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15. HIGH-RESOLUTION BIOSTRATIGRAPHY AT THE MIOCENE/PLIOCENE BOUNDARY

IN HOLES 974B AND 975B, WESTERN MEDITERRANEAN?!

SilviaM. laccarino,? Maria Bianca Cita,® Sandra Gaboardi,? and Gian Maria Gruppini?

ABSTRACT

Extended sedimentary sequences encompassing the Miocene/Pliocene boundary were continuoudy cored in the Tyrrhenian
Sea (Hole 974B) and Balearic Basin (Hole 975B) during Ocean Drilling Program Leg 161, and investigated in terms of fora-
minifer (planktonic and benthic) high-resolution biostratigraphy.

Theinterval studied includes the earliest part of the Zanclean (Zone MP11) and the Miocene/Pliocene boundary. The lower
Zanclean (Sphaeroidinellopsis Acme Zone or MP11) is characterized by pelagic sediments in both holes.

Within the lower part of MP11 Zone, cyclically repeated changes in abundance of Globigerinoides population have been
recognized at both sites and interpreted as caused by astronomical forcing precession cycles. The calibration of these cycles
with bioevents like the acme interval of Sphaeroidinellopsis, two intervals of Neogloboquadrina acostaensis sinistrally coiled,
and the first common occurrence (FCO) of Globorotalia margaritae led to theidentification of five cyclesin Hole 974B and six
cyclesin Hole 975B. Such dataindicate that the Hole 975B sequence is more complete than that recorded in Hole 974B, where
the first cycle is missing.

The MP11/MP12 boundary, which is based on the FCO of Globorotalia margaritae at 5.07 Ma, represents the top of the
sequence investigated.

The repopulation of the Mediterranean basin floor by benthic foraminifersis stepwise. The first immigrants were small in
size (Eponides pusillus and bolivinids) and were found only in Hole 975B. They were followed by Oridorsalis stellatus, Cas-
sidulina subglobosa, and Uvigerina peregrina, which occur at both sites. Such assemblages suggest water masses partialy

depleted of oxygen a the very base of the Pliocene sequence.

INTRODUCTION

Our knowledge of the high-resol ution biostratigraphy at the Mio-
cene/Pliocene boundary is based mainly on land sections of southern
Italy (Sicily and Calabria; Langereis and Hilgen, 1991; Sprovieri,
1992, 1993; Di Stefano et a ., 1996) and on Site 653 in the Tyrrhenian
Sea (Sprovieri, 1993; McKenzie and Sprovieri, 1990). According to
the most recent calibration, the Miocene/Pliocene boundary as de-
fined in the Capo Rossello composite section (Hilgen, 1991), falls at
5.33 Ma, five cycles below the Thvera Subchron and two cycles be-
low the base of the Sphaeroidinellopsis acme range.

It iswell known ard doaumerted (Ryan, Hsi et ., 1973 Hsl et
a., 1978; Cita d al., 1978) tha the Mediterranean salinity crisis
abruptly ended by theinflux of Atlantic water, which invaded the dif-
ferent parts of the Mediterrarean Bain a the begnning of the
Pliocere. This sudden change from continental to maine sediments
is clearly reaognizable both in land and degp-marine sedions where
open-marine deposts lie on Lago Mare facies tegtifying that this
event occurred under subagueous condtions.

High-resolution stratigraphic studies of thisinterval reveded ase-
ries of palecceanographic events beween the termination of the sa-
linity crisis and the re-establishmert of a fully open marine connec-
tionwith the Atlantic Ocean, which until nowwere not clearly under-
stood. McKenzie and Sprovieri (1990) recognized three stages, each
oneindicative of anevolutionary phase of the earliest Medterranean
paeoceanography.

Holes 974B and 975B from Ccean Drilling Program (ODP) Leg
161 wereinvestigated through foraminifer high-resolution biogtratig-
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raphy to test the conpleteness of the Piocere sequence in the two
wegern Mediterranean basinsand provide new evidence of the pde-
oceanographic conditions at the Miocene/Pliocene (M/P) boundary
in the certral TyrrhenianSea(Site 974) and inthe South Balearic Ba-
sin (Ste 975.

Site 978, located in the Eastern Alboran Basin, should have been
importart to further knowledge of the M/P boundary in the eatern
pat of the wegern Mediterranean, but it was not andyzed because
the recovery in the boundary interval was very poor (found in only
the core-catcher of Core 45R, and there was no recovery of Core
46R). Regardless, the lowermost Pliocene recognized at 161-978A-
45R-CC & 630 meters bdow seafloor (mbs), belongsto ZoneMP11.

MATERIAL AND METHODS

High-resolution samgding encompassing the Miocene/Pliocene
bounday was conducted on bard the JOIDES Resolution atclosely
spaced intervals of 10 to 20 cm throughout the latest Messinian and
lower part of MP11, and 50 to 70 cm ttough the uppe part of MP11
up to the base of MP12. Subsequently, additional sanples weretaken
from Leg 1@ cores a the Bremen Repsitory.

For the shore-based sudy, the 16cm® samples wee washed on
63-um deves andthe residues larger than 15 um were usd for a
quantitative study of the planktonic foraminifers. Approximately 300
specimers were courted to achieve a gatistically meaningful distri-
bution pattern. The benthic foraminiferal anaysisis based on the to-
tal number of spedmenrs (fraction>125um) and on semiquantitative
aralysis (<125-um fraction). Where not specified, the benthic fora-
minifera distribution discussed in this chapter is the fraction >125
pm.
The danktonic foraminifera biogratigraphic scheme poposed
for the Mediterranean by Cta (1973, 1975) and ameded ly Rio et
al. (1984) and Sprovieri (1992, 1993) was adopted.
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BIOSTRATIGRAPHIC RESULTS
Hole 974B

Hole 974B islocated inthecertral Tyrrhenian Sea (40° 21.362N,
12°8.516'E) (Shipboard Sciertific Party, 19968) very close to Ste
652 (ODP, Leg 107) at 3454 m depth (Fig. 1). The sedimentary se-
quence cored (late Messnian to Pleistocene) is203 m thick. Inthein-
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terva invedigated, extendng from 183.06 mtsf (161-974B-20X-6,
66-68 cm) down to 203.7 mbsf (bottomof the hole), 53 sampdes were
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Slte 974

B

o9

Aegean Sea?

Wsw ESE
Site 974 T
SIEQ ,mnnkw“":f‘"fc

‘)..»'

"‘1\., ':fﬁ
fﬂ\w 73-'1! 3

Pliocene-
Pleistocene
203.5 mbsf

Top e
Miocense e

) ﬁ:
g
F \W"‘ﬂ'
‘M“’ A

.l , GOV SS an‘q?
e*.‘.’

Two-way traveltime (s)

Figure 1. Location map of Sites 974 and 975, and seismic profiles of Site 974 and Site 975.
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BIOSTRATIGRAPHY AT THE MIOCENE/PLIOCENE BOUNDARY

Table 1. Investigated samples of Hole 974B: depth, weight of dried sasmple and washed residue fractions, and sediment color.

Residue Residue
Core, section, interval Depth Sample weight (g) weight (g)
(cm) (mbsf)  weight(g) >125 pm >63-<125 um Sediment color
161-974B-
20X-6, 66-68 183.06 10.47 0.19 0.21 Light gray (N 7)
20X-CC 184.30 10.47 0.20 0.30 Yellowish gray (5Y 7/2)
21X-2, 67-69 186.67 10.47 0.27 0.20 Yellowish gray (5Y 7/2)
21X-2,108-110 187.08 12.36 0.39 0.86 Yellowish gray (5Y 7/2)
21X-4,130-132 190.30 10.47 0.26 0.27 Yellowish gray (5Y 7/2)
21X-5, 53-55 191.03 11.88 0.28 0.30 Pale yellowish orange (10YR 8/6)
21X-6,99-101 192.99 7.19 0.11 0.46 Grayish yellow (5Y 8/4) very pale orange (10YR 8/2)
21X-6, 103-105 193.03 9.85 0.21 0.85 Grayish yellow (5Y 8/4) very pale orange (10YR 8/2)
21X-6, 122-125 193.23 11.34 0.28 0.59 Grayish orange (10 YR 7/4) very pale orange (10YR 8/2)
21X-6, 140-142 193.40 10.63 0.22 0.56 Light brown (5YR 5/6)
21X-7,17-19 193.67 10.84 0.24 0.27 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
21X-7, 35-37 193.85 9.99 0.25 0.42 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
21X-CC 194.00 10.47 0.42 0.23 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
22X-1, 20-22 194.30 10.32 0.34 0.26 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
22X-1, 37-39 194.47 10.30 0.29 0.22 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
22X-1,57-59 194.67 10.20 0.21 0.24 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
22X-1, 80-82 194.90 11.21 0.27 0.29 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
22X-1, 100-102 195.10 9.41 0.23 0.18 Moderate reddish brown (10R 4/6) very pale orange (10YR 8/2)
22X-1, 120-122 195.30 9.66 0.32 0.26 Light brown (5YR 6/4) very pale orange (10YR 8/2)
22X-1, 140-142 195.50 9.83 0.34 0.29 Light brown (5YR 6/4) very pale orange (10YR 8/2)
22X-2,10-12 195.70 9.78 0.30 0.84 Very pale orange (10YR 8/2) grayish orange (10YR 7/4) light brown (5YR 5/6)
22X-2, 34-36 195.94 8.52 0.23 0.25 Very pale orange (10YR 8/2) grayish orange (10YR 7/4) light brown (5YR 5/6)
22X-2,56-58 196.16 8.95 0.31 0.51 Light brown (5YR 5/6) grayish orange (10YR 7/4)
22X-2,77-79 196.37 9.60 0.27 1.16 Light brown (5YR 5/6) grayish orange (10YR 7/4)
22X-2,98-100 196.58 9.08 0.26 0.86 Light brown (5YR 5/6) grayish orange (10YR 7/4)
22X-2,115-117 196.75 10.56 0.33 1.25 Grayish orange (10YR 7/4)
22X-2,136-138 196.96 9.89 0.20 0.23 Grayish orange (10YR 7/4)
22X-3,10-12 197.20 6.31 0.16 0.23 Grayish orange (10YR 7/4)
22X-3, 28-30 197.38 6.95 0.17 0.31 Pale reddish brown (10YR 5/4) moderate reddish brown (10R 4/6)
22X-3,42-44 197.54 7.53 0.20 0.74 Moderate reddish brown (10R 4/6)
22X-3, 62-64 197.72 9.25 0.27 0.49 Light brown (5YR 5/6) very pale orange (10YR 8/2)
22X-3, 81-82 197.90 8.86 0.26 1.21 Moderate yellowish brown (10YR 5/4) moderate brown (5YR 4/4)
22X-3,102-104 198.12 8.58 0.23 0.48 Moderate yellowish brown (10YR 5/4) vary pale orange (10YR 8/2)
22X-3, 115-117 198.25 8.97 0.26 0.46 Grayish orange (10YR 7/4) very pale orange (10YR 8/2)
22X-3,130-132 198.40 10.02 0.11 1.26 Moderate yellowish brown (10YR 5/4)
22X-3, 145-147 198.55 11.26 3.86 4.32 Light olive gray (5Y 6/1) brownish gray (5YR 4/1)
22X-4, 14-16 198.74 8.37 0.30 0.19 Very pale orange (10YR 8/2) dark yellowish orange (10YR 6/6)
22X-4, 34-36 198.94 8.15 0.11 0.34 Moderate yellowish brown (10YR 5/4) very pale orange (10YR 8/2)
22X-4,52-54 199.12 8.35 0.38 0.53 Light bluish gray (5B 7/1) yellowish orange (10YR 6/6)
22X-4,70-72 199.30 9.62 0.16 0.27 Moderate yellowish brown (10YR 5/4) light olive gray (5Y 6/1)
22X-4, 93-95 199.53 9.94 0.05 0.60 Pale brown (5YR 5/2) moderate brown (5YR 4/4) light olive gray (5Y 6/1)
22X-4,114-116 199.74 9.05 0.18 1.13 Pale brown (5YR 5/2) moderate brown (5YR 4/4) light olive gray (5Y 6/1)
22X-4,133-135 199.93 13.15 0.06 0.08 Light olive gray (5Y 6/1)
22X-5,32-34 200.42 12.29 0.02 0.41 Light olive gray (5Y 6/1)
22X-5, 48-49 200.57 15.14 0.00 0.01 Light olive gray (5Y 6/1)
22X-5,70-72 200.80 12.71 0.00 (one fract.)  Light olive gray (5Y 6/1)
22X-5, 90-92 201.00 14.26 0.00 0.01 Light olive gray (5Y 6/1)
22X-5,110-112 201.20 15.33 0.00 (one fract.)  Light olive gray (5Y 6/1)
22X-5,125-127 201.35 14.90 0.03 Light olive gray (5Y 6/1)
22X-5,143-145 201.53 9.74 0.04 0.18 Light olive gray (5Y 6/1)
22X-6, 16-18 201.76 13.60 0.10 0.47 Light olive gray (5Y 6/1)
22X-6, 50-52 202.10 14.61 0.27 2.27 Light olive gray (5Y 6/1)
22X-6, 66-68 202.26 14.32 0.38 3.11 Light olive gray (5Y 6/1)

boundary is easily recognized through the abrupt change from barren
to highly fossiliferous sediments and the strong variation of the
CaCO, content (Fig. 2). The color changes upward from brown to
reddish (Fig. 3). Drilling disturbances make the lithol ogic change dif-
ficult to see.

Planktonic foraminifers are very abundant from the base of the
Pliocene upward, but they are absent in the Messinian sediments (Ta-
ble 2 and Appendix A). The major events recognized within thisin-
terval arethe following:

1. TheFCO of Globorotalia margaritae in the uppermost sample

flooding, at 197.20 mbsf (Sample 161-974B-22X-3, 10-12

cm);
4. The acme interval ofphaeroidindlopsis (7.2 m thick) from

Sample 161-974B-22X-3, 115-117 cm, through Sample 21X-

5, 53-55 cm; and
5. A peak of abundance (14.1%) @fobigerina nepenthes oc-

curs at 198.40 mbsf (Sample 161-974B-22X-3, 130-132 cm).
This acme, recognized by Zachariasse and Spaak (1983), pre-
cedes the base of tiSphaeroidinellopsis acme.

Benthic foraminifers are rare at this site and therefore the quanti-

of the investigated interval (161-974B-20X-6, 66—68 cm) attative study was not useful. Most taxa show scattered distribution;

183.06 mbsf;
2. Within the range of predominantly dextrally coildeoglobo-

quadrina acostaensis, two short shifts oN. acostaensis sinis-

only few taxa are “dominant” and show a quite continuous distribu-
tion (Appendix B).

From the base of the Pliocene up to 198.55 mbsf (Samples 161-

tral occur; the lower one from Sample 161-974B- 22X-4, 70-974B-22X-6, 66—68 cm, to 22X-3, 145-147 cm) benthic foraminifers
72 cm, to Sample 22X-4, 14-16 cm, and the higher from Samare almost completely absent in the fraction >125 um and only very
ple 974B-22X-3, 81-83 cm, to Sample 22X-3, 10-12 cm, forrare specimens dBrizalina-Bolivina gr., Astrononion stelligerum,

a thickness of 0.75 m and 0.70 m, respectively;
3. The CO ofGloborotalia scitula dextral is considered, &3r.

andFursenkoina spp. are present at 198.94 mbsf (Sample 974B-22X-
4, 34-36 cm) and 198.74 mbsf (Sample 974B-22X-4, 14-16 cm) in

margaritae, a “delayed invasion event” after the Pliocene the fraction <125 pm.
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Figure 2. Specific diversity of planktonic foraminifers, CaCO,, and Globigerinoides spp. curvesin Hole 974B.
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Figure 3. Lithologic variation at the Miocene/Pliocene boundary in Hole

974B. The boundary falls between Samples 161-974B-22X-4, 73 cm, and
22X-4, 91 cm.

Some benthi¢events” were reognized:

1. The consistent occurrence of bentfaraminifers from Sam-
ple 161-974B-22X-3, 130-132 cm (198.4 mbsf) upward;

2. In the first samplewhere it is presenthe bentht assemblage
is dominated ly Oridorsalis spp. andsyroidinoides spp.;

3. At 197.72mbsf (Sanple 161-974B-22X-3, 62-64 cm) ar@a-
ceous foraminifers (represented mainlykayreriella bradyi)
first occur;

4. At 195.94 misf (Sample 161-974B-22X-2, 34—36 cm) the first

increase bthe totd abundance of benthic foraminiégs re-
corded.Oridorsalis stellatus, Gyroidinoides laevigatus, and
Karreriella bradyi increase and dominathe assemblage;

5. Between 195.94 and 195.70 mbsf (Sample461-974B-22X-2,
34-36 cm, aad 22X-2, 10-12 cm), the mcreasean akundance
of Globocassidulina subglobosa, Nonion spp., and Dentalina
spp. firg occurs and

6. From 193.23 nbsf (Sanple 161-974B-22X-6, 122-125 cm)
upwaids, a $arp increase in bundance of berthic foramini-
fers is observed; onpentalina gr. and Gyroidinoides gr. sol-
danii decrease.

Hole 975B

Hole 975B & located on the South Beric Margin (38°
53.786'N, 4°30.596E) (Shipboard Scientifi Party, 1996h)nat too
far from Sie 372 (DeefSea Dilling Projed, Leg 49 at 2200m deph
(Fig. 1). The atire sedimentary gquence (late Mesinian to Pleis-
tocene) is 307 m thickThe investigatedntervd is 11 m thick, ex-

BIOSTRATIGRAPHY AT THE MIOCENE/PLIOCENE BOUNDARY

terding from Sample 161-975B-32X-3, 116-118 cm (at 296.70
mbsf), to Samplel61-975B-33X-CC 10 cm, below whichthe
evaporitesoccur. Samples 95B-33X-2, 132-134cm, to BX-3, 137—
139 cm, belong to the “non-distincti” Zone of lacerino (1985).
Sanples 95B-32X-4, 40-42 cm, to 3X-2, 130-132 cm, arereferred
to MP11. Sample 975B32X-3, 116-118 cmbelongs taMP12.

The quantitative studycarried out orb7 sampleswas mostly
concentrated on thinterval between Sample 161-975B-33X-3, 137—
139 cm, and Sample 32X-6116—118cm (Table 3). The Miocene/
Pliocene lbundaly falls between Sample/SB-33X-2, 132-134 cm,
and Sample 3X-2, 130-132cm, at 305.23 mbsf, comsponding to a
lithologic and color change (Fig. 4). @CaCQ curve shows a
strange pattern; in fact, the uppermosthiigiansediments are richer
in CaCQ thanthe lowemost Pliocene sedimentfig. 5. Small

clasts dispersed in the pelagic ooze characterize the very base of the

Pliocene sediments (Fig. 6). Plankiofdraminifers are abundant,

well preserved, and wletliversfied from the base of theliBcene

saliments (Tale 4 andAppendix C).
The majo evensrecognized within Zon&P11 are the following:

1. The FQ of Gr. margaritaemarking the base of MR2, at Sam-
ple 161-975B-32X-3, 116-118 cm (& 296.81 mbsf);

2. The acme interval ofphaeroidinellopsis (2.6 m thick) be-
tween Smple 161-975B-33X-2, 0-2 am, and Sanple 32X-6,
116-118 cm;

3. Two sinistral shifts oN. acostaensis, the lower one from Sam-
ple 161-975B-33X-2, 50-52 cm (at 84.41 mbsfup to BX-2,
30-32 cm (at $4.21 mbsf) end the higher e from Sample
975B-33X-1, 143-145 cm (at303. 84 mbsf) up t83X-1, 117—
119 cm (at 303.58 nbsf) for a thiknessof 0.20 m and 0.26 m
respectivéy;

4. The CO of Gr. scitula dextral occurs from Sanple 161-975B-
33X-1, 125-127 cm,at 303.66 mbsf, which is 1.5 m hovethe
MiocenePliocene toundaty; and

5. A peak of alundarnce (9.2%) of Gg. nepenthes at Sanple 161-
975B-33X-2, 10-12 cm, at 84.01mbsf just bebw the base of
the Sphaeroidinellopsis acme interval.

Total bentlic foraminifers from tte fraction>125pum is showrin

Appendix D only semiquantitatve andyses wereonductedor the
fraction <125um.

The interval studied B characterizé by the following benthic

“events:

1. The uppermost Mssinian is characteré bythe abundare of
Bolivina cf. paralica, Rosalina spp., and smbAmmonia tepi-
da (laccarino and Bossio, Chap. 42, this volume);

2. Atthe base of MBP1 Zone,Brizalina-Bolivina gr. ard Trifarina
bradyi are preent and G. gr. soldanii and Oridorsalis um-
bonatus show the highg abundances. At the verydga(Sam-
ples 18-975B-33X-2, 130-132 cm, to 33X-2, 116-118 cm)
Eponides pusillus and Epistominella exigua are common in
the fration <125pum;

3. At 304.41 mbsf (Sanple 161-975B-33X-2, 50-52 am) G. sub-
globosa becomes oneof the dbminant taxa;

4. At about 304 mbsf (Samps 161-975B-33X-2, 20-22 cm, and
33X-2, 10-12 cm)O. stellatus and the agglutinants (mainly
represented by K. bradyi, Martinottiella spp.,and Bigenerina
nodosaria) first occur and/or become more abundant;

5. From 303.16 nbsf (Sanple 161-975B-33X-1, 75-77 am) a
high benthic abundanceis recorded; G. subglobosa shows in-
creasing percentagesand Uvigerina spp. becomes continu-
ously pesent with low grcentgges; and

6. At 302.39 mbsf (Sample 161-975B-32X-CC, 37—39 cm) Uvi-
gerina pygmaea-peregrina increass, and a sharp deease of
G. subglobosa occurs.
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Table 2. Percentages of selected planktonic foraminifersin Hole 974B.

& 3
% = 8 8 © © e
S = 5§ § z 2z %
Core, section, g § § § ] 3 c
interval (cm) 5 8§ Zz2 Z2 &6 6 &
161-974B-

20X-6, 66-68 33 07 07 167 92 17
20X-CC 66 33 13
21X-2, 67-69 04 07 244 36 04 22
21X-2,108-110 03 06 204 03 9.1
21X-4,130-132 84 10 13
21X-5,53-55 03 10 03 153 58 3.0
21X-6,99-101 13 114 03 1.0
21X-6, 103-105 03 147 10 16
21X-6, 122-125 08 03 132 46 3.0
21X-6, 140-142 06 06 136 57 9.6
21X-7,17-19 11 121 6.8 51
21X-7,35-37 12 101 36 24
21X-CC 13 110 29 03 26
22X-1,20-22 09 03 82 66 5.7
22X-1, 37-39 23 03 92 29 2.3
22X-1,57-59 25 06 156 6.6 0.9
22X-1, 80-82 0.7 152 83 23
22X-1,100-102 10 122 55 2.6
22X-1,120-122 0.6 125 5.0 5.6
22X-1, 140-142 03 07 87 28 9.1
22X-2,10-12 16 03 144 07 9.2
22X-2, 34-36 15 07 157 17 4.7
22X-2,56-58 03 91 5.8
22X-2,77-79 19 14 174 36 3.6
22X-2,98-100 08 116 39 3.9
22X-2,115-117 13 10 111 53 111
22X-2,136-138 0.9 98 44 10.0
22X-3,10-12 11 88 20 34 10.5
22X-3,28-30 12 137 06 16
22X-3, 42-44 21 99 6.3
22X-3, 62-64 06 88 19 85
22X-3, 81-82 10 109 19 35
22X-3,102-104 02 05 112 07 4.1
22X-3,115-117 0.4 128 0.9 5.8
22X-3,130-132 05 157 05 14.1
22X-3, 145-147
22X-4,14-16 143 09 06 9.9
22X-4, 34-36 173 12 06 7.9
22X-4,52-54 104 03 08 6.5
22X-4,70-72 103 47 4.0
22X-4,93-95
22X-4,114-116
22X-4,133-135
22X-5,32-34
22X-5, 48-49
22X-5,70-72
22X-5,90-92
22X-5,110-112
22X-5,125-127
22X-5,143-145 20 14 11
22X-6, 16-18 22 09 02 02
22X-6, 50-52 68 44 16 05 07
22X-6, 66-68 72 37 13 07 04

Note: Blank space = planktonic foraminifers absent.
Cyclicity

According to Hilgen (1991), sedimentary cyclicity is driven by
astronomical parameters (precession, obliquity, and eccentricity). In
Trubi sections exposed in Sicily, the cyclicity is clearly visible;
Hilgen (1991) and Langereis and Hilgen (1991) demonstrated that
these cycles are driven by precession periodicity. Sprovieri (1992,
1993), counting total Globigerinoides, found that abundance fluctua-
tion shows a cyclicity that correlates well with the precession-driven
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sedimentary cycles. Therefore, we adopted this method to recognize
the cyclicity at Sites 974 and 975, because the Pliocene sediments
cored at these sites do not show any visible cyclicity.

Counting the fluctuations of the relative abundance of Globiger-
inoides spp., Sprovieri (1993) and Sprovieri et a. (1996) recognized
ten cycleswithin MP11. Thetwo sinistral shifts of N. acostaensis fall
within Cycles 2 and 3 respectively, the acme interva of
Sphaeroidinellopsis ranges from Cycle 2 to Cycle 6, and the FCO of
Gr. margaritae occurs within Cycle 10. Based on these events in
Holes 974B and 975B, severa cycles were clearly identified in Zone
MP11 (Tables 5, 6). However, sampling in the upper part of the zone
was inadequate for the recognition of all cycles.

In Hole 974B, five cycles were recorded (Fig. 7): we suggest that
the first cycle is missing, because here the base of the Pliocene is
characterized by N. acostaensis sinistrally coiled, which correlates
with the second cycle.

InHole 975B, six cycles were recognized (Fig. 8): Cycle 1l isrec-
ognizable bel ow the first sinistral shift of N. acostaensis. Evidence of
a more complete sequence in Hole 975B is the presence of a transi-
tiona interval in the underlying latest Messinian, which yielded a
benthic assemblage missingin Hole 974B (laccarino and Bossio, this
volume).

BENTHIC FORAMINIFERSAND CYCLES
Hole 974B

E. pusillus and E. exigua, which were found in Cycle 1 by Sgar-
rellaet al. (1997), are missing in the lowermost part of the Pliocene
of Hole 974B (Fig. 9), which isin agreement with the absence of Cy-
cle 1 recorded by planktonic foraminifers.

In Cycle 2, benthic foraminifers are almost absent up to 198.55
mbd (Samgde 161-974B-22X-3, 145-147 cm). In the uppe part of
thiscycle, the banthic assemHbageis dominated byO. stellatus (indic-
ative of dightly low oxygen content, according to Sprovieri and Ha-
segawa 1990) ard Gyroidinoides spp., which indicates epbathyal
depth (Caralp et d., 1970).

In Cycle 3 K. bradyi first occurs, indicating well-oxygerated wa-
ters and bahyal depths(Van de Zwaan, 1982).

In Cycle 4 the total abuindance d benthic foraminifers increases
in bath >125 pm and <125 pm fradions, and G. subglobosa, Nonion
spp., and Dentalina group first occur.

In Cycle 6 afurther increasein the @undance of benthic foramin-
ifers isrecorded; al thetaxa proportiondly increase except for Den-
talina group and G. gr. soldanii.

Hole 975B

In Hole 97B (Fig. 10), the dstribution o benthic foraminifers in
the earliest MP11 correlates well with the cyclicity identified by
planktonic foraminifers.

In Cycle 1, the presence d Brizalina-Bolivina gr., T. bradyi, E.
exigua, and E. pusillus (the last onein the fraction <125 pm) indi-
caes disagobic bottom-waer conditions (van der Zwaan, 1982).
Moreover, the high alundance of G. gr. soldanii and O. umbonatus
suggests epibathya water degth.

A similar distribution is reported by Sgarrella € a. (1997) in the
basal part of the Trubi formation at Capo Rossello (Sicily) in Cycle
1; E. pusillus and E. exigua, are present, and G. soldanii and O. um-
bonatus are the best represented speciesin theassemBdage >125 pm.
Neverthdess, G. subglobosa, asreported by Scarrellaet a. (1997) is
not present in Cycle 1in Hde 97B. The presence o E. pusillusand
E. exigua a the very base of Cycle 1in Hde 975B confirm the op-
portunistic charader of these species as reported by Smat et al.
(1994) and Sgarrellaet a. (1997). The ocurrence of E. pusillus and
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Table 3. Investigated samples of Hole 975B: depth, weight of dried sasmple and washed residue fractions, and sediment color.

Totd Residue Residue
Core, section, Depth weight weight (g) weight (g)
interval (cm) (mbsf) (9) >125pum >63-<125 ym Sediment color
161-975B-

32X-3,116-118 296.81 10.00 1.48 0.53 Yellowish gray (5Y 8/1)
32X-4, 40-42 297.55 12.00 0.76 041 Yellowish gray (5Y 8/1)
32X-4,116-118 298.31 16.00 0.93 1.09 Yellowish gray (5Y 8/1)
32X-5, 41-43 299.06 16.00 1.36 143 Yellowish gray (5Y 8/1)
32X-5,116-118 299.81 20.00 145 125 Yellowish gray (5Y 8/1)
32X-6, 40-42 300.55 16.00 148 1.07 Yellowish gray (5Y 8/1)
32X-6,116-118 301.31 16.00 2.14 1.87 Yellowish gray (5Y 8/1)
32X-6, 126-128 30141 14.69 224 171 Yellowish gray (5Y 8/1)
32X-6, 144-146 301.59 13.90 2.35 2.02 Yellowish gray (5Y 8/1)
32X-7, 15-17 301.80 13.84 0.96 0.54 Yellowish gray (5Y 8/1)
32X-7, 35-37 302.00 15.01 1.29 1.00 Yellowish gray (5Y 8/1)
32X-7, 40-42 302.05 16.00 1.26 1.06 Yellowish gray (5Y 8/1)
32X-CC, 16-18 302.18 14.86 0.76 0.56 Yellowish gray (5Y 8/1)
32X-CC, 37-39 302.39 13.87 147 0.92 Yellowish gray (5Y 8/1)
33X-1,5-7 302.46 9.43 1.05 0.82 Yellowish gray (5Y 8/1)
33X-1,14-16 302.55 7.26 0.64 0.57 Yellowish gray (5Y 8/1)
33X-1, 25-27 302.66 1351 0.67 0.74 Yellowish gray (5Y 8/1)
33X-1, 35-37 302.76 11.40 0.83 0.82 Yellowish gray (5Y 8/1)
33X-1, 40-42 302.81 8.13 1.03 0.80 Yellowish gray (5Y 8/1)
33X-1, 55-57 302.96 11.23 1.03 0.66 Yellowish gray (5Y 8/1)
33X-1, 63-65 303.04 7.79 0.48 0.54 Yellowish gray (5Y 8/1)
33X-1, 75-77 303.16 8.81 217 0.91 Yellowish gray (5Y 8/1)
33X-1, 83-85 303.24 8.44 0.46 0.67 Yellowish gray (5Y 8/1)
33X-1, 95-97 303.36 11.61 0.64 0.58 Yellowish gray (5Y 8/1)
33X-1, 100-102 303.41 850 0.32 051 Yellowish gray (5Y 8/1)
33X-1, 117-119 303.58 9.75 0.53 0.63 Yellowish gray (5Y 8/1)
33X-1, 125-127 303.66 11.62 0.54 0.66 Yellowish gray (5Y 8/1)
33X-1, 143-145 303.84 8.77 103 0.95 Yellowish gray (5Y 8/1)
33X-2,0-2 303.91 8.24 1.38 0.82 Yellowish gray (5Y 8/1)
33X-2, 10-12 304.01 14.39 0.98 0.86 Yellowish gray (5Y 8/1)
33X-2, 20-22 304.11 11.84 0.35 0.50 Yellowish gray (5Y 8/1)
33X-2,30-32 304.21 9.17 1.35 0.72 Yellowish gray (5Y 8/1)
33X-2, 40-42 304.31 10.87 153 0.99 Yellowish gray (5Y 8/1)
33X-2,46-48 304.37 8.95 231 121 Yellowish gray (5Y 8/1)
33X-2, 50-52 304.41 10.80 224 151 Yellowish gray (5Y 8/1)
33X-2, 62-64 304.53 17.22 118 122 Yellowish gray (5Y 8/1)
33X-2,70-72 304.61 9.52 0.38 0.49 Yellowish gray (5Y 8/1)
33X-2, 80-82 304.71 12.71 0.39 0.39 Yellowish gray (5Y 8/1)
33X-2, 85-87 304.76 7.54 0.42 0.56 Yellowish gray (5Y 8/1)
33X-2, 90-92 304.81 12.39 0.42 041 Yellowish gray (5Y 8/1)
33X-2, 98-100 304.89 14.75 0.16 0.21 Yellowish gray (5Y 8/1)
33X-2, 100-102 304.91 9.97 0.02 0.09 Yellowish gray (5Y 8/1)
33X-2, 105-107 304.96 15.45 0.63 0.73 Yellowish gray (5Y 8/1)
33X-2,114-116 305.05 11.84 0.44 0.56 Yellowish gray (5Y 8/1)
33X-2,116-118 305.07 15.20 0.35 0.37 Yellowish gray (5Y 8/1)
33X-2, 120-122 305.11 16.12 0.34 0.32 Yellowish gray (5Y 8/1)
33X-2, 129-131 305.20 5.78 0.14 0.04 Yellowish gray (5Y 8/1)
33X-2, 130-132 305.21 16.52 0.85 0.09 Yellowish gray (5Y 8/1)
33X-2, 132-134 305.23 7.19 0.01 0.01 Light greenish gray (5GY 8/1)
33X-3, 68 305.47 11.65 0.02 (onefrad.)  Light greenish gray (5GY 8/1)
33X-3, 33-35 305.74 12.48 0.15 0.04 Light olive gray (5Y 6/1)
33X-3, 35-37 305.76 12.05 0.06 0.06 Yellowish gray (5Y 8/1)
33X-3, 47-49 305.88 13.04 0.04 0.07 White (N9) light greenish gray (5GY 8/1)
33X-3, 83-85 306.24 1321 0.02 0.03 White (N9)
33X-3,112-114 306.53 11.29 0.02 0.07 Yellowish gray (5Y 8/1) white (N9)
33X-3, 125-127 306.66 13.30 0.08 0.08 Very light gray (N8)
33X-3, 137-139 306.78 13.46 0.10 01 Light greenish gray (5GY 8/1)

G. gr. soldanii, at the very base of the Pliocene in Hole 975B, indi-
cates a transition from poorly oxygenated to more normal environ-
ments (Vismara Schilling, 1986; Mullineaux and Lohman, 1981).

The appearance of G. subglobosa and agglutinants (mainly K.
bradyi, Martinottiella spp., and B. nodosaria) marks the base of Cy-
cle2.

The decrease of benthic specimens and the replacement of O. um-
bonatus by O. stellatus in Cycle 3 suggest less oxygenated water
masses.

AsinHole 974B, the abundance of thetotal assemblage of benthic
foraminifersin Cycle 4 increases. The distribution of Uvigerina spp.
(mainly U. pygmaea-peregrina) from Cycle 4 upward and the in-
crease in abundance of this taxon from Cycle 5 indicate a new deple-
tion of oxygen bottom content (Lohman, 1978).

In general, the recorded benthic assemblages in Holes 974B and
975B are quite similar to those reported by Sprovieri and Hasegawa
(1990) and McKenzie and Sprovieri (1990) at Sites 652, 653, and 654

of ODP Leg 107 (Tyrrhenian Sea), but the benthic foraminifers are
even rarer. In fact, the above-mentioned authors reported that the
MP11 biozone is mainly characterized by the presence of Dentalina
filiformis, G. soldanii, G. laevigata, G. subglobosa, O. stellatus, and
U. pygmaea, and that the assemblage is not well diversified. More-
over, a the same sites, Hasegawa et a. (1990) recognized four zones
in the Pliocene—Pleistoceneinterval; the lowest one (Zone ) is char-
aderized by the dominance of Globocassidulina spp. (mainly G. sub-
globosa), asin mog sanples in Hde 975B.

The distribution of U. pygamea-peregrina in Holes 974B and
975B correlateswell with the U. pygamea-peregrina Event reported
by Sgarella @ a. (1997) in the Mediterranean InHole 974B, thefirst
occurrence d Uvigerina isimmedately alove thetop o Cyde 6 It
has a similar distribution to that indicated by the above-mertioned
auhors for the Sicilian sedions and the Tyrrhenian Basin, in which
the event starts from Cycle 6. In Hde 975B, the pesence of U. pyg-
maea-peregrina starts from Cycle 3, but only at Cycle 4 doesit be-
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Figure 4. Litholayic variation at Miocene/Pliocene boundary in Hole 975B.
The boundary falls at Sample 161-975B-33X-2, 132 cm, between gray and
whitish color change.

come continuous. Sgarrella et al. (1997) recognized this event in the
Jonian Basin starting from Cycle 4.

According to McKenzie and Sprovieri (1990) and Sprovieri and
Hasegawa (1990), alow oxygen content characterizes the bottom wa-
ters of the Mediterranean Basin in the basal part of Zone MP11. How-
ever, the distribution of the benthic foraminifers sensitive to oxygen
content shows variations that are not simultaneous in the Tyrrhenian
and Balearic Basins, probably because of the different depths and
physiographies of the two basins.

CONCLUSIONS

The basal Pliocene sediments are typical pelagic oozes composed
mainly of planktonic foraminifers. At Site 975, however, in the first
2-3 cmof the Pliocene sediments, small clasts aregmtewithin the
pelagic oaze, indicatingterrigenous nput. The bathic population in-
dicates that at the beginning of the Pliocene, circulatisresdrict-
edin Hole 974B and was disaerobic inld®75B. Only lger, when
the connection wth the Atlantic Ocean was wedstablished, did the
benthic fauna icrease anddzome morediversified.
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The paleenvironmental charge at the Miacere/Pliocene tound-
ary is also recogmabk through the lithology (mainly in Hel975B)
and carbonate content (mainly in Hole 974B).

The sedmentation rée was highein Hole 974B thanin Hole
975B and was castant br the entire Zone MPL1 (Fig. 11). The Mio-
cene/Pliocene boundaryidentifiable @ both sites (no more than 0.2
k.y. are missing inHole 974B) and corelates with hat of the Capo
Rossello composi section, whichis five cycles belw the Thvera

Subchron. In fa; even f the paleomagnetic data are not available for

these sequences, the positidritee polaritychange mayeinferred
throughthe biogratigraphic events ad the Globigerinoides fluctua-
tionsrelated to the precession pedicity (Fig.12).
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Figure 5. Specific diversity of planktonic foraminifers, CaCO,, and Globigerinoides spp. curvesin Hole 975B. The shadow area bel ow the M/P boundary corre-
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curve.
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Figure 6. Residue composition in Sample 161-975B-33X-2, 129-131 cm, in two different fra&tiGnaction > 125 pm: planktonic foraminifers are associ-
ated with clastsB. Fraction > 300 pm.
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Table 4. Per centages of selected planktonic foraminifersin Hole 975B.

N}

g8 & % 8 B B 8

E = T T T 0« %

o £ g g 2 2 &

Core, section, g g 8 g 3 3 =
interval (cm) 5 4 = = 5 5 &
161-975B-

32X-3, 116-118 85 04 120
32X-4, 40-42 0.7 9.9 0.7 0.3
32X-4,116-118 12 0.6 233 15 0.3 0.9
32X-5,41-43 0.5 16.4 0.3 16
32X-5, 116-118 16.4 85 0.3
32X-6, 40-42 0.7 147 2.4
32X-6, 116-118 0.6 0.3 16.6 7.2 16 16
32X-6, 126-128 0.5 05 138 9.2 0.2 16
32X-6, 144-146 19 05 120 16 2.2
32X-7,15-17 14 13.1 18 0.7 25
32X-7,35-37 0.3 09 163 0.6 0.3
32X-7, 40-42 17 11 169 2.9 4.0
32X-CC, 16-18 0.9 21 303 0.9 0.3 4.0
32X-CC, 37-39 18 10.8 4.8 0.6 2.7
33X-1, 5-7 17.6 2.2 0.9 2.8
33X-1, 14-16 12 09 132 6.1 0.6 0.9
33X-1, 25-27 2.9 1.0 9.6 3.8
33X-1, 35-37 0.7 1.0 7.8 7.8
33X-1, 40-42 0.6 18 167 0.9 2.3
33X-1, 55-57 1.0 10 173 1.0 5.9
33X-1, 63-65 0.8 19 217 14 0.3 0.5
33X-1, 75-77 0.9 0.6 222 0.3 0.3 15
33X-1, 83-85 0.9 09 128 0.3 0.6
33X-1, 95-97 0.5 24 173 3.2 4.4
33X-1, 100-102 0.9 12 122 15 4.5
33X-1, 117-119 11 52 10.6 2.6 3.2
33X-1, 125-127 2.3 6.8 6.0 37 37
33X-1, 143-145 34 127 5.2 0.3 12
33X-2,0-2 19 41 225 0.6 4.4
33X-2,10-12 20 19.6 0.3 9.2
33X-2,20-22 03 154 0.9 4.2
33X-2,30-32 0.3 24 127 12
33X-2, 40-42 09 142 3.6 0.3 74
33X-2, 46-48 03 179 35 19
33X-2, 50-52 14.3 37 2.2 6.8
33X-2, 62-64 0.5 26.1 0.3 0.3 4.0
33X-2,70-72 03 205 1.0 2.9
33X-2, 80-82 13 158 2.3 3.9
33X-2, 85-87 13.9 0.3 2.2
33X-2,90-92 12 164 6.1
33X-2,98-100 0.6 17.0 5.0
33X-2, 100-102 13 6.9 0.3 16
33X-2, 105-107 16.8 0.3 16
33X-2, 114-116 0.6 7.1 7.3
33X-2,116-118 6.8 5.6
33X-2,120-122 0.5 0.3 2.9 0.3 55
33X-2,129-131 03 110 0.3 0.3 0.9
33X-2,130-132 0.8 4.8 0.8 0.8 2.7
33X-2,132-134 0.6 0.6 7.0 0.6 13
33X-3,6-8 c 0.3 12 181 2.3 2.9
33X-3,33-35 c 0.8 128 1.0 0.5 4.8
33X-3,35-37 c 0.2 13 132 0.6 5.0
33X-3,47-49
33X-3,83-85

33X-3, 112-114

33X-3, 125-127
33X-3, 137-139

Note: ¢ = downhole contamination; blank space = planktonic foraminifers absent.
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Table 5. Depth and age of the eventsand cyclesin Hole 974B.

BIOSTRATIGRAPHY AT THE MIOCENE/PLIOCENE BOUNDARY

Table 6. Depth and age of the eventsand cyclesin Hole 975B.

Depth Age Depth Age
Events (mbsf) (Ma) Events (mbsf) (Ma)
FCO Gr. margaritae 296.8 5.07 FCO Gr. margaritae 183.06 5.07
Top Sphaeroidinellopsis acme 301.6 5.20 Top Sphaeroidinellopsis acme 190.80 5.20
Top Cycle 6 301.41 Top Cycle 6 191.03
i fisss e
op Cycle . op Cycle .
Top Cycle 3 303.3 Top Cycle 3 196.37
Base Shaeroidinellopsisacme  303.9 5.29 Top Cycle 2 197.90
Top Cycle2 303.9 Base Sphaeroidinellopsis acme 198.00 5.29
Top Cycle1 304.5
Base Pliocene 30521 533
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Figure 7. Events and abundance curves (%) of the most significant planktonic foraminifersin Hole 974B. Precession cycles listed on theright are well recogniz-
able from Cycle 2 to Cycle 6. The upper boundary of Cycle 6 is dashed because the sampling is too loose in this interval and the boundary could be located

above. Cycle 1ismissing.
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Figure 8. Events and abundance curves (%) of the most significant planktonic foraminifersin Hole 975B. Precession cycles listed on theright are well recogniz-
able from Cycle 1 to Cycle 6. The upper boundary of Cycle 6 is dashed because the sampling is too loose in this interval and the boundary could be located
above. The shadow area below the M/P boundary corresponds to a transitional unit at the top of the Messinian sequence.
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Figure 11. Age (Hilgen, 1991; Berggren et al., 1995) vs. depth of the cycles and biostratigraphic eventsin Zone MP11. The sedimentation rateis higher in Hole
974B than in Hole 975B, but the difference remains constant through the entire interval. Circles indicate the top depths of the cycles; squares indicate the bio-
events.
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transitional unit at the top of the Messinian sequence.
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400HM

100HM

Plate 1. 1-3.Oridorsalis umbonatus (Reuss). Sample 161-975B-33X-2, 0—2 dmNonion sp. Sample 161-974B-21X-2, 108-110 &yb. Oridorsalis stellatus
(Silvestri). Sample 161-975B-33X-2, 0-2 cm. Dentalina filiformis (d’Orbigny). Sample 161-974B-22X-1, 37-39 c®. Martinottiella communis
(d’Orbigny). Sample 161-975B-33X-2, 0-2 c8.10. Gyroidinoides laevigatus (d'Orbigny). Sample 161-974B-22X-1, 80-82 cii. Uvigerina pygmaea
d’Orbigny. Sample 161-974B-21X-5, 53-55 cth?. Trifarina bradyi Cushman. Sample 161-975B-33X-2, 120-122 t3nKarreriella bradyi (Cushman).
Sample 161-974B-22X-1, 80—82 cm. The larger magnification (400 um) refers to figure 7 only.
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Appendix A. Range chart of planktonic foraminifersthrough the Miocene/Pliocene boundary and MP11 Zone.
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Appendix B. Quantitative range chart of benthic foraminifers (>125 um) through the Miocene/Pliocene boundary and MP11 Zone in Hole 974B.
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Core, sction, 8§55 8B8ct82:82:c88c 2 B2 8g2tceetfasdy
interval (cm) 5633c28co068¢ 030083522875 o0umszFoSwnadiPo3zosboctE
161-974B-
21X-2, 108-110 87 4 1 1 14 7 14 12 1 15 2 3 2 1 1 1 5 11 1
21X-5, 53-55 43 3 3 5 19 2 1 1 6 3
21X-5, 99-101 58 5 4 1 1 2 9 5 19 1 1
21X-6, 103-105 67 5 2 6 1 16 8 15 11 2 1
21X-6, 122-125 106 9 4 10 24 3 2 1 10 3 1 19
21X-6, 140-142 18 1 7 3 4 2 1
21X-7, 17-19 36 4 2 3 8 4 4 4 6 1
21X-7, 35-37 30 3 2 3 1 2 3 3 6 1 2 1 2 1
22X-1, 20-22 28 4 1 6 7 1 1 2 1 1 2 1 1
22X-1, 37-39 30 1 4 10 5 4 2 3 1
22X-1, 57-59 34 3 2 152 7 2 1 2
22X-1, 80-82 28 3 3 8 7 3 1 1 1] 1
22X-1, 100-102 27 5 1 1 5 3 4/1 2 2 2 1
22X-1, 120-122 37 2 5 8 3 6 4 1 2 1 2 1 1 1
22X-1, 140-142 33 3 2 7 9 4 1 2 11 1 1)1
22X-2, 10-12 36 2 1 4 9 8|1 5 1 3 1] 1
22X-2, 34-36 25 1 3 5 1 7 5 1 1 1
22X-2, 56-58 6 1 1 3 6 3 11
22X-2, 77-79 8 11 4 2
22X-2, 98-100 8 2 1 4 1
22X-2, 115-117 5 2 3
22X-2, 136-138 13 3 5 3 1
22X-3, 10-12 13 2 2 6 1 11
22X-3, 28-30 5 1 2 3 4 212 1
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22X-3, 62-64 2% 8 4 7 1 6
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22X-5, 125127
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22X-6, 66-68

Note: * = groupings of species (see Appendix E); blank space = benthic foraminifers absent.
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Appendix C. Range chart of planktonic foraminifersthrough the Miocene/Pliocene boundary and M P11 Zone.
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downhole contaminat on; blank space= planktonic foraminifers absent.

Fav (1-5%); R= Rare €1%); ¢ =

Abundant (>15%); C = Common (5-15%); F =

Note: A
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Appendix D. Range chart of benthic foraminifer percentages (>125 pm) through the Miocene/Pliocene boundary and MP11 Zonein Hole 97B.
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161-975B-
32X-6, 126-128 170 06 12 18 106|100 71 53 24 12 12 141 06 14.1 12
32X-6, 144-146 480 29 52 04 102 63 88 21 02 29 06| 08 13 196 06 75 02
32X-7,15-17 93 11 54 108| 22 75 54 54 11 75 12.9
32X-8, 35-37 163 25 18 86| 4.3 16.0 86 43 31 74 9.2
32X-CC, 16-18 252 04 44 24 16 167| 28 n1 24 04 48 28 12 179 04 32 04 08 08
32X-CC, 37-39 271 85 26 07 144| 22 18 85 04 15 26 07 144 22 1.1 04 04
33X-1,5-7 393 56 61 13 74| 23 87 08 18 43 10 216 56 08 10
33X-1,14-16 192 36 57 05 146 3.1 73 36 05 57 05 297 16 26 10 05
33X-1, 25-27 235 09 55 04 106 38 94 13 13| 09 26 417 04 04| 30 09 13
33X-1, 35-37 276 07 11 203| 11 98 14 14 07| 14 14 413 18 07| 22 11 11 04
33X-1, 40-42 286 38 73 80| 35 122 21 24 24 24 259 28 14 03
33X-1, 63-65 18 17 42 17 161| 25 59 34 34 42| 25 20 25
33X-1, 75-77 495 32198 14 73| 14 04 77 51 02| 04 53 75| 02 14 115 02 14 04
33X-1, 83-85 42 24 48 14.3 71 95 24 16.7
33X-1, 100-102 31 12.9 16.1 65 97 32 19.4 65
33X-1, 117-119 49 20 82 204 61 82 10.2 41 20
33X-1, 125-127 78 51 26 21| 13 51 64 26 103 26 14.1 13 13 13 13
33X-1, 143-145 130 92 23 08 262 31 38 38 08 123 177 15 08 15
33X-2,0-2 276 83 54 16.7| 22 83 14 11 22 101| 11 207 04 07| 04 04 04
33X-2,10-12 211 85 14 6.6 0.9 18 28 38 161| 09 14 161 09 24 0.9
33X-2, 20-22 77 78 91 78 182 209 13
33X-2, 40-42 337 03 15 06 95 30 03| 06 06 7.1 0.9 653 03 06 15
33X-2, 50-52 88 11 57 23 34 239 23 205 11 11.4
33X-2, 62-64 75 27 53 13 27 440 27 27 40 240 13 13
33X-2, 70-72 31 32 452 32 161 65
33X-2, 80-82 77 39 39 13 455 13 7.8 195 13 26
33X-2, 85-87 22 455 136 273 45
33X-2, 90-92 21 48 48 238 95 48 190 438
33X-2, 98-100 6 16.7 16.7 16.7
33X-2, 100-102 1 100.0 16.7
33X-2, 105-107 50 60 60 20 34.0 8.0 12.0 120 20
33X-2, 114-116 28 107 36 286 36| 36 7.1 250| 36 36
33X-2, 116-118 27 222 1.1 296 37 185
33X-2, 120-122 35 29 257 57 29 17.1 143
33X-2, 129-131 34 529 59 29 29 59 14.7 29 59 29
33X-2, 130-132 13 35 09 27| 18 195 09(31.9 89 18 09 09| 97 18 71 09 27| 09 18
33X-2, 132-134 78 91.0 13 13| 38 24
33X-3, 6-8 0
33X-3, 33-35 6 3]16.7 16.7 333
33X-3, 35-37 3 333 333 333
33X-3, 47-49 0
33X-3, 83-85 0
33X-3, 112-114 0
33X-3, 125-127 1100.0
33X-3, 137-139 0

Note: * Indicates groupings of species (see Appendix E); blank space = benthic foraminifers absent.
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Appendix D (continued).

BIOSTRATIGRAPHY AT THE MIOCENE/PLIOCENE BOUNDARY

_ 4]
n = S
@ =
£ 5 g & 5
g @ o & 3 § E |8 5 ;| B o
FOE . 5 8 |8 & . 8 5|8 S 4 B3 2 g 8
E 8 g 2 & g 5 /3 3 § & B|& . £ & |2 2 & 3
= = s 8’ -% . 8‘ < 8 8_ Qo w iﬂ © =] Q =) « = g 8 5 <]
E £ g g 5|8 g 8 £ |z ¢ g 8 g5 8 2 £ £|£ 5 & 8 g
<] s & & F & 2 « 8 6 S % 5|8 g &8 ® &l & <« 2T <c
. 8 £ o = gl|lg =5 = £ 8 £ 5 £ 2|z £ 5 8 5|2 £ 35 8 3
coresion. £ s £ 3 £ £ 2 855§ % Es 5 EgEEEISET
interval L g 58 £ £ ¢ £ 85 2 8 5 52 ¢ 5% £0B 2 E g%
(cm) § 2 ¢ # F|&d 2 £ 3 5| % 2 %2 )5 2 ¢ 32 9| F3F & 7
161-975B-
32X-6, 126-128 06 18 06 35 12 18 35 12
32X-6, 144-146 10 06 04 0.4 08 04 17 04 60 02 02 08 08
32X-7, 15-17 11 11 11 11 43 11 11
32X-8, 35-37 18 18 12 06 25 18 49 18 12
32X-CC, 16-18 04 08 12| 08 0.4 20 04 16 08 24 0.4
32X-CC, 37-39 04 07 04 04| 04 22 22 44 33 11
33X-1, 5-7 25 10 05 03 08 10 05 05 03 25 03 13 08 0.8
33X-1, 14-16 05 05 05 16 47 10 16
33X-1, 25-27 0.4 0.4 04 04 0.9 85 34
33X-1, 35-37 0.4 14| 11 07 04 54 04 18
33X-1, 40-42 07 03 10 07| 07 28 45 10 03 03 1.0
33X-1, 63-65 17 08| 08 5.9 08 17 17
33X-1, 75-77 04 16 16 10| 06 02 10| 02 18 02 10 12 04 08
33X-1, 83-85 24 48 71 71 24 2.4
33X-1, 100-102 32 65 32 32
33X-1, 117-119 41 61| 20 82 20 20 41
33X-1, 125-127 13 13 13 13 13
33X-1, 143-145 08 0.8 46 23
33X-2, 0-2 25 18 04| 14 0.4 4.0 14 25 0.4 04 11
33X-2, 10-12 05 14 05 05 09 14 5.2 05 33 05 0.9 0.9
33X-2, 20-22 65
33X-2, 40-42 30 09 03| 03 15 03 03 03 03 06 03
33X-2, 50-52 9.1 11 11 11 11 11 34 11 11| 68 11
33X-2, 62-64 00 13 13 13 13 13 13
33X-2, 70-72 65 32 6.5 65
33X-2, 80-82 13 13 52 13 13 26
33X-2, 85-87 45 45
33X-2, 90-92 48 48 48 95| 48
33X-2, 98-100 333
33X-2, 100-102
33X-2, 105-107 40 60 4.0 40 20
33X-2, 114-116 36| 36 36
33X-2, 116-118 74 74
33X-2, 120-122 57 29 29 29 114

33X-2, 129-131
33X-2, 130-132

33X-2, 132-134
33X-3, 6-8
33X-3, 33-35
33X-3, 35-37
33X-3, 47-49

33X-3, 83-85

33X-3, 112-114
33X-3, 125-127
33X-3, 137-139
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Appendix D (continued).

Core, section,
interval
(cm)

Bigenerina nodosaria
Karreriella bradyi

Dentalina leguminiformis
Eggerella bradyi

Ellipsoidina ellipsoides

Oolina spp.

* iroplectammina spp.

*Dentalina spp.

Quadrimorphina allomorphinoides

Nonion gr.

*Cassidulina spp.

*Cibicidoides spp.
Discor binoi des berthel oti
Elphidium spp.

Lagena spp.

*Saracenariaitalica
Sphaeroidina bulloides

Sigmoilopsis spp.

* Alabamina wilcoxensis

Valvulineria cf. bradyiana

Asterigerinata planorbis

Textularia sp.

Plectofrondicularia tenuissima

Indet. specimens
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Appendix E
In Appendixes B and D some species of benthic foraminifers were
grouped because of their very rare and scattered presence:

Anomalinoides alazanensis: comprises also A. alazanensis spissiformis.

Amphicoryna spp.: includes A. scalaris, A. semicostata, and A. sublineata.

Brizalina and Bolivina: in Hole 975B, Brizalina-Bolivina gr. includes many
specieshaving agenerally scattered distribution: Bolivina alazanensis, B.
cf. suteri, B. cistina, B. fastigia, B. lanceolata, B. leonardii, B. punctata,
B. reticulata, Bolivinita quadrilatera, Brizalina arta, Br. catanensis, Br.
dilatata, Br. spathulata, Br. dinapolii, Br. lanceolata, Brizalina spp. In
Hole 974B, B. leonardii, Br. dinapolii, and Brizalina sp. were found in
Cycle 4.

Cassidulina spp.: this genus is represented mainly by C. neocarinata and,
rarely, by C. laevigata.

Chrysalogonium spp.: includes C. lanceolum, C. tenuicostatum and C. cf.
obliquatum.

Dentalina spp.: comprises D. aciculata, D. cuvieri, D. inornata, and some un-
identified specimens; the most common species D. filiformisand D. legu-
miniformis were not grouped.

Elphidium spp.: includes E. advenum and E. complanatum.

Fissurina spp.: comprisesF. apiculata, F. bradyiana, F. marginata, F. orbig-
nyana, F. pseudorbignyana, and some unidentified specimens.

Gyroidinoides gr. soldanii: thisgroup includes G. soldanii and G. neosoldanii
in both holes.

Gyroidinoides spp.: groups G. girardanus, G. umbonatus, and some uniden-
tified forms.

Lagena spp.: inHole 975B it includes L. sulcata interrupta, L. tenuistriatifor-
mis, and some unidentified specimens; in Hole 974B, includes two uni-
dentified specimens.

BIOSTRATIGRAPHY AT THE MIOCENE/PLIOCENE BOUNDARY

Lenticulina spp.: groups L. cf. brevispinosa, L. gibba, L. peregrina, L. stella-
ta, and some unidentified specimens.

Marginulina spp.: includes M. glabra, M. subbullata, and some unidentified
specimens.

Martinottiella spp.: includes M. perparva and M. communis.

Melonis spp.: represented by M. padanum, M. soldanii, and M. cf. pompilio-
ides.

Nodosaria spp.: includes N. longiscata and N. pentecostatain Hole 975B, and
N. radicula and N. pentecostata in Hole 974B.

Nonion gr.: groups the genera Nonion and Noniondla in both holes.

Oolina spp.: groups O. heteromorpha, O. hexagona, O. intercalata, and O.
squammosa.

Ortomorphina spp.: comprises rare specimens of O. havanensis and O.
tenuicostata in Hole 975B; O. jedlitskai, being more common, is plotted
separately.

Pleurostomella spp.: includes an unnamed species, P. alternans, and P.
brevis.

Pullenia spp.: comprises P. bulloides, P. quinqueloba, P. quadriloba, and P.
salisbury.

Sigmoilopsis spp.: includes S schlumbergeri and S. celata.

Spiroplectammina spp.: includes S carinata, S. deperdita, and S depressa.

Stilostomella spp.: represented in Hole 975B by S adolphina, S annulifera,
S antillea, S consobrina emaciata, S fistuca, S modesta, S monilis, S.
pyrula and some unidentified specimens; in Hole 974B this genus s rep-
resented by S. consobrina, S. modesta, and S monilis.

Uvigerina spp.: in Hole 975B, groups U. bononiensis, U. cf. hispida, U. cylin-
drica, U. rutila and some unidentified specimens; in Hole 974B, only U.
bononiensis and U. proboscidea are included.
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