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P.R. Bown
(with contributions from D. Janofske)

3.1 INTRODUCTION
The discovery of Triassic nannofossils is one of
the major advances which has been made since the
previous incarnation of this book (Lord, 1982).
The first substantiated report of Triassic calcareous
nannofossils sensu stricto was published by
Moshkovitz in 1982, although there had been
many claims for pre-Jurassic nannofossils prior to
this. The literature relating to pre-Jurassic nannofossils thus falls into two groups: those published
mainly before 1982, reporting objects interpreted
as nannofossils, but which are either dubious at
best or single records of nannofossil-like objects
which have remained unconfirmed; and those published since 1982, which have recorded unequivocal nannofossils, including coccoliths, calcispheres and nannoliths.
The first group of papers includes unillustrated
claims for Palaeozoic nannofossils (Gumbel,
1870), illustrations of Triassic and older objects
which are highly dubious and probably of inorganic origin (Pirini Radrizzani, 1971; Di Nocera
and Scandone, 1977), 'Palaeozoic' coccoliths
which are clearly contamination sourced from
younger sediments (Noel (1965) illustrated Jurassic Watznaueria coccoliths from Devonian- and
Pennsylvanian-aged sediments), and cryptic Palaeozoic objects which are somewhat comparable
to nannofossils but which differ in size, structure
or composition and which remain unsubstantiated
and in any case are unlikely to be ancestral to
calcareous nannofossils sensu stricto (Deflandre,
1970; Gartner and Gentile, 1972).
The second group of reports have established
beyond doubt the existence of Triassic nanno-
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fossils, including the earliest coccoliths, a relatively diverse calcisphere record, and numerically
dominant incertae sedis nannoliths. Triassic nannofloras are typically of low diversity but abundant, and appear to be restricted to Late Triassic,
low palaeolatitude sites. At present they have
little biostratigraphic value, but an extinction
event at the Triassic/Jurassic boundary provides a
distinctive bioevent.
3.2 IMPORTANT REFERENCES
The earliest references to true Late Triassic
nannofossil occurrences are Fischer et al. (1967)
and Wiedmann et at. (1979), who illustrated
Prinsiosphaera as unknown objects from Alpine
limestone thin-sections, and Prins (1969) who
recorded the coccolith Crucirhabdus (line-drawings
only) from undisclosed Rhaetian sediments.
Moshkovitz (1982) provided the first welldocumented account, but found only nannoliths.
This discovery, and the majority of later reports,
are from Norian and Rhaetian sediments of the
Northern Calcareous Alps in southern Germany
and Austria (e.g. Jafar, 1983; Bown, 1985, 1987;
Posch and Stradner, 1987; Bown and Lord, 1990;
Janofske, 1987, 1992). Jafar (1983) recorded a
relatively high-diversity assemblage, including
coccoliths, some of which are now thought to
have been contaminants, and other more dubious
objects which may be of inorganic origin. Bown
(1985) provided the first SEM micrographs of
Triassic coccoliths. Since 1985, Triassic nannofossils have been recorded from a number of
different localities: Northern Calcareous Alps,
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Timor and British Columbia (Bown, 1987,
1992a); NW Australian continental shelf
(Bralower et aI., 1991); and the Southern Alps,
where new calcispheres and nannoliths have been
found in older, Lower Carnian sediments
(Janofske, 1990, 1992).
3.3 TRIASSIC NANNOFOSSIL SUCCESSION
The earliest Triassic nannofossils are calcispheres
and nannoliths of Early Carnian age which have
only been found in the Southern Alps (Janofske,
1990, 1992). The calcispheres are almost certainly
calcareous dinoflagellates, belonging to the genera
Orthopithonella and Obliquipithonella, and appeared at approximately the same time as the
closely-related, organic-walled dinocysts. The nannofossil record from the Upper Carnian and Lower
Norian is, at present, poorly known.
In the Norian, two dominant nannoliths
appeared, along with subordinate calcispheres and
the first, very small coccoliths (-2IJ.m). This
assemblage is often abundant and has been found
consistently throughout the range of productive
Triassic sites. All but one of these nannofossils, a
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coccolith species, became extinct at the Triassic/
Jurassic boundary (Fig. 3.1).
The most common nannolith is Prinsiosphaera
triassica, a solid sphere constructed from equidimensional calcite crystallites, whose biological
affinities are unknown. The species was
subdivided by Jafar (1983) but this appears to be
an artefact of preservation, as demonstrated by
Bralower et at. (1991). Also common is
Eoconusphaera zlambachensis, a conical nannolith
with a central core of radiating calcite laths. This
morphology is similar to the Early Jurassic
Mitrolithus (=Calcivascularis) jansae, however,
any link between the two remains unproven due to
the poor records from the Hettangian interval
(Bown and Cooper, 1989b).
Three coccolith species appeared in the Norian,
all small and possessing simple murolith morphologies. Crucirhabdus primulus is the only species
known to have survived the terminal Triassic
extinction event, and clearly gave rise to the Early
Jurassic protolith lineage (Parhabdolithaceae).
Archaeozygodiscus koessenensis has a loxolith
rim but the direction of element imbrication is
opposite to that of all other, later, Mesozoic loxoliths, and its relationship to them is uncertain.
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Fig. 3.1 Nannofossil succession through the Late Triassic and earliest Jurassic.
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3.4 BIOSTRATIGRAPHY
At present, Triassic nannofossils have little
biostratigraphic value, although the extinction of
species at the top of the Triassic is a dramatic and
widespread bioevent, and Prinsiosphaera-dominated
assemblages are characteristic of the Norian and
Rhaetian. Further subdivision is limited by the
small number of documented sites, many of which
have poorly-constrained stratigraphy (e.g. ODP
Site 761 and Timor). Bralower et ai. (1991)
defined two zones (presented in modified form,
below) and also suggested that finer subdivision
may be possible based on systematic morphometric variations in Prinsiosphaera triassica.
Triassic nannofossils are illustrated in Plate
3.1 and biostratigraphy summarised in Fig. 3.1.
NT! Orthopithonella misurinae Zone
Author. Bown, herein.
Definition. FO of Orthopithonella misurinae to
the FO of Prinsiosphaera triassica.
Range. Lower Carnian to Lower Norian.
Remarks. Assemblages of the Carnian and
Norian-Rhaetian appear to be readily distinguishable, the former being dominated by calcispheres
(Orthopithonella misurinae, Obliquipithonella
prasina) and incertae sedis forms (Carnicalyxia
tabellata, Cassianospica curvata), the latter dominated by P. triassica, along with rarer calcispheres,
Eoconusphaera ziambachensis and small
coccoliths.
NT2 Prinsiosphaera triassica Zone
Author. Bralower et ai. (1991).
Definition. Total range of Prinsiosphaera triassica.
Range. Lower Norian to the Triassic/Jurassic
boundary.
Remarks. The first appearance of P. triassica
has yet to be confidently established, but it is
common and dominant in Upper Norian and
Rhaetian sediments (Bralower et aI., 1991), and
has also been recorded from the Lower Norian
(Bown, 1992a). The Carnian records of Jafar
(1983) are thought to represent inorganic spheres
(Janofske, 1992). A preliminary morphometric
study by Bralower et aI. (1991) shows an increase
in size in P. triassica, from 6/-lm in the Lower
Norian to 9/-lm in the Rhaetian.

NT2a Orthopithonella geometrica
Subzone
Author. Bralower et al. (1991).
Definition. FO of Prinsiosphaera triassica to
the FO of Eoconusphaera ziambachensis.
Range. Lower Norian to Upper Norian.
NT2b Eoconusphaera zlambachensis
Subzone
Author. Bralower et ai. (1991).
Definition. FO of Eoconusphaera ziambachensis to the LO of Prinsiosphaera triassica.
Range. Upper Norian to the Triassic/Jurassic
boundary.
3.5 BIOGEOGRAPHY
With the exception of the Carnian calcisphere
assemblages, presently only known from the
Southern Alps, Triassic nannofossil assemblages
are remarkably consistent and widespread but
apparently restricted to low-latitude sites. The
only biogeographic variation so far observed is a
possible abundance gradient in Eoconusphaera
ziambachensis, from western to eastern Tethys
(becoming rarer to the east) and a complete
absence in the eastern Pacific (Bown, 1992a).
Perhaps more significant is the absence of
Triassic nannofossils from high-latitude sections,
although this conclusion is so far supported by
relatively few studies. A number of early studies
of Rhaetian sections from Britain recorded
Schizosphaerella punctuiata (a Jurassic nannolith)
and Annuiithus arkellii (considered here to be
inorganic in origin) (Rood et ai., 1973; Hamilton,
1982; Crux, 1987a). However, these sections
(Penarth Group, southern Dorset, northern
Somerset and South Wales) and others have been
restudied by the author and yielded no recognisable
nannofossils. A particularly good section,
Hampstead Farm (Wiltshire), has yielded the only
Rhaetian ammonite from Britain (Donovan et aI.,
1989) and has other indications of good marine
connections, however, no nannofossils were
recovered (pers obs.). The opinion of the author is
that migration of nannoplankton into high
latitudes did not occur until the earliest Jurassic,
although our present knowledge is severely
restricted by the lack of productive sections.
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Plate 3.1
All Triassic calcareous nannofossils, except C. primulus (illustrated in Chapter 4), are listed and illustrated
here. Magnifications are given in the plate caption. The photographs come from the research of Drs Paul Bown
and Dorothea Janofske.
COCCOLITHS
Family CHIASTOZYGACEAE Rood et aI., 1973 emend. Yarol and Girgis, 1994
Figs 1-3. Archaeozygodiscus koessenensis Bown, 1985. I, SEM distal view, Weissloferbach (S
Germany), Rhaetian (marshi), UCL-2040-33, x18560. 2-3, LM XPL (2) and PC (3), Fischerwiese (Austria),
Rhaetian (marshi), 5630-36/5631-2, x2300. Range: Norian - Rhaetian.
Family PARHABDOLITHACEAE Bown, 1987
Figs 4-7. Crucirhabdus minutus Jafar, 1983. SEM distal views (4, 5) and LM XPL (6) and PC (7). 4,
Weissloferbach (S Germany), Rhaetian (marshi), UCL-2025-23, x14450; 5, Site 761 (Wombat Plateau, NW
Australian shelf), Rhaetian, UCL-2966-20, x14090; 6-7, Fischerwiese (Austria), Rhaetian (marshi), UCL5630-32/33, x2300. Range: Norian - Rhaetian.
NANNOLITHS

lncertae sedis
Figs 8-9. Prinsiosphaera triassica Jafar, 1983. SEM (8) and LM XPL (9). 8, Site 761 (Wombat Plateau,
NW Australian shelf), Rhaetian, UCL-2968-3, x3600; 9, Weissloferbach (S Germany), Rhaetian (marshi),
UCL-5630-20, x2300. Range: Norian - Rhaetian.
Family EOCONUSPHAERACEAE Krystan-Tollmann, 1988a
Figs 10-11. Eoconusphaera zlambachensis (Moshkovitz, 1982) Kristan-Tollmann, 1988a. SEM distal
oblique View (0) and LM XPL (inset PC image) (II), Weissloferbach, S Germany, Rhaetian (marshi), UCLUCL-2036·36, x7680 and UCL-5630-25, x2300. Range: Norian - Rhaetian.
Incertae sedis
Figs 12-13. Cassianospica curvata Janofske, 1992. SEM (12) and LM XPL (13), Picolbach, L. Carnian
(Cordevolian), DJ-9868/DJ66-36, x3200/2000. Range: ?L. Carnian.
Figs 14-15. Carnicalyxia tabellata Janofske, 1990. SEM (14) and LM XPL (15), Picolbach, L. Carnian
(Cordevolian), DJ-89997/DJ6832, xl 350/1000. Range: ?L. Carnian.
CALCAREOUS DINOFLAGELLATES
Division DINOFLAGELLATA Butschli, 1885
Class Dinophyceae Fritsch, 1929
Order Peridinales Haeckel, 1894
Family CALCIODINELLACEAE Deflandre, I947b emend. Bujak and Davies, 1983
Figs 16-17. Obliquipithonella prasina Janofske, 1992. SEM (16) and LM XPL (17), Picolbach, L.
Carnian (Cordevolian), DJ-91047/DJ89123, xI900/1500. Range: ?L. Carnian.
Figs 18-19. Obliquipithonella rhombica Janofske, 1987. SEM (18) and LM XPL (19), Rossmoosgraben, Rhaetian, DJ89389/DJ-643, x3600/2000. Range: ?Rhaetian.
Figs 20-21. Orthopithonella geometrica (Jafar, 1983) Janofske, 1987. SEM (20) and LM XPL (21).
20, Site 761 (Wombat Plateau, NW Australian shelf), Norian, UCL-2966-27, x3720; 21, Fischerwiese
(Austria), Rhaetian (marshi), UCL-5630-34, x2300. Range: Norian? - Rhaetian.
Figs 22-23. Orthopithonella misurinae Janofske, 1992. SEM (22) and LM XPL (23), Misurina, L.
Carnian (Cordevolian), DJ-90370/DJ-7415, x3000/x2000. Range: ?L. Carnian.

