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ABSTRACT 

Planktonic foraminifers were examined from 27 holes situated at 12 separate sites in the tropical Atlantic. The 
sites are located in various environments, including areas of upwelling, areas affected by cool currents, areas of 
strong dissolution, and areas that show little dissolution in warm-water settings. Paleomagnetic results were variable 
at these sites, but accumulation rate curves have been produced by combining the existing paleomagnetic data with 
the available microfaunal data. Determinations of the ages of the planktonic foraminifer datums from these 
accumulation rate curves show some species to be strongly diachronous, while others provide good stratigraphic 
markers. The warmest water sites with the least dissolution show the most complete ranges of species. 

INTRODUCTION 
Leg 108 of the Ocean Drilling Program (ODP) drilled 27 

holes at 12 sites in the low-latitude Atlantic Ocean to study the 
paleoceanography and paleoclimatology of the Neogene (Fig. 
1, Table 1). Essential to any such study is a sound stratigra
phy, which can be achieved in the upper Quaternary by 
oxygen isotope measurements. This method is less reliable 
further back in time, however, and recourse must be made to 
planktonic foraminifers, nannofossils, and—wherever possi
ble—magnetic stratigraphy. 

In spite of numerous publications on low-latitude plank
tonic foraminifer stratigraphy, no accepted zonal scheme can 
be applied worldwide. In this work we examine the datums 
used in some of these low-latitude zonations, such as those of 
Bolli and Premoli Silva (1973) and Blow (1969), as well as 
some of the datums from the mid-latitude zonations set up by 
Berggren (1973, 1977a, 1977b) and Weaver and Clement 
(1986). 

All the sites drilled on Leg 108 lie in the eastern tropical 
Atlantic, but the cool Canary and Benguela Currents and the 
northwest African and tropical upwelling systems have 
strongly influenced faunal compositions at most of the sites. 
Sites 667 and 668 were influenced the least by these factors 
and are therefore the most truly tropical. In addition, Sites 
658, 660, 661, 665, and 666 exhibit considerable dissolution, 
which has biased their faunal makeup by reducing or eliminat
ing the more susceptible species. 

Sediment redistribution by slumps and turbidites has com
plicated the stratigraphy of some of the sites, particularly Sites 
557, 662, 663, and 664. In most cases, it is possible to 
determine the upper and lower boundaries of the displaced 
units, but any associated erosion is difficult to assess. 

MATERIALS AND METHODS 
Samples were prepared by drying and then soaking in water. This 

was sufficient to give a complete breakdown in most cases, although 
in some harder samples it was necessary to repeat the process. All 
samples were washed through a 63-/Am sieve, and the analyses were 
carried out on the >150-/u,m fraction. 
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We have used the taxonomy of Kennett and Srinivasan (1983) 
throughout; reference should be made, therefore, to this work for all 
taxonomic information. 

STRATIGRAPHY 

The last 20 yr have seen the development of numerous 
Neogene stratigraphies based on planktonic foraminifers (e.g., 
Blow, 1969; Bolli and Premoli Silva, 1973; Cita, 1973; Ken
nett, 1973; Stainforth et al., 1975; Berggren, 1973, 1977a, 
1977b; Berggren et al., 1983; and Weaver and Clement, 1986, 
1987). Few of these works, with the exception of those by 
Berggren et al. and Weaver and Clement, have had the benefit 
of direct comparison to paleomagnetic records from the same 
cores, although Berggren et al. (1985) found paleomagnetic 
corroboration from various sources for most of the datums 
outlined in Berggren (1973, 1977a, 1977b). 

Using a north-south transect of hydraulic piston cores, all 
with above average accumulation rates, few hiatuses, and 
good paleomagnetic control, Weaver and Clement (1986, 
1987) critically assessed the applicability of earlier Neogene 
zonations to the subtropical and temperate North Atlantic. 
They found that some well-established zonal markers were very 
diachronous, while others were synchronous in their occurrence 
with latitude. Weaver and Clement also used several new species 
as zonal markers, thus maintaining the high degree of strati
graphic resolution possible in the late Neogene. 

Hodell and Kennett (1986) also found diachronous foramin
ifer datums between widely spaced deep sea sites in the South 
Atlantic and Southwest Pacific. Thus, foraminifer stratigraphy 
appears to be much more complicated than previously antic
ipated, and a zonal scheme determined in one area cannot 
always be used with ease elsewhere. Indeed, the data from 
this leg does not fit any one zonal scheme; but, by estimating 
first (FO) and last (LO) occurrences for many species in all the 
sites, we have tried to determine the reliability of stratigraphic 
markers in the eastern tropical Atlantic. 

The ages estimated for the datums in each site are derived 
from the accumulation rate curves (Fig. 2). These were 
produced using paleomagnetic and nannofossil data in addi
tion to the foraminifer datums listed in Berggren et al. (1985). 
(Reference should be made to the relevant chapters in the 
Proceedings of the Ocean Drilling Program: Initial Reports to 
identify the exact procedure for each site.) Some of the zonal 
schemes mentioned in the text are shown in Figure 3, with 
comparisons to the paleomagnetic record where possible. 
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Figure 1. Geographic position of Leg 108 sites. Arrows mark major current systems; dotted 
areas indicate regions of strong Pliocene-Pleistocene upwelling and divergence. 

The sites drilled on Leg 108 are generally too far south to 
use planktonic foraminifer datums from the Pliocene temper
ate zonation of Weaver and Clement (1986), although some of 
their zonal boundaries are recognizable. For the Miocene, we 
have used the zonation of Berggren et al. (1983) where 
possible. The low-latitude zonation of Bolli and Premoli Silva 
(1973), recently described in detail by Bolli and Saunders 
(1985), was not applicable at these sites. Its usefulness may be 
limited to the Caribbean region, where it was originally 
defined. 

None of the Leg 108 sites has complete paleomagnetic 
control, and some have no control at all; thus, the accumula
tion rate diagrams are based largely on microfossil data. The 
accuracy of the accumulation rate curves depends on the 
correct age assignments for the datums used in their construc
tion. Since some of these are potentially diachronous, errors 
may occur. In most cases we have been able to use large 
numbers of datums, through which we were able to draw 
best-fit lines that account for most of the data. We are 
confident of the accuracy of the accumulation rate curves for 
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Table 1. Location, water depth, and depth penetrated 
of holes drilled on Leg 108. 

Site Hole Latitude Longitude 

Depth 
(mbsf) 

Water 
depth 
(m) 

Depth 
(mbsf) 

657 
657 
658 
658 
658 
659 
659 
659 
660 
660 
661 
661 
662 
662 
663 
663 
664 
664 
664 
664 
665 
665 
666 
667 
667 
668 
668 

A 
B 
A 
B 
C 
A 
B 
C 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
C 
D 
A 
B 
A 
A 
B 
A 
B 

21°19.89'N 
21°19.89'N 
20°44.95'N 
20°44.95'N 
20°44.95'N 
18°04.63'N 
18°04.63'N 
18°04.63'N 
10°00.81'N 
10°00.81'N 
09°26.81'N 
09°26.81'N 
01°23.41'S 
01°23.41'S 
01°11.87'S 
01°11.87'S 
0°06.44'N 
0°06.44'N 
0°06.44'N 
0°06.44'N 
2°57.07'N 
2°57.07'N 
3°29.84'N 
4°34.15'N 
4°34.15'N 
4°46.12'N 
4°46.12'N 

20°56.93'W 
20°56.93'W 
18°34.85'W 
18°34.85'W 
18°34.85'W 
21°01.57'W 
21°01.57'W 
21°01.57'W 
19°14.74'W 
19°14.74'W 
19°23.17'W 
19°23.17'W 
11°44.35'W 
11°44.35'W 
11°52.71'W 
11°52.71'W 
23°13.65'W 
23°13.65'W 
2316.50'W 
23°16.50'W 
19°40.07'W 
19°40.07'W 
20°10.03'W 
21°54.68'W 
21°54.68'W 
20°55.62'W 
20°55.62'W 

4221.1 
4221.1 
2263.6 
2264.2 
2262.9 
3071.2 
3073.4 
3070.5 
4332.2 
4332.3 
4012.7 
4013.1 
3813.8 
3813.8 
3697.6 
3697.4 
3806.0 
3806.3 
3806.8 
3801.7 
4740.4 
4741.8 
4516.8 
3535.5 
3535.5 
2690.0 
2693.1 

178.2 
166.1 
300.4 
163.8 
72.9 

273.8 
202.0 
196.0 
163.7 
148.8 
296.1 
31.7 

200.0 
188.2 
147.2 
152.0 
28.9 

247.0 
61.2 

296.8 
97.9 
82.0 

150.5 
381.3 
139.1 

8.8 
31.2 

Age (Ma) 

O 2.S 5.0 7.S fO.O 

Depth 
(mbsf) 

Age (Ma) 

all sites except Sites 663 and 666, which contain too many 
sediment disturbances. 

FORAMINIFER DISTRIBUTIONS 

Canary Current and Upwelling Sites 657, 658, and 659 
These three sites were selected to study the late Neogene 

history of northern trade winds and upwelling off the shore of 
Africa. Sites 657 and 659 were positioned in nonupwelling areas, 
at 4222 and 3071 meters below seafloor (mbsf), respectively; Site 
658 was positioned in the center of the nearby upwelling cell off 
Cap Blanc in a water depth of 2263 mbsf. Sites 657 and 659 lie 
directly under the Canary Current, which brings cool surface 
water from the north (Sarnthein et al., 1982). 

Although Site 658 penetrated organic-rich sediment to a 
depth of 300 m, the oldest sediment recovered was early 
Pliocene. This was because of the high accumulation rates, 
which averaged over 100 m/m.y. The considerable dissolution 
encountered is probably caused by the decaying organic 
material. Dissolution is particularly severe in the lower parts 
of the sequence, decreasing through the upper Pliocene and 
becoming less significant in the Quaternary. Because up
welling keeps the surface water cool, colder water foramini
fers such as Neogloboquadrina pachyderma (d) and Globoro
talia inflata are common. The most abundant species, how
ever, is Globigerina bulloides, which is known to be common 
in upwelling waters (Zobel, 1973). Although this site lies in the 
tropics, tropical species such as Globorotalia tumida, Pulle
niatina obliquiloculata, and Sphaeroidinella dehiscens make 
only sporadic appearances. 

Age (Ma) 

too* 

125+ 

260± 
Figure 2. Accumulation rate diagrams for Leg 108 sites from which all datums were calculated. See Weaver et al. (this volume) for explanations 
of data points used. 
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Figure 3. Comparison of some recent planktonic foraminifer zonal schemes for the late Neogene. 
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Site 657 penetrated 178 mbsf, terminating in the late 
Miocene, and Site 659 penetrated 274 mbsf, terminating in the 
uppermost Oligocene. Dissolution affected both sites, but it is 
more severe at Site 657, where late Miocene planktonic 
foraminifers are extremely rare or absent. They become 
progressively better preserved through the early Pliocene and 
are moderately well preserved in the late Pliocene and Qua
ternary. At Site 659 complete dissolution in the Oligocene is 
followed by moderate to poor preservation in the Miocene and 
good preservation in the Pliocene and Quaternary. 

The planktonic foraminifer faunas at both sites are com
posed of cool subtropical and temperate species such as 
Neogloboquadrina pachyderma, Globorotalia inflata/punctic
ulata, and Globigerinoides ruber. Globigerina bulloides is still 
common, but it is not as abundant as at Site 658. The 
proximity of these sites to warm water is indicated by the 
occasional occurrence of such tropical species as S. dehiscens 
and P. obliquiloculata and the persistent but not common 
occurrence of Globigerinoides sacculifer. 

Through the Quaternary and late Pliocene, the fauna is 
dominated by N. pachyderma (d). Prior to about 2.4 Ma, 
however, this species was less common, possibly indicating a 
strengthening of the Canary Current coincident with the onset 
of major Northern Hemisphere glaciation. The abundance of 
N. pachyderma also increased from the end of the Miocene to 
the end of the PL1 Zone in the early Pliocene, perhaps 
indicating an earlier period of strong Canary Current flow. 

The stratigraphy of these three sites is based on the PL 
zonal scheme of Berggren (1973, 1977a, 1977b) and the tem
perate subpolar zonation of Weaver and Clement (1986). 
Tropical zonations are not usable due to the scarcity of 
tropical species. The accumulation rate diagrams (Fig. 2) are 
based on a combination of paleomagnetic, nannofossil, and 
planktonic foraminifer datums. In most cases, planktonic 
foraminifer datums fall on or near the regression lines, with 
the exception of Globigerina nepenthes, which has its LO 
consistently below its expected level (Table 2). In this way, 
these sites are similar to Sites 606 and 607 from 37°N and 
41°N, respectively, in the North Atlantic. Zones PL1-PL6 can 
be recognized at each site (Tables 3, 4, and 5), together with 
several of the zonal markers from the mid-latitude zonation of 
Weaver and Clement (1986). 

Kane Gap Sites 660 and 661 
These two sites were positioned directly east of the Kane 

Gap deep-water passage on the Sierra Leone Rise. They were 
chosen to investigate the effects of bottom-current activity 
and deep-water stagnation in this passage between the south
ern and northern east Atlantic. Site 660 is located northeast of 
the northern end of Kane Gap at 4328 m water depth, and Site 
661 is located east of Kane Gap at 4006 m water depth. Site 
660 was drilled to 165 mbsf and terminated in middle Eocene 
radiolarian ooze. Site 661 was drilled to 296 mbsf and termi
nated in Upper Cretaceous zeolitic clays. 

Although dissolution has had a major effect on the fora
minifer faunas, specimens are well preserved in the Pliocene 
of Site 660 and in the Pliocene and Quaternary of Site 661 
(Table 6). Quaternary faunas are poorly preserved to absent at 
Site 660, and Miocene specimens were not preserved at all at 
Site 660 and only poorly preserved at Site 661. Below the 
Miocene no specimens of planktonic foraminifers were found 
at either site. The specimens that were preserved belong to the 
tropical fauna with common Globigerinoides trilobus, Globi
gerinoides sacculifer, and Neogloboquadrina dutertrei. 

The most reliable stratigraphy for these two sites is pro
vided by the PL zonation of Berggren (1973,1977a, 1977b) and 
the mid-latitude zonation of Weaver and Clement (1986). 
These sites cannot be used to estimate the ages of datums 

because of the loss of specimens due to dissolution and the 
low accumulation rates. Nevertheless, most of the datums 
from these two sites lie on or very close to the regression line 
indicated on Figure 2. 

Most Pliocene zones are recognizable (Tables 7 and 8), but 
the LO of Globorotalia margaritae is too deep at both sites. 
At Site 660 only a few specimens of this species were found, 
presumably because of the strong dissolution. On the other 
hand, Globigerina nepenthes has its LO at around its quoted 
tropical age of 3.9 Ma at both sites. This species may have a 
synchronous LO in warm tropical sites, although it is diach
ronous in cooler waters. It also appears to be much more 
solution resistant than G. margaritae. 

Equatorial Sites 662-664 
These three sites were selected to retrieve a late Neogene 

record of climatic variability close to the equator. Sites 662 
and 663 lie at 3813 and 3697 mbsf, respectively, and are 
strongly affected by the Benguela Current, which transports 
cool water north to the equatorial region. Site 664 lies at 3806 
mbsf directly under the area affected by equatorial diver
gence. 

Sites 662 and 663 penetrated to maximum depths of 200 and 
152 mbsf, respectively, both terminating in lower Pliocene 
sediments; Site 664 penetrated a maximum of 296.8 mbsf, 
terminating in the upper Miocene (Table 9). Sites 662 and 663 
show good preservation throughout, and Site 664 shows good 
preservation from the lower Pliocene to Holocene, with the 
upper Miocene and lowermost Pliocene sections having poor 
to moderate preservation (Tables 10-12). 

The fauna is tropical, with Globigerinoides ruber, Globi
gerinoides trilobus, Globigerina decoraperta, and Neoglobo
quadrina dutertrei/humerosa common to all sites. Some of the 
holes show an increase in Neogloboquadrina pachyderma and 
Globorotalia inflata between 0-1 Ma, suggesting an intensifi
cation of surface-water cooling during that time. 

All three sites contain alternations of calcareous ooze with 
more siliceous/clay-rich units, particularly from about 2.5 Ma 
to the present day. These changes reflect the alternation of 
glacial and interglacial conditions, with the more siliceous 
sediments containing slightly cooler foraminifer faunas, in
creased numbers of N pachyderma, and decreased numbers 
of G. sacculifer. 

Unfortunately, all three sites contain numerous slumps and 
turbidites, which makes age determinations of stratigraphic 
boundaries difficult. At Site 662, slumps and turbidites are 
predominant in the upper 200 m, representing 0-1.3 Ma; 
datums below this level, therefore, should be reliable. Holes 
drilled at Site 663 and Hole 664B contain too many sediment 
disturbances to make any accurate age determinations. Hole 
664D, however, contains intervals without disturbance be
tween definite slumps at 110.5-118.5 and 184.3-185.8 mbsf, 
and possible slumps between 52-87.8 mbsf. 

Table 9 presents the age determinations for Holes 662A and 
664D. In most cases the datums agree with their published 
ages, with the usual exception of G. margaritae, which has an 
LO that is 0.19 m.y. too old in Hole 662A and 0.38 m.y. too 
old in Hole 664D. Hole 662 did not penetrate far enough to 
reach the G. nepenthes datum, but the LO of this species in 
Hole 664D was only 0.07 m.y. older than its published age. 

Globorotalia inflata is rare at both sites and is preceded by 
the closely related species Globorotalia triangula, which has 
previously been recorded from Site 366A on the Sierra Leone 
Rise (Krasheninnikov and Pflaumann, 1978). The FO of G. 
inflata corresponds to its expected age only when its range is 
combined with that of G. triangula. This suggests that G. 
triangula may be a tropical ecophenotype of G. inflata, rather 
than a distinct species. 
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Table 2. Age and depth determinations of planktonic 
foraminifer datums in Canary Current Holes 657A, 658A, 
and 659A. 

Depth Age 
Species (mbsf) (Ma) 

Hole 657A 
FO 
LO 
FO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 
LO 
FO 
FO 
FO 

G. truncatulinoides 
G. obliquus 
G. inflata 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminula 
Pulleniatina 
G. margaritae 
G. crassaformis 
G. nepenthes 
G. puncticulata 
G. miocenica 
G. margaritae 

54.7-60.6 
54.7-60.6 
64.2-65.9 
64.2-65.9 
64.2-65.9 
65.9-68.2 
83.2-84.5 
83.2-84.5 

130.7-131.6 
92.7-130.7 

131.6-134.6 
130.7-131.6 

a131.6-134.6 
92.7-130.7 

144.3-146.1 

1.70-1.95 
1.70-1.95 
2.15-2.25 
2.15-2.25 
2.15-2.25 
2.25-2.35 
2.97-3.05 
2.97-3.05 
4.18-4.28 
3.35-4.18 
4.28-4.55 
4.18-4.28 
4.28-4.55 
3.35-4.18 
5.40-5.55 

Hole 658A 
FO 
LO 
LO 
FO 
LO 
LO 
LO 
LO 

G. truncatulinoides 
G. obliquus 
G. miocenica 
G. inflata 
G. puncticulata 
G. altispira 
S. seminulina 
G. margaritae 

119.7-129.2 
91.2-100.7 

155.3-157.7 
138.7-148.2 
157.7-167.4 
214.9-224.9 
224.4-233.9 
290.9-300.4 

1.75-1.90 
0.62-1.46 
2.30-2.36 
2.04-2.19 
2.36-2.48 
2.90-3.00 
3.00-3.08 
3.60-3.69 

Hole 659A 
FO 
LO 
FO 
LO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 
LO 
FO 
FO 
FO 
LO 
FO 
FO 

In slump. 

G. truncatulinoides 
G. obliquus 
G. inflata 
G. exilis 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
Pulleniatina 
G. margaritae 
G. crassaformis 
G. nepenthes 
G. puncticulata 
G. miocenica 
G. margaritae 
G. dehiscens 
N. humerosa 
N. acostaensis 

36.3-45.8 
45.8-64.8 
45.8-64.8 
64.8-65.7 
64.8-65.7 
64.8-65.7 
65.7-74.3 
83.8-84.8 
87.5-90.5 
93.3-102.8 

102.8-112.3 
125.5-131.3 
125.5-131.3 
125.5-131.3 
112.3-116.0 
159.8-182.8 
188.3-197.8 
159.8-182.8 
159.8-182.8 

1.25-1.60 
1.60-2.20 
1.60-2.20 
2.20-2.25 
2.20-2.25 
2.20-2.25 
2.25-2.50 
2.85-2.90 
2.95-3.05 
3.15-3.45 
3.45-3.72 
4.20-4.40 
4.20-4.40 
4.20-4.40 
3.72-3.85 
6.20-8.10 
8.20-10.50 
8.20-10.50 
8.20-10.50 

Sierra Leone Rise Sites 665-668 
These four sites make up a depth transect down the 

southern flank of the Sierra Leone Rise from Site 668 at 2700 
mbsf to Site 665 at 4750 mbsf. One of the objectives of this 
transect was to assess dissolution gradients in the eastern 
Atlantic, using sites which show varying levels of carbonate 
preservation. 

The most useful stratigraphy is again a combination of the 
PL zonation of Berggren (1973, 1977a, 1977b) and the zonal 
markers of Weaver and Clement (1986). The large number of 
turbidites at Site 666 preclude an assessment of the ages of 
zonal markers in that site, and the short interval cored at Site 
668 did not allow ages to be assessed here. Sites 665 and 667, 
however, provided useful stratigraphic information, which is 
summarized in Table 13. 

Sites 665 and 666 lie below 4000 m water depth and contain 
moderately to poorly preserved faunas (Tables 14 and 15). 
Good preservation is limited to the numerous turbidites and 

transported sediments at Site 666. Sediments older than 3.8 
Ma at Site 665 and 3.9 Ma at Site 666 consist of red clay, 
barren of planktonic foraminifers. 

Site 667, taken from 3535 mbsf, penetrated a maximum of 
309.2 m, terminating in upper Oligocene nannofossil ooze. 
Planktonic foraminifers, which are present throughout Site 
667, are moderately preserved in the Miocene and Oligocene, 
with some poorly preserved samples in the lower part of the 
sequence (Table 16). They are well preserved through the 
Pliocene and moderately to well preserved in the Quaternary 
(Table 16). 

Site 668 was positioned on top of the Sierra Leone Rise at 
a water depth of 2704 m. It produced a complete Quaternary 
sequence with well-preserved planktonic foraminifers (Table 
17). 

The faunas from all these sites are similar and are com
posed of tropical species that include Globigerinoides trilo
bus, Globigerinoides ruber, Globigerinoides sacculifer, and 
Neogloboquadrina dutertrei/humerosa. The Miocene section 
of Site 668 contains numerous Globoquadrina altispira, Glo
boquadrina venezuelana, Globoquadrina dehiscens, and Glo
borotalia mayeri. 

The FO of Globorotalia truncatulinoides is not reliable at 
Site 665, probably because of its rare occurrence in tropical 
areas. Globorotalia inflata is also unreliable at Site 667, 
probably for the same reasons; it does, however, have an FO 
in Site 665 at the expected age. The other stratigraphic 
markers have FOs and LOs in line with their published ages, 
including Globorotalia margaritae and Globigerina nepen
thes. 

DISCUSSION 

Throughout the early years of the Deep Sea Drilling 
Project, planktonic foraminifer stratigraphies for the Neogene 
were developed and applied to various sites throughout the 
world's oceans. It was always appreciated that many species 
were limited latitudinally, but the diachronism of the FO and 
LO of species was difficult to document (Sarnthein et al., 
1982). With the advent of the hydraulic piston corer (HPC), 
undisturbed Neogene cores suitable for paleomagnetic stratig
raphy have been drilled and have allowed independent testing 
of the stratigraphic ranges of species. 

Hodell and Kennett (1986) and Weaver and Clement (1986, 
1987) have shown that diachronism commonly characterizes 
planktonic foraminifer datums. Thus, a species such as G. 
margaritae can have an LO 1 m.y. earlier in cooler water 
areas than in the subtropics, even though the species may be 
common throughout its range in both areas. We have, there
fore, approached the foraminifer stratigraphy of these tropical 
sites with some caution. 

Incomplete paleomagnetic records have limited our age 
estimates for several sites, and we produced their accumula
tion rate curves by combining nannofossil, planktonic fora
minifer, diatom, and magnetic data. Some sites contained 
slumps and turbidites that we had to account for, except at 
Sites 663 and 666, where reworking was on such a large scale 
that accumulation rate curves could not be drawn. Small 
discrepancies between published and observed ages may be 
due to undetected changes in accumulation rates, but the 
larger discrepancies must be regarded as real. 

Most of the age information given by Berggren et al. (1985) 
was derived in tropical or subtropical areas and would, 
therefore, be expected to be applicable to the sites examined 
here. Sites 657, 658, and 659, however, lie under the cool 
Canary Current; and Sites 662, 663, and 664 lie under deriv
atives of the Benguela Current. Thus, these sites are subject to 
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Table 3. Distribution of planktonic foraminifers, Hole 657A. 

Zone 

oi
de

s 

•S 

1 
| 
3 

PL6 

PL5 

PL3 

PL2 

PL1 

...? 

? 

Hole 657A 
(core, section, 
interval in cm) 

1H-CC 
2H-CC 
3H-CC 
4H-CC 
5H-CC 

6H-CC 
7H-4, 139 
7H-6, 79 
7H-CC 
8H-2, 21 

8H-3, 101 
8H-CC 
9H-CC 
10H-1, 130 
10H-CC 

11H-CC 
12H-CC 
13H-CC 
14H-CC 
15H-1, 87 

15H-3, 81 
15H-CC 
16H-2, 71 
16H-3, 112 
16H-4,136 

16H-CC 
17X-CC 
18X-CC 
19X-CC 

m
nd

an
ce

 

-H 
< 
A 
A 
C 
A 
A 

A 
A 
A 
A 
A 

A 
F 
A 
A 
A 

A 
A 
A 
C 
C 

A 
F 
C 
C 
R 

B 
B 
B 
B 

;rv
at

io
n 

u 
£ 
M 
M 
M 
M 
G 

M 
G 
G 
M 
M 

M 
M 
G 
G 
M 

M 
M 
G 
M 
M 

M 
P 
M 
M 
P 

a 

a 
di

gi
ta

 
V 
<̂> cq 

R 

R 

ap
er

tu
ra

 

1 
-o 0 

3 

R 

R 

bu
llo

id
es

 

5 
•C 
0 

3 
R 
F 
C 

F 

F OS PH 

F 
F 

R 
R 
F 
R 

JO
 J

O 

R 

R 

R 

de
co

ra
pe

rt
a 

g s K 

-o 0 

3 

R 

R 
R 
F 
C 
F 

JO
 T

I 
! 

c 

R 
F 
X 

fa
lc

on
en

si
s 

g 
B 
C 
.§) 
-o o 
3 

R 

R 

R 

R 

ne
pe

nt
he

s 

c 
C 
r 

■W 
-Q 
O 

3 

R 

R 
X 
R 
R 
X 

qu
in

qu
el

ob
a 

ig
en

na
 

-0 
0 

3 

R 
R 
R 
R 

m
be

sc
en

s 

5 £ 

-o 0 

3 

R 
R 

R 

la
 a

eq
ui

la
te

ra
lis

 
ig

er
in

el
 

-a o 
3 
R 
R 
R 
R 

R 

R 

JO
 5

0 

R 
R 
R 

R 

R 

R 

S 

ig
er

in
el

, 

■Q 
0 

3 

50
 

50
 

JO
 5

0 

R 

ig
er

in
ita

 g
lu

tin
at

a 

-C 
O 

3 
R 
R 
R 
R 
R 

R 
F 
F 
R 
R 

R 
R OS PH 

R 

F 
F 
F 
C 
C 

R 
X 
R 
F 

de
s 

co
ng

lo
ba

tu
s 

ig
en

no
i 

-0 
0 

3 

R 

R 

R 

JO
 J

O 

R 

R 

R 

R 

R 

53 

de
s 

ob
liq

uu
s 

ob
liq

u 
ig

er
in

oi
 

-Q 
0 

3 

R 

R 

F 

F 
F 
R 

R 
X 
R 
R 
X 

3 

de
s 

ob
liq

uu
s 

ex
tr

em
 

ig
er

in
oi

 

-o o 
3 

R 

F 
F 
R 
R 

05 OS 

R 
F 
R 

X 
R 

de
s 

ru
be

r 
(w

hi
te

) 
ig

er
in

oi
 

-c 0 

3 
F 
F 
F 
R 
A 

R 
F 
C 
F 
C 

PH OS 

F 

R 

R 
de

s 
ru

be
r 

(p
in

k)
 

de
s 

sa
cc

ul
ife

r 
ig

er
in

oi
 

-6 0 

3 
R 
R 

ig
er

in
oi

 

•G 
0 

3 
R 
R 
R 
R 
R 

R 
R 
F 
R 
F 

F 
R oS OS 

R 

R 
R 
R 

R 

R 
R 

de
s 

te
ne

llu
s 

ig
er

in
oi

 

■0 
0 

3 

R 

de
s 

tr
ilo

bu
s 

ig
er

in
oi

 

■c 
o 
3 
R 

R 
R 
R 

R 
R 
F 

50
 

50
 

F 
R OS OS 

R 

CS 05 

F 

R 

R 
X 
F 
R 

na
 

al
tis

pi
ra

 
oq

ua
dr

i 

•9 0 

3 

F 
R 

05 OS 

R 
R 

R 
X 
c 
R 

ci
ba

oe
ns

is
 

or
ot

al
ia

 

-0 
0 

3 

R 

co
no

m
io

ze
a 

or
ot

al
ia

 

-0 
0 

3 

X 
ifo

rm
is 

cr
as

sa
fo

rm
is 

cr
as

s 
or

ot
al

ia
 

-0 
0 

3 
R 
R 
R 
R 
R 

F 
R 

R 
R 

R 
F 
F 
R 
R 

R 
R 
R 

C 

cr
as

sa
fo

rm
is 

he
ss

i 
or

ot
al

ia
 

■a 
0 

3 

R 
R 

50
 

50
 

cr
as

sa
fo

rm
is 

vi
ol

a 
or

ot
al

ia
 

-0 
0 

3 

R 

cr
as

su
la

 
or

ot
al

ia
 

-0 
0 

O 

R 

R 
R 

R 

R 

R 

ex
ili

s 
or

ot
al

ia
 

-0 
0 

3 

R 
F 

R 

inf
lat

a 
or

ot
al

ia
 

-0 
0 

3 
c 
R 
F 
F 
F 

R 

R 

lim
ba

ta
 

or
ot

al
ia

 

-0 
0 

3 

R 
R 

R 

R 

m
ar

ga
ri

ta
e 

or
ot

al
ia

 

•a 0 

3 

R 
R 
R 
R 

R 
X 
R 
R 

m
en

ar
di

i 
or

ot
al

ia
 

-0 
0 

3 

R 
R 
R 

R 
C 

R 

R 
R 
R 

R 

m
er

ot
um

id
a 

or
ot

al
ia

 

-0 
0 

3 

F 
R 

X 

R 

m
io

ce
ni

ca
 

or
ot

al
ia

 

-0 
0 

3 

R 

R 
F 
F 

R 

R 

m
ul

tic
am

er
at

a 
or

ot
al

ia
 

-0 
0 

3 

R 

R 

pe
rt

en
ui

s 
or

ot
al

ia
 

•a 0 

3 

R 

pl
es

io
tu

m
id

a 
or

ot
al

ia
 

-O 
0 

3 

F 
F 

X 

pu
nc

tic
ul

at
a 

or
ot

al
ia

 

-0 
0 

3 

R 
R 
F 
C 
R 

C 
A 
C 

C 

sc
itu

la
 

or
ot

al
ia

 

-0 
0 

3 
R 
R 
R 

R 
R 

OS OS 

50
 

50
 

50
 

50
 

R 

R 
R 

X 

to
sa

en
si

s 
or

ot
al

ia
 

-0 
0 

3 

R 

R 
R 

tr
un

ca
 tu

lin
oi

de
s 

or
ot

al
ia

 

•6 
0 

3 
F 
R 
R 
R 
R 

R 

tu
m

id
a 

or
ot

al
ia

 

-0 
0 

3 

R 

R 

R 

:de
s 

he
xa

go
na

 
or

ot
al

oi
 

-0 
0 

3 

R 

R 

R 
F 

50
 J

O
 

R 
R 
R 

R 
X 

-a 

ad
rin

a 
ac

os
ta

en
si

s 
^o

gl
ob

oq
u,

 

*j~ 

£ 
F 
F 
F 
F 
F 

F 

F 
C 
F 

F 
F 
C 
F 
F 

F 
F 

C 

F 
X 
F 

</} 

ad
rin

a 
ac

os
ta

en
si

s 
ad

rin
a 

du
te

rt
re

i 
'.o

gl
ob

oq
u 

'.o
gl

ob
oq

u,
 

k ^ k** 

* % 

R 
F 
F 
F 

C 

F 
R 

F 
F R 

■0 ^ 

ad
rin

a 
hu

m
er

os
a 

ad
rin

a 
pa

ch
yd

er
m

a 
ad

rin
a 

pa
ch

yd
er

m
a 

'.o
gl

ob
oq

u,
 

'.o
gl

ob
oq

u,
 

'.o
gl

ob
oq

u 

w? O* O* 
* ^ ^ 

A 
A 
A 
A 
F 

C 
F A 

A 
A 

F C 

C F 
F 

R R 
F C 
R F 

R 
F 
F C 

A C 
F C F 

F 
X 
C 
c 
X 

ve
rs

a 
U

na
 u

ni
 

3 

"S 0 

R 
R 
R 
R 
R 

R 
F 
R 
F 
R 

F 

R 
R 
R 

R 
R 
R 
R 
R 

R 
X 

X 

ob
liq

ui
lo

cu
la

ta
 

•n
ia

tin
a 

4s 

1 
R 

R 

R 

pr
ae

cu
rs

or
 

•n
ia

tin
a 

•S !H1 
£ 

R 

?/
/a

 d
eh

is
ce

ns
 

zll
op

sis
 s

em
in

ul
in

a 
er

oi
di

m
 

er
oi

di
nt

 

a a •5 -5 £ £ 

R 

R 

R 

R 

R 
R 

R R 
R 

R 
R 
F 
R 
R 

R 
X 
R 
R 
X 

Note: R = <3%, F = 3%-15%, C = 15%-30%, A = >30%, and X = present but no abundance estimate. 



Table 4. Distribution of planktonic foraminifers, Hole 658A. 
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Table 5. Distribution of planktonic foraminifers, Hole 658A. 

Zone 

G. trun
catuli
noides 
.__?— 

? 

PL6 

PL5 

PL4 

PL3 

PL2 

PL1/M13 

M9-10 

P. glo
merosa 

C. stain
forthi 

Hole 659A 
(core, section, 
interval in cm) 

1H-CC 
2H-CC 
3H-CC 
4H-CC 
5H-CC 

6H 
7H-CC 
8H-1, 36 
8H-CC 
9H-CC 

10H-1, 101 
10H-3, 70 
10H-5, 70 
10H-CC 
11H-CC 

12H-CC 
13H-CC 
14H-3, 74 
14H-CC 
15H-CC 

16H-CC 
17H-CC 
18H-CC 
19H-CC 
20H-3, 104 

20H-CC 
21X-CC 
22X-CC 
23X-CC 
24X-CC 

25X-CC 
26X-CC 
27X-CC 
28X-CC 
29X-CC 

m
nd

an
ce

 

< 
A 
A 
A 
A 
A 

A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 
A 

C 

C 
c 
R 
B 
A 

F 
B 
R 
B 
B 

;rv
at

io
n 

0J 

0-

G 
G 
G 
G 
G 

G 
G 
G 
M 

G 
G 
G 
G 
G 

G 
G 
G 
G 
G 

M 
G 

M 

M 
M 
P 

M 

P 

P 
— 

ta
 

tid
a 

: d
is

si
m

ili
s 

: 
sta

in
fo

rth
i 

ap
er

tu
ra

 

a 
di

gi
ta

 
le

in
a 

ni
l 

os
yd

ra
x 

os
yd

ra
x 

ig
er

in
a 

=3 2 Cf Sf-O 
« S » s o £ 3 3 3 3 

R 
R 

R 

R 

R 

R 

R R 

bu
llo

id
es

 
de

co
ra

pe
rt

a 
dr

ur
yi

 
fa

lc
on

en
si

s 
ne

pe
nt

he
s 

ig
er

in
a 

ig
er

in
a 

ig
er

in
a 

ig
er

in
a 

ig
er

in
a 

-a -ci -cj -a -a O O ,0 .0 0 
3 3 o o 3 
c 
c 
C R 
C 
C 

C 
R C R 
F F R 
F F 

R R 
F 

R C 
F F 
F C 

R F R 
R F R 
F R R 

F 
R C R 

F R 
R 

C 

R R F 
A 
X 

R 

qu
in

qu
el

ob
a 

la
 a

eq
ui

la
te

ra
lis

 
la

 c
al

id
a 

ig
er

in
a 

ig
er

in
el

 
ig

er
in

el
 

■a -a -a -2 -2 -2 

ig
er

in
el

la
 o

be
sa

 
ig

er
in

ita
 g

lu
tin

at
a 

-a -a a o 3 3 3 3 3 
R R R 
R R R 
R R 
R R 
R 

CS DS 

R 
R R 

R 
R 
R 
R 
R 

R 
R 
R 
R 
R 

R 

R 
R 
F 
F 
R 

R R 
R 
F 
F 

R 
R R 

R 
R 
R 

R 
R 
R 

R R 
R 

R R 
R R 

R 

JO
 

JO
 

a 3 

de
s 

co
ng

lo
ba

tu
s 

de
s 

fis
tu

lo
su

s 
de

s 
ob

liq
uu

s 
ob

liq
u 

de
s 

ob
liq

uu
s 

ex
tr

en
 

de
s 

ru
be

r 
(w

hi
te

) 

ig
er

in
oi

 
ig

er
in

oi
 

ig
er

in
oi

 
ig

er
in

oi
 

ig
er

in
oi

 

-a -a -a -a -Ci -2 -2 -2 -2 -2 3 3 3 3 3 
R F 

F 
F 

R C 
R C 

R R C 
R C 

R R F 
R R R R 

R F R C 
F R F 

R F F 
R R F 
R F F 

R R R R 
R F F 
R F 

JO
 

TI
 T

I 
JO

 T
I 

R R 
F F 

R 

PH DS 

de
s 

ru
be

r 
(p

in
k)

 
de

s 
sa

cc
ul

ife
r 

de
s 

si
ca

nu
s 

de
s 

su
bq

ua
dr

at
us

 
de

s 
te

ne
llu

s 

ig
er

in
oi

 
ig

er
in

oi
 

ig
er

in
oi

 
ig

er
in

oi
 

ig
er

in
oi

 

-a «a na -a «a •2 -2 -2 -2 -2 3 3 3 3 3 
R R R 
R R 
R R R 
R R 

R R 

cS CS 

R 
R R 

F 
R 
R 
R 
R 

F 
R 
F 
R 
R 

R 
R 

R 

R 

R R R 

de
s 

tr
ilo

bu
s 

na
 

al
tis

pi
ra

 
na

 d
eh

is
ce

ns
 

na
 v

en
ez

ue
la

na
 

ci
ba

oe
ns

is
 

ig
er

in
oi

 
oq

ua
dr

i 
oq

ua
dr

i 
oq

ua
dr

i 
or

ot
al

ia
 

-a -a -a -a -a • 2 - 2 - 2 - 2 - 2 3 3 3 3 o 
R 
R 
R 
R 
R 

DS DS 

R 
R 

F F 
R R 
F R 
R F 
R F 

F R 
R F 
F R 
R F 
R R 

R R 
R F R 

R R C 

R R A 
F F 

R C C F 

F F R 

X 

af
or

m
is 

cr
as

sa
fo

rm
is 

cr
as

s 
cr

as
sa

fo
rm

is 
he

ss
i 

cr
as

sa
fo

rm
is 

vi
ol

a 
cr

as
su

la
 

or
ot

al
ia

 
or

ot
al

ia
 

-a -a -2 -2 

or
ot

al
ia

 
or

ot
al

ia
 

-a -a a a 

ex
ili

s 
or

ot
al

ia
 

-a o O tj 3 3 3 
R 

R 

R 
R 

DS DS 

R 
R R 

R 
R 
R 
R 
R 

R 
R 
R 

R 

R 
R 

R F 

R 
F R 

R 
R 

R 

R 

R CS DS 
R 

R 

R 

inf
lat

a 
or

ot
al

ia
 

-a a 

lim
ba

ta
 

or
ot

al
ia

 

-a a 

m
ar

ga
ri

ta
e 

m
en

ar
di

i 
m

io
ce

ni
ca

 

or
ot

al
ia

 
or

ot
al

ia
 

or
ot

al
ia

 

■a -o -a o o o 3 3 3 3 3 
c 
c 
c 
F 
F 

R 

F 

F 
F 
F 
R 
F 

DS DS 

R 
R 

R 

F 
F 
R 

F R 
R R 

R 
F 
R 

R 
R 

R DS CS 

R R 
F 

R 

pe
ri

ph
er

or
on

da
 

pe
rt

en
ui

s 
pl

es
io

tu
m

id
a 

or
ot

al
ia

 
or

ot
al

ia
 

or
ot

al
ia

 

-a -a -a 0 0 0 

cf
. p

ra
es

ci
tu

la
 

or
ot

al
ia

 

-a 3 

pu
nc

tic
ul

at
a 

or
ot

al
ia

 

•a a 3 3 3 3 3 

R 

R 

R 
R 

R 

R 

R 

A 

A 

R 

F 
F 

R 
C 
C 
F 
R 

C 
R 

T3 "«" 

sc
itu

la
 

tr
un

ca
tu

lin
oi

de
s 

de
s 

he
xa

go
na

 
ad

rin
a 

ac
os

ta
en

si
s 

ad
rin

a 
ac

os
ta

en
si

s 

ob
or

ot
al

ia
 

ob
or

ot
al

ia
 

ob
or

ot
al

oi
 

'.o
gl

ob
oq

u 
'.o

gl
ob

oq
u 

3 3 3^2; 
R R 
R F 
R R 
R R R 
R 

F 
F C 
R 
R 

R R 
R F 

R R 
R R R 
R R 

R R 
R R 
R R 
R R 
R R 

R C F 
C 

R R 

R 
R 

T3 t/l "—^ 

ad
rin

a 
co

nt
in

uo
sa

 (
 

ad
rin

a 
co

nt
in

uo
sa

 (
 

ad
rin

a 
du

te
ri

re
i 

ad
rin

a 
hu

m
er

os
a 

ad
rin

a 
pa

ch
yd

er
m

a 

N
eo

gl
ob

oq
u 

N
eo

gl
ob

oq
u 

N
eo

gl
ob

oq
u 

N
eo

gl
ob

oq
u 

N
eo

gl
ob

oq
u 

R C 
F A 
F C 
F C 
F C 

F C 
R C 

C F 
F R F 

R C R 
C 

C R R 
C R 
R R 

C R R 
F R 

C 
C R C 
C C F C 

C F F C 
C F C 

F 

X 

ad
rin

a 
pa

ch
yd

er
m

a 
ve

rs
a 

'.o
gl

ob
oq

u 
bu

lin
a 

un
i 

^ O 

R 
F 
F 
F 
F 

F 
R 
R 

R R 

R CS cS 

R 
R 

R R 
R 
R 

C R 

F 
R 

F 

DS DS 

O
rb

ul
in

a 
gl

om
er

os
a 

cu
rv

a 

w 
-1 

R 

ob
liq

ui
lo

cu
la

 ta
 

pr
ae

cu
rs

or
 

ni
at

in
a 

ni
at

in
a 

-^ -5} ~3 ^ ££ 

R 
R 

R 

R 

R 
R 
C 

dl
a 

de
hi

sc
en

s 
dl

op
si

s 
ko

ch
i 

zll
op

sis
 m

ul
til

ob
a 

dl
op

si
s 

se
m

in
ul

in
a 

er
oi

di
m

 
er

oi
di

m
 

er
oi

di
m

 
er

oi
di

m
 

« a <s a -s; -s; -s -c c§" c§< t§< cŷ  
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P.P.E. WEAVER, M. E. RAYMO 

Table 6. Age and depth determinations of planktonic 
foraminifer datums in Kane Gap Holes 660A and 661A. 

Depth Age 
Species (mbsf) (Ma) 

Hole 660A 
FO 
LO 
FO 
LO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 
LO 
FO 
LO 
LO 
FO 

G. truncatulinoides 
G. obliquus 
G. inflata 
G. exilis 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
G. crassula 
Pulleniatina spp. 
G. miocenica 
G. margaritae 
G. crassaformis 
G. nepenthes 
N. pachyderma (s) 
G. puncticulata 

39.8-44.0 
20.8-30.3 
39.8-44.0 
44.0-46.7 
44.0-46.7 
39.8-41.6 
44.0-46.7 
53.8-56.6 
56.6-58.8 
56.6-58.8 
58.8-68.3 
56.6-58.8 
68.3-69.4 
69.4-72.1 
69.4-72.1 
69.4-72.1 
58.8-68.3 

1.95-2.25 
ao.so-ijo 
1.95-2.25 
2.25-2.42 
2.25-2.42 
1.90-2.07 
2.25-2.42 
2.87-3.08 
3.08-3.24 
3.08-3.24 
3.24-3.84 
3.08-3.24 
3.84-3.90 
3.90-4.55 
3.90-4.55 
3.90-4.55 
3.24-3.84 

Hole 661A 
FO 
LO 
LO 
FO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 
LO 
FO 
FO 
FO 
LO 

G. truncatulinoides 
G. obliquus 
G. exilis 
G. inflata 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
Pulleniatina spp. 
G. margaritae 
G. crassaformis 
G. nepenthes 
G. puncticulata 
G. miocenica 
G. margaritae 
G. dehiscens 

1.6-11.1 
11.1-20.6 
31.5-34.5 
30.1-31.5 
31.5-34.5 
31.5-34.5 
31.5-34.5 
41.0-44.0 
44.0-47.0 
49.1-58.6 
58.6-59.9 
59.9-62.5 
59.9-62.5 
59.9-62.5 
49.1-58.6 
65.1-68.1 
65.1-68.1 

0.10-0.67 
0.67-1.30 
1.96-2.24 
1.85-1.96 
1.96-2.24 
1.96-2.24 
1.96-2.24 
2.70-2.87 
2.87-3.05 
3.20-3.75 
3.74-3.80 
3.80-4.00 
3.80-4.00 
3.80-4.00 
3.18-3.74 
4.60-5.38 
4.60-5.38 

a Probably reworked. 

cooler influences that have limited the stratigraphic ranges of 
some of the tropical planktonic foraminifers. 

The LOs of Globorotalia margaritae and G. nepenthes 
offer good examples of this problem. They have both been 
used extensively in previous zonal schemes, and G. marga
ritae in particular is common throughout its range from the 
tropics to at least 50°N (Weaver and Clement, 1986). Glo
borotalia margaritae has a quoted LO of 3.4 Ma, and G. 
nepenthes has a quoted LO of 3.9 Ma (Berggren et al., 1985). 
Table 18 shows that G. margaritae has a LO of 3.4 Ma only at 
Site 667, the only warm tropical site which has no significant 
dissolution. 

Although Sites 660 and 661 are not influenced by the cool 
waters of the Canary and Benguela currents, they have 
suffered strong dissolution. This has affected the distribution 
of G. margaritae but not the distribution of G. nepenthes, 
which is more dissolution resistant. Globigerina nepenthes 
has an LO of 3.9 Ma at Sites 660, 661, and 667; it has an earlier 
LO at all sites affected by the Canary or Benguela currents, 
however. 

Of the other species used by Berggren in his PL zonation, 
Globorotalia truncatulinoides and G. obliquus are not reli
able in the Leg 108 sites. The FO of G. truncatulinoides 
frequently has its FO well above its published age of 1.9 Ma. 
There is no apparent pattern to its distribution, except that 
it is seldom very common and its evolution from G. tosaen
sis is not seen. Likewise, G. obliquus often occurs well 

above its expected LO (1.8 Ma) in both warm and cool 
tropical sites. 

The LOs of Globorotalia miocenica, Globoquadrina al
tispira, and Sphaeroidinellopsis seminulina all give very ac
curate datums at both warm and cool sites, with the only 
exception being the latter two datums at Site 667. In fact, 
these two datums would suggest an alternative accumulation 
rate curve for this site (Fig. 2), but there appears to be 
considerable reworking and FOs are only regarded as accurate 
below 2.3 Ma. 

Berggren et al. (1985) list a number of other Pliocene 
datums, the most useful of which appear in Table 18. Globoro
talia exilis is less common and less reliable in the cooler sites, 
unlike G. miocenica, which is both common and reliable in all 
sites. The temporary disappearance of species of Pulleniatina 
between 3.3 and 2.2 Ma gives two very useful datums, which 
are generally accurate, except at Site 657 where this genus is 
rare. The FO of G. miocenica has been difficult to determine 
because of the difficulty in distinguishing this species from 
Globorotalia pseudomiocenica, from which it has gradually 
evolved (Bolli and Saunders, 1985). 

We have been able to use some of the datums from the 
mid-latitude zonation of Weaver and Clement (1986), espe
cially the FOs of Globorotalia puncticulata and G. inflata. 
Globorotalia inflata is generally rare in tropical sites because 
of its preference for cooler intermediate waters. Nevertheless, 
it provides a useful datum at all but Site 667, where it is absent 
in the early part of its range. 

Weaver and Clement (1986) noted a short interval between 
the LO of G. puncticulata and the FO of G. inflata when 
neither species was present. This interval is also present in the 
Leg 108 sites; therefore, the LO of G. puncticulata at 2.3 Ma 
provides a further useful datum. The FO of G. puncticulata 
(4.15 Ma) provides a consistent datum in all but Kane Gap 
Sites 660 and 661, where dissolution is strong. 

Globorotalia puncticulata generally appears at the same 
time as Globorotalia crassaformis in the north and equatorial 
Atlantic, but it appears somewhat earlier in the Pacific. The 
ages of the FOs of G. inflata and G. puncticulata agree closely 
with their ages in the Mediterranean (Rio et al., 1984) and 
facilitate direct comparisons with the Mediterranean zones of 
Iaccarino and Salvatorini (1982). 

The late Miocene represents much more of a stratigraphic 
problem than the Pliocene, since there are few sites with good 
paleomagnetic control and few reliable zonal markers. Sites 
659, 664, and 667 all contain late Miocene planktonic foramin
ifers, but there is no paleomagnetic control in any of these, 
and the accumulation rate curves are based mainly on nanno
fossil data. 

Berggren et al. (1983) created a zonal scheme for the 
Miocene using the LO of Globoquadrina dehiscens and the 
FOs of Globorotalia margaritae, Globorotalia conomiozea, 
and Neogloboquadrina acostaensis as late Miocene markers. 
The age of the G. margaritae datum appears to be slightly 
variable in the Leg 108 sites (Table 18), but this is the only 
datum in the latest Miocene/early Pliocene that can be recog
nized. The LO of G. dehiscens is very unreliable, mainly 
because this species is rare to absent at the end of its range, 
and the G. conomiozea datum cannot be used because of the 
absence of this species. 

Neogloboquadrina acostaensis occurs commonly, but in 
Hole 659A its FO is not seen because of two lost cores. Hole 
664D did not penetrate far enough to reach this level, and in 
Hole 667 it has an FO at 8.6-10.3 Ma. This is rather broad due 
to the low deposition rate, but it does overlap the expected age 
of 10.2 Ma. The N. acostaensis datum was used by Banner 
and Blow (1965) and subsequent authors (including Bolli and 
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Table 7. Distribution of planktonic foraminifers, Hole 660A. 
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Table 8. Distribution of planktonic foraminifers, Hole 661A. 
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LATE MIOCENE TO HOLOCENE PLANKTONIC FORAMINIFERS 

Table 9. Age and depth determinations of planktonic 
foraminifer datums in Benguela Current Holes 662A and 
664D. 

Depth Age 
Species (mbsf) (Ma) 

Hole 662A 
LO 
FO 
FO 
LO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 

G. obliquus extremus 
G. truncatulinoides 
G. inflata 
G. exilis 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
Pulleniatina spp. 
G. margaritae 
G. miocenica 

117.2-126.7 
82.4-107.7 

126.7-136.0 
140.5-145.7 
137.5-140.5 
137.5-140.5 
137.5-140.5 
166.8-168.4 
168.4-174.2 
183.7-193.2 
197.5-200.5 
183.7-193.2 

1.73-1.94 
1.52 
1.94-2.14 
2.24-2.36 
2.18-2.24 
2.18-2.24 
2.18-2.24 
2.86-2.90 
2.90-3.04 
3.26-3.49 
3.59-3.66 
3.26-3.49 

Hole 664D 
LO 
FO 
FO 
LO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 
LO 
FO 
FO 
FO 
LO 
FO 

G. obliquus extremus 
G. truncatulinoides 
G. inflata 
G. exilis 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
Pulleniatina spp. 
G. margaritae 
G. miocenica 
G. nepenthes 
G. crassaformis 
G. puncticulata 
G. margaritae 
G. dehiscens 
N. humerosa 

49.8-59.3 
78.3-87.8 
78.3-87.8 
87.8-97.3 
97.3-106.8 
97.3-106.8 

106.8-125.8 
125.8-135.3 
125.8-135.3 
154.3-163.8 
173.3-182.8 
211.3-220.8 
182.8-192.3 
182.8-192.3 
192.3-201.8 
230.3-239.8 
230.3-239.8 
230.3-239.8 

1.20-1.40 
1.80-1.95 
1.80-1.95 
1.95-2.2 
2.20-2.4 
2.20-2.4 
2.40-2.8 
2.80-3.0 
2.80-3.0 
3.38-3.57 
3.78-3.97 
4.60-4.80 
3.97-4.18 
3.97-4.18 
4.18-4.38 
5.72-6.22 
5.72-6.22 
5.72-6.22 

Bermudez, 1965; Bolli and Premoli Silva, 1973; Stainforth et 
al., 1975; and Bolli and Saunders, 1985) to mark the middle/ 
late Miocene boundary. 

Bolli and Premoli Silva used the FO of Neogloboquadrina 
humerosa, which has an age of 7.5 Ma according to Berggren 
et al. (1985), to subdivide the late Miocene. Unfortunately, 
this datum lies in the missing cores in Hole 659A, and so its 
age cannot be refined beyond 8.20-10.50 Ma at this site. In 
Hole 664D N. humerosa has its FO between 5.72-6.22 Ma, 
much younger than the expected 7.5 Ma. However, this is an 
interval of fairly strong dissolution, which may explain its 
absence. In Hole 667A this species has its FO between 
6.34-7.80 Ma. 

CONCLUSIONS 
The sites drilled on Leg 108 complete the north-south 

North Atlantic transect of HPC holes begun on Leg 94. Leg 
108 has also provided sites in a variety of tropical environ
ments including areas of upwelling, areas affected by cool 
surface currents, areas of strong dissolution, and warm water 
tropical sites. Site 667 can be regarded as the tropical end of 
the Leg 94 transect, and with few exceptions the datums at 
this site correspond with their published ages (ages which 
were largely determined in the tropics). Thus, diachronism of 
datums in the North Atlantic operates by species having 
progressively restricted ranges away from the tropics. 

The sites affected by cool currents (657, 658, 659, 662, 663, 
and 664) show restricted species ranges similar to sites in the 
subtropics (e.g., Site 606). Particularly affected are such 
species as Globorotalia margaritae and Globorotalia nepen
thes, which have been widely used as zonal markers. Other 

datums, such as the LOs of Globorotalia miocenica, Globoro
talia puncticulata, Globoquadrina altispira, and Sphaeroid
inellopsis seminulina, are reliable at all the sites studied. 
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Table 10. Distribution of planktonic foraminifers, Hole 662A. 
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Table 11. Distribution of planktonic foraminifers, Hole 663A. 

Zone 

G. trun
catuli
noides 
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Table 12. Distribution of planktonic foraminifers, Hole 664D. 
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G. trun-
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LATE MIOCENE TO HOLOCENE PLANKTONIC FORAMINIFERS 

Table 13. Age and depth determinations of planktonic 
foraminifer datums in Sierra Leone Rise Holes 665A and 
667A. 

Species 

Hole 665A 
LO 
FO 
FO 
LO 
LO 
Reapp. 
LO 
LO 
LO 
LO 

Hole 667A 
LO 
FO 
FO 
LO 
LO 
Reapp. 
LO 
LO 
LO 
LO 
LO 
FO 
LO 
FO 
FO 
FO 
LO 
LO 
LO 

G. obliquus extremus 
G. truncatulinoides 
G. inflata 
G. exilis 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
Pulleniatina spp. 

G. obliquus extremus 
G. truncatulinoides 
G. inflata 
G. exilis 
G. miocenica 
Pulleniatina 
G. puncticulata 
G. altispira 
S. seminulina 
Pulleniatina spp. 
G. margaritae 
G. miocenica 
G. nepenthes 
G. crassaformis 
G. puncticulata 
G. margaritae 
G. dehiscens 
N. humerosa 
N. acostaensis 

Depth 
(mbsf) 

46.1-50.4 
21.9-31.4 
40.9-46.1 
40.9-46.1 
40.9-46.1 
40.9-46.1 
40.9-46.1 
52.6-55.7 
55.7-58.9 
69.4-69.9 

18.1-27.4 
18.1-27.4 
10.8-14.9 
27.4-29.8 
27.4-29.8 
29.8-39.3 
27.4-29.8 
40.6-43.6 
40.6-43.6 
52.9-55.9 
52.9-55.9 
77.3-86.8 
62.3-65.3 
68.8-77.3 
68.8-77.3 
96.3-105.8 
77.3-86.8 

105.8-115.3 
124.8-134.3 

Age 
(Ma) 

2.28-2.57 
1.03-1.52 
2.09-2.28 
2.09-2.28 
2.09-2.28 
2.09-2.28 
2.09-2.28 
2.67-2.92 
2.92-3.13 
3.82-3.86 

1.10-2.00 
1.48-2.00 
0.76-1.05 
2.00-2.18 
2.00-2.18 
2.18-2.68 
2.00-2.18 
2.72-2.05 
2.72-2.85 
3.32-3.50 
3.32-3.50 
4.56-5.70 
3.80-3.98 
4.12-4.56 
4.12-4.56 
5.50-6.34 
4.56-5.70 
6.34-7.80 
8.60-10.30 
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Table 14. Distribution of planktonic foraminifers, Hole 665A. 

Zone 
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(core, section, 
interval in cm) 
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Table 15. Distribution of planktonic foraminifers, Hole 666A. 

Zone 

G. trun
catuli
noides 

? 

PL6 

PL5 

PL3 

PLl 

PLl 

Hole 666A 
(core, section, 
interval in cm) 
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a Sample with a large number of reworked specimens. 



Table 16. Distribution of planktonic foraminifers, Hole 667A. 
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a Sample with a large number of reworked specimens. 
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Table 17. Distribution of planktonic foraminifers, Hole 668B. 

Zone 

G. truncatulinoides 

PL6 

1H-CC 
2H-CC 
3H-CC 
4H-CC 

m
da

nc
e 

J= 
< 
A 
A 
A 
A 

se
rv

at
io

n 

OH 

G 
G 
G 
G 

■a 
•a 

nd
ei

na
 n

i 

O 

R 

oi
de

s 

I 

bi
ge

ri
na

 

• O 

R 

R 

on
en

si
s 

Hi 

bi
ge

ri
na

 
Ct 

R 

eq
ui

la
te

ra
lis

 

<a 

bi
ge

ri
ne

l 

Cl 
O 

R 
R 
R 
R 

ili
da

 

y 

bi
ge

ri
ne

l 

0 
O 

R 
R 

gl
ut

in
at

a 
bi

ge
ri

ni
ta

 

0 
O 

R 
R Q
i Q

i 

co
ng

lo
ba

tu
s 

8 
'w 

bi
ge

ri
no

i 

CN 

O 

R 
R 
R 
R 

cf
. 

fis
tu

lo
su

s 
bi

ge
ri

no
i 

ci 
O 

R 

$ 

ob
liq

uu
s 

ob
liq

u 

,. 
: 

bi
ge

ri
no

i 

n 
O 

R 
R 

ru
be

r 
(w

hi
te

) 

3 
xi 

bi
ge

ri
no

i 

0 
<0 

C 
c c 
c 

rw
/3

er
 (

pi
nk

) 

8 
■w 

bi
ge

ri
no

i 

O 

R 

sa
cc

ul
ife

r 

Sr! 
"W 

bi
ge

ri
no

i 

O 

F 
R 
R 
F 

te
ne

llu
s 

: 
t t 

bi
ge

ri
no

i 

Cl 
O 

R 

tr
ilo

bu
s 

Sa 
X 

bi
ge

ri
no

i 

0 
O 

c 
c 
F 
C 

af
or

m
is 

ss
af

or
m

is 
cr

as
s 

K 

bo
ro

ta
lia

 

0 
O 

R 

•S 

l 
«5 

a 

bo
ro

ta
lia

 

Q 

O 

R 
R 
R 

ss
ul

a 

; 

bo
ro

ta
lia

 

0 
O 

R 

a 
to

 
bo

ro
ta

lia
 

■■ 

O 

R 
R 
R 
R 

na
rd

ii 

■ 

bo
ro

ta
lia

 

0 

o 
R 
F 

F 

tu
la

 

sj 

bo
ro

ta
lia

 

0 
O 

R 

R 

nc
at

ul
in

oi
de

s 
tru

 
bo

ro
ta

lia
 

o 
O 

R 
R 
R 

tu
m

id
a 

tu
m

id
a 

bo
ro

ta
lia

 

Cl 
O 

R 

R 

tu
m

id
a 

fle
xu

os
a 

bo
ro

ta
lia

 

0 
O 

R 

(P) 

«a
 d

ut
er

tr
ei

 

na
 p

ac
hy

de
rm

a 

4i -5 
a « 

'e
og

lo
bo

qu
 

eo
gl

ob
oq

u 

< < 
F 

R 
C 
F 

na
 p

se
ud

op
im

a 
dr

i 

w 

'e
og

lo
bo

qu
 

< 

R 

F 

er
sa

 
u/

m
a 

wn
 

■w 
O 

R 
R 
R 
R 

qu
ilo

cu
la

ta
 

de
hi

sc
en

s 

S .g 
° "S a 8 
■S -3 
■s. 2 
S V 
§) 13 TJ "5 
a, ^ 

R R 
F R 
R R 

Table 18. Comparison of published ages of planktonic foraminifer datums (as given in Berggren et al. , 1985) with 
measured ages in Leg 108 holes. 

Species 
Age 
(Ma) 

Canary Current 
657 

c 
c 

+0.05 
— 

c 
c 

658 

-0.34 
c 
c 

— 
+0.10 
— 

659 

c 
-0.30 

c 
+0.10 

c 
c 

Sites and holes 

Kane Gap 
660 

a -0 .50 
+0.05 

c 
+0.15 
+0.05 
-0 .03 

S6I 

-0.50 
-0.90 
-0.14 

c 
c 
c 

Benguela 
Current 

662 

c 
-0.38 

c 
+0.14 

c 
c 

664 

-0.40 
c 

-0 .15 
c 
c 
c 

Sierra Leone 
Rise 

665 

+0.48 
-0.38 

c 
c 
c 
c 

667 

c 
c 

-1.05 
c 
c 
c 

LO G. obliquus extremus 1.8 
FO G. truncatulinoides 1.9 
FO G w/toa 2.1 
LO G. exilis 2.1 
LO G. miocenica 2.2 
Reapp. Pulleniatina 2.2 
LO G puncticulata 2.3 
LO G altispira 2.9 
LO 5. seminulina 3.0 
LO Pulleniatina spp. 3.3 
LO G margaritae 3.4 
FO G. miocenica 3.4 
LO G. nepenthes 3.9 
FO G crassaformis 4.15 
FO G puncticulata 4.15 
FO G. margaritae 5.6 
LO G dehiscens 5.3 
FO TV. humerosa 7.5 
FO TV. acostaensis 10.2 

+0.10 

+0. 

+0.28 
+0.13 
+0.13 
-0.05 

+0.06 

+0.20 +0.05 
+0.32 
+0.30 
+0.05 
+0.05 
+0.60 
+2.90 
+0.70 

+0.C 

+0.44 
-0.16 

-0.31 

+0.34 +0.19 

-0.15 
-0.15 
-0.22 

+0.10 
c 
c 

+0.08 
+0.38 
+ 1.20 
+0.07 

c 
+0.03 
+0.12 
+0.42 
-1.28 

+0.52 

-0.07 
-0.05 
-0.15 

+ 1.16 

Note: - = younger than published age; + = older than published age; and c = comparable with published age. 
a Probably reworked. 
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