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Abstract. - Patterns of intra- and inter- specific vanauons in calcareous 
nannofossils are investigated in material from the Miocene-Pliocene sequence 
at Deep Sea Drilling Project site 116 (NE Atlantic Ocean). Companion
corrected sedimentation rates and factors governing changes in the sedimen
tation rates are discussed. Five previously described species of the genus 
Reticulo fenestra are investigated biometrically. One of them (R. gelidm) is 
a junior synonym of R. psettdomnbilica. The R. "gelidm" placolith-type 
is interpreted to represent winter forms of R. pse~tdottmbilica. It is quest
ionable whether C occolithm pliopelagicm should retain its status as a 
species, according to biometric results. The designation Coccolitlms doroni.
coides is rejected, and the genus Crenalithus is shown to be a junior synonym 
of Retiettlofenestra. Dictyococcites antarcticus and D. prodt,;,cttts form two 
distinct groups as indicated by placolith lengths. 

Due to upwards reworking and discontinuous coring the sequence drilled 
at site 116 is unsuitable for the purpose of establishing a high latitude 
biostratigraphic zonation based on nannofossils. The problems of high lati
tude biostratigraphic resolution and reproducibility will be considerably 
diminished if both relative abundances of species and/or genera and quali
tative biostratigraphic data (single marker fossils) are used as basis for the 
biostratigraphic zonations. 

Major changes in sedimentation rates at site 116 are largely conformable 
and practically synchronous with the major changes in average sec.lim en
tation rates in the entire Atlantic Ocean. Considerable differences in s<.:c.li
mentation rates developed in the early Miocene and Pleisrocenc times 
between site 116 and the entire Atlantic Ocean. A greater production of 
calcareous microplankton, and to a lesser extent si liceous microplankron, is 
considered to be the reason for a higher sedimentation rate at sire I 1 6 
during the early Miocene. This may reflect an increased influx of disso]\'c:d 
calcium carbonate and silicon into the NE Atlantic Ocean. The reason for 
this, in mrn, might have been a contemporary uplift of the Fennoscandian 
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Shield amounting to 500 m or more. Three peak abundances of diagenetic 
silica (2 1, 16 and 7-5 Ma, respectively) are equivalent in time with 
explosive volcanic activity in some adjacent areas. The Pleistocene sequence 
probably includes a break in sedimentation, the exact duration of which 
is unknown. At most it may encompass 1.2 million years (1.6-0.46 Ma). 

The following new species are described: Coccolithzts fmctts and Spheno
lithm compactus. One new genus is described: Geminilithella. One pre
viously described genus is emended: Dictyococcites. The following taxa are 
recombined: Dictyococcites pt'Odttctm, Geminilithella jafa-ri, Geminilithella 
rotula, Pontosphaera anisott'ema, Pontosphaera jonesi and Pyrocyclus oran
r;ensi.r . 

ABBREVATIONS 

Three abbreviations frequently occur in this paper, namely DSDP = Deep 
Sea Drilling Project; FAD = first appearance datum; LAD = last ap
pearance datum. 
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INTRODUCTION 

Studies in pre-Pleistocene marine micropaleontology were immensely 
stimulated when the DSDP coring program was initiated in 1968. This 
field of research is instrumental with respect to geologic dating and correla
tion of deep-sea sediments. The applications of marine micropaleontology 
are currently also developing in wider contexts, including recognition and 
documentation of the Cenozoic oceanic and climatic evolution by means 
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of, for instance, paleobiogeographical patterns and their changes (see 
BERGER & ROTH, 1975, ARTHUR, 1979, and bibliographies in these). Bio
genic deep-sea sediments consist mainly of skeletal remains of four major 
groups of microplankton. The radiolaria and the diatoms secrete tests of 
opaline silica, whereas the foraminifera and the calcareous nannoflora 
produce skeletal remains of calcium carbonate (calcite) . The term "nanno
fossils" has been adopted for a wide array of very minute (1-30 f-Lm) 
marine calcitic remains of which the major part undoubtedly have been 
produced by the calcareous nannoflora. 

By delineating evolutionary controlled appearances and disappearances 
of microfossil taxa through time, several biostratigraphic zonations have 
been established during the last decade for the major groups of micro
fossils . The biostratigraphic resolution through time and space is mainly 
affected by a few factors, the most important being the rate of evolution of 
sediment-forming microplankton. Consequently, the resolution is propor
tional to the population in the known taxonomic reservoir. The mode of 
evolution may also affect the biostratigraphic resolution. The diversity of 
oceanic microplankton is greatest in low latitude areas and decrease pole
wards, which gives a decreased biostrarigraphic resolution when approaching 
higher latitudes. Apart from post-depositional processes, such as those asso
ciated with bioturbation and diagenesis, one other factor is noteworthy, 
namely the problems associated with intra- and inter- specific variation of 
microplankton taxa since this may significantly affect the biostratigraphic 
resolution and reproducibility. 

This investigation is focused on a late Cenozoic stratigraphic sequence 
from a high latitude site in the NE Atlantic Ocean . It has the following 
main purposes: (1) to contribute to a working taxonomy for calcareous 
nannofossils; (2) to study problems associated with intra- and inter- specific 
variations ; (3) to investigate the changing patterns of relative species 
frequencies throughout the Miocene-Pliocene interval; (4) to study sedimen
tation rates at that site for the Miocene-Pleistocene interval; (5) to discuss 
those factors which may have influenced the sedimentation rates and their 
changes. 

MATERIAL 

The DSDP site 116 is situated in the Hatton-Rockall Basin, at 57°N 
and 15 °W, on the Rockall Plateau (see fig. 1). At least 1700 m of sedi
ments filled the basin during the Cenozoic. Two holes were drilled. The 
first drilled hole (116) terminated at 841 m under the sea-floor in a late 
Eocene foraminiferal-nannofossil chalk. Core 1 of sire 116 represents the 
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Fig. 1. Geographic positions of DSDP sire 
116 and the reference material used in this 
smdy. 
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70-79 m interval, and core 2 the 109-118 m interval. Cores 3-11 are 
separated by 41 m uncored sequences, cores 11 and 12 by a 31 m uncored 
sequence and cores 12 and 13 by a 41 m uncored sequence. Cores 13-22 
were continuously cored. The second hole ( 116A) was continuously cored 
between 0 and 99 m. This investigation inv~ the study of cores 1-18 
of hole 116, representing the interval 70 m. The exact positions of 
the samples investigated are shown in fig. 33. The biostratigraphic data 
from hole 116A used in this study are from LAuGHTON et al. (1972). The 
lithology of hole 116 is fairly uniform, and consists predominantly of 
foraminiferal-nannofossil ooze and chalk. Detailed information on the tec
tonic history of the Rockall Plateau, the lithological and geochemical pro
perties of the sedin1ents, and drilling operation and a site survey is given 
by LAUGHTON et al. (1972). 

The geographic positions of site 116 and the reference material used 
are shown in fig. L The reference material comes from the following 
localities: DSDP site 16 (see MAXWELL et al., 1970), DSDP site 132 (see 
RYAN et al., 1973), DSDP site 366 (see LANCELOT et al., 1978) and DSDP 
site 372 (see Hsu et al., 1978). The CHAIN material from the Rio Grande 
Rise was provided by the Woods Hole Oceanographic Institution (see 
]OHNSON, 1974). The El Cuervo material was sampled by Dr. L. H. 
BURCKLE (Columbia University, New York). BERGGREN et al. (1977) 
present a review of the El Cuervo section. 
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METHODS 

Aqueous solutions were used in all sample preparations. Prior to the 
use the solutions were saturated with respect to calcite by purring some 
pieces of calcite crystals into a bottle of distilled water. After approximately 
a week the water could be used with a minimum risk of dissolution of the 
calcitic nannofossils. A quicker method to obtain calcite saturated water 
was used in some cases. Water and calcium carbonate powder ·were put 
into a beaker, the solution was stirred under continual adding of pmvder 
until no more was dissolved. Then a little surplus powder was added, the 
solution was stirred and then left for about 15 minutes. The solution was 
stirred again, filtered and used in sample preparations. 

The smear-slides prepared for the light microscope studies were made 
directly from core samples. HAQ & LOHMANN (1976) outlined the ad
vantages of this method, which can be applied for all sedimenrs where 
nannofossils are sufficiently frequent in order to give a complete repre
sentation of the total assemblage with small sample volumes (approximately 
10-20 mm'1) . Contamination is avoided if reasonable care is taken during 
the process of preparation. The few frequently used tools, like tweezers, were 
repeatedly put into a 10 % hydrochloric acid solution for about 10 minutes , 
washed in destilled water and dried before used again. 

The samples used for scanning electron microscope (SEM) studies \vere 
prepared in the following way. A sample volume of approximately 10-
20 mm3 was put into a 25 ml test tube, which thereafter was half-filled 
with calcite saturated water. Ultrasonic treatment for about 30 seconds 
usually disintegrated the sample completely. The addition of a dispersing 
agent (10 % solution of sodium metahexaphosphate) had no obvious effect 
on the site 116 material. The sample was shaken intensely for a few 
seconds, thereafter it was held still for about five seconds to let the larger 
particles like large foraminifera sink to the bottom. A capillary tube was 
used to place the suspended nannofossils on the SEM mount. T\\'O drops 
usually gave a suitable concentration of nannofossils for these studies. 

The preparation for observing the same specimen in both the light and 
the scanning electron microscope involved the following steps. A piece 
of developed film was cut into a size fitting the size of the SEM mount. 
The contours of an open square of about one to four mm~ was dra\\·n 
on the film with a water-proof fiber tip marker. A drop of water con
taining suspended nannofossils was placed over the sq uare. After drying 
(in room-temperature in an almost closed box, to avoid dust contamination) 
the film piece was placed on a slide. A drop of immersion oil was used 
as mounting medium between the slide and the cover glass. The whole 
square on the film was photographed at low magnification (X400-X600), 
so that every nannofossil within that square could be identified. These 
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photographs were put together into one picture, so that the position of 
each nannofossil could be identified within that square in both the light 
and the scanning electron microscope_ The concentration of the nannofossils 
within the square should preferably be comparatively low (5-8 mm3 of 
sediment was put into a 25 ml test tube which was filled with water), 
making identifications of the positions of the nannofossils as easy as possible. 
The nannofossils of interest were thereafter photographed at XlOOO magni
fication. The cover glass was gently removed and the film was carefully 
put into a 95 % ethanol solution for about half an hour, in order to get 
rid of the immersion oil. After drying the film piece was glued (with 
electroconductive glue) to the SEM mount and examined in the electron 
microscope. By means of the light microscope picture each nannofossil 
which was photographed at Xl 000 in the light microscope was identified 
and photographed in the scanning electron microscope. No disturbance 
of the positions of the nannofossils was observed. This method has two dis
advantages. First, it is rather time-consuming and secondly, the electron 
beam in the scanning microscope tends to burn the film at high magni
fications. At X5000 no problems were encountered, but at X10000 the 
film commonly was burnt after approximately 1-2 minutes if only one 
spot was kept in focus . Since taxonomic identifications in the electron 
microscope are primarily based on the distal side morphology among species 
of placolith type, it is recommended to choose specimens already in the 
light microscope which have their distal sides directed upwards, in those 
cases where this problem is relevant_ 

MIOCENE-PLIOCENE NANNOFOSSIL TAXONOMY AT SITE 116 

A. I n t r a- a n d i n t er - s p e c i f i c v a r i at i o n a n d t h e s t a tu s 
of some selected taxonomic problems 

This chapter is divided into two parrs. The first part is concerned primarily 
with intra- and inter- specific variation, but also the current status of par
ticular taxonomic problems are discussed from a more general viewpoint. 
The second part deals with systematic paleontology and includes remarks 
on previously described forms. A few groups are not included in these 
taxonomic discussions and presentations, although some of them are bio
stratigraphically important, like ceratoliths and discoasters. Only two cerato
lith specimens were observed in the material from site 116. Discoasters 
are infrequent members of the nannofossil assemblages at site 116. Their 
preservation is generally poor. They are characterized by both corrosion 
and secondary overgrowth of calcite, making determinations at the species-
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level hazardous in many cases. Thoracosphaerids are not listed because they 
are extremely rare; furthermore, recently these have been transferred from 
the coccolithophorids into the group of calcareous dinoflagellates (FUTTERER, 

1976). Scyphosphaerids appear at a few Miocene levels at site 116, but they 
are rather common and show a comparatively high diversity in the early 
Pliocene sequence. The scyphosphaerids are not investigated from a taxo
nomic point of view in the present study. The high degree of intra- and 
inter- specific variation exhibited by the scyphosphaerids (see e.g. DE
FLANDRE, 1942, KAMPTNER, 1955, RADE, 1973, 1975, } AFAR, 1975) made 
it difficult to identify all specimens at the species-level. 

The Coccolithm pelagicus-C. miopelagictts-C. pliopelagicm problem 

The C. pelagicm group exhibits great size variations at site 116, both 
within a given stratigraphic layer and through time. In order to investigate 
the degree of variation a series of measurements has been made on members 
of this complex in two samples each from the early, middle and late 
Miocene respectively, and in one sample each from the early and late 
Pliocene. In cores 9 and 10 a group of very large forms occur abundantly. 
It was considered possible to separate these forms from the remaining part 
of the C. pelagiws complex in these two cores, both by their size and 
appearance in the light microscope. This group of large forms fits the de
scription of C. miopelagicm B UKRY (197lb), but a few measurements 
indicated that they show an average size which lies just below the lower 
end of the size range of C. miopelagicm (13 f.lm), as indicated by BUKRY, 

and in no case reaches the upper end of that size range (20 f.lm) . Separate 
measurements of this group in cores 9 and 10 have been undertaken in 
order to investigate its size range at site 116 and the size range of this group 
relative to that of the remaining C. pelagictts complex. 

Another purpose was to investigate whether it was possible to discriminate 
a specific group within the C. pelagictts complex which could be assigned 
to C. pliopelagicm WISE (1973). According to WISE, C. pliopelagiws 
(6-13 f.lm) can be distinguished from C. miopelagictts (13-20 !Jm) by its 
smaller size, and from C. pelagicus by its narrower central area and broader 
rim. Specimens having a central area width occupying less than 40 % of 
the total width were considered as C. pliopelagictts, whereas those over 
40 % were considered as C. pelagictts (WISE, 1973). B UKRY (197l b) 
suggested that C. miopelagiws can be distinguished from large specimens 
of C. pelagictts by its distinctly smaller central area with respect to the 
rim area. 

Since all these forms are elliptic, the total length and wid th and the 
central area length and width have been measured in 25 specimens in each 
sample. The length of the central area relative to the total length and 
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Fig. 2. Central area length and width relative to placolith length and width 
of the Coccolithus pelagicus group. The samples and symbols used are shown 
in table 1. The open circle and the black triangle in the lower left corner 
represent C. miopelagiws. Solid bars represent the 95 % confidence intervals 
of the mean values, dashed lines the maximum and minimum values. The 
cross with a B at its centre represents "typical" C. miopelagicus (see BUKRY, 
197l b and p. 10). The arrow marked W represents the · holotype of C. plio
pelagicus (see WISE, 197 3 and p . 1 0) . 

Table I. The samples (leg/s ite/ core/section cm), and 
sy~_?bol s In fig. 2. 

SAMPLE SYMBOL 

12/116/1/3 102 • 
12/116/3/2 125 • 
12/ 116/4/3 73 t ) 
12/11 6/5/3 30 0 
12/116/9/2 125 A 

12/11 6/10/2 125 0 
12/ 11 6/15/1 75 X 
12/116/18/6 125 6 
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the width of the central area relative to the total width, both expressed in 
per cent, were calculated. The mean value, its 95 % confidence interval, 
and maximum and minimum values are shown in fig. 2. The samples used 
are listed in table 1. In his description of C. miopelagictts BUKRY (197lb) 
presented figures on how much the central area length and width varies 
relative to the total length and width. This was based on 10 individuals 
from the type material. BUKRY's result is shown in fig. 2 (the cross with 
a B at its centre). The single value of the holotype of C. pliopelagictts 
(WISE, 1973, pl. 8, figs. 1-3) is also shown in fig. 2 (the arrow marked 
W ). It a ears from fig. 2 that it is not possible to consistent! se arate 
species within t 1e . pe agictts group usmg the relationships shown in 
that figure. 

The area of the total placolith and centre have been calculated and 
plotted against each other. The samples used are listed in table 1. The 
mean value, its 95 % confidence interval and maximum and minimum 
values within each sample are shown in fig. 3. This procedure gives a 
separation between the C. pelagicttS and the C. miopelagicus groups, in 
spite of the fact that C. 1niopelagicus shows an average total length (N = 
50) at site 116 which is only 12.8 + 0.4 ~--tm (95 % confidence interval). 
The figure 12.8 ~tm should be compared with the diagnostic length of the 
species (13-20 ~tm, BUKRY, 197lb). The three type specimens of C. mio
pelagictts illustrated by BUKRY (197lb, pi. 2, figs. 6-7 and 9) show a 
mean total area of 702 ~tm2 and a central areal figure of 132 ~tm2 • The 
average total area of C. pelagicus is 124 ~tm2 and that of the C. miopelagictts 
group is 438 ~tm~ at site 116. Thus, C. pelagictts has a smaller total area 
than that of C. miopelagictts by a factor of 3.5, or by a factor of 5.5 relative 
to BUKRY's three type specimens. 

It appears from figs. 2 and 3 that none of the measured and calculated 
placolith relationships can be used to distinguish the holotype of C. plio
££,laaiqw:. (an arrow marked W in figs . 2 and 3) from the remaining~ 
pela rrictts complex. These data indicate that C. lio ela icus is not di · 
enoueh to be gjyen the status of a species. 
plwpelagictts consequently should be avoided until its status, with respect 
to C. pelagicus, is clarified. However, the possibility should not be ruled 
out that the forms WISE (1973) described as C. pliopelagicus may represent 
an ecotype of C. pelagicus. Further biometrical studies of these two mor
phovariants thus may provide valuable paleoenvironmental information. 

A linear regression analysis has been made for the C. pelagicm group 
in fig. 3 (Y = 0.22X + 5.27; r = 0.96), where all 8 points, except those 
representing C. miopelagictts, in table 1 were used. This allows an estimate 
of how much smaller the relative central area of C. miopelagictts is, com
pared to that of C. pelagictts. The distances A and A~> and B and B1 in fig. 3 
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represent this relative size reduction of the central areas. A-A1 represents 
a relative size reduction of 29 % and B-B1 represents 23 %. 

The mean placolith areas of C. pelagicus in fig. 3 appears to increase 
as a function of time. The early Miocene forms are smallest and the middle 
and late Miocene and early Pliocene forms are intermediate in size to the 
small early Miocene and large late Pliocene forms. It is noteworthy that 
no tendency can be observed between the relative abundance of C. pelagicm 
and its size variation (maximum and minimum values of total placolith 
area). An opening is developed in the central area in some specimens of 
C. pelagictts. This begins in the late early Miocene and continues throughout 
the 116 cores into the late Pliocene. In the Pliocene a small bridge across 
the central opening which is aligned with the minor axis is developed in 
some specimens. In the late Pliocene the central opening may occupy a con
siderable portion· of the central area. 

The Coccolithm doronicoides problem 

Coccolithm doronicoides BLACK & BARNES (1961) has appeared in the 
following generic combinations: Ellipsoplacolithtts doronicoides (BLACK, 

1971), Gephyrocapsa doronicoides ( BUKRY, 1973), Cyclicargolithtts domni
coides (WISE, 1973) and Crenalithus doronicoides (ROTH, 1973). Ellipso-
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placolithus is an illegitimate generic name (LOEBLICH & TAPPAN, 1966) 
and Crenalithm is a junior synonym of R etiwlofenestra (p. 56). No 
diagnoses other than that of BLACK & BARNES (1961) have been presented. 

The FAD of C. doronicoides is vaguely determined. BLACK (1971) gives 
a range encompassing the late Tertiary and Quaternary. RoTH (1974) 
reports its FAD from the late Miocene (Discoaster berggrenii Zone, DSDP 
site 231). ROTH & THIERSTEIN (1972) reports its FAD from the middle
late Miocene boundary (DSDP site 135). MciN1YRE et al. (1967) place 
its FAD somewhere in the middle Miocene. STRADNER (1972, pl. 6, fig. 5) 
and BLECHSCHMIDT (1976) report its FAD from approximately the Miocene
Pliocene boundary (Zone NN 12), whereas BUKRY in numerous volumes 
of Initial ReportS of the Deep Sea Drilling Project (e.g. vols., 2, 3, 4, 13, 
14, 32, 33) indicates its FAD in the middle Pliocene at about the NN 15-
NN 16 boundary. WISE (1973, p. 594) noted that: "C. doronicoides is not 
plotted on the range charts below the middle Pliocene, however, because 
below this level , it is impossible to distinguish it from small specimens of 
R eticulofenestra... The status of this small, nondescript, open-centered 
species is in considerable doubt because the holorype shows a proximal 
view of the specimen and no pararypes are given." This observation gives 
the clue to the whole problem. BLACK & BARNES (1961) did not provide 
any diagnosis of the distal shield or the construction of the central area on 
the distal shield, and the holorype is not informative on this critical matter. 
BLACK & BARNES themselves suggest in a remark to their diagnosis that 
probably more than one species is incorporated within the diagnosis of 
C. domnicoides . A decade later BLACK (1971, p. 614) still considered that 
several species are included in the C. doronicoides concept. MciN1YRE er al. 
( 1967) provided a description of C. doronicoides. However, these authors 
also suggest that two or more species are grouped under the name of C. 
doronicoides. Their illustrations confirm this; of three specimens referred 
to as C. domnicoides at least two of these represent different species. 

With regard to this and the fact that there is no available diagnosis or 
illustration of the disral shield or of the central area construction of the 
disral shield of C. doronicoides, which would discriminate it from about 
two or three different and legitimate species, the specific epithet doronicoides 
should be rejected in nannofossil taxonomy in order to prevent future 
confusion in that field of research, and to maintain the content of the 
species-concept as such. 

The "Cyclococcolithzts" rotula-Cyclolithella annttla-Psettdoemiliania 
lacttnosa problem 

In the same issue of Journal of Paleontology (November 1978) two 
recombinations occur of "Cyclococcolithm" rotula (KA.MPTNER, J 956). 
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LOEBLICH & TAPPAN (1978) recombine this species into the genus Cal
cidisctts KAMPTNER (1950), and HAQ & BERGGREN (1978) recombine it 
into the genus Cyclolithella LOEBLICH & TAPPAN (1963). The type species 
of Cyclolithella (C. inflexa) is characterized by having only one shield with 
a large central opening. Obviously, "Cyclococcolithus" rotula cannot be 
transferred into Cyclolithella because this species possesses two shields, 
whereas the type species of Cyclolithella is characterized by having only 
one shield. 

The fact that "CyclococcolithttS" mtula was previously referred to Cyclo
coccolithus, and Calcidiscus later was shown to have priority over Cyclococco
lithus (LOEBLICH &TAPPAN, 1978), does not a priori imply that "Cyclococco
lithm" rotula belongs to Calciclisczts. On the contrary, as noted by HAQ & 
BERGGREN, the structure and the large central opening of "Cyclococco
lithus" rotttla, when compared to the structure of the type species of Calci
discus (C. leptoporus), necessitates a transfer of "Cyclococcolithm" rotula 
into a genus different from Calcidiscus. Since no existing genus adequately 
corresponds to the construction of "Cyclococcolithtts" rotula a new genus 
(Geminilithella) is here established (p. 51 ). One previously described species 
(G. jafari n. comb.) fits into this new genus (p. 52). 

In the material from site 116 Geminilithella rotula first appears between 
cores 12 and 13, corresponding to a stratigraphic position of Zone NN 3 in 
MARTINI's (1971) nannofossil zonation. The species ranges up to core 1 
(late Pliocene). This range (NN 3-NN 16) is greater than otherwise 
observed. ]AFAR (1975) indicates a range encompassing Zones NN 5-NN 
11. The first appearance of G. rotula in Zone NN 3 at site 116 is considered 
to represent its FAD, but it is not known if the Pliocene occurrences are 
real or are due to reworking. 

Scanning electron microscopy of the species reveals that the shield ele
ments either can be straight or slightly curved. According to ]AFAR (1975, 
redescription and illustrations), the specimens of G. rotula yield a faint 
but distinctive interference pattern between crossed nicols. In the Miocene, 
at site 116, the specimens are completely invisible between crossed nicols. 
In the latest Miocene and in the Pliocene sequences a few specimens occur 
showing a faint interference pattern, but these specimens occur together with 
those which remain extinct between crossed nicols. 

Cyclolithella annulus (COHEN, 1964) Mc!NTYRE & B:E, 1967 - later 
provided with a correct ending, C. annttla, by COHEN & REINHARDT, 1968-
appears to have a construction similar to that of G. rotula, apart from the 
fact that the latter species is constructed (by definition) of two shields and 
the former species of only one shield. According to COHEN (1964), C. 
annttla has curved shield elements and a faint interference pattern. In spite 
of the slightly different interference patterns exhibited by these two species 
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(see }AFAR, 1975, pl. 8, figs. 18-23 and COHEN, 1964, pl. 3, fig. ld) 
it has not been possible to make consistent separations between these two 
species in the Pliocene at site 116. Therefore, if C. annttla is present at 
site 116 it is listed as G. rotttla in the range chart (see fig. 3 5 ). 

Dealing with C. annttla makes it pertinent to briefly review the C. 
annttla-Emiliania annula problem and consequently, the E. annttla-E 
ovata-Psettdoemiliania lacttnosa problem. 

BUKRY (197lc) recombined C. annula CO HEN ( 1964) into Erniliania 
annula. By definition C. annula is built of only one shield, whereas the 
genus Emiliania is constructed of two shields. By definition the shield ele
ments of Emiliania are !-shaped (HAY & MOHLER, 1967). This character 
is not incorporated in the original diagnosis of C. annula. Consequently, 
the difference in number of shields between Cyclolithella and Emiliania, 
and the differently constructed shield elements of these two genera makes 
the transfer of Cyclolithella annula into Emiliania incorrect. 

BUKRY (1973) considers Pseudoemiliania as being a synonym of Emiliania. 
Each shield element of E. huxleyi (type species of Emiliania) is !-shaped. 
The shield elements of Pseudoemiliania can hardly be described as !-shaped, 
and additionally, the number of slits in the distal shields of specimens 
of Pseudoemiliania show great variation (see e.g. GARTNER, 1969, SAMT
LEBEN, 1978), implying that sequences of several shield elements in speci
mens of Psettdoemiliania are tightly fitted together and not separated by 
slits. Thus, the difference in construction of shield elements of Emiliania 
and Pseudoemiliania respectively is considered to justify the established 
taxonomic status of each of these two genera (see also discussion in GART
NER, 1977). 

Furthermore, BUKRY (1973) distinguished between an elliptic and a 
circular variant of Psettdoemiliania lacunosa (GARTNER, 1967) GARTNER, 
1969, and used the name E. annula (BUKRY, 197lc) for the circular and 
established the name E. ovata for the elliptic variant. However, these variants 
cannot represent two different species because in this case (1) it has not been 
shown that these two variants form two distinct groups which can be 
accurately distinguished from each other, (2) intermediate forms between 
clearly elliptic and circular specimens frequently occur, (3) the two variants 
have almost identical stratigraphic ranges. 

Consequently, it is proposed here that P. lacztnosa is used both for circular 
and elliptic specimens of this genus, until it accurately has been shown that 
these two variants really form two distinct groups. In the case these variants 
are proven to represent two species it is recommendable to avoid the specific 
epithet annula, in order to avoid confusion with C. annula, which previously 
has been incorrectly recombined and used in the sense of circular specimens 
of Pseudoemiliania (BUKRY, 197lc and in subsequent publications). 
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An undescribed species has been observed in the Pliocene at site 116, 
belonging either to Geminilithelta or Cyclolithelta. It is present throughout 
cores 2 and 3 but not above the level of initial ice rafting in core 1 (see 
POORE & BERGGREN, 1975 ). This coccolith is ring-formed, possesses a large 
central opening, and is partly intensely bright between crossen nicols (pL 8, 
figs. 7-8). However, since the detailed structural morphology of this species 
is unknown it is not described in this paper. 

The Dictyococcites antarcticus - D. prodttctus problem 

HAQ (1976) described Dictyococcites antarctietts as a small elliptic placo
lith with a closed central area possessing a long central furrow distally from 
the Miocene at DSDP site 325 (Antarctic Continental Rise). BUKRY (1975) 
described Crenalithtts ptoductellm ( = Dictyococcites prodttctttS n. comb., see 
p. 49) from the Pleistocene at DSDP site 47 (Shatsky Rise, North Pacific) 

Table 2 . Samples (leg/sire/core/section cm), srrarigraphic levels and 
number of measured specimens (N) used in fig. 4. Numbers 1-18 refer 

ro those in fig. 4. 

No. SAMPLE EPOCH N 

12 / 11 6/1 0/4 74 Middle Miocene so 
2 12/116/9/1 7S 
3 12/ 116/8/2 so Late 
4 12/ 11 6/7/ 1 7S 
s 12 / 11 6/6/ 1 1S 
6 12 / 11 6/3 /1 3 Early Pliocene 
7 12 / 116/2/ 1 102 
8 12/116/1/1 102 Late 
9 42A/3 72/20/3 lOO Middle Miocene 

10 42A/372/14/2 99 
11 42A/372/9/4 99 Late Miocene 
12 13/132/20/4 124 Mio-Pliocene boundary 
13 13/132/13/1 12S Late Pliocene 
14 HAQ (1976, pl. 3, 

fig. 3) Middle Miocene 
1S BURKY (197lb, pl. 2, 

fig. 2) Pleisrocene 
16 KAMPTNER (1963, 

pl. 8, fig. 44) 
17 NISHIDA (1974, pl. 7, 

fig . 32) 

18 0KADA & MCINTYRE 
(1977, pl. 2, fig . 7) Recent (plankron sample) 
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Fig. 4. Mean values of placolith lengths and widths of the Dictyococcites antarcticz;s-D. pro
ductm complex. The samples used are shown in table 2. Black circles represent samples from 
site 11 6, open squares represent sites 132 and 3 72, and crosses represent literature data 
(see table 2). Numbers 1-18 refer to samples in table 2. 

as a small elliptic placolith with a virtually closed central area possessing 
a median slit distally. SACHS & SKINNER (1973) reported D. productus 
from the Pliocene and Pleistocene of the Louisiana Continental Shelf, but 
under the name Coccolithus productus. Placoliths with a closed central 
area, or a virtually closed central area, on the distal shield possessing a 
furrow or a median slit are continuously present from core 12 (early Mio
cene) to core 1 (late Pliocene) at site 116. It was estimated that the Miocene 
forms show a greater size variation than the Pliocene forms at site 116, 
which means that the smaller Miocene forms are identical in size with the 
Pliocene forms. The qualitatively estimated size difference between the 
Miocene and the Pliocene forms is one parameter which can be used to 
determine whether D. antaTcticzts and D . prodttctus are two separate species, 
or if the former species is a synonym for the latter species. Another possibility 
is to investigate the shape variation of these forms. 

In order to investigate the variation in shape of the Miocene and Pliocene 
forms, placolith length and width have been measured from two geographic 



MIOCENE-PLIOCENE NANNOFOSSILS AND SEDIMENTATION RATES 17 

regions (table 2, fig. 4). Sites 372 (Miocene) and 132 (Pliocene) are both 
situated in the Western Mediterranean (see fig. 1), and site 116 (Miocene 
and Pliocene), is situated in the NE Atlantic Ocean. 50 specimens were 
measured in each sample. The 13 points (black circles and open squares) 
in fig. 4 practically fall on a straight line (r = 0.997), whose slope (b) 
is 0.81. The slope b was calculated according to !MBRIE (1956): 

where s is the standard deviation and w and 1 refer to the placolith width 
and length respectively. When b was known the t-value was calculated 
according to RICKER (1973): 

b-1 
t = 

where N represents degrees of freedom and r is the coefficient of correlation. 
This gives a t-value of 0.06, which is not significant in this case; that is, 
there is no statistically significant shape variation in this material. Slope 
and t-values have been calculated for the Miocene and Pliocene samples 
separately. Furthermore, one Miocene and one Pliocene were randomly 
picked in order to investigate if there is a statistically significant variation 
of placolith shape within any of these samples. In the latter case b was 
calculated according to RICKER (1973): 

8log"" 
b= 

"logl 

The results from these calculations clearly indicate that the investigated 
placoliths show isometry between samples and within samples. 

The plot in fig. 4 reveals an interesting pattern, namely that the Pliocene 
forms are consistently smaller than the Miocene forms. Since the placolith 
shape of these forms does not vary with time or geographic position, the 
length alone has been measured of 100 individuals in each of 20 samples 
representing the middle and late Miocene and the early and late Pliocene 
from three geographic regions (site 116, E Atlantic, the Western Mediter
ranean region, Rio Grande Rise, SW Atlantic). The results are shown in 
fig. 5, and the samples used are shown in table 3. The samples are ordered 
chronologically. 

The mean placolith length in each sample of the Miocene group is, 
without exception, larger than 4 ~tm, and the Pliocene group is, without 
exception, smaller than 4 ~m, although the ranges may overlap. The average 
size in the Miocene group is 5.2 ~tm . The Pliocene group has an average 
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Table 3. Samples (DSDP samples: leg/ sire/ core/ section cm, CHAIN 
samples: leg-core cm) and stratigraphic levels (according ro rhis srudy) 
used in fig. 5. 100 specimens were measured at each inves tiga ted strati-

g raphic level. 

No. SAMPLE EPOCH 

12/11 6/1/ 1 102 Lare Pliocene 
2 13/132/13/1 125 

3 12/ 116/2/ 1 102 Early 
4 CHAIN 115-67 150 
5 13/ 132/16/6 52 
6 12/1 16/3/1 3 
7 CHAIN 11 5-64 75 
8 13/132/20/4 124 Mio-Pliocene boundary 

9 CHAIN 115-64 275 Late Miocene 
10 12 / 116/6/1 15 
11 CHAIN 115-64 575 
12 CHAIN 11 5-64 85 0 
13 12/11 6/7/1 75 
14 El Cuervo (Spain) 
15 42A/372/9/4 99 
16 12/1 16/8/2 50 
17 42A/3 72/14/2 99 Middle , 
18 42A/3 72/20/3 100 
19 12/ 116/9/1 75 
20 12 / 116/10/4 74 

size of 3.3 flm. The shift at the Miocene-Pliocene boundary represents a size 
reduction of about 43 %, and it occurs in less than one million years, 
between 4.5 and 5.5 Ma, both in the NE and the SW Atlantic. Future 
studies may give this shift a more precise age assignment, but the presented 
results imply that this shift can be used to determine the approximate 
position of the Miocene-Pliocene boundary in high northern Atlantic Ocean 
latitudes. 

It is judged that this sudden and prominent size reduction represents 
a distinct evolutionary event, and it can be concluded that the Miocene 
and Pliocene groups each represent one species, the former which is D. 
antarcticus and the latter D. producttts. Because of their very similar morpho
logical appearances it seems logical to assume that D. antarcticus is the an
cestor of D. prodttctus. However, the transition is so abrupt that the evolution 
appears to be consistent with the punctutated equilibrium model of evo
lution (ELDREDGE & GOULD, 1972), and is not the result of a slmv and 
gradual transition of one species (D. antanticus) into another species (D. 
productus). 



MIOCENE-PLIOCENE NANNOFOSSILS AND SEDIMENTATION RATES 19 

w __._; 3 
w 
z 
w 
u __._ , 
0 ~ 
-<r --.-- 5 _J <( 

a._ W 

= + 

= 
10 

11 
w .... 12 5 

w 13 
z 
w " u 
0 

15 

~ 16 

17 

~ 18 
0 
9 + 19 :>: 

+ 20 

2.5 30 3.5 1.0 1..5 5.0 5.5 60 6.5 7.0 7.5 8.0 
PLACOLITH LENGTH IN J.Jm 

Fig. 5 . Size and time dependent relationship between Dictyococcites antarcticus and D . 
productus. For each stratigraphic level inves tigated (table 3) the mean value, its range 
with 95 % confidence (thick bars) and two standard deviations (narrow bars) are plotted. 
Numbers 1-20 refer to samples in table 3. 

The Miocene-Pliocene Reticulofenestl'a problem 

Introduction. The reticulofenestrids in the North Atlantic constitute an 
important part of the Miocene and Pliocene nannofossil assemblages. Six 
previously described species have been, on a qualitative basis, recognized 
from site 116. One of these species, R. daviesi, is present only in limited 
numbers in the early Miocene, and is therefore excluded from the following 
discussion. The five remaining species are: R. gelidus (GEITZENAUER, 1972) 
BACKMAN, 1978, R . haqii BACKMAN, 1978, R. mimtta ROTH, 1970 (see 
also HAQ, 1971, who reported the occurrence of R. minuta ROTH and 
Prinsius minzttzts HAQ; the latter species is here considered to be a junior 
synonym of R. minttta), R. mimttula ( GARTNER, 1967) HAQ & BERGGREN, 

1978, p. 1190, R . psettdoumbilica (GARTNER, 1967) GARTNER, 1969. 
The variation in morphology of these five species is considerable, both 

in any particular stratigraphic layer and through time. Examination of 
samples from different oceanic regions indicate that they also show a con
siderable geographic variation at certain stratigraphic levels. No problems 
generally exist in making taxonomic identifications of some of the specimens 
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from site 116, because, in each sample, it is generally possible to find 
some specimens showing great conformity with established species descrip
tions and the type specimens associated with these descriptions. In analyses 
of relative abundances of species it is necessary to identify all specimens 
in a sample, but it was found that many forms could not be identified 
because they were intermediate between the ideal representatives of the 
different species. Various statistical methods have been applied here to 
better define the relationships between the established reticulofenestrid 
species. The main purposes have been to answer the following questions : 

L Should R. gelidtts, R. haqii, R. minuta, R. minutula and R. psettdo
ttmbilica be distinguished as separate morphospecies? Thus, do each of 
these five established species form natural morphospecies? 

2. Which variables or variable combinations are responsible for the 
morphospecific differences? 

3- How large is the variation within each morphospecies m time and 
space? 

The number of rim elements in the distal shield is generally used as 
a diagnostic character in descriptions of reticulofenestrids. These very small 
elements have to be counted by means of electron microscopy. It has been 
attempted here to find a solution to the problem of taxonomic subdivision 
within the reticulofenestrids by use of light microscopy. But, in 25 specimens, 
the rim elements were counted to determine the relationship between rim 
element numbers and placolith length (fig. 6). An almost straight-line 
relationship exists between these two parameters (r = 0.99) . The number 
of rim elements thus increases as a function of increasing placolirh length. 
Placolith length is a character which can be easily measured by use of the 
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Fig. 7. Measured parameters in genus Reticttlo
fen estra. xl = placolith length, x2 = placolith 
width, x3 = central opening length , x4 = central 
opening width, x5 =collar thickness. 
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light microscope and consequently, the rim element number is omitted 
from further analysis because it does not provide any additional information. 
Instead, five other variables were measured on each specimen: maximmn 
placolith length and width, maximmn central opening length and width, 
and thickness of the collar surrounding the central opening on the distal 
side (fig. 7). The collar was measured along the short axis of the placolith. 
Collars narrower than 0.5 ~~m are given a thickness value of 0.25 ~tm 

because of insufficient resolution at these small sizes. If it was suspected 
that extreme variants were not incorporated into the random sample, the 
sample was further scanned in order to obtain estimates of maximum and 
minimum sizes. Only specimens having a horizontal orientation relative 
to the smear-slide were measured. It is assumed that these procedures do 
not affect the various statistical parameters in a significant way. All measure
ments were made under phase contrast conditions at a magnification of 
X1000. Pliocene samples younger than the FAD of Pseudoemiliania lactmosa 
(3.3 Ma) were not analyzed because of difficulties in making accurate 
separations between small- and medium- sized reticulofenestrids and P. 
lactmosa in the light microscope. 

Principal component analysis (analysis 1). Initially, a multivariate statis
tical analysis was carried out on the basis of variables X 1-X5 (fig. 7) in 
order to determine which variables are significant in distinguishing the 
reticulofenestrids. The first analysis was based on 900 reticulofenestrid 
specimens of varying sizes from late Miocene and early Pliocene strata from 
the northeastern Atlantic (site 116) and the southwestern Atlantic (Rio 
Grande Rise). The samples used are listed in table 4. The CHAIN material, 
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Table 4. The samples (DSDP samples: leg/sire/core/section cm, CHAIN 
samples: leg-core cm) used and number of specimens measured (N) in 

each sample for the principal component analyses. 

CUMULA-
SAMPLE N TIVEN 

12/116/2/3 101 200 200 
12/116/3/2 99 250 450 
CHAIN 115-64 750 150 600 
CHAIN 115-67 550 150 75 0 
CHAIN 115-67 150 150 900 

which was provided by Woods Hole Oceanographic Institution, has pre
viously been studied by HAQ & BERGGREN (1978)_ They reported two 
variants of R. pseudoumbilica, R. pseudoumbilica typica, Reticulofenestra 
spp. and R. minuta (the last species was referred to as Dictyococcites 
minutus). The CHAIN material thus was considered suitable for comparisons 
with the material from site 116. The objective of the principal component 
analysis (see e.g. COOLEY & LOHNES, 1971 for the mathematical back
ground) was to analyze the relationships among variables X 1-X5 , and 
to determine whether the problem could be presented in fewer dimensions 
accounting for a major portion of the variance in the five-dimensional space. 

First principal component (Y1). The first principal component accounts 
for 82.5 % of the total variation_ The loadings for X 1-X5 ranges between 
-0.41 and -0.48 (table 5). This component is therefore associated with 
variation in general size of the placoliths (see ]OLICOEUR & MosrMANN, 
1960, GouLD, 1967); large placoliths, with regard to length and width, 
have larger central openings and thicker collars. The similarity in loadings 
indicates isometric relationships for these five variables (independence of 
size and shape). 

Second principal component (Y~) . This component explains 12.9 % of 
the total variation. It shows a negative relationship between X 3 and X 1 

on one hand and X~ on the other (table 5). Morphovariants with thick 
collars and small central openings are therefore contrasted with morpho
variants with thin collars and large central openings. 

Plots of the first two principal components (Y 1 and Y 2 ) show that the 
specimens cluster into two different groups (fig. 8); one is generally marked 
by placoliths larger than 5.0 ~tm and the other by placoliths smaller than 
5.0 ~tm. The reason why only two clusters were obtained is probably due 
to the fact that the intra- and inter- sample variation is extensive because 
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Table 5. Results of principal component analyses of the samples shown in table 4. Tht> 

parameters X1-X5 are shown in fig. 7. 

Analysis 1 

Principal 
yl y 2 

components 
y3 y 4 y5 

Eigenvalues 4. 12247 0.64503 0.13571 0.08556 0.01124 
Percentage 82 .5 12.9 2.7 1.7 0. 2 

Cumulative 82.5 95.4 98. 1 99.8 100.0 
percentage 

x1 - 0.48 0.19 - 0.48 0.01 - 0.71 

X z - 0.48 0.19 - 0.49 - 0.06 0. 70 
X3 - 0.45 - 0.44 0.23 0. 75 0.04 

x4 - 0.42 -0.57 0.23 - 0.66 - 0.03 

x5 - 0.41 0.64 0.65 - 0.07 - 0.00 (2) 

Analysis 2 

Principal 
z1 Zz z3 Z.t z 5 components 

Eigenvalues 2.78702 1.6801 6 0. 32961 0.152 70 0.05050 
Percentage 55.7 33.6 6.6 3.1 1.0 
Cumulative 55.7 89 .3 95.9 99.0 100.0 
percentage 

x1 -0.55 0.24 - 0.34 0.12 - 0. 71 

X2 - 0.54 025 -0.41 - 0.04 0.69 
X3 -0.43 - 0.4 7 0.38 0.66 0.10 

X-! - 0.42 - 0.50 0.20 - 0. 73 - 0.07 

X5 - 0.23 0.64 0.73 - 0.12 0.01 

the analyzed specimens represent both different geographic regions and 
stratigraphic levels. 

Approximately 500 specimens are smaller than 5.0 ~tm, and they show 
a practically even distribution among the samples in table 4. Two of these 
small specimens possess collars which range in size between 0.5 and 1.0 ~tm, 
and 23 specimens smaller than 5.0 ~m have a collar thickness of 0.5 ~m. 

All these 25 specimens represent the CHAIN samples. That is, approximately 
95 % of these 500 small specimens have a collar thickness of 0.25 ~tm 

according to the definition given above (p. 21). This implies (1) t~at the 
collar thickness, among placoliths smaller than 5.0 ~m, is an unsuitable 
character for the present purposes (see question 2 above, p. 20) and 
(2), that the morphospecific differences in small-sized reticulofenestrids 
(smaller than 5.0 ~tm) are preferably derived from the total size/central 
opening size relationship. 
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Fig. 8. Computer plot of the first two principal component scores. Y 1 represents size, 
which increases to the left. Y 2 represents central opening size and collar thickness, which 
are negatively correla ted. An increase in central opening size (downwards) is associated with 
decreasing collar thickness (see table 5). 

The collar thickness shows a considerable variation among placoliths 
which are equivalent with or larger than 5.0 ~1m. Approximately 400 
specimens range in size between 5.0 and 10.0 ~1111, and they show a practi
cally even distribution among the samples in table 4. This group was 
analyzed separately by principal component analysis in order to investigate 
whether this analysis would generate axes that are more sensitive to inter
specific differences than the previous analysis. 

Analysis 2. This analysis was based on approximately 400 specimens 
which are equivalent with or larger than 5.0 ~tm. The principal components 
extracted from the correlation matrix of variables X 1-X;; are shown m 
table 5. 

First p1·incipal component (Z1) . This component explains 55.7 % of 
the total variation and it is mainly related to variables X 1-X4 . The loading 
for X 5, only about as half as large as those of the other variables, is con
sidered insignificant. Thus, Z1 primarily represents size variation in placolith 
size and central opening size independently of the collar thickness. 

Second ptincipal component (Z2 ) . This component accounts for 33.6 % 
of the total variation, and the cumulative percentage for zl and z~ is 
89.3 %. z2 shows the same pattern as in the previous analysis; that is a 



MIOCENE-PLIOCENE NANNOFOSSILS AND SEDIMENTATION RATES 25 

negative correlation between the size of the central opening (X3 and X~) 
and the collar thickness (X5 ). As a consequence, the collar size/ central 
opening relationship among the larger rericulofenestrids may be represented 
by one of these variables, namely the easily measurable central opening 
size (X3 and X 4). A plot of component scores for Z1 and Z 2 (nor presented 
here) shows a homogeneous distribution of specimen points. Like in the 
previous analysis, it is believed that the aggregation of samples could have 
blurred existing interspecific differences. 

Summary of the principal component analysis 

1. Variation in five morphomerric variables may be represented by two 
principal components accouring for more than 89.3 % of the total variation. 
2. The first two components represent overall size. 
3. Plots of the first two principal component scores (Y1 and Y2 ) cluster 
into two separate groups. One group is characterized by specimens larger 
than 5.0 flm and the other by specimens smaller than 5.0 flm. 
4. The collar thickness in placoliths larger than 5.0 ~tm may be expressed 
by the size of the central opening because of negative correlation between 
these variables shown by the second principal component. 
5. The variation in placoliths smaller than 5.0 ~un is best expressed by 
differences in placolith size and central opening size. This is due to the 
fact that the collar is very thin in these small specin1ens and the light micro
scope resolution prevents their accurate measurements. 
6. Points 4 and 5 above indicate that the intra- and inter- specific variation 
of Miocene and Pliocene reticulofenestrids can preferentially be interpreted 
in terms of placolith size and central opening size. 
7. It is not possible to make separations of rericulofenestrids at the species
level using principal component analysis if the investigated material re
presents a mixture of different stratigraphic levels or different geographic 
regions. 

A nalyses of placolith and central opening sizes of Miocene-Pliocene 
reticttlofenestrids 

bztrodttction. It appears from the principal component analyses that the 
variation within the reticulofenestrids can be expressed by analysis of their 
overall size and the size of the central opening. Two principal questions 
thus remain to find answers for: (1) can each of the five described species 
(see p. 19) be distinguished as a morphospecies, or are some of them 
simply one species, showing such wide structural variation that morpho
logic end members of one species have been referred to as different species? 
(2) How great is the variation with in each discerned species through time 
and space? 
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Table 6. Samples (DSDP samples: leg/ site/ core/ section cm, CHAIN samples: leg-core 
cm) used for measurements and calculations of central opening and placolith areas of species 
in the genus Retic1dofenestra. N represents number of measured specimens in each sample. 

The results are shown in figs. 9-23. 

SAMPLE N EPOCH/SERIES REF. GEOGRAPHICAL POSITION 

12/116/12/3 125-127 75 Late early Miocene ~~8 NE Atlantic 
41/366A/20/2 107-108 :..:::: 0' ..... E Eq. :-::::: < .,.....I 
12/116/9/2 149-150 Middle middle Miocene Q ~ ~ NE 
41/366A/16/1 100-101 a3 < :.§, E Eq. 
12/116/8/2 50-51 100 Middle-late Miocene boundary 

CIJ N >-
NE '<t-o 

42A/3 72/9/2 149-150 
0.. • 0 
<!.1 ..... w Mediterranean V 'q< V) 

12/116/6/2 146-147 Middle late Miocene 0 .. ~ NE Atlantic "' ~ 
CHAIN 115-64 750 lj.-<~ SW 
12/116/5/1 50-51 75 Late late Miocene 

._. N" . 

NE 0 ~ .. f!2 
12/116/4/2 101-102 100 Mio-Pliocene boundary ~mO\ NE 

~ -
12/116/3/2 99-100 250 Early Pliocene 0 v) --- NE 
CHAIN 115-67 550 150 ea z SW tx: ;> Ill 

3/ 16/5/1 90~91 75 
• «: 

South-central Atlantic ti (.!) 

12/116/2/3 ·~ <!.1 (.!) 

101-102 200 Middle Pliocene ·- ~ NE Atlantic 
2 "' 

CHAIN 115-67 150 150 .5 0..>0 SW 

An additional 850 speomens of Miocene and Pliocene rericulofenesrrids 
have been measured from an extended pool of stratigraphic levels and geo
graphic regions, in order to obtain answers on these two questions. This 
makes a total of 1750 specimens distributed in 15 samples (table 6). Eight 
of these samples are from site 116 because this study is focused on the 
Miocene and Pliocene cores from that sire. The numbers of specimens 
measured vary between samples, but the sample-size is in no case less than 
75 specimens. The largest sample-sizes are in those samples which show 
the widest reticulofenestrid variation. 

The measurements were used to calculate the total placolirh area and 
the central opening area. These parameters are plotted against each other 
in each sample separately in order ro obtain improved resolution of the 
size-distributions. By using these two parameters eventual shape variation 
of the placoliths and central openings will be accounted for in the plots. 

Results. The results are ordered chronologically, starting with the oldest 
samples. Each separate sample, its approximative age and geographic position 
is listed in table 6. 

Late early Miocene. Both the high latitude (1) and the low latitude sample 
(2) show relatively homogeneous size-distributions (figs. 9 and 10), but the 
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Fig. 9. Size rela tionship between placo
lirh and central opening areas in R eticulo
fenest~a. Sample number encircled, cf. table 
6. Late early Miocene, si re 116. The spe
cimens are referable to Retiwlofenestra 
pseudoumbilica. 
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low latitude reticulofenestrids are on the average larger than the high latitude 

specimens, both with respect to total placolith CX1 = 66 ~tm2, X 2 = 88 ~~m2 ) 
and central opening area (Y1 = 9 [.1m2

, Y2 = 10 [.tm2
) . The size ranges of 

the clusters in figs. 9 and 10 suggest the presence of only one species in 
these samples. The size relationship between placolith and central opening 
area of this species fit only one of the five critical species, namely R. psettdo
ttmbilica. These early variants of R. pseudoumbilica are smaller both with 
respect to the placolith size and the central opening size if compared to the 
type specimens of R. psettdoumbilica; of which the type level ranges in 
age from late Miocene to early Pliocene ( G ARTNER, 1967, BRYANT & PYLE, 

1965). 
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ber encircled, cf. table 6. Late early 

Miocene, sire 366. All specimens 
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1 pseudoumbilica. 
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Middle middle Miocene. The low latitude sample ( 4) shows two relatively 
distinct clusters (A and B in fig. 11). The size relationships of the specimens 

in cluster B fit those of R. pseudottmbilica (X4 = 86 ~1m 2, Y 1 = 12 ~1m2). 
The mean central opening size thus has increased slightly in this sample 

compared with the Y -value in sample 2 (10 ~~m~) from the same locality. 
There is no significant difference in mean placolith size between the speci-

Fig. 12. Size relationship between pia
eolith and central opening areas in R eti
culofenestra. Sample number encircled, 
cf. table 6. Middle middle Miocene, sire 
11 6. All specimens are referable to R eti
culofenestra psettdoumbilica. 
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Fig. 13. Size relationship between placolith and central opening areas 
in Reticulofenestra. Sample number encircled, cf. table 6. Middle-late Mio
cene boundary, site 11 6. The specimens are referable to Reticttlofenestra 
pseudoumbilica and R. gelidus (X > 140m2, Y < 9m2). 

mens in cluster B of sample 4 and the specimens in sample 2. The specimens 
in cluster A in sample 4 (fig. 11) show a mean placolith size of 33 f.Ln1

2 

and a mean central opening of 5 ~tm2• The size range exhibited by the 
specimens in cluster A indicates that these specimens belong to a species 
different from R. psettdottmbilica. The appearance and size relationships 
exhibited by the specimens in cluster A agree well with those exhibited 
by the type specimens of R. minutula (GARTNER, 1967). 

The site 116 sample (3) from the middle middle Miocene shows an 
essentially homogeneous size distribution (fig. 12). It appears that only one 

species is present in this sample, namely R. pseudoumbilica. (X~ = 90 [!m2
, 

Y3 = 9 [!m2
) . The low latitude specimens of R. pseudoumbilica show a 

considerably larger average central opening (about 25 % ) compared with 
the high latitude representatives of this species in the middle middle Miocene, 
although the high latitude forms have a slightly larger average placolith 
size (approximately 5 % ). 
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Fig. 14. Size relationship between placolith and central opening areas in R etiwlofenestra. 
Sample number encircled, cf. table 6. Middle-late Miocene boundary, sire 3 72 . The 
specimens in cluster B are referable to R eticulofenestra pseudoumbilica and R. gelidus (X 
> 140 f.lm 2, Y <9 !1m2), whereas those in cluster A are referable to R. minutula (upper part ) 
and R. haqii (Y <4 f~m2) . 

Middle-late Miocene bottndm-y. A pronounced change in reticulofenestrid 
size distribution patterns occurs at site 116 between sample 3 and sample 5 
(figs. 12 and 13). That is between cores 8 and 9 at this site. Many specimens 
in fig. 13 show the same size range exhibited by those in fig. 12, but larger 
specimens, having proportionally larger central openings, are also present. 
Many of these larger specimens agree exactly with the type specimens of 
R . pseudo11mbilica. A few specimens in fig. 13 form a group which is cha
racterized by large placolith size ( > 140 ~tm2 ) and comparatively small central 
openings ( < 9 f.lm 2

) . The size relationships and appearance of the specimens 
in this group show great conformity with those exhibited by the type speci
mens of R. gelidtts (see GEITZENAUER & H UDDLESTUN, 1972). Obviously, 
it is impossible to discriminate R. pseudottmbilica from R. gelidus using 
placolith size only, since there is an even transition of specimen points 
along the X-axis (fig. 13). 

Sample 6, which represents a middle latitude position (Western Mediter
ranean)', has two interesting clusters, one (B) with large specimens which 
is rather similar to that occurring in sample 5 (fig. 13 ), and another (A) 
characterized by small specimens which reproduces the size distribution 
pattern of cluster B (fig. 14). The specimens in cluster B can be assigned 
to R. psettdoumbilica; the three-four specimens in the lower right in cluster 
B are possibly referable to R. gelidtts. The specimens in the lower right 
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Fig. 15. Size relationship between placolith and central opening areas in R eticulofenestra. 
Sample number encircled, cf. table 6. Middle late Miocene, si te 116. The specimens are 
referable to Reticula fenestra pseudoumbilica and R. gelidus (X > 140 f.lm2, Y <8 f.lm2). The 
specimens at the extreme left are possibly referable to the R . haqii-R. minutula group. 

in cluster A (fig. 14) show close affinity to the type specimens of R. haqii 
(see BACKMAN, 1978), whereas the specimens in the upper part in cluster 
A are very similar to the type specimens of R. minutttla. 

Middle late Miocene. The specimens in the extended lower right part of 
the cluster in fig. 15 have placolith sizes greater than approximately 140 
~tm2, and these specimens are identical with the type specimens of R. 
gelidus . The major part of the specimens in fig. 15 have placolith sizes 
which vary between 60 and 140 ~m2 and central opening sizes which are 
generally smaller than 12 ~m2 • A few specimens at the extreme left in 
fig. 15 fit the descriptions of R. haqii and R. mintttula respectively. However, 
the size relationships between these two species on one hand and R. pseudo
umbilica on the other are not conclusive in this sample. 

Two clusters appear at this time increment in sample 8 (fig. 16) from 
the SW Atlantic. Cluster A in sample 8 reiterates the appearance of cluster 
A in sample 6 (fig. 14), but the specimens in sample 8 are larger than 
those in sample 6. The specimens in cluster B in sample 8 also reach very 
large sizes. Obviously some factor favouring large reticulofenestrid sizes 
influenced this locality in the middle late Miocene. The size distribution 
in cluster B of sample 8 (fig. 16) is essentially homogeneous. Consequently, 
it is not possible to distinguish between R. pseudottmbilica and R . gelidttJ 
in this sample, although some of the specimens in cluster B show very good 
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Fig. 16. Size relationship between placolith and cenrral opening areas in Reticttlofenestra. 
Sample number encircled, cf. table 6. Middle late Miocene, CHAIN 115. The specimens 
in cluster A are referable ro Retie11lojenestra haqii (Y < 4 ~Lm2) and R. minuttda (Y>4 ~Lm2), 
whereas those in cluster B are referable to R. pseudoumbilica and R. gelidus (X > 140 fLm2, 
Y<S fLm2). 
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Fig. 17. Size relationship between placolith and cenrral opening areas in Retiwlofenestra. 
Sample number encircled, cf. table 6. Late late Miocene, si te 116. The specimens in cluster 
A are referable to Reticulofenestra haqii and R. minutula, those in cluster B to R. pseudo
ttmbilica. The specimen at point C is referable to R. gelidus. 
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Fig. 18. Size relationship between placolirh and central opening areas 
in Reticulofenestra. Sample number encircled, cf. table 6. Miocene
Pliocene boundary,. site 11 6. The specimen at p oin t A is referable to 

Reticttlofenestra minttta, the specimens in clus ter B to R . haqii and 
R. minutula, whereas the specimen in clus ter C are referable to R . 
pseudoumbilica. 

agreement in appearance with the type specimens of R . gelidtts. The 
specimens in cluster A are referable to both R. haqii and R. minutula. 

Late late Miocene and Miocene-Pliocene boundary. The nannofossils in 
core 5 of site 116 (sample 9) are characterized by a practically monospecific 
dominance of C. pelagictts (see fig. 34), making up approximately 90 % 
of the total assemblage. Reticulofenestrids have a relative abundance of 
about 2-3 % of the total assemblage. The smaller forms ( < 60 ~tm2 ) 
completely dominate the reticulofenestrids in this sample. The larger reti
culofenestrids are in fact so rare (approximately 1 specimen/50 viewfields 
at XlOOO, where at least 50 nannofossils are present in each viewfield) 
that it may be suspected that they are reworked in this core, especially since 
the sample contains some other obviously reworked species. 

The plot of sample 9 is shown in fig. 17. Specimens in the lower right 
part of cluster A are identical with the type specimens of R. haqii, whereas 
those in the upper part are identical with the type specimens of R. mintttttla. 
If momentarily treating the specimens in cluster A as a group it can be con
cluded that it shows a prominently delayed arrival at high northern Atlantic 
latitudes, since the group is established several million years earlier at low 
and middle latitudes. Regardless of whether the specimens in cluster B 
of fig. 17 are reworked or not, they are referable to R. pseudoumbilica. 
The specimen at point C shows close affinity to R. gelidus. 
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Fig. 19. Size rela tionship berween placolirh and cenrral open ing areas w R etiC!tlofenestra. 

Sample number encircled, cf. rable 6. Early Pliocene, sire 116. The specimens in clusrer A 
are referabl e ro R eticulofenestra minuta (X<20 ~tm~) , R. haqii \20 < X <60 ~tm2, Y<4 
~tm~ ) and R. mintttula (20 < X <60 ~tm" , Y>4 ~tm2 ) . The specimens in cluster B are refer 
able ro R. pseudomnbilica and possibly ro R. gelidus (Y <S ~tm2) . 

The dominance of C. pelagicm has decreased from approximately 90 % 
(see above) to about 55 % of the total assemblage in sample 10 (core 4 
of site 116, fig. 18). The reticulofenestrids occupy about 25 % of the total 
assemblage in this sample. Most of the specimens in cluster B have very 
small central openings, which is rypical for R. haqii, but a distinct lobe 
extends upwards in this cluster, indicating large central openings. The spe
cimens in this lobe are therefore referable to R. mintttttla. Point A in fig. 18 
is regarded to represent a specimen of R. minttta. The distribution of the 
specimens in cluster C (fig. 18) is essentially homogeneous, and they re
present forms referable to R. pseudo~tmbilica. The R. gelidus type of 
placoliths are not present. 

Early Pliocene. The specimens m sample 11 (core 3 of site 116, fig. 19) 
are arranged in two clusters, A and B. The lower left part in cluster A is 
characterized by very small specimens showing a concentration at around 
10 [J.m2 (placolith size). All those specimens in which the placolith is 
smaller than approximately 20 ~tm~ fit the designation of R. minttta. How
ever, there is no gap in size between these small placoliths and those of 
the larger specimens in cluster A. The specimens in the upper part of this 
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Fig . 20. Size rela tionship between placolith and central opening areas 

in Retiwlo/enestra. Sample number encircled, cf. table 6. Ea rly Plio
cene, CHAIN 11 5. Th e specimens in cluster A are referabl e to R eti
ettlofenestra min11ta, those in cluster B ro the R . haqii-R. m i111ttula group 

and those in cluster C ro R. pse11do~t~nbilica. 

cluster correspond well tO the description of R. mintttttla. The specimens 
ranging in size between 20 and 60 ~~m~ and which have central openings 
smaller than approximately 4 11m2 are referable tO R. haqii. The mean 
value of the placolith size of the specimens in cluster B (fig. 19) is 171 ~tm2 , 

and the central opening size in this cluster has a mean value of 14 ~tm~. 
It is noteworthy that the specimens in cluster B show an essentially homo
geneous distribution, and that these specimens are referable to R. psettdo
ttmbilica. 

Sample 12 from the Rio Grande Rise shows three distinct clus ters, A, B 
and C (fig. 20). The specimens in cluster A can be assigned to R. minttta. 
The coll ar has probably dissolved to some extent in some of the specimens 
in this group, rendering those specimens an unproporrionally large central 
opening ( > 4 ~tm"). It is not possible to distinguish between R . haqii and 
R . mimttttla in cluster B because the distribution of the specimen points 
in this cluster is almost homogeneous. The specimens in cluster C are 
referable to R. psettdomnbilica, bur they are considerably smaller at this 
locality which compared with those from site 116 (fig. 19), in spite of 
the fact that the specimens in figs. 19 and 20 are both of about the same 
age. 
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Fig. 23. Size relationship between placolith and central opening areas in Re
ticttlofenestra. Sample number encircled, cf. table 6. Middle Pliocene, CHAIN 
115. The specimens at A are referable to R eticulofenestra minutula, those 
at A1 to R. minuta and those at A~ to R . haqii. The specimens in cluster B 
are referable to R . pseudoumbilica and the specimen at point C to R . gelidus. 

Site 16 is situated only about 15 ° due east from Rio Grande Rise, but the 
sample from site 16 shows different size distribution patterns compared to 
that from Rio Grande Rise. The reason for this may be that these samples 
could represent slightly different ages_ However, both samples are deter
mined to represent the early Pliocene. The specimens in the upper part of 
cluster A (fig. 21) are identical with the type specimens of R. mintttttla, 
whereas those with central openings smaller than approximately 4 1J.m2 

are referable to R. haqii. The specimens in cluster B (fig. 21) are referable 
to R. pseudottmbilica. 

Middle Pliocene. Sample 14 from site 116 shows four clusters (fig. 22). 
The specimens in cluster A can be assigned to R. minuta, those in cluster 
B to R. haqii and those in cluster C to R. minutula. The specimens in the 
lower right part of cluster D which are larger than approximately 140 [J.m2 
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are referable to R. gelidus, whereas the remaining speClmens m cluster D 
are referable to R. psettdoumbilica. 

The last sample (15), from Rio Grande Rise, shows only two clusters 
(A and B, fig. 23). Specimens at A are referable to R. mimttttla, those at 
A 1 to R. mimtta and those at A 2 to R. haqii. The specimens in cluster B 
are referable to R. pseudomnbilica. The specimen represented by point C 
shows close affinity to R. gelidm. 

The results in figs. 9-23 are not unambiguous. However, a division
point appears at approximately 60 11m2 (corresponds to a placolith length 
of approximately 5 ~tm) in those samples where more than one cluster 
occur. When compared to the type specimens of the five critical species 
it appears that the specimens which are smaller than approximately 60 ~~m~ 
are referable to the R. haqii-R. minuta-R. minutula group, whereas those 
larger than approximately 60 ~tm2 are referable to the R. gelidm-R. pseudo
ttmbilica group. Samples 1 and 2 represent special cases which are discussed 
on p. 43. 

The R. pseudoumbilica-R. gelidus problem 

Reticttlofenestra gelidus was originally described from the South Pacific 
(50 °S), a few degrees north of the present Subantarctic Convergence, where 
it was the dominant species below 520 cm in core E25-11 (GEITZENAUER 
& HUDDLESTUN, 1972). The 520 cm level in that core probably represents 
the middle Pliocene. The type specimens have a mean placolith size of 
approximately 219 ~tm2 and a central opening size of approximately 6 ~~m~. 
WISE (1973) observed this morphovariant from the NE Pacific (DSDP site 
178, Alaskan Abyssal Plain, 5JD N ), occurring abundantly in core 54, 
which probably represents the late Miocene (SCHRADER, 1973, p. 323 and 
725 ). \'V' ISE described this morphovariant as CyclicaTgolithus bukryi (total 
placolith area of the holorype: 182 ~tm 2 , central opening area: htm~), 

which obviously is a junior synonym of R. gelidm. 
GARTNER ( 1967) described R. psettdomnbilica from a late Miocene

early Pliocene deposit from the Gulf of Mexico. The mean placolith and 
central opening sizes of the type specimens are 143 and 21 ~tm2 , respectively. 

The mean values of placolith sizes and central opening sizes of the R. 
pseudott?nbilica-R. gelidus group have been plotted for each investigated 
time increment (fig. 24). An interesting pattern appears if comparing the 
central opening sizes in samples which are of approximately the same 
geologic age but are situated at different latitudes; the central opening 
sizes tend to be smaller in the high latitude samples (fig. 24: samples 1 and 
2, 3 and 4, 7 and 8, 14 and 15 ). This pattern links cold temperature con
ditions with smal l central opening sizes if it is assumed that the temperature 
of the sea surface layer decreases with increasing latitudinal position. The 
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reversed relationship appears in two time increments, represented by samp
les 5 and 6, and 11 and 12 and 13 respectively. It is difficult to provide a 
satisfactory explanation to the pattern obtained in samples 5 and 6, except 
that there is a possibility that these two samples may represent slightly 
different geologic ages which would imply that they are not quite compar
able. Sample 11 represents core 3 of site 116 and samples 12 and 13 re
present southern middle latitudes. The nannofossils in core 3 of site 116 
are represented by an unusually large abundance of middle and low latitude 
forms (for instance, the scyphosphaerids show a great diversity), which 
may indicate a warming of the sea surface layer in the region of site 116 
during accumulation of core 3. Thus, the sea surface temperature may have 
been higher at high northern latitudes (site 116, sample 11 ) than at southern 
middle latitudes (site 16 and Rio Grande Rise region, samples 12 and 13) 
during early Pliocene times. 

Specimens referable to R. pseudoztmbilica occur in all samples, whereas 
those referable to R. gelidus occur in samples 5, 6, 7, 8, 11, 13 and 14. 
In samples 5, 7 and 14, the specimens which are referable to R. gelidtts 
form relatively distinguishable areas with regard to those formed by R. 
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pseudomnbilica. The pattern in sample 6 is rather uncertain since it is only 
based on four specimen points. These distinguishable areas in samples 5, 
7 and 14 have in common that they are formed of specimens larger than 
approximately 140 ~tm2• Samples 8, 11 and 13 contain abundant placoliths 
exceeding 140 f.lill 2 in size which are practically indentical with the type 
specimens of R. gelidus, but in spite of this the specimen points are rather 
evenly distributed within the critical clusters in these samples. Samples 5, 
7 and 14 represent the high latitude site 116, whereas samples 8 and 13 re
present southern middle latitudes. Disregarding sample 11 (site 116) mo
mentarily (see p. 42) the qualities of the R. pseudottmbilica-R. gelidm 
group can be summarized in the following way: 

1. Smaller central opening sizes are associated with high latitude samples. 

2. The morphovariant R. gelidtts can be discriminated from R. pseudo
ttmbilica solely due to differences in central opening size, but only in 
those cases where the placoliths exceed approximately 140 ~1m2 in size 
(samples 5, 7 and 14). 

3. In the samples showing placolith sizes exceeding 140 ~tm2 (samples 5, 
7, 8, 13, 14), the morphovariant R. gelidm can only be discriminated in 
the high latitude samples (5, 7, 14) in spite of the fact that many placoliths 
in the middle latitude samples (8, 13) show identical size relationships 
and look exactly like the type specimens of R. gelidm. 

The patterns obtained in the above mentioned samples and the above 
qualities of the R. psettdoumbilica-R. gelidus group make it reasonable 
to propose that R. gelidtts is junior synonym of R. pseudoumbilica, but opens 
two additional questions : what is the reason for the size-distribution patterns 
in the high latitude samples 5, 7 and 14; in which there are clear gaps in 
central opening sizes among the larger placoliths? Why do these gaps not 
occur in the middle latitude samples? 

WINTER et al. (1979) demonstrated from living assemblages the occur
rence of seasonally dependent morphologic changes within a placolith-type 
species. Distinct summer and winter morphovariants of Emiliania huxleyi 
were observed. The central openings become more encrusted and thus 
smaller during the winter seasons. With this in mind, and the fact that R. 
pseztdoumbilica shows a distinct tendency to produce specimens with small 
central openings at high latitudes, it is proposed that large individuals of 
R. pseztdoumbilica change their morphology and appear as the morpho
variant R . "gelidtts'' during the winter seasons, as a function of decreasing 
temperature. According to this hypothesis "normal" R. psettdomnbilica 
would re-appear every summer season (provided the temperature increase 
during summers reached the critical level for development of "normal" R. 
pseudoumbilica). 
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Thus, rephrasing the questions asked above: why can the winter forms 
be discriminated from the summer forms in the high latitude samples? Why 
cannot the winter forms be discriminated from the summer forms in the 
middle latitude samples? An attempt will be made to explain this in terms 
of the qualities of latitudinal and annual temperature changes in oceanic 
surface layers. 

At present, the greatest annual temperature vananons in oceanic surface 
layers are found in the North Atlantic and the North Pacific, and the rate 
of the spring warming increases as a function of increasing annual variation 
in the surface temperature (DIETRICH, 1963, p. 174-175). This implies 
that the temperature transition from winter to summer is smoother in 
middle latitudes compared to high northern latitudes. Assuming that large 
individuals of the species R. pseudoumbilica favour production of the R. 
"gelidtts" type of placoliths during winters in middle latitudes, the com
paratively smooth temperature transition in middle latitudes will stimulate 
a production of nwnerous intermediate forms between the two extremes: 
those with large central openings and those with very small central openings. 
The rapid seasonal temperature shifts in surface waters at higher latitudes 
thus provide an unfavourable condition for production of intermediate 
forms between the two extremes. Consequently, the winter forms of R. 
pseudottmbilica can only be discriminated from the summer forms in the 
oceanic regions which are characterized by rapid seasonal temperature shifts. 
Furthermore, the first time the winter forms (R. "gelidus") can be dis
criminated from the summer forms at site 116 (sample 5, middle-late 
Miocene boundary) consequently indicates the initiation of increased sea
sonality at this location and an increase in latitudinal temperature gradients 
in the North Atlantic. These arguments are consistent with the results of 
BucHARDT (1978), who investigated oxygen isotope variations in Tertiary 
shelf dwelling molluscs from the North Sea area. His results indicate a 
pronounced drop in temperature in this region just at the middle-late 
Miocene boundary. 

Since the winter forms of R. pseudoumbilica can be discriminated from 
its summer forms at site 116 during times characterized by comparatively 
large annual temperature differences this justifies a short review of the 
representation of the winter forms in the late Miocene-middle Pliocene 
cores at this site. The winter form can be discriminated in cores 6 and 8 
(figs. 15 and 13). It is assumed that the North Atlantic surface temperatures 
were lower during the period of time represented by core 6 than during 
that of core 8 due to higher relative abundances of C. pelagictts in core 6 
(see HAQ et al., 1976). It cannot be excluded that the extremely rare occur
rences of large reticulofenestrids in core 5 (fig. 17) are present only because 
of reworking (p. 3 3 ). Core 5 is characterized by its extremely high relative 
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abundance of C. pelagicus and it is likely that the sea surface temperatures 
were low enough during this period of time, even during the summer 
seasons, to have caused an exclusion of R. pseudoumbilica from the nanno
fossil assemblages at the high latitude site 116. That is to say, the (cold) 
temperature conditions which prevailed in the region of site 116 during 
late Miocene times prevented R. pseudoumbilica from entering this high 
latitude locality. A pronounced decrease in relative abundance of C. pelagicus 
is observed in core 4 when compared to core 5, and R. psettdoumbilica is 
again re-established as a common member of the nannofossil assemblage 
in core 4 . However, the R. pseurlomnbilica specimens which are present 
do not exceed the 140 ~tm2 limit, which may explain why the winter forms 
cannot be discriminated from the summer forms in this sample. The size 
requirement for appearance of the R. "gelidus" placolith-type is fulfilled 
in core 3, but this stratigraphic level probably represents a warm period 
of time in the region of site 116 (p. 39. These warm conditions probably 
favoured a production of numerous intermediate forms between the typical 
summer and winter forms, respectively, in accord with the reasoning outlined 
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above. But, in core 2 (fig. 22) the winter forms can again be discriminated 
from the summer forms, indicating an increased seasonality at site 116 during 
the period of time represented by core 2 (compared with core 3). The 
pattern is not particularily pronounced in core 2 as compared to that in 
core 6 (figs. 22 and 15), possibly indicating more moderate annual seasonal 
changes in temperature during middle Pliocene times than during the middle
late Miocene. Core 2 of site 116 represents an age of about 3.3 Ma (BACK
MAN, 1979), which is coincidental with the closing of the Central American 
seaway (SAITO, 1976, KE!GWJN, 1978). This tectonic event increased the 
flow intensity of the Gulf Stream (BRUNNER, 1978), which brought warm 
high saline waters and humid air to the JE Atlantic Ocean (BERGGREN & 

HOLI.ISTER, 1977). Upon entering these regions the warm high saline 
waters evaporated, and precipitated, very likely in parr as snow in nearby 
land masses. This would increase the albedo which would accentuate the 
seasonality in high northern latitudes at about this time and thus explain 
the occurrence of distinct winter forms in core 2 of site 116. Soon after
wards, at about 3.2 Ma, R. pseudomnbilica disappear from the world 
ocean, and core 2 is the last core at site 116 where this species is present. 

The size variation of R. psettdomnbilica in samples 1-15 (table 6) is 
shown in fig. 25. Mean values, their 95 % confidence intervals and maximum 
and minimum values are presented. Point A in fig. 25 represents the mean 
val ues of the total placolith and central opening sizes of the type specimens 
of R. pseuclottmbilica (see GARTNER, 1967). The difference in central 
opening size between the type specimens and the specimens investigated in 
this study is probably due to the fact that the latter group represents pri
marily middle and high latitude forms (characterized by small central 
openings ), whereas the former group represents subtropical forms. 

The smallest specimens referable to R. psettdomnbilica are observed in 
samples 1 and 2 (figs. 9 and 10), where several specimens range in size 
between 40 and 60 flm". These samples represent the late early Miocene. 
In the remaining (younger) samples this species is larger than approximately 
60 ~tm2, which corresponds to a placolith length of approximately 5 rtm. 
This result is consistent with an observation made by BUKRY (1973, p. 663), 
who noted that large specimens of R. psettdomnbilica first appear at ap
proximately the early-middle Miocene boundary. Finally, if R. psettdo
ttmbilica is definea as a rericulofenestrid species larger than approximately 
5 ~un in placolith length, then this species has a distinct extinction datum 
in the middle Pliocene at approximately 3.2 Ma. The present writer has 
observed a group of smaller reticulofenestrids, for instance in core 1 of 
site 116 and at the 100 and 85 cm levels in CHAIN 115-67, which 
survive R. psettdottmbilica into the late Pliocene. This group is referable 
to the R. haqii-R. minttta-R. mintttttla complex. 
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The R. haqii-R. minuta-R. minutula problem 

Specimens referable to R. minttta are present in samples 11, 12, 14 and 
15, whereas specimens referable to R. haqii and /or R. mintttttla are present 
in samples 4, 6, 8, 9, 10, 11, 12, 13, 14 and 15. Samples 11 and 15 show 
an even transition of specimen points between those referable to R. minuta 
on one hand and the R. haqii-R. mintttula group on the other. These 
two groups form distinctly separated clusters in samples 12 and 14. The 
relationship between R. minttta and R. haqii-R. minttt11Za is thus not 
particularily clear. However, taking into account (1) that R. min1tta is 
reported to have a stratigraphic range from the early Oligocene (ROTH, 
1970) to the late Pliocene (this study), when this species is defined as being 
smaller than 3 [lm and (2), that the R. haqii-R. mintttttla group first 
appears in the middle Miocene (this study), when this group is defined 
as ranging in size between 3 and 5 ~tm, it seems reasonable to propose that 
R. minttta should retain its present taxonomic status. A placolith length 
of approximately 3 [lm corresponds to a placolith size of approximately 

20 ~m2• 
The distribution of placolith and central opening sizes within the R. 

haqii-R. minutula group (see above mentioned samples and associated 
figures ) shows some consistent tendencies. First, the group ranges in placolith 
size between approximately 20 and 60 [lm2 (3-5 ~tm). Secondly, those 
ranging in size between approximately 20 and 35 ~m12 commonly are rather 
evenly distributed along the Y-axis, whereas specimens larger than approxi
mately 35 ~tm2 are separated due to differences in central opening size. 
On the basis of the investigated material the central opening fractionation 
appears to occur at about 4-4.5 ~m2 (1.5 ~tm in length of the central 
opening). Specimens which are larger than 20 ~tm2 and show a central 
opening size larger than 4--4.5 flm~ fit the size relationships of the type 
specimens of R. mintttuia, whereas those possessing central openings smaller 
than 4-4.5 ~tm2 agree with the type specimens of R. haqii. 

Obviously, the investigated parameters do not provide an unambiguous 
solution to the R. haqii-R. mimttttla problem. The latitudinal dependency 
of size relationships between R. haqii and R. minutula can only be deter
mined in samples 11 and 13 (early Pliocene) and 14 and 15 (middle 
Pliocene). The results are thus not conclusive with regard to the taxonomic 
status of R. haqii and R. minutula. The reason for this is three-fold, namely 
(1) the sample pool of the present investigation is too small, (2) the obtained 
size distribution patterns cannot be used for making unambiguous separations 
of the two morphovariants and (3), the patterns obtained suggest that it 
would be premature to lump these two morphovariants into one species. 
Consequently, it is proposed that they should continue to be considered 
as two separate species. Future, more comprehensive, studies of the size 
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relationships of R . haqii and R. minutula, in samples representing both 
different latitudes and stratigraphic horizons, will more definitely reveal 
their taxonomic interrelationship. 

In order to separate R. haqii from R. rnint<tula at present it is proposed 
that the separations are made according to criteria which are consistent 
with their respective type specimens and the results of this study. Thus, 
specimens ranging in size between approximately 3 and 5 ~tm in placolith 
length (approximately 20-60 ~un2) and 0.5-1.5 f.tm in central opening 
length (approximately 0.5-4.5 fliD 2 in central opening area) are referred 
to as R. haqii. Specimens showing the same placolith size range as R. haqii. 
( 3-5 ~tm) but possess central opening lengths greater than 1. 5 ~tm ( > 4. 5 
~tm2 ) are referred to as R. mintttttla. Reticulofenestrid placoliths smaller 
than approximately 3 f.IID ( < 20 [.tm2

) are referred to as R. minuta. 

The Sphenolithus morifonnis-S. abies- S. neoabies problem 

Sphenolithtts moriformis, S. abies and S. neoabies have partly overlapping 
stratigraphic ranges at site 116. Both S. moriformis and S. neoabies have 
a roughly hemispherical outline in side-view. The former species ranges 
from the Paleocene into the Miocene (BRAMLETTE & WILCOXON, 1967), 
and these authors noted that the apical part of S. mo1'iformis gradually 
becomes more conical in the Miocene. They also suggested that this species 
evolves into S. abies, which is definitely established in the late Miocene. 
BRAMLETTE & WILCOXON (1 967, pl. 3, figs. 1-6) illustrated early Miocene 
specimens of S. mMijo1'mis showing a size of about 7-8 flm. It is note
worthy that ROTH et al. (1 971), in a morphological study of sphenoliths, 
came to the same conclusion as did BRAMLETTE & WILCOXON regarding 
the evolution of S. morifo·rmis into S. abies. 

BUKRY & BRAMLETTE (1969) noted in a remark to their description of 
S. neoabies that this species has a construction very similar to that of S. 
mo1'ifo rmis, but that the latter species is considerably larger. The size of 
S. neoabies varies between 2 and 4 [liD according to BUKRY & BRAMLETTE 
(1969) . Obviously, it may be difficult to make consistent differentiations 
between these three species, and then especially in the middle Miocene in 
which all three forms, as well as intermediate forms, are reported to occur. 

Sphenolithm 11wrijormis is present throughout the interval between 
cores 18 and 8 at site 116, and no specimens referable to S. abies or S. 
neoabies were observed in that interval. But there is already a slight change 
in the small, roughly hemispherical, sphenoliths in the bottom of core 7. 
Specimens of S. m oriformis, identical to those occurring in cores 18 through 
8, were present also in core 7. But some other specimens also were present 
in core 7, showing a more spiny apical part. This second group dominates 
the sphenoliths up to core 2 where this group disappears. These are iden-
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rified as S. neoabies (partly due ro the srratigraphic extension of the group), 
whereas S. morifonnis is not observed above core 7 except for one specimen 
in core 4. In addition, the first S. abies specimens were observed in core 7. 

or a single specimen of S. mori/oTmis in the Miocene at sire 116 reaches 
7-8 ~tm, which is the size of this species in the illustrations shown by 
BRAMLETTE & WILCOXO (1967) from a tropical locality. Thus, since 
specimens of S. moriformis are much smaller at sire 11.6 when compared 
with those from low latitude regions, and size is the factor which primarily di
scriminates between S. moriformis and S. neoabie.r, measurements have 
been undertaken at six different Miocene levels in order to investigate if 
there is a time dependent size fractionation of the hemispherical sphenoliths 
at sire 116. The heights of 2 5 individuals were measured at one level in 
each of cores 6, 7, 8, 9, 12 and 18. Cores 5 through 2 contained very rare 
sphenoliths and these cores were omitted. 

The results are shown in fig. 26. In cores 8 through 18 S. moriformiJ 
has an average height of approximately 3 ~tm . Typical S. mm'iformis and 
S. neoabies were judged to be present in core 7. These show an average 
height of approximately 2.5 ~un. The forms in core 6, in which typical 
S. m01#01·mis was absent, have an average heigh t of approximately 2 ~tm. 

The difference of the hemispherical sphenoliths between cores 8 and 6 
thus represents a size reduction of about 30 %. Size apparently can be 
used to separate S. moriformis fram S. neoabies also in the high latitude 

Torth Atlantic Ocean, which is consistent with the observations made by 
BUKRY & BRAMLETTE ( 1969). 

Some specimens of the S. morijo1·mis population grade towards a more 
conical outline in cores 8 and 9, whilest others keep their roughly hemi-
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spherical outline. The most distal elements of the more conical forms in 
cores 8 and 9 are not extended parallel ro the median axis, which is the 
specific character separating S. abies from S. morifo1'mis (ROTH et al., 1971), 
and these conical forms in cores 8 and 9 are therefore identified as S. mori
fo1'mis. Spbenolitbm verensis is another late Miocene-early Pliocene spheno
lith species occurring rarely at site 116, which can be misidentified as S. 
abies. See ROTH et al. (1971, pl. 5, fig. 7) and MARTI NI (1976, pl. 9, 
fig. 2) for illustrations of S. abies and PERCH-NIELSEN (1972, pl. 17, fig. 6) 
for an illustration of S. veremis BACKMAN (1978). 

B. S y s t e m a t i c p a 1 e o n t o 1 o g y 

Genus Coccolitbtts ScHWARTZ, 1894 

Coccolitlm.r fmws n. sp . 

HOLOTYPE. - Pl. 2, fig. 8 

DERIVATION OF NAME. - Latin: fztsctts - darkbrown, refer ring to the 
darkbrown colour of the specimens when observed under phase contrast. 

D IAGNOSIS. - Small elliptic species of Coccolithus with a central pore 
and sligthly curved sutures on the distal shield. 

DIME SIONS OF THE HOLOTYPE. - 2.6 ~1m 

TYPE LOCALITY AND TYPE LEVEL. - DSDP site 116, 12/l16/9/3 101 

TYPE REPOSITORY. - G.I. N P. 1 

DESCRIPTION. - The species is elliptic m outline and has a central pore 
on the distal shield. The elements are bent in a proximal direction at the 
centre of the distal shield, forming the central pore with vertical smooth 
walls . The distal shield consists of approximately 10 to 20 elements which 
show slight imbrication and curved sutures. The placolith length varies 
between 2 and 5 ~~m in the investigated material. 

REMARKS. - Coccolithm fttScztS does not appear bright between crossed 
nicols in the material from site 116. Its tiny size makes it difficult to observe 
in normal light. In phase contrast at high magnifications (XlOOO) it has 
a distinct darkbrownish appearance. Almost nearly circular specimens have 
been observed. Coccolithm crater, ROTH, 1970 shows affinity ro C. fusctts, 
but the latter species has curved sutures between the elements of the distal 
shield whereas the former species has straight sutures and , additionally, 



48 ]AN BACKMAN 

fewer rim elements. Coccolithus radiatus KAMPTNER, 1955 (= C. pataecus, 
GARTNER, 1967) is larger, has approximately 15-25 rim elements in 
the distal shield and has a characteristic interference pattern between crossed 
nicols (distal shield bright with straight extinction bands) . ]AFAR (1975) 
provided an adequate description and illustration of C. radiatus. BUKRY 
(197la, pl. 4, fig. 1) showed an excellent electron micrograph of C. fuscus 
under the name Coccolithus sp. from an early Miocene deposit in the 
equatorial Pacific. 

OcCURRENCE. - Coccolithus fuscus is a consistent but rare member of 
the nannofossil assemblages from core 18 (early Miocene) to core 1 (late 
Pliocene) at site 116. Since reworking has affected the Miocene-Pliocene 
sequence at site 116 the exact stratigraphic range of this species must be 
considered as uncertain. 

Genus Dictyococcites BLACK emend. BACKMAN 

EMENDED DIAGNOSIS. - Elliptic placoliths with a closed central area m 
line with the distal shield. 

DESCRIPTION. - The elliptic placoliths of specimens in this genus have 
a large central area which is closed or virtually closed in line with the distal 
shield. The distal shield is bright between crossed nicols. The rim elements 
of both shields can be imbricated or non-imbricated. The central area of 
the distal shield frequently shows a median slit or furrow, or a minute pore. 
The large central area of the proximal shield is occupied by a grid of 
calcite bars meeting along the major diameter of the ellipse in well pre
served specimens. This character may take the form of a reticulate or lacy 
net, but it is frequently destroyed by dissolution or mechanical breakdown. 

REMARKS. - This emendation of Dictyococcites is justified for several 
reasons. BLACK (1967) described and typified the genus Dictyococcites, but 
he did not provide any description or illustration of the distal shield or 
its central area. This led several workers (e.g. STRADNER & EDWARDS, 1968, 
ROTH, 1970, HAQ, 1971 ) to regard Dictyococcites as a junior synonym of 
Reticulofenestra. Furthermore, BLACK ( 1968, p. 800) recombined the type 
species he had designated for Dictyococcites into Tremalithtts. In a later 
publication BLACK (1971, p. 614) suggested that Dictyococcites probably 
is a synonym of Tremalithtts, which was described by KAMPTNER (1948). 
But, Tremalithus is an illegitimate name (LOEBLICH & TAPPAN, 1966). 
Obviously, the status of Dictyococcites sensu BLACK must be considered to 
be in considerable doubt. 

There are mainly two reasons for retaining the generic name Dictyo
coccites. First, it is still frequently in use and secondly, it is also frequently 
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used in the sense of the emended description, which clearly separates taxa 
of this genus from those of Reticttlofenestra. 

Dictyococcites prodttcttts (KAMPTNER) n. comb. 

BASIONYM. - Ellipsoplacolithtts prodttcttts KAMPTNER, 1963, P- 172, pl. 8, 
figs. 42, 44 

SYNONYMS. - Gephyrocapsa prodttcta (KAMPTNER) BUKRY, 197la 
Coccolithtts prodztcttts (KAMPTNER) SACHS & SKINNER, 

1973 
Crenalithtts prodttctellus BUKRY, 1975 
Crenalith?tS parvttl tts subsp. tecticentmm OKADA & MciN
TYRE, 1977 

REMARKS. - The closed central area which is in line with the distal side 
of the elliptic placoliths of this species indicates that it belongs to Dictyo
coccites. Ellipsoplacolithtts is an invalid generic name (LOEBLICH & TAP
PAN, 1966). The species cannot be referred to Gephyrocapsa since it does 
not possess a bar crossing an open central area on the distal side_ SACHS & 

SKINNER (1973) recombined this species into Coccolithtts because of its 
supposed relationship with Coccolithtts doronicoides. However, the status 
of C. doronicoides is in considerable doubt and the specific epithet doroni
coides is rejected in this study (p. 11). The supposed relationship between 
D. p1·oductus and C. doronicoides, which SACHS & SKINNER advocated, is 
consequently not considered meaningful by the present writer_ BUKRY (1975) 
provided an adequate description of this species under the name Crenalithtts 
prodttctelltts. However, Crenalithrts is a junior synonym of R eticttlofenestra 
(p_ 56), and the specific epithet p1"0dttctelltts is a junior homonym of producttts. 
BUKRY (1975) specified the size range of D. productus as ranging between 
3 and 8 flm. This estimate differs from all available information of the size 
range of this species (KAMPTNER, 1963, 2.7-2.9 flill, SACHS & SKIN
NER, 1973, 2.7-2.9 flill , all specimens shown by NrsHIDA, 1970 and 
NrsHIDA & KONDA, 1974 are smaller than 3.5 ~tm, OKADA & Mc l NTYRE, 
1977, 1.5 [!ill, this study, fig. 4). BUKRY's holotype (see BUKRY, 197la) 
is only 3.2 [!ill. Thus, D. productus does not appear to exceed a placolith 
length of approximately 3.5-4.5 ~tm. 

Dictyococcites producttts exhibits two kinds of extinction patterns in the 
central area when viewed between crossed nicols. The most common pattern 
appears as a straight continuous extinction band along the median slit, which 
is sharply bent at the periphery of the central area. In some specimens, 
however, no such extinction band is present when the specimen is orien-
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tared in the position which otherwise gives a straight continuous extinction 
band along the major axis. In geologic material it is hardly possible to 
determine whether this two-fold extinction pattern system is the result of 
natural variation or if it results from diagenetic effects. Dictyococcites pt"o
ducttts is most easily distinguished from other small placoliths between 
crossed nicols, since those taxa with which D. pt"oductus can be confused 
have an opening or a pore in the central area which is easily discernable 
between crossed nicols. 

Dictyococcites hesslandii (HAQ) HAQ & LOHMANN, 1976 

SYNONYMS. - ETicsonia hesslandii HAQ, 1966 
Reticulofenestt"a hesslandii (HAQ) RoTH, 1970 
PTinsius hesslandii (HAQ) HAQ, 1971 
Dictyococcites sctippsae BUKRY & PERCIVAL, 1971 

REMARKS. - The elliptic placoliths of this species have a virtually closed 
central area which is in line with the distal shield. A minute pore is present 
in the central area of the distal shield. The pore is not large enough relative 
to the size of the central area to suggest that D. hesslandii belongs to Reti
culofenestta, since placoliths belonging to Reticttlofenestt"a are characterized, 
on the distal side, by a prominent central opening surrounded by a collar 
structure. Dictyococcites hesslandii shows straight extinction bands which 
radiate from the central pore and are sharply bent at the periphery of the 
central area. The early Miocene (cores 18-13) representatives of D. hess
landii are rather small (3-5 ~tm). In the late early Miocene (cores 11 and 
12) the size variation is greater (3-8 fAID). This change is associated with 
a considerable qualitative and quantitative reorganization of the nannofossil 
assemblage between cores 13 and 12. Q_ictyococci[E. herrlandii. can be con
fused with D. antanticus. The extinction bands of D . hesslandii radiate 
from th; visible or obscured QSJr~, whereas specimens of D . antarcticus show 
a straight extinction band along the major axis which occupies at least one 
half of the total length of the elliptic central area. Specimens can be obser
ved which have extinction patterns intermediate between those exhibited 
by typical and well preserved specimens of D. hesslandii and D. anta1'Cticm 
respectively. The central areas of these specimens which show intermediate 
extinction patterns usually are damaged or are affected by diagenesis. Dictyo
coccites hesslandii is a consistent member from core 18 up to core 7 at 
site 116. Sporadic occurrences above core 7 are considered to represent re
worked specimens. 
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Genus Geminilithella n. gen. 

TYPE SPECIES. - Geminilithel!a rotula (KAMPTNER, 1956) 

DERIVATION OF NAME. - Latin: gemini - double or twin, referring to 
the double-shielded appearance of the specimens in this genus. 

DIAGNOSIS. - Circular placoliths with two flattened shields connected by 
a central tube. Large central opening. 

DESCRIPTION. - The placoliths of the genus Geminilithella are built of 
two circular discs which are equal or almost equal in size. The discs are flat 
and connected by a central tube. The individual elements in the discs are 
commonly straight and radially arranged, but they can also be slightly 
curved. The appearance of the specimens between crossed nicols varies 
between showing a faint interference pattern with straight or slightly curved 
extinction bands and not showing any interference pattern. The tube forms 
a large central opening. A ring or collar structure surrounds the central 
opening, as observed in normal light. 

REMARKS. -The major part of calcareous nannofossil placoliths are weakly 
dome-shaped, which is probably an adaption to the spherical shape of the 
coccosphere. Placoliths with relatively flat shields cannot be included in genera 
characterized by dome-shaped placoliths. The type species of Geminilithella, 
G. rotula, has previously been referred to Cyclococcolithm, which is a sy·· 
nonym of Calcidiscm (see LOEBLICH & TAPPAN, 1978). HAQ & BERGGREN 
(1978) noted that G. rotula cannot be referred to Cyclococcolithtts (read 
Calcidiscm) because of structural differences between G. rotula and the 
type species of Calcidiscus (C. leptoportts). These differences include: diff
erent size relationships between the two shields, different shape of the 
shields (G. rotula has flat shields whereas C. leptoporus has dome-shaped 
shields), different construction of the central area. Thus, there are obvious 
reasons to place G. rotula in a genus different from Calcidiscus. It is also 
obvious that G. rotula cannot be referred to Cyclolithella since this genus 
by definition only consists of one disc, but Geminilithella otherwise shows 
some affinity with Cyclolithella. It is not either suitable to place G. rotttla 
in the genus Umbilicosphaera. The status of this genus is questionable because 
LOHMANN (1902) originally characterized the placoliths in this genus as 
possessing proximal shields larger than the distal shields. MciNTYRE & BE 
( 1967) demonstrated that the type species of Vmbilicosphaera (V. mirabilis) 
changes the size relationships of the shields as a function of temperature. 
This implies that only some specimens of the type species V. mirabilis can 
be referred to Umbilicosphaera. CoHEN & REINHARDT (1968), in recog
nizing the observation made by MciNTYRE & BE, provided an emended 
diagnosis of the genus Umbilicosphaera (LOHMANN, 1902) REINHARDT, 
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1968, to incorporate all circular placolith species. This emended diagnosis 
is unfortunate and has not been received as an appropriate solution to the 
problem, since placoliths with highly different constructions, optical be
haviour and stratigraphic ranges would be included in one giant, vaguely 
defined genus. Regardless of this, the construction of placoliths belonging 
to G. mtztla and U. mirabilis respectively is different enough to warrant 
the placing of these two species in different genera. 

O CCURRENCE. - The two species transferred into Geminilithella (see 
below) are reported from many Miocene and Pliocene localities. 

Geminilithella rotztla (KAMPTNER) n . comb. 

BASIONYM. - Cyclococcolithzts mtttla KAMPTNER, 1956, p . 7 

SYNONYMS.- Calcidisczts rotztla (KAMPTNER) lOEBLICH & TAPPAN, 1978 
Cyclolithella rotztla (KAMPTNER) HAQ & BERGGREN, 1978 

R EMARKS. - For reasons outlined above (p . 12 and 51) this species has 
to be transferred into a genus which adequately corresponds to its con
struction. 

OCCURRENCE. - Geminilithella mtztla has its first appearance in the 
early Miocene (NN 3) at site 116. It ranges throughout the Miocene and 
possibly into the Pliocene. 

Geminilithella jafari (MULLER) n. comb. 

BASIONYM. - Umbilicosphaera jaja1·i MULLER, 1974, p. 394, pl. 1, fig. 3 

SYNONYM. - Cyclococcolithus stradneri ] AFAR, 1975 

REMARKS. - The type specimens of this species (MULLER, 1974, pi. 1, 
figs. 1-3) clearly show the flat-shielded appearance and that the central 
opening is comparatively large. This species has been discussed previously 
at length by }AFAR (1975) and HAQ & BERGGREN (1978). 

OCCURRENCE. - This species first appears in the late early Miocene and 
ranges into the Pliocene at site 116. HAQ et al. (1976) considered this 
species as being important from an biogeographical point of view. 

Genus H elicosphaera KAMPTNER, 1954 

SYNONYM. - H elicopontosphaera H AY & MOHLER, 1967 

REMARKS. - Species of the genus H elicosphaera are consistent but in
frequent members of the nannofossil assemblages in the Miocene and Plio-
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cene sequences at site 116. All species observed are described previously. 
Many specimens of H. carteri and H. granulata have their terminal flanges 
damaged in the study material, especially in cores 10 and 11. A close 
examination of the damaged specimens frequently reveals that the part 
of the shield which is next to the terminal flange is also damaged. In 
many of the damaged specimens the break in the terminal flange is distinct 
enough to give an impression of being a natural character; it probably 
occurs along a suture between two elements. The size of the terminal 
flange varies considerably in specimens of H. carteri and H . granulata. In 
cases it does not extend beyond the periphery of the shield. Numerous 
intermediate forms between those having a large and a reduced terminal 
flange have been observed. Many small specimens of H. carteri and H . 
granttlata exhibit a general outline which shows affinity to that of H. orien
talis BLACK, 1971. But they differ clearly from H. orientalis between 
crossed nicols (see ]AFAR, 1975, p. 77-78, pl. 9, figs. 19-21), insofar 
as their terminal flanges become bright in certain positions and, further
more, they commonly do not possess such a distinct extinction band along 
the major axis of the central area as that displayed by H. orientalis. 

A very small (3--4 fAm) helicosphaerid species has been observed to 

occur as a rare member of the nannofossil assemblages in the Miocene (cores 
10 and 11). This species matches the description of H. minima MARTJNJ 
in MARTJNJ & MOJSESCU, 1974. The species was originally reported to have 
a restricted stratigraphic range in the early Oligocene_ It is therefore con
sidered to be reworked into these cores which is consistent with the fact 
that other Oligocene components are present in cores 10 and 11. The pre
sence of H. rhomba in the late Miocene at site 116 1s considered to be a 
result of reworking, since this species otherwise has a restricted range in 
the early middle Miocene (HAQ, 1973). 

Genus Pontosphaera LOHMANN, 1902 

REMARKS. - HAY et al. (1966) defined pontosphaerids as: "Coccolitho
phores bearing simple shallow lopadoliths with a continuous elliptical wall", 
and stated that Discolithtts is a commonly used synonym of Pontosphaera. 
LOEBLICH & TAPPAN (1963) suggested the name Discolithina instead of 
Discolithtts. Discolithina is here considered to be a synonym of Pontosphaera. 

A few pontosphaerid species occur sporadically in the Miocene and Plio
cene sequences at site 116. They do not exceed 1 % of the total assemblage 
at any level. Their preservation is generally poor to moderately good, fre
quently showing signs of having been affected by secondary overgrowth 
of calcite. 
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Pontosphaera anisotrerna (KAMPTNER) n. comb. 

BASIONYM. - Discolithtts anisotrema KAMPTNER, 1956, p. 6 

SYNONYM. - Discolithina anisotrema (KAMPTNER) BRAMLETTE & WlL-
coxoN, 1967 

REMARKS. - ] AFAR (1975) provides a good description of this species and 
a comprehensive synonomy. The forms in the early Miocene at site 116 
agree well with }AFAR's description. 

OccURRENCE. - This species has been observed as a rare member of the 
nannofossil assemblages in the early Miocene at site 116. }AFAR (1975) 
observed it in the late middle Miocene from the southeast Asia. 

Pontosphaera attentttatus (KAMPTNER) }AFAR, 1975 

REMARKS. -}AFAR (1975) gives a thorough description and a comprehen
sive synonomy of this species. Sporadic occurrences of this species were 
observed in the early Miocene and the late Miocene at site 116. This 
species appears to be somewhat smaller at site 116 (10-15 11m) compared 
to the size range observed by }AFAR (up to 20 flm). 

Pontosphaera jonesi (BoUDREAUX & HAY) n. comb. 

BASIONYM.- Crassapontosphaera jonesi BouDREAUX & HAY, 1969, p. 273, 
pl. 5, fig. 17 

REMARKS. - The genus Crassapontosphaera was described by BoUDREUAX 
& HAY (1969) and their diagnosis includes the following: "Lopadoliths 
with an elliptic base, and a low wall formed by inclined laths, distal margin 
granular". This diagnosis is practically identical to that of the genus Ponto
sphaera (see above), but, the expressions "inclined laths" and "distal margin 
granular" are not included in the diagnosis of Pontosphaera. These two 
characters ("inclined laths" and "distal margin granular") probably do not 
represent natural characters. Instead, these characters may originate from 
post-depositional changes affecting this kind of nannofossils. Thus, Ct·assa
pontosphaera is here considered to be a junior synonym of Pontosphaera. 
However, BoUDREAUX & HAY described a species ("Crassaponto.rphaera" 
jonesi) which shows very close affinity to a pontosphaerid species occurring 
in the Pliocene sequence at site 116. This species was originally reported 
from the late Pliocene. 
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Genus Py1'0Cyclm HAY & TowE, 1962 

DESCRIPTION. - The coccoliths of this genus are composed of a single 
shield with a central opening. There is a prominent central depression 
surrounding the central opening on each side of the coccolith. A collar
structure built of plates is present in one of the sides of the coccolith, pre
sumably the distal side. The outermost margin is invariably brighter than 
die central parts of the coccolith when viewed between crossed nicols. 

REMARKS. - HAY & TowE (1962) established this genus on the basis 
of observations of one species, which they named P. inve1'Stts. ROTH & HAY 
in HAY et al. (1967) described another species, P. hermosus, belonging to 
this genus. o other species have thereafter been referred to this genus. 
The type specimens of the two species were ill ustrared with transmission 
electron micrographs. BUKRY (1971b) illustrated a species with light micro
graphs, which he named Coccolithtts ? otangensis. This species was ob
served in the early Miocene at site 116. In order to investigate the detailed 
morphology of C. ? orangensis a study of one particular specimen of C. ? 
otangensis was undertaken by the present author, combining light micro
scope and scanning electron microscope techniques. The result clearly in
dicates that C. ? orangemis belongs to Pyrocycltts. Three species of Pyro
cycltts have been observed in the Miocene and Pliocene sequences at site 
116: an elliptic species with a small central opening - P. inversus HAY 
& TowE, 1962, an elliptic species with a large central opening, - P. her
mostts ROTH & HAY in HAY et al., 1967, and an almost circular species with 
a small central opening- P. orangemis (BUKRY) n. comb. (see below). 

They have in common that they are composed of two sets of elements. 
The main bulk of the coccolith body consists of a single cycle of elements. 
Each element is roughly wedge-shaped in cross-section. The top of the 
"wedge" forms a flattened solid outer wall, and the elements of this outer 
wall show strongly inclined sutures. The shield is thus thickest at its peri
phery. Because of the wedge-shape, a central depression is formed around 
the central opening on both the proximal and the distal side. A second set 
of elements is present in one of these central depressions, here considered 
to represent the distal side of the coccolith. These elements lies as radially 
elongated plates in the central depression. In contrast to what is said in 
HAY & TowE's (1962) description, the present writer has not observed any 
tendency for them to be imbricated. These plate-like elements do not extend 
all the way ro the periphery of the coccolith. This character is important 
since it gives the coccolith a narrow, collarless margin and members of this 
genus a characteristic appearance when viewed between crossed nicols. Taxa 
of this genus are bright between crossed nicols except for the curved ex-



56 ]AN BACKMAN 

tinction bands; the outermost (collarless) margin of the coccoliths is, how
ever, more intensely bright compared to the central parts of the coccoliths. 

OccuRRENCE. - This genus range from the early Eocene (HAY & TowE, 
1962) into the late Pliocene (this study). Members of this genus are il
lustrated by several authors: in the middle Eocene from the SW Pacific 
(EDWARDS & PERCH-NIELSEN, 1975, pl. 10, fig. 10), in the late Oligocene 
and early Miocene from the Pacific and the Atlantic (BUKRY, 1971b, 
Coccolithtts ? orangensis), in the early Pliocene from the equatorial Pacific 
(MARTINI, 1976, pi. 9, fig. 3 ), in the middle Pliocene from the Mediter
ranean (STRADNER, 1973, pl. 14, fig. 5), in the late Miocene and early 
Pliocene from the SW Atlantic (HAQ & BERGGREN, pl. 1, figs. 39--40) . 
Specimens of this genus are infrequent members of the nannofossil assem
blages in the Miocene and Pliocene sequences at site 116. 

Pyrocyclm OTangenis (BUKRY) n. comb. 

BASIONYM. - Coccolithus ? orangensis BUKRY, 1971 b, p. 312, pl. 2, 
figs . 10-11 

REMARKS. - The description and illustrations of the holotype clearly 
indicate that this species is assignable to Pyrocyclus. It was described as 
being elliptic but the specimen designated as holotype is essentially circular. 
Perfectly circular specimens are rare at site 116, but almost circular spe
cimens are continuously present in the assemblages of the early Miocene. 
The considerable difference in stratigraphic range between the almost cir
cular specimens and those which are distinctly elliptic suggests that each 
of these forms represents a species. The distinctly elliptic forms is referred 
to P. inversus, in accordance with HAY & TowE's (1962) description. The 
form which is almost circular is referred to P. orangensis, in accordance 
with BUKRY's (1971 b) illustration of "Coccolithus ?" o1·angensis. Pym
cyclus hermostts ROTH & HAY, 1967 possesses a distinctly larger central 
opening when compared with the central opening sizes of P. inversm and 
P. orangensis. 

Genus Reticttlofenestra HAY, MOHLER & WADE, 1966 

SYNONYM. - Crenalithrts RoTH, 1973 

REMARKS. - ROTH (1973) established the genus C1·enalithus using the 
following criteria: 

1. The specimens of this genus are small (the type species show a placolith 
length of approximately 4 fAm) 
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2. The elements of the shields are non-imbricated or only slightly imbricated 
3. The margins of the shields are serrated 
4. The distal shield is bright when viewed between crossed nicols 
5. The central area is open 

A comparison of these Crenalithus diagnostic characters with those of 
Reticulofenestra gives the following result: 

1. Size: Two reticulofenestrid species (R. haqii and R . minutula) occupy 
the size range shown by the type species of Crenalithus. Consequently, 
size does not discriminate specimens belonging to Crenalithus from those 
belonging to Reticulofenestra. 

2. Imbrication: Miocene placoliths of R eticulofenestra and Dictyococcites 
commonly have imbricated rim elements, whereas placoliths from the 
Pliocene generally show non-imbricated or only slightly imbricated rim 
elements. The type level of the genus Crenalithus is the Pliocene. Thus, 
the imbrication criterion of the rim elements is not sufficient to dis
tinguish specimens belonging to Crenalithus from those of Reticulofenestra. 

3. Serrate shield margins: All placoliths, regardless of generic affiliation, 
have more or less serrated shield margins. According to the present 
author's experience, this character can be accentuated in Pliocene speci
mens (compared with Miocene specimens) of Reticulofenestra and Dic
tyococcites. This may indicate either that the increasingly serrated margins 
represent an evolutionary trend or that the pertinent Pliocene specimens 
are better preserved than the Miocene specimens. The relative develop
ment of serrated shield margins is otherwise an unfortunately chosen 
diagnostic character because it is easily changed by diagenetic effects. 
It can obviously not be used to distinguish Crenalithus from R etiwlo
fenestra and Dictyococcites. 

4. Optical behaviour: The distal shield of specimens belonging to Reticttlo
fenestra and Dictyococcites are invariably bright between crossed nicols. 
Consequently this phenomenon cannot be used to distinguish Crenalithm 
from Reticulofenestra and Dictyococcites. 

5. Open central area: According to the diagnosis of the genus Reticula
fenestra this genus is partly characterized by its large open central area. 
This character can therefore not be used to distinguish Crenalithus from 
Reticula fenestra. 

Furthermore, the type species chosen by ROTH shows a collar surrounding 
the central opening. The collar is exposed distally but not proximally. This 
character is included in the diagnosis of R eticulofenestra. Crenalithm lacks 
a reticulate or lacy net spanning the central opening which is mentioned 
as a diagnostic feature of Reticulofenestra. However, taking into account 
(1) that this structure is of very restricted use because it is extremely delicate 
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and is very easily destroyed by dissolution and mechanical breakdown, and 
(2) the arguments advocated above, it is obvious that Crenalithtts is a 
junior synonym of Reticttlofenestra. 

ROTH (1973) choosed Crenalithtts do1'onicoides (BLACK & BARNES, 1961) 
ROTH as type species of C1'enalithtts. The specific epithet do1'onicoides is 
rejected here for reasons presented on p. 11. 

R eticttlofenest1'a daviesi (HAQ) HAQ, 1971 

SYNONYMS. - Stradneritts daviesi HAQ, 1968 
Dictyococcites daviesi (HAQ) PERCH-NIELSEN, 1971 

REMARKS. - Stradneritts is an illegitimate generic name (LOEBLICH & 

TAPPAN, 1970). HAQ (1971) recognized this and recombined the species 
into R eticttlofenestra. In the same year PERCH-NIELSEN (1971) recombined 
the species into Dictyococcites, and provided two electron micrographs of 
the species. The status of Dictyococcites in its original sense (BLACK, 1967), 
which is the sense used by PERCH-NIELSEN, is discussed on p. 48. However, 
R. daviesi cannot be incorporated in Dictyococcites according to the emended 
diagnosis of this genus (p. 48). HAQ's (1971) transfer of this species into 
R eticttlofenestra appears adequate. 

OCCURRENCE. - HAQ (1968, 1971) and PERCH-NIELSEN (1971) report 
this species from Eocene and Oligocene deposits in northern Europe. At 
site 116, R. daviesi is a relatively rare but consistent member of the nanno
fossil assemblages up to the late early Miocene. 

R eticttlofenestra minuta RoTH, 1970 

SYNONYMS. - Prinsitts m inttttts HAQ, 1971 
Dictyococcites minutus (H AQ) HAQ, LOHMANN & WrsE, 

1976 

REMARKS. - HAQ et al. (1976) considered R. minttta to be a biogeo
graphically important species. At certain time horizons R . minttta migrates 
due to environmental changes and dominates the nannofossil assemblages 
at middle, or even high latitudes. C!TA et al. (1978, p. 1010, fig. 5) display 
an excellent illustration of such a R . minttta dominated assemblages in a 
Miocene deposit from the Western Mediterranean. 

OccuRRENCE. - HAQ & BERGGREN (1978) give the species a stratigraphic 
range from the early Eocene into the Pliocene. This species occurs spora
dically in the Miocene sequence at site 116, but is a common member of 
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the nannofossil assemblages in the Pliocene at site 116, into the late Pliocene 
(core 1)_ 

Reticula fenestra minutttla (GARTNER) HAQ & BERGGREN, 1978 

SYNONYMS. - Gephyrocapsa 1·eticztlata NISHIDA, 1971 
C1·enalithus doronicoides (BLACK & BARNES) ROTH, 1973 
Reticulofenestra reticztlata (NISHIDA) NISHIDA & KONDA, 
1974 

REMARKS. - This species has its FAD in the middle Miocene in tropical 
Atlantic regions. Its upper range is not know due to the existing confusion 
with regard to the taxonomic status of Coccolithus doronicoides (see p. 
11). The specimens that ROTH (1973) designated as Crenalitlms doroni
coides perfectly fit the placolith and central opening sizes exhibited by 
R. minutula (see p. 44) . R eticulojenest1·a mimttttla have previously been 
referred to C. doronicoides, which has been observed to range into the 
middle Pleistocene (SACHS & SKINNER, 1973, PUJOS-LAMY, 1977). This 
may indicate that R. minutula ranges into the Pleistocene. This species ranges 
from the late Miocene to the late Pliocene at site 116 (it is present in 
core 1). It is important to note that R. mimttula (and R. haqii) survived 
R. pseuclomnbilica, since late Pliocene representatives of R. mintttztla (and / 
or R. haqii) have been referred to as "small R. psettdozonbilica" in the 
literature. ~t can be hazardous to attempt to dis~inguish between R . mintttttla 
and Pseztdoemiliania le1 nosa in the light microscope. ~he only character 
distinguishing these two species appears to be the slits between the shield 
elements of P. laczmosa. These two species can only be accurately disting
uished from each other by means of electron microscopy. 

R eticttlofenestra psettdoumbilica (GARTNER) GARTNER, 1969 

SYNONYMS. - Cyclicargolithtts buk1·yi WISE, 1973 
R eticulofenest·ra gelidm (GEITZENAUER) BACKMAN, 1978 

REMARKS. - This species is discussed at length on p. 38. 

Genus Sphenolithus DEFLANDRE in GRASSE, 1952 

Sphenolitlms compactm n. sp . 

HOLOTYPE. - Pl. 3, fig. 20 

DERIVATION OF NAME. - Latin: compactus - joint firmly together, 
referring to the neatly fitted arrangement of the individual crystals_ 
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DIAGNOSIS. 
its distal part. 
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A small sphenolith species with closely packed crystals w 

DIMENSION OF HOLOTYPE. - 2 f.lm 

TYPE LOCALITY AND TYPE LEVEL. - DSDP site 116, 12/116/12/ 1 80 

TYPE REPOSITORY. - G.I. NP. 2 

DESCRIPTION. - Sphenolithm compactus is a small sphenolith usually 
not exceeding 2-3 ~tm in height. The proximal elements are perpendicular 
to the base line or only slightly flaring. The apical (distal) part and the 
proximal part each constitute about one half of the total height. The 
distal part consists of irregularly arranged crystals which are joint firmly 
together. The outline is smoothly rounded distally, giving a mushroom
like appearance of this species. 

REMARKS. - This species is easily overlooked in the light microscope due 
to its small size, but, it is intensely bright when viewed betwen crossed 
nicols. Sphenolithm compactm can be distinguished from S. neoabies due 
to that the latter species has an outline of the basal ring of spines which 
is obtuse, whereas that of S. compactus is parallel in side view, and that the 
distal part of S. neoabies is more spiny than that of S. compactm. Spheno
litbm morifo1'1nis is consistently larger than S. compactus at site 116, and 
shows an obtuse basal ring of spines and has a more spiny distal part. The 
colour of S. moriformis (between crossed nicols) is usually more reddish 
compared with that displayed by S. compactm, of which the colour tends 
to be more whitish and more intensely bright. 

OCCURRE CE. - Sphenolitbus compactzts has been observed to range from 
the earlist Miocene to the middle late Miocene at site 116. 

MIOCENE-PLIOCENE-PLEISTOCENE SEDIMENTATION RATES AT 
SITE 116 

lnt-rodttction. Several Cenozoic zonations based on nannofossils have been 
established during the last decade, e.g. BRAMLETTE & WILCOXON, 1967, 
GARTNER, 1969, MARTINI, 1971, WISE, 1973, BUKRY, 1973. BUKRY 
( 1978) summarized the present state of Cenozoic nannofossil biostrati
graphy. Most of the existing zonations represent tropical or subtropical 
regions, where the nannofossil diversity is high and a high resolution bio
stratigraphy is obtained. High latitude biostratigraphy contrasts this pattern: 
the existing zonations are few and the biostratigraphic resolution is low. 
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This is primarily due to the fact that high latitude regions are characterized 
by a low nannofossil diversity and that many of the taxa are long-ranging_ 
Further, when low latitude index fossils occur they are usually infrequent 
and diachronous first and last appearances of taxa appear to be far more 
common at high latitudes than at low latitudes, indicating that high latitude 
first and last appearances in many instances are biogeographically, that is 
paleoecologically, controlled instead of directly reflecting an evolutionary 
process_ In addition, there are differences between high southern and high 
northern latitudes. A zonation from a high northern latitude cannot routinely 
be applied in high southern latitude biostratigraphy, and vice versa. Pro
blems associated with high latitude nannofossil biostratigraphy have been 
discussed by e.g. PERCH-NIELSEN, 1972, EDWARDS & PERCH-NIELSEN, 
1975, BUKRY, 1978. 

The existing low latitude biostratigraphic zonations are reasonably well 
correlated with the absolute time-scale, especially the Miocene-Recenr in
terval (THEYER & HAMMOND, 1974a, 1974b, RYAN et al., 1974, BERG
GREN & VAN CouvERING, 1974). At present no such interrelated study of 
biostratigraphy and chronostratigraphy exists for the high latitudes, re
presenting the entire Miocene-Recent interval. Thus, in order to make 
chronostratigraphic estimates of particular stratigraphic levels in high lati
tude sequences one has to use biostratigraphic markers from low or middle 
latitudes. 

It appears that biostratigraphic markers which are used in high latitude 
sequences must be restricted tO those which represent evolutionary events 
and not biogeographic or paleoecologic changes. Therefore, it is necessary 
ro use all available biostratigraphic information when evaluating the relia
bility of any particular marker fossil and its chronologic signal in high lati
tude sequences. In this study such additional biostratigraphic information 
is provided by foraminifera and to a lesser extent radiolaria. Foraminifera 
have an advantage in that it can be judged in some cases whether a specimen 
of a foraminiferal species is phylogenetically primitive or whether it re
presents a more developed stage in the living range of the pertinent species. 

In this study constant sedimentation rates are assumed for the intervals 
separating the bio- and chrono- stratigraphic markers which are judged 
reliable. This leads to the result that each level in the investigated sequence 
can be given a chronologic assignment and can be correlated with low 
latitude zonations. 

Cht"OnostTatigTaphic estimates at site 116. Approximately 700 m of 
sediments have been deposited since earliest Miocene times at site 116 
(LAUGHTON et al., 1972). Two holes were drilled, hole 116 and hole 
116A. The latter was continuously cored from 0 ro 99 m. This study is 
focused on the cores recovered from hole 116. Core 1 of hole 116 re-
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1 Base Calocycletta virginis Zone 
2 Globigerinita dissimilis 
3. Orbulina sutu ralis 
1.. . Neogloboquadrina acostaensis 
5. humerosa 

A. Discoaster d rugg i i 
B·.E. He I icosphaera amp! iaperta 

C. Sphenolithus heteromorphus 
0. Discoaster exi lis 
F. Helicosphaera euphratis 
G Base Cannartus petterson i Zone 
H. Globigerina nepenthes 
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Fig. 27. Biostratigraphic basis of the sedimentation rates deduced 

lfrom the 350-707 m sequence at site 11 6. Time-scale and micro

fossil zonations are adopted from BERGGREN & VAN COUVERING 

(19 74, p . 170). 

presents the 70-79 m interval and core 2 the 109-118 m interval. Each 
core in the interval between core 2 and core 11 is separated by a 41 m un
cored sequence. A 31 m sequence separates cores 11 and 12, and 41 m se
parates cores 12 and 13. The interval between cores 13 and 22 was con
tinuously cored. According to LA UGHTON et al. (1972, p. 569) core 19 
is 9 m long and has its top at 698 m, but they also referred to this core 
as being only 3 m long. It is here assumed that the bottom of core 19 is 
situated at 698 + 9= 707 m. The lowermost sample investigated in this 
study is situated at the bottom of core 18 (at approximately the Oligocene-
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Miocene boundary). The time-scale adopted is mainly based on the one 
presented by BERGGREN & VAN COUVERING (1974, p. 170). Whenever 
other sources are used they are specified. 

Several biostratigraphic markers have their first and last appearances in 
uncored sequences and their stratigraphic positions cannot be determined 
exactly. However, these are taken into account in the following discussion. 
The lower half of the 707 m sequence is presented m fig. 27. The points 
below refer to those occurring in fig. 27. 

1. The base of the Calocycletta virginis Zone occurs at the bottom of 
core 19 (BENSON, 1972). This radiolarian zonal boundary falls within 
Zone NN 1 in nannofossil zonation (see BERGGREN & VAN COUVERING, 
1974, RYAN et al., 1974). This position of the base of the C. virginis 
Zone is consistent with the results of this study because the T 1-r 2 
boundary appears to be situated some meters above the base of the C. 
virginis Zone at site 116. The foraminifera also support this posi tion for 
that boundary (LAUGHTON et al., 1972, p. 523), and consequently it is 
considered reliable. 

2. Point 2 is discussed after point 3 because the former is best discussed 
in the light of the positions of points 1 and 3. 

3. LAUGHTON et al. (1972, p. 521 ) and POORE & BERGGREN (197 5) 
considered the first appearance of 01·bulina stttttralis at approximately 513.5 
m (within core 10) to be a reliable datum event at this site. This datum 
event also defines the N 8-N 9 boundary in planktic foraminiferal zonation. 
The immediate ancestor of 0. sutttralis is represented at and below the 
513.5 m level. Other components of the foraminiferal assemblage also 
indicate a level close to theN 8-N 9 boundary (POORE & BERGGREN, 1975). 
Radiometric dating with the K/ Ar method of volcanic rocks which straddle 
the N 8-N 9 boundary gives an age between 14 and 16 Ma. The 15 Ma 
estimate suggested by BERGGREN & VAN COUVERING (1974) is adopted 
here. 

2. Approximately 200 m of sediments separate points 1 and 3. The 
question to be treated is whether there is a constant sedimentation rate 
between the two reliable points 1 and 3, or whether this interval is charac
terized by changing sedimentation rates. 

H elicosphaera ampliaperta (point B in fig. 27) has its first appearance 
wid1in core 12 at approximately 603 m. According to HAQ (1973), this 
species has its FAD in the bottom of Zone NN 2. If momentarily assuming 
that the position of the first appearance of H. arnpliaperta at site 116 
represents its FAD, this would give a sedimentation rate of 10.4 cm/1000 
years between points 1 and B in fig. 27. This rate is considered to be 
unacceptably high, which implies that the first occurrence of H . amplia
perta at site 116 does not represent its FAD and that this species shows a 
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prominently delayed arrival in the region of site 116. The nannofossil 
species diversity gradually increases from cores 13 and 14 to core 11, probably 
indicating a gradual warming of sea surface temperatures at site 116 over 
this time interval. Apparently, the temperatures at site 116 did not become 
high enough to host H. ampliaperta until the time of deposition of core 12. 

Sphenolithm belemnos does not occur at site 116, but S. heteromorphus 
(bar C in fig. 27) has its first occurrence between cores 11 and 12. The 
first evolutionary appearance of S. heteromorphus occurs somewhere in 
the upper half of Zone NN 3 (MARTINI, 1971). The absence of S. belemnos 
(to which S. heteromorphm is closely related), the apparently delayed arrival 
of H. ampliaperta and the asswned gradual warming in the critical interval 
at site 116 may indicate that also S. heteromorphzts had a delayed arrival 
at site 116. That is, the arrival of S. heteromorphus to the region of site 
116 represents a paleoecologically controlled first appearance instead of 
reflecting its first evolutionary appearance. On these grounds it may be 
concluded thar (i) the sedimentation rate cannot have been constant between 
points 1 and 3 since a constant sedimentation rate implies that the first 
occurrence of S. heteromorphzts (bar C in fig. 27) would represent its first 
evolutionary appearance and (ii), a delayed arrival of S. heteromorphm 
at site 116 indicates that the sedimentation rate curve should be situated 
somewhere to the left of bar C in fig. 27, since bar C also shows the 
approximate position of the first evolutionary appearance of S. betero
morplnts. 

The last appearance position of the foraminifer Globigerinita dissimilis 
is situated somewhere between cores 12 and 13 (LA UGHTON et al., 1972, 
p. 522). This datwn event represents the N 6-N 7 boundary and is dated 
at approximately 17.5 Ma (BERGGREN & VAN COUVERJ NG, 1974). This bio
stratigraphic marker is the only one present in the critical interval which 
gives a sedimentation rate curve situated to the left of bar C in fig. 27. 
Therefore, among the biostratigraphic markers present in the interval be
tween points 1 and 3 the last appearance of G. dissimilis is considered as 
being the most reliable one. The LAD of this species is assigned a strati
graphic position mid-way in the 4 1 m uncored sequence which separates 
core 13 from core 12 (at 630 m, point 2 in fig. 27). 

Point A at approximately 682 m in fig. 27 represents the first appearance 
of Discoaster drztggii, which defines the NN 1-NN 2 boundary (MARTINI, 
1971). The stratigraphic position of this point and its chronology are not 
considered as being precise enough to be used as a correlation point. How
ever, both its approximative stratigraphic position and its chronologic signal 
are considered to represent a supporting evidence for the reliability of the 
position and the age assignment of point 1. Box D in fig. 27. represents 
the first appearance of Discoaster exilis which occurs between cores 11 and 
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12. According to BUKRY (1978) and WISE (1973), this species has its 
first appearance within the upper half of Zone NN 4 in a temperate middle 
latitude site from the NE Pacific Ocean (DSDP site 173, 40°N). A con
stant sedimentation rate between points 1 and 3 would place the first 
appearance of D. exilis within Zone NN 3 or the lowermost part of 
Zone NN 4. Consequently, the position of the first appearance of D. exilis 
at site 116 supports the suggested sedimentation rate between points 2 and 
3. Point E represents the last appearance of H. ampliaperta at approximately 
561 m. If this point is reliable, it would indicate that core 11 is situated 
at the NN 4-NN 5 boundary which in turn would indicate that the sedimen
tation rate in the interval between points 3 and E (fig. 27) is 9.5 cm/1000 
years. It is therefore proposed that H. ampliaperta disappears prior to its 
extinction at site 116 because a sedimentation rate of 9.5 cm/1000 years 
is considered as being anomalously high. Bar F (fig. 27) represents the last 
appearance of H elicosphaera ettphratis which occurs between cores 10 and 
11. The extinction of this species coincides with the NN 4-NN 5 boundary 
(HAQ, 1973). Thus, this boundary appears to be situated in the interval 
between cores 10 and 11. 

4. Point 4 offers the next point of correlation. PoORE & BERGGREN 
(1975 ) considered the first appearance of N eogloboqttadrina acostaensis to 
represent a reliable datum event at site 116. They observed that the speci
mens of N . acostaensis which were present in the middle part of core 8 
are phylogenetically primitive but also that the other components of the 
foraminiferal assemblage in core 8 suggest a level in the lower part of 
Zone N 16. These data indicate that the first occurrence of N. acostaensis 
in the bottom of core 8 represents the first evolutionary appearance of 
this species (POORE & BERGGREN, 1975 ), which is dated at 10.5 Ma (BERG
GREN & VAN CouvERING, 1974). Globigerina nepenthes is known for hav
ing its first evolutionary appearance well below that of N. acostaensis in 
low latitude regions (BERGGREN & VAN COUVERING, 1974, RYAN et al., 
1974). Since G. nepenthes (point H in fig. 27) has its first occurrence 
above N. acostaensis at site 116, the former is considered to have a paleo
ecologically controlled arrival at site 116. Bar G represents the base of 
the Cannartus petterssoni Zone (BENSON, 1972) which is dated at approxi
mately 11.5 Ma (BERGGREN &VAN COUVERING, 1974). The position of this 
zonal boundary supports the suggested sedimentation rate between points 
3 and 4. 

5. Neogloboquadrina hmnerosa has its first appearance at approximately 
367 m, that is within the lower part of core 7 (POORE & BERGGREN, 
1975 ). This datum event occurs in the middle part of Epoch 8 in the 
paleomagnetic stratigraphy according to RYAN et al., 1974. Epoch 8 re
presents the time interval between 8.1 and 8. 7 Ma (THEYER & HAMMOND, 
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l974a). Consequently, the first appearance of N . humerosa is given an 
age of 8.4 Ma in this study, and its position in core 7 (point 5 in fig. 27) 
is considered as accurate enough to be used as a point of correlation. 

The upper half of the investigated sequence is presented in fig. 28. The 
time-scale and the foraminiferal zonation are adopted from BERGGREN & 

VAN COUVERING (1974, fig. 11). The chronology of the nannofossil zo
nation mainly follows BERGGREN & VAN CouvERING's suggestions but is 
slightly adjusted in a few cases. The NN 11-NN 12 boundary is placed 
at 5.6 Ma (RYAN et al., 1974) . The NN 15-NN 16 boundary is placed at 
3.2 Ma (BACKMAN, 1979). The NN 16-NN 17 boundary is placed at 
2.3 Ma and the NN 17-NN 18 boundary is placed at 2.2 Ma (HAQ et al., 
1977). The NN 19-NN 20 boundary is placed at 0.46 Ma and the NN 
20-NN 21 boundary is placed at 0.27 Ma (THIERSTEIN et al., 1977). 
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Several well dated biostratigraphic markers occur in this sequence, but 
the major part of these have positions in uncored sequences. 

Bar I in fig. 28 represents the first appearance of Stichocorys peregrina, 
situated in the interval between cores 5 and 6 (BENSON, 1972), which 
is dated at 6.5 Ma (SA ITO et al., 1975 ). Bar J represents the first ap
pearance of Globorotalia conorniozea situated between cores 5 and 6 (POORE 
& BERGGREN, 1975 ), which is dated at 6.3 Ma (RYA1 et al., 1974), suggest
ing that core 6 is older than 6.5 Ma and core 5 younger than 6.3 Ma. Bars 
K and L represent the first appearances of Globorotalia margaritae and 
G. pttnctitttlata respectively. The former is dated at 5.5 Ma and the latter 
at 4.6 Ma (BERGGREN, 1977). LAUGHTON et al. (1972, p. 518) observed 
G. ptmctitttlata in core 3 but did not report this species from core 4. POORE 
& BERGGREN (1975) observed G. pttncticttlata in one out of seven samples 
from core 4, but they also noted that "The only instance of foraminiferal 
mixing observed resulted from minor downhole contamination in parts 
of 116/4" (p. 272). The true FAD of this species is therefore considered, 
in this study, to occur somewhere between cores 3 and 4. The single 
occurrence of G. punctitttlata at one level in core 4 probably represents a 
case of downhole contamination. The first appearance of Globomtalia 
crassafom~is (bar M in fig. 28), dated at 3.5 Ma (HAYS et al., 1969), accurs 
between cores 2 and 3 (POORE & BERGGREN, 1975), indicating that core 2 
is younger than 3.5 Ma. Point 6 represents the last appearance of G. 
margaritae and the first appearance of Psettdoemiliania lacunosa (POORE 
& BERGGREN, 1975, BACKMAN, 1979): both are assigned an age of 
about 3.3 Ma (BERGGREN & VAN COUVER!NG, 1974, BACKMAN, 1979). Bar 
I represents the last appearance of Retiettlofenestra pseudomnbilica which 
occurs in the interval between core 2 of hole 116 and core 11 of hole 
116A; it is assigned an age of about 3.2 Ma (BACKMAN, 1979). Points 7 
and 8 represent the first appearances of Globomtalia trtmcatztlinoides and 
Gephp'OCapsa oceanica (LAUGHTO et al., 1972), dated at 1.85 and 1.6 
Ma, respectively (HAQ et al., 1977). The position of point P (last appearance 
of Discoaster bmttweri, according to LAUGHTON et al., 1972) indicates 
that the disappearance of this species from the region of site 116 is paleo
ecologically controlled. The biostratigraphy of the uppermost 120 m at 
site 116 is discussed in detail by BACKMAN (1979). 

There are no biostratigraphic indications of changing sedimentation rates 
in the interval between cores 1 and 6. The calculated sedimentation rate 
for the interval between points 6 and 8 (fig. 28) is therefore extrapolated 
down to core 6. This rate, which is approximately 5.2 cm/1000 years, is 
consistent with all available biostratigraphic data (see above and fig. 28) 
in the pertinent stratigraphic sequence. The Pleistocene sedimentation rates 
are discussed on p. 7 5. 
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The biostratigraphically derived sedimentation rates (figs. 27 and 28) 
are combined and shown for the entire sequence (fig. 29). Points 1 to 8 
are those discussed above. The sedimentation rate increases with approxi
mately a factor of two at the point A in fig. 29. This increase occurs in 
the uncored sequence separating cores 6 and 7. The position of this increase 
was obtained by extrapolating the sedimentation rates deduced from each 
of cores 6 and 7 (see figs. 27 and 28). 

Influence of compaction on the sedimentation rates. An estimate of 
sediment compaction is required in order to make (i) corrections for the 
calculated sedimentation rates in fig. 29 and (ii), these rates comparable. 
The degree of compaction in fine-grained sediments can be approximately 
calculated if the porosity of the sediments is known. HEDBERG (1936) 
demonstrated that the porosity gradually decreases downhole in fine-grained 
marine sediments, implying that the sedimentation rates in fig. 29 are 
minimum rates. The question to be answered can be formulated as this: 
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Fig. 30. Downhole porosity changes at site 
116. Crosses represent porosity changes cal
culated by LA UGHTON et al. (19 72) . Circles 
represent porosity changes calcu lated in th is 
study; the calcul ations are based on sedi ment 
density changes. The curve is a b~s t fit ap
proximation . 
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what was the sedimentation rate of each layer m the 707 m sequence 
at the time of deposition ? 

LAUGHTON et al. ( 1972) calculated porosity changes throughout the 
cores at site 116. Their result is shown in fig. 30. It appears from fig. 30 
that the wide distribution of the points does not allow enough accurate 
estimates of the downhole porosity. The reason for this is probably because 
the drilling technique applied onboard GLOMAR CHALLE GER involves the 
use of circulating water. However, assuming that the pore water and the 
water used during the drilling operation have densities of 1.0 gm/cc the 
porosity can be calculated from the sediment and grain densities according 
to HEDBERG (1936): 

cp = 1 OO ( 1 _ sed~ment d.ensity) 
gram dens1ty 

where cJ) is the porosity expressed in per cent. WHITMARSH (1972, fig. 8e 
and p. 945) calculated sediment density changes at site 116 and state that 
"Where the lithology is fairly uniform. . . as at site 116. . . (sediment) 
density does increase uniformly with depth", which suggests a gradual de
crease in porosity with depth at site 116 since the lithology does not change 
significantly downhole. The porosity values have been calculated for a 
single grain density of 2.67 gm/cc, due to the uniform lithology, and the 
sediment density at the sea-bed is given a value of 1.45 gm/cc (see lAUGH
TON et al., 1972, p. 24 and 29). The resulting plot is shown in fig. 30. 
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The curve is a best fit approximation. The porosity values obtained from 
the curve are probably too low, but, the general shape of the curve appears 
correct (see HEDBERG, 1936). Using uncorrected sedimentation rates would 
probably induce a greater error (with regard to the true sedimentation 
history) compared to the er ror induced by using these (too low) porosity 
values in the calculations of the corrected sedimentation rates. 

Knowing the porosity the total companion of any layer can be calculated 
according to BERNER (1971, p . 93): 

ho = 
h 
cDo = 
cp = 

ho-h cDo - cD 
ho Too =-C)) 

thickness of the layer at deposition 
observed thickness of the layer 
porosity ( % ) of the topmost sedimentary layer 
porosity ( % ) of the observed layer 

The results are listed in table 7. Corrected depth is the depth that each 
investigated level would have if compaction had not affected the sediments. 
The high corrected sedimentation rate between points 2 and 3 ( 6.2 cm/ 
1000 years) may indicate that the biostratigraphic marker used in point 2 
has been assigned a depth-position which is slightly anomalous. Point 2 
was placed mid-way in the uncored sequence which separates cores 12 and 

Table 7. Effects of compaction on the depth posmons of the poinrs of correlation and 
calculated sedimentation rates in fig. 29. The lower columns show the effects on the 
corrected depths and sedimentation rates when point 2 in fig. 29 is moved from 630 ro 

POINT 

1 
2 

3 
4 
A 

1 
2 

3 

610 m. The resulting sedimentation rate curve is shown in fig. 31. 

DEPTH SED. RATE CORRECTED CORRECTED 
(m) (cm/1000 yrs) DEPTH SED. RATE 

707.0 
1.4 

890.3 
630.0 781 .7 2 0 

513.5 4.6 627.6 6.2 

418.0 2. 1 504.7 2.7 

35 0.0 2.4 419.4 2.9 

90.0 5.2 104.2 6.6 

30.0 5.2 32.8 6.0 

707.0 890.3 
2.4 610.0 1.8 756.9 

513.5 3.9 627.6 5.2 
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Fig. 31. Corrected and uncorrected (bracketed) sedimentation rates, expressed in cm/1000 
years, at si te 11 6. The data from the uppermost 99 m are derived from hole 11 6A (see 
LAUGHTON et al., 1972). A break in sedimentation is indicated within the Pleisrocene 
sequence (see p. 75) . The time-scale is from BERGGREN & VAN COUVERING (19 74). 

13. The corrected sedimentation rate for this interval probably indicates 
that point 2 should be placed closer to core 12 rather than mid-way be
tween cores 12 and 13. Without disturbing the paleontological and bio
stratigraphical arguments (p. 63) point 2 can be moved 20 m upwards 
to the 610 m level. Thus, uncorrected and corrected sedimentation rates in 
the interval between points 1 and 2, and 2 and 3 are recalculated (table 7), 
and the resulting, slightly changed, curve is shown in fig. 31. It is con
sidered that this curve gives the best available picture of the sedimentation 
history between 0 and 707 m at site 116. A 260 m interval separates point 
A from the 90 m level (fig. 31). This interval has been subdivided into two 
halves for which corrected sedimentation rates were calculated. According 
to these calculations the lower half (3 50-220 m) has a sedimentation rate 
of 6.7 and the upper half (220-90 m) has a sedimentation rate of 6_5 
cm/ 1000 years. These values do not differ significantly, with regard to the 
relative uncertainties involved in the calculations, from the corrected sedi-
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mentation rate for the entire 260 m interval (6.6 cm/1000 years). Con
sequently, the latter value is considered as valid. 

CAUSES FOR THE CHANGES IN SEDIMENTATION RATES 
AT SITE 116 

DAVIES et al. (1977) presented estimates of average global oceanic 
sedimentation rates for the Cenozoic Era, based on data from 334 DSDP 
sites. Instead of showing intrabasin partitioning, as they expected, their 
analysis suggests very large synchronous fluctuations in sedimentation rate 
in all investigated ocean basins (Atlantic, Pacific and Indian Oceans). Rates 
for both carbonate and total sediment accumulation showed the same 
general trends. DAVIES et al. (1977) suggested that these patterns indicate 
gross fluctuations of river input on a global scale. Furthermore, two time 
intervals (Paleocene-early Eocene and late Eocene-early Miocene) were found 
to show very low sedimentation rates; less than 1 cm/ 1000 years. DAVIES 
et al. (p. 54) interpreted this as: "that there may have been significantly 
different modes of weathering of continental materials during the Paleo
cene-early Eocene and late Eocene-early Miocene. This implies that con
tinental climates over wide areas were unlike those prevailing today and 
may reflect a different state of atmospheric circulation." 

The Atlantic sedimentation rate curve presented by DAVIES et al. ( 1977) 
is redrawn and shown in fig. 32 together with the rates calculated from 
site 116. Since the curve of DAVIES and others is based on uncorrected 
sedimentation rates (including compaction effects) the rates shown from 
site 116 also represent uncorrected sedimentation rates. 

It appears from fig. 32 that the changes in sedimentation rate at site 
116 are practically synchronous with the changes in the average rate ex
hibited by the entire Atlantic Ocean (based on 110 DSDP sites), implying 
that the rate changes at site 116 have been largely governed by the same 
factors as otherwise in the Atlantic Ocean. As DAVJES et al. ( 1977) pointed 
out these factors are probably dependent on changes in climate and atmo
spheric circulation as well as changes in weathering and river input. How
ever, differences in rate exist between site 116 and the average Atlantic 
Ocean; and these differences are greatest in the early Miocene and the 
Pleistocene, and they are interpreted as being due to local or regional facrors 
influencing the sedimentation rates at site 116. Before discussing these local 
factors it should be mentioned that DAVIES et al. placed the early-middle 
Miocene boundary at 14 Ma. Since an age of 15 Ma is adopted for this 
boundary in this study, peak A in fig. 32 probably should be placed at 
the position of peak B. 
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Fig. 32. Comparison of uncorrecred sedimentation rates ar site 11 6 with the average (u n
corrected) sedimentation rates of the entire Atlantic Ocean, based on 110 D SDP sites, as 
presented by DAVIES et al. ( 1977). Since there is a difference of one million years in the 
assignment of the ea rl y-middle Miocene boundary between DAVIES et al. (19 77) and this 
study (14 and 15 Ma respectively) the posi tion of point A may be situated at poin t B. 
The two possi ble interpretations of the Pleistocene sequence at site H6 are discussed on 
p . 75 . 

Early Miocene. In the early Miocene, up to 17.5 Ma, the sedimentation rate 
at site 116 is greater than the average Atlantic rate by a factor of approxi
mately three, and large differences in rate continue to exist up to approxi
mately the early-middle Miocene boundary. The lag in sedimentation rate 
during early Miocene times appears to be due to a greater production of 
calcareous plankton in the region of site 116 as compared to the average 
Atlantic production of such plankton, because, in this time interval, the 
calcium carbonate fraction of the sediments at site 116 is greater than 
80 % by weight (LAUGHTON et al., 1972). The calcium carbonate fraction 
is somewhat lower in cores 21 to 10 compared to cores 10 to 1, in which 
it is consistently greater than 90 % by weight. A comparatively high per
centage of siliceous residue in cores 21 to 10 explains the difference in 
carbonate values (see LAUGHTON et al., 1972, p. 414). The deposition of 
clastic material between cores 21 to 10 is negligible (see Pow- FOONG & 

ZEMMELS, 1972, p. 1133). 
WORSLEY & DAVIES (1979) presented data which suggest that there is 

a direct cause-effect relationship between oceanic productivity of sediment
forming microplankton and sea-level fluctuations. High sea-levels allow 
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an increased biogenic production and precipitation on the shelves, thus 
starving the deep-sea basins, whereas dissolved river loads to a much greater 
extent reach the deep-sea during times characterized by low sea-levels. 
Keeping this in mind a logic explanation can be provided for the com
paratively high sedimentation rates at site 116 during early Miocene times 
if the model of WORSLEY & D AVIES is coupled to a tectonic event in the 
Fennoscandian Shields as presented by MbRNER (1979). His data indicate 
a rapid uplift of the Fennoscandian Shield in the order of 500 m or more 
at approximately the Oligocene-Miocene boundary. A rapid uplift of such 
a magnitude should be associated with a low sea-level along the continent
ocean border of northwestern Europe and an increased flux of river loads 
into the NE Atlantic Ocean which would increase the productivity of 
microplankton in this region of the Atlantic Ocean, including that of 
site 116. 

Although the siliceous residue does not exeed 20 % by weight of the 
bulk sedin1ent at site 116 (cores 1- 28) some interesting patterns appear. 

According to CALVERT (1974) silica accumulates in marine sediments 
as planktic debris (siliceous microflora and microfauna), volcanic ash and 
rock-alteration products due to extensive submarine volcanism. CALVERT 

demonstrated that dissolved silicon occurs in extremely small quantities 
in surface waters of most marine regions. Virtually all dissolved silicon in 
surface waters is utilized by microplankton and the productiviry of siliceous 
microplankton in surface waters is thus a function of the availability of 
dissolved silicon and nutritients. As mentioned above, the greatest con
centrations of particulate silica (greater than 63 f.im) were found in cores 
21 to 10. In these cores the silica consists mainly of sponge spicules and 
diagenetic silica which partly is of biogenic origin (LAUGHTON et al., 
1972, p. 413-414). The necessary supply of silica for the development 
of the high content of siliceous components in cores 21 to 10 may have 
been brought to the North Atlantic surface waters by increased river loads 
of nutritients and dissolved silicon from the aforementioned Fennoscan
dian uplift. But, in two short intervals within the early Miocene sequence 
at site 116 another source can be traced for the diagenetic silica. 

Diagenetic silica reaches a very high percentage of the total siliceous 
residue in core 11 (LAUGHTON et al., 1972, p. 414), which is also charac
terized by a peak abundance of total siliceous residue. Only one other peak 
of similar magnitude occurs in the Miocene-Pliocene sequence, namely in 
a short interval between cores 15 and 18. This second peak is referable 
to an increase in "flake-like fragments of the large diatom Ethmodiscm 
rex" (LAUGHTON et al., 1972, p. 413). However, they also suggested that 
these "flakes" may possibly be of volcanic origin. 

Two major tectonic events associated with extensive volcanism occurred 
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in early Miocene times in the Rockall Plateau region, namely (1) the 
subsidence of the Iceland-Faeroes Ridge at approximately 21 Ma (SCLATER 
et al., 1977) and (2), the beginning of the creation of Iceland at approxi
mately 16 Ma (SCLATER et al., 1977, VOGT, 1979). According to the chro
nology presented in fig. 31 these two tectonic events coincide with peak 
abundances in siliceous residue at site 116, of which the main part appears 
as diagenetic silica. A peak abundance of montmorillonite appears in cores 
10 to 21 at site 116 (Pow-FoONG&ZEMMELS, 1972, p. 1148). This sug
gests that the diagenetic silica is partly of volcanic origin because mont
morillonite is formed of volcanic glass in open ocean sediments (GRIM, 
1968, MILLOT, 1970). The highest concentrations of montmorillonite were 
observed in cores 16 to 20, which may indicate that the "flake-like" siliceous 
fragments referred to as fragments of Ethmodiscm rex have a volcanic 
origin. These "flakes" show another peak abundance at site 116 which starts 
above core 6 and ends below core 4 (LAUGHTON et al., 1972, p. 414). This 
sequence represents the time interval between approximately 5 and 7 Ma 
(see fig. 31). A major volcanic event occurred on Iceland between 6 and 
7 Ma (VOGT, 1979). 

Summing up, comparatively high rates characterized the sedimentation 
at site 116 during the early Miocene. These high rates mainly reflect a 
regional increase in carbonate deposition, and to a lesser extent silica de
position. These effects probably reflect an uplift of the Fennoscandian of 
at least 500 m, occurring at approximately the Oligocene-Miocene boun
dary, which caused an increased flux of dissolved carbonate, silicon and 
nutritients into the NE Atlanric Ocean, thus increasing the productivity 
of both calcareous and siliceous microplankron in the region of site 116. 
Peak abundances of diagenetic silica in three short intervals in the Miocene 
sequence at site 116 are correlated with episodes of extensive volcanism 
on Iceland and the Iceland-Faeroes Ridge. However, the diagenetic silica 
also reflects an increase in biogenic silica deposition. 

Middle Miocene-Pliocene. From approximately 14 to 2 Ma the differences 
in sedimentation rates between site 116 and those averaged for the entire 
Atlantic Ocean (fig. 32) are so small that they are negligible, and their 
practically synchronous fluctuations suggest they have similar causes. It 
seems reasonable to assume that these fluctuations are the resultant ex
pression of a complex of interrelated phenomena such as climate, sea
level variations and productivity. Many of these remain to be investigated 
and arranged in an accurate chronologic framework before the Miocene
Pliocene oceanic sedimentation history can be satisfactorily understood. 

Pleistocene. Assuming constant sedimentation rates in sequences which se
parate chronostratigraphically dated layers is an approximation which, under 
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certain circumstances, can be close to the actual rates. If so, no considerable 
changes had affected the productivity of sediment-forming microplankton, 
the terrigeneous sedimentary input and the bottom water circulation during 
the time of deposition. Regarding the Pleistocene sequence at site 116 (hole 
116A, see LAUGHTON et al., 1972) these requirements were not fullfilled. 
MclNTYRE et al. (1972) and RUDDIMAN & MclNTYRE (1976) demonstrated 
that periods of glaciation are associated with reduced productivity of cal
careous plankton, especially nannoplankton, in high latinrdes. Fluctuations 
in input of ice rafted debris are likely to have induced varying sedimentation 
rates. JOHNSON (1972) found indications of increased flow intensities of 
bottom water currents during periods of glaciation; which may cause erosion, 
non-deposition or reduced depositional rates, or may cause differential 
sedimentation rates by carrymg sediments from one area and depositing 
them in other areas. 

Biostratigraphic data from site 116 do not indicate pronounced changes 
in sedimentation rates during the Pliocene Epoch. The first considerable 
change in rate in the topmost part of the sequence appears at about 27 m 
which is dated at approximately 1.6 Ma (BACKMAN, 1979). This change 
coincides with a distinct increase in seasonality, dated at approximately 
1.5 Ma, in a core from the tropical North Atlantic (BRISKIN & BERG
GREN, 1975), which indicates a climatic detoriation in high northern lati
tudes at about 1.5-1.6 Ma. It has not been possible to outline a detailed 
(Pleistocene) sedimentation history of the uppermost 27 m at site 116 
since few chronostratigraphic indications are at hand in that sequence. 
However, as indicated in figs. 31 and 32, the available data suggest that 
the sedimentation rates from 27 m and upwards can be assigned a maxi
mum and a minimum value. Assuming a constant sedimentation rate be
tween 0 and 27 m, a rate of 1.7 cm/1000 years is obtained. This may 
imply that the productivity of calcareous microplankton decreased with 
more than a factor of three at the 27 m level since ice rafted sedimentation 
also contributed to the sedimentation between 0 and 27 m. H owever, (1) 
the calcium carbonate fraction does not decrease below 80 % by weight 
in the uppermost 27 m (LAUGHTON et al., 1972, p. 586-590) and (2), 
the late Pliocene glacial periods were not accompanied by a reduced sedimen
tation rate at site 116. These facts may demonstrate that the calcareous 
plankton productivity was not sufficiently reduced in order to explain the 
drastic decrease in sedimentation rate starting at 27 m. Therefore, it seems 
likely that this decrease in rate reflects a change in bottom water circulation. 
But, assuming a constant sedimentation rate in the 0-27 m interval would 
suggest that the input of ice rafted and microplankton debris to some 
extent was balanced by deep currents, giving a resultant sedimentation 
rate of 1.7 cm/1000 years. 
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LAUGHTON et aL (1972, p. 591) placed the first appearance of Gephym
capsa oceanica at 27 m, which is dated at 1.6 Ma (HAQ et aL, 1977). The 
former authors also showed (p. 422 and p. 591) that the last appearance 
of Pseudoemiliania laczmosa is situated at 25.5 m, which is dated at 0.458 
Ma (THIERSTEIN et aL, 1977). These data may suggest a break in the 
sedimentation at (1) the 25.5 m level or (2) somewhere between 25.5 and 
27 m. If the break is situated at 25.5 m then the uppermost 25.5 m were 
deposited during a period of time probably shorter than 458000 years, 
giving a minimum sedimentation rate of 5.6 cm/1000 years. If the break 
is situated between 25.5 m and 27 m this gives a maximum sedimentation 
rate of 5.6 cm/1000 years for the uppermost 25 .5 m, which seems more 
reasonable. The previous consideration means that the sedimentation rate 
in the uppermost 25.5 m can possess any value between 1.7 and 5.6 cm/ 
1000 years, depending on the duration of the break. According to this 
reasoning this break has to be shorter than 1.2 million years (1.6 minus 
0.46 million years). Of course, the possibility cannot be excluded that the 
probable change in bottOm water circulation thought to have caused this 
break can have been initiated after 1.6 Ma. In fact, that change can have 
occurred at any time in the interval between 1.6 and 0.458 Ma. Unfor
tunately, great difficulties are associated with the deduction of an age assign
ment of the initiation of the break from the site 116 materiaL On the 
other hand, the time when the break ended probably can be determined by 
making a few chronostratigraphic determinations of levels within the up
permost 25.5 m, e.g. by determining the FAD of Emiliania huxleyi, dated 
at 0.238 Ma, and the dominance reversal of Gephyrocapsa caribbeanica 
and E. huxleyi, dated at 0.073 Ma at 53 °N (THIERSTEIN et aL, 1977). 

In conclusion, it appears likely that the Pleistocene sedimentary record 
at site 116 includes several unexposed short intervals of varying sedimen
tation rates which are due to fluctuations in microplankton productivity 
and ice rafted input. In addition, several short breaks may have happened 
in connection with changes in bottom water circulation. 

STRATIGRAPHIC .RANGES OF NANNOFOSSILS AT SITE 116 

Nannofossils which are reworked upwards occur in all Miocene cores 
at site 116. They are judged to not exceed 1-5 % of the total assemblage 
in any of the cores. A few reworked species occur constantly in restricted 
numbers in practically all Miocene cores, namely Dictyococcites bisectm, 
Reticulofenestra ttmbilia and chiasmoliths (especially C. altzts). A few Oligo
cene helicosphaerids occur together with rare Sphenolithtts distentus speci-
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mens in cores 10 and 11. One find of the Cretaceous species Arkhangelskiella 
cymbiformis in core 5 may indicate an increase in bottom water circulation 
at about the time of deposition of this core since Cretaceous deposits were 
not penetrated during the drilling operation of sire 116. A study of fora
minifera in cores 1 to 10 indicates that downhole contamination probably 
only occurs in the middle part of core 4 (POORE & BERGGREN, 1975). 
Taking into account the effects of both reworking and the discontinuous 
coring of the Miocene-Pliocene sequence at site 116, it is obvious that this 
sequence provides a poor basis for establishing a high latitude nannofossil 
zonation. 

The observed stratigraphic ranges of nannofossils are shown in fig . 33. 
Early Cenozoic contaminants are excluded. Two finds of the biostratigraphi
cally unimportant taxa H olodiscolithus macroponts (core 17) and Lithost
rornation perdurum (core 2) are also excluded from the range chart. Mem
bers of the genus Sc~1phospham·a are not listed at the species level. Specimens 
referable to the following species were observed: Scyphosphaera aeqtta
torialis, S. amphora, S. apsteinii, S. canescens. S. cantharellm, S. conica, S. 
cylindrica, S. deflandrei, S. intermedia, S. lagena, S. pulcherrima, S. tttbifera 
and S. turris. These occur mainly in the Pliocene sequfi;n ce. Several forms 
which are intermediate between typical representatives of different taxa 
were observed; determinations at the species level were therefore difficult 
in many cases. The high diversity of this group in cores 2 and 3 is interesting 
because scyphosphaerids commonly show a preference for comparatively 
high temperature environments (see e.g. RADE, 1973 , 1975). The census 
data collected in this investigation are obviously not sensitive enough to 
show frequency changes among the scyphosphaerids. But it is estimated 
that they are most abundant in cores 2 and 3. 

RELATIVE ABUNDANCES OF SPECIES AND GENERA 

Approximately 300 specimens were counted along a randomly selected 
traverse of each smear-slide. The results are shown in fig. 34. Eight species 
or groups of species account for most of the frequency variation. The ninth 
group, referred to as "other" in fig. 34 does not exceed 17 % of the total 
assemblage in any of the samples. Two of the groups represent whole ge
nera. H AQ & LOHMANN (1976) and HAQ er al. (1976) demonstrated that 
sphenoliths and discoasters have virtually identical environmental preferen
ces, which for the present purpose justifies the lumping of these two genera 
into one group. The environmental preferences of members of the genus 
.Reticulofenestra (five species are present at site 116) are nor completely 
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known. All reticulofenestrids are lumped into one group in order to faciliate 
interpretation of the frequency patterns in fig. 34. The contribution of each 
reticulofenestrid species to the frequency variation is discussed below. 

Co,-es 18-13 (eady Miocene) . Within core 17 the relative abundance 
of the Coccolithus pelagicus group (consisting of C. pelagicm and C. mio
pelagictts; the contribution of the latter species to this group is practically 
negligible in all cores) increases with approximately 100 %. This is as
sociated with a decrease in abundance of the Cyclica?"golithtts flo,-idanzts
C. abisecttts group. This decrease is entirely dependent of frequency changes 
of C. flMidanus. Reticulofenestra daviesi represents, practically alone, the 
reticulofenestrid group. In the lowermost sample, 18-6, Z ygrhablithus 
bijtJgatm accounts for 6 % and in 18-4 for 2 % of the total assemblage. 
It is rare in those other samples in which it occurs. 

Cores 12-10 (late early Miocene) . Although present well above core 
13 the C. floridanus group does not reach 1 % of the total assemblage 
above that core. Dictyococcites hesslandii shows a rather steady frequence 
in this sequence. In core 12 R. pseudoumbilica practically alone represents 
the reticulofenestrids; it maintains a steady 4-8 % in cores 11 and 12 
and varies between 2 and 5 % in core 10. In core 11 and the lower half 
of core 10 the increase in relative abundance of the reticulofenestrids is 
due to a single species (R. minuta). The fluctuations in abundance of this 
species follow reversely those of the C. pelagicm group; as one is increasing 
the other is decreasing. An increase in abundance of R. minttta and a con
comitant decrease in abundance of C. pelagictts indicates comparatively warm 
climates according to H AQ et al., 1976. 

Cores 9-7 (middle Miocene). Dictyococcites hesslandii gradually de
creases in abundance in this sequence up to core 7, where it is too rare 
to merit for inclusion in the counts except in the lower half of the core. 
Dictyococcites antarctictts shows a prominent abundance on the expense of 
the other groups. The reticulofenestrids are represented by R. pseudoum
bilica except in 9-3 where R. minttta dominates this group. Although 
present below core 7 the Calcidiscm leptoporus group reaches its first pro
nounced abundance exceeding 1 % of the total assemblage in high northern 
latitudes just above the middle-late Miocene boundary. The discoaster
sphenolith group is dominated by sphenoliths (this is also true in core 6), 
possibly indicating that sphenoliths have a greater tolerance of low tem
perature conditions than have discoasters. 

Cores 6-5 (late Miocene) . This sequence is characterized by the high 
percentage of the C. pelagicus group. The strongly reduced influence of 
D. antarctictts is noteworthy. Reticulofenestrids are dominated by R . psettdo
ttmbilica in core 6 and by R. haqii in core 5. Core 5 represents the coldest 
period of time during the entire investigated Miocene-Pliocene interval 
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provided that high relative abundances of C. pelagicus indicate cold tem
perature conditions (see HAQ et al., 1976.) 

Core 4 (Miocene-Pliocene boundary). Reticulofenestra haqii and R . pseu
doumbilica dominate the reticulofenestrids in this core. The decrease in 
abundance of the C. pelagictts group and the increase in abundance of the 
reticulofenestrids may indicate a regression to a warmer climate compared 
to that prevailing during the deposition of cores 5 and 6. 

Core 3-1 (Pliocene). The Pliocene sequence shows a low frequency of 
C. pelagicus. Rapid and distinct fluctuations in abundance of Dictyococcites 
prodttctus and reticulofenestrids characterize this time interval. The reticulo
fenestrids in 3-6 and 3-4 consist mainly of R . pseudoumbilica; R . minuta 
dominates in 3-2 whereas R. haqii and R. minutula dominate this group 
in 3-1. This relationships is changed in core 2, in which R . minttta strongly 
dominates both the reticulofenestrids and the total assemblage. This small 
species also dominates the reticulofenestrids in core 1, which is situated 
above the extinction level of R. pseudoumbilica. 

It appears from fig. 34 that the frequently occurring and distinct fluc
tuations in relative abundances of nannofossil species or groups provide 
a potential source for studies of the high latitude time resolution problem. 
This problem, as well as problems associated with the reproducibility of 
high latitude biostratigraphy, would certainly be greatly reduced if quan
titative data of the kind presented herein are coupled to qualitative bio
stratigraphic information in establishing zonations out of such combined 
data. A recommendation may be put forward to count the reticulofenestrids 
at the species level. 

CONCLUSIONS 

The mam conclusions obtained from this investigation are summarized 

1 below. 

1. Coccolithus pelagicus and C. miopelagicus are easily distinguishable from 
each other by measuring their total placolith areas (p. 10). The status of C. 
pliopelagicus WISE (1973), in reference to C. pelagicus and C. miopelagicus, 
is not clear (p. 10). 

2. The designation Coccolithus doronicoides BLACK & BARNES (1961) is 
rejected due to reasons outlined on p. 11. 

3. The transfer of Cyclolithella annula into Emiliania (see BUKRY, 1971c) 
is rejected (p. 14). 

4. Ratios of total placolith and central opening areas of species belonging 
to the genus R eticulofenestra provide a basic means of expressing the intra-
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and inter- specific variation of the Miocene-Pliocene reticulofenestrids (p. 
25). 

5. Two morphovariants of the species Retiwlofenestra psettdott?nbilica exist, 
of which one has been referred to as R. gelidm. It is proposed that the latter 
is a junior synonym of the former species, and that large individuals of 
R.. pseudoztmbilica changed their morphology during winter seasons, as 
a function of decreasing temperature, and favoured a production of the R. 
"gelidm" placolith-type. This winter form can be discriminated from the 
summer form ("normal" R. psettdomnbilica) ar high latitudes during some 
periods (p. 40). 

6. One new genus (Geminilithella, p. 51) and two new species (Coccolithtts 
fztsctts, p. 47, and Sphenolithtts compactm, p. 59) are described. One genus 
(Dictyococcites, p. 48) is emended and six species are transferred into 
different genera as follows: 

Dictyococcites prodttctus (p. 49) 
Geminilithella jafari (p. 52) 
Geminilithella rotula (p. 52) 
Pontosphaera anisotrema (p. 54) 
Pontosphaera jonesi (p. 54) 
Pyrocyclus orangensis (p. 56) 

7. The genus Crenalithzts ROTH (1973) is shown to be a junior synonym 
of Retiwlofenestra. 

8. Sedimentation rates from the earliest Miocene to the Recent are calculated. 
Compaction-corrected sedimentation rates are calculated (p. 60). 

9. The changes in sedimentation rates at site 116 are practically synchronous 
to the changes in average rates in the entire Atlantic Ocean (based on 110 
DSDP sites), suggesting common causes for these changes between site 116 
and the Atlantic Ocean (p. 72). 

10. Considerable differences in sedimentation rates exist in early Miocene 
and Pleistocene times between site 116 and the Atlantic Ocean (p. 7 3 ). 

11. In early Miocene times, the sedimentation rate at site 116 was greater 
by approximately a factor of three as compared to the average Atlantic 
Ocean rate, which is explained by an increased production of calcareous 
microplankton in the region of site 116. A slight increase in production 
of siliceous microplankton also contributed to the differences in sedimen
tation rate between site 116 and the entire Atlantic Ocean. The latter group 
does not exceed 20 % of the bulk sediment during early Miocene times at 
site 116 (p. 74) . 

12. The increased sedimentation rate at site 116 during early Miocene times 
is coupled to a contemporary uplift of the Fennoscandian Shield in the 
order of 500 m or more, which is suggested to have been accompanied 
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by an increased flux of nutritients and dissolved calcium carbonate and 
silicon into the NE Atlantic Ocean (p. 74). 

13 The fraction of diagenetic silica shows three peak abundances at ap
proximately 21, 16 and 7-5 Ma, which is linked to periods of volcanic 
activities in adjacent areas (p. 75 ). 

14. The Pleistocene sequence includes probably a break in sedimentation, 
of which the exact duration is unknown. It may encompass the time interval 
between 1.6 and 0.46 Ma, and it is suggested that the break is caused by 
an increased flow intensity of bottom water currents (p. 76). 

15. A biostratigraphic range chart of nannofossils at site 116 is presented 
(fig. 33). Discontinuous coring and the presence of upwards reworked 
nannofossils throughout the Miocene sequences makes it unsuitable to use 
this sequence for the purpose of establishing a high latitude biostratigraphic 
zonation based on nannofossils (p. 77). 

16. Relative abundances of nannofossil species and genera are presented 
in fig. 34. Eight groups account for practically all frequency variation in 
the Miocene-Pliocene sequence. 
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PLATE I 

Figs. 

1-2 Coccolithw pelagicus, X2000. 12/ 116/ 12/ 1 80. 

3-4 Coccolithus miopelagicu.r, X2000. 12/ 116/ 9/ 3 101. 

5-7 Coccolithtts pelagicm, X2000. 12/ 11 6/ 1; 6 50. 

8-9 Cyclicargolithw abisectus, X2000. 12lt 16 16 6 125. 

10-11 Coccolithm radiatus, X2000. 12/ 11 6/ 6/ 4 100. 

12 Coccolitlnts fu.rcu.r, X2000. 12 1116, 12, 1 80. 

13 Calcidisctts leptopoms, X2000. 12/ 11 6/ 6/ 2 146. 

14-15 Geminilithella rotula, X2000. 12/ 116/ 9/ 3 50. 

16-17 Geminilithella ja fm i, X2000. 12/ 1161 10/ 6 48. 

18-19 Pontosphaera cmisotrema, X2000. 12/ 116/ 18 14 100. 

20-21 Pontosphaera jonesi, X3000. 12/ 116 21 5 100. 

22 Pontosphaera jonesi, XSSOO. 12 116 2 2 149. 

23-24 Dictyococcites bisectus, X3000. 12 116 11 4 100. 
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PLATE JI 

Figs. 
1 Coccolithus pelagicus, X6400. 12/ 116/ 5/ 5 124. 

2 Calcidiscus leptopMtts, X7500. 12/ 116/ 6/ 2 146. 

3 Calsidiscus mcintyrei, X6000. 12/ 116 / 3/ 1 3. 

4 Coccolitbus 1"ctdiatus, X10000. CHAIN 115-67 170. 

5 Cyclicargolithm flo·ridamt.r, X6500. 12/ 116/ 18/ 6 125. 

6 Coccolithtts ft.tscus, X7400. 12/ 116/ 11 / 1 74. 

7 Coccolitbus ft.tsctts, X2000. Same specimen as in fig. G. 

8 Coccolithw fusctts (holorype), X7700. 12/ 11 6/ 9/ 3 101. 

9 Coccolithus fuscus, X7700. 12/ 116/ 9/ 3 101. 

10 D ictyococcites hesslandii, X8000. VB 40 9.15 (see HAQ, 1966). 

11 CO?"onocyclm nitescens, X5700. 12/ 116/ 12/ 1 80. 

12-13 Coronocyclus nitescens, X2000. Same specimen as in fi g. 11. 
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PLATE lli 

Figs. 
1 Pyrocyclzt.r he-nnoszts, XSOOO. 12/ 116/ ll 1 74. 

2 Pycocyclzts invenu.s, X4000. 12/ 116/ 12/ 1 80. 

3 Pyrocyclzts i.nvemts or P. o·rangmsi..r, X7700. 12/ 116/ 3/ 4 101. 

4 Pyrocyclm inverms, X11 500. 12/ 116/ 1/ 1 102. 

5 Pyrocyclzts sp. (proximal view), X12000. 12 1116/ 3/ 1 101. 

6- 7 Py1·ocyclm orcmgemis, X2000. 12/ 116/ 16/ 4 148. 

8-9 Pyrocyclus inverms, X2000. 12/ 116 / 7/ 6 100. 

10-11 Pyrocyclzts inver.rm, X2000. 12/ 116/ 12/ 4 125. 

12-13 Py1·ocyclus invemts, X2000. 12/ 116/ 12/ l 80. 

14-15 Pyrocyclzts herrnosu.s, X2000. 12/ 116/ 11 / 3 100. 

16-17 Pyrocyclzts herntostts, X2000. 12 116/ 12/ 2 125. 

18 Sphenolithtts rno·rifonnis, X10000. 12/ 116/ 9/ 1 125. 

19 Sphenoli.thzts mo-riformis, X2000. 12/ 116 / 12 / 1 80. 

20 Sphenolithus compactzts (holorype), X12000. 12/ 116/ 12/ 1 80. 

21 Sphenolithtts compactm, X2000. 12/ 11 6/ 12 / 1 80. 
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PLATE IV 

Figs. 

1-2 Dictyococcites productus (A), R eticulofenestra haqii (B) and R . mimtta 
(C), X3000. 12/ 116/ 1/ 1 102. 

3 Dictyococcites productus, X3000. Vera Basin (see BACKMAN, 1978, 
sample 17). 

4 Dictyococcites antarcticus, X3000. 12/ 116/ 8/ 2 50. 

5 Dictyococcites antarcticus, X3000. 12/ 116/ 7/ 1 75. 

6 Dictyococcites productus, X11500. 12/ 116/ 1/1 102. 

7 Dictyococcites productus, X11000. 12/ ll6/ 3/ 4 101. 

8 Dictyococcites antarcticus, XSSOO. 12/ 116/ 9/ 3 101. 
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PLATE V 

Figs. 

1 Reticulofenestra pseudozmzbilica, X5500. 12, 116/ 12/ 1 80. 

2 R eticztlofenestra pseudoumbili.ca, X4900. 12/ 11 6 7/ 5 148. 

3 Reticu.lofenestra pseudomubilica (proximal view) and R . minuta (d isral 
v iew), X5300. CHAIN 115- 67 230. 

4 R eticulo fenestra pseudoznnbilica, XSOOO. CHAIN 1 15-67 330. 

5-6 R eticttlofenestra pseudottmbilicct and Calcidisws mcinty1·ei, X2000, 12/ 
11612/ 3 10 1. 

7- 8 Reticztlofenest·ra psettdoumbilica and Dictyococci.tes antm·ctims (lower
most speci men), X2000. 12/ 11 6/ 7/ 6 100. 
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PLATE VI 

Figs. 

1-2 R eticttlofenestra psettdoztmbilica, X2000. 12/ 116/ 9/ 1 75 . 

3-5 Reticttlofenestra psettdomnbilica, X2000. 12/ 116/ 6/ 4 101. 

6-8 R etictt!ofettestra daviesi, X2000. 12/ 116/ 15/ 1 75. 

9 R eticttlofemst1'a daviesi. and proximal view of Cyclicargolitlms florida-
mts, X6000. 12/ 11 61 18 6 125. 

10 Reticuloje1zestrct pseudottmbi.lica, X6000. 12/ 116/ 12/ l 80. 

11 Reti.culofemstra pseudoulllbilica, X6000. 12/ 116/ 2/ 6 50. 

12 Pseucloemiliani.a lacunosct, XllOOO. 121 116 2/ 1 102. 

13 Psettcloemili.anict laczmosct, X11500. 12; 11 6/ 2/ 4 50. 

14 R eticulofemstra hctqi.i, X8000. 12/ 116/ 5/ 2 125. 

15 Retimlofemstra he~qi.i , X8400. 12; 116 5; 5 124. 

16 Reticulofenestra he~qii., X6400. 12 116/ 5/ 5 124. 
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PLATE VII 

Figs. 

1 Reticulofenest-ra mimtta, Xll SOO. 12/ 116, 1 1 102. 

2 Reticulofenestra m imtta, X1 0000. 42 A/ 3 72 / 9/ 2 30. 

3 Reticulofenestra rnimtta and R . rninutulct, XSOOO, 12/ 116 / 1; 3 101. 

4 Reeticttlofenestra m imttula, XSOOO. 1211161 2 16 50. 

5 R eticulofenestra mimtt11la and Dictyococcites prodttctu.r, X8400. 12/ 
116/ 1/ 1 102. 

6 Reticuloje1zest1·a ? sp. , Xll 000. 121 11 6; 3, 4 101. 

7 R eticulofenestra ? sp., XllSOO. 12/ 116/ 3/ 1 3. 

8-10 Reticulofenestra minutztlct, X 3000. 12/ 116/ 5/ 5 124. 

11-13 R eticttlofenestra mimttula, X2000. 12/ 116, 2 3 101. 
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PLATE VIII 

Figs. 

1 Helicospbaera carteri, X6000. 12/ 116/ 3/ 1 3. 

2 Helicospbaera sellii, X8000. 12/ 116/ 1/ 6 50. 

3 Geminilitbella rotula, X6200. 12/ 116/ 11 / 1 74. 

4 Umbilicospbaera nzirabilis, XllSOO. 12/ 116/ 1/ 1 102. 

5 Rbabdospbaera clavigera , X5500. 12/ 116/ 2/ 4 50. 

6 Helicosphaera sellii, X3000. 12/ 116/ l / 3 102. 

7-8 Gen. et sp. indet., X3000. 12/ 116/ 2/ 3 101. 
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