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INTRODUCTION

Bivalves of the Family Inoceramidae are among the most 
abundant macrofossils of British Middle Cretaceous suc
cessions, especially in the Cenomanian-Turonian and 
younger carbonate sequences. Virtually all of the known 
British species are also spread widely in Europe, and most 
are intercontinental or cosmopolitan in their biogeographic 
distribution, including abundant representation in at least 
the Subtropical marginal zones of the Tethyan Tropical 
seaway. Inoceramidae are sparse to only moderately and 
locally abundant in Tethys proper, and its western (Carib
bean) counterpart ; those that occur there are also 
widespread species in the Cretaceous North Temperate 
Realm (including England), allowing detailed correlation of 
these otherwise highly distinct biogeographic units.

The Inoceramidae thus are important in zonation and 
regional correlation of the British Cretaceous sequence, and 
in the identification of European stages, substages, and 
stage boundaries. Their abundance ; consistently good 
preservation of at least one of the shell layers (usually the 
calcitic prismatic layer) and/or steinkems ; their continuity 
of stratigraphic occurrence, exceeding that for most other 
macrofossil groups ; their apparently rapid, widespread 
dispersal potential (mainly as larvae) ; and their charac
teristically rapid rates of evolution are all features which 
enhance the biostratigraphic utility of the Inoceramidae. In 
the British succession, they have the same potential as the 
ammonites and microbiota, and in some cases allow more 
refined zonation and more distant correlations to be made 
than is possible with co-occurring organisms, including am
monites.

Despite these attributes, no more than a broad, 
generalized inoceramid biostratigraphy has been published 
for the English Cretaceous (e.g., Woods, 1912b), derived 
from data compiled in the last comprehensive systematic 
treatment of the Family (Woods, 1911, 1912a). The am
monite succession is far more comprehensive (e.g., Ken
nedy, 1969, 1970, 1971) and is the main basis, today, for 
zonation of the Middle Cretaceous of Great Britain. An ex
tensive study of the British Inoceramidae by the author in 
1970-1971 revealed several reasons for the relatively minor 
role played by inoceramid bivalves, at present, in 
Cretaceous biostratigraphy of this region :

(1) The most recent comprehensive systematic treatment 
of British Inoceramidae (Woods, 1911, 1912a) employs 
very broad species concepts, invokes a high degree of 
variability in space and time for most taxa, and fails to 
separate phenotypic and ecotypic variation on the one hand, 
from small scale evolutionary change on the other. Collec
tions within lineages from single horizons were not treated 

separately and compared for micro-evolution ; instead, 
collections were mixed from many levels within broad 
lithostratigraphic or biostratigraphic units. Consequently 
many inoceramid “species” described by Woods (1911, 
1912a) appear to be species-groups of several phy- 
logenetically closely related taxa. As a result, individual 
inoceramid-range-zones, as currently defined, are ex
cessively long compared with ammonite zones or with 
inoceramid zones elsewhere, as in areas like North America. 
Population systematic studies of American inoceramid 
lineages which are also well represented in Europe (e.g., the 
Inoceramus pictus and Mytiloides labiatus lineages ; see 
Kauffman, 1970) demonstrate that much of the “variation” 
implied by Woods (1911, 1912a) and others for species of 
Inoceramidae is, in fact, evolutionary change. Studied 
lineages of inoceramids show rapid evolutionary rates in 
most cases, equivalent to those of ammonites, and individual 
species and subspecies .show low to moderate levels of 
phenotypic-ecotypic variability when population systematic 
analysis is employed.

(2) Historically, collecting preocedures have prohibited 
precise stratigraphic location of many key specimens of 
inoceramids. In part, this reflects collecting techniques of 
early workers, lumping collections together from within 
broadly prescribed lithological or biostratigraphical units 
(e.g., within the “Lower Chalk” or the Micraster 
coranguinum zone”). In part, it also reflects the difficulty in 
precisely extracting large collections of specimens from steep 
coastal cliff sections and quarry walls which dominate 
English Cretaceous exposures ; collections of good 
specimens have largely come from rubble at the foot of these 
faces which is stratigraphically mixed and can be located 
only generally within the sequence based on lithologic or 
biotic similarities. The finest specimens of Inoceramidae, 
housed in the magnificient collections of the British 
Museum and various universities, and representing most of 
the species which elsewhere in the world are important, 
time-restricted biostratigraphic indices, are largely without 
precise enough stratigraphic data to allow them to be ac
curately placed in the English sequence. Only recently have 
stratigraphically precise collections been made by various 
workers, and these are now in the process of being studied 
for systematic and biostratigraphic purposes.

The use of Inoceramidae in biostratigraphic zonation of 
the English Cretaceous sequence and its detailed correlation 
with other areas of the world, therefore, depends on a careful 
collecting program, seeking populations of Inoceramidae at 
numerous, closely spaced levels, analyzing them separately 
in search of microevolutionary trends, subsequently revising 
the systematics of the family, and integrating these data 
throughout the stratigraphic column with the well defined 



ammonite and foraminiferal biostratigraphy. From such an 
integrated biostratigraphic system, highly refined zonation 
and regional correlation of the English Cretaceous sequence 
will be possible to an even greater extent than it is now.

Ongoing studies of British Inoceramidae collected in this 
manner by the author, by W. J. Kennedy of Oxford Univer
sity, J. M. Hancock of King’s Colledge, London, and in the 
collections of the British Museum, Sedgwick Museum and 
the Geological Survery of Great Britain have yielded en
couraging initial results. The stratigraphic ranges for many 
described Cenomanian and Turonian species have been 
redefined and the species concepts, at least informally for 
the present, have been restricted and revised, allowing a 
much more refined biostratigraphy based on this fossil 
group. In the Cenomanian, these have been collected and 
placed in detail within the framework of W. J. Kennedy’s 
ammonite zonation (1969, 1970, 1971), and most of the 
new data is available from rocks of this age. The Turonian 
and Coniacian ammonite and inoceramid succession is still 
poorly known ; although numerous inoceramid species have 
been described from the Turonian part of the column, their 
relative stratigraphic placement and range zones still must 
be defined. Because of the relative sparcity of available 
inoceramids from the English Turonian, compared to the 
Cenomanian, more systematic collecting needs to be done 
before a confident zonation of the stage is possible. The 
Albian sequence has yielded abundant collections of 
inoceramids, well located stratigraphically, and the analysis 
of these has just begun.

The following remarks on Inoceramid biostratigraphy in 
the British Middle Cretaceous sequence are therefore in
tended to be progress report of ongoing research, and should 
be used with caution until the work is finalized. Greatest 
confidence should be placed in the Cenomanian data, 
which represents the research closest to completion.

ALBIAN INOCERAMIDAE
The principal lineages of Albian Inoceramidae with 

bostratigraphic potential are the Birostrina concentrica-B. 
sulcata-B. salomoni lineage, and the "Inoceramus” anglicus 
lineage. Birostrina does not appear to range above Albian 
over most of the world and is the best bivalve marker for de
termining the Albian-Cenomanian boundary. "Inoceramus” 
anglicus and its subspecies questionably range into the 
Lower Cenomanian in North America, Siberia, France, and 
England, but are more normally found in the Albian. The 
Inoceramus tenuis-I. etheridgei lineage is reported to first 
appear in the Latest Albian of England, but this is sub
sequently discredited. The lineage is characteristic of the 
Cenomanian. Consistent time-stratigraphic changes in all of 
these “species” suggest they are actually groups or plexi of 
closely related and derived species which, when studied in 
detail from individual stratigraphic'levels and restricted sys
tematically, will allow a refined biostratigraphic zonation 
of the Albian sequence nearly equivalent to that available 
from ammonite data (Fig. 1).

The oldest Middle Cretaceous inoceramid zones of 
England (Fig. 1) are those of "Inoceramus” coptensis Casey 
(Lower Albian Leymeriella regularis subzone ; lower 
Douvilleiceras mammilatum zone), and Birostrina salomoni 
(d’Orbigny) s.s. (Lower Albian : D. mammillatum zone 
only). Together these comprise the broader species concept 
of "Inoceramus salomoni” of Woods (1911). These are 
divisions of a single evolutionary lineage which arises from 
the Aptian "I. ” neocomiensis d’Orbigny and which, through 
B. salomoni, gives rise to the B. concentrica - B. sulcata 
lineage of the later Albian throughout the world, according 
to Casey (1961). Inoceramus neocomiensis may also have 
been tbe origin point of the distinct Albian-Lowest 
Cenomanian (?) lineage of I. anglicus Woods. Woods’ 
(1912b) report of the B. salomoni ranging downward into 
Aptian strata of the Folkestone beds is probably based on 
the older, broad concept of this species and must be regar

ded now as incorrect. Whereas B. salomoni does not range 
above the D. mammilatum zone in England, insofar as is 
presently known, it has been reported by Jones (1960) in 
probable Middle Albian rocks of Oregon, U.S.A., and by 
Schlagintweit in rocks of Late Albian (“Vraconian”) age in 
Peru (1911). Jones’ (1960) report is based on two specimens 
with fine concentric ornamentation and at least two radial 
sulci which might better be placed with the Middle and Up
per Albian plexus of Birostrina subsulcata. Schlagintweit 
(1911) did not illustrate his specimen and it has not been re
examined by the author. Birostrina salomoni does not occur 
in collections from the type Vraconian, however, which casts 
some doubt on this report as well. This species is probably a 
reliable late Lower Albian marker, as Casey indicates. 
(1961).

Birostrina salomoni has not been examined yet for 
microevolutionary trends and is regarded here in the broad 
sense as ranging throughout the D. mammilatum zone. 
Initial investigations of the “I. ” coptensis collections in the 
British Museum suggest tentative division into two as yet 
unnamed subspecies with biostratigraphic value : an older, 
rounded form (n. subsp.) of the upper L. tardefurcata and 
lowest D. mammilatum zones, and a younger, elongate form 
(coptensis, s.s.) of the lower half of the D. mammilatum 
zone. Additional work is needed to verify this apparent 
evolutionary trend.

The Birostrina concentrica-B. subsulcata-B. sulcata 
lineage is the most common in the British Middle and Late 
Albian, and throughout much of the world in rocks of this 
age. Birostrina concentrica is the most common and longest 
ranging of the “species” ; it was presumably derived from 
B. salomoni and ancestral to partially co-occurring B. sub
sulcata and B. sulcata. The sulcate forms (salomoni, sub
sulcata, sulcata) may represent a different subgenus, as yet 
unnamed, than the smooth forms (concentrica).

As currently regarded, the species B. concentrica is ex
tremely variable and very likely represents a species plexus 
rather than a single form. Some attempt has been made to 
divide the group into more restricted species and subspecies, 
but without placing these in evolutionary or stratigraphic 
succession. Some of these “subspecies”, e.g. “ I. con- 
centricus costatus” Nagao and Matsumoto, and “I. c. nip- 
ponicus” Nagao and Matsumoto are regarded as 
Cenomanian-Turonian forms in Asia and are doubtfully 
closely related to the Albian group of B. concentrica. 
Preliminary examination of collections in the British 
Museum, in the private collection of Mr. Julian Hollis, and 
in the U.S. National Museum, however, reveals some con
sistent evolutionary trends within the lineage (B. con
centrica, s.l.). These suggest that, once studied through 
population analysis, the lineage will be readily divisible into 
a succession of species and subspecies with a potential for 
biostratigraphic refinement of the Albian succession nearly 
equivalent to that currently based on ammonites, and with 
greater geographic spread (Fig. 1). Pending detailed sys
tematic study, these trends are represented by tentative 
division of the B. concentrica lineage into informally 
designated “subspecies” A (oldest) through D (youngest), 
with possible biostratigraphic utility in England and 
elsewhere (Fig. 1).

Woods (1911, 1912a, b) and later authors indicated that 
B. concentrica, s.l. had a Middle and Late Albian age range. 
The collections of the British Museum, however, yield spar
se and subspecif ically distinct members of the B. concentrica 
lineage in die latest Lower Albian (upper D. mammilatum 
zone) which are small, highly convex, narrow and very 
elongated along the height axis (nearly tear-drop shaped). 
These have a prominent, moderately prosogyrous beak and 
umbo, an anterior sulcus, a very small posterior auricle, and 
only a few coarse, widely and unevenly spaced, concentric 
rugae which are more distandy spaced than in any other 
member of the lineage. These forms are designated B. con
centrica n. subsp. A and possibly allow biostratigraphic 
division of the D. mamillatum zone into a lower B. 
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salomoni-“I.” coptensis concurrent range subzone, and an 
upper B. salomoni-B. concentrica n. subsp. A concurrent 
range subzone. Concentricus-shaped inoceramids also occur 
with populations of “Inoceramus" coptensis Casey in the 
regularis subzone, upper tardefurcata zone, in the lower part 
of the Lower Albian. It is not yet known whether these are 
normal variants of “I." coptensis or early ancestral B. con
centrica.

In the Middle Albian, three inoceramid zones based on 
subspecies of B. concentrica are tentatively recognized (Fig. 
1). The lowest zone, that of B, concentrica n. subsp. B, oc
curs in the dentatus-? lower loricatus ammonite zones, lyelli 
and spathi subzones, of the lower Middle Albian. This sub
species is directely descended from B. concentrica n. subsp. 
A and similar in basic morphology. The shells are 
moderately small, elongate-subovate to nearly linguiform, 
with the height appreciably greater than the length, and 
with the beak and umbo strongly projecting, inflated, and 
slightly prosogyrous. The valves have moderate convexity, a 
moderately large posterior auricle, and ornament consisting 
of strong, equally developed and moderately spaced, coarse 
raised concentric ridges or small rugae with a rounded trace. 
According to the literature, the earliest members of the 
Birostrina sulcata-subsulcata lineage also occur in the 
Hoplites dentatus zone.

The overlying Middle Albian is characterized by two 
inoceramid zones (Fig. 1). The lowest (intermedius subzone 
of loricatus zone), is characterized by Birostrina con
centrica brasiliensis (White) (see Maury, 1936, pl. 8, figs. 
9, 10, 13 ; White, 1888, pl. 3, figs. 11, 12) an ovate to 
subrounded, highly convex form with a very prominently 
projecting, highly inflated, prosogyrously coiled beak and 
umbo, and concentric ornamentation consisting dominantly 
of small, equally developed and evenly spaced, raised 
growth lines with a nearly symmetrical, rounded trace; This 
form may range higher in the loricatus zone, but initial ob
servations on existing collections have not revealed it. Most 
of the Middle Albian loricatus zone above the intermedius 
subzone seems to be characterized by typical Birostrina con
centrica concentrica (Parkinson), based on the concept of 
Sowerby (1814, pl. 305, figs. 1-6) and that illustrated by 
Woods (1911, pl. 46, figs. 1-7) from the Gault at 
Folkestone. Parkinson’s type is lost and could not be re
examined. Typical B. concentrica concentrica may range as 
high as the base of the Upper Albian (cristatum nodule bed), 
but specimens accredited to this bed in museum collections 
could also be largely remanie in origin. It is worthy of note 
that many specimens of B. concentrica concentrica from the 
basal Upper Albian cristatum nodule bed are generally 
broader, more rounded, and more evenly convex than those 
from the Middle Albian, suggesting the possibility that they 
are contemporaneous with the cristatum zone, and with ad
ditional study may constitute the basis for further system
atic division of the species, and greater refinement of the 
inoceramid biostratigraphy.

The Upper Albian seems to be divisible into two 
inoceramid zones (Fig. 1) based on the B. concentrica 
lineage. In the lower part of the substage (through the 
varicosum subzone of the inflatum zone), a new subspecies 
(B. concentrica n. subsp. C) is found which is characterized 
by its subquadrate outline ; moderately biconvex valves ; 
only moderately to slightly projecting beaks and umbos ; 
weak concentric ornamentation of low, widely spaced, 
subequally developed rugae ; its moderately large triangular 
posterior auricle ; and especially in having a strong urn- 
bonal fold or ridge on both valves extending from the 
beak to the midventral margin. The trace of the growth lines 
and rugae is asymmetrical, and bends narrowly over this 
fold - a character which becomes greatly accentuated in 
younger members of the lineage. The observed origin points 
of B. sulcata and B. subsulcata in many localities are also in 
the cristatum subzone.

The hightest Albian inoceramid zone is coincident with 
the Stoliszkaia dispar zone. It is characterized by B. con

centrica n. subsp. D (see Woods, 1911, pl. 46, figs. 8-10, 
and especially pl. 47, figs. 1,2). This form has a more erect 
posture than older members of the species, only moderately 
projecting beaks and umbos, moderately biconvex valves, 
and is especially characterized by medium size to coarse, 
prominently raised, equally spaced and evenly developed 
rugae or raised growth lines which on the left valve tend to 
have a chevron-shaped growth line trace with a strong 
median bend. Variants of this subspecies with a more roun
ded growth line trace and strong rugae may be ancestral to 
small basal Cenomanian inoceramids (from the Hy- 
poturrilites carcitanensis assemblage zone) with moderate 
convexity, prominent, moderately spaced rugae, and a roun
ded growth line trace. This form is usually identified as 
“Inoceramus sp. cf. I. concentricus” in many older collec
tions. Inoceramus concentricus costatus Nagao and Mat
sumoto from the Cenomanian-Turonian of the western 
Pacific margin is a probable extension of this basal 
Cenomanian group. The phylogenetic connection between 
Upper Albian Birostrina concentrica n. subsp. D and super
ficially similar Cenomanian-Turonian taxa has not been 
established, however, and the similarity may simply 
represent yet another case of homeomorphy in the 
Inoceramidae, this time between late Birostrina and early 
Inoceramus s.s.

Preliminary studies of the B. sulcata lineage indicate it 
may undergo evolutionary change in the Late Albian toward 
broader shells with more radial plicae, and this may even
tually form the basis for further biostratigraphic division of 
the Late Albian. Initial plicae counts on two populations 
from the cristatum subzone at Folkestone indicate an 
average of 8 plicae (N = 100 specimens) on adult left 
valves, whereas B. sulcata from the orbignyi subzone (and 
probably higher) have an average of 9.5 plicae (N = 10 
specimens in one population), many with low sguamae, on 
adult left valves. More data are needed to confirm this as a 
consistent trend with biostratigraphic potential.

The Birostrina sulcata-B. subsulcata lineage of the B. 
concentrica plexus is much less well known and more poorly 
studied at present than the more common B. concentrica 
lineage. Sufficient collections have not yet been examined to 
determine much in the way of microevolutionary trends and 
therefore to allow these forms to play a very important roll in 
refined biostratigraphic zonation of the British Albian. For 
this reason the inoceramid zonation tentatively proposed 
here is based mainly on the concentricus lineage and where 
relevant, origin and extinction points of other, less well 
studied inoceramids (including the I. anglicus lineage) are 
noted within the context of ammonite and/or B. con- 
centrica-based zones.

Woods (1911) reports both B. sulcata and B. subsulcata 
“from the Gault at Folkestone”. Much of the general 
literature since that time (e.g. Cox, 1967) has therefore ac
credited the two species to the Middle and Upper Albian, 
presumably from the base of the Hoplites dentatus zone to 
the top of the Stoliczkaia dispar zone. Museum collections 
similarly contain many specimens attributed to the Lower 
Gault, or Middle Albian. The range zones of these taxa are 
therefore considered to extend from the dentatus through the 
dispar zone in this report, until proven otherwise. Woods 
(1912b, p. 2) clearly indicated, however, that the range of 
both species extended from a point half way between the top 
of the Lower Albian (his D. mammilatum zone) to the top of 
the Upper Albian sequence, i.e. approximately from the 
Middle-Upper Albian boundary to the top of the stage. The 
author’s observations, and those of active workers in 
England, have been basically the same. It is probable 
therefore that the range zones of both B. sulcata s.s., and B. 
subsulcata s.s., are restricted to the Late Albian (Fig. 1), 
and possibly only to the Mortoniceras inflatum zones 
despite the range given by Woods (1912b, p. 2).

No microevolutionary trends were noted with available 
material for B. subsulcata and only a small change up- 
section, toward increasing numbers of plicae and rounder 

IV 3



shells (subsequently discussed) was noted in examined 
collections of B. sulcata, with the main break between the 
cristatum and orbignyi subzones of the Mortoniceras in- 
flatum zone.

Similarly, the Inoceramus anglicus lineage is not yet well 
enough known to use it confidently in biostratigraphic sub
division of the English Albian. Woods (1912b, p. 6) reports 
it as ranging throughout the Upper Greensand and Gault 
(Middle and Upper Albian). Preliminary observation of 
specimens from collections in the British Museum suggest 
that those of the Middle Albian are more erect, with greater 
relative height and convexity, and have more raised con
centric growth lines per unit height (average of 43 in the first 
50 mm of shell height) than do those of the Upper Albian 
(M. inflatum zone data?; average of 29 concentric lines in 
first 50 mm of shell height). More data will be necessary to 
confirm this apparent evolutionary trend and to apply it to 
biostratigraphy. The report of I. crippsi in the highest 
Albian by Woods (1912b, p. 6), where it evolves from I. 
anglicus, cannot yet be confirmed.

Finally, Woods (1911, 1912b) reports Inoceramus tenuis 
from the highest part of the Upper Albian sequence (S. 
dispar zone approximately). The I. tenuis-I. etheridgei 
lineage is primarily a Cenomanian group and has important 
biostratigraphic usage in that stage. The supposed Albian 
example, from the Red Limestone near Louth, is not I. 
tenuis s.s. but rather an early evolutionary phase of I. 
etheridgei with greater inflation and relatively coarser con
centric ornament than the type of that species. It represents 
a new subspecies and is plotted in this way on the 
biostratigraphic chart of this report. Further, it is possible 
that the Red Chalk of Louth may be, at least in part, of 
Early Cenomanian age, not Albian, for the unit is known to 
be diachronous across this boundary when traced from Hun
stanton to Yorkshire (Kaye, 1964, p. 340-356).

CENOMANIAN INOCERAMIDAE
English Cenomanian Inoceramidae are remarkably diver

se, intercontinental to cosmopolitan in distribution, rapidly 
evolving, abundant, and consistently represented through 
the stratigraphic sequence in most facies. They are thus a 
primary tool in Cenomanian biostratigraphy.

Whereas most species were originally described from field 
and museum collections with relatively general stratigraphic 
data, the author has had the unique opportunity to collect 
and analyze large populations of Inoceramidae from closely 
spaced stratigraphic intervals throughout the British 
Cenomanian, under the direction of Dr. W. J. Kennedy of 
Oxford University. Each collection has been located precisely 
within Kennedy’s Cenomanian ammonite zonation (1969, 
1970, 1971 ; Kennedy and Hancock, this volume). Sy
stematic research has nearly been completed on these collec
tions, and though formal taxonomy is not yet formulated for 
all species and subspecies, the concepts are stable and ap
plicable to biostratigraphic zonation, regional correlation, 
and stage definition. The taxa are tentatively organized into 
zones, along with ammonite zonal indices, in this report 
(Fig. 2). Because of the relative status of the systematic 
work, higher confidence may be placed in the Cenomanian 
inoceramid zonal scheme than those of the relatively un
studied Albian, Turonian or Coniacian. As in the case of 
other British Inoceramidae, species concepts previously ap
plied to Cenomanian forms by Woods (1911, 1912a) and 
others are extremely broad, assuming high levels of 
variation, and do not take into account the possibility of 
small-scale evolutionary trends. The present work, testing 
for such trends, demonstrates that most of the Woods 
Cenomanian inoceramid “species” concepts (e.g. his I. pic
tus, I. crippsi, or I. etheridgei concepts) are really species 
groups of two or more distinct taxa with narrower, 
biostratigraphically more useful species ranges.

The principal Cenomanian inoceramid lineages are those 
of Inoceramus (Inoceramus) pictus ; “Inoceramus” (My

tiloides ? ) crippsi-“I.” (M ?) reachensis, and that of I. (I.) 
etheridgei-I. (I.) tenuis. Secondary lineages include Lower 
Cenomanian forms questionably derived from and super
ficially similar to the Birostrina concentrica group of the 
Albian, and possibly some members of the “Inoceramus” 
anglicus lineage. Also, members of the I. arvanus-I. ruther- 
fordi lineage, formerly known only from the Cenomanian of 
the Western Interior of North America, are reported in 
small numbers from England for the first time here. These 
diverse, rapidly evolving taxa allow a refined inoceramid 
biostratigraphy of the English Cenomanian, linked to the 
current ammonite zonation (Fig. 2 ; from Kennedy, 1969, 
1971), as follows (oldest to youngest) :

LOWER CENOMANIAN
Hypoturrilites carcitanensis Zone This is the point of 

origin for many characteristic Cenomanian inoceramid 
stocks. The following taxa originate at or near the base of 
the zone : “Inoceramus” crippsi crippsi Mantel! (Woods, 
1912a, p. 276, figs. 33, 34) and a new subspecies A (Woods, 
1911, fig. 35, p. 277) with erect growth form and crowded, 
small umbonal rugae (subspecies A may originate in latest 
Albian time) ; “Inoceramus” (Mytiloides ?) reachensis 
reachensis Etheridge (Woods, 1911, pl. 48, fig. 5) ; 
“Inoceramus” anglicus conjugalis Pergament ; Inoceramus 
(Inoceramus) heinzi Somay ; I. (I.) tenuis tenuis Mantell 
(Woods, 1911, p. 272, 273, figs. 31, 32) and forms tran
sitional between this and the Birostrina concentrica lineage; 
I. (I.) etheridgei Woods, n. subsp. A (transitional to I. (I.) 
tenuis ; Woods, 1911, pl. 48, fig. 1, as I. tenuis}, and n. sub
sp. B transitional to I. (I.) conicus Gueranger, an erect, tall 
form ; possibly the earliest occurrence of I. (I.) tenuistriatus 
? Nagao and Matsumoto, I. (I.) n. sp. A cf. I. (I.) arvanus 
Stephenson (ancestral form with very weak rugae and 
sulcus), I. (I.) sp. aff. I. ginterensis Pergament (weaker 
rugae than normal), and I. (I.) pictus, n. subsp. A aff. sub
sp. vardonensis Sornay (with very coarse, raised growth 
lines).

Three rare inoceramids are restricted to this zone insofar 
as they are known: “Inoceramus ” (Mytiloides ?) reachensis, 
n. subsp. C transitional to “I.” anglicus conjugalis 
Pergament;/. (I.) n. sp. B cf. I. (I.) arvanus Stephenson 
(form with coarse, evenly developed, small rugae and a 
weak broad posteroventral sulcus); and a very finely ornate, 
early member of the I. (I.) pictus lineage-/. (I.) n. sp. ex gr. 
I. (I.) pictus Sowerby. The origin of I. (I.) arvanus Stephen
son in the middle of the H. carcitanensis zone may allow 
biostratigraphic division of this zone into upper and lower 
subzones.

Mantelliceras saxbii Zone : A second major radiation of 
new Cenomanian inoceramid stocks apparently takes place 
at or near the base of the M. saxbii zone of Kennedy (1969, 
1971). Inoceramids which originate here include 
“Inoceramus” (Mytiloides ?) reachensis n. subsp. A 
(Woods, 1911, pl. 49, fig. 1), an inclined, ovate form with 
large, moderately and equally spaced, rounded rugae 
having fine concentric lines evenly distributed between 
them; “Inoceramus” (Mytiloides?) reachensis n. subsp. B 
(Woods, 1911, pl. 48, fig. 4 ; a high, erect, slightly sulcate 
subspecies with closely spaced, subequal rugae and coarse 
raised growth lines )_.; I. (I.) tenuistriatus Nagao and Mat
sumoto, n. subsp. A, transitional to I. etheridgei (see Nagao 
and Matsumoto, 1939, 1940, pl. 46, fig. 4) ; I. (I.) ruther- 
fordi Warren ; I. (I.) arvanus arvanus Stephenson ; and 
I. (I.) flavus Sornay, n. subsp. A (ancestral, with erect 
beaks and umbos, finer concentric ornamentation). 
Inoceramus (I.) etheridgei Woods may originate this low in 
the sequence (based on fragments) but is first definitely 
known in the younger zone of Turrilites costatus.

Inoceramidae restricted to the M. saxbii zone and useful 
in its identification biostratigraphically are : “Inoceramus ” 
crippsi n. subsp. B (nearly smooth to very weakly or
namented) ; I. (Mytiloides ? ) reachensis n. subsp. D 
.(broad, rounded, non-sulcate, with very sparse, widely 
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separated, low rugae) ; and “I.” anglicus cf. subsp. “I.” 
anglicus elongatus Pergament. Subdivision of the M. saxbii 
zone on the basis of inoceramids is not possible at this time.

Mantelliceras dixoni Zone : This zone is poorly dif
ferentiated on the basis of inoceramid origins and ex
tinctions, although it contains rich inoceramid assemblages 
throughout. Two forms originate at or near the base of the 
zone : Inoceramus (Inoceramus) pictus n. subsp. B 
(Woods, 1911, pl. 49, fig. 5 ; erect form with subtle, spar
sely distributed rugae, coarse evenly developed raised 
growth lines over the entire shell, and a small posterior 
auricle without a prominent auricular sulcus); and I. (I.) 
etheridgei, n. subsp. C (large, with low convexity and fine 
growth lines). Inoceramus (Inoceramus) etheridgei, n. sub
sp. A transitional to I. (I.) tenuis (Woods, 1911, pi. 48, fig. 
1) dies out at the top of the M. dixoni zone, as do I. (I.) 
flavus. Somay n. subsp. A (ancestral, with erect beaks, um
bos, finer concentric ornamentation) and I. (I.) sp. aff. I. 
(I.) ginterensis Pergament (weaker rugae than normal). No 
inoceramids are restricted to the zone.

MIDDLE CENOMANIAN
Turrilites costatus Zone ; This ammonite zone is also 

well defined by Inoceramidae and possibly divisible into 
two subzones utilizing these bivalves. Taxa which originate 
at or near the base of the zone include The earliest 
definite occurrence of Inoceramus (Inoceramus) etheridgei 
etheridegei Woods (1911, pl. 49, figs. 3, 4) ; I. (I.) n. sp. 
C aff. I. (I.) arvanus Stephenson (small erect form with 
close small rugae, very shallow, narrow posteroventral and 
auricular sulci) ; I. (I.) flavus flavus Somay ; I. (I.) pictus 
Sowerby transitional to broader, flatter ancestral forms ; 
and possibly I. (I.) n. sp. D aff. I. flavus (with short, erect, 
finely ornamented beak and umbo). The following become 
extinct at the top of the zone in England ; I. (I.) etheridgei 
n. subsp. B trans, to I. conicus Gueranger ; I. (I.) heinzi 
Somay ; and I. arvanus arvanus Stephenson.

The lower half of the T. costatus zone is characterized 
exclusively by forms of I. (I.) arvanus Stephenson with unu
sually prominent sulci, and by forms of I. (I.) etheridgei 
transitional between subsp. etheridgei and n. subsp. A. The 
upper half of the zone has, at the base, the last occurrence 
of I. (I.) pictus n. subsp. A aff. subsp. vardonensis Somay 
(erect, narrow, with very coarse, raised growth lines) and 
the origin point of I. (I.) tenuistriatus Nagao and Mat
sumoto, n. subsp. B with flat, rounded shells and I. (I.) n. 
sp. E aff. I. (I.) tenuis Mantell (with prominent, coiled, 
exogyroid beaks and umbos).

Turrilites acutus Zone : Few inoceramid taxa have their 
origins or extinctions in the T. acutus zone, but they are 
sufficient to allow recognition of the zone on the basis of 
inoceramids, and possibly even its subdivision into 
subzones once the faunas, are better studied. Inocerami
dae having their origin point at or near the base of 
the zone include Inoceramus (Inoceramus) ginterensis 
Pergament, and Inoceramus (I.) sp. aff. I. (I.) prefragilis 
Stephenson (concentric ornamentation stronger than ty
pical for species). Inoceramus (Inoceramus) tenuis s.s., and 
I. (I.) pictus n. subsp. B (Woods, 1911, pl. 49, fig. 5) die 
out at the top of the zone, and the last definite occurrence 
of I. (I.) etheridgei etheridgei and I. (I.) n. sp. A aff. I. (I.) 
arvanus Stephenson (ancestral forms with weak rugae and 
sulcae) are also at the top of this zone, although both may 
range into the Acanthoceras jukes-brownei zone, based on 
questionable fragments. Inoceramus (I.) tenuis Mantell, n. 
subsp. A (with large posterior auricle, blunt beak) is 
restricted to this zone. Inoceramus (Inoceramus) ruther- 
fordi Warren and I. (I.) etheridgei n. subsp. C (large, roun
ded, with low convexity and fine growth lines) both disap
pear in the middle of the T. acutus zone, possibly providing 
a basis for its division into two subzones.

Acanthoceras jukes-brownei Zone : The upper boundary 
of the Acanthoceras jukes-brownei zone, marking the Mid

dle-Late Cenomanian contact, is an important extinction 
point for numerous inoceramid species and lineages. A 
single species, I. (I.) n. sp. F aff. I. (I.) pictus Sowerby 
(broad, flat, with coarse equally developed, closely spaced, 
raised growth lines) has its origin near the base of the zone. 
‘‘Inoceramus” anglicus conjugalis Pergament and I. (I.) 
flavus flavus Somay become extinct in the middle part of 
the zone, allowing its division into a lower and an upper 
subzone. The following taxa become extinct at or near the 
top of the A. jukes-brownei zone “Inoceramus” crippsi 
crippsi Mantell ; “I.” (Mytiloides?) reachensis reachen
sis Etheridge ; “I." (M ?) reachensis n. subsp. B (Woods, 
1911, pl. 48, fig. 4) ; I. (I.) tenuistriatus ? Nagao and 
Matsumoto, and transitional forms of the species into I. 
(I.) etheridgei (see Nagao and Matsumoto, 1939, 1940, pl. 
26, fig. 4) ; possibly I. (I.) etheridgei etheridgei Woods 
(fragments only), I. (I.) n. sp. E aff. I. (I.) tenuis (with 
prominent, coiled exogyroid beak, umbo), and I. (I.) ar
vanus Stephenson, s.l. No inoceramids are restricted to the 
zone.

UPPER CENOMANIAN
Calycoceras naviculare Zone A great reduction in 

inoceramid diversity among all lineages but that of I. (I.) 
pictus Sowerby takes place within or at the base of the C. 
naviculare zone, marking an important evolutionary boun
dary (and thus substage boundary) for many organisms. 
The typical Late Cenomanian taxa I. (I.) pedalinoides 
Nagao and Matsumoto and I. (I.) tenuiumbonatus Warren 
have their origins at or near the base of the zone. The 
following forms become extinct at the top of the C. 
naviculare zone “Inoceramus" crippsi n. subsp. A (with 
erect growth form and crowded small umbonal rugae : 
Woods, 1911, p. 277, fig. 35), and I. (I.) n. sp. D cf. I. (I.) 
flavus Somay (with short, erect, finely ornamented beak, 
umbo). “Inoceramus” (Mytiloides ?) reachensis n. subsp. 
A (Woods, 1911, pl. 49, fig. 1) dies out in the middle of 
the zone, possibly providing a basis for its local subdivision 
into an upper and a lower subzone.

Metoicoceras geslinianum Zone : Little is known about 
the Inoceramidae of the M. geslinianum zone at present ; 
similar taxa range below and above it however, so that 
there appears to be little in the evolutionary history of the 
inoceramids to help define the zone. A rare species tran
sitional between die I. (I.) rutherfordi-I. (I.) arvanus 
lineage of the older Cenomanian and the “Inoceramus” 
(Cordiceramus) cordiformis lineage of the Latest Coniacian 
and Santonian probably originates near the base of this 
zone, and the last representatives of I. (I.) ginterensis 
Pergament or a related form die out at the top of the zone. 
The last definitely determinate representatives of I. (I.) 
tenuimbonatus Warren and I. (I.) pedalionoides Nagao 
and Matsumoto in England occur near the top of this zone, 
but poorly preserved specimens questionably assigned to 
both species range higher (through the M. gourdoni zone), 
and the species are definitely known in younger strata of 
North America.

Metoicoceras gourdoni Zone No Cenomanian 
Inoceramidae originate in or are exclusively confined to 
this zone. The following become extinct in England at or 
near the upper boundary of the zone and aid in its deter
mination where ammonites are rare or absent The last 
possible occurrence of Inoceramus (Inoceramus) 
pedalionoides Nagao and Matsumoto and I. (I.) tenuium
bonatus Warren ; the last definite occurrence of I. (I.) n. 
sp. C aff. I. (I.) arvanus Stephenson (small erect form with 
close small rugae, very shallow, narrow posteroventral and 
auricular sulci) ; I. (I.) n. sp. transitional between the I. 
(I.) arvanus-rutherfordi lineage and I. (Cordiceramus) cor
diformis lineage ; I. (I.) pictus n. subsp. B (Woods, 1911, 
pl. 49, fig. 5 ; erect form with subtle, sparsely distributed 
rugae, coarse evenly developed raised growth lines over en
tire shell, and small posterior auricle without prominent 
auricular sulcus) ; and I. (I.) sp. aff. I. (I.) prefragilis
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Stephenson (concentric ornamentation stronger than ty
pical for species).

Beds above the M. gourdoni Zone Horizon A (Ken
nedy and Juignet, 1973), lower part. Kennedy and 
Juignet (1973) and Kennedy and Hancock (this vo
lume) have recognized the presence of the North Ame
rican zone fossil, Sciponoceras gracile, in the European 
Middle Cretaceous and assigned it, as in North America, to 
the Upper Cenomanian based on the large scale 
evolutionary break between it and the overlying 
“Inoceramus labiatus" zone of the Lower Turonian, and 
the similarity of many ammonites associated with S. gracile 
to those of the Cenomanian. The Inoceramidae co-occuring 
with S. gracile in the uppermost part of its range are poorly 
known to date, but are dominantly of Cenomanian stocks. 
At present the typical Cenomanian Inoceramus (I.) pictus 
pictus Sowerby is known to range only to the top of the S. 
gracile range zone. Further study will probably show that 
other members of this lineage, such as I. tenuiumbonatus 
Warren, range similarly, as they do in North American sec
tion. The evolutionary forerunners of the Mytiloides 
labiatus lineage, M. submytiloides Seitz, first appear at the 
top of the range zone. This is the only inoceramid of 
Turonian affinities in the fauna.

TURONIAN INOCERAMIDAE
Turonian Inoceramidae are abundant and well preser

ved, moderately well described, but very poorly known 
biostratigraphically in the English Middle Cretaceous 
sequence. They have not been thoroughly restudied in the 
same manner as those from the Cenomanian, and so the 
following is a generalization of available data with certain 
biostratigraphic relationships implied from other areas, but 
not yet observed in the British sequence. Highly detailed 
stratigraphic collecting of the Turonian sequence in 
England will be required to refine the zonation and stage 
and substage implications.

LOWER TURONIAN
“Inoceramus labiatus” and Orbirhynchia cuvieri Zone •• 

Throughout the world, the appearance of the cosmopolitan 
stock of Mytiloides labiatus (Schlotheim) marks the basal 
Turonian. Whereas most workers recognize this as a single 
variable species, Seitz (1934) recognized it correctly as a 
species plexus and divided it into a series of distinct species 
and subspecies with potential for refined biostratigraphic 
zonation and regional correlation. Kauffman (see Kauff
man, Cobban, and Eicher in this volume ; Kauffman and 
Powell, 1977, in press ; and work in progress) has sub
sequently established the zonal sequence in North America 
and traced it widely into Europe and North Africa. In 
descending order, the Mytiloides labiatus plexus in
corporates the following Middle and Lower Turonian zones 
in these areas :

Youngest : Middle Turonian
Zone of Mytiloides “latus” (Mantell) (con

cept of Woods, 1911, p. 285, fig. 41, and Hat- 
tin, 1962, pl. 14, figs. A, C, E) and 
Inoceramus cuvieri Sowerby

Zone of Mytiloides hercynicus (Petrascheck), 
Inoceramus cuvieri Sowerby

Zone of Mytiloides subhercynicus (Seitz) with 
M. hercynicus (Petrascheck) overlapping in 
the upper half of the zone.

Lower Turonian
Zone of Mytiloides labiatus (Schlotheim) with 

M. subhercynicus Seitz
Zone of Mytiloides mytiloides (Mantell)
Zone of Mytiloides opalensis (Bose) with 

(locally) M. duplicostatus (Anderson)
Oldest : Lowest Turonian and highest Cenomanian (?) 

Zone of Mytiloides submytiloides (Seitz)

Slight overlap between zonal taxa near zone boundaries is 
possible and has been locally recognized in North America 
and Western Europe.

Many of these taxa have been recognized in the British 
Turonian, mainly in older museum and university collec
tions where precise stratigraphic data and relationships are 
not available. They are simply listed as “Middle Chalk”, 
“Melboum Rock”, “Orbirhynchia cuvieri zone” or 
“Inoceramus labiatus zone”. The relative stratigraphic 
positions of these taxa are thus poorly known, and must be 
largely assumed from the zonal scheme as established out
side of Britain. Present data allows the following 
subzonation of the Lower Turonian “Inoceramus labiatus 
zone” in England (oldest to youngest).

Subzone of Mytiloides submytiloides (Seitz) - At the top 
of the Cenomanian, in the uppermost part of the I. pictus 
pictus and Sciponoceras gracile Zone (basal Melbourn 
Rock), inoceramids indentified as Mytiloides submytiloides 
(Seitz) first appear in small numbers with late occurrences 
of I. pictus, as previously noted. These are the ancestral for
ms of the M. labiatus (Schlotheim) lineage which characteri
zes the Lower Turonian throughout the world. M. submy
tiloides ranges upward and becomes somewhat more abun
dant above the I. pictus-S. gracile Zone, in the higher parts 
of Kennedy and Juignet’s Horizon A (1973) of northwest 
France and southern England. Here M. submytiloides is 
associated with Watinoceras in beds corresponding to the 
base of the classic “Mammites nodosoides-Inoceramus 
labiatus” (s.l.) zone. This Wat inoceras-bearing sequence 
has been recently separated from the M. nodosoides zone by 
Cobban and Scott (1972) as the W. coloradoense zone 
(basal Turonian), and further divided (Kauffman, Cobban 
and Eicher, this volume) into a lower W. reesidei zone and 
an upper W. coloradoense zone. All of these occur in the 
United Kingdom and a similar zonation should be demon
strable here. The Mytiloides submytiloides range zone there
fore possibly extends from the highest Cenomanian (if I. pic
tus is truly restricted to the Cenomanian) and definitely into 
the base of the Turonian, lower half of the W. reesidei zone, 
in North America and presumably in Britain as well. The 
M. submytiloides zone or subzone is thus established in 
England for the first time here. Mytiloides submytiloides 
underlies the lowest occurrences of M. mytiloides and M. 
labiatus s.s.

Subzone of Mytiloides opalensis (Bose). - No specimens 
definitely identifiable as M. opalensis (Bose) or M. 
duplicostatus (Anderson) are yet known from England, but 
a single specimen of M. sp. cf. M. opalensis is recorded from 
the Orbirhynchia cuvieri zone; possibly this inoceramid 
zone is greatly compressed and/or locally missing in 
England. Mytiloides mytiloides arcuata (Seitz), which oc
curs in the upper part of the M. opalensis zone and lower 
M. mytiloides zone of North America, is well represented in 
Britain, however (Woods, 1911, pl. 50, figs. 2, 3), further 
suggesting the presence of at least part of the M. opalensis 
zone there.

Subzone of Mytiloides mytiloides (Mantell. - This is one 
of the most common Mytiloides in the British Lower 
Turonian sequence (Woods, 1911, pl. 50, fig. 1 is typical; 
Mantell’s type, ibid., p. 283, fig. 37 similar but crushed). 
Most museum specimens are listed as coming from the 
“Orbirhynchia cuvieri zone”, or “I. labiatus zone" of the 
Middle Chalk.

Subzone of Mytiloides labiatus Schlotheim. - Spe
cimens resembling closely the type concept of the M. 
labiatus (compare Woods, 1911, pl. 50, fig. 5 with Seitz, 
1934, pl. 38, fig. 1, and text-fig. 5a) occur commonly in 
museum collections labeled as being from the “Middle 
Chalk”, “Melboum Rock”, and “0. cuvieri-I. labiatus 
zone”, but their stratigraphic relationship to M. mytiloides 
(which has a lower range elsewhere) is not yet precisely 
known in England.
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MIDDLE TUR ONI AN :
ZONE OF TEREBRATULINA LATA

Subzone of Mytiloides subhercynicus, M. hercynicus, 
and Inoceramus cuvieri cuvieri Sowerby. - These taxa con
stitute two distinct zones in Western Interior North 
America, but so little is known about their distribution in 
Britain that they are combined here. Mytiloides subhercy
nicus (Seitz) is represented in museum collections by rare 
specimens from the “Middle chalk” and the “0. cuvieri 
zone”. Mytiloides hercynicus (Petrascheck) is also rare in 
the upper part of the Middle Chalk ; it’s stratigraphic 
relationships to Af. subhercynicus are unknown in 
England. Inoceramus (Inoceramus) cuvieri cuvieri Sower
by (Woods, 1911, p. 315, fig. 73 ; p. 317, fig. 75) is ex
tremely abundant in this zone however, as it is elsewhere in 
the early Middle Turonian in association with the 
widespread ammonite Collignoniceras woollgari (Mantell). 
It is characterized by smooth to faintly rugate shells of low 
convexity, with fine subequal flat growth lamellae over the 
entire shell.

Subzone of Mytiloides “latus" (of Woods, non Sowerby, 
non Mantell) and Inoceramus cuvieri Sowerby, n. subsp. - 
Specimens identical to the concept of M. “latus" used 
widely in North America and parts of Europe for Middle 
Turonian forms (e.g., Woods, 1911, p. 285, fig. 41 ; Hat- 
tin, 1962, pl. 14, figs. A, C, E) occur in museum collections 
where they are labeled as coming from the upper part of the 
Middle Chalk, zone of TerebratuUna lata, and from the 
Chalk Rock (Upper Turonian), at the base of the H. 
planus zone, the basal unit of the Upper Chalk. This is not 
the type concept of I. labiatus latus of Sowerby (1828) 
based on specimens from Swaffham (Woods, 1911, p. 284, 
figs. 39, 40 ; the type) which is closely related to the Lower 
Coniacian species I. rotundatus Fiege. Nor does it 
correspond to the type concept of I. latus Mantell (1822, 
pl. 27, fig. 10), which belongs in the I. cuvieri-I. lamarcki 
lineage.

An evolutionary derivative of Inoceramus (Inoceramus) 
cuvieri Sowerby (i.e., n. subsp., rugate form), also occurs in 
this subzone. In North America, the cuvieri lineage is 
divisible into at least three subspecies which are the basis 
for distinct biostratigraphic zonation a lower subzone of 
Inoceramus (Inoceramus) cuvieri s.s. - characterized by 
nearly smooth valves lacking coarse, evenly developed 
rugae (i.e. the type of I. cuvieri ; Woods, 1911, text-fig. 
73, Middle Chalk, T. lata zone). Inoceramus (Inoceramus) 
cuvieri n. subsp. (rugate form) is the next taxon and co
occurs with Mytiloides “latus" (sensu Woods, 1911, fig. 
41) in the middle Middle Turonian, dominantly above the 
smooth, more typical forms, in America and Europe. This 
distribution seems to generally be the case in Britain, where 
typical evenly and prominently rugate forms of I. (I.) 
cuvieri (Woods, 1911, p. 319, fig. 77 ; p. 320, fig. 78) oc
cur widely. In America, this form ranges from the upper C. 
woollgari zone into the basal Prionocyclus hyatti zone.

Subzone of Inoceramus (Inoceramus) flaccidus White. - 
In North America this species, with its very prominent, 
angular, unevenly curved rugae (Woods, 1911, p. 323, fig. 
82, as I. cuvieri), occurs above more evenly rugate I. (I.) 
cuvieri, n. subsp. with Prionocyclus hyatti (lower part of 
range) in the late Middle Turonian. Identical.forms occur 
in Britain along with coarsely rugate I. (I.) cuvieri and 
early I. (I.) lamarcki, but their stratigraphic relationship to 
I. cuvieri cuvieri and its subspecies is not yet known.

ZONE OF HOLASTER PLANUS, LOWER PART
Subzone of Inoceramus costellatus Woods. - In many 

parts of the world, I. (I.) costellatus marks the highest 
Middle Turonian inoceramid zone (upper part, zone of 
Prionocyclus hyatti in U.S. ammonite succession). This 
species occurs abundantly in the Chalk Rock of England 
and appears to have a comparable stratigraphic position, 
although the exact spatial relationships to other 

inoceramids are not known. Woods (1911, pl. 54, figs. 5-7) 
illustrates typical Chalk Rock specimens. Early, small, 
weakly rugate and sulcate members of the I. (I.) lamarcki 
s. 1. plexus also occur in this zone, as do early I. apicalis s.l.

UPPER TURONIAN
ZONE OF HOLASTER PLANUS, UPPER PART

The Upper Turonian sequence in Britain is characterized 
by a variety of taxa belonging mainly to the plexus of 
Inoceramus (Inoceramus) lamarcki Parkinson, and to a 
lesser degree, forms attributable to the I. apicalis Woods 
species group and derivatives from the I. costellatus lineage. 
The apparently rapid evolution and wide biogeographic 
spread of these taxa suggest that they will have great value 
in refined biostratigraphic division of the British sequence, 
but the detail of the systematics, relative stratigraphic 
position of various forms, and the degree of expected 
population variation within species are still largely 
unknown and further division of this substage is not yet 
possible based on inoceramids. Woods (1911, p. 312, 313, 
figs. 63-67) illustrates a range of examples of I. lamarcki 
s.l.

Representatives of much of the North American Late 
Turonian inoceramid succession do occur in the British 
Chalk, including, in ascending zonal succession elsewhere, 
I. (I.) dimidius White, Mytiloides striatoconcentricus 
(Gumbel), and I. (I.) kleini Andert associated with I. (I.) 
waltersdorfensis Andert. But present stratigraphic data is 
too imprecise to allow their relative positions to be deter
mined. Further careful work will obviously allow more 
refined zonation of the Late Turonian.

As in the United States, France, and elsewhere, the 
Turonian-Coniacian boundary in England is best drawn at 
the major evolutionary break in inoceramid stocks. This 
break lies everywhere at the termination point of most 
members of the I. (I.) lamarcki plexus, and the origin of 
the I. rotundatus-erectus-deformis-schloenbachii lineage. 
The position of this inoceramid break is not yet clearly 
known in the English succession, mainly because the 
precise succession of the dominant Inoceramidae is still so 
poorly known. It is thought to lie somewhere in the lower 
part of the classic Micraster cortestudinarium zone, 
presumably at or somewhat below the M. normanniae-M. 
decipiens zone boundary of Stokes (1975, fig. 19). This 
inoceramid boundary lies well below the North German 
Turonian-Coniacian boundary based on Inoceramidae, and 
corresponds with the first appearance of typical Coniacian 
ammonites (Peroniceras, Forresteria, Barroisiceras) in 
many parts of the world (i.e., Kennedy and Hancock, this 
volume, tab. 4).

CONIACIAN
The Coniacian inoceramid succession is critical to global 

correlation of the temperate zones because ammonites are 
so rare in dominantly chalk sequences. Detailed inoceramid 
zonations have been worked out in North Germany (e.g., 
Troger, 1967 ; Lower Coniacian of our usage = Upper 
Turonian-“Emscherian” above the origin point of I. rotun
datus Fiege) and North America (Kauffman, 1966; 
1975, and in Kauffman, Cobban and Eicher, this re
port), but not in England, where the relative stratigraphic 
position of most collections is still vaguely known, and 
precise stratigraphic collecting has not yet been done.

Collections of the British Museum, Geological Survey, 
and various universities, however, do contain many elemen
ts of the German and/or North American zonation so that 
with future studies the English Coniacian should also be 
divisible into a refined biostratigraphy. The standard 
American Coniacian inoceramid zonation is given below, 
and compared with counterpart taxa known from the 
English sequence, based on existing collections.
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COMPARISON OF GENERAL EURAMERICAN AND BRITISH 
CONIACIAN INOCERAMIDAE

Euramerican 
Coniacian Inoceramid 

Zonation

British Counterparts 
and Stratigraphic Levels 

in the Upper Chalk 
as currently known

Upper Coniacian
Zone of Inoceramus (Magadiceramus) 
subquadratus, with Volviceramus involutus

Volviceramus involutus (part), Upper Chalk, 
especially “Micraster cor-anguinum" zone 
(Woods, 1912a, p. 330-333, figs. 90-94).

Middle Coniacian
Zone of Volviceramus involutus ( ? = V. grandis), 
with Cremnoceramus ? wandereri, Volviceramus ? 
koeneni (upper limit of range), Cremnoceramus 
inconstans woodsi and var. (upper limit of range), 
and Platyceramus platinus s.l. (lower limit of range).

Volviceramus involutus, Upper Chalk 
(Woods, 1912a, p. 329, fig. 88) ; 
Cremnoceramus inconstans (part), Upper Chalk 
(Woods, 1912a, p. 287, figs. 44, 45).

Zone of “Inoceramus” schloenbachii, 
with Cremnoceramus inconstans woodsi, 
Volviceramus ? koeneni, and ancestral 
forms of V. involutus.

Cremnoceramus inconstans (part), Upper Chalk, 
? “M. coranguinum zone (probably older) 
(Woods, 1912a, p. 287, figs. 44, 45). Volviceramus 
“involutus" (= koeneni), Upper Chalk 
(Woods, 1912a, p. 329, fig. 89).

Zone of “Inoceramus" browni and 
Cremnoceramus inconstans inconstans.

Cremnoceramus inconstans s.s., Upper Chalk 
(Woods, 1912a, p. 286, figs. 42, 43).

Lower Coniacian
Zone of “Inoceramus" deformis, n. subsp. 
(prosogyrous anterior beak, asymmetrical rugae), 
with Cremnoceramus inconstans, n. subsp. A (small, 
flat, finely ribbed early growth stage). Mytiloides 
dresdensis labiatoidiformis occurs in upper limit 
of its range zone.

Cremnoceramus inconstans (part), Upper Chalk.

Zone of “Inoceramus" deformis deformis. None yet known.

Zone of “Inoceramus " erectus, n. subsp. (large, 
moderately inflated, with coarse rugae and 
prominent posterior auricle), with I. waltersdorfensis 
hannovrensis in upper limit of its range zone.

“Inoceramus inconstans” 
(Woods, 1911, p. 287, fig. 46), 
Upper Chalk.

Zone of Inoceramus" erectus erectus. None yet known.

Zone of Inoceramus rotundatus, with Inoceramus 
lueckendorfensis. I. waltersdorfensis walterdorfensis, 
Mytiloides fiegei fiegei, and Af. striatoconcentricus, 
s.s. occur here in the upper part of their range 
zones.

Inoceramus “latus” (Woods, 1911, p. 284, figs. 39, 
40) lower part of Upper Chalk ; I. websteri (Woods, 
1911, pl. 53, figs. 1, 2), lower part of Upper Chalk. 
“Inoceramus labiatus var. latus” (= waltersdorfen
sis) (ibid, p. 283, fig. 38). Lower part of Upper 
Chalk.

Late Turonian
Zone of Mytiloides lusatiae, M. dresdensis 
dresdensis, M. fiegei fiegei, and M. fiegei 
mytiloidiformis.

None yet known.
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FIGURE I: ALBIAN INOCERAMID BIOSTRATIGRAPHY
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Klein and Soukup (1966, p. 489-504) and Muller 
(1974) have outlined the Middle Cretaceous and Coniacian 
sedimentation, stratigraphy, and paleoenvironments, and 
have listed the principal marine fossils of the Cretaceous 
Bohemian Basin. Whereas the sedimentary history of the 
Bohemian Basin near its center is complex, and reflects 
shallowing and deepening trends that are strongly in
fluenced by basinal tectonics, the more marginal Middle 
Cretaceous facies clearly depict a series of transgressive 
and regressive pulses which can be precisely correlated, 
biostratigraphically, with epicontinental cyclothems all over 
the world. It is assumed from this that the cyclothems 
preserved in marginal facies of the Bohemian Basin reflect 
major eustatic changes of sea level. These were probably 
generated by plate tectonics and the alternating con
struction of oceanic ridges or broad uplifts during active 
plate movement (inducing eustatic rise and epicontinental 
transgression), and their subsequent collapse during tec
tonically “quiet” periods (inducing eustatic fall, and 
regression (.Transgressive-regressive peaks of these global 
cyclothems and eustatic fluctuations are outlined by Kauff
man (1973a, figs. 6-10). The Bohemian pattern of cy
clothems is characteristic of stable cratonic areas during 
the Cretaceous (Kauffman, 1973b, p. 687).

The initial Cretaceous marine flooding in Bohemia 
resulted from the great Cenomanian transgression (T6 of 
Kauffman, 1973a, figs. 6-10), which began in latest Albian 
time near cratonic margins, reaching central cratonic areas 
by Cenomanian time and peaking in the Early Turonian.ini 
Bohemia, the earliest marine rocks are of late Middle and 
Late Cenomanian age and depict the time at which this 
transgression reached the Central European craton. Muller 
(1974) presents a detailed history of Middle Cretaceous 
marine facies fluctuations near the margin of the Bohemian 
Basin. He documents late Middle to Late Cenomanian 
strand margins being transgressed in Late Cenomanian and 
Early to early Middle Turonian time successively by marine 
sandstones, silty shales, clay shales and calcareous shales 
(onshore to offshore; Early Turonian) grading upward and 
seaward into maximum transgressive calcareous shales and 
local limestones (zones of Mytiloides mytiloides and M. 
labiatus, Middle to latest Early Turonian; ?earliest Middle 
Turonian). Regression follows, peaking in the late Middle 
and possibly early Upper Turonian in deposition of the 
nearshore Quader Sandstone and its lateral tongues, and 
more offshore silty shale : zones of Inoceramus (I.) 
costellatus and I. (I) lamarcki, s.l. Renewed Late 
Turonian transgression involving nearshore sandstones and 
silty shales, peaked in deposition of a series of deeper water 
clay and carbonate shales and localised pelagic limestones 
of latest Turonian and Coniacian age, zones of M. lusatiae 
through I. (M.) subquadratus. The final marine regression 
began in the Late Cenomanian and apparently terminated 
in Bohemia in the Santonian. Only Lower to possibly early

Middle Santonian marine fossils are as yet known. The 
peaks of Cenomanian transgression and Turonian 
regression are precisely correlative and/or only one taunal 
zone younger than similar peaks in North America and 
Western Europe, strongly suggesting that they correlate 
with global eustatic fluctuations.

Albian through Middle Cenomanian deposits, dominan
tly or exclusively of fresh water origin, have not yielded 
marine Mollusca. The marine late Middle Cenomanian 
through Coniacian sequence of shallow water sandstones, 
and offshore shales and argillaceous limestones, is 
moderately to richly fossiliferous and contains abundant 
and diverse Inoceramidae except in certain parts of the 
regressive Quader Sandstone facies. Ammonites are 
relatively rare so that the macrofaunal zonation has been 
largely based on inoceramids historically, and these still 
provide the best basis for refined zonation and regional 
correlation of the Bohemian Cretaceous inasmuch as all of 
the known taxa are of Euramerican or cosmopolitan 
distribution, and they represent very rapidly evolving 
stocks.

Considering this, the status of Bohemian Cretaceous 
biostratigraphy utilizing Inoceramidae and other fossils is 
still relatively crude in comparison to that developed in 
Germany, France, Russia, Japan and North America. For 
example, Klein and Soukup (1966, tab. 20) divide the 
marine Middle Cretaceous and Coniacian sequence into 
eight zones, in descending order :

Coniacian
Inoceramus subquadratus Zone 
Inoceramus involutus Zone 
Inoceramus koeneni Zone 
unzoned interval with Inoceramidae

Upper Turonian (most of which is equivalent to the 
Lower Coniacian of the North 
American and Western European, but 
not North German, usage)

Inoceramus schloenbachi -1, inconstans Zone
Middle and early Upper Turonian 

unzoned glauconite-phosphorite interval
Middle Turonian

Inoceramus lamarcki -1, costellatus Zone
Lower Turonian

Inoceramus labiatus Zone
Cenomanian-Turonian transition sequence

Actinocamax plenus Zone
Upper Cenomanian-brackish and marine interval

Inoceramus pictus -Neithea aequicostata Zone
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Lower and Middle Cenomanian non-marine interval, 
unzoned

Soukup (1968) has slightly increased the list of taxa that 
characterize each zone.

In this same interval, 28 biostratigraphic zones based on 
Inoceramidae associated with ammonites have been 
recognized in North America and many parts of Western 
Europe. This strongly suggests that the Czechoslovakian 
Middle Cretaceous succession is deserving of very careful 
collecting, at closely spaced stratigraphic intervals, for the 
purpose of obtaining precisely located collections of 
Inoceramidae. From these, a refined regional zonation with 
high correlation potential should result.

Such a project is currently under way in cooperation with 
Drs. Jffi KHK, and Vlastimil Miiller of the Geological

Survey of Czechoslovakia. In 1971, the author was able to 
study in detail the Inoceramidae collections of the 
Geological Survey and the National Museum in Prague, 
and to visit and collect briefly from selected Middle 
Cretaceous sections in the Bohemian Basin area with Dr. 
KHz. This preliminary work provided a basic knowledge of 
the inoceramid taxa present in the Bohemian Cretaceous, 
and to a limited extent, their biostratigraphic relationships. 
But stratigraphic data for most of the collections examined, 
many made years before, are generalized and the precise 
biostratigraphic relationships of most Czechoslovakian 
Inoceramidae still needs to be worked out through intensive 
field work and studies in Cretaceous well cores. The author 
has begun such a study in association with Dr. Kriz. In the 
meantime, a preliminary inoceramid zonation for the 
Bohemian Basin Middle Cretaceous can be constructed 
from available data collected by the author and from past 
literature, with the stratigraphic relationships of these taxa 
inferred partially from their occurrence elsewhere in the 
world, and partially from actual field observations and 
collection data.

Change in the position of the Turonian-Coniacian boun
dary over that applied by Klein and Soukup (1966) and 
used widely in North Germany (e.g. TrBger, 1967), is 
made by utilizing the concept that this stage boundary 
should be placed at the point of greatest evolutionary 
discordance between typical Turonian and Coniacian 
biotas (d’Orbigny’s original intent). This point lies, in 
Czechoslovakia, at or somewhat below the base of the 
Klein and Soukup (1966) Inoceramus schloenbachi -I. in
constant Zone. In North America and much of Western 
Europe this is considered as the boundary and coincides 
with the first appearence of the I. rotundatus-erectus- 
deformis-schloenbachi lineage (base of I. rotundatus 
and I. ernsti in the Western Interior United States and Nor
th Germany ; see Tr6ger„ 1967, fig. 43, who nevertheless 
puts these taxa in the Upper Turonian).

The following zonation and stage boundaries are ten
tatively proposed for this area.

Upper Coniacian
Zone of Inoceramus (Magadiceramus) subquadra- 

tus, I. (M.) subquadratus crenistriatus, Platy- 
ceramus cycloides cycloides, P. cycloides ahsensis 

Zone of Volviceramus involutus (late evolutionary 
forms), Platyceramus mantelli

Middle Coniacian
Zone of Cremnoceramus inconstans woodsi with 

late evolutionary variants of C. inconstans s.s. 
and Inoceramus frechi

Zone of Volviceramus koeneni, with Mytiloides my- 
tilopsis, Cremnoceramus ? wandereri, C. in
constans, and “Inoceramus” (Mytiloides ?) 
kleini ?

Zone of Inoceramus schloenbachi, “Inoceramus" 
gibbosus, Cremnoceramus inconstans s.l.

Lower Coniacian (mostly “Upper Turonian” of Soukup, 
1966, Klein and Soukup, 1966, and Troger, 1967) 
Zone of Inoceramus ? deformis and Inoceramus 

waltersdorfensis waltersdorfensis
Zone of Mytiloides ? lusatiae, M. striatocon

centricus striatoconcentricus and subsp. car- 
pathicus, “Inoceramus: vancouverensis van
couverensis" (of Troger, 1967), I. walters
dorfensis ss., subsp. hannovrensis, and n. subsp. 
(coarse rugae) ; possibly I. rotundatus

Upper Turonian
Zone of Inoceramus (Inoceramus) apicalis s.s. and 

subsp. trans, to I. (I.) lamarcki ; “I. van
couverensis", and subsp. parvus (of Troger, 
1967), I. protractus transitional to I. 
winkholdioides, Mytiloides mytilopsis, M. fiegei 
?, I. aff. I. glatziae

Zone of Mytiloides striatoconcentricus, “I. van
couverensis" (of Troger, 1967)

Zone of Inoceramus (Inoceramus) lamarcki, s.s. and 
subsp. trans, to I. frechi, I. (I.) apicalis, I. (I.) 
brongniarti, I. inaequivalvis, and I. (I.) 
costellatus (late form), I. (I.) cuvieri, rugate n. 
subsp. trans, to I. (I.) lamarcki, I. undulatus 
trans, to I. (I.) lamarcki.

Middle Turonian
Zone of Inoceramus (Inoceramus) costellatus cos

tellatus ; I. (I.) cuvieri s.s. and subsp.
Zone of Mytiloides ? hercynicus
Zone of Mytiloides subhercynicus and subsp. tran

sient with M? hercynicus s.s.
Lower Turonian

Zone of Mytiloides labiatus, s.s. and new subsp. (Fi
nely ribbed), M. subhercynicus, and Inoceramus 

saxonicus
Zone of Mytiloides mytiloides s.s., and n. subsp. 

(elongate)
Zone of Mytiloides opalensis s.s., and subsp. elon

gate
Upper Cenomanian (?) - Lower Turonian transition

Zone of Mytiloides submytiloides, ?with Actinoca- 
max plenus

Upper Cenomanian
Zone of Inoceramus (Inoceramus) pictus, Inocera

mus (Inoceramus) pictus bohemicus, I. (I.) pic
tus concentricoundulatus

Middle Cenomanian
Zone of “Inoceramus " crippsi s.s. and subsp. trans, 
to Mytiloides opalensis
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PLATE1

BOHEMIAN MIDDLE CRETACEOUS 1NOCERAMIDAE

FIG. 1. — Inoceramus (Inoceramus) pictus concentricoundubtus Trfiger 

Hypotype, composite mold of left valve (xl), CSSR National Museum, Prague, Akc. 
Kat. 36675, Late Cenomanian, zone of I. (I.) pictus, lower Quader Sandstone, from Broumov Pickensteigs, Bohemia, CSSR.

FIG. 2, 7,8. —Mytiloides submytiloides (Seitz)

Hypotypes, internal molds 
Latest Cenomanian (?), earliest Turonian, zone of M. submytiloides.

2. left valve (xl), CSSR National Museum, Akc. Kat. 36675, earliest Turonian, Quader Sandstone (?), locality unknown ;
7. typical right valve of a co-attached pair (xl) ; note shallow sulci; CSSR National Museum, Prague, Akc. Kat. 25196, Inv. No. 1167, 

Earliest Turonian, lower Quader Sandstone, at Martineves, near Jilore, Bohemia :
8. right valve (xl) transitional to Af. mytiloides fMantell), CSSR National Museum, Prague, Akc. Kat. 30207, Inv. No. 01118, 

lower Quader Sandstone, at Decin* KvfidrovA hora, Bohemia, CSSR.

FIG. 3.— Inoceramus (Inoceramus) lamarcki Seitz s.l. (juvenile)

Composite internal mold of left valve (X II, CSSR National Museum, Prague, Akc. Kat. 36675, 
early Late Turonian (“Middle Turonian IXa”), zone of I. (I.) lamarcki, from Hodkovice nad Mohelkou, Bohemia, CSSR.

FIG. 4, 12.— Mytiloides mytiloides mytiloides (Mantell) sensu Seitz, 1934

Hypotypes (X 1), internal molds of right valves, zone of M. mytiloides, 
middle Early Turonian.

4. CSSR National Museum, Prague, Akc. Kat. 36675, with exceptionally truncated anterior, showing features transitional toM. submytiloides (Seitz) J 
locality unknown, probably Quader Sandstone, Bohemia, CSSR ;

12. typical form, CSSR National Museum, Akc. Kat. 36675, from Quader Sandstone (?), locality unknown, Bohemia.

FIG. 5. —Mytiloides subhercynicus subhercynicus (Seitz)

Hypotype (xl), composite mold, right valve, latest Early to early Middle Turonian, M. subhercynicus zone, from Rychnov and Kn&zKou, Bohemia, CSSR 
National Museum, Prague, Akc. Kat. Inv. No. 01080.

FIG. 6. — Mytiloides subhercynicus transient (Seitz) 

Hypotype (xl), composite mold, right valve, 
early Middle Turonian, zone of M. subhercynicus, from IBfla hora, Bohemia,CSSR National Museum, Prague, Akc. Kat. 36675, inv. No. 0 1186.

FIG. 9. —Inoceramus waltersdorfensis hannovrensis Heinz

variant with ornament transitional to I. kleini Miiller (part), hypotype (xl), CSSRNationalMuseum, Prague, Akc. Kat. 659/62, Inv. No. 0 1358, 
composite internal mold, left valve, Early Coniacian, probably zone of Mytiloides lusatiae and above, from OldreSice V-615, Bohemia, CSSR.

FIG. 10 — Mytiloides ?hercynicus (Petrascheck)

Hypotype (xl), internal mold of right valve, CSSR National Museum, Prague, Inv. No. 0 1101, B236, 
middle Middle Turonian, M. ? hercynicus zone, from Bfla. hora, Bohemia, CSSR.

FIG. 11. — Mytiloides mytiloides (Mantell) n. subsp., late elongate form

Hypotype (X 1/2), internal mold of right valve, CSSR National Museum, Prague, Akc. Kat. 36675, 
middle Early Turonian, M. mytiloides zone, locality unknown, probably lower Quader Sandstone, Bohemia, CSSR.

FIG. 13.— Inoceramus (Inoceramus) apicaks Woods n. subsp. with equal rugae

Hypotype (X 1), composite internal mold of right valve, 
Late Turonian IXa, I. (I.) apicalis zone, from Hodkovice nad Mohelkou, Bohemia, CSSR National Museum, Prague, Akc. Kat. 36675.
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PLATE 2

BOHEMIAN MIDDLE CRETACEOUS INOCERAMIDAE

FIG. 1. —Mytiloides (?) crippsi (ManteH)

Late form transitional to M. opalensis (BOee), hypotype (xl), internal mold of left valve, CSSR National Miaeura, Prague, Akc. Kat. 22937/2, 
Inv. No. 01169, from Slavetfn nad OKH, zone of “Inoceramus"crippsi. Late Cenomanian (M. opalensis is Early Turonian and thia transitional form may occur 

near or at stage boundary), Bohemia, CSSR.

FIG. 2,7. —Mytiloides subhercynicus transiens (Seitz)

Hypotypes, composite internal molds of right valves (xl), 
early Middle Turonian, M. subhercynicus zone.

2, CSSR National Mtaeum, Prague, Akc. Kat. 36675, Inv. No. 011 76, B223 (fig. 2), from BflA hora.
7. Akc. Kat. 36675, Inv. No. 0 1175, B226, Bfla hora, Bohemia, CSSR.

FIG. 3. — Inoceramus (Inoceramus) apicalis Woods n. subsp. (rugate transitional to I, lamarcki

Hypotype (XI), internal mold of left valve, CSSR National Musuem, Prague, Akc. Kat. 36675. 
Late Turonian, I. (I.) lamarchi-I. (I.) apicalis zones, from Hodkovice nad Mohelkou (“Middle Turonian IXa”), Bohemia, CSSR.

FIG. 4. — Inoceramus frechi Flegel

Hypotype (xl), internal mold, left valve. Early (elsewhere) to Middle Coniacian, CSSR National Musuem Prague, Akc. Kat. 2894, Inv. No. 0 1196, 
from Miakovice, near KutnA Hora, Bohemia, CSSR.

FIG. 5. —Mytiloides (?) lusatiae (-Andert)

Hypotype, (xl), internal mold, right valve, erect variety, M. lusatiae zone, earliest Coniacian, CSSR National Museum, Prague, Akc. Kat. 63/68, 
from Krompach, near Homi SvehA, Luz Hill, Bohemia, CSSR.

FIG. 6. — Mytiloides labiatus (Schlotheim) n. subsp. (late, elongate, finely ribbed form)

Hypotype (X 1), CSSR National Museum, Prague, Akc. Kat. 36675. 
late Early Turonian, M. labiatus zone, locality unknown, Bohemia, CSSR.

PLATE3

BOHEMIAN MIDDLE CRETACEOUS INOCERAMIDAE

FIG. 1, 6. —Mytiloides labiatus labiatus (Schlotheim)

Hypotypes (xl), composite internal molds of left valves, zone of M. labiatus, 
late Early Tmonian, both from the upper spongilitic and sandy marlstones in quarries in the Kunstat and Velim areas, Bohemia, CSSR.

1. paired, gaping valves, USNM 240357 ;
6. typical left valve, USNM 240358.

FIG. 2. — Mytiloides mytiloides (Mantell) n. subsp. (late form, elongate shell)

Hypotype (X 1), CSSR National Museum, Prague, Akc. Kat. 25263, Inv. No. 01166, 
middle Early Turonian, zone of M. mytiloides, from Rfizovf hTeben u D&ina, Bohemia, CSSR.

FIG. 3. — Mytiloides subhercynicus subhercynicus (Seitz)

Hypotype(xl), internal mold of right valve, 
latest Early to Middle Turonian, zone of M. subhercynicus, from Bfla hora, Bohemia. CSSR National Museum, Prague, Akc. Kat. 36675, Inv. No. 1181.

FIG. 4, 5.— Mytiloides labiatus (Schlotheim) n. subsp. (elongated, finely ribbed, late form) 

Hypotype (X 1), internal composite mold of right valves, 
late Early Turonian, M. labiatus zone,

4, form transitional to subsp. labiatus (Schlotheim) in shape, USNM 240359 ;
5. typical specimen, USNM 240360. Both specimens from the upper spongilitic and sandy marlstone units in limestone quarries of the Kunstat and Velim areas, 

Bohemia, CSSR.

FIG. 7. —Mytiloides hercynicus (Petrascheck)

Hypotype (xl), CSSR National Museum, Prague, Akc. Kat. 36675, Inv. No. 0 1180, composite internal mold of right valve, 
early to middle Middle Turonian, zone of M. hercynicus, from Bfla hora, Bohemia, CSSR.
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PLATE4

BOHEMIAN MIDDLE CRETACEOUS INOCER AMIDAE

FIG. 1, 8, 10.— Inocaramus (Inocaramus) cuvieri Sowerby (Sensu Woods, 1911, fig. 78), n. subsp. (late rugate form) 

Transitional to I. (I.) lamanki Parkinson; hypotypes (XI), internal mold*.
late Middle to (?) early Late Turonian, upper Quadar Sandstone at Chutnovka, Bohemia, zones of I. (I.) lamanki and/or Z. costellatus.

I. anterior view, left valve, USNM 240346 ;
8. lateral view, right valve, typical form, USNM 240347 ;

70. lateral view, moderately large right valve lacking umbo, auricle, USNM 240348.

FIG. 2, 11.— Inocaramus (Inocaramus) pictus pictus Sowerby Sensu TrCger, 1967

Hypotype (X I), somewhat deformed composite internal molds, left and right valves, respectively, of co-attached pair, latex cast (USNM 240350) 
of unumbered specimen, MacAk collection^ Geological Survey of Czechoslovakia, 

latest Cenomanian, Z. (I.) pictus zone, locality unknown, Bohemia.

FIG. 3. — Inocaramus undulatus Mantell n. subsp. transitional to I. lamanki Parkmarm

Hypotype (XI), internal mold of left valve, Geological Survey of Czechoslovakia, MacAk collection, latex cast 
(USNM 240351), sone of I. lamarcki Parkinson, Late Turonian, from a fracture in the “Stena Wall” at Telnice, Bohemia.

FIG. 4. — Inocaramus (Inocaramus) lamanki Parkinson n. subsp. trans, to I. frachi Flegel

Lateral view, right valve, USNM 240349, from the upper Quadar Sandstone at Chutnovka, Bohemia, 
I. (I.) lamanki zone, early Upper Turonian.

FIG. 5. —Mytiloides (?) lusatiae (Andert)

Hypotype (xl), left valve of co-attached pair. Geological Survey of Czechoslovakia, MacAk collection, latex cast (USNM 240352), 
Early possibly ranging into the latest Twonian as it does elsewhere, zone of M, (?) lusatiae, from Jitrava, Bohemia.

FIG. 6. — Inocaramus cuvieri Sowerby (weakly rugate variety)
Hypotype (X 1/2), internal mold, right valve, Middle Turonian, zones of Z. costellatus and Z. lamanki, 

from “Callianaaaa Sandstone” at Litomysl, Bohemia, USNM 240356.

FIG. 7. — Inocaramus (Inocaramus) pictus bohemicus Leonhard

Hypotype (xl), MacAk collection, Geological Survey of Czechoslovakia, latex cast (USNM 340353), internal mold, right valve, 
zone of Z. (I.) pictus, latest Cenomanian, possibly ranging to Early Turonian, from Telnice, Bohemia.

FIG. 9. —Mytiloides labiatus labiatus (Schlotheim)

Hypotype (xl), left valve, composite internal mold of co-attached pair, USNM 240354, M. labiatus zone, 
late Early Turonian, from calcareous sandstones, sandy marlstone, VeKm, Bohemia.

FIG. 12.—Mytiloides opalensis elongate (Seitz)

Hypotype (xl), internal mold of right valve, DvorAk collection. Geological Survey of Czecltoalovakia, latex cast, USNM 240355, 
zone of M. opalensis, middle Early Twonian, from CervenA Voda, Bohemia.
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PLATE5

BOHEMIAN MIDDLE CRETACEOUS-OONIACIANINOCERAMIDAE

FIG. 1, 2.— Inoceramus waberdorferuu Andert n. subsp. with coarse regular rugae

Transitional to I. apicalis Woods; hypotypes (XI), latex casts of composite internal molds of left valves, probably zone of 
Mytiloides lusatiae, (earliest Coniacian.

1, Geological Survey of Czechoslovakia, MacAk collection from Bykev, Bohemia ; latex cast, USNM 240377 ;
2. Specimen with exceptionally coarse rugae, mold and latex cast, USNM 240378, upper mudstones and shales in bluffs on the River Ohfe at Brezno, CSSR.

FIG. 3, 15.—Inoceramus ivaltersdorfensis hannovrensis Heinz

Hypotypes, Geological Survey of Czechoslovakia, MacAk collection, left valves (latex casts), earliest Coniacian, probably zone of Mytiloides lusatiae.
3. USNM240361 (xl), from Lenesice ;

15. USNM 240362 (x2), from Lenesice, Bohemia.

FIG. 4. —Mytiloides opalensis elongate (Seitz)

Hypotype (xl), latex cast (USNM 240364) of specimen from MacAk collection. Geological Survey of Czechoslovakia, small left valve, 
middle Early Turonian, M. opalensis zone, Ku tn a Hora, Bohemia, CSSR.

FIG; FIG. 5. — Mytiloides (?) kleini (Mflller)

Hypotype (xl), mold and external latex cast (USNM 240365), partial left valve. 
Middle Coniacian, probable zone of Volviceramus koeneni, near top of river bluff section along River Ohre at Brezno, Bohemia, CSSR.

FIG. 6, 7. —Inoceramus waltersdorfensis waltersdorfensis Andert

Hypotypes (xl), external molds of left valves, latex casts, USNM 240365 and USNM 240366, respectively 
Early Coniacian, probably zone of Mytiloides lusatiae I Andert).

6. from middle of limestone section in cement quarry at Cizkovice ;
7. Ohre River bluffs, lower part, at Brezno, CSSR.

FIG. 8. —Mytiloides labiatus labiatus (Schlotheim) ?

Deformed hypotype (xl), USNM 240367, composite internal mold of right valve, 
from latest Early Turonian, M. labiatus zone, sandy marlstone at top of quarry at Orlicko^dAnky development, Bohemia, CSSR.

FIG. 9. — Inoceramus sp. aff. I. weisi Andert

Hypotype (xl), USNM 240368, internal mold of right valve, possible zone of Mytiloides hereynicus or above. 
Middle to (elsewhere) latest Turonian, from upper spongilitic and sandy marlstone units in quarries of the Kunstat and Velim areas, Bohemia, CSSR.

FIG. 10.— Inoceramus protractus Scupin n. subsp. transitional to I. winkholdioides Andert

Hypotype (X 1), latex cast (USNM 240369) of internal mold of right valve 
probably latest Turonian, ranging to earliest Coniacian (most likely) ; zone of I. (1.) apicalis, MacAk collection, 

Geological Survey of Czechoslovakia, from R^de& borehole UB-7 at depth of 78.4 m, CSSR.

FIG. 11. — Inoceramus sp. aff. I. glatziae Flegel

Hypotype (xl), Muller collection. Geological Survey of Czechoslovakia, latex cast (USNM 240370) of internal mold of left valve, 
latest Turonian or earliest Coniacian (?), possibly zone of I. (I.) apicalis, from KrAsnAPole, in borehole Lo-Jc-5 at depth of 23.0-24.0 m, Bohemia, CSSR.

FIG. 12.— Mytiloides opalensis opalensis (Bose); sensu Seitz, 1934
Hypotype (X 1), silicone latex cast (USNM 240371) of left valve, MacAk collection, Geological Survey of Czechoslovakia, 

middle Early Turonian, zone of M. opalensis, from Decin/Podmokly, Bohemia, CSSR.

FIG. 13, 21.— Cremnoceramus inconstans (Woods) and subspp.

Hypotypes (X 1), shell exterior (Fig. 13) and composite internal mold, 
late Early Turonian (elsewhere) to mainly Middle Coniacian, zone of ‘7. "schloenbachi, Volviceramus koeneni, and C. inconstans.

13. subsp. inconstans, typical left valve, early growth stage and first slope break, USNM 240372, fromOKFe River bluffs at Brezno, unit 6 clays at top of bluff : 
21. (?) subsp woocbi Fiege, anterior view of compressed right valve showing juvenile and adult ornament on either side of characteristic slope break, 

USNM 240373, from middle glauconitic shales, unit 4, Ohfe River bluffs at Brezno, CSSR.

FIG. 14. —Mytiloides labiatus labiatus (Schlotheim)

Hypotype (xl), USNM 240375, doreo-ventrally com pressed internal mold of left valve with typical ornament, latestEarly Turonian, 
zone of M. labiatus, from upper spongilitic and sandy marlstone units in quarries in the Kunstat and Velim areas, Bohemia, CSSR.

FIG. 16. — Inoceramus walterdorfensis Andert n. subsp. transitional to I. rotundaius Fiege
Hypotype (X 1). USNM 240363, left valve, internal mold, earliest Coniacian, probably zone of Mytiloides lusatiae, 

middle of river sections at Brezno, Bohemia, CSSR.

FIG. 17, 18.— Mytiloides labiatus (Schlotheim) n. subsp.

Late elongate form with fine, close-spaced concentric ornament, hypotypes (X 2, X 1, respectively), composite internal molds of left valves, 
latest Turonian, zone of M. labiatus, from upper spongilitic sandy marlstone in the stone quarries of the Kunstat and VeHm area, Bohemia, CSSR.

17. USNM 240379 ;
18. USNM 240380.

FIG. 19. — Inoceramus sp. aff. I. rotundatus Fiege

Figured specimen (x2), USNM 240376, anteriorly compressed right vlave, lateral view. 
Early Coniacian, zone of Mytiloides lusatiae, river bluffs at Brezno, silty shales (unit 3) in lower middle part of bluff, CSSR.

FIG. 20. — Inoceramus rotundatus Fiege

USNM 240381, hypotype (xl), composite internal mold of right valve, 
earliest Coniacian, zone of Mytiloides lusatiae (Andert), guidebook locality 8, Trupelnfk Hill, just above KufftfE Village, 

Bohemia, in limestones and marls crossing Turonian-Coniacian boundary.

FIG. 22. —Mytiloides mytilopsis (Conrad)

Hypotype (xl IjMfiller collection, Geological Survey of Czechoslovakia,latex cast (USNM 240374) of composite internal mold, right valve, 
Latest Turonian to Middle Coniacian in various parts of the world; known only from Mid-Coniacian in Czechoslovakia, 

zone of Volviceramus koeneni, from KrAsnA Pole, borehole Lo-Jc-5, at depth of 22.0-23.0 m. Bohemia, CSSR.
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ABSTRACT

Well preserved Inoceramidae co-occur with ammonite 
faunas in the Albian, Cenomanian, and Coniacian of South 
Africa. These largely belong to widely distributed Tem
perate Zone taxa which form the bases for detailed 
biostratigraphic zonations in North America, Europe, and 
Japan. Inoceramids thus allow broad, precise correlation of 
the South African Middle Cretaceous, yielding age deter
minations which are highly compatible with those based on 
ammonites. Four Albian zones, three Cenomanian zones, 
and three Coniacian zones based on Inoceramidae are 
recognizable in South Africa.

INTRODUCTION
Middle Cretaceous Inoceramidae of South Africa are 

totally represented by intercontinentally distributed to 
cosmopolitan species, subspecies, and/or lineages which 
allow broad regional correlation and relatively precise 
dating of beds in Zululand and Natal. Integrated with am
monite data compiled by W.J. Kennedy for the same sec
tions, the Inoceramidae have, as elsewhere in the 
Cretaceous, significant biostratigraphic importance. The 
few undescribed taxa found in the South African section are 
also known to be distributed as far north as Europe.

Collections of Dr. W.J. Kennedy and Dr. H.C. Klinger 
obtained from this area during the summers of 1970-1971 
contain very well preserved Albian, Cenomanian and 
Coniacian taxa. The inoceramids are normally well preser
ved internal molds with varying amounts of nacreous shell 
layer retained, and in some cases the entire nacre intact. 
Prismatic layers are missing or poorly preserved on many 
specimens. The detail or morphology preserved is excellent 
and allows confident specific and subspecific identification 
in most cases. The inoceramids, in their diversity, abun
dance, and taxonomic composition are clearly part of a 
South Temperate Realm assemblage (Anti-Boreal of 
authors) equivalent to that found in the North Temperate 
Realm throughout much of central and northern Europe, 
Greenland, and the Western Interior of North America.

Albian (mainly Middle and Upper) Inoceramidae all 
belong to the cosmopolitan Birostrina concentrica (Parkin
son) and B. sulcata (Parkinson) - B. subsulcata (Wiltshire) 
lineages. Cenomanian Inoceramidae of South Africa are 
dominantly those of the Inoceramus (Inoceramus} pictus 
Sowerby lineage, also cosmopolitan in distribution. The 
Lower and Middle Coniacian assemblage is more diverse in 
South Africa, as it is in many parts of the North Temperate 
Realm in Europe and America. It contains forms relatable 
to the Cremnoceramus inconstans (Woods) lineage, the 
Volviceramus ? koeneni (Miiller) lineage, the Mytiloides ? 
striatoconcentricus (Gfimbel) lineage, the Inoceramus ern- 
sti Heinz I, costellatus Woods lineage, and the

Inoceramus waltersdorfensis Andert lineage. These all have 
Euramerican North Temperate, and a more restricted 
South Temperate Realm biogeographic distribution.

The taxonomic data, keyed to the South African am
monite succession (Kennedy, this volume), are given for 
Inoceramidae below. The stratigraphy of Middle 
Cretaceous localities in South Africa is discussed in detail 
by Kennedy and Klinger (1975).

ALBIAN
The earliest Inoceramids recorded from Zululand are 

from Albian III level (Kennedy, this volume), and include 
Birostrina concentrica (Parkinson) n. supsp. B of the 
English sequence and Birostrina concentrica (Parkinson) 
subsp. brasiliensis (White). These characterize the early 
Middle Albian, the upper part of the Hoplites dentatus 
Zone, and the Anahoplites intermedius Subzone of the 
Euhoplites loricatus Zone in England ; this date is in good 
agreement with the associated ammonite fauna, which com
pares with that of the European early Middle Albian.

Albian IV has yielded Birostrina concentrica concentrica 
(Parkinson), a form ranging from late Middle to earliest 
Late Albian in Europe ; the associated ammonites suggest 
a late Middle Albian date.

The lowest part of Albian V has yielded forms of 
Birostrina concentrica (Parkinson) comparable to the new 
subspecies C of the English sequence (Kauffman, this 
volume), suggesting an early Upper Albian age. Forms 
from higher in the Albian sequence include subsnecies of 
Birostrina subsulcata (Wiltshire), B. sulcata (Parkinson) 
and B. concentrica (Parkinson) s.l. The occurrence of B. 
sulcata with or without associated inoceramids suggests 
levels low in the Mortoniceras inflatum Zone. B. con
centrica and/or B. subsulcata occur without B. sulcata 
higher in the M. inflatum Zone. This is in keeping with the 
ammonite evidence.

No Inoceramids were found in the highest Albian, level 
VI.

CENOMANIAN
In contrast to the good correlation between ammonites 

and inoceramids Li the Albian, the Cenomanian 
inoceramids from Zululand, notably from the Ndiunu area, 
pose some problems.

No inoceramids are known from the earliest 
Cenomanian, but Cenomanian II has yielded what is nor
mally regarded as a Middle (mainlv) to Late Cenomanian 
assemblage in North America and much of Europe. These 
include Inoceramus (Inoceramus) pedalionoides Nagao 
and Matsumoto, s.l. , I. (I.) pictus Sowerby, and I. (I.) 
heinzi Somay ? Ammonites co-occuring in die same con-
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cretions, however, include Mantelliceras, Sharpeiceras and 
Forbesiceras species which are indicative of the mid-Early 
Cenomanian. The inoceramid assemblage in South Africa 
may, therefore, represent earlier evolutionary stages of 
these lineages than are known, to date, elsewhere in the 
world (assuming consistency in the ammonite zonation).

Cenomanian III contains sparse I. (I.) pictus Sowerby 
(Middle-Upper Cenomanian) associated with diverse Mid
dle Cenomanian ammonites.

The age relationships of Cenomanian IV, yielding sparse 
ammonites of Upper Cenomanian aspect, are confirmed by 
the occurrence of Inoceramus (Inoceramus) n. sp. aff., I. 
(I.) pedaHonoides Nagao and Matsumoto (form with 
strong posteroventral sulcus) at this level.

This form typifies the Late Cenomanian elsewhere in the 
world.

CONIACI AN
Coniacian I has yielded no inoceramids to date. 

Coniacian II-III have yielded inoceramids from several 
horizons which represent three zones elsewhere in the 
world. These include : I. (I.) n. sp. ex. gr. I. costellatus -1, 
ernsti (lowest zone, uppermost Turonian, Lower 
Coniacian) Inoceramus waltesdorfensis hannovrensis

Heinz, Mytiloides ? striatoconcentricus striatocon- 
centricus (Gumbel) and forms transitional to 
“Inoceramus” inconstans woodsi Fiege (second zone, 
Lower Coniacian) ; and Cremnoceramus sp. cf. C. in
constans Woods with Volviceramus n. sp. aff. V. koeneni 
(Muller) (early form), and I. waltersdorfensis. This 
represents the highest (earliest Middle Coniacian) of the 
three zones. Coniacian III-IV have yielded Cremnoceramus 
inconstans (Woods) and subspecies, together with 
Volviceramus n. sp. aff. koeneni, an early Middle 
Coniacian assemblage. No Late Coniacian inoceramids are 
yet known.

The presence of so many widespread and 
biostratigraphically important inoceramids in South Africa, 
tied to good ammonite and stratigraphic data, is important 
in that it allows the first detailed correlation of the Middle 
Cretaceous in the South TemperateRealm with the stan
dard zonation of the Cretaceous North Temperate, 
Euramerican biostratigraphic sequence.

REFERENCE CITED
KENNEDY W.J. and KLINGER H.C., (1975) — Cre
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PLATE 1

SOUTH AFRICAN MIDDLE CRETACEOUS INOCERAMIDAE

FIG. 1, 2, 6, 7 — Birostrina concentrica (Parkinson) 
subsp. B, form transitional to B. concentrica concentrica, in being more quadrate and more weakly rugate than normal ; early Middle Albian III, levels 

equivalent to Hoplites dentatus Zone and overlying intermedius Subzone of the loricatus Zone in England.
1,6. Lateral and anterior views, respectively, of a specimen from locality* 176 of IKennedy- and Klinger, 1975

2, 7. Lateral and anterior views, respectively, of a specimen from locally 51 of Kennedy and Klinger, 1975. All figures XI. Hypotypes ; internal molds.

FIG. 3. — Birostrina concentrica (Parkinson)
Juvenile, subsp. indet, internal mold of hypotype (X2), lateral view of left valve; 

middle Late Albian, upper part of Mortoniceras inflatum zone, from locality 51 of Kennedy and Klinger, 1975.

FIG. 4. — Birostrina (?) coptensis Casey
Hypotypes (XI), internal mold of right valve, DouviUeiceras mammillatum Zone, late Early Albian, at locality 175 of Kennedy and Klinger, 1975

FIG. 5, 10. —Birostrina concentrica (Parkinson) 
n. subsp. B, typical form ; hypotype (XI), lateral and posterior views, respectively, interna) mold of left valve, early Middle Albian, in beds equivalent to the 

H. dentatus zone and lower part of the loricatus zone (intermedius subzone) of the English sequence ; from locality 176 of Kennedy and Klinger, 1975.

FIG. 8. — Inoceramus sp. aff. I. heinzi Sornay 
internal mold of left valve, lateral view, Cenomanian II, middle Early Cenomanian (ranging elsewhere to Middle Cenomanian) 

from locality 61 of Kennedy and Klinger, 1975.

FIG. 9. — Birostrina concentrica (Parkinson) 
subsp. indet, smooth convex variant ; hypotype (X2), internal mold of left valve, late Late Albian, 5. dispar zone, locality 179 of Kennedy and Klinger, 1975.

FIG. 11, 16. — Birostrina concentrica brasiliensis (White)
Hypotypes (Xl), composite molds of left valve, middle Middle Albian, levels equivalent to Euhoplites loricatus Zone 

(mainly intermedius Subzone), of the English sequence.From locality 51 of Kennedy and Klinger, 1975.

FIG. 12, 14. — Birostrina concentrica (Parkinson) 
n. subsp. D, broad variant ; hypotype (Xl), lateral and anterior views, respectively, of left valve, Late Albian, Stoliczkaia dispar Zone equivalent (?) 

from locality 67 of Kennedy and Klinger, 1975.

FIG. 13. — Birostrina concentrica (Parkinson) 
aff. spbsp. brasiliensis (White) older and lacking rugae ; hypotype (X1), anterior view of shell of left valve with ventral half missing, 

early Middle Albian, Hoplites dentatus Zone equivalent of the English sequence, locality 177 of Kennedy and Klinger, 1975.

15. — Birostrina n. sp. aff. B. sulcatus (Wiltshire) 
Figured specimen, (Xl), internal mold of left valve with posterodorsal margin broken; 

Lite Albian, S. dispar zone, from locality 181 of Kennedy and Klinger, 1975.

FIG. 17, 19, 21. — Birostrina subsulcatus (Wiltshire)
Hypotypes(Xl), early Late Albian, mainly Mortoniceras inflatum zone. 

17. lateral view, internal mold of left valve with shell adhering, posterior margin missing 
19. lateral view, internal mold of right valve.

21. lateral view, internal mold of coarsely ribbed right valve. 
All from locality 51 of Kennedy and Klinger. 1975.

FIG. 18. — Birostrina concentrica (Parkinson) 
n. subsp. C, transitional to n. subsp. D in having moderately coarse rugae, hypotype (X1), internal mold of left valve, lateral view; 

early Late Albian,probably equivalent to middle Mortoniceras inflatum Zone of the English sequence, locality 51 of Kennedy and Klinger, 1975.

FIG. 20. — Inoceramus (Inoceramus) pictus Sowerby 
hypotype (Xl), lateral view, internal mold of right valve, 

Middle Cenomanian, locality 59 of Kennedy and Klinger, 1975.

FIG. 22. — Birostrina sulcata (Parkinson) 
hypotype (Xl), lateral view, internal mold of right valve, early form with average of 8 radial plicae, 

early Late Albian, Mortoniceras inflatum zone equivalents, locality 51 of Kennedy and Klinger, 1975.

FIG. 23, 26, 27. — Inoceramus (Inoceramus) pedalionoides ? Nagao and Matsumoto 
(= I. tenuis Mantell, 1822, i.e. figs. 31, 32 in Woods, 1911). figured specimens (XI), internal molds with pieces of shell adhering 

from middle Early Cenomanian II, locality 185 of Kennedy and Klinger, 1975.
23. lateral view, left valve ;

26. lateralview ;left valve, with weak ornament, form transitional to I. heinzi Sornay :
27. lateral view, right valve.

FIG. 24. — Inoceramus sp. aff. I. tenuistriatus Nagao and Matsumoto 
Late form with coarser rugae and posteroventral sulcus ; juvenile figured specimen (X1), internal mold, right valve ; 

Late Cenomanian IV, locality 60 of Kennedy and Klinger, 1975.

FIG. 25. — Inoceramus tenuis Mantell ?
Figured specimen (Xl), internal mold of right valve ;

Early Cenomanian, locality 181 of Kennedy and Klinger, 1975.

All specimens in the British Museum Collections.

XVII. 3



PLATE 2

SOUTH AFRICAN MIDDLE CRETACEOUS AND CONIACIAN INOCERAMIDAE

FIG. 1, 4, 8. —Inoceramus (Inoceramus}
n. sp. aff. *7. costellatus Woods” of Fiege, 1930, pl. 5, fig. 10, and I. uwajimensis Yehara, 1924, pl. 3, fig. 2 ; fig. 4, fig. 2 ; 

Figured specimens (Xl), internal molds with some shell adhering, 
Early Coniacian, locality 71 of Kennedy and Klinger, 1975.

1. lateral view, small right valve ;
4. lateral view, small left valve ;
8. lateral view, adult right valve.

FIG. 2,10. — Inoceramus waltendorfensis hannovrensis Heinz
Hypotypes (xl, 21, exterior lateral views of nacreous shell layer, left and right valves, respectively ; 

early Early Coniacian, locality 13 of Kennedy and Klinger, 1975.

FIG. 3. —Mytiloides (?) sp. aff. M. lusatiae (Andert)
Figured specimen (xl), internal mold of left valve with shell adhering, lateral view ;

Early Coniacian, locality 13 of Kennedy and Klinger, 1975-

FIG. 5, 6. — Mytiloides (?) striatoconcentricus striatoconcentricus (Gflmbel) 
hypotypes (xl), lateral views of left and right valves, respectively (nacreous layer exterior). 

Early Coniacian, False Bay, Zululand.

FIG. 7, 11, 15. — Inoceramus n. sp. aff. I. ernsti Heinz,• ”1” koeneni Muller and I. selwyni McLearn
Figured specimens (xl), internal molds with shell adhering, lateral views, Early Coniacian.

7, 15. locality 13 of Kennedy and Klinger, 1975 ;
11. from False Bay, Zululand.

7. small left valve ;
11. right valve with typical ornament ;

15. right valve.

FIG. 9. —Mytiloides (?) striatoconcentricus (Giimbel)
n. subsp. transitional to early growth stage of Cremnoceramus inconstans (Woods), hypotype (xl), lateral view of left valve, internal mold ; 

Early Coniacian.

False Bay Zuhiland

FIG. 12, 13. — Cremnoceramus inconstans (Woods)
Hypotype (X1), lateral views of early growth stage prior to break in slope of left and right valves, respectively

early Middle Coniacian,False Bay, Zululand. This form, with alternating rugae and equal growth lines, is called subsp. woodsi Fiege.

FIG. 14. —Mytiloides (?) striatoconcentricus carpathicus (Simionescu)
Sense Tsflger (1967, pl. 9, fig. 18). hypotype (Xl), internal mold, lateral view of right valve ; False Bay, Zululand.
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