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Abstract: We carried out a biostratigraphic study based on calcareous nannofossils in sediments from Ocean 
Drilling Program (ODP) Site 651, drilled in the basalt-floored Vavilov sub-basin of  the Tyrrhenian Sea (western Me-
diterranean) during Leg 107. The expedition achieved its primary objective to collect basement samples to date the 
ocean crust and obtain new data for reconstructing the geological evolution of  the area. Studies on the ODP Site 651 
succession determined the nature of  the basement and provided time constraints for tectonic and magmatic proces-
ses in the basin, but contradictory lines of  evidence emerged for the age of  the basalts based on radiometric ages, 
paleomagnetic signature and planktonic foraminifera data. In an attempt to clarify the basement age, we performed 
detailed sampling for calcareous nannofossil analysis to update the biostratigraphy and chronology of  the sediments 
overlying the basement. We determined the sediment accumulation rate using reliable nannofossil biohorizons that 
have a robust chronology, which increases up-section from ~ 2 cm/kyr to 3.4 cm /kyr. The age of  the basalt/sedi-
ment contact was obtained through extrapolation of  the sedimentation rate from the deepest datable portion of  the 
sediments down to the top of  basement. The inferred age for the top of  the basalt is at least 4.1-4.2 Ma and differs 
from previous evaluations. This age for the basalt in the Vavilov Basin basement is consistent to a reversed interval 
C2Ar within the Gilbert magnetochron, supporting one of  the chronologies previously proposed.

Keywords: Calcareous nannofossils; biochronology; ODP Site 651; Tyrrhenian Sea; basement age.

Introduction

In January-February 1986, the Ocean Drilling 
Program (ODP) Leg 107 drilled in the Tyrrhenian 
Sea (western Mediterranean) at seven sites (650 to 
656) (Kastens, Mascle, Auroux et al. 1987) with the 
objective of  providing timing constraints for tecto-

nic and magmatic processes in the basin and adding 
new information on the geologic evolution of  the 
area. During the expedition, ODP Sites 650, 651 
and 655 were drilled in two adjacent basalt-floored 
sub-basins of  the Tyrrhenian Sea (Site 650 in the 
Marsili Basin, Sites 651 and 655 in the Vavilov Basin; 
Fig. 1) to obtain data on the nature of  the basement 
and the timing of  the development of  the whole 
Tyrrhenian basin. At ODP Site 651, the primary 
objectives were achieved, including identifying the Received: February 26, 2024; accepted: September 02, 2024
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nature of  basement in the Vavilov Basin and dating 
the overlying sediments and the sediment/basalt 
contact (Kastens & Mascle 1990). Specifically, the 
basement turned out to be more complex and the 
sediment younger than had been anticipated. Mo-
reover, the recovery of  basement rocks consisting 
mainly of  basalts overlying serpentinized peridoti-
te had important tectonic implications (Shipboard 
Scientific Party 1987; Bonatti et al. 1990; Kastens 
& Mascle 1990; Sartori 1990). However, the age of  
the basalts at Site 651 were problematic, due to di-
screpancy among the results derived from different 
methods (see discussion and notes in Kastens & 
Mascle 1990, and references therein). In fact, the 
radiometric ages obtained from 39Ar/40Ar dating the 
basalt were 3.0 to 2.6 Ma and pointed to a normal 
polarity interval of  Chron C2An (Gauss), whereas 
the measured magnetic polarity of  the basalts indi-
cated a reversed interval (Vigliotti et al. 1990) that 
was correlated to either the bottom part of  Chron 
C2r (Matuyama) (Subchron C2r.2r dated to 2.155 
- 2.610 Ma; ages from Channell et al., 2020) or the 
upper part of  Subchron C2Ar (upper part of  the 
Gilbert, from 3.596 to 4.187 Ma). In addition, the 
presence of  rare and poorly preserved planktonic 
foraminifera (Globorotalia crassaformis) was reported 
in a thin section from a dolostone fragment within 
the basement of  Site 651 (Shipboard Scientific Par-
ty 1987, p. 310; Sartori 1990). This finding was con-
sidered compatible with either the Matuyama ma-
gnetostratigraphic interpretation or with the 3.0 to 
2.6 Ma radiometric date (Kastens & Mascle 1990 
and references therein), adding uncertainty to obtai-
ning a reliable basement age. The sediment accumu-
lation rate, inferred for the sediment section above 
the basement based on magnetostratigraphic and 
biostratigraphic results, was extrapolated down to 
the top of  the basalt and suggested an age of  3.5 to 
3.6 Ma for the sediment/basalt contact (Shipboard 
Scientific Party 1987). This age is consistent with 
the reversed interval at the top of  the Gilbert ma-
gnetochron (Kastens & Mascle 1990), although the 
extrapolation was based on the “unsupported as-
sumption that sedimentation rate in the red-brown 
basal sediments” was “the same as the overlying se-
diments” (Shipboard Scientific Party 1987; p. 326).

In the light of  these different results for the 
age of  the basement of  the Vavilov Basin, it is sur-
prising that in the past few decades there have been 
no updates to the biostratigraphy/chronology pu-

blished in the ODP Initial Reports and Scientific 
Results Volumes for Leg 107. Therefore, this study 
was developed to conduct a detailed biostratigraphic 
analysis, based on calcareous nannofossils, for ODP 
Site 651 with the aim of  updating through biochro-
nology the age of  the sediments directly overlying 
the basement complex and possibly to support one 
of  the suggested hypotheses on the age of  the ba-
sement.

Material and Methods

At ODP Site 651 (Fig. 1), located at 40° 09.03′ 
N, 12° 45.39′ E at a water depth of  3578 m, a single 
hole (651A) was drilled to 551 m below sea floor 
(mbsf) with a highly variable recovery (from 2% to 
100%) that resulted in ~ 190 m of  core recovered. 
Most of  the sedimentary section above the base-
ment comprises volcanogenic sediments (volcani-
clastic sands and breccias, pumice, lapilli tuff) in-
terbedded with volumetrically subordinate (<15%) 
marly nannofossil ooze and turbiditic sediments, all 
assigned to “Sedimentary Unit I” (from 0 to 136 
mbsf). “Sedimentary Unit II” (136 to 387 mbsf) 
was differentiated from Unit I by having a greatly 
reduced volcaniclastic component, finer grain size 
sediments, and increased clay and calcium carbon-
ate content (Shipboard Scientific Party 1987).

We collected samples for calcareous nanno-
fossil analysis from the lower part of  “Sedimentary 
Unit II”, assigned to “Sub-unit IIa”, in the interval 
from 309.54 to 354.58 mbsf  (Cores 651A-34R to 
651A-38R) that mainly comprises calcareous lithol-
ogies (marly nannofossil ooze, chalk and calcareous 
claystone) with minor intercalations of  tuffaceous 
clay and sapropelitic horizons. The sampled sedi-
ments overlie fragmented basaltic rocks that repre-
sent the local top of  the basement, located at ~ 387 
mbsf  and which was penetrated downhole to 551 
mbsf. The precise basalt/sediment contact was not 
recovered. The lowermost samples for this study, 
taken in Core 651A-38R, are from the upper part 
of  the 40-m-thick “Sub-unit IIb” that consists of  
dolomite-rich sediments (“metalliferous dolostone” 
comprising dolomitic claystone, dolostone, and mi-
nor volcanic ash) immediately above the basement. 
We did not sample the pieces of  pink dolostone re-
covered just above the first occurrence of  basalt at 
387.6 mbsf  (Section 651A-42R-1), in which poorly 
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preserved planktonic foraminifera were observed 
(Shipboard Scientific Party 1987), because of  the 
unsuitability of  this lithology for preserving nan-
nofossils.

We collected 71 samples from the ~ 45 m of  
sediments, with an average sampling resolution of  1 
sample/63 cm. Sampling resolution varies depend-
ing on the intervals of  drilling disturbance (in Cores 
34R, 35R, 36R), and of  scattered, though minor, in-
tercalations of  tuffaceous material, which were not 
samples. The samples were processed following the 
standard smear-slides procedure described by Bown 
& Young (1998).

Analyses of  nannofossil assemblages were 
carried out using a light microscope Zeiss Axio-
scope at 1200x magnification under cross-polarized 
and transmitted light. Photomicrographs of  nan-
nofossils were taken with the software “Image Pro 
Plus 7.0”. The entire composition of  the assem-
blages was not quantitatively defined in detail, nor 
was the abundance of  all the identified taxa evaluat-
ed. Instead, we only considered the biostratigraphic 
markers of  the Late Pliocene to Early Pleistocene. 
Their abundance distribution was evaluated using 
semi-quantitative counting methods as follows: i) by 
counting the number of  specimens in 30 fields of  
views of  the smear slide, expressed as number per 
unit area (N/mm2) (for all selected taxa except Heli-
cosphaera sellii); ii) by counting the number of  speci-
mens of  a species or morphotype vs. taxonomically 
related taxa, expressed as percentage. This latter 

method was applied to evaluate large (> 5.5 µm) Ge-
phyrocapsa spp. vs. all the Gephyrocapsa (medium and 
large) specimens and H. sellii vs. all the Helicosphaera 
specimens. The studied samples and numerical re-
sults for the selected taxa are reported in the Ap-
pendix.

For biostratigraphic classification we referred 
to the Neogene Mediterranean Zonation and bio-
horizon chronology recently published by Di Ste-
fano et al. (2023).

Biostratigraphy and Chronology

The biostratigraphic results are given in Fig. 2, 
which shows the distribution ranges of  zonal mar-
kers and additional taxa. The identified biohorizons 
are reported together with position of  magnetic re-
versals (Channell et al. 1990) in Table 1. Although 
the magnetostratigraphy at Site 651 was disrupted 
by poor recovery and drilling disturbance, the main 
features of  the Early Pleistocene/Late Pliocene po-
larity time scale were discerned (Channel et al. 1990; 
Table 1) within 32 m of  the sediment succession. 
We compare our nannofossil results with this ma-
gnetostratigraphy below, in stratigraphic order.

Although the lowest part of  the studied sec-
tion in the dolomite-rich “Sub-unit IIb” above the 
basement (Core 6451A-38R) was “lithologically” 
unsuitable for finding microfossils, we collected and 
analyzed 12 samples in it. As expected, all of  the-

Fig. 1 -  Location of  ODP Sites 651 
and 655 in the Vavilov Ba-
sin, the northwestern-most 
of  the two deep sub-basins 
in the central Tyrrhenian 
Sea. The southwestern Mar-
sili Basin is also shown with 
ODP Site 650 location. (Map 
modified from Schlitzer, 
Reiner, Ocean Data View, 
http//odv.awi.de 2022).
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se samples were barren of  nannofossils except one 
from the top of  the interval (651A-38R-1, 23 cm; 
348.03 mbsf), in which a rich nannofossil assem-
blage was observed and ascribed to Zone MNQ17 
(Di Stefano et al., 2023), based on the presence of  
Discoaster brouweri and Discoaster triradiatus (Plate 1). 
This result agrees with the shipboard nannofossil 
biostratigraphy for Site 651 (Shipboard Scientific 
Party 1987) that placed this interval in Zone NN18 
of  Martini (1971), which is equivalent to Zone 
MNQ17. The zone extends up to ~ 347 mbsf  whe-
re the biohorizon Top D. brouweri (T Db) is placed 
and indicates an estimated age of  1.95 Ma that cor-
relates with the base of  Chron C2n (Olduvai) (1.925 
Ma). The single scattered specimens of  this taxon 
observed higher in the section (Core 651A-37) are 
considered reworked (see Appendix).

The favourable lithology and more conti-
nuous recovery of  the sediments in Cores 651A-
37R, 36R and part of  Core 35R (from 348 to 319 
mbsf), combined with higher resolution sampling, 
allowed us to obtain a more detailed biostratigraphy. 
Most of  the samples have well preserved assembla-
ges, although scattered samples are barren of  nan-
nofossils or have rare poorly preserved specimens 

diluted by terrigenous or volcanic material. These 
samples, that are mainly from Core 651A-35R that 
contains dispersed layers of  volcanic ash (Shipboard 
Scientific Party 1987), disrupt the biostratigraphy in 
the upper part of  the studied section (Fig. 2). De-
spite this, the succession of  biohorizons identified 
spans the Early Pleistocene time interval from 1.95 
Ma to 0.95 Ma and includes Zones MNQ18 and 
MNQ19 (Di Stefano et al. 2023) (Fig. 2; Table 1). 
In addition to the biostratigraphic marker taxa we 
also identified specimens of  Braarudosphaera bigelowi 
in discrete samples from Cores 651A-37R and 36R 
(Plate 1), which correspond to thin layers of  sapro-
pels described from these cores in the shipboard 
analyses (Shipboard Scientific Party 1987).

	 The first occurrence (Base) of  medium-si-
zed Gephyrocapsa spp. (≥ 4 µm in size; Plate 1, figs. 
6-8; B mG - 1.71 Ma) represents a distinct biostrati-
graphic horizon isochronously recorded worldwide 
(e.g., Raffi et al. 2006). This event is clearly deline-
ated within the upper part of  Core 651A-37R, just 
above the top of  Chron C2n (Olduvai). “B mG” 
corresponds to the beginning of  the evolutionary 
development that characterized the Gephyrocapsa 
genus through the Early Pleistocene interval, ex-

Fig. 2 - Abundance distribution patterns of  selected calcareous nannofossils and their respective biohorizons that include: the biostratigraphic 
marker biohorizons (Top D. brouweri - T Db, Base medium Gephyrocapsa spp. - B mG, Base large Gephyrocapsa spp. - B lG, Top large 
Gephyrocapsa spp. - T lG) and the additional biohorizons (Top Calcidiscus macintyrei - T Cm, Top Helicosphaera sellii - T Hs, Paracme top me-
dium Gephyrocapsa spp., Base common Reticulofenestra asanoi - Bc Ra). N/mm2 = number of  specimens per unit area of  the smear slide.
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pressed in a trend of  increasing size (Rio 1982; Raffi 
et al. 1993), and delineates Subzone MNQ19a (Di 
Stefano et al. 2023). The medium-sized Gephyrocapsa 
specimens show a rapid increase in abundance in the 
lower part of  Core 651A-36R, above the final decli-
ne (Top) of  Calcidiscus macintyrei (T Cm - 1.67 Ma) and 
is followed by the emergence of  larger Gephyrocapsa 
specimens (> 5.5 µm; Plate 1, figs. 12, 13, 16) that 
defines the biohorizon “B lG” (1.61 Ma) and Subzo-
ne MNQ19b. The interval spanning the upper di-
stribution range of  the large Gephyrocapsa specimens 
(from the top of  Core 651A-36R through Core 35R) 
is interrupted by the scattered volcanic/terrigenous 
material that diluted the nannofossil assemblages. 
Reworked taxa from the Paleogene and Neogene are 
present in greater abundance in samples from Cores 
651A-34R and 35R than in the samples from the lo-
wer part of  the section. The biohorizon Top large 
Gephyrocapsa spp. (T lG - 1.24 Ma), which defines the 
base of  Subzone MNQ19c (Di Stefano et al. 2023), 
was delineated with a degree of  uncertainty but its 
position is coherent with other biostratigraphic da-
tums as it follows the disappearance (Top) of  H. sellii 
(T Hs - 1.26 Ma) and precedes the biohorizons Base 
common Reticulofenestra asanoi (Bc Ra - 1.08 Ma) and 
paracme Top medium Gephyrocapsa spp. (paracme 
Top mG - 0.96 Ma) (although the latter biohorizon is 
not clearly delineated; Fig. 2). Comparison with pa-
leomagnetic results shows that T lG (at ~ 322 mbsf) 
slightly precedes the recorded base of  Subchron 
C1r.1n (Jaramillo) (at ~ 322 mbsf) and supports the 
assignment of  this magnetic reversal to the Jaramillo 
(Channell et al. 1990).

These biostratigraphic results largely agree 
with previous time constraints based on paleoma-
gnetic and planktonic foraminifera data (Shipboard 
Scientific Party 1987). The positions of  nannofossil 

biohorizons fit well with the original interpretation 
of  the paleomagnetic data (Channell et al. 1990) 
except for at the top of  the studied interval at top of  
Core 651A-34R, where there is a discrepancy betwe-
en the magnetostratigraphic and biostratigraphic re-
sults and, consequently, in the age determination of  
that part of  the section. Previous studies recorded 
the base of  Chron C1n (Brunhes) between 309.37 
and 309.48 mbsf  (Shipboard Scientific Party 1987; 
Channel et al. 1990), which corresponds to an age 
of  0.773 Ma. By contrast, just below this depth (at 
309.54 mbsf), in the topmost sample (651A-34R-1, 
24 cm), the nannofossil data suggest an age at least 
0.2 m.yr older than the age of  0.773 Ma provided 
by the magnetostratigraphic data. This older age 
estimate is supported by the presence of  abundant 
specimens of Reticulofenestra asanoi in the nannofossil 
assemblage (Plate 1, figs. 14, 15), corresponding to 
a stratigraphic level well below the biohorizon Top 
common R. asanoi (the distinct decrease in abundan-
ce of  the taxon) occurring at 0.90 Ma. Therefore, 
the recognized position of  the Brunhes/Matuyama 
boundary is questionable.

We use this updated chronology to infer the 
accumulation rate of  the sediments directly overlying 
the basement complex at Site 651, as discussed be-
low. Note that differences with the previous chro-
nology of  the Site 651 sedimentary succession were 
expected due to the updates to the polarity time sca-
le and, consequently, the updated ages of  bioevents.

Sediment accumulation rates

As explained in the “Introduction”, evalua-
tion of  the sediment accumulation rate for the sedi-
mentary succession just above the igneous basement 

Tab. 1 - A) Magnetochron boundaries 
for ODP Site 651 from Channell 
et al. (1990) and chronology from 
Channell et al. (2020). The sam-
ples which bracket the magne-
tozone boundaries are given. B) 
Positions of  nannofossil biohori-
zons as delineated in the present 
study. The samples which bracket 
each biohorizon are given. Chro-
nology from Di Stefano et al. 
(2023). Tie-points used for con-
struction of  sediment accumula-
tion rates are indicated with aste-
risks: * from Shipboard Scientific 
Party (1987); ** this study.
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was previously based on the chronology available at 
that time, which was derived from paleomagnetic 
and planktonic foraminifera data (Shipboard Scien-
tific Party 1987). No correction for compaction of  
the sediments was applied. The different chosen tie-
points were: i) the base of  the Brunhes magneto-
chron; ii) the “Pliocene/Pleistocene boundary”, as 
recognized at that time by a planktonic foraminifera 
event (first common occurrence - FCO - of  left-
coiling Neogloboquadrina pachyderma) identified at Site 
651 between 343.8 and 343.1 mbsf  close to the top 
of  the Olduvai magnetochron (~ 342 mbsf); and iii) 
the base of  the Olduvai (at ~ 345 mbsf). The sedi-
ment accumulation rate was evaluated between the 
base Brunhes (at 310 mbsf) and the “Pliocene/Plei-
stocene boundary” (at ~343 mbsf), resulting in 3.3 
cm/kyr; or between Base Brunhes and Base Oldu-
vai (at 345 mbsf) resulting in 3 cm /kyr (Shipboard 
Scientific Party 1987, p. 303). After updating the 
ages for the tie-points base Brunhes (0.773 Ma), top 
and base Olduvai (1.770 and 1.925 Ma, respectively; 
ages from Channel et al. 2020) and FCO Neoglobo-
quadrina spp. sinistral (1.79 Ma; Lirer et al. 2019) we 
obtained a similar sediment accumulation rate, on 
the order of  3.2 cm/kyr. Based on the assumption 
that sedimentation rate in the dolomitic basal se-
diments was the same as the overlying sediments 
(Shipboard Scientific Party 1987), we then extrapo-
lated the sedimentation rate down to basement (at 

~ 387 mbsf) and obtained an age of  ~ 3.2 Ma for 
the basalt/sediment contact (Fig. 3). This result dif-
fers from the age of  3.5-3.6 Ma presented in the 
result volume of  ODP leg 107 (Shipboard Scientific 
Party 1987; Kastens & Mascle 1990) because of  the 
updated ages for polarity chrons.

For pursuing the aim of  this study, we applied 
the methodology described above to evaluate the se-
diment accumulation rate using the more accurate 
chronology provided by calcareous nannofossils. As 
shown in Fig. 3, the inferred sediment accumulation 
rates slightly vary through the section, following an 
increasing trend from ~ 2 cm/kyr to 3.4 cm /kyr. 
As previously observed (Shipboard Scientific Par-
ty 1987), this increase reflects a gradual lithological 
change from mainly nannofossil ooze and chalk to 
marly nannofossil ooze with turbiditic sediments 
and minor intercalations of  tuffaceous mud and clay.

The lowest portion of  the sediment column 
datable by nannofossils is limited to a 4 m-interval 
(between ~ 341 mbsf  and ~ 345 mbsf) that is bra-
cketed by two reliable biohorizons, Base medium 
Gephyrocapsa spp. and Top D. brouweri. The ages for 
these tie-points, 1.71 Ma and 1.95 Ma, respectively, 
provide a sediment accumulation rate of  2.1 cm/
kyr. Note that we obtained a similar result (1.9 cm/
kyr) choosing the top and base Olduvai as tie-points 
for constructing the sediment rate curve (Fig. 3) in 
the lowest datable sediments. Extrapolating the se-

Fig. 3 - Sediment accumulation rate 
curves constructed betwe-
en nannofossil biohorizons 
(red dots, lines, and rate in 
cm/kyr) and magnetochron 
boundaries (black crosses, 
lines, and rate in cm/kyr). 
Ages of  magnetochrons 
from Channell et al. (2020) 
and from Global Polarity 
Time Scale – GPTS 2020 
(Gradstein et al. 2020). 
Two options for the curve 
constructed from magne-
tochron boundaries are 
shown, one derived from 
original data (Shipboard 
Scientific Party 1987; solid 
line) the other from this stu-
dy (dashed line).
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dimentation rate from the lowest dated sediment 
down to the top basement at 387 mbsf  (Fig. 3), we 
obtained an age of  4.1 - 4.2 Ma for the basalt/sedi-
ment contact.

This evaluation is tentative and possibly unde-
restimated, given that i) the precise basalt/sediment 
contact location at Site 651 is uncertain; ii) correc-
tion for compaction of  the sediments was not taken 

Plate 1

Microphotographs of  calcareous nannofossils from the ODP Leg 107, Site 651. All specimens X1200. 
1) Discoaster brouweri, plane-transmitted light. Sample 107-651A–38R-1W, 23. 2, 3) Discoaster triradiatus, plane-transmitted light. Sample 

107-651A–38R-1W, 23. 4a-4b) Calcidiscus macintyrei. Sample 107-651A–38R-1W, 23. 4a: plane-transmitted light; 4b: cross polarized light. 
5) D. brouweri and C. macintyrei, plane-transmitted light. Sample 107-651A–38R-1W, 23. 6-8) medium Gephyrocapsa spp., cross polarized 
light. Sample 107-651A–36R-5W, 28. 9) Helicosphaera sellii, cross polarized light. Sample 107-651A–38R-1W, 23. 10, 11) Braarudosphaera 
bigelowi, cross polarized light. Sample 107-651A–37R-3W, 133. 12) medium Gephyrocapsa (5.5 µm in size) and Pseudoemiliania lacunosa, 
cross polarized light. Sample 107-651A–35R-4W, 28. 13, 16a-16b) large Gephyrocapsa spp. (≥ 5.5 µm in size), Sample 107-651A–35R-
3W, 91; 16a: plane-transmitted light; 16b, 13: cross polarized light. 14, 15) Specimes of  Reticulofenestra asanoi, cross polarized light. 
Sample 107-651A–34R-1W, 24.
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Appendix
Range chart of  the selected taxa. 

Numbers refer to the nu-
merical results expressed 
as number of  specimens 
per unit area (N/mm2) or 
percentage vs. related taxo-
nomic group. “X” indicates 
presence that are due to re-
working; “0” indicates that 
the absence of  that taxon 
has been carefully checked. 
Greyish areas indicate bar-
ren samples or poorly pre-
served nannofossil assem-
blages.
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into account; and iii) the same inferred rate has been 
assumed for both the calcareous ooze and the ba-
sal dolomitic sediments, even though the latter are 
more altered by diagenesis than the overlying ooze. 
Nevertheless, our inferred age of  ~ 4.1 Ma suggests 
that the sediment/basement interface is within one 
of  the reversed intervals of  the Early Pliocene 
(C2ar or C3n.1r, C3n.2r, and C3n.3r of  the C3n Gil-
bert polarity chron), thus supporting one of  the op-
tions regarding the basement age (p. 25 in Kastens 
& Mascle 1990). From the biostratigraphic point of  
view, it is worth noting that the nannofossil results 
cast doubt on the presence of  planktonic foramini-
fer G. crassaformis within the basement, a signal that 
was considered compatible with a “lower Matuyama 
magnetochron” age (Kastens & Mascle 1990). The 
fact that “Globorotalia crassaformis has been tentati-
vely identified in thin section within the carbonate 
cement of  a basalt breccia ...” (p. 326, Shipboard 
Scientific Party 1987) with very rare specimens 
observed in a thin section of  such a lithologically 
unsuitable sediment, make the identification of  that 
biostratigraphically useful foraminifer species po-
orly documented and questionable. 

Conclusions

We conducted a detailed biostratigraphic stu-
dy based on nannofossils of  the sediments directly 
overlying the basement complex of  the Vavilov 
Basin, allowing us to develop a new biochronology 
that permitted us to better constrain the age of  that 
sediment section and, indirectly, the timing of  the 
basaltic crust formation.

The importance of  calcareous nannofossils in 
relative dating of  marine sediments is well known, 
and the obtained robust biochronology has been 
used to identify which biohorizons can be used as 
reliable tie-points for inferring the sediment accu-
mulation rate. The evaluated rate in the lowest da-
table portion of  the sediment column (from ~ 341 
mbsf  to ~ 345 mbsf) is ~ 2 cm/kyr. Assuming that 
this inferred rate is the same in the basal dolomitic 
sediments, we extrapolated it down to the top of  the 
igneous basement and obtained an age on the order 
of  4.1 – 4.2 Ma for the basalt/sediment contact. 
This evaluation is tentative, given the lack of  infor-
mation about compaction and diagenetic effects on 
the sediments. The inferred age for the top base-

ment fits with the evaluation obtained using upda-
ted magnetochron boundaries and ages as tie-points 
(top and base Olduvai) that are different from pre-
vious reconstruction (Shipboard Scientific Party 
1987, fig. 15; Kastens & Mascle 1990). Our base-
ment age correlates to a position within one of  the 
Early Pliocene reversed intervals, occurring within 
Chron C3n (Gilbert) providing a support for one of  
the hypothesized time constraints of  Vavilov Basin 
basement discussed in the report of  Leg 107 results 
(Kastens & Mascle 1990).  Moreover, our biostrati-
graphic results cast doubt on the identified position 
of  the base of  Chron C1n (Brunhes) at Site 651, 
probably related to ambiguous and discontinuous 
magnetostratigraphic signal and limited sample co-
verage (Shipboard Scientific Party 1987; Channell et 
al. 1990). Although we were not able to establish an 
age using nannofossils for the altered (dolomitized) 
sediments just above or within basement our data 
help to partially resolve the controversial results for 
the age constraints of  Site 651 basalts.
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