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7. QUANTITATIVE CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY OF PLIOCENE
AND PLEISTOCENE SEDIMENTS FROM THE ERATOSTHENES SEAMOUNT REGION
IN THE EASTERN MEDITERRANEAN?

T. Scott Staerker23

ABSTRACT

Quantitative methods were used to document the abundance patterns of selected Pleistocene and Pliocene cal careous nan-
nofossil species from four Ocean Drilling Program sites in the Eratosthenes Seamount region of the Eastern Mediterranean.
Results show that many similarities exist between the species abundance patterns reported in this study and the abundance pat-
terns from other geologic sequences in the Western and Central Mediterranean. Unconformities, likely associated with Pleist-
ocene tectonic movement of the subducting Eratosthenes Seamount, limit the correlation of some biostratigraphic events.
Despite the limitations caused by local tectonic erosion at Sites 965, 966, and 968, the geologic section recovered from Site 967
appears minimally affected and presents a high-resolution reference section for the Eastern Mediterranean. Three biostrati-
graphic events are proposed to refine correlation of the Pliocene geologic sections in the Eastern Mediterranean.

INTRODUCTION

Ocean Drilling Program (ODP) Leg 160 drilled holes at 11 sites
in the Central and Eastern Mediterranean Sea. This study details the
quantitatively derived abundance patterns of selected Pleistocene and
Pliocene cal careous nannofossil species observed in samples collect-
ed from four of the Leg 160 sites.

Sites 965, 966, 967, and 968 were drilled along a south-to-north
transect across the Eratosthenes Seamount in the Eastern Mediterra-
nean (Fig. 1). The sedimentary cover on the Eratosthenes Seamount
can be generaly divided into three lithologic units: (1) Pleistocene
through Pliocene nannofossil and foraminiferal oozes that contain
numerous sapropel layers, (2) Miocene reefa carbonates devoid of
planktonic microfossils, and (3) middle Eocene and Upper Creta-
ceous chalks, which contain numerous, albeit poorly preserved, mi-
crofossil assemblages (Emeis, Robertson, Richter, et a., 1996). The
Pleistocene and Pliocene sediments collected from the Eratosthenes
cores reflect a history of pelagic and hemipelagic sedimentation in a
tectonically active depositional environment. In each hole studied,
incomplete geologic sections that contain unconformities are evi-
denced from missing biostratigraphic zones or unredistically com-
pressed zones. The lack of synchroneity in the unconformities among
holes suggests that local erosion related to faulting and slope failure
aong the flanks of the subducting seamount haslikely resulted in the
apparent hiatuses.

Previous studies have proposed Neogene Mediterranean zonation
schemes (Schmidt, 1973; Mduller, 1978; Ellis and Lohman, 197¢
Raffi and Rio, 1979; and Rio et al., 1990). Other studies have uss
quantitative methods to collect species abundance data from geolos
sections in the Central and Western Mediterranean and graphica
display the abundance patterns of significant nannofossil speci
(Driever, 1981, 1988; Rio, 1982; Rio et al., 1990; Channell et al.
1992; Sprovieri, 1993; and Castradori, 1993). This study follows th
zonation scheme and quantitative methods of Rio et al. (1990) to dc
ument the abundance patterns of selected species collected from
Eratosthenes Seamount region of the Eastern Mediterranean. The |
mary focus of this study is on the biostratigraphic applications of th
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observed species abundance trends to determine if biostratigraphic
events documented from the Central and Western Mediterranean are
present in the Eratosthenes region, and to determine if events not cur-
rently used in the Rio et al. (1990) zonation scheme are useful for cor-
relation in sections throughout the Mediterranean. A discussion of
the species abundance trends is included to emphasize similarities
and differences between abundance patterns from the Eratosthenes
Seamount sites and the abundance patterns presented from earlier
studies of the Tyrrhenian Sea (Rio et al., 1990), Monte San Nicola
section in Southern Sicily (Channell et al., 1992; Driever, 1988), lon-
ian Sea (Castradori, 1993), Aghios Vlassios and Finikia sections in
Crete (Driever, 1988), and Singa section in Calabria (Driever, 1988).
Through comparison of the Eratosthenes sites to other geologic
sections, this study suggests that many of the abundance characteris-
tics of Pliocene and Pleistocene species that are used as biostrati-
graphic markers in both the Central and Western Mediterranean are
consistent markers in the Eratosthenes region of the Eastern Mediter-
ranean. Additionally, the study provides further evidence that abun-
dance characteristics of three discoasters, currently unused as zonal
markers in the Rio et al. (1990) zonal scheme, are consistent events

35°
N

34°

Nile Cone
[1
32°

33° |
31°E 33° 34°

Figure 1. Location of drill sites along a south-to-north transect above the Era-
tosthenes Seamount in the Eastern Mediterranean. Bathymetry isin meters.
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that can used to further subdivide Pliocene biostratigraphy through- terns could be easily compared among holes. This graphical presen-
out the Mediterranean. tation style limits the reader’s ability to accurately determine the pre-
cise abundance values where abundance fluctuates significantly (i.e.,

G. oceanica), but enhances the ability to recognize fluctuation trends
SC| ENT' FI C OBJ ECTI VES, M ETHODS, for correlation among holes.

AND BIOSTRATIGRAPHIC ZONATIONS Many of the datums used in this study have been correlated with

global magnetostratigraphy and oxygen isotope stages (Backman and
With the exception of the shallow-water carbonates at Site 965, all Shackleton, 1983; Berggren et al., 1995; Cande and Kent, 1992,

of the cores recovered from Leg 160 sites were conducive to nanno- ~ 1995; Shackleton et al., 1990; Sprovieri, 1993; Wei, 1993; Vergnaud-
fossil analysis. A total of 1275 samples from the Eratosthenes Grazzini et al., 1994, Zijderveld et al., 1991). The age assignments
Transect (Sites 965-968) were analyzed during this postcruise nan- for all datums used in this study, including both zonal markers and

nofossil project. Samples were collected aboard ship by membersof ~ additional datums, are found in Table 1.
the Shipboard Scientific Party. Sample spacing varied, but generally

included two samples per section of core, spaced ~75 cm apart. Be- Calcareous nannofossil zones
cause the sample spacing was not adjusted to account for variations 5
in sedimentation rates, biostratigraphic resolution is reduced in inter- Time §. Age Rio et al Datums
vals with low-sedimentation rates relative to those intervals with ™A A (1990)
high-sedimentation rates. o _ o o Tt T »

Standard smear slides were prepared from the interior portions of J oz MNN 30 1 FAD E. huxleyi
2-cm?3 sample tubes. Optical adhesive (Norland #61) was used as a 453 LADP.
mounting medium for al of the smear dides. Taxon identifications 94 8 = MNN 19f
were performed using a Zeiss Universal microscope under magnifi- 1 3 = g 4 FAD Gephyrocapsa sp.3
cations of approximately 1250x and 500x. The greater resolution J2 E E MNN 19¢ + LAD large Gephyrocapsa (>5.5m)
provided by a JEOL JSM3000 scanning electron microscope (SEM) I~ 5 MNN19d_L FAD targe Gephyrocapsa (5.55m)
was used to verify the Emiliania huxleyi and large Gephyrocapsa 3 MNN 19 | LAD G macintyrel
(>5.5 pm) datums from selected holes. A discussion of some spec |, = g MNN 19a \LADD.5
and biostratigraphic definitions used in this study is found in the Ay - g

i thi 3 3 MNN 18

pendix in this chapter. = 3 LADD. .

The nannofossil abundance data were compiled using a quant -] & __M_Iiu_lm_;ﬁgg}mlgs
tive method that involved point counts of selected species. Unlike t - 3| & = LCOD. tamalis
Rio et al. (1990) study, which quantitatively documented a givensp |2 3 & g ol D mmetricis
cies’ abundance using several methods over the same interval (s 3 g;: & MNN 16a
as counting the number of specimens per fixed area of slide), tl 0= - top of paracme D. peniaradiatus
study only used a single method for each taxon studied. Although t 4 &~ [ LAD 8 abies/neoabies
total number of specimens counted differed between species, 4 MNN 15/14 [ topof paracume D. pensaradiatus
method used throughout this study involved counting an index s = = | £ VNN13 | LooD vaapits
cies vs. a fixed number of related forms. A discussion of the indivi = g 3 _____ | LAD A, tricormiculatus
ual criteria used for each species can be found in the Appendix. T - MNN 12
zonation scheme and datums identified in this study are showninF | 5 3
ure 2. =

Once determined through light microscopy, nannofossil abui
dance data from all samples were entered into a Microsoft Exc Figure 2. Pliocene and Pleistocene calcareous nannofossil zonation scheme
spreadsheet and eventually displayed as graphs using DeltaGr that shows zonal boundary datums and additional datums correlated to the
software. The abundance patterns of the Leg 160 material are shc time scale of Berggren et al. (1995). FAD = first appearance datum, LAD =
in Figures 36. The length and total values shown on the axes of ¢ last appearance datum, FCO = first common occurrence, and LCO = last
graphs of a given species were kept constant so that abundance common occurrence.
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Figure 3. Graphs showing abundance patterns of biostratigraphically significant Pleistocene nannofossil species in samples collected from (A) Hole 965A and
(B) Hole 966D relative to depth (mbsf). Abundance is shown as total specimens counted vs. afixed number of related forms as described in the Appendix.



BIOSTRATIGRAPHIC INTERPRETATIONS
Hole 965A

Only one hole was drilled at Site 965. The hole consisted of 27
cores that reached a total depth of 240.40 mbsf. Lithologies ranged
from nannofossil ooze to clay in the upper four cores to packstones,
grainstones, and wackestones containing only benthic foraminifers,
mollusks, and algal laminationsin Cores 160-965A-4H through 27X
(Emeis, Robertson, Richter, et al., 1996). During postcruise nanno-
fossil studies, 41 samples were analyzed from Core 160-965A-1H
through 4H. Graphs showing species abundance patterns are shown
in Figures 3 and 4.

Emiliania huxleyi is present from Sample 160-965A-1H-1, 15-16
cm (0.15-0.16 mbsf) through 2H-1, 20-22 cm (1.00-1.02 mbsf),
which indicates that these samples arein Zone MNN 21. The E. hux-
leyi acme (Zone MNN 21b) was not identified in Hole 965A. The
scanning electron microscope (SEM) was used to verify the place-
ment of the first appearance datum (FAD) E. huxleyi.

In Sample 160-965A-2H-1, 109-110 cm (1.89-1.90 mbsf)
through 2H-2, 105-106 cm (3.35-3.36 mbsf) Zone MNN 20 is rec-
ognized by the absence of both E. huxleyi and Pseudoemiliania la-
cunosa. The accompanying assemblageincludes Rhadosphaera clav-
iger, Gephyrocapsa oceanica, small gephyrocapsids, Calcidiscus
leptoporus, Syracosphaera pulchra, and Scapholithus fossilis. Al-
though it was not studied quantitatively, Helicosphaera kamptneri
was observed to fluctuate significantly throughout these samples. Re-
worked Cretaceous, Eocene, and Pliocene species, in addition to
clay-sized and silt-sized calcite particles, also fluctuated throughout
these samples.

Pseudoemiliania lacunosa becomes a consistent part of the as-
semblage beginning in Sample 160-965A-2H-3, 4-5 cm (3.84-3.85
mbsf). The presence of P. lacunosa means that this sample and those
immediately below are within Zone MNN 19f. Although rare speci-
mens of P. lacunosa were observed uphole, they were considered re-
worked. With the exception of an abundance peak in Sample 160-
965A-2H-3, 90-91 cm (4.70 mbsf), the uppermost 2.5 m of thiszone
istypified by low numbers of P. lacunosa (less than 2% P. lacunosa
per 500 total coccolith count). Below 4.70 mbsf, P. lacunosa is a
common part of the assemblage.

The last appearance datum (LAD) of Gephyrocapsa sp. 3, which
is reported by Rio et al., 1990 as an alternate marker within Zone
MNN 19f, was observed in Sample 160-965A-2H-3, 90-91 cm
(4.70-4.71 mbsf). The quantitative method for determining the pres-
ence (or absence) of Gephyrocapsa sp. 3 followsthe criteriaof Rio et
a. (1990) and is described in the Appendix. The base of Zone MNN
19f, asindicated by the FAD of Gephyrocapsa sp. 3, isrecognized in
Sample 160-965A-2H-4, 116-117 cm (6.46-6.47 mbsf). Anincrease
in abundance in P. lacunosa was also noticed at 6.46 mbsf. The rec-
ognition of the FAD and LAD of Gephyrocapsa sp. 3 in successive
samples (1.08 m apart) suggests that either an unconformity exists
between these samples or the samples are within an interval charac-
terized by very low sedimentation rates (approximately 4.3 m/m.y.).

The next significant change in the nannofossil assemblage occurs

where large Gephyrocapsa (>5.5 pum) is recognized in Sample 160-

965A-2H-7, 2829 cm (10.0810.09 mbsf). Large &hyrocapsa is

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

21-22 cm) in successive samples indicates that an unconformity ex-
ists between 10.30 mbsf and 10.52 mbsf. Within the interval repre-
sented by the unconformity, sediments comprising Zones MNN 19c¢
and MNN 19b are entirely missing, and portions of Zone MNN 19a
and MNN 19d may also be missing. The missing sediments represent
a length of time that ranges from a maximum of 1.10 Ma to 2.02 Ma,
to a minimum span from 1.47 Ma to 1.72 Ma (Fig. 2 and Table 1).
According to this interpretation, sediments spanning the Pleistocene/
Pliocene boundary are not present in Hole 965A.

In Sample 160-965A-3H-1, 13436 cm (11.6511.66), a nanno-
fossil assemblage typified by the presenc®istoaster brouweri
andDiscoaster triradiatusis observed. Owing to the absence of other
discoasters, this sample is assigned to Pliocene Zone MNN 18. The
accompanying assemblage includesleptoporus, C. macintyrei,
small reticulofenestrids, artd. kamptneri.

Discoaster pentaradiatus is observed in Sample 160-965A-3H-3,
99-100 cm (14.2914.30 mbsf), which marks the uppermost limit of
Zone 1#16b. At 15.72 mbsf, below the LAD @. pentaradiatus,
the LAD of Discoaster surculus is observedDiscoaster surculus is
used in extra-mediterranean zonation schemes (Okada and Bukry,
1980; Martini,1971) as a zonal marker; however, in the Mediterra-
nean, the LADs ob. pentaradiatus andD. surculus are virtually in-
distinguishable (Rio et al, 1990; Muller, 1978; Driever, 1981; and El-
lis and Lohman, 1979). Following the zonation scheme of Rio et al.
(1990), the two species are placed at the top of Zone MNNIGb!

In Sample 160-965A-3H-5, 987 cm (17.2617.27),Discoaster
tamalis is observed in abundances greater than 2% of the total dis-
coaster population. Following the criteria of Rio et al. (1990), the
downhole increase iD. tamalis greater than 2% of the discoaster
population indicates that this sample is within Zone MNN 16a. All
occurrences ob. tamalis identified uphole were less than 2% and
thus, are considered above the datum. Bedauternalis fluctuates
to rare or absent near its LAD, Rio et al. (1990) and Sprovieri (1993)
cite the importance of using a close sample spacing to accurately
identify the zonal boundary. The average sample spacing used in this
study was 74 cm, which is considerably greater than the average
spacings used by Rio et al. (1990) (40 cm to 10 cm) and Sprovieri
(1993) (25 cm) in their respective studies. For this reason, the LAD
of D. tamalis datum in this study may have been placed lower in the
geologic record compared to the Rio et al. (1990) and Sprovieri
(1993) studiesDiscoaster tamalis remains a continual part of the
nannofossil assemblage downhole and increases in abundance near
30% of the total discoaster assemblage in Sample 160-965A-4H-1,
42-43 cm (20.2220.23 mbsf). The increase in abundanc®.ofa-
malis is coincident with increases in the abundanc®istoaster
asymmetricus and a single spike in the abundance patteid. pén-
taradiatus. In Sample 160-965A-4H-2, 280 cm (21.5921.60
mbsf), immediately below the increaseDintamalis andD. asym-
metricus, Sphenolithus abies/necabies becomes a consistent part of
the assemblage. In addition to the LADSphenolithus abies/neoa-
bies, assemblage changes that include the absence oDbgint-
aradiatus andD. tamalis, the dramatic decrease Bf asymmetricus,
and a marked increase in the abundande. sfirculus are observed
in Sample 160-965A-4H-2, 280 cm (21.5921.60 mbsf). The ab-
sence ofD. pentaradiatus in the lowermost portion of Zone MNN

observed in only two samples. The FAD was identified in Samplé.6a is a consistent event observed in the Central Mediterranean and
160-965A-2H-CC (10.2810.30 mbsf), whereas the LAD was iden- first described as a paracme event by Driever (1988). The assemblage

tified in Sample 160-965A-2H-7, 289 cm (10.0810.09 mbsf). To-

gether, these two samples comprise Zone MNN 19d.
In Sample 160-965A-3H-1, 222 cm (10.5310.52 mbsf)Cal-

that include®. tamalisin the absence &. pseudoumbilicus andD.
pentaradiatus (paracme) is observed in only one sample in Hole
965A, which suggests that either the sedimentation rates are low or

cidiscus macintyrei becomes a common part of the nannofossil aserosion has removed most of thepentaradiatus paracme interval

semblage. Typically, the LAD df. macintyrei signifies the top of
Zone 19b; however, the absenceoibceanica in this sample indi-

in Hole 965A.
Reticul ofenestra pseudoumbilicus (Zone MNN 14-15) is present

cates that the sample is actually within Zone 19a. Collectively, thbeginning in Sample 160-965A-4H-2, B8 cm (22.2#22.28

FADs of largeGephyrocapsa andG. oceanica (Sample 160-965A-
2H-CC) juxtaposed to the LAD df. macintyrei (160-965A-3H-1,

mbsf). In the following sample (23.383.16 mbsf), which is the
deepest sample studied in Hole 965A, another significant change in
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Figure 4. Graphs showing abundance patterns of selected Discoaster species in samples collected from (A) Hole 965A, (B) Hole 966D, and (C) Hole 967A rel-
ative to depth (mbsf). Abundance for each speciesis shown as the percent of the total discoaster assemblage counted.

nannofossil assemblage is observed: P. lacunosa and D. asymmetri- Hole 966D
cus are absent, Discoaster variabilisbecomes asignificant part of the
discoaster assemblage (Fig. 4A), and Ceratolithus delicatus is ob- Because Site 966 is at the crest of the seamount, it would be ex-

served for the first time downhole. Collectively, the floral changes pected to be least altered by slumping and faulting associated with
suggest the presence of an unconformity in which some of Zones collapse of the seamount during subduction. Site 966 potentially of-
MNN 15/14 and MNN 13 may be missing. A coincident minor litho- fered the most complete geologic section of Pleistocene and Pliocene
logic change typified by an abundance of calcite fragmentsisalso ob- deposits of any of the sites along the Eratosthenes Seamount transect.
served between 22.23 and 23-15 mbsf. Further discussion of all sus- However, some missing intervals attributed to unconformities were
pected unconformities and comparisons with other Leg 160 holes are identified in Hole 966D during postcruise studies. The other holes at
located in the “Stratigraphic Discussion” section, which follows.  Site 966D were not studied during postcruise research. Calcareous
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Figure 4 (continued).

nannofossil abundance patterns for Hole 966D are shown in Figures MNN 21. The acme zone &:. huxleyi was not recognized in Hole
3B and 4B. 966D.

Pleistocene hemipelagic oozes comprise the uppermost cores In Sample 160-966D-2H-2, 552 cm (5.5%5.52 mbsf)E. hux-
from Hole 966D. The interval from Sample 160-966D-1H-1, 60-61 leyi can no longer be identified in the assemblage. Because of its
(0.60-0.61 mbsf) to Sample 160-966D-2H-1, 125-126 cm (4.75- small size and paucity near its first occurreedyuxlieyi is difficult
4.76 mbsf) containsarare to common, well-preserved nannofossil as- to identify in the lowermost portion of its range. To confirm the
semblage typical of the uppermost Pleistocene Zone MNN 21, asin- placement of the FAD dt. huxleyi, five samples (160-966D-1H-1,
dicated by the presence of E. huxleyi. Core 160-966D-1H contains 125-126 through 160-966D-2H-3, 661 cm) that spanned the FAD
some reworked Pliocene, Eocene, and Cretaceous taxa, in addition to of E. huxleyi were also viewed in the SEM. In the SEM study, pla-
abundant silt- and clay-sized calcite fragments of unknown origin. coliths were counted in excess of 500 specimens in the seai€h for
Gephyrocapsa oceanica, small and medium gephyrocapsids (<4 huxleyi fragments. Because no fragment&dfiuxleyi were observed
um), R. claviger, H. kamptneri, S fossilis, C. leptoporus, U. mirabi- below 5.52 mbsf in the SEM study, the placement oBthauxleyi
lis, and S pulchra also occur in this interval interpreted as Zone datum as determined by light microscopy appears accurate. Samples
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from 160-966D-2H-2, 51-52 cm (5.51-5.52 mbsf) through 2H-5, use of the light microscope. All samples that included |&@emhy-
125-126 cm (10.75-10.76 mbsf) lack both E. huxleyi and P. lacun- rocapsa (>5.5 pm) were assigned to Zone MNN 19d.

0s3; therefore, these samples are assigned to the upper Pleistocene In Sample 160-966D-4H-2, 12830 cm (25.2925.30 mbsf), the
Zone MNN 20. A typical assemblage within this zone consists of G. absence of larg&ephyrocapsa (>5.5 um) and the next downhole
oceanica, small and medium gephyrocapsids (<4 piRaflaviger, H. marker,C. macintyrei indicates Zone MNN 19c. The next significant
kamptneri, S fossilis, C. leptoporus, U. mirabilis, andS. pulchra. change in the microfloral assemblage occurs in Sample 160-966D-

The presence &. lacunosa beginning in Sample 160-966D-2H- 4H-3, 4748 cm, (25.9725.98 mbsf) where the LAD &. macinty-
5, 125-126 cm (10.7510.76 mbsf) indicates that this sample is with- rei and the FAD 0. oceanica are observed. This sample is assigned
in middle Pleistocene Zone MNN 19f. The accompanying assento Zone MNN 19b. The co-occurrence@fmacintyrei andG. oce-
blage is similar to that found uphole and continues through samplmica in the same sample combined with Zone MNN 19c being rep-
160-966D-2H-6, 125126 cm (12.2512.26). In the interval from resented by only one sample indicates that most of Zone 19b is miss-
160-966D-2H-7, 6861 cm (13.1613.11 mbsf) through 3H-4, 60 ing (0.16 to 0.60 Ma). It is likely that some of the overlying or under-
61 cm (18.1618.11 mbsf)Gephyrocapsa sp. 3 becomes a noticeable lying zones are also missing. Because the single sample represents
part of the assemblage. This interval is placed in the lowermost pothe lowermost Pleistocene Zone 19b, it is uncertain whether the
tion of Zone 19f. Pleistocene/Pliocene boundary is present in Hole 966D or if the
The interval from 160-966D-3H-4, 12526 cm (18.7518.76  boundary is represented by an unconformity.
mbsf) through 3H-6, 128126 cm (21.7521.76 mbsf) is interpreted Uppermost Pliocene Zone MNN 19a, defined by the absence of
as Zone MNN 19e. Zone MNN 19e is defined by the absence of bottoth G. oceanica andD. brouweri, is recorded from Samples 160-
Gephyrocapsa sp. 3 and the next lower biostratigraphic marker, largeg966D-4H-3, 125126 cm (26.75 mbsf) through 4H-4, @3 cm
Gephyrocapsa (>5.5 um). This interval also lack& oceanica. The (27.62 mbsf).
remaining assemblage is similar to that found in the preceding zone. In Sample 160-966D-4H-4, 12223 cm (28.22 mbsf) the LADs
The LAD of largeGephyrocapsa (>5.5 um) occurs in Sample of D. brouweri andD. triradiatuswere identified. Although very rare
160-966D-3H-7, 6661 (22.60-22.61 mbsf). Larg@ephyrocapsa occurrences of other discoasters were observed in some saples,
remains a part of the assemblage through Sample 160-966D-4Hirouweri andD. triradiatus were interpreted to be the only in situ dis-
60-61 cm (24.6624.61 mbsf). Because only a minor size variationcoasters in the interval from 160-966D-4H-4, 1223 (28.2228.23
was detected in the light microscope below the FAD of |Gepy- mbsf) through 160-966D-5H-1, 12526 cm (33.2533.26 mbsf),
rocapsa, (>5.5 pm), five samples spanning the FAD were studied unthus indicating that these samples are within Zone MNN 18.
der the SEM for confirmation. In the SEM study, 100 gephyrocapsid Discoaster pentaradiatus becomes a consistent part of the assem-
specimens larger than 4.0 um were counted to document the presebtage beginning in Sample 160-966D-5H-2-60 cm (34.0934.10
of gephyrocapsid forms larger than 5.5 pm. Because no specimembsf). The presence B pentaradiatusin the absence &. tamalis
larger than 5.5 um were observed below the boundary, the SEM studhdicates that the Samples from 160-966D-5H-2,689cm (34.09
confirmed the placement of the boundary as previously defined b$4.10 mbsf) through 160-966D-5H-4,-5D cm (37.0937.10 mbsf)
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arein Zone MNN 17-16b. In Hole 966D, the LAD of D. surculus oc-
curs in Sample 160-966D-5H-2, 125-126 cm (34.75-34.75 mbsf).
Rare occurrences of D.tamalisal so occur inthelower portion of Zone
MNN 17-16b; however, the number of D. tamalis specimens record-
ed in these samples are less than 2% of the total discoaster assem-
blage and are therefore considered to be biostratigraphically insignif-
icant.

Asshown in Figure 4B, the point at which D. tamalis reaches 2%
of the total discoaster assemblage (top of Zone MNN 16a) occursin
Sample 160-966D-5H-4, 125-126 cm (37.75-37.76 mbsf). Zone
MNN 16a continues through Sample 160-966D-7H-1, 106-107 cm
(52.06-52.07 mbsf). Although they are not considered as primary
biostratigraphic markers, abundance increases in D. tamalis and D.
pentaradiatus also occur within Zone MNN 16a. Beginning in Sam-
ple 160-966D-6H-2, 60—-61 cm (43.60-43.61 mbsf), D. tamalis in-
creases significantly in abundance. This shift is evident in the abun-
dance graph shown in Figure 4B and is likewise evident in similar
graphs of species abundance from ODP Site 653 drilled in the West-
ern Mediterranean (Rio et al., 1990).

Like D. tamalis, the abundance of D. pentaradiatus fluctuates in
the samplesinterpreted to bein Zone MNN 16a. In the upper portion
of this zone, D. pentaradiatus is a consistent part of the assemblage
and constitutes the most significant component of the discoaster as-
semblage; however, beginning in Sample 160-966D-6H-5, 125-126
cm (48.74-48.75 mbsf) and extending into the next lower zone (at
54.61 mbsf), D. pentaradiatus is absent. The absence of D. pentara-
diatus represents the paracme. Stratigraphically, the interval in Hole
966D, which isinterpreted as the top of the paracme of D. pentaradi-
atus, appears to coincide with paracme intervals documented in the
Western Mediterranean (Driever, 1988; Rio et al., 1990; Channell et
a., 1992; Sprovieri, 1993; Castradori, 1993; and Di Stefano, Chap. 8,
this volume).

The lowermost sample interpreted as Zone MNN 16a (Sample
160-966D-7H-1, 106-107 cm) contains the LAD of Sphenolithus
abies/neoabies. Sphenolithus abies/neocabies is used as an aternate
marker near the base of Zone MNN 16a in the zonation scheme of
Rio et a. (1990).

In Sample 160-966D-7H-2, 33—-34 cm (52.83-52.84 mbsf), the
presence of R. pseudoumbilicusis recognized. The LAD of this spe-
ciesmarksthetop of Zone MNN 15-14. In the upper portion of Zone
MNN 15-14, D. pentaradiatus is absent from the assemblage, indi-
cating that the samples assighed to Zone MNN 15-14 above 53.70 re-
main in the paracme interval of D. pentaradiatus. In Sample 160-
966D-7H-3, 61-62 cm (54.61-54.62 mbsf), D. pentaradiatus re-
enters the assemblage. The shallowest sample before the onset of the
paracme zone for D. pentaradiatus is coincident with the FAD of D.
tamalis. The concomitance of the onset of the D. pentaradiatus
paracme and FAD of D. tamalis is not documented in other holes
from Leg 160 and suggests a minor unconformity. The unconformity
probably represents |ess than 100,000 years of missing sediments be-
tween Samples 160-966D-5H-3, 61-62 cm (54.61-54.62 mbsf), and
160-966D-7H-2, 120-121 cm (53.70-53.71 mbsf). Zone MNN 14—
15 continues to Sample 160-966D-7H-4, 124-125 cm (56.74-56.75
mbsf) wherethe LAD of Amaurolithus delicatusand the FAD of Dis-
coaster asymmetricus are observed. The FAD of D. asymmetricus
marks the base of Zone MNN 15-14. In Hole 966D, the last common
occurrence (LCO) of D. variabilis is coeval with the FAD of D.
asymmetricus.

Theinterval between the FAD of D. asymmetricusto the LAD of
Amaurolithus tricorniculatus is interpreted as Zone MNN 13 and

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

The interval from Sample 160-966D-8H-1,-8® cm (61.09
mbsf) through 8H-4, 6%6 cm (65.65 mbsf) contained rare occur-
rences ofAmaurolithustricorniculatus and is assigned to Zone MNN
12. No samples were analyzed in this study below Sample 8H-4, 65
66 cm (65.65 mbsf). Samples from Hole 966D collected below Sec-
tion 966D-8H that are assigned to the basal Zanclean stage (Zone
MNN 12) are discussed by Castradori et al., Chap. 9, this volume.

Hole 967C

Site 967 was located above the active subduction zone at the base
of the northern flank of the seamount. Sediments and rocks recovered
from Site 967 were more diverse in age than those from the other sites
drilled during Leg 160 (Emeis, Robertson, Richter, et al., 1996). Hole
967C was one of three holes drilled at Site 967. Hole 967C cored only
Holocene through upper Pliocene age sediments. Abundance patterns
for selected species studied from Hole 967C are shown in Figures 5A
and 6A.

The uppermost sediments studied for nannofossils cont&ned
huxleyi, which is indicative of the upper Pleistocene Zone MNN 21.
The uppermost Pleistocene Zone MNN 21b was not distinguished in
the cores from Site 967C. AbundanceFohuxleyi shifted dramati-
cally throughout the uppermost samples with abundance estimates
fluctuating from 5% up to 70% of the total coccolith assemblage in
the uppermost cores. A significant decline in the abundance occurs at
Sample 160-967C-1H-2, 12122 cm (2.722.72 mbsf), wheré.
huxleyi drops to below an estimated 1% of the total coccolith assem-
blage and is missing entirely from several additional samples down-
hole.

Each sample that exhibits a paucitykofhuxleyi in Hole 967C
also contains reworked Cretaceous, Eocene, Miocene, and Pliocene
specimens. Clay- and silt-sized calcite particles are also present.
Preservation of the nannofossils in the intervals that contain re-
worked specimens is generally poor to fair with most specimens bro-
ken. The base of the. huxleyi zone was observed in Sample 160-
967C-1H-5, 5651 cm (6.586.51 mbsf). The placement of this da-
tum was confirmed though SEM study of the interval from 160-
967C-1H-2, 4647 cm, through 1H-5, 12021 cm.

The interval from Sample 160-967C-1H-5, $¥2Q1 cm (7.26
7.21 mbsf) through Sample 160-967C-2H-6;46cm (17.4617.47
mbsf) is placed into Zone MNN 20, because of a lack of Boltioix-
leyi and the next oldest biostratigraphic dat#mlacunosa. The ac-
companying assemblage is similar to that found within this zone in
other Leg 160 holes.

In Sample 160-967C-2H-6, 12122 cm (18.2318.22 mbsf)P.
lacunosa becomes a consistent part of the nannofossil assemblage.
Based on the presenceRofacunosa, this sample is assigned to Zone
MNN 19. This species fluctuates significantly downhole, but in the
initial two samples below its LALR. lacunosa occurs in concentra-
tions less than 2% of the total nannofossil assemblage.

In Sample 160-967C-3H-2, 557 cm (21.0521.06 mbsf)Ge-
phyrocapsa sp. 3 is first observed downhole. The abundandeeof
phyrocapsa sp. 3 fluctuates considerably in the next 10 m downhole.
In the six samples immediately below the recognized LAGeaghy-
rocapsa sp. 3, only one sample contai@sphyrocapsa sp. 3. How-
ever, as shown in Figure 5A, the species abundance patterns shows
that Gephyrocapsa sp. 3 dominates the assemblage of gephyro-
capsids larger than 4 um. Also noteworthy is the length of the interval
that contain&ephyrocapsa sp. 3 and the onset of this datum relative
to the LAD ofP. lacunosa. The LAD of Gephyrocapsa sp. 3 is rec-

spans from Sample 160-966D-7H-5, 59-60 cm (57.59 mbsf) througbgnized by Rio et al. (1990) to occur in the middle of MNN 19f, but
7H-CC 14-15 cm (60.81 mbsf). Because the abundance pattern af Hole 967C it occurs at the top of the zone and extends for a greater
Helicosphaera sellii was not established during this study, the LAD interval than the portion of Zone MNN 19f that overlies it. This rela-
of A. tricorniculatusis used as an alternate marker to approximate théonship suggests that either the placement of the LAP laicunosa

base of Zone MNN 13. The accompanying assemblage is dominatedcurs along an unconformity rather than at its true extinction, or that

by D. surculus, D. pentaradiatus, andD. variabilis.

the interval containin@ephyrocapsa sp. 3 is an expanded section re-
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Figure 6. Graphs showing abundance patterns of selected Discoaster species in samples collected from (A) Hole 967C and (B) Hole 968A relative to depth
(mbsf). Abundance for each species is shown as the percent of the total discoaster assemblage counted.

sulting from increased sedimentation rates. The base of Zone MNN
19f, as marked by the FAD of Gephyrocapsa sp. 3, is identified in
Sample 160-967C-4H-2, 22-23 c¢m (30.22-30.23 mbsf).

The interval spanning from Sample 160-967C-4H-2, 22-23 cm
(30.22-30.23 mbsf) through Sample 160-967C-4H-7, 64-65 cm
(38.14-38.15 mbsf) is dominated by small Gephyrocapsa and con-
tains neither Gephyrocapsa sp. 3 nor large Gephyrocapsa (>5.5 um).
With the exception of one sample, this interval was also deve@id of
oceanica. Based on this assemblage, the sample from 36.38.15
mbsf is assigned to Zone MNN 19e.

In Sample 160-967C-5H-1, 489 cm (38.4838.49 mbsf), an as-
semblage change that includes the LAD of laBgghyrocapsa (>5.5
pum) and the reappearance@foceanica after an absence in the pre-
vious zone. Specimens of lar@ephyrocapsa (>5.5 pm) continue
through Sample 160-967C-5H-4, XAP2 cm (43.7443.72 mbsf).
Although the abundance of larg&ephyrocapsa (>5.5 pum) is less

oceanica is observed in Sample 160-967C-5H-75-66 cm (47.65
47.66 mbsf) and is used in this study to approximate the location of
the Pleistocene/Pliocene boundary.

In Sample 160-967C-5H-7, 666 cm (47.6547.66 mbsf)
through Sample 160-967C-6H-4,-28 cm (52.1952.20 mbsf) up-
permost Pliocene Zone MNN 19a was identified by the absence of
both G. oceanica and any discoasters that were interpreted to be in
situ.

Beginning in Sample 160-967C-6H-4, 221 cm (53.2653.21
mbsf), D. brouweri andD. triradiatus are first observed downhole,
which indicates that this sample is within Zone MNN 18. With the
exception in some samples of rare occurrences of other discoasters
interpreted as reworke®, brouweri andD. triradiatus are the only
discoaster species common from Samples 160-967C-6H-41220
cm (53.26:53.21 mbsf) through 7H-4, 12021 cm (62.7662.71
mbsf). BothD. brouweri andD. triradiatus populations fluctuate sig-

than 10% of the total gephyrocapsid population larger than 4 pm, it isificantly from Sections 160-967C-7H-2 through 7H-4, with most
an important species within this interval because its LAD and FABamples containing either few or no discoasters. At Sample 160-

denote the top and bottom of Zone MNN 19d.
The interval between the FAD of lar@ephyrocapsa (>5.5 pm)
and the LAD ofC. macintyrel in Sample 160-967C-5H-7, $89 cm

(47.18-47.19 mbsf) is identified as Zone MNN 19c. Below Zone

MNN 19c, the interval containing bo@ macintyrei andG. oceani-

967C-7H-5, 5354 cm (63.5363.54 mbsf) the discoaster population
again increases, but the discoaster assemblage is comprised almost
entirely of D. pentaradiatus.

The LAD of D. pentaradiatus marks the top of Zone MNN %7
16b in Sample 160-967C-7H-5,834 cm (63.53 mbsf). As was not-

cais assigned as Zone MNN 19b. Compared to samples collected iredl in Hole 965A and 966D, the LAD BX. surculus is recognized in
mediately uphole@. oceanica diminishes in number within Zone the sample immediately downhole from the LADDnfpentaradia-
MNN 19b. The base of Zone MNN 19b as marked by the FAG.of tus. The LAD of D. intercalaris was also observed in Sample 160-
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Figure 6 (continued).

Table 1. Calcareous nannofossil datums.

Age
Biostratigraphic event (reference)
FAD E. huxleyi 0.26 (a)
LAD P. lacunosa 0.46 (a)
FAD Gephyrocapsa sp. 3 0.98 (b)
LAD large Gephyrocapsa 1.22 (b)
FAD large Gephyrocapsa 1.47 (b)
LAD C. macintyrei 1.59 (b)
FAD G. oceanica 1.75(c)
FAD D. brouweri 1.99 (¢)
LAD D. pentaradiatus 251 (c)
LAD D. tamalis 2.63 (d)
LCOD. tamalis 2.82(c)
top of paracme D. pentaradiatus 3.56 (c)
LO Sphenolithus abies/neoabies 3.73(c)
LO R. pseudoumbilicus 3.85(c)
base of paracme D.pentaradiatus 3.90(c)
FCO D. asymmetricus 4.11 (c)

Notes: FAD = first appearance datum, FCO = first common occurrence, LAD = last
appearance datum, LCO = last common occurrence. References: (a) = Rio et dl.,
1990; (b) = Sprovieri, 1993 (using Cande and Kent [1992] time scale); (c) =
Sprovieri, 1993 (using Hilgen [1991] time scale); (d) = Wei, 1993.

967C-7H-5, 53-54 cm (63.53 mbsf). The final sample studied from
Hole 967C (Sample 160-967C-7H-7, 35-36 cm) remains in Zone
MNN 17-16b and is typified by a predominancédobrouweri and
D. pentaradiatus coincident with a reduced number Bf surculus
andD. intercalaris specimens.

Hole 967A

Of the three holes drilled through Holocene to Pliocene aged sed-
iments at Site 967, Hole 967A was the deepest. Pleistocene and
Pliocene nannofossil oozes and calcareous oozes were recovered
from 0-138 mbsf. Sampling for postcruise nannofossil analysis of
Hole 967A began just above the interval interpreted to be equivalent
to the most basal section sampled in Hole 967C. By using extended
sections from both holes, an attempt was made to create a composite
geologic section that contains Pleistocene and uppermost Pliocene
material from Hole 967C and uppermost Pliocene through the most
basal Pliocene in Hole 967A. Abundance patterns for species studied
from Hole 967A are shown in Figure 4C.

The shallowest samples from Hole 967A were collected from
Sample 160-967A-8H-1, 4@7 cm (66.7666.77 mbsf). This sample
contains a discoaster assemblage that is comprised oD9886u-
weri. Excluding a minor percentage of other discoasters interpreted
as reworkedD. brouweri andD. triradiatus were the only the dis-
coasters in the interval from Sample 160-967A-8H-4:4%6cm
(71.26-71.27 mbsf). Based on this discoaster assemblage, samples
from 66.76 through 71.27 mbsf are placed in Zone MNN 18. The fol-
lowing 3 m (71.2%74.26 mbsf), which is represented by only 3 sam-
ples, are problematic because discoasters are rare to absent. The pau-
city of discoasters from 71.274.26 mbsf hinders the placement of
this interval in a zone. The interval is tentatively grouped with the
overlying samples and assigned to Zone MNN 18.
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In Sample 160-967A-8H-6, 46-47 cm (74.26-74.27 mbsf), im-
mediately below the interval devoid of discoasters, a distinct assem-
blage change characterized by an abundance of D. pentaradiatus is
recognized. Specimens of D. tamalis, D. surculus, and D. asymmet-
ricus are also first observed downhole; however, each of these spe-
ciesaccount for only 1% of the discoaster population and are consid-
ered reworked. Based on the presence of D. pentaradiatus, this sam-
pleisinterpreted to be within Zone MNN 17-16b. The next sample
downhole, Sample 160-967A-8H-6, 110-111 cm (74.90-74.91
mbsf) contains the LAD of D. intercalaris followed by the LAD of
D. surculus in Sample 160-967A-8H-7, 46—47 cm (75.76-75.77
mbsf). The stratigraphic relationship of D. surculus and D. interca-
larisisdlightly different in Hole 967A than in the equivalent interval
from Hole 966D, where the LADs of D. surculusand D. intercalaris
appear coeval.

The appearance of D. tamalis, in abundances greater than 2% of
the discoaster assemblage, occurs in Sample 160-967A-8H-9H-3,
110-111 cm (79.90-79.91 mbsf) and marks the top of Zone MNN
16a. Discoaster tamalis remains low in abundance downhole until
Sample 160-967A-10H-4, 11-112 cm (90.91-90.92 mbsf), where an
increase spanning ~7 m is observed. In the samples within Zone
MNN 16a that precede the increase in D. tamalis, the population of
D. pentaradiatusfluctuates up to 78% relative to the overall discoast-
er population. Additionaly, in the interval that shows a decline of D.
pentaradiatus, an increase in D. brouweri and D. surculus is ob-
served. Other discoaster species, such as D. tamalis, D. triradiatus,
D. intercalaris, and D. asymmetricus show little change in thisinter-
val.

In Sample 160-967A-11H-2, 123-124 cm (97.53-97.54 mbsf),
D. pentaradiatus is absent from the assemblage. The interval devoid
of D. pentaradiatus continues for 7 m downhole and isinterpreted to
be the paracme zone. The typical discoaster assemblage within the
uppermost samples of the paracme zone consists of D. brouweri, D.
intercalaris, and D. asymmetricus. In the lowermost portion of the
paracme zone, D. surculus predominates the discoaster assemblage
with alesser contribution from D. brouweri.

Also within the paracme zone, two nondiscoaster nannofossil da-
tums are recognized. In Sample 160-967A-10H-4, 110-111 cm
(100.40-100.41 mbsf) the LAD of Sphenolithus abies/neoabies is
observed. In Sample 160-967A-11H-6, 47-48 cm (102.77-102.78
mbsf), the LAD of R. pseudoumbilicus is observed. The LAD of R.
pseudoumbilicus also denotesthe top of Zone MNN 15-14. The base
of Zone MNN 15-14 isrecognized at Sample 160-967A-11H-7, 38—
39 cm (104.18-104.19 mbsf) by the FAD of D. asymmetricus.

Below the FAD of D. asymmetricus the zonal interpretations are
unclear. The LAD of A. tricorniculatus first appears downhole in
Sample 160-967A-12H-1, 110-111 cm (105.40-105.41 mbsf); how-
ever, the FAD of A. delicatus, which should occur stratigraphically
uphole from A. tricorniculatus, is aso observed in this sample. Be-
cause of this relationship, Samples from 105.40-118.10 are placed
into acombined Zone MNN 13/MNN 12. Sample 160-967A-13H-3,
129-130 cm (118.09-118.10 mbsf) was the deepest sample analyzed
in this study. For abiostratigraphic discussion of lowermost Pliocene
(Zanclean stage) nannofossils collected from the interval below
118.10 mbsf, see Castradori, Chap. 9, this volume.

Hole 968A

Site 968 was located on the Cyprus side of the subduction zone
(Fig. 1). Sediments recovered from Hole 968A showed significant
quantities of reworked nannofossils, foraminifers, and silt-sized par-
ticles likely transported downslope from the Cyprus margin. Abun-
dance patterns for selected species studied from Hole 968A are
shown in Figures 5B and 6B.

From Sample 160-968A-1H-1, 27-28 cm (0.27-0.28 mbsf)
through Sample 160-968A-1H-5, 104-105 cm (7.04-7.05 mbsf), E.
huxleyi was observed, which places these samplesinto upper Pleisto-
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cene Zone MNN 21. Confirmation of the E. huxleyi datum was not
conducted using the SEM for samples collected from Hole 968A.
Owing to an abundance of reworked taxa and calcite fragments with-
in this zone, the E. huxleyi acme subzone was not identified in Hole
968A. A semiquantitative evaluation of the accompanying assem-
blage showsthat G. oceanicaisrare or absent in Zone MNN 21. The
lower boundary Zone MNN 21 is marked by a sharp decline in E.
huxleyi at 7.04 mbsf.

Theinterval from Sample 160-968A-1H-6, 43-44 cm (7.93-7.94
mbsf) through Sample 160-968A-3H-3, 49-50 cm (21.99-22.00
mbsf) is characterized by the absence of both E. huxleyi and in situ
specimens of middle Pleistocene marker, P. lacunosa. The accompa:
nying assemblage is typified by an abundance of small gephyro-
capsids and a G. oceanica content that is rare or absent in the upper-
most portion of this zone, but fluctuates from 3%—-44% of the total
nannofossil assemblage in the middle and lower portions of the zone.
Based on this assemblage, the samples from 7.93-22.00 mbsf are
placed into Zone MNN 20. As were observed in samples uphole, re-
worked microfossils and silt-sized carbonate fragments are common.

In Sample 160-968A-3H-3, 121-122 cm (22.71-22.72 mbsf), P.
lacunosa is first observed downhole in concentrations that are equal
to or greater than 1% of the total nannofossil population. Although P.
lacunosa was observed uphole, al counts were below 1%. In theini-
tial few samples below thisboundary, P. lacunosa fluctuatesin abun-
dance above and below the 1% threshold concentration.

In Sample 160-968A-4H-1, 129-130 cm (29.29-29.30 mbsf),
Gephyrocapsa sp. 3 isfirst observed downhole. Gephyrocapsa sp. 3
is part of the assemblage for 2.74 m downhole through Sample 160-
968A-4H-3, 103-104 cm (32.03-32.04 mbsf), whereits FAD isrec-
ognized as the lower boundary for Zone MNN 19f.

In the interval from Sample 160-968A-4H-4, 135-136 cm
(33.85-33.86 mbsf) through Sample 160-968A-4H-7, 18-19 cm
(37.18-37.19) mbsf, the nannofossil assemblage is typified by an
abundance of small gephyrocapsain the absence of al gephyrocapsa
larger than 4.0 um. Therefore, this interval is assigned to Zone MNN
19e.

LargeGephyrocapsa (>5.5 pum) first enters the assemblage down-
hole in Sample 160-968A-5H-1, 489 cm (37.6837.69 mbsf),
which marks the top of Zone MNN 19d. The base of the zone is evi-
denced by the FAD of largéephyrocapsa (>5.5 um), in Sample
160-968A-5H-CC, 1718 cm (47.3347.34 mbsf).

Samples 160-968A-6H-1, 381 cm (47.3847.31 mbsf) through
6H-1, 123-124 cm (48.2348.24 mbsf) are characterized by the ab-
sence of larg&ephyrocapsa (>5.5 um) andC. macintyrel. This in-
terval is assigned to Zone MNN 19c.

Calcidiscusmacintyrei becomes a consistent part of the nannofos-
sil assemblage in Sample 160-968A-6H-2-2® cm (48.7948.80
mbsf), which marks the top of Zone 19b. The base of Zone 19b is rec-
ognized in Sample 160-968A-6H-4, 1223 cm (52.7252.73
mbsf), where the FAD d&. oceanica is observed.

The interval from Sample 160-968A-6H-5,-23 cm (53.23
53.24 mbsf) through Sample 160-968A-7H-6, 4P%0 cm (65.29
65.30 mbsf) is typified by the absence@foceanica. AlthoughD.
brouweri was observed in this interval, several other species of dis-
coaster were also observed. Because fewer than 25 total discoasters
were observed per traverse of each slide (~%)mmthe interval
from 53.23-65.30 mbsf, and the proportionBf brouweri observed
relative to the other discoasters was small, all of the discoasters in this
interval were interpreted as reworked. Because of the absence of both
G. oceanica and in situ discoasters, the interval from Sample 160-
968A-6H-5, 2324 cm (53.2353.24 mbsf) through Sample 160-
968A-7H-6, 129130 cm (65.2965.30 mbsf) is assigned to upper-
most Pliocene Zone MNN 19a.

The LAD of D. brouweri (top of Zone MNN 18) was interpreted
to be in Sample 160-968A-7H-7,-48 cm (65.9865.99 mbsf). The
discoaster assemblage within MNN 18 inclu@e$rouweri andD.
triradiatus in concentrations that fluctuate significantly. Many sam-



plesinthisinterval do not contain discoastersor contain lessthan 100
discoasters per count. Reworked species and calcite fragments also
fluctuate in thisinterval.

The foraminiferal analysis conducted aboard ship does not agree
with the stratigraphic interpretations from calcareous nannofossils
for theinterval interpreted to be within Zone MNN 19a (Emeis, Rob-
ertson, Richter, et a., 1996). Based on the recognition of the FAD
Globorotalia inflata in Sample 160-968A-6H-CC, shipboard fora-
miniferal interpretations show an unconformity between Samples
160-968A-6H-CC (56.50-56.51) and Sample 7H-3, 79-81 (60.22-
60.23). Foraminiferal interpretations indicate that sediments repre-
senting approximately 0.76 m.y. from the late Pliocene (equivalent to
most of MNN 19a and some of MNN 18) are missing from Hole
968A.

Because the nannofossil data studied aboard ship and the results
of this study both show that D. brouweri is absent from the samples
immediately bel ow the purported unconformity, no obvious evidence
for an unconformity can be provided by the nannofossil data. Within
the interval that the foraminiferal interpretations show to be equiva-
lent to Zone MNN 18, six consecutive samples from a combination
of shipboard and shore-based analyses are devoid of D. brouweri and
D. triradiatus. Although quantitative abundance patternsfor D. brou-
weri and D. triradiatus from the Western Mediterranean (Rio et a.,
1990) show samples in the upper portions of Zone MNN 18 that are
devoid of discoasters, it is unlikely that six consecutive samples that
span 8.8 m in Hole 968A would be devoid of the marker species for
MNN 18. Furthermore, neither the studies of Rio et al. (1990) and
Driever (1988), nor data from the other holes at Leg 160 sites show
extended intervals within Zone MNN 18 that are barren of discoast-
ers. With the lack of other correlatable intervals within Zone MNN
18 to support an unconformity interpretation, amore conservativein-
terpretati on suggeststhat the samples devoid of D. brouweri are with-
in Zone MNN 19a and that the FAD of G. inflata was observed too
high stratigraphically in Hole 968A.

The LAD of D. pentaradiatus is observed in Sample 160-968A-
9H-7, 35—-36 cm (84.85—84.86 mbsf). However, the samples preced-
ing the LAD of D. pentaradiatus contain rare numbers of discoasters
that include D. pentaradiatus. The placement of the LAD of D. pen-
taradiatus at Sample 160-968A-9H-7, 35-36 cm (84.85-84.86 mbsf)
is, therefore, based on the interpretation that all occurrences of D.
pentaradiatus uphole are reworked. Samples below Sample 160-
968A-9H-7, 35-36 cm (84.85-84.86 mbsf) are in Zone MNN 17-
16b. The LADs of D. surculus and D. intercalaris are also observed
inZone MNN 17-16b, two samples below wherethe LAD of D. pen-
taradiatusis placed. The placement of the LADsof D. pentaradiatus,
D. surculus, and D. intercalaris in Hole 968A is consistent with the
interpretations from Holes 966D and 967A. The base of Zone MNN
17-16b is placed in Sample 160-968A-11X-3, 91-92 cm (98.41-
98.42 mbsf), the last sample above the LAD of D. tamalis.

Thetop of Zone MNN 16c is placed in Sample 160-968A-11X-4,
52-53 cm (99.52-99.53 mbsf) where Discoaster tamalis is observed
in abundances dlightly greater than 2% of the total discoaster assem-
blage. Discoaster tamalis remains a consistent but minor constituent
of the total discoaster assemblage until Sample 160-968A-13X-2,
129-130 cm (116.49-116.50 mbsf), where abundances of D. tamalis
increase to 11% of the discoaster population. Below this point, D. ta-
malis fluctuates from 2% to 60%. Similar to the assemblage changes
observed in Hole 967A, the population of D. pentaradiatus shows a
significant drop in abundance several meters abovethe D. tamalisin-
crease at 116.50 mbsf. Although the magnitude of the decrease is
smaller than that observed in 967A, the coincident increase in abun-
dance of D. brouweri and D. surculusrelative to the other discoasters
issimilar to what was observed in Hole 967A.

Another significant change in the assemblage occurs in Sample
160-968A-14X-5, 35—-36 cm (129.65-129.66 mbsf), where the top of
the D. pentaradiatus paracme event is observed. Theinterval devoid
of D. pentaradiatus continues through Sample 160-968A-14X-6,
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117-118 cm (131.97-131.98 mbsf), which indicate that these sam-
ples are within the middle to lower part of Zone MNN 16a. Sample
160-968A-14X-6, 117-118 cm (131.97-131.98 mbsf) also contains
the lowermost occurrence of D. tamalis and the FAD of P. lacunosa.

Following a10-minterval of no recovery in Core 160-968A-15X,
another significant assemblage change occurs in Sample 160-968A-
16X-1, 25-26 cm (143.15-143.16 mbsf). The first downhole occur-
rences of Sphenolithus abies/neoabies, R. pseudoumbilicus, and A.
delicatus are observed concomitant to the re-emergence of D. pent-
aradiatus. Collectively, the presence of these eventsin the same sam-
pleindicatesthat sediments from the middle of Zone MNN 16a over-
lie sedimentsfrom the base of Zone MNN 15-14. Because of thelack
of core recovery in Core 968A-15X, it is difficult to determineif an
unconformity exists between 131.90 and 142.90 mbsf or if the miss-
ing core interval contains the lowermost portion of Zone MNN 16a
and the uppermost portion of Zone MNN 15/14.

The FAD of D. asymmetricus is observed at Sample 160-968A-
16X-1, 104-105 cm (143.94-143.95 mbsf), two samples below the
base of the unrecovered interval in Core 968A-15X. The FAD of D.
asymmetricus marks the base of Zone MNN 15-14.

From Sample 160-968A-16X -2, 37-38 cm (144.77-144.78 mbsf)
through Sample 160-968A-16X-5, 35-36 cm (149.25-149.26 mbsf),
Zone MNN 13 isrecognized. This zone is defined by the absence of
both D. asymmetricus and A. tricorniculatus. Within this zone, asig-
nificant increasein D. variabilis occurs at Sample 160-968A-16X-4,
33-34 cm (147.73-147.74 mbsf). A similar increase is observed in
Hole 967A.

The presence of A. tricorniculatus in Sample 160-968A-16X-5,
108-109 cm (149.98-149.99 mbsf) indicates that this sample marks
the beginning of Zone MNN 12. This zone continues through Sample
160-968A-17X-2, 86-87 cm (154.56-154.57 mbsf). Below 154.57
mbsf a paucity of nannofossils prevented the biostratigraphic deter-
mination of additional samples.

STRATIGRAPHIC DISCUSSION
Significance of Unconfor mities

As expected within a tectonically active environment, the sedi-
mentary record across the Eratosthenes transect shows a discontinu-
ous geologic sequence from the Holocene through early Pliocene
time at all sites except Site 967. Site 965, which currently lies on the
northern flank of the subducting seamount, has the least continuous
geologic record of the Eratosthenes sites. One significant unconfor-
mity, which likely included the Pliocene/Pleistocene boundary (0.92
Mato 0.25 Ma) was interpreted at Site 965. Three additional minor
unconformities are also interpreted at Site 965: (1) missing sediments
that spanned an interval up to 0.2 m.y. of the early to middle Pleisto-
cene, (2) missing interval that includes up to 0.35 m.y. of upper
Pliocene to lower Pliocene sediments, and (3) missing interval of up
to 0.4 m.y. of lower Pliocene sediments.

The sedimentsfrom Site 966, |ocated on the crest of the seamount,
a so contain unconformities. Aninterval equivalent to aportion of the
prominent unconformity in Hole 965A occurs across lower Pleisto-
cene sediments and represents a missing time interval that ranges
from ~0.16 t0 0.60 Ma. A second unconformity isinterpreted in low-
er Pliocene sediments and spans an estimated interval up to 0.10 Ma.

Site 968 appears to be continuous through the Plei stocene and up-
per Pliocene intervals, but shows a missing interval in the lower
Pliocene that represents ~0.33 Ma.

The presence of unconformities from the lower Pliocene sedi-
ments of three of the holes along the Eratosthenes transect suggests
that significant tectonic movement occurred in the seamount region
near 3.5 Ma. Because no evidence of an unconformity isreflected in
lower Pliocene sediments from Site 967, it is suggested that the
mechanism that resulted in the unconformities at the other sites was
focused locally and likely represented erosion along uplifted faults

93



T.S. STAERKER

blocks. Likewise, the additional hiatuses observed in the Pleistocene
sediments at Sites 965 and 966 probably reflect continued faulting of
these areas as the southernmost portions of the seamount began col-
lapsing during subduction.

Comparison of L eg 160 Abundance Patterns
to Other Mediterranean Geologic Sections

Conventional biostratigraphic zonations rely on datums that may
be spaced more than 1-3 m.y. apart. The recognition of secondary
features of the assemblage, represented in the species abundance
shifts, aid in determining the location of a sample between the con-
ventional zonal markers. By using the secondary markers, unconfor-
mities within azone may be identified.

Because the geologic sections from most of the sites along the
Eratosthenes Seamount transect were incomplete (except Site 967),
comparison of the nannofossil abundance patterns with other geolog-
ic sections in the Mediterranean is tenuous. However, some signifi-
cant events are apparent in abundance patterns from both Leg 160
data and Western and Central Mediterranean studies of Rio et al.,
1990; Channell et al., 1992; Castradori, 1993; and Driever, 1988.

As was mentioned previously, Site 967 provided the most com-
plete geologic section from the Eratosthenes transect to serve as the
reference section for abundance characteristics in the Eastern Medi-
terranean. Compared to the abundance patterns presented by Rio et
a. (1990) for the Tyrrhenian Sea, the species abundance patterns
from Site 967 were similar. All of the significant species abundance
shifts detailed by Rio et al. (1990) including LADs and FADs of al
marker species, were observed at Site 967. In addition, three second-
ary features of the abundance curves for the discoasters monitored in
both studies can be used for biostratigraphic correlation.

LAD of Discoaster surculus

Abundance curves for D. surculus from this study show that the
LAD of D. surculusis consistently below the LAD of D. pentaradi-
atus. A comparison of abundance curvesfor the Singa section (Driev-
er, 1988) and Tyrrhenian Sea Site 653 (Rio et al., 1990) showsasim-
ilar relationship for the LADs of D. pentaradiatusand D. surculus. In
the Monte San Nicola section (Driever, 1988; Channell et al., 1993),
the relationship of the LADs of D. pentaradiatus and D. surculusis
difficult to determine because of increased terrigenous input and re-
working. However, depending on the abundance criteria used to de-
termine reworked specimens from those specimens interpreted to be
within the range of D. surculus, the data from the Monte San Nicola
section could also support an interpretation that the LAD of D. sur-
culusisan older event in the Mediterranean than the LAD of D. pen-
taradiatus.The LAD of D. surculusis considered an almost synchro-
nous event that globally occurs in oxygen isotope Stage 99-101
(Wei, 1993). Conversely, D. pentaradiatusis considered to be diach-
ronous (Wei, 1993). In the Mediterranean, the LAD of D. pentaradi-
atus occurs consistently in Stages 99-100, whereas the LAD of D.
surculus is observed in Stages 100-101 (Vergnaud-Grazzini et d.,
1994).

The extra-Mediterranean zonation schemes of Okada and Bukry
(1980) and Martini (1971) suggest that the LADs of D. pentaradiatus
and D. surculus be used as zonal boundaries, although other studies
have suggested that these events are too close together stratigraphi-
caly in Mediterranean geologic sections to warrant this usage

Acmes of Discoaster asymmetricus and Discoaster tamalis

In the upper Pliocene, just above the top of@heentaradiatus
paracmeD. tamalisandD. asymmetricus display abundance increas-
es at the Eratosthenes sites. The coeval acmBs agdymmetricus
and D. tamalis in the Mediterranean were first cited by Driever
(1988) based on sections from Sicily, Calabria, and Crete. Driever
(1988) used the top of the acmedoftamalis andD. asymmetricus as
a datum. Acmes dD. tamalis andD. asymmetricus are also evident
at approximately the same interval in the Tyrrhenian Sea Site 653
(Rio et al., 1990). Because, the highest abundance peaks do not al-
ways correlate well among geographic region of the Mediterranean,
only the top of the acme intervals f@rtamalis andD. asymmetricus
should be considered as a datum. This datum would also be consid-
ered a secondary marker to help determine if some of a geologic sec-
tion is missing between the top of thepentaradiatus paracme and
the LAD of D. tamalis.

The LCO ofD. tamalis is calibrated to oxygen isotope Stage 115
by Sprovieri (1993). Although an acceptable definition for the top of
the acmes oD. tamalis and D. asymmetricus has not been estab-
lished nor calibrated to an oxygen isotope stage, it appears that the ac-
mes ofD. tamalis andD. asymmetricus occur below oxygen isotope
Stage 115 and thus older than 2.82 Ma.

LCO of Discoaster variabilis

Another prominent biostratigraphic event displayed in Leg 160
sites and other Mediterranean geologic sections is the abundance
shift of D. variabilis within Zone MNN 13. The biostratigraphy of
lower Pliocene sediments is problematic in the Mediterranean be-
cause the nannofossil datums used to subdivide the lower Pliocene in
extra-Mediterranean zonation schemes are rare in the Mediterranean
(such as ceratoliths and amauroliths). Driever (1988) concluded that
despite the presence of significant reworked microfossils, a distin-
guishable shift in abundance Bf variabilis was recognizable in
Mediterranean sections. The sharp downhole increase in abundance
of D. variabilis is easily recognized below the LADs Bf tamalis
andD. asymmetricus at the sites from the Eratosthenes transect (Figs.
4, 6B) and can be used as a biostratigraphic marker for the lower
Pliocene. The method used to quantify the abundarevafiabilis
at Leg 160 sites, which involved countsdfvariabilis relative to
100 total discoasters, was one of the methods used to qu@ntify
variabilis for Tyrrhenian Sea Site 653. The apparent synchroneity of
the abundance increase®fvariabilis in the early Pliocene of both
the Tyrrhenian Sea (Rio et al., 1990) and this study suggests that the
LCO of D. variabilis could be used in other Mediterranean geologic
sections for subdividing the lower Pliocene.

CONCLUSIONS

Quantitative methods used to document the abundance patterns of
selected calcareous nannofossil species from four sites in the Era-
tosthenes Seamount region of the Eastern Mediterranean show many
similarities to the abundance patterns of the same species studied in
the Western and Central Mediterranean. Through the use of the Neo-
gene zonation scheme and quantitative methods for documenting the
abundance of selected species proposed by Rio et al. (1990), a high-
resolution biostratigraphy for the Eastern Mediterranean has been es-

(Miiller, 1978; Ellis and Lohman, 1979; Raffi and Rio, 1979). Theretablished in this study.

is sufficient data, however, to indicate that the LADDosurculus is

a slightly older event than the LAD B pentaradiatusin the Medi-

Although all of the sites drilled at Eratosthenes Seamount ap-
peared affected by faulting associated with subduction of the sea-

terraneanBecause these two events appear consistent and can be difount ben_eath the A_natolian subpl_ate at Cyprus, I-_loles 967A and
ferentiated in studies that provide sufficient sample spacing, th867C provided a continuous geologic reference section for the East-

events should be used to determine if the top obtheentaradiatus
Zone is present at sites throughout the Mediterranean.

ern Mediterranean that spanned from the lower Pliocene through
Holocene. Comparison of the Eratosthenes reference section from



Holes 967A and 967C with geologic sections in the Tyrrhenian Sea
(Rio et a., 1990), Sicily (Channell et al., 1992; Driever, 1988), and
Crete (Driever, 1988) show many similaritiesin the characteristics of
species abundance patterns, validating the utility of the Rio et al.
(1990) zonation scheme for use in the Eastern Mediterranean.

In addition to the primary biostratigraphic markers proposed by
Rio et al. (1990), three secondary features of the abundance curves of
discoasters are proposed for biostratigraphic correlation in the Medi-
terranean: (1) the LAD of D. surculus has been documented in sever-
a geologic sections as an event older than the LAD of D. pentaradi-
atusinthe Mediterranean and can be effectively used in geologic sec-
tions that have sufficient sample spacing and moderate to little
reworking; (2) abundance peaks for D. asymmetricus and D. tamalis
just above the paracme of D. pentaradiatus can be used to correlate
within upper Pliocene Zone MNN16ain the Eastern Mediterranean;
(3) the LAD of D. variabilisiswithinZone MNN 13 andiseasily rec-
ognized at the sites from the Eratosthenes transect and can likely be
used as a consistent biostratigraphic marker for the lower Pliocene
sediments throughout the Mediterranean.

Several unconformitieswere recognized at the Eratosthenes sites.
Unconformities likely the result of local faulting associated with
Pleistocene tectonic movement of the subducting Eratosthenes Sea-
mount were present in the middle and lower Pleistocene within Holes
965A and 966D. Unconformities likely represent the Pleistocene/
Pliocene boundary in Holes 965A and 966D. Another prominent un-
conformity was also recognized in lower Pliocene sediments from
Holes 965A, 966D, and 968A, which suggests that increased uplift
and faulting occurred at approximately 3.5 Ma
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APPENDI X
TAXONOMIC DISCUSSION

The biostratigraphic use of nannofossils relies upon the synchronous or
near synchronous distribution of species abundance events within the region
being studied. Aside from latitudinal differences in nannofossil assemblages,
primarily resulting from water temperature, zonation schemes have been es-
tablished that reflect synchronous events ubiquitous around the globe (Marti-
ni, 1971; Okada and Bukry, 1980; and Gartner, 1969). These ubiquitous
datums usually correspond to the LAD, FAD, or the acme of diagnostic spe-
cies. Regionally, variations to the standard zonation schemes reflect differ-
ences in nannofossil assemblage patterns within individual basins. Because
the Mediterranean region during the Pleistocene and Pliocene contained awa-
ter mass largely independent from the Atlantic and Indian Oceans, variations
in nannofossil assemblages hinder the use of conventional zonation schemes
in Mediterranean geologic sections. To accommodate the assemblage differ-
ences between Mediterranean sites and the global standards, several nanno-
fossi| zonation schemes have been previously proposed for the M editerranean

CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY

variations in central bar angle, proportions of the central area, and placolith
thickness. The lower limit for the medium gephyrocapsids has been placed at
4.0 um and the upper limit at 5.5 um. B@&hoceanica andG. caribbeanica
fall within the 4.6-5.5 um size range; therefore, these two species are not dis-
tinguished from each other in the Leg 160 stu@gphyrocapsa sp. 3 (Rio,
1982) is a medium-sized gephyrocapsid with the cross-bar positioned nearly
parallel to the short axis of the placolith. Small gephyrocapsids are classified
here as all forms smaller than 3.5 um, and |&ggehyrocapsa are species
greater than 5.5 um as proposed by Rio et al. (1990).

Because the abundance patterns of the indivi@eplhyrocapsa species
were monitored relative to other gephyrocapsids, the methodology used in
this study to quantify the general proportion of individBaphyrocapsa spe-
cies was made by counting 500 individual gephyrocapsid specimens of any
species, regardless of size. Where significant biostratigraphic events are iden-
tified by this “screening” technique, such as the LADs or FADGaghyro-
capsa sp. 3 or largesephyrocapsa (>5.5 pm), the sample containing these
events were analyzed again using the quantitative methods and zonal defini-
tions presented by Rio et al. (1990). The FAD and LAGehyrocapsa sp.

(Schmidt, 1973; Miller, 1978; Ellis and Lohman, 1979; Raffi and Rio, 1979;3 and larg&sephyrocapsa (>5.5 um) were determined as the point where each

Rio et al., 1990.).

species was present above 1% of the gephyrocapsid assemblage in a count of

Although species definitions must accompany the holotype, differing spet00 Gephyrocapsa greater than 4.0 um. The quantitative method for deter-
cies concepts for given taxa may exist among researchers. These differenoeing the FAD ofG. oceanica included the count of 300 total coccoliths
are given added significance when the morphologic characteristics used to darger than 3.0 um (Rio et al., 1990).
fine a given species affect the placement of biozones. To clarify the morpho-

logic concepts of taxa used in this paper, all of the species used for

Pseudoemiliania lacunosa (Kamptner, 1963) Gartner (1969)

biostratigraphy are briefly discussed. The absolute ages of the datums used in
this study, as calibrated to magnetostratigraphic or oxygen isotope standards, P. lacunosa is used biostratigraphically as a LAD zonal boundary in the

are found in Table 1.

Emiliania huxleyi (Lohmann, 1902) Hay and MohlerHay et al. (1967)

Pleistocene and as an unconventional FAD in lower Pliocene. Following the
definition of Thierstein et al. (1977), the LAD Bf lacunosa is placed at its

shift in abundance below 1% of the total coccolith population in a count of

500 specimens. Using the midpoint of this decrease in the interval between

Owing to its small size (25 um), its propensity for dissolution relative 1% and zero relative abundance, Thierstein et al. (1977) suggested that the
to the coexisting gephyrocapsids (Mcintyre and Mcintyre, 1971; Roth andnost biostratigraphically useful point for the consistent placement for the

Berger, 1975; Thierstein et al., 1977), and the rarity. diuxleyi near its first

LAD occurs just before extinction, which is consistently positioned within ox-

occurrence in oxygen isotope Stage 8 (Thierstein et al., 1977), the first occurgen isotope Stage 12 at 0.46 Ma. Using cores from the Tyrrhenian Sea, Rio
rence ofE. huxleyi is often difficult to determine. Because Leg 160 sampleset al. (1990), indicate an abundance signatur® féacunosa that compares
collected from Pleistocene sediments were observed under a magnificationweéll with that proposed by Thierstein et al. (1977). The placement of the FAD

1200%, the identification of individual specimensifhuxleyi was not diffi-
cult in samples that contained abundanhuxleyi in good to excellent pres-

of P. lacunosa follows the same quantitative technigue as used for identifying
the LAD of the species.

ervation. However, high guantities of silt- and clay-sized carbonate material,

coupled with abundant reworking of older taxa observed in the uppermost
cores of each hole from this study, prevented the recognition of the acme zone

of E. huxleyi.

Although placement of the FAD &. huxleyi was not hindered by poor

Calcidiscus macintyrei (Bukry and Bramlette, 1969) Loeblich
and Tappan, 1978

The distinction betwee@alcidiscus macintyrel andC. leptoporus in this

preservation, error due to the species’ low abundance near its inception istdy is entirely based upon the diameter of the distal shield. A minimum size
concern (Thierstein et al., 1977). To approach this problem, counts of 500 téer C. macintyrei is 11 um, as adopted from Rio et al. (1990). Specimens
tal coccoliths were conducted on selected samples using an SEM. Sampksaller than 11 um are referred toCaseptoporus. The quantitative method
above and below the FAD & huxleyi as identified in the light microscope for documenting the placement of the LAD@fmacintyrei follows that used
were chosen for SEM analysis. Disarticulated coccoliths that possessed thébis Rio et al. (1990), where the LAD is placed at the abundance drop below
bar structure in the distal shield and lacked the central cross-bar indicative #%6 in a count of 100 specimens of a®slcidiscus species.

a gephyrocapsid were often observed near the purported FAD. In this study

these “questionable” specimens were attributéd boixleyi if they were larg-

Discoasters

er than 2 um. Specimens smaller than 2 um were interpreted to be broken

specimens oGephyrocapsa protohuxieyi.

Gephyrocapsids

The quantitative method and zonal definitions used to document the abun-
dance patterns of all discoasters observed in this study followed the method
of Rio et al. (1990). The LAD d. brouweri is placed immediately below the
uppermost exit from the overall nannofossil assemblage in the upper Pliocene.

Numerous researchers have studied the taxonomy and biostratigraphiibe LADs ofD. pentaradiatus andD. surculus were placed at the drop in spe-

utility of the genussephyrocapsa (Bukry, 1973a; Duplessy et al., 1975; Gart- cies abundance below 1% in a count of 100 total discoasters. Following the
ner, 1972, 1977b; Matsuoka and Okada, 1989, 1990; Proto Decima & Masottiefinition of Rio et al. (1990), the LAD dd. tamalis was placed at the de-
1981; Pujos-Lamy, 1977a, b; Rio, 1982; Samtleben, 1978, 1980). A high derease in species abundance below 2% in a 100 specimen discoaster count.
gree of variability exists in the species concept of this genera, which mak&she first common occurrence (FCO) bf asymmetricus is defined as the
widespread correlation difficult. The two specieS&ephyrocapsa most com-  point where the species increases to greater than 5% in a count of 100 dis-
monly referred to in biostratigraphic literature &eoceanica (Kamptner, coastersDiscoaster surculus, D. intercalaris, andD. variabilis were not used
1943) andG. caribbeanica (Boudreaux and Hay, 1969). Although these two as zonal boundaries; however, their respective abundance patterns were doc-
species are widely used as zonal markers for the Pleistocene, a consensusioented and are presented in this study as potential secondary biostratigraph-
the size limits and morphologic variation allowed by the holotypes has ndt events.
been reached. Several of the most recent efforts to clarify the stratigraphic po-
sitions of the gephyrocapsids indicate that the group displays a definite time-
progressive change in morphology throughout the late Pliocene and Pleist-
ocene and that the change in size is both consistent and observable in the light
microscope. (Matsuoka and Okada, 1989, 1990; Rio, 1982).

Using the biostratigraphic zonation scheme of Rio et al. (1990), the ge- The minimum size foR. pseudoumbilicus as used in this study is 7 um
phyrocapsa group was primarily subdivided according to size, ignoring slighiRaffi and Rio, 1979).

Reticulofenestra pseudoumbilicus (Gartner 1967) Gartner (1969)
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Sphenolithus spp.

Sphenoliths were very abundant through most of the lower Pliocene. The
LAD of thisgenusis used by Rio et a. (1990) as a secondary event for bio-
stratigraphy. Following the method of Rio et a. (1990), the S abiesand S.
neoabies were not distinguished from each other in this study. The LAD of
Sphenolithus spp. was marked by the decrease in abundance below 1% in a
count of 500 total nannofossils.
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Amaurolithustricorniculatus (Gartner 1967) Gartner and Bukry (1975)
Amaurolithus delicatus (Gartner and Bukry 1975)

Species of the amaurolith group occur in very low abundance in the lower
Pliocene. To document the abundance of these species, counts of individual
amaurolith species were made at a magnification of 500% over an area ~9
mm?.
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