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Resume. - I! existe dans la litterature des divergences marquees dans la distribution stratigraphique des especes-cle 
de nannofossiles calcaires qui marquent ou donnent une approximation de la limite Campanien-Maestrichtien dans les 
sectiments c6tiers et dans les sediments profonds. L'etude d'une coupe du Campanien inferieur de la carotte de l'U.S. 
Geological Survey (U.S.G.S.) de Clubhouse Crossroads no 1 (plaine c6tiere de Caroline du Sud, Etats-Unis) revele un 
recouvrement de 19 metres entre les distributions de Lithastrinus gri/li et de Marthasterites furcatus avec celle de 
Broinsonia parca n. subsp., forme facile a distinguer dans une lignee evolutive qui est proposee, allant de B. furtiva 
a B. parca et a B. parca constricta n. subsp. Ce recouvrement n'existe pas dans les carottes du Deep Sea Drilling Project 
(DSDP) du bassin de l'Atlantique nord . On constate le meme fait lorsqu'on compare les series du Campanien inferieur 
du New Jersey et de !'Alabama avec celles oceaniques du DSDP dans l'Atlantique ou le golfe du Mexique. 

Dans ces assemblages, une autre difference remarquable entre especes c6tieres et especes du large est la dominance dans 
les especes c6tieres des holococcolithes (groupe des Lucianorhabdus) et des Arkhangelskiellaceae suivantes : Broinsonia
Arkhangelskiella-Gartnerago ou « BAG». Celles-ci ferment 20 a 30% des assemblages c6tiers mais seulement 1-7 % de 
ceux du large. La dissolution ne semble pas etre un facteur, sauf pour les holococcolithes. Ainsi les differences dans la 
distribution stratigraphique signalee de Broinsonia parca pourraient etre dues a des exigences ecologiques plus restrictives 
(espece c6tiere) pendant les premiers stades de son evolution ou a une variete d'autres facteurs tels que les effets de 
taux de sedimentation differents et ceux des particularites de conservation differentes en regime sedimentaire c6tier et en 
regime sectimentaire de mer profonde . La derniere apparition de Marthasterites furcatus et de Lithastrinus grilli peut 
seulement etre utilisee comme une approximation grossiere de la limite Santonien-Campanien dans les series oceaniques. 

Abstract. - Marked discrepancies exist in the reported ranges of key calcareous nannofossil species that mark or appro
ximate the Campanian-Maestrichtian boundary in nearshore and deep sea sediments. A study of the lower Campanian 
section of the U.S. Geological Survey Clubhouse Crossroads Core# 1 (South Carolina coastal plain, U.S.A.) reveals 
a 19 m overlap in the ranges of Lithastrinus grilli and Marthasterites furcatus with that of Broinsonia parca new sub
species, and easily distinguished member of a proposed evolutionary lineage ranging from B. furtiva to B. parca parca 
to B. parca constricta n. ssp. This overlap does not exist in North Atlantic basin DSDP cores. A similar situation is 
seen when comparing the lower Campanian of New Jersey and Alabama with oceanic Atlantic and Gulf of Mexico 
DSDP sequences. Another noticeable neashore-offshore difference in these assemblages includes a dominance in the 
nearshore of holococcoliths (Lucianorhabdus group) plus the following Arkhangelskiellaceae: Broinsonia-Arkhangel
skiella-Gartnerago or «BAG ». These comprise 20-30 % of the nearshore assemblages but only 1-7% of the offshore. 
Dissolution does not seem to be a factor except for the holococcoliths. Thus discrepancies in the reported range of 
Broinsonia parca could be due to more restrictive (near shore) ecological requirements during the early stages of its 
evolution, or to a variety of other factors such as the effects of different sedimentation rates and preservational charac-
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teristics between nearshore and deep sea sedimentary regimes. The last evolutionary occurrence of Marthasterites 
furcatus and Lithastrinus grilli can only be used as a rough approximation of the Santonian-Campanian boundary in 
the deep sea sequences. 

INTRODUCTION 

One of the most commonly relied on marker species for Mesozoic coccolith biostratigraphy is 
Broinsonia parca (STRADNER), the first evolutionary occurrence of which is used by many workers to 
approximate the position of the Santonian/ Campanian boundary. Discrepancies in the literature exist, 
however, in the relation between this first occurrence datum and two important extinction datums, 
those of Marthasterites furcatus (DEFLANDRE) DEFLANDRE and Lithastrinus grilli STRADNER, 
which also occur near the Santonian/Campanian boundary. An overlap in the ranges of one or both of 
these latter two species with the range of Broinsonia parca has been reported in a number of land outcrop 
sections (example: L':EPEK & HAY, 1969) but, to date, this concurrence in range has been noted in 
only one of the several Deep Sea Drilling Project (DSDP) holes which cored this interval. THIERSTEIN 
(1976), therefore, does not show an overlap in the ranges of these key species in his composite range 
chart which is based largely on deep sea sections. This discrepancy in the literature may also be partly 
due to differing species concepts for Broinsonia parca among various authors. It may also be due to 
fundamental differences in the nature of nearshore versus deep sea sedimentary environments or deposi
tional regimes. The purpose of this paper is to address the discrepancies in light of new data derived 
from a detailed study of a land section in the South Carolina (USA) coastal plain (HATTNER & WISE, 
in preparation). In addition, we examine assemblage differences associated with B. parca in nearshore 
vs offshore Campanian-Maestrichtian environments. 

SPECIES CONCEPTS 

As mentioned above, differing species concepts of Broinsonia parca could be responsible for diffe
rences in its reported range. The holotype for the species consists of a single hand drawn sketch made of 
a specimen reported from the upper Campanian (STRADNER, 1963). No paratypes or ultrastructural 
details are given, but other occurrences from the Turonian, Santonian and Campanian are cited (STRAD
NER, 1963; Chart Ill). As most workers today restrict the range of B. parca to the Campanian-Maestrich
tian, it is probable that STRADNER's concept of the species was quite broad. In one of the first ultra
structural studies of the species, BUKRY (1969) illustrated and plotted on his range chart only forms 
from the Campanian, but still included a wide variety of forms with large central areas, small central 
areas, small numbers of perforations (four to eight), large numbers of perforations (20 to 112), round 
perforations, oblong perforations, open perforations and perforations partially closed by bars. The 
latter specimen (BUKRY, 1969; pl. 3, fig. 7) was re-illustrated by HAQ (1978; fig. lOD) as a characte
ristic form of B. parca. Most biostratigraphers seem to limit their species concepts to Campanian-Maes
trichtian forms with relative small central areas, broad rims, and small numbers of perforations, often 
aligned in each quadrant in a single row parallel to the central axis (example : L':EPEK & HAY, 1969). 
LAUER (1975) illustrated an informal scheme whereby the plexus (referred by him to the genus Aspi
dolithus) could be subdivided into five separate species in an evolutionary sequence. 

THE BIOSTRATIGRAPHIC PROBLEM 

Biostratigraphers who work with calcareous nannofossils in outcrop sections generally prefer 
to establish biostratigraphic zones based on the first evolutionary appearance of species in order to 
avoid problems of reworking. Those dealing with rotary drilled well sections, however, prefer extinction 
datums to avoid problems of down hole contamination. For this reason, it is important to establish the 
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relationship between both first occurrence and extinction datums in any generalized biostratigraphic 
zonation. In this respect, the coccolith literature regarding the Santonian/Campanian boundary is 
confusing since a consistant relationship between extinctions and first appearances has not been agreed 
on for key species. 

In his study based primarily on deep sea and European outcrop sections, THIERSTEIN (1976; 
fig. 7) shows a slight gap between the extinctions of Lithastrinus grilli and Marthasterites furcatus (both 
placed by him within the upper Santonian) and the first occurrence of Broinsonia parca, which he marks 
at the Santonian/Campanian boundary. GARTNER (1968 ; fig . 2) also did not note an overlap in the 
ranges of these species in the Taylor Marl (lower Campanian) of Texas, but BUKRY (1969 ; table 2) 
did. CEPEK & HAY (1969 ; fig. 4) noted a similar overlap in thelower-middleCampanianSelmaChalk 
of Alabama with Marthasterites furcatus ranging somewhat higher in the section than Lithastrinus grilli. 
VERBEEK (1976 ; 1977) recorded an overlap in the ranges of the three species in his lower Campanian 
sample 46 from the El Kef section in Tunisia , but omits the overlap of L. grilli and Broinsonia parca in 
his composite range chart (VERBEEK, 1977 ; fig . 9). SISSINGH (1977; fig . 12) also show an overlap 
of B. parca and Marthasterites furcatus but not of Broinsonia parca and Lithastrinus grilli in his composite 
range chart (based also in part on the El Kef section of Tunisia) . 

In deep sea sections, definite separations in the ranges of L. grilli and Marthasterites furcatus from 
Broinsonia parca are generally reported , even where preservation is good and coccoliths are abundant 
(example : ROTH , 1973 ; table 5C). We are aware of only two instances where some type of overlap has 
been reported . BUKRY (1973) notes the eo-occurrence of B. parca and Lithastrinus grilli in DSDP 
sample 10-95-134 from the Caribbean (see fig . 1) which was dated as lower Campanian or upper Santo
nian. One of us (F .H. WIND) examined a sample from this interval and could not confirm the presence 
of any Broinsonia or Arkhangelskiella. The second instance of an overlap was reported by PERCH
NIELSEN (1977) from DSDP Hole 357 (Rio Grande Rise, South Atlantic) . She notes the eo-occurrence 
of Marthasterites furcatus and Broinsonia parca (which she designates as the Eiffellithus eximius Zone, 
emended) in a portion of her section dated by foraminifers as late Santonian. Based on work done 
at El Kef and Pont du Fahs in Tunisia, PERCH-NIELSEN (1977 ; p. 701) assumes that this overlap 
extends into the lower Campanianl. In her range chart, PERCH-NIELSEN (1977 ; table 19) also shows 
an overlap of B. parca and Lithastrinus grilli within the upper Santonian to the lower Maestrichtian part 
of Hole 357. Thus the overlaps of these three species as noted by PERCH-NIELSEN cover a much 
greater part of the section (upper Santonian to lower Maestrichtian) than those plotted by most other 
workers . 

RESULTS 

Clubhouse Crossroads Core I, South Carolina, USA. 

Our principal data for this study was derived from study of samples from a continuously cored 
United States Geological Survey test hole located at Clubhouse Crossroads, 40 km west-northwest of 
Charleston, South Carolina (locality CCC1 in fig . 1 and table 1). Seven hundred and fifty meters of 
Cenozoic and upper Cretaceous sediments were penetrated with a 70% recovery. The lithostratigraphy 
of the core was described by GOHN et al. (1977) whereas the biostratigraphy, with the exception of 
the Mesozoic calcareous nannoplankton, was described by HAZEL et al. (1977). HATTNER & WISE 
(in preparation) are completing a report on the Mesozoic calcareous nannofossils. 

Formations cored which are of interest to the present study are the Middendorf, Black Creek, 
and Peedee (fig. 2) which were deposited in progressively deeper, fluctuating nearshore to outer shelf 

(1) In the same sentence , PERCH-NIELSEN incorrectly states that ROTH (1973) observed this overlap at DSDP, 
Sitel67. 
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Fig. 1. - Sample location map. 

environments, namely: Middendorf Fm., continental to marginal marine ; Black Creek Fm. , marginal 
marine to middle to outer shelf; Peedee Fm., inner shelf to middle to outer shelf (GOHN et al. , 1977; 
fig. 7). Coccoliths are rare or absent in the Middendorf and lower Black Creek, common and well preser
ved in most samples of the middle to upper Black Creek, and generally abundant and well to moderately 
well preserved in the Peedee except for the uppermost portion. 

Planktonic foraminiferal ages as reported by SMITH (in HAZEL et al. , 1977) are indicated in 
figure 2. These age determinations are closely supported by dinoflagellate data also given in HAZEL 
et al. (1977). 
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Table 1. - Sample locations (see also Fig . 1) . 

SAMPLE 

DSDP Leg 43, Site 384 

TRC = Toms River Chemical Core 

TCl = Transcontinental Gas Pipe 
= Line Corp, Well # 1 

TC8 = TGPLC, Well # 8 

NJK 101 , New Egypt, N.J. 

NJK 134, Marshalltown , N .J. 

CCCl = Clubhouse Crossroads Corehole # 1, 
Summerville, S.C. 

DSDP Leg 44, Site 390 

FCF # 1, Franklin County Florida , 
Sec. 15 , T, 9S, R. 9W 

CH= CEPEK & HAY, Samples 204 , 218 , 221 , 
225 , 277 , Dallas County , Alabama 

GCM # 1 = Green County Mississippi, 
Sec. 33, T5N, R8W 

DSDP Leg 10, Site 95 
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40° 21.65' N 51° 39.80'W 3909 m 

39° 57' N 74° 06' w -

39° 51' N 74°31' w -

39° 53' N 74° 28' w -

40° 04' N 74° 55' w -
39° 38' N 75° 27' w -

32°53.25'N 80° 21.4' w -

30° 08.54' N 76° 06.74' w 2670 m 

29° 42' N 85° 08' w -

32° 25.0' N 87° 01.4' w -

31°16' N 88° 50' w -

24° 09.00' N 86°23.85'W 1633 m 

CLUBHOUSE CROSSROADS CORE fi I 

Broinsonia parco constricto 

Marthasterites furcatus 

{} Lithostrinus qrilli 

[--j SILTY CLAY F..:cc:;J SANDY CLAY 1-.' : ·.J CLAYEY SAND 0 SAND ---u NCONFORMITY .A,GLAUCONITE 

Fig . 2. - Clubhouse Crossroads Core hole # 1 : litho logic and biostratigraphic diagram for the Santonian
Campanian section . 
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As indicated in figure 2, Marthasterites furcatus and Lithastrinus grilli (pl. 1) range consistantly 
through the Santonian and into the lower mid Campanian (to 1560 feet) in the Clubhouse Crossroads 
Core. Rare to scattered occurrences of poorly preserved specimens of these taxa are encountered up 
through the middle Maestrichtian and are considered reworked. There is a 63 foot (19 m) overlap in the 
range of these species with an easily distinguished subspecies of Broinsonia parca which we name 
herein B. parca constricta (pl. 2). This overlap occurs primarily within an interval which we interpret 
from the published foraminiferal age data to be upper lower Campanian to lower mid Campanian. 
Within the overlap interval, the three species in question are not abundant, but are well preserved and 
easily distinguished. Each comprises up to about 2% of a given sample. Higher up in the section, B. 
parca constricta becomes more common , but is never a dominant component of the assemblage. 

As indicated by LAUER (1975) and VERBEEK (1977) , a lineage can be distinguished within the 
Broinsonia group resulting in the development of B. parca near the beginning of the Campanian. This 
development is characterized by a reduction in the number of perforations in the central area and a 
reduction in the size of the central area relative to the shield area. We show below that there is also a 
change in the architecture of the perforations themselves from predominantly oblong perforations 
partially closed by recessed bars to rounded perforations partially closed by thin membrane-like processes 
punctuated by fine rounded holes like a sieve plate. As explained in more detail in our systematics 
section, we believe this development stemmed from a form we label Broinsoniafurtiva, a species BUKRY 
described from the Santonian of Texas. BUKRY's holotype and paratype specimens were not as well 
preserved as a specimen he placed among his illustrations of Broinsonia parca from the lower Campanian 
(BUKRY, 1969 ; pl. 3 , fig. 7). This latter specimen matches closely forms we illustrate in plate 3 which 
are from a sample at 1690 feet in the Clubhouse Crossroads Core # 1. These forms are characterized 
by a relatively narrow outer rim, large central area ogival in shape, with rounded to oblong perforations 
subdivided by two to four recessed bars . Within each quadrant are usually two perforations parallel 
to the minor axis of the coccolith. We believe all of these forms, along with a specimen described by 
FORCHHEIMER (1972) as Broinsonia lacunosa, should be assigned to B. furtiva; the first available 
name for this coccolith. 

The sample at 1690 ft, which we believe is probably early Campanian in age, contains forms 
which appear to be transitional between B. furtiva and B. parca constricta. One of these, a specimen 
of B. furtiva (pl. 3, fig. 4), exhibits perforations parallel to the major axis only in the manner of B. 
parca constricta. One of these perforations, however, is subdivided by recessed bars as is characteristic 
of B. furtiva. From the same sample there is a specimen of Broinsonia parca aff. B. parca parca with 
rounded perforations that lack recessed bars (pl. 2, fig. 4). In some quadrants, two perforations lie sub
parallel to the minor axis. This resembles closely the holotype of B. parca parca illustrated by STRADNER 
(1963 ; pl. 1, fig. 3) in which two rounded perforations in each quadrant are closely parallel to the minor 
axis. We did not observe any specimen which fit exactly the description of the holotype illustrated by 
STRADNER, but assume its position in the evolutionary sequence would be somewhere between Broin
sonia furtiva and B. parca constricta as indicated in our idealized diagram, figure 3. Although a form we 
consider to be B. parca is present in sample 1690 ft ; it is a transitional form. Such forms are not common 
in the sample , nor are they easily distinguished in the light microscope . For this reason, we consider 
the first appearance of B. parca constricta, at a somewhat higher level in the lower Campani~ (sample 
1603), to be a more easily distinguishable and usable datum, detectable both by light and electron 
microscopy. 

The form Broinsonia parca constricta is attained when the perforations become well rounded 
with sieve-type coverings over the perforations (pl. 2, fig. 1-3). In distal view, the central area is greatly 
reduced by overgrowth of the elemental material which forms the margin. This overgrowth does not 
occur on the proximal surface so that the central area in this view appears considerably larger (compare 
pl. 2, fig. 1 and 3). For this reason, it is somewhat difficult to define the differences in the species and 
subspecies simply on the relative proportion of widths of the central area and the margins . Nevertheless, 
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these differences in proportion are evident in light microscopy as is the larger size of B. parca vs B. fur
tiva (compare pl. 2, fig. 5-8 with pl. 3, fig. 5-9). 

The sieve-like membranes which cover the perforations in B. parca are again seen in Arkhangels
kiella specillata (VEKSHINA), which is the dominant member of this genus throughout our section 
(pl. 4, fig. 2-7). We observed only one specimen which we could assign to A. cymbiformis (VEKSHINA) 
(pl. 4, fig. 1). Another important Arkhangelskiellaceae which we discuss in the next section is Gartnerago 
costatum (GARTNER) FORCHHEIMER which is figured in plate 5. 
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Fig. 3. - Idealized diagram of the Broinsonia furtiva to B. parca constricta evolutionary lineage. 
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Nearshore vs Deep Sea Coccolith Assemblages 

In order to further evaluate the significance of the overlap in the stratigraphic ranges of Broinsonia 
parca with those of Marthasterites furcatus and Lithastrinus grilli in nearshore sections vs the near 
absence of any such overlap in the deep sea drill holes, we compared assemblage data for the two environ
ments. Counts of 300 specimens for five representative samples are given in table 2 in order to show how 
the taxa were initially grouped. These data for all samples were then reduced in figures 4 and 5 to show 
the relationships among three groups or taxa : 

l)Broinsonia, Arkhangelskiella, and Gartnerago (abbreviated as «BAG»); 

2) the Lucianorhabdus/Phanolithus plexus of holococcoliths (see WIND & WISE, 1978); 

3) the relatively dissolution resistantMicula decussata VEKSHINA . 

Table 2. - Detailed Count Data for five representative samples . 

DSDP TC NJK C4 
DSDP 

TAXA 39-3_84-14·1 690 101 - 221·2 10-95-14·1 , 
100-101 

Watznaueria 48 25 27 27 
Micula staurophora 23 13 35 9 2 
Cribrosphaerella 31 25 16 18 8 
Prediscosphaera 62 48 91 45 66 
Cretarhabdus 25 - 6 9 15 
Cylindralithus 2 - - 4 2 
Ahmuellerella 7 6 7 8 5 
A rkhangelskiella 16 4 25 5 -
Broinsonia - 6 - 5 -
Gartnerago - 7 5 4 -
Eiffellithus 17 50 30 18 43 
Reinhardtites - 7 - 3 -
Tranolithus - 1 - 1 17 
Lithastrinus - - - - -
Lithraphidites quadratus - - 2 - -
Lithraphidites carniolensis 1 6 3 2 5 
Chiastozygus 16 6 17 12 16 
Vekshinella - 4 4 13 3 
podorhabdids 6 - 6 1 2 
Manivitella pemmatoidea 1 - - 4 4 
Microrhabdulus 4 4 3 6 2 
Micula mura - - - - -
Tetralithus aculeus 6 - 1 - -
Tetralithus gothicus / trifidus - - - - -
Stephanolithion laffittei 2 - - 1 4 
Parhabdolithus embergeri 3 - - - -
other parhabdolithids 5 - 5 4 13 
Biscutum 11 65 19 33 18 
Bidiscus - 6 6 18 21 
Zygodiscus spiralis 10 7 6 7 -
other zygodiscids 3 10 1 27 16 
holococcoliths - 3 2 14 4 
Kamptnerius magnificus 1 3 5 2 -
Braarudosphaera bigelowi - - 5 - -
Corollithion - 1 - 1 3 
Rucinolithus hayii - - - - 2 

(Light Microscope Counts of 300 specimens) 
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The data in figures 4 A-C is arranged in a series of time slices, beginning with the late Santonian 
and ending with the late Maestrichtian. Within each time slice, the samples are grouped by paleoenviron
ment (nearshore = continental shelf; marginal= outer continental margin; offshore= deep sea) and 
arranged north to south by latitude. Preservation of the assemblages is also noted . The samples in figure 5 
show changes in assemblage characteristics through time in nearshore, marginal, and deep sea sections. 

The most striking aspect of the data in figure 4 A is the virtual absence of BAG in the late Santo
nian-early Campanian offshore sections compared to the onshore Clubhouse Crossroads Core locality 
(0 to 1% vs 6 .5%). Indeed , BAG does not become a significant part of the deep sea assemblages until 
the early Maestrichtian (fig. 4 B). In a number of offshore samples, no BAG is present even though 
preservation of other coccoliths is generally good. The dissolution prone holococcoliths are also absent 
in the late Santonian-early Campanian of DSDP Hole 95 and are poorly represented in the early Campa
nian samples of that section. The dissolution resistant Micula decussata is not well represented in that 
section either , but becomes much more abundant in other offshore and nearshore sections by the 
mid Campanian. The holococcoliths, represented by the Lucianorhabdus/Phanolithus plexus , are quite 
abundant in the nearshore sections throughout the time slices except where preservation is poor as in 
the mid Maestrichtian of the Clubhouse Crossroads core (fig. 5). The presence of abundant Micula 
decussata in sample CCCl 848 indicates that this is a dissolution assemblage. This same relationship 
throughout DSDP hole 384 (fig. 5) indicates that the absence of the holococcoliths in many of the 
offshore samples is due to their susceptibility to dissolution at depth . 

DISCUSSION 

Several possibilities could account for the prevalence of an overlap of Broinsonia parca with 
Marthasterites furcatus and Lithastrinus grilli in nearshore sections but not in deep sea sections. Possibi
lities include differences between these provinces in : sedimentation rates, susceptibility of reworking of 
nannofossils , preservation of coccolith assemblages , phytoplankton environments, and the evolution and 
diversity of coccoliths within these two environments. In addition , there is the problem of differing 
species concepts among investigators discussed previously. 

Sedimentation rates are generally much higher in the nearshore environments than in the deep sea. 
The sedimentation rate for the Campanian section of the Clubhouse Crossroads core was calculated at 
24.8 m/my by HAZEL et al . (1977). This is about eight times the rate at DSDP, Site 357 on the Rio 
Grande Rise where PERCH-NIELSEN (1977) observed an overlap in the ranges of the three species in 
question. Yet, sedimentation rates on the Rio Grande Rise were significantly higher than in many DSDP 
sites where the early Campanian is only a few meters thick. It is possible, therefore, that higher nearshore 
sedimentation rates provide a greatly expanded section in which such an overlap can be observed more 
readily, whereas in the deep sea this interval may be so short that it could easily be overlooked, particularly 
in sections where core recovery was not complete. 

Calcareous nannofossils are highly susceptible to reworking , particularly in nearshore sections. 
Because of the excellent preservation and consistant occurrence of Marthasterites furcatus and Lithas
trinus grilli in the early to mid Campanian of the Clubhouse Crossroads Core, plus the good preservation 
of the rest of the assemblage there, we do not believe the overlap can be explained in terms of reworking 
up section. 

Differential preservation of coccolith assemblages in the nearshore vs offshore is an important 
possibility to consider. The virtual absence of the entire BAG plexus in the late Santonian-early Campa
nian of DSDP Hole 95 raises the possibility that the overlap could not be detected there by us because 
Broinsonia parca (as well as the rest of the BAG group) was not preserved in that interval. Although a 
viable possibility, this is not entirely convincing because the dissolution resistant form, Micula stauro
pora, is not particularly abundant in that interval and the preservation of the other coccoliths is good. 
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Another aspect of coccolith preservation is diagenetic overgrowth which often accompanies disso
lution, particularly in deep sea sections where carbonate oozes may be quite pure (WISE, 1977). The 
presence of fme clastics in nearshore sections tends to inhibit the dissolution-diffusion-reprecipitation 
mechanism which leads to overgrowths, thus enhancing preservation. This probably accounts for the 
excellent preservation of some of our samples in the Clubhouse Crossroads Core as well as those of 
equivalent age from the Taylor Marl illustrated by BUKRY (1969). Because overgrowth would make 
the distinction of Broinsonia species extremely difficult, it is entirely possible that in general, Broinsonia 
parca is more likely to be distinguished in nearshore rather than deep sea sections. The detection of an 
overlap, therefore, would be more likely in a nearshore sequence. 

If preservation is not the dominant factor, however , environmental factors may be considered . The 
low percentage of the entire BAG group in the late Santonian-early Campanian offshore section is striking. 
This could indicate a general affinity of this group for nearshore environments, particularly in the late 
Maestrichtian where it composes 30% of one sample (fig. 4 C). The percentage of BAG in the offshore 
samples does increase in the Maestrichtian, suggesting a possible change in the adaptivity of this group 
to open water environments. Taking this argument one step further, it can be suggested that Broinsonia 
parca originated as a nearshore species during the early Campanian, and that it subsequently adapted 
to the open marine environment about mid Campanian times. Thus its range would tend to overlap 
that of Marthasterites and Lithastrinus grilli in nearshore sections but not in those of the deep sea. Such 
speculation cannot be settled on the somewhat meagre data now available, but can be considered during 
further research. 

In closing, it should be noted that the paleoecology of the nearshore coccolith assemblages is very 
poorly understood compared to the relatively simple patterns of the deep sea environment. WIND (1979) 
analyzed Campanian/Maestrichtian coccolith paleoenvironments of the Atlantic Ocean in some detail. 
He was not able to incorporate nearshore data from New Jersey, South Carolina, Alabama and Texas 
into his study because of the high diversity and variability he found in those samples. The nearshore 
assemblages presented a very confusing set of signals relative to paleotemperatures and water mass charac
teristics compared to those of the deep sea. Before this situation can be better clarified, substantially 
more paleoecologic analyses must be made for nearshore and epicontinental marine coccolith assemblages. 

CONCLUSIONS 

Based on our studies of samples from Clubhouse Crossroads Core # 1, we believe that Broinsonia 
parca parca did evolve from B. furtiva at about the beginning of Campanian time. Where preservation 
in a section is poor due to either dissolution or overgrowth of specimens, however, the distinction of 
B. parca parca from its evolutionary predecessors would be difficult. Far more easy to distinguish is the 
first appearance datum of B. parca constricta, which is found within the lower Campanian. The range 
of this subspecies overlaps those of Marthasterites furcatus and Lithastrinus grilli which became extinct 
during the early mid Campanian. This zone of overlap is more commonly observed in nearshore rather 
than deep sea sections, probably for a variety of reasons. Where the overlap interval cannot be observed, 
the extinction of Marthasterites furcatus and Lithastrinus grilli can be used to approximate the lower 
Campanian-mid Campanian boundary or, in very rough terms, the Santonian-Campanian boundary. 
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SYSTEMATIC PALEONTOLOGY 

Genus Arkhange/skiella VEKSHINA, 19 59 

ARKHANGELSKIELLA CYMBIFORMIS VEKSHINA, 1959 
(Plate 4, figure 1) 

Arkhangelskiella cymbiformis VEKSHINA, 1959, p . 66; pl. 2, fig. 3 a-b . 

Arkhangelskiel/a cymbiformis: GARTNER, 1968; partim pl. 4, fig. 3, non pl. 4, fig. 1, 4; pl. 27, fig. 2 
a-b; non? pl. 4, fig. 2. 

Remarks 

One specimen is assigned to this species on the basis of a small number of pores and a simple rim 
structure similar to that shown in BUKRY's {1969) micrographs of A. cymbiformis. 

ARKHANGELSKIELLA SPECILLATA VEKSHINA, 1959 
(Plate 4, figures 2-7) 

Arkhangelskiella specil/ata VEKSHINA , 1959, p. 67; pl. 2, fig. 5. 

Arkhangelskiella specil/ata ethmopora BUKRY, 1969, p . 21; pl. 1, fig. 4-7. 

Arkhangelskiella ethmopora (BUKRY) CEPEK & HAY, 1969 a; pl. 4, fig. 11. 

Arkhange/skiel/a ethmopora (BUKRY) CEPEK & HAY : CEPEK & HAY, 1969 b; pl. 20, fig. 6. 

Arkhangelskiella ethmopora (BUKRY) CEPEK & HAY : MANIVIT, 1971, p. 103; pi. I , fig. 12-14. 

Broinsonia parca (STRADNER) BUKRY, 1969; partim pl. 3 , fig. 8, 10; non pl. 3, fig . 3-7, 9. 

Remarks 

The distinction between A. cymbiformis and A . specillata seems rather arbitrary and perhaps these 
two species should eventually be considered con specific. However, we encountered one specimen 
which we differenciated as A. cymbiformis on the basis of a more simple rim structure and a small 
number of simple, round pores. All specimens of A. specil/ata exhibited pores partially closed by 
perforated membrane-like processes which resemble a sieve plate. A specil/ata was far more abun
dant in our material than A. cymbiformis. 

GenusBroinsonia BUKRY, 1969 

BROINSONIA FURTIVA BUKRY, 1969,emend. 
(Plate 3, figures 1-9) 

Broinsoniafurtiva BUKRY, 1969, p. 22; pi. 2, fig . 7-8. 

Broinsonia parca (STRADNER) BUKRY, 1969, partim, p. 23; pl. 3, fig. 7; non pl. 3, fig. 3-6 and 8-10. 

Broinsonia lacunosa FORCHHEIMER, 1972,p. 25-26;pl. 2, fig. 2. 

Description 

The central area is divided by an angular cross into four large roughly triangular, perforated 
quadrants . Each quadrant is subdivided by crossbars oriented roughly parallel to the major or minor 
axes. The size and thickness of the crossbars are variable within any one specimen and they may 
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be recessed by varying degrees below the distal level of the central area. Crossbars are usually 
grouped in 2's, 3's, or 4's to form rounded or elliptical recessed perforations. Generally more 
than one such barred, recessed perforation is present along the minor axis within a quadrant. The 
central area is distinctly wider than the width of the shield margin . 

Remarks 

Size 

BUKRY's illustrations of the holotype and paratype of B. furtiva show poorly preserved specimens 
of this taxon. He provided a much better illustration of a specimen under the name B. parca (pl. 3, 
fig. 7). Based on observations of a large number of well preserved specimens, we find this form 
conspecific with B. furtiva, and only a slight emendation of the description given by BUKRY is 
necessary to account for the crossbars seen in well preserved specimens. We emend his definition 
primarily to exclude the presence of one thick longitudinal bar per quadrant since the presence 
of such a bar is not consistent among all specimens. 

In addition to its generally smaller size and larger central area in proportion to the shield margin, 
B. furtiva is distinguished by crossbars in the central area perforations from B. parca which is 
apparently an evolutionary descendant . Plate 3, figures 3 and 4 show a form which we consider 
to be transitional in this evolutionary sequence in that it has a central area reduced in size plus 
perforations parallel to the major axis only, reminiscent of B. parca; however , the presence of a set 
of crossbars in one of the recessed perforations clearly places this specimen within the definition 
of B. furtiva as emended. A side view of this transitional form clearly shows three shields as is 
characteristic for most Broinsonia. 

B. furtiva is probably synonymous with LAUER's (1975) Aspidolithus sp. 1 and A. sp. 2. The 
shields are closely appressed and are indistinguishable from one another in the light microscope. 
The shield margin is distinctly narrower than the central area and does not appear as bright as the 
shield margin of B. parca in phase-contrast light. This could be a function of the narrower shield 
margin in B. furtiva. 

A specimen described by FORCHHEIMER (1972) may belong to this species. Her specimen, 
reported from an Aptian well cutting, could be a down hole contaminant. 

Average length and width of ten specimens; 7.1 x 5.3 J.Lm. 

Known range 

Santonian -lower Campanian. 

BROINSONIA PARCA PARCA (STRADNER) BUKRY, 1969 

Arkhangelskiella parca STRADNER, 1963, p. 10; pl. 1, fig. 3, 3 a. 

Remarks 
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We restrict this subspecies to forms which most closely resemble STRADNER's holotype. That 
holotype clearly shows at least two perforations parallel to the minor axis in each quadrant and a 
central area whose width exceeds somewhat the width of the shield margin. The perforations are 
rounded and subdivided into rounded holes by thin membrane-like processes which resemble a 
sieve plate. They are not subdivided by any type of crossbars as in the case of B. furtiva, the 
probable progenitor of B. parca. We did not observe in our material any specimens which exactly 
fit the holotype of STRADNER, however the specimen in plate 2, figure 4 resembles it closely 
with two perforations in each quadrant subparallel to or somewhat oblique to the minor axis. 



Because these perforations are not exactly parallel to the minor axis as shown by STRADNER 's 
holotype, our specimen is considered to be transitional between B. parca parca and B. parca 
constricta n. subsp. 

BROINSONIA PARCA CONSTRICT A (HATTNER, WIND &.WISE) new subspecies 
(Plate 2, figures 1-3 and 5-8) 

Arkhangelskiella cymbiformis VEKSHINA: STOVER, 1966, partim , p, 137; pi. 1, fig. 17 ; non pl. 1, 
fig. 18. 

Broinsonia parca (STRADNER) BUKRY, 1969, partim, p. 23; pi. 3, fig. 3-6; non pl. 3, fig. 7-10. 

Broinsonia parca (STRADNER): MANIVIT, 1971 ; non pl. 2, fig. 1. 

Aspidolithus parcus (STRADNER) NOEL, 1969 a, p. 196; pl. 1, fig. 3-4. 

Diagnosis 

A subspecies of Broinsoniaparca with a very small central area whose width is approximately equal 
to or significantly less than the width of the shield margin. One to three rounded perforations per 
quadrant lie approximately parallel to the major axis and these perforations are subdivided by fine 
processes which resemble a sieve plate with more or less rounded openings. 

Remarks 

This form is differenciated from B. pare a parca by its smaller , more constricted central area and a 
smaller number of perforations aligned parallel to the major axis only. Its form differs from 
STRADNER's (1963) holotype of B. parca by the absence of more than one perforation per 
quadrant parallel to the minor axis and a central area whose width is approximately equal to or 
smaller than the shield margin. This form is probably synonymous with Aspidolithus sp. 3, 4 , and 
5 of LAUER (1975) which VERBEEK (1976, 1977) suggests evolved during the early Campanian. 
Our data also suggest that B. parca constricta evolved from B. parca parca during the early Camp a· 
nian. In this regard it is considered useful as a stratigraphic datum. 

This subspecies differs from B. furtiva by its much smaller central area and the absence ofbarlike 
processes subdividing the perforations. Instead , the membrane-like processes which fill the perfo
rations of B. parca constricta closely resemble those filling the perforations of Arkhangelskiella 
specillata (example: compare pl. 2, fig . 1-3 with pi. 4, fig. 2, 3). 

Genus Gartnerago BUKRY, 1969 

GARTNERAGO COSTATUM (GARTNER) FORCHHEIMER, 1972 
(Plate 5, figures 1-12) 

Arkhangelskiella costata GARTNER, 1968 , p . 37; pi. 8, fig. 1-3; pl. 11, fig. 1; pl. 28, fig. 2. 

Arkhangelskiella cymbiformis GARTNER, 1968 , partim; pl. 4, fig. 1, 4; pi. 27, fig. 2 a, 2 b , non? fig. 2, 
non fig. 3. 

Gartnerago costatum costatum (GARTNER) BUKRY, 1969, p. 24; pl. 4, fig. 7-9. 

Gartnerago costa turn porolatum BUKRY, 1969 , p. 24; pl. 4 , fig. 10-12. 

Gartnerago costatum (GARTNER) FORCHHEIMER, 1972, p. 27; pl. 4, fig. 2-4. 

Gartnerago porolatum (BUKRY) FORCHHEIMER, 1972 , p. 28; pi. 3, fig. 2-4. 
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Gartnerago obliquum (STRADNER) REINHARDT: FORCHHEIMER, 1972, p. 28; pl. 4, fig. 6. 

Gartnerago obliquum (STRADNER) REINHARDT: THIERSTEIN, 1974; pl. 5, fig. 3, 5, 6. 

Remarks 
This species has a wide range in the number of perforations which are generally subdivided into 
slits by one or more crossbars (from 4-15 perforations per quadrant). It is the overwhelmingly 
dominant Gartnerago species in our samples. Because of the high variability within any given 
sample, we saw no need to subdivide this species into subspecies as suggested by BUKRY (1969). 

THIERSTEIN (1974), working with generally poorly preserved central Indian Ocean material, 
lumped various Gartnerago species by a system best suited for light microscopy. We employ here 
the classification of BUKRY (1969) which is better suited for scanning electron microscopy of 
better preserved material. 

GenusLithastrinus STRADNER, 1962 

LITHASTRINUS GRILL! STRADNER, 1962 

(Plate 1, figures S-9) 

Lithastrinus grilli STRADNER, 1962, p. 370; pl. 2, fig. 1-5. 

non Lithastrinus grilli STRADNER : VERBEEK, 1977; pl. 10, fig. 9. 

Cylindralithus serratus BRAMLETTE & MARTINI: VERBEEK, 1977; pl. 10, fig . 7. 

Remarks 

Specimen in plate 1, figure 9 has arms inserted in a spiral fashion such that the top tier is not 
aligned with the bottom tier, which may cause the variation in the number of arms observed by 
some workers. 

GenusMarthasterites DEFLANDRE, 1959 

MARTHASTERITES FURCATUS (DEFLANDRE) DEFLANDRE, 1959 

(Plate 1, figures 1-4) 

Discoaster(?)furcatusDEFLANDRE, 1954,p. 168;pl.13,fig.14. 

Marthasteritesfurcatus (DEFLANDRE) DEFLANDRE, 1959, p. 139; pi. 2, fig. 3-12; pi. 3, fig . 1-5. 

Marthasterites furcatus var. crassus DEFLANDRE, 1959, p. 139; pl. 2, fig. 17; pi. 3, fig. 3-4. 

Marthasterites furcatus var. bramlettei DEFLANDRE, 1959, p. 139; pl. 3, fig. 2. 

Marthasteritesjucundus DEFLANDRE, 1959, p. 140; pl. 2, fig . 18-21. 

Marthasteritesjucundus DEFLANDRE: BUKRY, 1969,p. 66;pl. 39, fig. 8. 

Marthasterites jucundus var. dentiferus DEFLANDRE, 1959, p. 140; pl. 2, fig. 13-15, 22. 

Marthasterites [urcatus furcatus (DEFLANDRE) DEFLANDRE: BUKRY, 1969, p. 65; pl. 39, fig. 2-3. 

Marthasterites furcatus crassus DEFLANDRE: BUKRY, 1969, p. 65; pl. 39, fig. 5. 

Marthasterites furcatus simplex BUKRY, 1969, p. 66; pl. 39, fig. 6-7. 
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Remarks 
M. furcatus shows a large variation in size and in number of protuberances at the end of the arms, 
even within one specimen. 

Composite range 

Lower Coniacian -lower Campanian. 
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PLATE 1 

(Early-Mid? Campanian: CCCl, sample 1603 ft) 

Fig. 1-4.- Marthasterites furcatus (DEFLANDRE) DEFLANDRE. 

Fig. 1 : X 7500. 

Fig. 2 : X 6500. 

Fig. 3, 4: phase..:ontrast light, x 1900. 

Fig. 5-9. - Lithastrinus grilli STRADNER. 

Fig. 5, 6: phase..:ontrast light, x 1900. 

Fig. 7: X 9500. 

Fig. 8: X 6100. 

Fig. 9 : X 8000. 



Pl. 1 



PLATE 2 

(Early-Mid? Campanian) 

Fig. 1-3,5-8. - Broinsonia parca constricta n. ssp. 

Fig. 1 : holotype, CCC 1, sample 1603 ft; distal view, x 6600 . 

Fig. 2: same specimen, x 27000. 

Fig. 3 : paratype, CCC 1, sample 1603 ft; proximal view, x 6500. 

Fig. 5, 6: paratype, CCC 1, sample 1603 ft ; polarized and phase-contrast light, x 4800. 

Fig. 7, 8: paratype, CCC 1, sample 1603 ft; polarized and phase-contrast light, x 4800. 

Fig. 4.- Broinsonia parca aff. Broinsonia parca parca. 

CCC 1 , sample 1690 ft : oblique view, x 8600. 





PLATE 3 

(Early-Mid? Campanian) 

Fig. 1-9. - Broinsoniafurtiva BUKRY. 

Fig. 1 : CCC 1, sample 1603 ft ; distal view , x 8800 . 

Fig. 2 : CCC 1, sample 1603 ft ; distal view , x 8800. 

Fig. 3 : CCC 1, sample 1690 ft; side view , x 9000. 

Fig. 4 : oblique view of fig . 3 , x 8700. 

Fig. 5, 6 : CCC 1, sample 1613 ft; polarized and phase-contrast light, x 4800. 

Fig. 7 , 8 : CCC 1, sample 1690 ft ; polarized , phase-contrast and transmitted light, x 4800. 



PI. 3 



PLATE 4 

Fig. 1. - Arkhangelskiella cymbifonnis VEKSHINA. 

CCC 1, sample 839 ft , Maestrichtian: distal view, x 6100. 

Fig. 2-7. - Arkhangelskiella specillata VEKSHINA. 

CCC 1, sample 1603 ft, Early-Mid? Campanian. 

Fig. 2 : proximal view, x 6300. 

Fig. 3 : distal view, x 6700. 

Fig. 4-7: polarized, transmitted, phase-contrast light, x 4800. 
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PLATE 5 

(Campanian) 

Fig. 1-12. - Gartnerago costatum (GARTNER) FORCHHEIMER. 

Fig. 1 : CCC 1, sample 1603 ft; distal view , x 7400. 

Fig. 2 : CCC 1, sample 1690 ft; proximal view, x 6700. 

Fig. 3 : CCC 1, sample 1303 ft; proximal view, x 8200. 

Fig. 4.{): polarized, transmitted and phase-contrast light, x 4800. 

Fig. 10-12 : polarized, transmitted and phase-contrast light, x 4800. 
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