, pl. 9, 
figs. 8 and 9; Nakaseko et al., 1979, pl. 3, fig. 5. 
Range. Berriasian to Cenomanian. 
Occurrences. Recorded worldwide. 

Xitus{l) sp. 
(Pl. 3, Figs. 20 and 20A) 

Remarks. This species, which is numerous in the interval, is tenta­
tively assigned to Xitus Pessagno because of its morphological similari­
ties, although the double layer structure is not obvious. 

Zhamoidellum ornatum(l) (Zhamoida) 
(Pl. 8, Fig. 15) 

Zhamoidellum ornatum (Zhamoida)—Foreman, 1975, p . 618, pl. 21, 
figs. 15 and 16. 

Tricolocapsa ornata Zhamoida, 1972, p. 117, pl. 4, fig. 2, and pl. 5, fig. 5. 
Conosphaera sphaeraconus Rust—Heitzer, 1930, p. 386, pl. 27, fig. 4. 

Remarks. The type specimen is recorded from Jurassic strata only. 
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Plate 1. SEM micrographs. Specimens figured are characteristic of the Cenomanian/Turonian Boundary Event and the Campanian biosiliceous in­
terval. All specimens are replaced by clinoptilolite and/or opal-CT. 1. Hemicryptocapsa polyhedra Dumitrica. Sample 603B-33-3, 90-93 cm. 2. 
Cryptamphorella conara Foreman. Sample 603B-26-3, 90-93 cm. 3. Cryptamphorella macropora Dumitrica. Sample 603B-26-1, 90-93 cm. 4. He-
liocryptocapsa sp. A. Sample 603B-26-2, 90-93 cm. 5. Rhopalosyringium sp. A. Sample 603B-26-2, 90-93 cm. 6. Theocampe Una (Foreman). 
Sample 603B-26-1, 90-93 cm. 7. Amphipyndax metacryst (Tan Sin Hok). Sample 603B-26-1, 90-93 cm. 8. Amphipyndaxpseudoconulus. Sample 
603B-26-3, 90-93 cm. 9. Eucyrtidiumi?.) sp. A. Sample 603B-26-1, 90-93 cm. 10. Eucyrtidium(?) sp. B. Sample 603B-26-3, 90-93 cm. 11. Eu-
cyrtidiumi?.) sp. C. Sample 603B-26-3, 90-93 cm. 12. Eucyrtidium(l) sp. D. Section 603B-25, CC. 13. Pseudodictyomitrapseudomacrocephala 
(Squinabol). Sample 603B-33-3, 90-93 cm. 14. Archaeodictyomitra sp. cf. A. lamellicostata (Foreman). Sample 603B-26-3, 90-93 cm. 15. Tha-
narlaip.) sp. A aff. T. veneta. Sample 603B-26-2, 90-93 cm. 16. Eastonerius sp. A. Sample 603B-26-2, 90-93 cm. 17. Stichomitra sp. Sample 
603B-26-3, 90-93 cm. 18. Gen. et sp. indet. 1. Sample 603B-26-3, 90-93 cm. 19. Obesacapsula{1) sp. A. Sample 603B-26-1, 90-93 cm. 20. No-
vixitus{1) sp. D. Sample 603B-26-3, 90-93 cm. 21. Gen. et sp. indet. 2. Sample 603B-26-3, 90-93 cm. 22. Gen. et sp. indet. 3. Sample 603B-26-1, 
90-93 cm. 23. Dictyomitra cf. D. formosa Squinabol. Sample 603B-33-3, 90-93 cm. 24. Gen. et sp. indet. 4. Sample 603B-26-3, 90-93 cm. 25. 
Dictyomitra formosa Squinabol. Sample 603B-26-3, 90-93 cm. 26. Gen. et sp. indet. 5. Sample 603B-26-3, 90-93 cm. 27. Thanarlaip.) sp. aff. T. 
veneta. Sample 603B-25, CC. 28. Novixitus sp. A. Sample 603B-26-3, 90-93 cm. 29. Dictyomitra koslovae Foreman. Sample 603B-26-3, 90-93 
cm. 30. Novixitus sp. B. Sample 603B-26-3, 90-93 cm. 
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Plate 2. SEM micrographs. Specimens figured are characteristic of the Cenomanian/Turonian Boundary Event and the Campanian biosiliceous in­
terval. 1. Afens liriodes Riedel and Sanfilippo. Sample 603B-26-1, 90-93 cm. 2. Alievium superbum (Squinabol). Sample 603B-33-3, 90-93 cm. 
3. Alievium gallowayi (White). Sample 603B-26-3, 90-93 cm. 4. Pseudoaulophacus putahensis Pessagno. Sample 603B-33-3, 90-93 cm. 5. Pseu-
doaulophacus floresensis Pessagno. Sample 603B-26-3, 90-93 cm. 6. Pseudoaulophacus lenticulatus (White). Sample 603B-26-3, 90-93 cm. 7. 
Pseudoaulophacuspargueraensis Pessagno. Sample 603B-26-1, 90-93 cm. 8. Pseudoaulophacus sp. A. Sample 603B-26-3, 90-93 cm. 9. Patuli-
bracchium californiaensis Pessagno. Sample 603B-26-3, 90-93 cm. 10. Halesium quadratum Pessagno (fragment with a single ray is preserved), 
Sample 603B-33-3, 90-93 cm. 11. Patulibracchium petroleumensis Pessagno. Sample 603B-26-3, 90-93 cm. 12. Crucella(1) sp. A. Sample 
603B-26-2, 90-93 cm. 13. Crucella cachensis Pessagno. Sample 603B-33-3, 90-93 cm. 14. Crucella espartoensis Pessagno. Sample 603B-26-3, 
90-93 cm. 15. Crucella sp. B. Sample 603B-26-2, 90-93 cm. 16. Crucella(?) sp. A. Sample 603B-26-3, 90-93 cm. 17. Conocaryomma sp. cf. 
C. universa (Pessagno). Sample 603B-26-3, 90-93 cm. Note (?)triradiate spine in Figure 17B. 18. Conocaryomma universa (Pessagno). Sample 
603B-26-2, 90-93 cm. 19 and 20. Patellula verteroensis (Pessagno), (convex side and plane side, respectively). Sample 603B-26-3, 90-93 cm. 21. 
Cavaspongia californiaensis Pessagno. Sample 603B-33-3, 90-93 cm. 22. Dumitricaia maxwellensis Pessagno. Sample 603B-33-3, 90-93 cm. 23. 
Pyramispongia glascockensis Pessagno. Sample 603B-33-3, 90-93 cm. 24. Clathropyrgus titthium Riedel and Sanfilippo. Sample 603B-25, CC. 
25. Neosciadiocapsa diabloensis Pessagno. Sample 603B-26-3, 90-93 cm. 
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Plate 3. SEM micrographs. Specimens are characteristic of the Albian. If not otherwise indicated, specimens are from Sample 398D-63-4, 135-139 
cm, and are replaced by opal-CT 1. Mita sp. A. 2. Mita gracilis (Squinabol). 3. Mita sp. B. 4. Mita sp. C. From bulk sample from Core 
398D-82. 5. Cyrtocapsa {1 Sethocapsa) perspicua Squinabol (note parallel pore rows). Pyrite replacement. Sample 398D-100-3, 148-150 cm. 6 
and 7. Stichocapsa (?Sethocapsa) euganea Squinabol. Figure 6 from Sample 398D-99-6, 120-124 cm; Figure 7, replaced by opal-CT, from Core 
398D-82 bulk sample. 8. Archaeodictyomitra lacrimula (Foreman). 9. Archaeodictyomitra simplex Pessagno. 10. Archaeodictyomitra sp. A. 
11. Pseudodictyomitra sp. cf. P. pseudomacrocephala (Squinabol) (?P. sagitafera Aliev). 12. Pseudodictyomitra lodogaensis Pessagno (P. sp. B, 
Taketani 1982). 13. Cyrtocapsa (?Sethocapsa)perspicua Squinabol (note parallel pore rows). Opal-CT replacement. Sample 103-641C-13R-5, 92-95 
cm. 14. Crolanium sp. cf. C. triquetrum Pessagno. 15. Pseudodictyomitra vestalensis Pessagno. Sample 398D-97-4, 61-65 cm. 16. Pseudodic­
tyomitra pseudomacrocephala (Squinabol). 17. Pseudodictyomitra pentacolaensis Pessagno. 18A. Novixitus sp. C. 18B. Detail of Figure 18A 
with proximal segments. Note the morphological similarity with P. pseudomacrocephala. 19. Xitus spicularius Pessagno, Sample 398D-97-4, 45-50 
cm. 20A. Xitus(!) sp. A. 20B. Detail of Figure 20A cephalis, thorax, abdomen, and proximal early postabdominal chambers. 21. Novixitus 
mclaughlini Pessagno. 22. Xitus plenus Pessagno. 
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Plate 4. SEM micrographs. Specimens are characteristic of the Albian. If not otherwise indicated, specimens are from Sample 398D-63-4, 135-139 
cm, and are replaced by opal-CT. 1. Novixitus weyli Schmidt-Effing. 2. Theoconus coronatus Squinabol. 3 and 4. Theoconus sp. A aff. T. co-
ronatus Squinabol. 5. Amphipyndax metacryst (Tan Sin Hok). 6. Amphipyndaxi?.) sp. 7. Eucyrtis sp. A. 8. Theocapsomma ancus (Foreman). 
9. Stichomitra sp. cf. S. communis Squinabol. 10. Stichomitra communis Squinabol. 11. Thanarla elegantissima (Cita). 12. Thanarla sp. A. 
13 and 14. Thanarla veneta (Squinabol). 15. Rhopalosyringium majuroensis Schaaf. 16. Rhopalosyringium sp. B. 17. Rhopalosyringium sp. 
C. 18. Eusyringium spinosum Squinabol. 19. Eusyringium(l) formanae Taketani. 20. Eusyringium sp. cf. E. spinosum Squinabol. 21. Squi-
nabollum fossilis (Squinabol). 22. Stichomitra^) sp. B, note spines at the last chamber. 23. Sethocapsa sp. cf. 5. simplex Taketani, numerous in 
this interval. 24. Gen. et sp. indet. 6, numerous in this interval. 25. Holocryptocanium sp. A, numerous in this interval. 26. Gen. et sp. indet. 7, 
numerous in this interval. 
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Plate 5. SEM micrographs. Specimens are characteristic of the Albian. If not otherwise indicated, specimens are from Sample 398D-63-4, 135-139 
cm, and are replaced by opal-CT. 1. Cryptamphorella conara (Foreman), note prominent sutural pore. 2. Hemicryptocapsa sp. cf. H. polyhedra 
Dumitrica. 3. Napora praespinifera Pessagno. Sample 398D-63-4, 42-46 cm. 4. Napora durhami Pessagno, Sample 398D-84-1, 30-34 cm. 5-8. 
Holocryptocanium barbui Dumitrica lineage. 9. Conocaryomma lipmanae Pessagno. 10. Conocaryomma sp. aff. C. lipmanae (Pessagno). 11. 
Alievium superbum (Squinabol) "Cenomanian" form. Sample 398D-56-3, 57-61 cm. 12. Alievium sp. A. 13. Pseudoaulophacus sp. B, numer­
ous in this interval. 14. Pseudoaulophacus(l) sp. D. 14A. Lateral view. 15. Godia(7) sp. C. 16. Alievium sp. B. 17. Godia(1) sp. B. 18. Or-
biculiforma railensis Pessagno. 19. Patellula(l) sp. B. 20. Godia(l) sp. A. 21. Crucella sp. C. 22. Crucella messinae. 23. Crucella sp. D. 
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Plate 6. SEM micrographs. Specimens are characteristic of the Albian or upper Hauterivian to lower Aptian. If not otherwise indicated, specimens 
are from Sample 398D-63-4, 135-139 cm, and are replaced by opal-CT. 1. Archaeospongoprunum sp. cf. A. tehamaensis Pessagno, Sample 
398D-63-4, 42-46 cm. 2. Acaeniotyle sp. A, note four spines. 3. Halesium sexangulum Pessagno. 4. Acaeniotyle sp. cf. A. diaphorogona, note 
twisted outline of spines. 5. Hexapyramis pantanellii Squinabol. 6. Patulibracchium sp. cf. P. davisi Pessagno. 7. Paronaella sp. A, Sample 
398D-84-1, 30-34 cm. 8. Paronaella sp. B, numerous in this interval, always fragmented. 9. Parvicingula boesii (Parana). Pyrite replacement. 
Sample 103-640A-3R-3, 138-142 cm. 10. Parvicingula! sp. Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 11. Pseudodictyomitra lep-
toconica (Foreman). Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 12. Pseudodictyomitra carpatica (Lozyniak). Pyrite preservation. 
Sample 103-640A-3R-3, 138-142 cm. 13, 14, and 17. Pseudodictyomitra lilyae (Tan Sin Hok). Pyrite replacement. Sample 103-640A-3R-3, 138-142 
cm. 15. Archaeodictyomitrapuga Schaaf. Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 16. Pseudodictyomitra sp., transitional form 
between P. leptoconica (Lozyniak) and P. lilyae (Tan Sin Hok). 18. Archaeodictyomitra sp. cf. A. puga Schaaf. Sample 103-638B-21R-5, 52-54 
cm. 19. Archaeodictyomitra vulgaris Pessagno. Sample 103-638B-21R-5, 52-54 cm. 20. Thanarla conica (Aliev). Sample 103-638B-21R-5, 52-54 
cm. 21. Mita sp. C. Sample 103-638B-21R-5, 52-54 cm. 22. Mita(?) sp. D. Sample 103-638B-21R-5, 52-54 cm. 23. Crolanium pythiae Schaaf. 
Sample 103-638B-21R-5, 52-54 cm. 
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Plate 7. SEM micrographs. Specimens are characteristic of the upper Hauterivian to lower Aptian. If not otherwise indicated, specimens are from 
Sample 103-640A-3R-3, 138-142 cm, and are replaced by pyrite. 1. Xitus spicularius (Aliev). 2. Xitus alievi (Foreman). 3. Xitus sp. A. cf. Xitus 
alievi (Foreman). 4. Gen. et sp. indet. 8 (gen. et sp. indet. in Schaaf, 1981, pl. 6, figs, a and b). 5. Thanarla conica (Aliev). 6. Thanarla sp. C. 
7 and 8. Thanarlail) sp. A aff. T. conica (Aliev). 9. Thanarla pulchra (Squinabol). 10. Archaeodictyomitra{l) sp. B. 11. Thanarla conica 
(Aliev). 12. Thanarla^!) sp. B aff. T. conica (Aliev). 13. Archaeodictyomitra cf. A. vulgaris Pessagno. The bladelike feet are actually a terminal 
chamber fragment. The test differs from A. vulgaris by the two rows of pores on each segment. 14. Archaeodictyomitra pseudoscalaris (Tan Sin 
Hok). 15. Archaeodictyomitra sp. cf. A. puga Schaaf. 16. Podobursa triacantha (Fischli). 17. Podobursa tricola Foreman. Replaced by opal-
CT. Sample 103-638-21R-5, 52-54 cm. 18. Podobursa sp. A. Replaced by opal-CT Sample 103-638-21R-5, 52-54 cm. 19. Podobursa triacantha 
(Fischli). Replaced by opal-CT. Sample 103-638-21R-5, 52-54 cm. 20. Dibolachras tytthopora Foreman. Replaced by opal-CT. Sample 103-638-21R-5, 
52-54 cm. 21. Sethocapsa uterculus (Parona). 22. Sethocapsa cf. S. uterculus (Parona). 23. Neosciadiocapsidae gen. et sp. indet. Replaced by 
opal-CT. Sample 103-638-21R-5, 52-54 cm. 24. Sethocapsai?.) sp. A. Replaced by opal-CT. Sample 103-638-21R-5, 52-54 cm. 25. Siphocam-
pium(l) davidi Tan Sin Hok. Replaced by opal-CT. Sample 103-638-21R-5, 52-54 cm. 
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Plate 8. SEM micrographs. Specimens are characteristic of the upper Hauterivian to lower Aptian. If not otherwise indicated, specimens are from 
Sample 103-640A-3R-3, 138-142 cm, and are replaced by pyrite. 1. Theocorys renzae Schaaf. 2 and 3. Cyrtocapsa sp. cf. C. grutterinki Tan Sin 
Hok. 4. Sethocapsa orca Foreman. Replaced by opal-CT. Sample 103-638-21R-5, 52-54 cm. 5-7. Sethocapsa trachyostraca Foreman (Figure 5 has 
opal-CT replacement; Sample 103-638-21R-5, 52-54 cm). 8. Williriedellum peterschmittae Schaaf (lateral view). 9. Williriedellum sp. aff. W. pe-
terschmittae Schaaf, this species is closely related to W. peterschmittae, but lacks the central pore on each node. 10. Williriedellum gilkeyi Dumi-
trica. 11. Williriedellum sp. aff. W carpathicum Dumitrica. 12. Williriedellum sp. A. 13. Williriedellum gilkeyi Dumitrica, apical view—note 
prominent sutural pore. 14. Williriedellum gilkeyi Dumitrica, antapical view—the aperture is not visible. 15. Zhamoidellum ornatum (Zha-
moida). 16. Cryptothoracic Nassellaria, gen. et sp. indet. 14. Note spines surrounding sunken cephalis. 17. Cryptocephalic and cryptothoracic 
Nassellaria, gen. et sp. indet. 8. Pyrite replacement. Sample 103-638B-21R-5, 52-54 cm. 18. Hemicryptocapsa(1) sp. A. Replacement by opal-CT. 
Sample 103-638B-21R-5, 52-54 cm. 19. Gen. et sp. indet. 9 aff. Holocryptocanium sp. A. Replaced by opal-CT. Sample 103-638B-21R-5, 52-54 
cm. 20. Cryptamphorella sp. cf. C. conara (Foreman). Replaced by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 21. Holocryptocanium sp. C, 
numerous in this interval. 22. Cryptamphorella sp. B, apical view showing prominent sutural pore. 23. Cryptamphorella dumitricai Schaaf. Re­
placed by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 
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Plate 9. SEM micrographs. Specimens are characteristic of the upper Hauterivian lower Aptian. If not otherwise indicated, specimens are from 
Sample 103-638B-21R-5, 52-54 cm, and replaced by opal-CT. 1. Holocryptocanium sp. B. 2. Cryptamphorella sp. A, lateral view showing the 
prominent sutural pore. Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 3. Conosphaera tuberosa Tan Sin Hok. 4. Orosphaerid gen. et 
sp. indet. 10. 5. Conocaryomma sp. A (cf. Praeconocaryomma sp. A in Pessagno 1977b). 6. Conocaryomma sp. B. 7. Acaeniotyle umbilicata 
(Rust). 8. Acaeniotyle diaphorogona Foreman. 9. Alievium helenae Schaaf. 10. Spumellarids gen. et sp. indet. 11, numerous in this interval. 
11. Thactoma hybum Foreman. Pyrite replacement. Sample 103-641C- R, 38-41 cm. 12. Triactoma echoides Foreman. 13. Spumellarids gen. et 
sp. indet. 11, numerous in this interval. 14. Pantanellium lanceola (Parona). 15. Godia(1) sp. D. 16. Hexastylurus magnificus (Squinabol). 
17. Pseudoaulophacusip.) sp. C. 18. Cecropsseptemporata (Parona). Sample 103-638B-25R, CC. 19. Archaeospongoprunum cortinaensis Pessa­
gno. 20. Orbiculiforma railensis Pessagno. 21. Cyclastrum infundibuliforme Rust. 22. Godia(l) sp. E. 23. Godia(l) sp. F. 
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Plate 10. SEM micrographs. Specimens are characteristic of the upper Hauterivian to lower Aptian. 1. Acanthocircus sp. Pyrite replacement. 
Sample 103-640A-3R-3, 138-142 cm. 2. Acanthocircus trizonalis (Rust). Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 3. Acanthocir­
cus dicranacanthos (Squinabol). Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 4. Acanthocircus sp. cf. A. dicranacanthos (Squinabol), 
the characteristic dovelike shape of the spine is not clear. Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 5. Vitorfusus campbelli Pessa-
gno. 6. Pseudocrucella(l) sp. C. Pyrite replacement. Sample 103-638B-31R-2, 34-38 cm. 7. PseudocrucellaiP.) sp. B, numerous in this interval. 
Pyrite replacement. Sample 103-638B-31R-2, 34-38 cm. 8. Staurocyclia martini Rust. Pyrite replacement. Sample 103-638B-31R-2, 34-38 cm. 9. 
Pseudocrucella sp. A. Replacement by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 10. Homoeoparonaella sp. A. Pyrite replacement. Sample 
103-638B-31R-2, 34-38 cm. 11. Gen. et sp. indet. 11, numerous in this interval (Schaaf, 1981, pi. 10, Figs, la and lb). Replacement by opal-CT. 
Sample 103-638B-21R-5, 52-54 cm. 12. Paronaella sp. cf. P. bandyi Baumgartner. Replacement by opal-CT (note bracchiopyle). Sample 103-638B-
21R-5, 52-54 cm. 13. Angulobracchia(1) portmanni Baumgartner, numerous if not fragmented. Pyrite replacement. Sample 103-640A-3R-3, 138-
142 cm. 14. Tritrabs sp. cf. T. rhododactylus (Baumgartner). Replacement by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 15. Angulobracchia(l) 
portmanni Baumgartner, numerous in this interval. Replacement by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 16. Gen. et sp. indet. 12, numer­
ous in this interval. Pyrite replacement. Sample 103-638B-31R-2, 34-38 cm. 17. Tritrabs sp. (fragment of one ray), fragments of Tritrabs sp. are nu­
merous in this interval, but complete specimens have never been found. Pyrite replacement. Sample 103-640A-3R-3, 138-142 cm. 18. Hagiastrid 
gen. et sp. indet. 13, numerous in this interval, but always fragmented. Replacement by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 19. Paronaella 
sp. B, numerous in this interval. Replacement by opal-CT. Sample 103-638B-21R-5, 52-54 cm. 20. Cephalic-thoracic part of Cryptamphorella 
dumitricai Schaaf. Sample 103-638B-21R-5, 52-54 cm. 21. Cephalic-thoracic part of Hemicryptocapsa{l) sp. A. Sample 103-638B-21R-5, 52-54 cm. 
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