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ABSTRACT - The stratigraphic distribution of the planktonic foraminiferal species Globorotalia 
margaritae has been determined in 34 DSDP, ODP and piston core sites from throughout the world’s 
oceans and from one land section. All these sites have good palaeomagnetic records, and thus the age 
of the first and last appearance of G. margaritae can be determined ineachcase. The results show strong 
diachronism and indicate that this is not a good species to use for correlation. There appears to be no 
simple explanation for this diachronism, dissolution is probably a contributing factor in the deeper sites, 
and the edges of the geographical range of the species show shorter stratigraphic ranges but these factors 
do not explain all the data. We suggest that diachronism in planktonic foraminifera may be common, 
but without global arrays of palaeomagnetically dated cores it will be very difficult to distinguish 
reliable species from unreliable ones. 

INTRODUCTION 
The subdivision of geological time into small easily definable 
stratigraphic units is one of the long term goals of geology. 
Biostratigraphic zones, defined by the presence or absence of 
fossil taxa, provide the easiest and often most reliable method 
for correlating sedimentary sequences from one area to another. 
Such zonal schemes are relatively easy to establish for corre- 
lation of sedimentary sequences over short distances, but for 
global correlation it is much more difficult because of the 
effects of evolution, migration, and local environmental con- 
ditions. The magnitude of these problems has only recently 
been recognised, through the independent age assessment of 
datum levels in palaeomagnetically dated sediment cores. 
These data suggest considerable diachronism in some species 
and it is of prime importance to assess this phenomena so that 
we can establish the potential resolution of biostratigraphy. 
It is only recently that a large enough data set has been collected 
to assess the accuracy of fossil datum levels. The early years of 
the Deep Sea Drilling Project produced mainly spot cores and 
cores which were frequently too badly disturbed by drilling to 
retain apalaeomagnetic signal. It was not until the advent of the 
Hydraulic piston corer on DSDP Leg 64 (Curray, Moore et a f ,  
1982) that continuous sequences of good quality core were 
regularly recovered. The use of the HPC was limited to the less 
consolidated upper part of the sediment column, but later 
refinements extended its range, and the addition of the extended 
core barrel from Leg 90 has allowed continuous good quality 

core to be retrieved throughout the whole sediment column. 
Obtaining good quality cores does not, however, guarantee 
being able to measure palaeomagnetic signals, and many well 
cored sediments show poor palaeomagnetic records. This 
seems to be particularly true for pre-Pliocene sediments (eg 
Tauxe et a f ,  1989). Thus, the largest number of continuously 
cored sediment sequences showing palaeomagnetic signals are 
from the Plio-Pleistocene interval. 
Bolli and Saunders (1985) have reviewed the development of 
Cenozoic biostratigraphy based on planktonic foraminifera. 
Although they point out discrepancies between the occurrences 
of some species, and recognise provincialism in a few others, 
for the most part they present range charts and zonal schemes 
which they expect to be applicable throughout the tropics. This 
global applicability of datum levels was also implied by Berggren 
et a1 (1 985) who presented ages for calcareous nannofossil and 
planktonic foraminiferal datum levels derived from 
palaeomagnetically dated cores. Whilst these ages are un- 
doubtedly accurate in the areas where they were dated, in most 
cases these age determinations have not been assessed in more 
than two or three areas. When specific datum levels are 
assessed in palaeomagnetically dated cores from a wide geo- 
graphic area problems of diachronism become apparent. Weaver 
& Clement (1986) found strong diachronism in some species of 
planktonic foraminifera in the Pliocene of the North Atlantic. 
Hodell & Kennett ( 1986), Hills & Thierstein (1989) and Dowsett 
(1989) also found the same phenomena occurring globally in 
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the Pliocene in both planktonic foraminifera and calcare-ous 
nannofossils. None of these works, however, used the full 
range of palaeomagnetically dated cores available and so their 
interpretations can be refined further, especially in the light of 
new data from ODP Leg 108. 
We have used all available palaeomagnetically dated cores to 
examine the distribution of Globorotalia margaritae - one of 
the most extensively used zonal marker species in the early 
Pliocene. This species has frequently been chosen as a 
biostratigraphic marker because of its common occurrence, 
wide latitudinal range and abrupt extinction. It is also an easy 
species to recognise, at least near its extinction since it appar- 
ently does not give rise to any descendent species with similar 
morphology. There should therefore be little chance of taxo- 
nomic confusion between different micropalaeontologists who 
have identified this last appearance datum. The FAD of G. 
margaritae has been used as a late Miocene datum (Berggren 
et al, 1983) and also as a Miocene / Pliocene boundary marker 
(Hays et a/, 1969), although there are some uncertainties about 
its ancestry (see Bolli & Saunders, 1985). Globorotalia 
margaritae is therefore a very important species for late Neogene 
stratigraphy, and serves as an excellent model for analysing the 
accuracy of a fossil datum in global correlation. 

PREVIOUS USAGE OF Gfoborotufia murguritae 
Globorotalia margaritae was erected by Bolli & Bermudez 
(1965) from the Los Hernandez beds on Margarita Island, 
Venezuela. It was at first thought to be a late Miocene species, 
but later work suggested its occurrence was restricted almost 
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entirely to the early Pliocene (Cita, 1973; Bolli & Saunders, 
1985). From its first recognition it was used as a zonal marker 
species, and Hays ef  a1 ( 1969) tied its extinction to the Gilbert/ 
Gauss palaeomagnetic boundary in Indian Ocean core V20 
163. Its LAD was also identified near the Gauss/Gilbert 
boundary in North Atlantic core RCl 1 252 (Saito et al, 1975). 
Its LAD has been used in numerous subsequent zonal schemes, 
such as those of Lamb & Beard (1972), Cita (1973), Bolli & 
Premoli Silva (1973), Berggren (1973) and Stainforth et a1 
(1  973 ,  in all cases to mark the top of the early Pliocene. 
The first occurrence of G. margaritae has been more widely 
disputed. Blow (1969) proposed an evolutionary lineage from 
Globorotaliascitula toG. margaritaeand Stainforthet a1 (1975) 
suggested G. juanai as an intermediate step. This lineage was 
questioned by Bolli & Saunders (1989, although they offered 
no alternative evolutionary line. Bolli & Saunders’ critiscisms 
were based on the non overlapping ranges of the species and 
lack of intermediate forms. 
Cita (1973) subdivided the species into three subspecies G. 
margaritae margaritae, G.  margaritae primitiw and G. 
margaritae evoluta on the basis of statistical measurements of 
Mediterranean forms. She used the first occurrence of G. 
margaritae evoluta to mark a zonal boundary, although this 
boundary is difficult to recognise unless the same statistical 
analyses are carried out each time. 

METHODS 
The most reliable method for testing the stratigraphic range of 
a species is to identify its first and last occurrence in 
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Figure 1 Location of sites used in this study. Numbers refer to DSDP and ODP sites. Sites prefixed ‘V’ are Vema sites and C.R.=Capo Rosselo. 
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palaeomagnetically dated cores. To determine whether that 
species is diachronous a wide geographic spread of cores is 
required. We have examined the stratigraphic range of G .  
margaritae in all the cores we can identify which have good 
palaeomagnetic control. This gives a total of 32 cores from the 
Atlantic and Indo-Pacific Oceans and the Mediterranean Sea, 
together with two piston cores and one land section (Table I; 
Fig. 1). This data base is considerably larger than those used in 
other investigations of fossil diachronism, such as by Weaver 
and Clement (1 986), Hodell & Kennett (1986), Hills &Thierstein 
(1989) or Dowsett (1989). To standardise the data all the ages 
have been calculated or recalculated in accordance with the 
Berggren et a1 timescale (Berggren et al, 1985). 
The distribution of G .  margaritae has in each case been de- 
termined from the relevant DSDP or ODP volume or from the 
references listed in Table 1. The length of the error bars in Fig. 
2 is afunction of sample spacing andaccumulation rate (Weaver 
& Clement, 1987), and may in some cases also be affected by 
sediment disturbances or missing core material (e.g. Site 659 
FAD). 

ASSESSMENT OF THE STRATIGRAPHIC RANGE 
OF G. murguritae 
The ages of the first and last appearances of G. margaritae are 
plotted in Figure 2 against the latitudinal position of the sites. 
This figure shows the datum levels to be extremely diachronous, 
with LAD’s ranging from 3.3 to 4.48 Ma and FAD’S ranging 
from 4.75 to 6.07 Ma. This gives a minimum difference in age 
for the LAD of 1.18 m.y., and for the FAD of 1.32 m.y. Causes 
of apparent diachronism include dissolution, reworking / 
bioturbation, misidentification of specimens, and misinterpreted 
magnetic records. If these factors do not apply then the 
diachronism must be accepted and regarded as due to the 
species having different stratigraphic ranges in different areas. 
Globorotalia margaritae is a dissolution susceptible species 
and Hays et a1 (1969) suggested its early disappearance from 
Pacific core V24-59 was due to dissolution. The species also 
has a very limited abundance in Sites 572 to 574 in the tropical 
Pacific where dissolution is strong (Saito, 1985). A number of 
the sites listed in Table 1 are in water deeper than 3500 metres 
and some have suffered dissolution (eg 657,660,661). There 
is however, no evidence of an increase in dissolution between 
4.5 and 3.4 Maduring which G .  margaritae has an erratic dis- 
tribution, and the species is present in all sites prior to 4.5 Ma. 
Dissolution would, therefore, only be important if the species 
was very rare at the end of its range, and this is not the case in 
the other sites. Removal of the sites in water deeper than 3500 
metres from Figure 2 does not significantly improve the 
synchroneity of the FAD or LAD. 
The effects of bioturbation on the position of biostratigraphic 
and palaeomagnetic datum levels was discussed by Weaver & 
Clement (1987). Bioturbation can move particles, such as 
foraminifera, up or down in the sediment column by about 30 

cm. This will obviously be more critical in low deposition rate 
cores, but if sedimentation rates fell as low as 0.5 cm/1000 years 
the error would only be 60,000 years. Reworking from older 
horizons could account for some of the late last appearances of 
G. margaritae, but there is little evidence for other species 
being reworked in the cores listed in Table 1. Both 
Sphaeroidinellopsis seminulina and Dentogloboquadrina 
altispira have LAD’s near to that of G. margaritae and neither 
show any evidence of reworking (Weaver & Clement, 1986; 
Hills & Thierstein, 1989). 
It could be argued that different concepts of the species by 
different micropalaeontologists could lead accidentally to dif- 
ferent stratigraphic ranges being defined (Hills & Thierstein, 
1989). This is always a problem in biostratigraphy, but we 
believe there are unlikely to be any mis-identifications of G .  
margaritae around its LAD since it does not give rise to any 
descendent species with similar morphology. Blow (1969) 
suggested G .  margaritae evolved into G .  hirsuta via G .  hirsuta 
praehirsuta, but Bolli & Saunders (1985) regarded G .  hirsuta 
praehirsuta as ajunior synonym of G .  margaritae evoluta. Bolli 
& Saunders further point out that whilst G .  margaritae s.1. is 
restricted to the early Pliocene, G .  hirsuta is a Pleistocene 
species, and no late Pliocene specimens of either species have 
been recorded. We follow the Bolli & Saunders view, and 
along with most other micropalaeontologists, do not recognise 
G. praehirsuta. We have also used G .  margaritae in the sensu 
lato sense to include all subspecies. The LAD of G .  margaritae 
is therefore easy to recognise and rarely disputed. The FAD of 
G. margaritae is a more difficult datum to identify, since early 
forms of the species are morphologically similar to G .  scitula, 
G. juanai and G .  cibaoensis. In the Pacific the 3 sites showing 
a FAD were studied by the same micropalaeontologists (Jenkins 
& Srinivasan, 1986), and in the Atlantic most of the sites 
showing a FAD were studied by Weaver ( 1  986) and Weaver & 
Raymo (in press). Problems of misidentification should therefore 
be minimal in this study. 
Hills & Thierstein (1989) regard the palaeomagnetic data with 
some scepticism. They point out that palaeomagnetic chrons 
are often recognised by reference to the biostratigraphic record, 
and thus the two data sets are not independent. Whilst these 
problems undoubtedly exist, they are often more severe in pre- 
Pliocene sediments. The LAD of G .  margaritae occurs around 
or below the Gauss/Gilbert boundary - a datum which is more 
readily recognisible than, for example, the short duration Kaena 
or Mammoth events in the Gauss. The FAD of G .  margaritae 
occurs in the Gilbert or Chron 5 Epochs where more confusion 
could arise. The accumulation rate curves produced for each 
site, however, account for most of thedata-bothpalaeomagnetic 
and biostratigraphic -and we do not expect misinterpretation of 
the palaeomagnetic record to be a major source of error. 
We are therefore left with the conclusion that G .  margaritae 

had diachronous first and last appearances. There is no simple 
explanation for this diachronism. It has been suggested that 
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tropical and subtropical species ranges are more restricted in 
higher latitudes (Weaver & Clement, 1986; Hodell & Kennett, 
1986), but the additional data in this study does not support this 
view. There is no obvious trend from the tropics to higher 
latitudes in either the LAD or the FAD of G. margarifae. 
Closely situated sites in the Atlantic, such as 662,664 and 667, 
show a few hundred thousand years difference in age for the 
LAD, and in the Pacific, Sites 587,588 and 589 show very large 
discrepancies for the FAD. Ocean currents can have profound 
affects on local oceanographic conditions, and could upset any 
latitudinal effects by bringing cool waters into lower latitudes. 
In the early Pliocene, Thunell & Belyea (1 982) suggest a strong 
eastern boundary current extended down and along the west 
African margin in a similar position to todays Canary Current. 
This current would have influenced sites 397,657,658 and 659, 
giving them conditions similar to those between 30-40"N in the 
Atlantic. These sites however do not show large anomalies in 
the age of the LAD of G .  margaritae. 
Theeasiest way todescribe the LADofG. margaritae is toassign 
it an age of 3.6 Ma, which accounts for the data in 15 of the 3 1 
sites. In some sites, notably V20-163, 590, 606 and 667 the 
species lingered until 3.5 or even 3.4 Ma and in Site 397 it has 
a quoted LAD age of 3.3 Ma. With the exception of Site 397, 
these sites are all situated under warm water and are dissolution- 
free. They do not, however, represent all the sites with those 
conditions. In 1 1 of the 3 1 sites G. margarifae has a LAD older 
than 3.6 Ma. These sites include Sites V24-59,660,66 I ,  664 
and 603 all of which are in deep water and show some signs of 
dissolution. The other sites showing early LAD's are 3 10,5 19, 
609,6 10,6 1 1 and 646, all in mid latitudes or under cool surface 
water conditions. 
There is probably not enough data to explain the erratic FAD of 
G. margaritae. An age of 5.5 - 5.6 Ma would explain the data 
for only 5 of the 15 sites, and these are spread from near the 
equator to 50"N in the Atlantic. Six sites show younger ages for 
the FAD, including Sites 587 and 590 in the Pacific, Site 5 19 in 
the south Atlantic, Sites 502 and 661 in the tropical Atlantic and 
61 1 in the North Atlantic. Four sites show older FAD'S, 
including Site 588 (situated between Sites 587 and 590) in the 
Pacific, Site 664 in the Equatorial Atlantic, Site 659 off West 
Africa and Site 646 south of Greenland. No pattern can be seen 
in these data. 

CONCLUSIONS 
Glohorotalia margaritae, therefore, has diachronous first and 
last appearance datum levels, and cannot be relied on for high 
resolution stratigraphy. It is impossible to assess how many 
other planktonic foraminifera provide similar time transgres- 
sive datum levels and how many are consistently reliable. 
There appear to be a few planktonic foraminifera, including the 
LAD's of Sphueroidinellopsis seminulina and Glohoquadrina 
altispira, which consistently give reliable biostratigraphic data 
in the Atlantic (Weaver & Clement, 1986; Hills & Thierstein, 

1989). However, species such as these can only be identified 
by rigorous analysis of numerous independently dated cores. 
Below the Plio-Pleistocene these data do not exist and the 
selection of biostratigraphic markers must be basedon subjective 
criteria. The accidental selection of time transgressive markers 
will automatically make more reliable markers appear trans- 
gressive and lead to considerable confusion. 
In the absence of any method of assessing the quality of a 
biostratigraphic datum considerable caution must be applied in 
its use. We suggest the level of uncertainty provided by the G. 
margaritae LAD could be a useful model for other species. 
This species was after all used for many years as an early 
Pliocene marker fossil. This study suggests species can linger 
in some areas for a few hundred thousand years after their last 
appearance in other areas, and that they can also disappear 
several hundred thousand years early in some cases. Although 
we cannot satisfactorily explain why G. margaritae was time 
transgressive we can implicate dissolution as a possible con- 
tributing factor, particularly since this is a dissolution suscep- 
tible species. The extremities of a species geographical range 
may also be more prone to shorter stratigraphic ranges of that 
species. 
Manuscript received Febuary 1990 
Manuscript accepted September 1990 

. 

REFERENCES 
Berggren, W.A. 1973 The Pliocene time scale: calibration of 

planktonic foraminiferal and calcareous nannoplankton zones Na- 
ture 243,39 1-397 

Neogene 
magnetobiostratigraphy of DSDP Site 5 16 (Rio Grande Rise, South 
Atlantic) In: Barker, P.F., Carson, R.L., Johnson, D.A. eta/ . ,  Init. 
ReptsDSDP 72, U.S.  Govt. Printing Office, Washington D.C., 675- 
713. 

Berggren, W.A., Kent, D.V. & van Cowering, J.A. 1985 Neogene 
geochronology and chronostratigraphy In The Chronology of the 
Geological Record (ed. Snelling, N.J.). Geol. SOC. Memoir No 10. 
Blackwell, Oxford 21 1-260. 

Blow, W.H. 1969 Late middle Eocene to Recent planktonic 
foraminiferal biostratigraphy. Proc. 1 st Int. Conf. on Planktonic 
Microfossils, Geneva I ,  199-42 1 

Bolli, H.M. and Bermudez, P.J. 1965 Zonation based on planktonic 
Foraminifera ofmiddle Miocene to Pliocene warm-water sediments. 
Bol. Inf. Assoc. Venez. Geol. Min. Pet., 8,119-149. 

Bolli, H.M. & Premoli-Silva, 1. 1973 Oligocene to Recent planktonic 
foraminifera and stratigraphy of the Leg 15 sites in the Caribbean 
Sea In Edgar, N.T., Saunders, J.B. e t a / .  Init. Repts. DSDP 15, U.S. 
Govt. Printing Office Washington D.C. 475-497 

Bolli, H.M. and Saunders, J.B. 1985 Oligocene to Holocene low- 
latitude planktonic foraminifera. In: H.M. Bolli. J.B. Saunders and 
K. Perch-Nielsen (eds), Plankton Stratigraphy. Cambridge Univ. 
Press, 155-262. 

Cita, M.B. 1973 Pliocene biostratigraphy and chronostratigraphy In: 
Ryan, W.B.F., Hsu, K.J., et a / .  Init. Repts DSDP 13. U S .  Govt. 
Printing Office, Washington D.C. 1343- 1379. 

Curray,J.R.,Moore,D.G.eta/. 1982 Init.ReptsDSDP.64 U.S.Govt. 

Berggren, W.A., Aubry, M.P. & Hamilton, N. 1983 

230 



Weaver and Bergsten 

Printing Office, Washington D.C. 
Dowsett, H.J. 1989 Application of the graphic correlation method to 

Pliocene marine sequences. Mar. Micropal. 14,3-32 
Elmstrom, K.M. & Kennett, J.P. 1986 Late Neogenepaleoceanographic 

evolution of Site 590: southwest Pacific In: Kennett, J.P., von der 
Borch, C.C. et a/ .  Init. Repts DSDP90, U.S. Govt. Printing Office, 
Washington D.C. 1361-1381. 

Hays, J.D., Saito, T., Opdyke, N.D. & Burckle, L.H. 1969 Pliocene- 
Pleistocene sediments of the equatorial Pacific: their paleomagnetic, 
biostratigraphic, and paleoclimatic record. Geol. SOC. Am. Bull. 80, 
1481 -1514. 

Hills, S.J.,Thierstein, H.R. 1989 Plio-Pleistocene calcareous plankton 
biochronology. Mar. Micropal. 14, 67-96 

Hodell, D.A. & Kennett, J.P. 1986 Late Miocene-early Pliocene 
stratigraphy and paleoceanography of the South Atlantic 
andsouthwest Pacific Oceans: a synthesis. Paleoceanography I ,  
285-3 1 I .  

Jenkins, D.G. & Srinivasan, M.S. 1986 Cenozoic planktonic 
foraminifers from the equator to the subantarctic of the southwest 
Pacific. In: Kennett,J.P., vonderBorch,C.C.era/. Init. Repts DSDP 
YO, U.S. Govt. Printing Office, Washington D.C. 795-834. 

Kastens, K.A., Mascle, J . ,  Auroux, C. ef a/. 1987 Proc. Init. Repts (Pt. 
A )  ODP 107, 1013pp. 

Keigwin, L.D. I982 Appendix: basis for age assignments at Deep Sea 
Drilling Project Sites 502 and 503. In: Prell, W.L., Gardner, J.V. ef 
a/. Init. Repts. DSDP 68, U.S. Govt. Printing Office, Washington 

Keller,G. 1979 Early Pliocene to Pleistocene planktonic foraminiferal 
datum levels in the North Pacific. DSDP Sites 173,310,296. Mar 
Micropal. 4, 281 -294. 

Lamb,J.L.and Beard,J.H. 1972 LateNeogeneplanktonicforaminifers 
in the Caribbean, Gulf of Mexico, and Italian stratotypes. Kansas 
Univ. Paleont. Contr. Art. 57 (Protozoa 8), 67,25pp. 

Ma’alouleh, K. & Moullade, M. 1987 Biostratigraphic and 
paleoenvironmental study of Neogene and Quaternary planktonic 
foraminifersfrom the lowercontinental riseofthe NewJerseymargin 
(Western North Atlantic) DSDPLeg93,Site 603 In: van Hinte, J.E., 
Wise, S.W. c)tul. Init Repts DSDP 93, U.S. Govt. Printing Office, 
Washington D.C., 481-491. 

Mazzei, R., Raffi, I., Rio, D., Hamilton, N. & Cita, M.B. 1979 
Calibration of late Neogene calcareous plankton datum planes with 
the paleomagnetic record of Site 397 and correlation with Moroccan 
and Mediterraneansections In: von Rad,U.,Ryan,W.B.F.efaf., Init. 
Repts DSDP Leg 47, U.S. Govt. Printing Office Washington D.C. 
375-389. 

Poore, R.Z., Tauxe, L., Percival, S.F., LaBreque, J.L., Wright, R., 
Peterscn, N.P., Smith, C.C., Tucker, P. and Hsu, K.J. 1984 Late 
Cretaceous-Cenozoic magnetostratigraphic and biostratigraphic 
correlations of the South Atlantic Ocean: DSDP Leg 73. In: Hsu, 
K.J.,LaBreque,J.L.,etal., Init.ReptsDSDP73, U.S.Govt. Printing 
Office, Washington D.C. 645-655. 

Pujol, C. 1983 Cenozoic planktonic foraminiferal biostratigraphy of 
the southwest Atlantic (Rio Grande Rise) In: Barker, P.F., Carlson, 
R.L., Johnson, D.A. et a/ Init. Rept. DSDP 72, U.S. Govt. Printing 
Office, Washington D.C. 623-673 

Rio, D., Sprovieri, R. & Raffi, 1. 1984 Calcareous plankton and 
biostratigraphy and biochronology ofthePliocene - lower Pleistocene 
succession of the Capo Rossello area, Sicili Mar. Micropal. 9,135- 
180. 

D.C. 493-495. 

Saito, T., 1985 Planktonic foraminiferal biostratigraphy of eastern 
equatorial Pacific sediments, DSDP Leg 85. In: Mayer, L. Theyer, 
F. et a/., Init. Repts DSDP 85; U.S. Govt. Printing Office, Wash- 
ington, D.C. 621-653. 

Saito,T., Burckle,L.H. & Hays, J.D. 1975 Late Miocene toPleistocene 
biostratigraphy of equatorisl Pacific sediments. In: Saito, T. and 
Burkle, L.H. (eds) Late Neogene Epoch Boundaries Micropaleo. 
Press N.Y. 226-244 Srivastava, S.P., Arthur, M., Clement, B.M. et 
al, 1987 Proc. Init. Repts (Pt. A) ODP 105, 917pp. 

Stainforth, R.M., Lamb, J.L., Luterbacher, J.H., Beard, J.H. & Jeffords, 
R.M. 1975 Cenozoic planktonic foraminiferal zonation and 
characteristics of index forms. Univ. Kansas Paleont. Contrib. Art. 

Thunell, R. and Belyea, P. 1982 Neogene planktonic foraminiferal 
biogeography of the Atlantic Ocean. Micropaleontology, 28,381 - 
398. 

Tauxe, L., Valet, J-P. and Bloemendal, J.  1989 Magnetostratigraphy 
of Leg 108 advanced hydraulic piston cores. In: Ruddiman, W.F.. 
Sarnthein, M., et al. Init. Rept. (Pt. B) ODP Leg 108,429-439. 

Weaver, P.P.E. 1987 Late Miocene to Recent planktonic foraminifers 
from the North Atlantic: Deep Sea Drilling Project Leg 94. In 
Ruddiman, W.F., Kidd, R.B., ef al., Init. Repts DSDP 94 U.S. Govt. 
Printing Office, Washington D.C. 703-727. 

Weaver, P.P.E. & Clement, B. M. 1986 Synchroneity of Pliocene 
planktonic foraminiferal datums in the North Atlantic. Mar. Micropal. 

Weaver, P.P.E. and Clement, B.M. 1987 Magnetobiostratigraphy of 
planktonic foraminiferal datums: Deep Sea Drilling Project Leg 94, 
North Atlantic. In Ruddiman, W.F., Kidd, R.B., ef a/., Init. Repts 
DSDP 94 U.S. Govt. Printing Office, Washington D.C. 8 15-829. 

Weaver, P.P.E. & Raymo, M.E. 1989 Late Miocene to Holocene 
planktonic foraminifers from the equatorial Atlantic: Leg 108 In: 
Ruddiman, W.F., Samthein, M., er a/ .  Init. Rept. (Pt. B) ODP Leg 

62, 1-425 

10,295-307. 

108, 71-91. 

23 1 


