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10. NEOGENE AND QUATERNARY PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY
OF THE CANARY ISLAND REGION?

Rosanna M aniscal co? and Charlotte A. Brunner®

ABSTRACT

We examined planktonic foraminifers from Sites 953 and 954 in the Canary Island region. Site 953 is stratigraphically the
best site with a complete Quaternary to middle Miocene sequence of pelagic and volcaniclastic sediments deposited in the sed-
imentary basin north of Gran Canaria. At Site 954, on the island flank, several distinct unconformities disrupt the sequence,
complicating the biostratigraphy. We adopted the zonation of Berggren (1973, 1977) and Berggren et al. (1983, 1995b) and rec-
ognized several of Berggren's zones, although some difficulties arose because of the absence of many zonal markers from the
area and the diachronism of several species. Additionally, preservation is poor in the Miocene, hindering zonal assignment by
reducing or eliminating the more solution-susceptible species.

We placed the Pliocene/Pleistocene boundary above the last occurredlobigérinoides obliquus extremus Bolli and
Bermudez following the suggestion of Berggren et al. (1995b), becaabegerinoides fistulosus, whose last occurrence
defines the base of Zone PT1, does not occur in our samples. We did not use the first occuGkhoeotdlia truncatuli-
noides (d'Orbigny) because it is diachronous in the Atlantic Ocean. We consider the highest occurrence of the planktonic fora-
minifer Globorotalia juanai Bermudez and Bolli a useful datum marker to define the Miocene/Pliocene boundary in the Canary
Island region, where the last occurrenceGbbboquadrina dehiscens (Chapman, Parr, and Collins), recorded within upper
Chron C5n at Sites 953 and 954, and the first occurrenGtobbrotalia tumida (Brady), which is rare and sporadic, are not

useful for this purpose.

INTRODUCTION

The main purpose of this research was to define biostratigraphic
zona boundaries and events for the Canary Island area. Weaver and
Clement (1986, 1987) and Weaver and Raymo (1989) set limitsto the
applicability of existing subtropical and temperate zonations in the
north and equatorial Atlantic regions, where some zonal markers are
very diachronous, whereas others are synchronous in their occur-
rence with latitude. Consequently, we tested the existing zonal
schemes (Berggren, 1973, 1977; Berggren et al., 1983, 1995b) which,
in the Canary Idland region, suffer from the diachronism of several
species (e.g., Globorotalia truncatulinoides, Globoquadrina dehis-
cens, Globigerina nepenthes, and Globorotalia margaritae) and the
lack of many zonal markers (e.g., Globigerinoides fistulosus). Com-
parisons of identified datum events for the Canary Island region to
published events (Berggren et al., 1985, 19953, 1995b) show adiffer-
ent stratigraphic range for several species. Weaver and Raymo
(1989) showed that sea-surface temperature could limit the geo-
graphic ranges of some of the tropical planktonic foraminifers, and
this seems to be the case at Sites 953 and 954, which lie within the
cool Canary Current.

Sites 953 and 954 of Leg 157 are located at a relatively shallow
water depth, 3577.8 and 3485.2 m, respectively. We compared pres-
ervation and abundance of planktonic foraminifers with variation of
the calcium carbonate content downhole, attempting to relate varying
amount of dissolution to effective changes of the calcium carbonate
compensation depth (CCD).
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LITHOLOGY

Sites 953 and 954 are located on the volcanic apron of Gran Ca-
nariawith Site 954 in the more proximal position relative to vol cani-
clastic input. Their sequences consist of pelagic nannofossil oozes
with foraminifers interbedded with frequent turbidites and several
debrisflows and lapilli flows shed from Gran Canaria. The turbidites
have two end-member types: (1) a carbonate type dominated by ner-
itic shelly debris, including shallow-water benthic foraminifers and
bryozoans, and (2) a volcaniclastic type dominated by pumice and
crystals. The turbidite events are frequent, the percentage of sand
units per core peaking in the latest Pleistocene, during the Pliocene
Roque Nublo events, and the Miocene Fataga and Mogan events
(Schmincke, Weaver, Firth, et al., 1995, p. 331). Several distinct un-
conformities disrupt the sequence at Site 954. Most notable is a
Pliocene/Pleistocene hiatus associated with a lapilli flow and poor
core recovery, which caused a disruption spanning ~1.5 m.y. Two
other unconformities are associated with lapilli and debris flows, and
two disconformities occur within pelagic units with no obvious dep-
ositional event in association. By contrast, the pelagic units at both
sites show remarkably little influence from shallow-water sources,
based on the rare occurrences of benthic foraminifers and intermixed
volcaniclastic debris. The lack of disturbance to pelagic units com-
bined with apparent minimal erosion caused by depositional events
may account for the relatively continuous biostratigraphic record re-
covered from Site 953.

MATERIALSAND METHODS

We sampled preferentially from pelagic oozes, but in the lower
part of the sequence at both sites we took several samples from tur-
biditic muds, dark volcanic sands, and calcareous sands. One sample
n every other section to one sample per section was taken.

Unlithified samples were washed through a 63-pum sieve with tap
water and dried quickly under heat lamps. Lithified samples were
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broken into small pieces with a hammer, washed on a stack of sieves North Atlantic Ocean (Weaver, 1987). At Site 954, the equivalent
with 1-mm and 63-um openings, dried under heat lamps, boiled inlawer Pleistocene sequence is entirely missing because of the poor
1% (by weight) Calgon solution, and rewashed on a 63-um screecore recovery of a thick lapillistone between 79.2 and 109.7 mbsf.
Further details have been already described (Shipboard Scientific We adapted the Pleistocene zonation of Berggren et al. (1995a,
Party, 1995a). In this paper, we switched from the composite tim&995b) to the Canary Island region (Figs. 1, 2). Zone PT1 is defined
scale used during Leg 157 (Shipboard Scientific Party, 1995a) to thas the interval containin@. truncatulinoides between the present
used in Berggren et al. (1995a, 1995b). day and the extinction dBlobigerinoides obliquus extremus. We
usedG. obliquus extremus in substitution folG. fistulosus (Schubert)
at Berggren et al.’s (1995b) suggestion, because we did not observe
ABUNDANCE PRESERVATION OF FORAMINIFERS G.fistulosus in the Canary Island region. We followed the taxonomic
AND CALCIUM CARBONATE CONTENT criteria of Bolli and Saunders (1985) for recognitiorGofobliquus
extremus. The Pleistocene sequences at the two sites range from the
surface to Samples 157-953A-14H-3, 134-136 cm (125.94 mbsf),
At Site 953, in pelagic oozes, preservation was good and abundanaed 157-954A-11X-1, 0-2 cm (79.21 mbsf). We divided the Pleis-
was moderate to high for planktonic foraminifers to ~300 meters belowpcene into two parts, Subzones PT1b and PTla (Table 1, back-
seafloor (mbsf). Below this depth, close to the Miocene/Pliocengocket foldout, this volume, Table 2). The partial range Subzone
boundary, abundance and preservation gradually decreased. PreseRa1b is defined as the interval characterized by the partial range of
tion deteriorated markedly below ~555.9 mbsf, making zonal assigrés. truncatulinoides following the extinction ofsloborotalia tosaen-
ments difficult. At Site 954, planktonic foraminifers are generallysis Takayanagi and Saito, which occurs in the early Brunhes Chron
abundant to the base of the Pliocene at ~255 mbsf and are few to coffderggren et al., 1995a). The zone ranges from the surface to Samples
mon in abundance to the top of the basal basalt breccia (408 mbstp7-953A-4H-CC, 0-2 cm, and 157-954A-6H-2, 47-49 cm (36.09
They are poorly preserved below ~280 mbsf, except in the basalt breand 40.97 mbsf, respectively), both of which fall between the highest
cia, where they are well preserved in the lithified matrix. Preservatioatratigraphic occurrence Bseudoemilianialacunosa and the base of
of calcareous microfossils reflects the pattern of calcium carbonatbe Brunhes Chron at Sites 953 and 954 (B. Herr and M. Fuller, pers.
content of the sediments. Figure 3 (from Schmincke, Weaver, Firth, eomm., 1996; Sblendorio-Levy and Howe, Chap. 8, this volume).
al., 1995, p. 332) shows that the calcium carbonate content of pelagdite interval Subzone PT1a is defined as the interval between the ex-
sediments has remained relatively uniform (~56%) to 400 mbsf, buinction of G. obliquus extremus and the extinction o®. tosaensis,
below this depth samples decrease in Ca@Gimilar trend is ob-  and is recognized at both sites. We explored the utility of Ericson and
served at Site 954 (fig. 5 from Schmincke, Weaver, Firth, et al., 199%Vollin’s (1968) zonation in the region, but found it unusable because
p. 403), where in the upper part of the section to 300 mbsf, the calciuthe Globorotalia menardii plexus is so exceedingly rare and sporadic
carbonate content is ~65% (slightly higher than at Site 953), but béhat zonal boundaries cannot be placed with any certainty.
comes less and more variable (between 35% and 75%) in the lower part Several other important biostratigraphic events characterize the
of the section in the interval between 300 and 410 mbsf. Site 954 is |&leistocene sequenceBable 1, back-pocket foldout, this volume
cated on the outermost edge of the flank of Gran Canaria, ~93 m shalble 2).Globorotalia crassaformis Galloway and Wissler and its
lower than Site 953, and it is likely it had a higher elevation also duringubspecies, although not abundant, are frequent and persistent ele-
Miocene times accounting for the slightly larger amount of calciunments of the fauna. The first occurrence (FO¥hdborotalia cras-
carbonate. saformis hessi Bolli and Premoli Silva and the last occurrence of
Globorotalia crassaformis viola Blow (101.41 and 104.48 mbsf, re-
RESULTS spectively, at Site 953 and 77.66 and 79.21 mbsf, respectively, at Site
954) occur immediately below the last occurrendgab€idiscus ma-
The Pleistocene cintyrei at Site 953 (Sbhlendorio-Levy and Howe, Chap. 8, this vol-
ume), as it does at Hole 154A in the Caribbean Sea (Bolli and Premoli
The well-preserved Pleistocene assemblages at Sites 953 and %&ilva, 1973; Hay and Beaudry, 1973). These taxa are also used to
are a mixture of cool subtropical and temperate faunas, and are domene sequences at Sites 366 and 368 near the Cape Verde Islands and
inated by dextralNeogloboquadrina pachyderma (Ehrenberg), the Sierra Leone Rise (Pflaumann and Krasheninnikov, 1979). The

Globorotalia inflata (d’Orbigny), Globigerinoides ruber (d’Orbig- G. crassaformishessi andG. crassaformisviola datum levels may be
ny) white form Globigerinita glutinata (Egger) Globigerina cf. Glo- useful in other regions of the subtropical and tropical Atlantic Ocean.
bigerina bulloides, Globigerinella aequilateralis (Brady), Globiger- TrueGlobigerina calida calida with chambers measurably longer

ina bulloides d’Orbigny, Globigerina falconensis Blow, dextral  in the radial direction than in width (Parker, 1962) are exceedingly
Globorotalia truncatulinoides, and Orbulina universa d’Orbigny. rare in the Canary Island region, although forms assignalisbi-

The fauna is similar to those from the vicinity of Azores Islands (Corgerina calida praecalida Blow are persistent throughout the Pleis-
liss, 1975; Weaver, 1987), the African continental margin of Westeritocene. This fact limits the stratigraphic reliability of this datum level
Sahara (Site 369; Pflaumann and Krasheninnikov, 1979), and thie the region. We do use the FO®f calida calida in one applica-
northern Cape Verde Islands (Sites 657 and 659; Weaver and Rayntion. We suspect that the Holocene and latest Quaternary intervals at
1989). These areas lie within the cool North Atlantic and Canary CuiSite 953 were removed by a biogenic turbidite containing abundant
rents, which form the north and west limbs of the North Atlantic gyrebryozoans and neritic benthonic foraminifers. The interpretation is
and which share similar water masses (Sverdrup et al., 1947). At Sgepported by the occurrence®f calida calida, which is limited to

953, the relative proportions of species in the lower Pleistocene athe core top sample, (Sample 157-953-1H-1, 0-2 cm, 0.01 mbsf) at
semblage differ distinctly from those of the upper Pleistocene asser&ite 953. In contrast, the taxon first occurs 11.2 mbsf at Site 954
blage (below 72.92 mbsf near the last occurrence (LO) of largé&Sample 157-954A-3H-1, 67-69 cm).

Gephyrocapsa >5.5 pm; Sblendorio-Levy and Howe, Chap. 8, this  Two other events are worthy of report. The first occurrence of
volume). The lower Pleistocene assemblage has fewer and sporagiok G. ruber occurs at 43.71 and 77.2 mbsf at Sites 953 and 954, re-
G. truncatulinoides, fewer N. pachyderma andG. inflata, and more  spectively, the former at the Brunhes/Matuyama boundary (B. Herr
G. glutinata andG. ruber. A short interval of relatively high frequen- and M. Fuller, pers. comm., 1996), and the latter 26 m below the
cies of Neogloboguadrina dutertrei (d’Orbigny) embraces the boundary (Figs. 1, 2). The pink form is quite rare and sporadic in the
Pliocene/Pleistocene boundary, a pattern observed in the centralgion.Globorotalia hirsuta (d’Orbigny) similar to variant 1 of Park-
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Figure 1. Magnetobiostratigraphy of Site 953 and selected planktonic foraminifers datum levels calibrated to Berggren et a. (1995a, 1995b) time scale. Paleo-
magnetic datums are from B. Herr and M. Fuller (pers. comm., 1996). The gray areas are intervals of poor biostratigraphic resolution because of lacking core
recovery and/or absence of lithologies (hemipelagic marls and pelagic oozes) suitable for stratigraphic analysis. FO = first occurrence, LO = last occurrence,

and FCO = first common occurrence.

er (Parker, 1962; Parker, 1967; Blow, 1969) first occurs at 28.96 and
25.11 mbsf in the middlie Brunhes Chron (B. Herr and M. Fuller, pers.
comm., 1996) at Sites 953 and 954, respectively, and other similar
forms (variant 3 of Parker, 1962; G. crassula Cushman and Stewart
in Parker, 1967; Globorotalia aff. hirsuta hirsuta in laccarino and
Salvatorini, 1979) are found sporadically in the Quaternary and late
Pliocene. Forms assigned to G. hirsuta also occur sporadically
throughout Quaternary and late Pliocene sequences at sites near the
West African Margin (Pflaumann and Krasheninnikov, 1979) and
other regions of the world oceans, but the neotype described by Blow
(1969), which appears equivaent to variant 1 of Parker (1962), oc-
cursonly inthe latest Quaternary, first appearing in the middle Brun-
hes Chron (Berggren et a., 1995a) in the southwestern Atlantic

Ocean (Pujol and Duprat, 1983, with reference to variants 1 and 3 of
Parker) and the central North Atlantic Ocean (Weaver, 1987).

Both sites contain many volcaniclastic and shallow-water, bio-
genic turbidites. In fact, the upper cores of Site 954, which is more
proximal to Gran Canaria than is Site 953, are dominated by coarse
biogenic turbidites (Cores 157-954-2H, 3H, and 5H), so the depth-
age relationships of datum levels above the base of the Brunhes
Chron stand in question.

The Pleistocene/Pliocene Boundary

Based on planktonic foraminifers, the Pliocene/Pleistocene bound-
ary is approximated by the last occurrence of G. obliquus extremus,
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Site 953 ruber, Globigerina spp.,Globigerina bulloides, Globorotalia punctic-

ulata (Deshayes), dextralleogloboquadrina acostaensis (Blow), N.
dutertrei, andG. inflata. It is more diverse than the Pleistocene, and it
has moreG. rubescens, G. crassaformis, andGlobigerinita glutinata
Biostratigraphic and fewer dextraN. pachyderma, G. inflata, and G. ruber. Several
events species important to biostratigraphy are absent or rare in the Canary Is-
land region. Among the tropical speci€sfistulosus andPulleniatina

400 5.257 finalis Banner and Blow are not observed, &hdborotalia pertenuis
Beard is too sporadic to be useful for placing datum levels. Among the
25R cool water specie§;. crassula, andGloborotalia conomiozea Kennett

are too sporadic to be useful in defining datum levels in the late
Pliocene, andleogloboquadrina atlantica is not observed.

The late Pliocene sequences at both Site 953 and 954 were suc-
cessfully subdividedTablesl, 3, 4, back-pocket foldout, this vol-
ume into Zones PL6 to PL3 of Berggren et al. (1995b). We were able
M11 to tie most datum levels to the excellent paleomagnetic stratigraphy
at Site 954 (B. Herr and M. Fuller, pers. comm., 1996); however, we
were unable to do this at Site 954 because the paleomagnetic events
remain poorly resolved (Shipboard Scientific Party, 1995b).

The basal boundary of PL6 was placed above the last occurrence
of Globorotalia miocenica Palmer, which lies below the Reunion
Subchron (Berggren et al., 1995a) and is in good agreement with the
same event observed at Ocean Drilling Program (ODP) Site 659
(Chapman et al., 1996). At Site 953, the last occurrenGe mfoce-
|- LOGq.dehiscens nica (Fig. 1) is recorded in Sample 157-953-17H-6, 19-21 cm
PONG. sis (157.79 mbsf), in the lower Matuyama Chron and below the Reunion

Subchron (B. Herr and M. Fuller, pers. comm., 1996) as expected
(Berggren et al., 1995a). The sequence at Site 954 is relatively com-
plete, but a large unconformity caused by emplacement of a
lapillistone removed all of Zone PL6, except one sample (Sample
M9/10 157-954C-3R-CC, 0-2 cm; 100.10 mbsf) found in sediment within
the lapillistone. Several useful datum levels occur within Zone PL6
at Site 953. The last occurrence®#xilis Blow (Sample 157-953A-
16H-3, 116-118 cm; 144.76 mbsf) is 1 m above the top of the Re-
| union Subchron, slightly higher than expected perhaps because of re-

hepenies working (B. Herr and M. Fuller, pers. comm., 1996; Berggren et al.,

| 1094 1995a), and the reappearancePofleniatina (Sample 157-953A-

11.00 17H-3, 139-141 cm; 154.49 mbsf) occurs below the Reunion Sub-
40R chron as expected (Berggren et al., 1995a; B. Herr and M. Fuller,
pers. comm., 1996).

M8 or The first appearance @&. truncatulinoides is much earlier than

older expected at Sites 953 and 954 and merits specific discussion. The
4R species evolved in the Pacific Ocean near the Gauss/Matuyama
boundary at ~2.58 Ma, but it is generally held that it did not enter the
43R Atlantic Ocean until ~2 Ma within upper Zone PL6 (Dowsett, 1988;
1147 - Berggren et al. 1995b; Chapman et al., 1996). This does not appear to
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“ be the case in the Canary Island region based on the Leg 157 sequenc-

es, in which sporadic invasions occurred in Zone PL5 well below the
Figure 1 (continued). base of the Olduvai Subchron. At Site 953, the species briefly first ap-
peared at 167.82 mbsf in Zone PL5, 10 m above the Gauss/Matuyama
boundary and ~21 m below the base of the Reunion Subchron, then
which, at Site 953, lies in Sample 157-953A-14H-4, 103-105 cnmade a first common occurrence (FCO) at 140.56 mbsf just below the
(127.13 mbsf). The event falls within the lower third of the OlduvaiOlduvai Subchron (B. Herr and M. Fuller, pers. comm., 1996), where
Subchron (~23 m below the top; B. Herr and M. Fuller, pers. commit is expected in the Atlantic Ocean (Dowsett, 1988; Berggren et al.,
1996) rather than at the top of the subchron, so the species regional [B885b; Chapman et al., 1996). At Site 964{runcatulinoides first
occurrence is older than its true extinction at 1.77 Ma (Berggren et ahppeared at 134.39 mbsf and recurred at 112.68 and 112.61 mbsf, all
1995a, 1995b; Chapman et al., 1996). The epoch boundary lies in tbéwhich are in Zone PL5. The interval above this is disturbed by a
upper Olduvai at the type section in Vrica (Berggren et al., 1995, andpilli flow that removed the upper part of PL5, most of PL6, and the
references therein), so our approximation of the boundary is strafiewer Pleistocene. The puzzling occurrences in PL5 could have been
graphically below its placement based on paleomagnetic stratigrapfyecause of downhole caving, but no other taxa from higher in the se-
(Fig. 1). At Site 954, the last occurrencezobhliquus extremus, and,  quence were observed in the samples, although reworking of older
hence, the inferred epoch boundary falls within a disconformity andhaterial is evident. The early appearance of this species in Zone PL5

600

zone of poor recovery (Fig. 2). at Sites 953 and 954 requires confirmation at other Atlantic sites. We
must point out thab. truncatulinoides was not reported in Zone PL5
The Pliocene at nearby Site 659 (Chapman et al., 1996).

Zones PL5, PL4, and PL3 are consistent with the zonal definitions
The well-preserved late Pliocene assemblage is dominat&d by of Berggren et al. (1995b). The base of Zone PL5 is marked by the
glutinata, dextralN. pachyderma, Globigerina rubescens Hofker, G. last occurrence dbentoglobigerina altispira (Cushman and Jarvis)
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Figure 2. Magnetobiostratigraphy of Site 954 and selected planktonic foraminifers datum levels calibrated to Berggren et a. (1995a, 1995b) time scale. Paleo-
magnetic datums are from Shipboard Scientific Party (1995b). The gray areas are intervals of poor biostratigraphic resolution because of lacking core recovery
and/or absence of lithologies (hemipelagic marls and pelagic oozes) suitable for stratigraphic anaysis. FO = first occurrence, LO = last occurrence, and FCO =
first common occurrence.

in Sample 157-953C-4R-1, 131-133 cm (207.41 mbsf), almost 9 rFig. 1), and the Kaena is not recognized at all at Site 954 (B. Herr
above the Kaena Subchron (B. Herr and M. Fuller, pers. command M. Fuller, pers. comm., 1996; Shipboard Scientific Party,
1996), which is higher than expected (Berggren et al., 1995a), pet995b). The highest stratigraphic occurrenceS. aEminulina are
haps because of reworking evident in overlying samples at 198.56und in Samples 157-953C-5R-1, 48-50 cm (216.28 mbsf), and
and 184.80 mbsfT@able 3, back-pocket foldout, this volumAt Site 157-954B-7R-4, 47-48 cm (143.57 mbsf). PL4 is a brief zone of ~30
954 (Fig. 2), the base of PL5 lies above Sample 157-954B-7R-4, 4ky., represented by only two samples at Site 953 and none at Site
48 cm (143.57 mbsf), below the top of the Gauss (Shipboard Scie®54.
tific Party, 1995b). We observed one useful datum level within PL5. The basal boundary of Zone PL3 is marked by the last occurrence
G. puncticulata last appeared at Sample 157-953A-17H-CC, 0-2 crmof G. margaritae Bolli and Bermudez between 236.25 and 245.11
(159.61 mbsf) in the early Matuyama Chron as expected (B. Herr amdbsf at Site 953 and between 188.09 and 190.18 mbsf at Site 954.
M. Fuller, pers. comm., 1996; Berggren et al., 1995a; Chapman et alhe event occurs, as expected, at the Gauss/Gilbert boundary, which
1996). Although we found typic&loborotalia pertenuis, it was too  lies between 244.80 and 244.90 mbsf at Site 953, but is not recog-
rare and sporadic to place its last appearance with confidence, and niged at Site 954 (Berggren et al., 1995a; B. Herr and M. Fuller, pers.
noted occurrences, apparently caused by reworking, above the topafmm., 1996; Shipboard Scientific Party, 1995b).
the Gauss (B. Herr and M. Fuller, pers. comm., 1996; Berggren et al., The basal boundary of Zone PL2 (Tables 3, 4, back-pocket fold-
1995a). Zone PLS5 is relatively complete at Site 953, although smadlut, this volume) is placed in Samples 157-953C-10R-CC, 0-2 cm
disconformities may occur at major depositional events, like debri§267.7 mbsf), and 157-954B-14R-CC, 0-2 cm (206.2 mbsf), above
flows or lapilli deposits, and the zone suffers from some reworkinghe LO ofG. nepenthes Todd following Berggren et al. (1995b). At
of older material. In contrast, the top of this zone was lost at Site 958ite 953, the highest occurrenceGfnepenthes is close to the bot-
during emplacement of the large lapillistone, as evidenced by the siem of the Nunivak subchron (Fig. 1), whereas Berggren et al. (1985,
multaneous disappearancegofuncticulata, G. miocenica, andG. 1995a) place it at the top of the Cochiti subchron. The LG. oi-
exilis at the top of the zone. penthes at Site 954 (Fig. 2) falls within an interval with no reliable
The base of Zone PL4 is marked by the last occurrence gialeomagnetic record (Shipboard Scientific Party, 1995b). Our find-
Shaeroidinellopsis seminulina (Schwager), which should occur in ings are consistent with Weaver and Raymo (1989), who show that
the base of the Kaena (Berggren et al., 1995a). However, the baseGfnepenthes has an earlier LO at all sites affected by the Canary or
the Kaena and the top of the Mammoth are not recognized at Site 98&nguela currents. The evolutionary trendsbdborotalia margari-

119



R. MANISCALCO, C.A. BRUNNER

Table 2. Distribution of planktonic foraminifers, Hole 954A.
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5 3 B ithol Sl ccccclcccccjcccococccccoccoccdgges
Zone (s} = o Lithology OX[C00C0C0[0C0000O000OOC000DO00ODOOOITZZz00a
1H-1,0-1 0 0.02 Brown ooze A|GICFCCF| CCFC|IFFCCC FRICC CF|IFCCR
1H-1,9-11 009 011 Brownooze A|lGIFRRC |[FCCRCIRCC F R R|C c CCF
1H-1,65-67 065 067 Turbidite mud A|lGIRRRCF|FCC cC| R cc ¢cC cc
1H-CC, 0-2 085 087 Brownooze A|GIFR C FRICCC C|R AF CR| CC
2H-1,2-4 102 104 Brownooze A|GICRRFC|FFC F|IR F RRR|CF F |RCF
2H-1,52-54 152 154 Brownooze A|[GICRCCRIRCA F F RR[CC C |[RAC
2H-CC, 0-2 965 967 Blackash FlP R F
3H-1,67-69 112 1122 Pelagic ooze AIMICRCFFIFCA C| FF FIR RRIAR C A F
3H-2,10-12 121 1212 Pelagic ooze AM/IC CCF|FCA C|IR F F|R RRIAF C AC
PTlb  3H-2,61-63 126 1262 Calcareoussand A|GIC CCR| CARCIR F R RCR|IAF A A C
3H-CC, 0-2 1949 1951 Pumicepebblesand |F|M|F R R c| R c RR |A c AC
4H-3,51-53 235 2352 Brownooze AIMIR RFR|FFA FIRRF F R |[AF F CF
4H-4,60-62 251 2512 Brownooze AM/IC CF |[FFA CIRRFR FFIAF F AF
4H-CC, 0-2 2926 29.28 Pelagic ooze A|lGIR FR |[RFA C R F RIAF CR|/RAC
5H-1,23-25 297 2972 Pelagic ooze AM/[C cCc |[RFA C| FR RI|R AC C cc
5H-2,83-85 318 3182 Pelagicooze A/M/IC RC CA C/IRRFRR RIAF ARl AC
5H-4, 16-18 3415 3417 Peagic ooze A|GIF F Cc| CCFCIRF FF CF A |FCAF
5H-CC, 0-2 3893 3895 Calcareoussand F(m R R F F F
6H-2, 47-49 4096 4098 Pelagic ooze A|G|C CCR|FCFRCIRRFR AF C A A
6H-5,88-90 459 4592 Pelagic ooze AM[C CCRIRCA C R R ARFA A A
6H-6,121-123 477  47.72 Pelagic ooze AIMIF FC |[FFC <cc| RF F AFRC A FR
6H-CC, 0-2 4822 4824 Peagic ooze FIPIF FRR| FRRF R R FRRF AF
7H-2,51-53 505 5052 Pelagic ooze AIM/IF CF |FFA ¢C FR [C R ARFC AF
7H-7, 30-32 5779 57.81 Pelagic ooze AlM RC |[ccc C|IRC R |F RICFFC A CR
7H-CC, 0-2 5805 5807 Black beach sand FIM R F c F F FC
8H-1,140-142 594 5042 Pelagic ooze AM/IAA. CER| FARC R ARFF |[RAF
8H-4,70-72 632 6322 Pelagic ooze AM[C RCR/IRFA C F RICFFC AFF
8H-CC, 0-2 67.63 67.65 Pelagic ooze cim RFR| CCRC F F|C AFFC |[RCCR
PTla 9H-1,49-51 68 68.02 Pelagic ooze AlM R
9H-2,28-30 69.3  69.32 Pelagic ooze AIMIR FFFIRFA C|FFRRCI|F RICRRF |RCFF
9H-2,57-59 69.6  69.62 Pelagic ooze AM/IF F RIRFC A|R R F[R ARRF |[RFRFE
9H-3,53-55 71 7102 Peagic ooze AM/F FR FR C|R F ARRC |[RAAR
9H-4,135-137 734 7342 Peagic ooze AM/IC FRRIFFA C| F RCI|F ARRF |[RARF
9H-6,109-111 761 7612 Pelagic ooze AlM R
9H-7,69-70 772 7722 Pelagic ooze AIMIF RFRIRFA AR R R|F ACREF A FR
9H-CC, 0-2 7739 7741 Pelagic ooze AM/IC FFRIRCF <cC| F R AFRC |[FACF
10H-1,26-29 7725 77.27 Pelagic ooze AM[C CccC |FFF c| R FIF AFRC CCF
10H-1, 29-32 7727 773  Pelagic ooze A|GIF RCC|ICFCRC R AFRC CCR
10H-1, 66-69 7765 7767 Brownclay A|GIF RC |[FRCRC| R RCI|F RIARRF ACF
11X-1, 0-2 792  79.22 Pelagic ooze A|G RF |[RFF ¢Cc| F <C c RICFFF |[RCCF

Notes: * = indicate reworked specimens. Specimen abundances and grade of preservation appear as |etters (Shipboard Scientific Party, 19953, p. 32). A = abundant, G = good, F = few,

C = common, R = rare, M = moderate, and P = poor.

tae margaritae to Globorotalia margaritae evoluta Cita is observed
at both sites within Zone PL2, the same zone as described by Cita
(1973) and Krasheninnikov and Pflaumann (1978). Dextrally coiled
specimensof Globorotalia aff. G. hirsuta (illustrated in laccarino and
Salvatorini, 1979) also occur within upper PL2. The forms are close
to G. margaritae evoluta, which, however, shows a consistently sin-
istral coiling. Thetwo morphologically similar speciesG. margaritae
(Globorotalia hirsuta praehirsuta of Blow, 1969) and G. hirsuta
have been often confused, and the reports of rare and sporadic occur-
rences of G. hirsuta within the Pliocene and early Pleistocene are, ac-
cording to many authors (see also Blow, 1969; Bolli and Saunders,
1985), taxonomic errors. However, we suspect an evolutionary trend
between the two species as aready pointed out by Blow (1969). The
lowest occurrence of G. miocenica, which israre and sporadic in oc-
currence at the base of itsrange, isrecorded within Zone PL2 in Sam-

from the area during the latest Miocene, &hdborotalia tumida is

rare and sporadic at Site 953 and absent from Site GIBliger-
inoides conglobatus Brady is also rare and sporadic within lower PL1
at both sites. It first appears in Samples 157-953C-14R-2, 41-43 cm
(304.3 mbsf), and 157-954B-20R-1, 81-83 cm (264.5 mbsf). Dextral
Neogloboguadrina acostaensis are commonly recorded within PL1.
Specimens transitional 6. margaritae margaritae (without keel

and left coiling) are assigned @& oborotalia margaritae primitiva

Cita. Zone PL1 also includes dextral menardine globorotalids, and
few specimens with convex spiral sides identifiedSésborotalia
pseudomiocenica Bolli and BermudezG. crassaformis does not oc-

cur within the zone.

The Miocene/Pliocene Boundary

ples 157-953C-9R-CC, 0-2 cm (258.9 mbsf), and 157-954B-13R-2, A set of biostratigraphic criteria has been developed for recogniz-

48-50 cm (198.5 mbsfRulleniatina sp. andGloborotalia plesiotu-
mida Blow and Banner were not observed in Pliocene sections.

ing the position of the Miocene/Pliocene boundary (Berggren and
Van Couvering, 1974; Ryan et al., 1974; Cita, 1975). These include

The base of Zone PL1 cannot be defined here following Berggretine last appearances@fdehiscens andG. plesiotumida, and the first

(1977) and Berggren et al. (1995b), beca@sdehiscens is absent
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G. tumida, and G. conglobatus (Berggren and Amdurer, 1972; Berg-
gren, 1973, 1977; Berggren et a., 1985; Berggren et a., 19953,
1995b; Saito et al., 1975; Thunell, 1981).

Many marker species, such as G. tumida, G. plesiotumida, and G.
conglobatus, are rare and sporadic in occurrence at Sites 953 and 954.
The highest occurrence of G. dehiscensisrecorded at both siteswithin
top Chron C5n (Schmincke, Weaver, Firth, et d., 1995, p. 350). The
species has a diachronous last gppearance datum (Kennett and Srini-
vasan, 1975; Hodell and Kennett, 1986) and israre to absent at the end
of itsrange in the region (see aso Cita and Vismara-Schilling, 1980;
Savatorini and Cita, 1979; Weaver, 1987; Weaver and Clement, 1986,
1987; Weaver and Raymo, 1989).

We tentatively used the highest occurrence of Globorotalia jua-
nai to place the boundary, because the taxon is known only from the
late Miocene (Bolli and Saunders, 1985; Chaisson and L eckie, 1993).
At both sites, we recorded transitional specimens similar to G. mar-
garitae primitiva, but characterized by dextra coiling and the ab-
sence of adefinite keel, and assigned them to G. juanai following the
concepts of Bermudez and Bolli (1969) and Bolli and Saunders
(1985). Thetaxon showsavery distinct preference for dextral coiling
throughout itsrange (Bermudez and Bolli, 1969), whereas G. marga-
ritaeand G. margaritae primitiva haveasinistral preference. Weaver
(1987) recorded G. juanai within the late Miocene Globorotalia
conomiozea Zone at Site 608, but several other authors do not men-
tion the species or consider it a synonym of Globorotalia praemar-
garitae Catalano and Sprovieri and G. margaritae primitiva (Benson
and Rakic-El Bied, 1991; Stainforth et al., 1975). Consequently, the
Miocene/Pliocene boundary is placed (Tables 3, 4, back-pocket fold-

NEOGENE AND QUATERNARY FORAMINIFERAL BIOSTRATIGRAPHY

1987). At Site 954, the event lies in an interval interrupted by several
slumps. The lowest appearance®fmargaritae is known to be di-
achronous, and ranges from Chron C3An to basal Chron C3r (Weav-
er and Clement, 1986, 1987; Hodell and Kennett, 1986; Weaver and
Bergsten, 1991).

The basal boundary of Zone M12, marked by the FQ.a@bno-
miozea, occurs in Samples 157-953C-21R-2, 100-103 cm (372
mbsf), and 157-954B-24R-2, 52-54 cm (304 mbsf), at the bottom of
Chron C3Bn, as expected (Berggren et al., 1995b). However, we
question the reliability of the event at both sites because it lies close
to intervals of repeated slumps. The species was consistently record-
ed in the Bou Regreg section near Rabat (Bossio et al., 1976; Wernli,
1977), whereas it was absent in the Cape Bojador cores (Deep Sea
Drilling Project [DSDP] Site 397, Salvatorini and Cita, 1979; Mazzei
et al., 1979). Zone M12 contains sinisthalacostaensis, and both
dextral and sinistral menardine globorotalids.

The base of Zone M11 is defined by the FOIodicostaensis, and
is placed in Samples 157-953C-33R-4, 59—62 cm (490 mbsf), and
157-954B-31R-6, 90-92 cm (377.5 mbsf). Zone M11 is represented
by more solution resistant species suchlaacostaensis, G. nepen-
thes, S seminulina, Neogloboquadrina sp., dominantly sinistral me-
nardine globorotalids, and ra@oborotalia tumida plesiotumida.
Proximal to the base of Zone M11, we found the highest stratigraphic
occurrence ofs. dehiscens in Samples 157-953C-33R-2, 104-106
cm (487.44 mbsf), and 157-954B-32R-7, 88—90 cm (388.36 mbsf).
The event falls within an interval of moderate to poor preservation
and seems to be close to the FQladicostaensis (above it at Site 953
and below at Site 954) within upper Chron C5n (Figs. 1, 2). At Site

out, this volume; Figs. 1, 2) between Samples 157-953C-15R-3, 1853, samples between 157-953C-34R-2, 103-105 cm (497 mbsf),

17 cm (315.25 mbsf), and 15R-CC, 0-2 cm (315.51 mbsf), within upand 38R-5, 84—86 cm, be@r nepenthes withoutN. acostaensis and

per Gilbert Chron, and between Samples 157-954B-19R-1, 49-51 cane assigned to undifferentiated Zone M9/M10, bec&ligiorota-

(254.6 mbsf), and 19R-CC, 0-2 cm (255.4 mbsf), within an intervalia paralenguaensis is absent in our samples (Table 3, back-pocket

with poor paleomagnetic record. Rare specimerG.¢fimida have  foldout, this volume). Below 539 mbsf (Site 953) and 377.5 mbsf

been recorded to Sample 157-953C-16R-3, 40-42 cm (325 mbs{ite 954), any precise zonal assignment is difficult because of poor

within the reversed early Gilbert (Berggren et al., 1985; Berggren gireservation.

al., 1995a, 1995b; Hodell and Kennett, 1986; Schmincke, Weaver,

Firth, et al., 1995). The boundary at Site 953 could be moved to the

latter sample based on Berggren et al. (1995b). Close to the boundary

we found the change in coiling directiondfacostaensis from left

to right (Berggren et al., 1985; Salvatorini and Cita, 1979; Stainforth

et al., 1975; Zachariasse, 1975) between Samples 157-953C-17R-1, The estimated ages of most biostratigraphic events at Site 953,

56-58 cm (331.66 mbsf), and 19R-1, 7-9 cm (350.27 mbsf), withialculated from age/depth curves based on paleomagnetic data (Fig.

Chron C3An (B. Herr and M. Fuller, pers. comm., 1996) and Sample3; Table 5) closely match recently published events within the error

157-954B-19R-1, 49-51 cm (254.6 mbsf), and 20R-1, 81-83 crinhere in such a model (Berggren et al., 1995a, 1995b). Several

(265 mbsf), within an interval with no paleomagnetic record (Ship-events however, are diachronous and merit discussion.

board Scientific Party, 1995b). The FO ofG. truncatulinoides is widely recognized as a diachro-

nous event (Dowsett, 1988, 1989; Hills and Thierstein, 1989). The

first occurrence of the taxon generally occurs near the base of the

Olduvai subchron (Hays et al., 1969; Keigwin, 1982; Berggren et al.,
The sequence was subdivided following Berggren et al. (198311985, Chapman et al., 1996), except in the South Pacific Ocean,

We could not apply the revised Miocene zonation of Berggren et alhere it first occurs close to the Gauss/Matuyama boundary (Ken-

(1995b) because of the total absence or sporadic presence of mamgtt, 1973; Dowsett, 1988). Dowsett (1988, 1989) suggeststhat

DISCUSSION
Diachronous Datum L evels

The Miocene

zonal markers such as ti@oborotalia fohsi group, Globorotalia
mayeri Cushman and EllispGloborotalia lenguaensis Bolli, G. ple-
siotumida, andG. tumida. Particularly,Globorotalia lenguaensis is

truncatulinoides evolved in the south Pacific Ocean and then migrat-
ed to the South Atlantic Ocean, and subsequently to the tropical and
North Atlantic Ocean. The late first occurrence @f truncatuli-

absent from the area during the late Miocene, and we did not assignides at ~2 m.y. is confirmed by Weaver (1987) and Chapman et al.,

any sample to Zone M14.

(1996) in the North Atlantic Ocean (Sites 606 and 659) and by Weav-

Samples from 157-953C-15R-CC, 0-2 cm (315.5 mbsf), to 20Rer and Raymo (1989) in the equatorial Atlantic Ocean. At higher lat-
1, 67-69 cm (360.47 mbsf), and from 157-954B-19R-CC, 0-2 cnitude North Atlantic Site 611, Weaver and Clement (1987) report the
(255.4 mbsf), to 22R-4, 76—78 cm (288.1 mbsf), therefore are agge of 1.35 Ma. Therefore, we question whether the repeated occur-
signed to Zone M13 (Berggren et al., 1983) because they c@htain rences below the Olduvai Subchron at Sites 953 and 954 could sug-
margaritae primitiva (Figs. 1, 2). However, the basal boundary is gest earlier periodic invasions@f truncatulinoidesinto the Atlantic
tentatively placed becau§e margaritae primitiva is rare and spo- Ocean, just after its evolution in the Pacific Ocean.
radic in occurrence, and its FO is difficult to pick. The first regional The LO ofG. dehiscens at Sites 953 and 954 is recorded within
occurrence ofs. margaritae is placed with confidence at Site 953, Chron C5n.1n (~9.740-9.880 m.y.) and clearly predates previous
within C3An.1n Subchron (B. Herr and M. Fuller, pers. comm.,published ages (Table 5). The event is within early Gilbert reversed
1996), and is consistent with previous published ages in the North Atnterval (~5.8 m.y.) according to Berggren et al., (1995a, 1995b), and
lantic region (Berggren et al., 1985; Weaver and Clement, 1986anges from Chron C3Bn (~6.8 m.y.) in subtropical regions to Chron
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Figure 3. Age model used to estimate the ages of foraminifer first and last
appearances at Site 953. The model uses polarity events (B. Herr and M.
Fuller, pers. comm., 1996) plotted using the time scale reported in Berggren
et al. (1995a, 1995b). Regression lines are lightly sketched through the polar-
ity events. The plot suggests that it is reasonable to assume constant average
sedimentation rates during five discrete intervals.

Table 5. Estimated ages of planktonic foraminifer datums at Site 953

compared to the published ages from Berggren et al. (1995a, 1995b).

Depth Age Estage Difference
Datum events (mbsf)  (m.y.) (m.y.) (m.y.)
FO Gg. calida calida 0 0.22 0.2 0.02
13 0.22 0.22 0
FO Gr. hirsuta tropical form  28.96 0.45 0.59 -0.14
33.48 0.45 0.65 -0.2
LO Gr. tosaensis 36.1 0.65 0.69 -0.04
36.21 0.65 0.69 0.04
FO pink Gn. ruber 43.71 0.76 0.79 0.03
44.35 0.76 0.8 0.04
LO Gn. obliquusextremus ~ 125.94 177 1.89 0.12
127.12 1.77 19 0.13
FCO Gr. truncatulinoides 140.56 2 2.08 0.08
140.95 2 2.09 0.09
FO Gr. inflata 141.71 2.09 21 0.01
144.76 2.09 214 0.05
LO Gr. exilis 151.65 215 2.23 0.08
154.49 215 2.27 0.12
Reapp. of Pulleniatina 154.49 23 2.27 0.03
154.71 2.3 2.27 0.03
LO Gr. miocenica 154.71 23 227 0.03
157.79 23 231 -0.01
LO Gr. puncticulata 157.79 241 231 0.1
159.61 241 2.34 0.07
LO Gr. multicamerata 200.25 3.09 2.88 021
206.47 3.09 297 0.12
LO De. altispira 206.47 3.09 297 0.12
207.41 3.09 2.98 0.11
LO Ss. seminulina 207.96 312 2.99 0.13
216.28 312 31 0.02
LO Gr. margaritae 236.24 358 3.36 0.22
245.1 358 3.48 0.1
FO Gr. puncticulata 267.8 45 4.41 0.09
274.61 45 4.55 0.05
LO Gg. nepenthes 267.8 42 4.41 -0.21
274.61 42 4,55 0.35
LO Gr. juanai 315.25 54 5.35 0.05
315,51 54 5.36 0.04
FO Gr. tumida 325 56 5.55 0.05
325.57 56 5.56 0.04
FO Gr. margaritae 337.59 6 5.79 0.21
338.76 6 5.82 0.18
FO Gr. conomiozea 372.02 712 7.05 0.07
373.91 712 7.14 -0.02
LO Gg. dehiscens 485.5 58 9.7 -3.9
487.44 58 9.73 -3.93
FO Ng. acostaensis 489.99 109 9.76 114
497.03 109 9.86 1.04
FO Gg. nepenthes 53947 118 11.01 0.79
54377 118 11.06 0.74

Notes: FO =first occurrence, LO =last occurrence, and FCO = first common occurrence.
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C3r (early Gilbert, ~5.5 m.y.) in the tropics, according to Hodell and
Kennett (1986). We observethat the LO of G. dehiscensisadiachro-

nous event from the north to the south Atlantic Ocean. The taxon is
virtually absent in the upper Miocene of the Legs 37 and 94 sites near

the AzoresIdands (Miles, 1977; Weaver and Clement, 1987). At Site

397, (Cape Bojador, North Atlantic, Salvatorini and Cita, 1979), it
ranges to Blow's Zone N16 and is very sporadic in the latest Mi-
ocene. The estimated ages of the L@odiehiscens are progressive-

ly younger from Site 659 (8.20—10.50 m.y.) near Cape Verde Island
to Sites 661, 664, and 667 near the Sierra Leone Rise (Weaver and
Raymo, 1989). The ages in the latter three sites approximate more
closely the published ages given in Berggren et al. (1985, 1995a,
1995b) than the ones in northern areas do. Consequently, we think
that the cool Canary Current, which widely affected the area off
northwest Africa (Sarnthein et al., 1982), strongly influenced the
stratigraphic range d@. dehiscens at Sites 953 and 954 as well as in
northern Atlantic sites (see also Weaver and Raymo, 1989). The LO
of G. nepenthes at Site 953 (close to the bottom of Nunivak subchron)
is older than previous published ages (Berggren et al., 1985; 1995a)
and, seems also to be affected by the cool Canary Current.

The FO ofG. margaritae, which is known to be widely diachro-
nous, is quite close to the reported ages from other north Atlantic sites
(Weaver and Clement, 1986, 1987).

Other datum levels are slightly different from the published
events in Berggren et al., (1995a, 1995b). The first occurrendés of
acostaensis andG. nepenthes appear at our Site 953 higher than in
other regions. Both events fall within an interval of moderate to poor
preservation and are not reliable. Additionally, the stratigraphic posi-
tion of the FO of\. acostaensisis different from Site 953 to Site 954.

It lies below the LO of5. dehiscens at Site 953 and above it at Site
954.

Preservation

At both sites, preservation follows a similar trend, which is gen-
erally good to moderate in the Pleistocene and Pliocene sediments,
and decreases markedly in the upper and middle Miocene sections.
These findings are consistent with those previously observed in near-
by areas (DSDP Leg 94, Weaver, 1987; ODP Leg 108, Weaver and
Raymo, 1989; DSDP Leg 41, Krasheninnikov and Pflaumann, 1978;
DSDP Site 397, Salvatorini and Cita, 1979; DSDP Site 398, laccarino
and Salvatorini, 1979) and must represent a regional change in the
depth of the CCD. In fact, the calcite compensation depth has fluctu-
ated throughout the Cenozoic in response to changing oceanographic
conditions, and its shoaling during the late and middle Miocene is
recognized as a global event in the Atlantic, Pacific, and Indian
Oceans (Heath, 1969; Berger and Von Rad, 1972; Berger and Win-
terer, 1974; Van Andel and Moore, 1974; Van Andel, 1975; Van An-
del et al., 1975; Ramsay, 1977; Thunell, 1981). Ryan et al. (1974)
suggested that the CCD rose dramatically in the late Miocene to com-
pensate for the large amount of carbonate deposited in the Messinian
evaporites within the Mediterranean. Its shoaling could be also the re-
sult of increased production of Antarctic cold bottom waters trig-
gered by Antarctic glaciations (Van Andel et al., 1975) or a response
to the global transgression that occurred during the middle Miocene
(Van Andel, 1975).

Specifically, the depth of the CCD in the North Atlantic off north-
west Africa (Leg 14 Sites) was ~5000 m during the Pleistocene and
Pliocene and much shallower, ~3500-4000 m during the Miocene
(Berger and Von Rad, 1972). Previous downcore variations in per-
centage of calcium carbonate from North Atlantic DSDP sites show
that during the late Miocene, Site 364 (Angola margin, 2448 m water
depth) apparently laid within the lysocline (10% to 30% Ca0-
tent), whereas deeper sites (Sierra Leone Rise and Cape Verde Basin,
respectively, 4588 and 4148 m water depth) fell to zero carbonate,
and they were clearly deeper than the top of the CCD (Thunell, 1981).
At Sites 953 and 954 (located, respectively, at 3578 and 3485 m) dur-



ing the late and middle Miocene, the carbonate content did not fall to
zero. Consequently, we can assume that both sites fell within the
lysocline but remained consistently above the CCD, which was at
least as shallow as 4000 m, as suggested by Thunell (1981).

CONCLUSIONS

The planktonic foraminiferal faunaat Sites 953 and 954 indicates
water masses similar to North Atlantic areas similarly affected by the
cool North Atlantic and Canary currents. Estimated ages of datum
events, calibrated to an excellent paleomagnetic stratigraphy for Site
953, tie well with previous data from North Atlantic sites within the
error of the age model. A unique and still puzzling record isthe low-
est regional occurrence of G. truncatulinoides, which appears at both
sites much earlier than in other neighboring areas, within Zone PL5,
and requires confirmation at other sites.

The redefined Pliocene/Pleistocene zonation of Berggren et al.
(1995h) can be successfully applied in the Canary Island region, but
we prefer the Miocene zonation of Berggren et a. (1983) for the
poorly preserved Miocene sections, because of the absence of many
zona markers.

Preservation of planktonic foraminifers and calcium carbonate
content in the Canary Island region sites follows a regiona trend
linked to a definite shoaling of the CCD during late to middle Mi-
ocene times.
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