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ABSTRACT 

During Leg 149, a transect of five sites (Sites 897 to 901) was cored across the rifted continental margin off the west coast 
of Portugal. Lithologic and seismostratigraphical studies, as well as paleomagnetic, calcareous nannofossil, foraminiferal, and 
dinocyst stratigraphic research, were completed. 

The depositional history of the Iberia Abyssal Plain is generally characterized by downslope transport of terrigenous sedi- 
ments, pelagic sedimentation, and contourite sediments. Sea-level changes and catastrophic events such as slope failure, trig- 
gered by earthquakes or oversteepening, are the main factors that have controlled the different sedimentary facies. 

We propose five stages for the evolution of the Iberia Abyssal Plain: (1) Upper Cretaceous and lower Tertiary gravitational 
flows, (2) Eocene pelagic sedimentation, (3) Oligocene and Miocene contourites, (4) a Miocene compressional phase, and (5) 
Pliocene and Pleistocene turbidite sedimentation. Major input of terrigenous turbidites on the Iberia Abyssal Plain began in the 
late Pliocene at 2.6 Ma. 
INTRODUCTION 

Leg 149 drilled a transect of sites (897 to 901) across the rifted mar- 
gin off Portugal over the ocean/continent transition in the Iberia Abys- 
sal Plain. The Iberia Abyssal Plain lies west of the northern half of the 
Iberian Peninsula, west and south of Galicia Bank (Laughton et al., 
1975). To the north it is connected to the Bay of Biscay via the Theta 
Gap. An east-west-trending ridge, separated from Tore Seamount by 
a small channel (Fig. 1), separates the Iberia Abyssal Plain from the 
Tagus Abyssal Plain to the south. To the east, the adjacent Iberian Mar- 
gin shows a straight narrow shelf and a steep continental slope. South 
of 40°N, the slope is cut by several large canyons. Several seamounts 
(Vigo, Vasco da Gama, and Porto), as well as the larger Galicia Bank 
(Fig. 1), occur to the northeast of the Iberia Abyssal Plain area. 

The Western Iberian Margin 

The western Iberian Margin displays two well-differentiated geo- 
morphologic types. North of 39°30'N, the continental slope is dissect- 
ed by numerous relatively short submarine canyons and gullies that do 
not reach the abyssal plain. Seaward are several seamounts, including 
Galicia Bank, Vigo, Vasco da Gama, Porto Seamounts, and other 
small unnamed ones (Fig. 1). South of 39°N, the continental margin 
passes smoothly into the upper continental slope, and into a relatively 
gentle continental rise, which connects with the abyssal plain (Gard- 
ner and Kidd, 1987). The major morphological feature is the Nazaré 
Canyon, south of the Lusitanian Basin. The Iberian continental margin 
is of special interest because its present morphology has been struc- 
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tured by both Mesozoic extension and Eocene compression (Pyrenean 
orogeny) (Boillot et al., 1979), and to a lesser extent by Miocene com- 
pression (Betic-Rif phase) (Mougenot et al., 1984). 

Previous studies of the Cenozoic geology of the Iberian Margin 
and this abyssal plain have focused mainly on the processes of rifting 
and thinning of the continental crust, and on the nature of the ocean/ 
continent transition (Ryan, Hsü, et al., 1973; Groupe Galice, 1979; 
Boillot, et al., 1980; Mougenot et al., 1985; Mougenot, 1988; Whit- 
marsh, et al., 1990; Whitmarsh et al., 1993, Masson et al., 1994). 
These studies have documented that the acoustic basement is formed 
by Mesozoic sediments, continental basement, and peridotite. Acous- 
tic basement is cut by several faults, forming horst and graben struc- 
tures that are filled with thin, discontinuous Cenozoic sequences de- 
posited immediately postrift. Rifting began during the Late Triassic, 
continued in the Late Jurassic, and culminated in breakup during the 
Early Cretaceous (Wilson et al., 1989). With the exception of Ocean 
Drilling Program (ODP) Leg 103 (Boillot, Winterer, Meyer, et al., 
1987; Comas and Maldonado, 1988), the sediments of the Iberia 
Abyssal Plain have not been studied in detail. Surface sediments from 
the plain have been described by Davies (1967), who very cautiously 
ascribed these sediments to turbidites and pelagic units, but provided 
no biostratigraphy. Cenozoic deposition was characterized by sedi- 
ments deposited by a variety of processes, including bottom currents, 
turbidity currents, and other types of mass-gravity processes. 

The western Iberian Margin can be compared with the variety of 
lithologic and structural features onshore (Fig. 2). Onshore, the north- 
ern part of the adjacent Iberian Peninsula contains no Mesozoic or Ho- 
locene sediments. A large section of the Hercynian Range crops out 
with Paleozoic and Precambrian rocks in this region (Ribeiro et al., 
1979). On the Iberian Peninsula, the Hercynian Massif consists main- 
ly of folded, thrusted, and metamorphosed rocks of Precambrian and 
Paleozoic age, extensively intruded by large granitoid batholiths dur- 
ing and after the Hercynian continent-continent collision (Ribeiro et 
al., 1979). On the shelf, Cretaceous and Cenozoic layers dipping gen- 
tly west to southwest have a thin veneer of sediments whose precise 
age is uncertain. The southern part of the Iberian Peninsula consists of 
low-grade upper Paleozoic metasediments, with an ophiolite marking 
its northern boundary (Ribeiro et al., 1979). The geometry of the fea- 
tures shown in Figure 2 presents the relationship to the orientation of 
Hercynian basement structures (Pinheiro et al., this volume). 

South of 39°30'N, sediments progressively cover larger areas of 
the Hercynian terrain in a southerly direction into the basin (Groupe 
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Galice, 1979). The oldest Mesozoic deposits are Triassic and consist 
of conglomerates, sandstone, and perhaps evaporites of limnic and la- 
goonal environments (Hallam, 1971). Lithologies present in the ba- 
sins adjacent to the Iberia Abyssal Plain (e.g., Lusitanian Basin, Wil- 
son et al., 1989) include Upper Triassic fluviatile sandstones, dolo- 
mites, and evaporites; Jurassic shales, siltstones, and sandstones; 
Cretaceous shallow-marine limestones (Cenomanian to Albian) and 
fluviatile sandstones (late Aptian to Albian). The Vigo and Porto Sea- 
mounts appear to be basement horsts capped by Jurassic carbonates 
(Groupe Galice, 1979; Mougenot et al., 1984). 

Plate Tectonic Setting and Seismicity 

Today the Iberian Peninsula is located on the Eurasian Plate, just 
north of the present-day Africa/Eurasia plate boundary (Grimison and 
Chen, 1986) The occurrence of earthquakes off the Portuguese margin 
is well known and is associated with the African/Eurasia lithospheric 
plate boundary, which lies to the south of the Tagus Abyssal Plain 
(Martins and Victor, 1990; Fonseca and Long, 1989). Historic records 
include several major earthquakes (Moreira, 1985), the most impor- 
tant of which was the 1755 Lisbon earthquake, with its epicenter lo- 
cated at Gorringe Bank, about 300 km south-southwest of Lisbon. 
Earthquakes in the area have been sufficient in number and strength to 
generate sediment failures that result in turbidity currents. 

Oceanographic Conditions 

Recent effects of an eastern boundary current along the western 
margin of Galicia Bank have been mapped by Gardner and Kidd 
(1987). Currents are produced by the outflow of Mediterranean wa- 
ter, which circulates northward along the Iberian Margin, and appears 
to influence sediment in depths shallower than 2500 to 3000 m. These 
currents are capable of forming large-scale sediment waves and drifts 
along the northwestern Iberian Margin (Kidd, 1982; Kidd and Rob- 
erts, 1982; Roberts and Kidd, 1984). 

Drilling Objectives and Drill Sites 

The principal objective of Leg 149 was to determine the changes 
in the petrologic and physical nature of the acoustic basement across 
the ocean/continent transition. The secondary objective was to dis- 
cover the history of late Cenozoic turbidite sedimentation, to date the 
deformation of sediments, and to compare this with the Miocene 
phase of compressional deformation in the Rif-Betic mountains of 
southern Spain and northern Africa. 

The five sites drilled (897 to 901) (Sawyer, Whitmarsh, Klaus et 
al., 1994) are located along a 120-km, west-east profile in a water 
depth between 5320 (Site 897) and 4730 m (Site 901) (Figs. 1, 2). All 
sites were located over basement highs, as required by the principal 
objective of Leg 149 (Fig. 3). Total sediment recovery comprised 
about 2400 m of Pleistocene to Upper Jurassic sediments. Figure 3 
gives a composite interpreted seismic and sedimentary section 
through the Leg 149 sites (Sawyer, Whitmarsh, Klaus, et al., 1994). 

The sedimentary sequence recovered at the five sites provides the 
history of the abyssal plain and gives insights into sediment budgets 
for deposition and reworking throughout the Neogene for the conti- 
nental margin. 

Site 897, the westernmost drill site (Fig. 1), lies over a north- 
south-trending basement ridge within the ocean/continent transition. 
The sedimentary sequence recovered at Site 897 (Holes 897A, 897C, 
and 897D) includes nearly 700 m of Pleistocene to Lower Cretaceous 
sediments and sedimentary rocks overlying serpentinized peridotite 
of unknown age (Fig. 3; Shipboard Scientific Party, 1994a). 

Site 898 has a similar location, but drilling at that site did not 
reach the acoustic basement. The stratigraphic sequence consists of 
340 m of Pleistocene to upper Oligocene sediments and sedimentary 
rocks (Fig. 3; Shipboard Scientific Party, 1994b). Very high recover- 
 

686 
Figure 1. Bathymetry of the west Iberian Margin showing location of Leg 
149 Sites 897 to 901 and earlier ODP/DSDP sites (dots). The bold dashed 
line is the predicted location of the peridotite ridge (Beslier et al., 1993). 
Labels are as follows: TG = Theta Gap; IB = Galicia Interior Basin; VDGS = 
Vasco da Gama Seamount; VS = Vigo Seamount; PS = Porto Seamount; LB 
= Lusitanian Basin; ES = Estremadura Spur; TS = Tore Seamount (modified 
after Sawyer, Whitmarsh, Klaus, et al., 1994). 

ies were achieved by using advanced hydraulic piston coring (APC) 
down to Core 149-898A-14H in lithologic Unit I, whereas recovery 
dropped in Unit II, when subsequent drilling was performed with an 
extended core barrel (XPC). 

Site 899 is located on a semielliptical basement high with a steep 
southern flank. Drilling penetrated a 562.5-m-thick succession, in 
which all four lithostratigraphic units equivalent to Site 897 were rec- 
ognized (Fig. 3; Shipboard Scientific Party, 1994c). 

Site 900 lies in the transition zone between the continental rise 
and the abyssal plain. The sedimentary succession at Site 900 pene- 
trated 749 m of an upper turbidite-pelagic sequence (Unit I) and a 
lower carbonate-rich contourite-turbidite-pelagic sequence (Unit II) 
(Fig. 3; Shipboard Scientific Party, 1994d). Units III and IV are miss- 
ing at this site. 

Finally, Site 901 is situated within the ocean/continent transition 
zone over a basement high that appears to be a tilted fault block of 
thinned continental crust (Sawyer, Whitmarsh, Klaus, et al., 1994; 
Krawczyk et al., this volume). The upper sedimentary sequence was 
drilled and washed down to 182 mbsf. Eight meters of sediments 
were recovered below a thin section of Pliocene nannofossil clay and 
ooze, apparently unconformably overlying a thin film of Lower Cre- 
taceous clay followed by lower Tithonian black clay, silt, and sand- 
stone (Shipboard Scientific Party, 1994e). These latter two litho- 
stratigraphic sequences could not be correlated with the other sites. 
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Figure 2. Sketch map showing the distribution of marginal sedimentary 
basins along the western Iberian Margin. Included are DSDP Site 398, ODP 
Leg 103 Sites 637 to 641, and ODP Leg 149 Sites 897 to 901 (from Pinheiro, 
this volume). 

AIM AND METHODS 

In this synthesis we attempt to consolidate and expand the prelim- 
inary interpretations of the Shipboard Scientific Party (Sawyer, Whit- 
marsh, Klaus, et al., 1994). Integration of revised lithostratigraphic 
and biostratigraphic interpretations with seismic reflection profiles 
and core data helps to constrain the sedimentary history since the ini- 
tial breakup. 

Post-cruise research included sedimentological, geochemical, 
biostratigraphical, and magnetostratigraphic analyses of samples tak- 
en from selected intervals of all sedimentary sequences at Sites 897, 
898, 899, and 900 (Alonso et al, this volume; Comas et al., this vol- 
ume; de Kaenel and Villa, this volume; de Kaenel and Bergen, this 
volume; Gervais, this volume; Gibson et al., this volume; Krawczyk 
et al., this volume; Kuhnt and Collins, this volume; Liu, this volume; 
Liu et al., this volume; Marsaglia et al., this volume; McCarthy and 
Mudie, this volume; Milkert et al., chapter 12, this volume; Pinheiro 
et al., this volume; Wilson et al., this volume; Zhao et al., this vol- 
ume). The sampling interval was determined according to the thick- 
ness and variations of individual beds. 
LITHOSTRATIGRAPHIC SEQUENCE 

According to Sawyer, Whitmarsh, Klaus, et al. (1994), the lithos- 
tratigraphic succession could be subdivided into four lithostrati- 
graphic units on the basis of changes in lithology and the degree of 
lithification. 

The regional stratigraphic correlation between lithologic Units I 
and II is shown in Figure 4 (Sawyer, Whitmarsh, Klaus, et al., 1994). 
At Sites 897 through to 900, the lithostratigraphy consists of an upper 
turbidite-pelagic sequence (Unit I and Subunit II A) and a lower con- 
tourite-turbidite-pelagic sequence (Subunit II B) with a decreased 
carbonate content. The two sequences contrast sharply in terms of ev- 
idence of reworking by contour currents (which are present only in 
the lower sequence) and in the abundance of siliceous allochems (vir- 
tually absent in the upper sequence) (Sawyer, Whitmarsh, Klaus, et 
al., 1994). 

The two lithostratigraphic sequences recovered at Site 901, con- 
sisting of a thin film of Lower Cretaceous clay followed by lower Ti- 
thonian black clay, silt, and sandstone (Shipboard Scientific Party, 
1994e), could not be correlated with the other sites. 

Unit I 

Unit I is characterized by terrigenous turbidites, the product of 
turbidity current deposition on an abyssal plain, and pelagic sedi- 
ments. Pleistocene to Pliocene terrigenous turbidite sequences (Unit 
I) comprise 292 m at Site 897 and 163 m at Site 898. Their lithologies 
are described in detail by Milkert et al. (this volume). Only 22 m of 
Unit I terrigenous turbidites and pelagic sediments were recovered at 
Hole 899A because the hole was washed down to 82 m. Unit I at Site 
900, although containing both turbiditic and pelagic facies, shows lit- 
tle siliciclastic sand in comparison to its counterparts at Sites 897, 
898, and 899. At Site 900, the unit is divided into three Subunits. Sub- 
units IA and IC contain turbiditic and pelagic sediments, and are sep- 
arated by the pelagic nannofossil clays and oozes that comprise Sub- 
unit IB (Shipboard Scientific Party, 1994d). 

Unit II 

Major lithologies in Unit II comprise calcareous claystones, clay- 
stones, silty claystones, siltstones, and sandstones. They reflect dep- 
osition on an abyssal plain setting and reworking by contour currents. 
The lower Pliocene to middle Eocene Unit II at Site 897 consists of 
328 m of muddy turbidites and calcareous contourites. Here, Unit II 
was subdivided into three Subunits on the basis of color and the pro- 
portion of claystone vs. coarser-grained lithologies (Sawyer, Whit- 
marsh, Klaus, et al., 1994). 

At Site 898, lithologic Unit II comprises 177 m of middle Mi- 
ocene to upper Oligocene sediments and is divided into two Subunits. 
Subunit IIA shows homogeneous clay lithologies, whereas Subunit 
IIB, with its upward-darkening alternations of carbonate-rich and rel- 
atively carbonate-poor sediments containing biogenic siliceous mate- 
rial, contrasts with the clearly turbidite-related lithologic association 
of Unit I. This unit seems to be a combination of possible turbidites 
and contourites such as the ones described by Stow and Piper (1984). 
At Site 899, the sedimentary sequences of this unit consist of 211 m 
of lower Pliocene to upper Eocene calcareous claystones, claystones, 
silty claystones, siltstones, and sandstones. Subunit IIA (early 
Pliocene to middle Miocene) consists of intensely bioturbated brown 
claystone with scattered turbidites. Subunit IIB is dominated by 
greenish gray upward-darkening sequences with basal fine sandstone 
beds. The tops often show "lag deposits" or large foraminiferal tests. 
All these features point to reworking by contour currents, as de- 
scribed by Stow and Piper (1984); a few mud turbidites are interca- 
lated (Sawyer, Whitmarsh, Klaus, et al., 1994). 

At Site 900, Unit II is dominated by claystone, claystone with silt/ 
silty claystone, nannofossil claystone, and nannofossil chalk. Fora- 
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Figure 3. Summary of lithologic columns for Sites 897 
to 900 and a composite interpreted seismic section 
through these sites (see Fig. 1). Shading in the seismic 
section indicates the distribution of Pleistocene and 
Pliocene terrigenous turbidites and pelagics (Subunit 
IA) in the lithologic column (Sites 897 to 900) (modi- 
fied after Sawyer, Whitmarsh, Klaus, et al., 1994). 
minifer-rich sandstones and calcarenites occur as a distinctive minor 
lithology in Subunit IIA and form as much as 20% to 30% in some 
cores in Subunit IIB, where they are often cemented by calcite. Both 
contain upward-darkening sequences and are interpreted as deposits 
of turbidity flows and contour currents. 

Unit III 

Unit III is mainly siliciclastic in composition and occurs at Sites 
897 and 899. It reaches a total thickness of 30 m at Site 897 and 
around 10 m at Site 899. The unit was divided into two Subunits. Sub- 
unit III A at both sites is composed entirely of brown terrigenous clays 
that are of latest Maastrichtian-early Eocene age (Kuhnt and Collins, 
this volume). Subunit IIIA is interpreted as the product of slow accu- 
mulation of clay in an oxygenated environment. The clay and fine silt 
are most likely continental material supplied by low-density turbidity 
flows or by the nepeholoid layer of contour currents. At Site 897, 
Subunit IIIB is characterized by upward-fining sequences of carbon- 
ate pebbles and gravel conglomerates, coarse sandstones, sandstones, 
and silty claystones of Aptian age (de Kaenel and Bergen, this vol- 
ume). Lithologies in Subunit IIIB at Site 899 show great variability, 
and include variegated sandstone, white highly altered volcanic ash, 
laminated brown claystone, lighter colored silty claystone with black 
concretions, and poorly cemented, multicolored, polymictic, clayey 
conglomerate. Highly altered basaltic clasts are present in the gravel- 
and sand-sized fractions. The highly variegated conglomerates (Sub- 
unit IIIB) are of Campanian/late Maastrichtian (Gervais, this volume) 
to middle/late Eocene age (Kuhnt and Collins, this volume). This 
Subunit is interpreted as a mixture of fine-grained pelagic deposits 
and high-density turbidity currents or fluidized sand-silt-clay debris 
flows that developed on relatively gentle slopes. 
688 
Unit IV 

The late Aptian to late Hauterivian age Unit IV (de Kaenel and 
Bergen, this volume) comprised a maximum of 38 m (Hole 897D) of 
serpentinized peridotite between intervals of siliciclastic and carbon- 
ate lithologies (Fig. 5) and directly overlies acoustic basement. 

At Site 899 Unit IV comprised 188.2 m of an unusual sequence 
of rocks with three different lithologies: (1) three serpentinite brec- 
cias that range in thickness from nearly 100 (upper breccia) to less 
than 10 m (middle and lower breccia), described in further detail by 
Shipboard Scientific Party, 1994c, Comas et al. (this volume), and 
Gibson et al. (this volume); (2) an association of claystones, calcar- 
eous claystones, soft, altered, and deformed serpentine masses, and 
minor siltstone that is intercalated between the breccia intervals and 
sections of serpentinized ultramafic rocks; and (3) discrete sections 
of unbrecciated serpentinite, serpentinized peridotite, gabbro and 
basalt fragments. The basalt fragments are of variable composition 
and some occur within the claystones and the soft, altered, and de- 
formed serpentine masses. The breccia units are poorly sorted and 
are composed of ultramafic clasts of a restricted compositional 
range. 

At Site 897, no unit clearly analogous to the serpentinite breccia 
at Site 899 is well developed. Nevertheless, certain broad similarities 
can be identified between lithologic associations in Unit IV. Serpen- 
tinized peridotite, ranging from 15 cm to 1.5 m thick, is sandwiched 
between dark-green claystone and a variety of other lithologies, in- 
cluding various breccias at Site 897 (Shipboard Scientific Party, 
1994a). Sedimentary intervals yield ages that young upwards and 
range from late Hauterivian to early Aptian. Deposition at this site oc- 
curred at the foot of a fault escarpment that exposed serpentinized 
peridotite basement during the Early Cretaceous. 
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Figure 4. Regional stratigraphic correlation chart for 
lithologic Unit I and Subunit IIA at Sites 897 to 900. 
The contourite-turbidite-pelagic sequence contains 
abundant siliceous allochems and reworked carbon- 
ate grains. The turbidite pelagic sequence shows no 
evidence of reworking by contour currents (from 
Sawyer, Whitmarsh, Klaus, et al., 1994). 
FACIES TYPES AND ASSOCIATION 
Pelagic Sediments 

Pelagic clays, marls, and oozes are present in lithologic Units I 
and II. At this water depth, the proportion of calcium carbonate varies 
cyclically, in relation to the variation in bottom-water composition, a 
well-known phenomenon that occurs in other North Atlantic basins 
(Weaver and Kuijpers, 1983; Raymo et al., 1987). Pelagic layers vary 
in thickness between 0.01 and 1.89 m, with the thickest pelagic units 
being observed at Site 900. The pelagic sediment contains an average 
of 45% CaC03 and 0.31% organic carbon (Milkert et al., this volume). 
Pelagic sediments show slight to moderate mottling caused by biotur- 
bation, but no distinct ichnofauna is visible. Bioturbation continues 
downward from the pelagic sediments into the tops of the underlying 
turbidites. 

Brownish red, pelagic clays are common during the Eocene and 
Paleocene in lithologic Subunit IIIA at Sites 897 and 899; during this 
time interval, the regional carbonate compensation depth (CCD) was 
relatively shallow (Emery and Uchupi, 1984). The clay shows vague 
color banding, and bioturbation is not apparent. The claystones at 
Site 899 contain several black, organic-rich layers (Sawyer, Whit- 
marsh, Klaus, et al., 1994), and brownish black concretions, which 
are barren. 

Turbidites 

Pleistocene and Pliocene sedimentation at Sites 897, 898, 899, 
and 900 is dominated by deposition of terrigenous turbidites, separat- 
ed by thin pelagic layers (Fig. 6). Turbidite sequences are easily dis- 
tinguished from pelagic sediments by their graded bases, distinctive 
darker colors, and usual lack of bioturbation (Sawyer, Whitmarsh, 
Klaus, et al., 1994; Milkert et al., this volume). The base of each tur- 
bidite is clearly defined as a sharp boundary over mottled, lighter col- 
ored pelagic sediment. The structureless-to-laminated basal sand and 
silt layers in the turbidites correspond to the Tc-d division of Bouma 
(1962); the Ta-b interval is absent. Clay-rich intervals are bioturbated 
to laminated, and contain significant amounts of reworked nannofos- 
sils, and correspond to the turbiditic mud divisions (Te1-e3) of Stow 
and Piper (1984). Visually distinguishing the Te facies from the pe- 
lagic interval is difficult in areas where fine-grained pelagic sedi- 
ments are mixed downwards by bioturbation and drilling disturbance. 
 

A huge number of turbidites was deposited in the last 2 million years. 
A maximum of 48 turbidites (4 to 60 cm thick) was recognized in a 
single 9.5-m core (Core 149-898A-14H). In general, the frequency of 
turbidites varies from 2 to 7 per meter throughout the different cores. 
The large number of turbidites (e.g., 600 in Hole 898A) makes it dif- 
ficult to correlate individual turbidites between sites (Milkert et al., 
this volume). 

The terrigenous turbidites appeared very similar throughout the 
sedimentary sequence during shipboard description. More detailed 
post-cruise examination and additional visual core descriptions al- 
lowed a separation of these turbidites into four groups on the basis of 
different color and lithologic composition (Milkert et al., this volume). 

Four different types of turbidite can be determined on the basis of 
color, carbonate, and organic carbon content: 

Type 1. Turbidites with gray terrigenous/siliceous and mica-rich 
bases. 

Type 2. Gray, calcareous, terrigenous turbidites with sandy, silty 
bases. 

Type 3. Calcareous turbidites with foraminifer-rich bases. 
Type 4. Lower Pleistocene brownish red sandy turbidites, which 

are common at all sites. 
Despite these visual differences, analysis of major and minor ele- 

ments by inductively coupled plasma atomic emission spectroscopy 
(ICP-AES) shows a very similar composition for all turbidites (Milk- 
ert et al., this volume). The turbidites originate mainly from continen- 
tal erosion. In general, the Iberia Abyssal Plain turbidites have low 
Fe, Mg, Ti, and Zr contents with high proportions of Al and alkali 
metals. This indicates a continental provenance for the aluminosili- 
cate phases and confirms a continental source region, similar to the 
element distribution described for organic-rich turbidites on the Ma- 
deira Abyssal Plain by DeLange et al. (1987). It probably indicates a 
uniform composition throughout the continental source area, rather 
than a single source for the Iberia Abyssal Plain turbidites. 

Contourites 

Contourite facies and mixed contourite/pelagic facies are com- 
mon throughout the entire Miocene and Oligocene at Sites 897, 898, 
899, and 900. 

The distinction between turbidites and contourites is difficult to 
make, especially when bottom currents modify deposits containing 
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Figure 5. Lithologic sequences of Eocene to Aptian gravity-flow sediments at Sites 897 and 899. The artwork shows sampled lithologies and core, but it is not 
related to recovered core intervals. The boundaries of Units III and IV are located after Sawyer, Whitmarsh, Klaus et al. (1994). Sediments in Core 149-897C- 
70R indicate top of acoustic basement at 713.4 mbsf. Because of a generalized drawing, veining in the smaller breccia bodies is not shown. Datum at the bottom 
of Unit III (modified after Comas et al., this volume). 
turbidites (Faugères and Stow, 1993). Despite these problems, evi- 
dence of occasional bottom-current activity was found in several 
sandy layers that have low pelite content and contain high concentra- 
tions of coarse foraminiferal tests (Alonso et al., this volume). Comas 
and Maldonado (1988) described similar foraminiferal sands in the 
Iberia Abyssal Plain, and Faugères et al. (1984) obtained comparable 
pure foraminiferal contourite sands in several North Atlantic basins 
and hypothesize that these deposits seem to be winnowed concentra- 
tions formed by normal bottom currents. 

In addition to sandy sediments in the Iberia Abyssal Plain, silty 
sediments of mixed biogenic/terrigenous or only biogenic composi- 
tion were recognized throughout lithologic Subunit IIB at all Leg 149 
sites (Alonso et al, this volume). Silty sediments of this type could be 
recognized (Fig. 7; Sawyer, Whitmarsh, Klaus, et al., 1994). These 
deposits could be attributed to the effect of bottom-current processes. 
Silty deposits are differentiated from the Td division turbidites on the 
basis of their bimodal or polymodal grain size distribution in the total 
cumulative curve, the lack of vertical grading, and the poor preserva- 
tion of nannoplankton. 

Therefore, Alonso et al. (this volume) and the Shipboard Scientif- 
ic Party (Sawyer, Whitmarsh, Klaus, et al., 1994) distinguished two 
types of contourite facies: 

1. Sandy contourites (Fig. 7) consist of poorly sorted silty sands, 
largely composed of planktonic foraminifers with uniformly 
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high carbonate content, that result from a combination of re- 
working and deposition from bottom current activity. 

2. Silty contourites (Fig. 8) result from the depositional action of 
bottom currents (Stow and Piper, 1984) and can be subdivided, 
on the basis of sand composition and carbonate content, into 
calcareous sandy, calcareous silty, and terrigenous, silty con- 
tourites as shown in Table 1 and Figure 8. 

Slumps and Slides 

Slumps and slides are present within several single cores in the 
Pleistocene and Pliocene section. A 1.3-m-thick debris flow occurred 
in the early Pliocene (Section 149-897C-22R-03, Zone NN18 after 
Liu et al., this volume; Zone N20/N19 after Gervais, this volume). It 
reveals a highly folded and scrambled mixture of pelagic oozes and 
silty sands with a small amount of turbidite clay. An inverted, 83-cm- 
thick sequence, containing three single turbidites, was obtained from 
Section 149-898A-12H-01. It is underlain by an unusual, greater than 
1-m-thick, homogeneous turbidite mud. This flow is of late Pleis- 
tocene age (Zone NN19 after Liu et al., this volume or Zone N23/N22 
after Gervais, this volume). This section is interpreted as a single 
block, which was overturned by a gravity flow. The above-described 
structures cannot be correlated between the drill sites, suggesting that 
they originated from different events that did not reach the other lo- 
cations. 
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Figure 6. Percentage of turbidites and pelagic sediments through lithologic Subunit IA at Sites 897, 898, and 900. The percentage recovery is expressed as a per- 
centage of the recovered material in the cores. 
Slump and slide structures are equally common in lithologic Sub- 
unit IIB, mainly at Hole 899B (e.g., intervals 149-899B-3R-4, 85- 
110 cm; 5R-3, 30-80 cm; 7R-4, 90-95 cm; 8R-3, 100-145 cm; Ship- 
board Scientific Party, 1994c). Small slump folds are formed in nan- 
nofossil claystone and silty claystone. 

Conglomerates 

In Holes 897C and 897D, Subunit IIIB consists of gravity-flow 
deposits of poorly sorted, poorly cemented granule-to-pebble clayey 
conglomerate that grades upward to granule conglomerate and very 
coarse-grained, lithic, ferruginous clayey sandstone. This upward- 
fining sequence occurred over an interval of approximately 20 m in 
Hole 897C and in excess of 10 m in Hole 897D; the sequence was 
dark-reddish and variegated in both holes (Sawyer, Whitmarsh, 
Klaus, et al., 1994). Resedimented clasts included in the conglomer- 
ates have diverse lithologies and facies: white limestone, micritic 
limestone, marlstones, dolomite, and varied turbiditic arkosic-to-lith- 
ic sandstones. Minor clasts of shallow-water carbonates included in 
the conglomerates of Subunit IIIB are interpreted as being deposited 
from high-concentration sediment flows that were transported by 
high-density turbidity currents or as fluidized sand-silt-clay debris 
flows on relatively gentle slopes (Shipboard Scientific Party, 1994a). 
The basal, poorly sorted, conglomerate/gravel interval can be consid- 
ered as a deposit from a single debris flow. Clasts and granules of ba- 
salt and serpentinized peridotite are present as minor components in 
the conglomerate and coarse sandstone. Samples at the base of this 
conglomerate yield an early late Eocene age (de Kaenel and Bergen, 
this volume). 
At Site 899, reddish variegated ferruginous conglomerate and 
coarse sandstone, including basalt pebbles, were sampled in one in- 
terval of about 1 m within Subunit IIIB (Shipboard Scientific Party, 
1994c). The Subunit IIIB lithologies at Site 899 are dated as middle 
to late Eocene by Kuhnt and Collins (this volume), using benthic for- 
aminifers, or as Eocene by Gervais (this volume), using planktonic 
foraminifers (Fig. 3). 

Breccia Deposits 

In lithologic Unit IV blocks and clasts of serpentinized peridotite 
were recovered at Site 897 (Shipboard Scientific Party, 1994a) and 
Site 899 (Shipboard Scientific Party, 1994c). At Site 899, three ser- 
pentinite breccias were recovered that contain peridotite blocks and 
intercalated Lower Cretaceous claystones and siltstones, clasts of ba- 
salt, microgabbro, and mylonite. These unusual breccia deposits from 
Site 899 did not have an obvious equivalent at Site 897. The mecha- 
nism of deposition of these blocks was discussed by Comas et al. (this 
volume) and Gibson et al. (this volume). 

Comas et al. (this volume) examined the origin of the Lower Cre- 
taceous deposits recovered at Sites 897 and 899, which were included 
in lithologic Unit IV (Sawyer, Whitmarsh, Klaus, et al., 1994), and 
considered the serpentinized peridotite breccia at Site 899 to be a tec- 
tonic cataclasite. The igneous-sedimentary complex at both sites is 
interpreted as an olistostrome, and breccia intervals are interpreted as 
olistoliths or blocks from cataclastic breccias. The terms "olis- 
tostrome" or "gravitational mélange" are widely used in the Alpine 
and Tethys literature (Abate, et al. 1970; Einsele, 1992) and describe 
thick, stratiform, heterogeneous, more or less chaotic, deposits that 
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Figure 7. Sand content vs. carbonate content for Pliocene to Oligocene con- 
tourites from Sites 897, 898, and 900 showing differentiation of terrigenous 
silty (TSI), calcareous silty (CSI), and calcareous (CS) contourites. 

occur over wide areas and that accumulated as a result of tectonically 
induced massive gravitational sliding in various tectonic settings. 
These units can contain large blocks up to several hundred meters in 
thickness and can travel long distances. 

The Leg 149 olistostrome, involving sedimentary, ultramafic and 
mafic rocks, is thought to be derived from a lower Aptian ridge related 
to an inferred transform fault boundary between the Galicia Bank mar- 
gin and the Iberia Abyssal Plain at this time Figueiro Fault Zone (Whit- 
marsh et al, 1990). Cataclastic breccias and other fault rocks (basalt and 
gabbro), which form part of the olistostrome, mainly originated from 
wrench tectonics in the transform fault zone. Activity on the Figueiro 
Fault Zone occurred only during the development period for transition- 
al crust and early stages of seafloor spreading in the Iberia Abyssal 
Plain (from approximately late Hauterivian, 129 Ma, after Gradstein et 
al., 1994) and terminated at the time of break-up on the Galicia Bank 
margin (latest Aptian-early Aptian, approximately 114 Ma). 

Comas et al. (this volume) support the idea that the olistostrome 
originated at an active major fault far away from the drilling area and 
outside the ocean/continent transition because of the basin plain char- 
acter of the early Aptian sedimentary environment at both Sites 897 
and 899. The Aptian olistostrome was cored on discrete fault-bound- 
ed basement highs at Sites 897 and 899 (Sawyer, Whitmarsh, Klaus, 
et al., 1994). Comas et al. (this volume) suggest that these gravity 
slide deposits were originally deposited on a flat basin-plain environ- 
ment and were uplifted during the postrift stage of the west Iberian 
Margin. The "long-distance transport" of the olistostrome is ex- 
pressed by internal deformation, and by the roundness and alteration 
of the involved clasts. Strong affinities are present between the sedi- 
mentary facies involved in the olistostrome, the sediments drilled 
during Leg 103 at ODP Site 638 (Boillot Winterer, Meyer, et al., 
1987), and a similar facies at DSDP Site 398 (Shipboard Scientific 
Party, 1979). Correlations were made between metabasite and gabbro 
clasts in the olistostrome and chlorite-bearing schists sampled on top 
of the peridotite in the Galicia Bank margin (Boillot et al, 1988; 
Beslier et al., 1993). 

The hypothesis of Comas et al. (this volume) emphasizes the role 
of the Figueiro Fault Zone (Whitmarsh et al, 1990) as a major tecton- 
ic lineament during the Aptian. The reality of this fault zone is a mat- 
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Figure 8. Silt content vs. carbonate content for Pliocene to Oligocene contou- 
rites from Sites 897, 898, and 900 showing differentiation of terrigenous silty 
(TSI), calcareous silty (CSI), and calcareous (CS) contourites. 

Table 1. Variations of types of contourites. 

 

ter of discussion because of its weak signature on seismic profiles 
(Beslier et al, 1993). The present-day seismic signature from the pa- 
leotransform fault may be masked either by a later transtensional sit- 
uation or by post-Aptian faulting of the western Iberian Margin (Co- 
mas et al., this volume). 

Gibson et al. (this volume) interpret the lower Aptian serpentinite 
breccia unit at Site 899 as being a giant submarine landslide, gener- 
ated by slope failure on a large, nearby serpentinite fault scarp. Their 
interpretation focuses on the breccia unit at Site 899. Giant landslides 
are a typical feature of regions undergoing rapid extensional defor- 
mation (Bonatti et al., 1973; Bonatti et al., 1974; Bernoulli and Weis- 
sert, 1985). It is proposed that the basement topography at the time of 
formation of the serpentinite unit differed significantly from the 
present topography buried beneath the Iberia Abyssal Plain, and, as a 
result, the location of the source serpentinite escarpment is unknown. 
The authors indicate that the source was likely to have been within 
several kilometers of Site 899. 

Gibson et al. (this volume) discuss the following possibilities for 
the mechanism of formation of the breccia units: in situ brecciation, 
formation in cataclastic shear zones, diapiric extrusion, and mass- 
flow deposits. They conclude that the breccia units at Site 899 show 
many similarities to subaerial landslides and associated rock ava- 
lanche deposits (Watson and Wright, 1969; Siebert, 1984; Stoopes 
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Table 2. Paleomagnetic and biostratigraphic datums at Sites 897, 898, and 900 (from Zhao et al., this volume). 
and Sheridan, 1992; Yarnold, 1993). These similarities include the 
presence of angular fragments with jigsaw/crackle texture; a general 
lack of sorting, compatible with very rapid, essentially instantaneous 
formation, but with larger boulders occurring near the upper surface 
of the units; a matrix generated by fragmentation of the clasts and a 
size continuum between the clasts and the matrix; and internal defor- 
mation zones or slip zones. Observations at Site 899 and the general 
stratigraphic framework for Unit IV (Shipboard Scientific Party, 
1994c) show that the serpentinite breccias are interbedded with sedi- 
mentary units. Biostratigraphic ages suggest a normal stratigraphic 
succession (de Kaenel and Bergen, this volume) and, therefore, the 
breccias are most simply interpreted as normal bedded units. The 
source for the serpentinite breccias was presumably a nearby fault 
scarp exposing massive serpentinite, but Gibson et al. (this volume) 
do not provide any distance relations. 

Wilson et al. (this volume) could find no indications from seismic 
profiles to suggest that basement topography established during rift- 
ing was modified by later deformation. Seismostratigraphic unit 6 of 
Wilson et al. (this volume) is of Aptian to possible Valanginian age, 
which increases the difficulty of interpreting the setting of the Aptian 
debris flows and rock-fall breccias encountered on the crest of base- 
ment highs at Sites 897 and 899. There is no evidence for the base- 
ment ridge at Site 897 being tectonically uplifted or rising diapirical- 
ly during deposition of the seismostratigraphic units 1 to 5. This con- 
clusion contradicts suggestions made by Comas et al. (this volume) 
and Gibson et al. (this volume) that the basement topography that ex- 
isted at the time of formation of the Aptian olistostromes at Sites 897 
and 899 differed significantly from that observed today (see also 
Whitmarsh and Sawyer, this volume). Debris-flow deposits, such as 
those occurring in lithologic Subunits IVA and Subunit IVB at Site 
899 (Shipboard Scientific Party, 1994a, c), require only gentle (<1°) 
slopes for their formation (Stow, 1994) and thus could have been gen- 
erated on the basement topography observed today. However, the 
rock-fall origin (Gibson et al., this volume) for the serpentinite brec- 
cias of Subunit IVA at Site 899 implies the existence of steep slopes 
nearby (Stow 1994). As this site was only surveyed by JOIDES Res- 
olution using low-resolution single-channel seismic survey, its topo- 
graphic setting is not well constrained. 

CHRONOSTRATIGRAPHY 

Magnetic polarity and microfossil zonations (calcareous nanno- 
fossils, foraminifers, and dinoflagellates) used for Leg 149 sites em- 
ployed the chronostratigraphical time scales of Harland et al. (1990), 
Gradstein et al. (1994), and Shackleton et al. (in press). 
Magnetostratigraphy 

A combined paleomagnetic and biostratigraphic study of the Cen- 
ozoic sedimentary sequence was conducted by Zhao et al. (this vol- 
ume). Continuous and undisturbed Cenozoic sections, of sufficient 
length to allow the identification of geologically useful magnetic po- 
larity sequences, were obtained from Sites 897, 898, and 900, but not 
from Sites 899 and 901 (Table 2). Therefore, Sites 899 and 901 were 
not considered any further by Zhao et al. (this volume). 

Sedimentary sections of late Neogene age from Holes 897C, 
898A, and 900A recorded a pattern of magnetic polarity reversals 
that correlates well with the known magnetic polarity time scale for 
the past 5 Ma, and allows the determination of accurate sediment ac- 
cumulation rates. 

The polarity pattern from the Pliocene-Pleistocene turbidite se- 
quence shows that a reliable magnetostratigraphy can be established 
from the early Pliocene to the Holocene, including the Gilbert/Gauss 
boundary (3.58 Ma) through the Matuyama/Brunhes boundary (0.78 
Ma). Below the middle Miocene angular unconformity that separates 
the Pliocene-Pleistocene turbidites from the Miocene and earlier 
strata, a reliable magnetostratigraphy could not be established be- 
cause of the extremely weak magnetization of the sediments (Figs. 9- 
11). This sudden downhole decrease in magnetic signal corresponds 
in general to a large decrease in iron content and an increase in sulfate 
concentration (Sawyer, Whitmarsh, Klaus et al., 1994), suggesting 
magnetic mineral dissolution. This magnetic boundary may be 
caused by the termination in supply of terrigenous material at the end 
of the early Miocene and reflects the occurrence of the middle Mi- 
ocene tectonic folding event. 

Biostratigraphy 

The biostratigraphic data for Sites 897, 898, 899, and 900 indicate 
that the stratigraphic column is incomplete between the early Eocene 
and the late Pleistocene (de Kaenel and Bergen, this volume; Liu, this 
volume; de Kaenel and Villa, this volume; Liu et al., this volume; 
Gervais, this volume). 

Planktonic Foraminifers 

An incomplete foraminiferal biostratigraphy was identified at 
Sites 897, 898, 899, and 900 (Gervais, this volume) from Upper Cre- 
taceous to Pleistocene sediment. Dissolution and changes in water- 
mass temperatures affect the quality of biozonation in the Pliocene, 
Miocene (particularly the latest middle to early late Miocene), and 
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the early Eocene (Gervais, this volume). Several hiatuses occur 
throughout the sedimentary column. 

Benthic Foraminifers 

Benthic foraminifers faunas were investigated from the sediments 
of Cretaceous to Quaternary age at Sites 897, 898, 899, and 900 
(Kuhnt and Collins, this volume; Collins et al, this volume). Knowl- 
edge about the abyssal benthic foraminifers in the northeastern Atlan- 
tic is limited and sediments were examined to improve biostrati- 
graphic information for sediments deposited below the CCD and to 
obtain paleoecologic information on the depositional environment of 
these sites. They provided helpful stratigraphic boundary markers for 
dating lithologic Unit III (Kuhnt and Collins, this volume). 

Calcareous Nannofossils 

Calcareous nannofossils are generally common to abundant; pres- 
ervation is generally good in the upper part of the section. From the 
upper Aptian to the lower Eocene, major parts of the sediment col- 
umn are barren of nannofossils, because of deposition below the 
CCD. A maximum of 38 nannofossils datums (Site 897) could be 
identified from the Pleistocene to the Lower Cretaceous. 

A similar sequence of sedimentation events is seen at Sites 897 to 
900, as shown in Figures 12-15, with some differences in the sedi- 
mentation rates between sites: 

1. From the early Eocene to the middle Miocene, sedimentation 
rates vary from 4.1 to 12.8 m/m.y, except in the Oligocene/Mi- 
ocene interval from Site 900, where the sedimentation rate is 
17.3 m/m.y. 

2. One major middle/late Miocene hiatus, associated with a com- 
pressional tectonic event, is found at all sites. The missing 
time interval is about 2.3 Ma. 

3. One lower Pliocene condensed interval, including a short hia- 
tus of about 0.75 Ma, is defined at all sites. At Site 898, the TB 
3.1 hiatus (Table 3) and the Pliocene hiatus are grouped to- 
gether and define a more important hiatus from the middle Mi- 
ocene to the middle lower Pliocene. The hiatus in Site 898 
represents about 7 Ma of missing sediment. Sedimentation 
rates in the middle Miocene to middle early Pliocene are very 
low. At Site 897 sedimentation rates vary from 1.7 to 3.8 m/ 
m.y., at Site 898 this period is represented by a hiatus, at Site 

 

899 sediment accumulated at a rate of 1.2 m/m.y, and at Site 
900 sedimentation averages 1.3 m/m.y. 

 

4. From the early to the late Pliocene, the sedimentation rates 
vary from 7.7 m/m.y. (Site 898) to 19.5 m/m.y. (Site 900). 

5. One condensed interval, or hiatus, restricted to the uppermost 
Pliocene, is determined at Sites 898, 899, and 900. No hiatus 
occurred in this interval at Site 897. 

6. A relatively thick Pleistocene interval with very high sedimen- 
tation rates occurs at all sites from 32.8 m/m.y (Site 900) to 90 
m/m.y. (Site 898). 

Figure 16 presents the accumulation rates for Cenozoic sediments 
at Sites 897, 898, and 900 in further detail. The average accumulation 
rate over the whole Pliocene-Pleistocene turbidite sequence varies 
between the three sites, increasing with increasing water depth. The 
rate averages 99 m/m.y. at Site 897 (Fig. 16A). The overall average 
is 92 m/m.y. at Site 898, but single rates vary from 64.8 m/m.y. 
(1.95-1.46 Ma) to a rapid 167 m/m.y. (1.46-1 Ma) and then back to 
71 m/m.y. (1 Ma to the present) (Fig. 16B). This interval of higher ac- 
cumulation rate corresponds in part to thicker and more sandy turbid- 
ites, which occur in Cores 149-898-8H to 10H. The sedimentation 
rate at Site 900 (25.8 m/m.y.) is fairly constant through the Pleis- 
tocene (Fig. 16C) and declines to 10.6 m/m.y. for the late Pliocene. 
This change is consistent with accumulation within the lysocline but 
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Figure 9. Downhole variations of stable magnetic inclination, inferred polar- 
ity, and biostratigraphic zones for Cenozoic sediments from Hole 897C 
(from Zhao et al., this volume). Normal polarity is represented by black 
areas; reversed polarity is represented by white areas. 

above the CCD, where a proportion of the CaCO3 deposited on the 
seabed is dissolved before burial. In Site 897, the pelagic clay se- 
quence immediately beneath the Pliocene/Pleistocene turbidites has 
an accumulation rate of 4.2 m/m.y. (Milkert et al., this volume). This 
is consistent with an elevated CCD prior to the onset of Northern 
Hemisphere glaciation at 2.6 Ma. 

DEPOSITIONAL HISTORY ON THE IBERIA 
ABYSSAL PLAIN 

The depositional history of the Iberia Abyssal Plain is generally 
characterized through its history by the influence of downslope trans- 
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Figure 10. Downhole variations of stable magnetic 
inclination, inferred polarity, and biostratigraphic zones 
for Cenozoic sediments at Hole 898A (from Zhao et al., 
this volume). Normal polarity is represented by black 
areas; reversed polarity is represented by white areas. 
port of terrigenous sediments. Various types of debris-flow deposits, 
turbidity-current deposits, and contour-current reworking can be 
found. This may have been favored by low sea levels and by cata- 
strophic events such as slope failure, triggered, for example, by earth- 
quakes or oversteepening (Middleton and Hampton, 1976). Two 
sources for the sediments could be verified: (1) the input of material 
form the continental margin, which can be shown by the terrigenous 
composition of the turbidites, and (2) the input from local morpho- 
logical highs, expressed by the high abundance of foraminifers. The 
major role of sedimentation is displayed by the narrow continental 
shelf incised by submarine canyons. 

The sedimentology, biostratigraphy, magnetostratigraphy, and 
seismostratigraphy of the Iberia Abyssal Plain area suggest the fol- 
lowing five stages for the evolution of the abyssal plain. These stages 
are the major features of an integrated depositional model (Fig. 17). 

Stage 1. Upper Cretaceous and Lower Tertiary 
Gravitational Flows 

The last stages of rifting probably occurred between 140 and 135 
Ma (Wilson et al., this volume). No evidence could be found to sug- 
gest that the basement topography established during rifting was 
modified by postrift deformation. For example, there is no evidence 
that the basement ridge at Site 897 was tectonically uplifted or rose 
diapirically later (however, see Whitmarsh and Sawyer, this volume). 
Older Cretaceous sediments (early Aptian age) consist of heteroge- 
neous discrete sediment bodies mixed or intercalated with mafic and 
 

ultramafic rocks. Sediments in Unit IV yield an early Aptian age. The 
oldest sedimentary equivalent to seismostratigraphic unit 6 is of Ap- 
tian to possibly Valanginian age (Wilson et al., this volume), which 
increases the difficulty of interpreting the setting of the Aptian debris 
flows and rock-fall breccias encountered on the crest of basement 
highs at Sites 897 and 899. 

Stage 2. Eocene Pelagic Sedimentation 

The Eocene red clays of lithologic Subunit IIIA are interpreted as 
probably the product of slow accumulation of clay in an oxygenated 
environment, possibly below the CCD (Shipboard Scientific Party, 
1994a, c, d), which agrees well with the results of other DSDP/ODP 
drilling programs along the northeastern Atlantic continental margin 
(Sibuet and Ryan, 1979; Boillot, Winterer, Meyer, et al., 1987). Dur- 
ing the Eocene-Paleocene, the regional CCD was relatively shallow 
(Emery and Uchupi, 1984). At the Site 900, the most landward site, the 
Eocene is dominated by deposition and reworking by contour currents. 

Stage 3. Oligocene and Miocene Contourites 

Sites 897, 898, and 900 all contain middle Miocene contourite 
sequences interbedded with pelagic clays. Parts of the middle Mi- 
ocene to upper Pliocene are missing from Sites 897 and 898 be- 
cause of a hiatus associated with crustal compression and sediment 
folding during the middle Miocene (Masson et al., 1994; Sawyer, 
Whitmarsh, Klaus, et al., 1994). The sediment sequence is more 
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Figure 11. Downhole variations of stable magnetic incli- 
nation, inferred polarity, and biostratigraphic zones for 
Cenozoic sediments at Hole 900A (from Zhao et al., this 
volume). Normal polarity is represented by black areas; 
reversed polarity is represented by white areas. 
complete at Site 900 where the middle Miocene contourites pass 
upwards into a sequence of thin mud turbidites interbedded with 
pelagic sediments at around 15.8 Ma (Fig. 17). The number of tur- 
bidites gradually decreases upwards in the upper Miocene (around 
9.9 to 8.2 Ma; Gervais, this volume) from Cores 149-900A-15R 
(124 mbsf) to 12R (98 mbsf). Between 8.4 and 5.56 Ma, turbidites 
disappear completely, giving way to a continuous sequence of pe- 
lagic marls. 

Stage 4. Miocene Compressional Phase 

The upper Miocene hiatus at Site 897, 898, and 899 occurs at the 
top of the contourite sequence and represents a sediment gap of 2.3 
Ma (Fig. 17). Above the hiatus are a few meters of pelagic clays, suc- 
ceeded by the Pliocene-Pleistocene turbidite sequence. 

Stage 5. Pliocene and Pleistocene Turbidite Sedimentation 

Pliocene and Pleistocene turbidites on the Iberia Abyssal Plain 
represent a distinct change in sediment type from the contourites, 
mud turbidites, and pelagic sediments beneath. 
696 
The major input of deposits from terrigenous turbidites into the 
Iberia Abyssal Plain starts in the late Pliocene at 2.6 Ma and fol- 
lows a period of pelagic deposition that lasted at least a few million 
years at Sites 897 and 900. The frequency of turbidity currents var- 
ies from 20.5 flows/100 k.y. between 1.8 and 2 Ma to 64 flows/100 
k.y. between 1.2 to 1.4 Ma, and reduce gradually to the present day 
(Milkert et al, this volume). At the eastern Site 900, the highest rate 
includes 8 flows/100 k.y. between 1.6 and 2 Ma. The mechanism 
for initiating flows appears to be earthquakes, although the onset 
of Pliocene/Pleistocene turbidite deposition may have been influ- 
enced by the onset of Northern Hemisphere glaciation. The coinci- 
dence of the 2.6 Ma age of onset of turbidite deposition with the 
onset of Northern Hemisphere glaciation (Shackleton et al., 1984) 
is striking. Weaver and Kuijpers (1983) showed a link between cli- 
mate/sea level change and turbidite deposition on the Madeira 
Abyssal Plain, and Weaver et al. (1986) postulated that the Madei- 
ra Abyssal Plain would receive turbidites during periods of climat- 
ic oscillation such as the 2.6 Ma to Holocene interval. The onset of 
turbidite deposition at 2.6 Ma suggests that sedimentation in the 
Iberian Basin is at least partially controlled by climatic change. 
However, the frequency of turbidite input is much greater than in 

 



SEDIMENTARY FACIES AND DEPOSITIONAL HISTORY 

 

Figure 12. Age vs. depth plots for Site 897 with core recovery. Data are based on the nannofossil datums given in Table 3. 
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Figure 13. Age vs. depth plots for Site 898 with core recovery. Data are based on the nannofossil datums given in Table 3. 
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Figure 14. Age vs. depth plots for Site 899 with core recovery. Data are based on the nannofossil datums given in Table 3. 
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Figure 15. Age vs. depth plots for Site 900 with core recovery. Data are based on the nannofossil datums given in Table 3. 
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Table 3. Stratigraphic placement in meters (to nearest decimeter) of the Site 897 to Site 900 chron and subchron boundaries. 

 

  

Note: * after Shipboard Scientific Party, (1994a); de Kaenel and Bergen, (this volume); Kuhnt and Collins, (this volume); Zhao et al., (this volume). B = bottom, T = top, LCO = last 
common occurrence. 
the Madeira Abyssal Plain and individual turbidites are clearly not 
related to particular sea-level changes, as they are for the Madeira 
Abyssal Plain. It may be that the lowering of sea level, associated 
with the buildup of Northern Hemisphere ice, caused a narrowing 
of the continental shelves, and thus allowed more sediment to be 
dumped beyond the shelf edge, in turn causing the margins to be- 
come unstable. Higher rates of accumulation on the upper parts of 
the slope may have led to unstable sediment accumulation, which 
could have resulted in earthquake-triggered sediment removal by 
turbidity flows. 

A short sedimentary hiatus in the early Pleistocene, or at least a 
decrease in accumulation rate, was recognized at three sites (Sites 
897, 898, and 900; Zhao et al., this volume). This hiatus may repre- 
sent an oceanographic event that affected a significant part of the Ibe- 
ria Abyssal Plain region and may also be correlated to the onset of 
Northern Hemisphere glaciation (Milkert et al., this volume). 
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Figure 16. Variations in rates of total sediment accumulation through time and across the margin. A. Age vs. depth plot of total sediment accumulation at Hole 
897C. B. Age vs. depth plot of total sediment accumulation at Hole 898A. C. Age vs. depth plot of total sediment accumulation at Hole 900A (from Milkert et 
al., this volume). 
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Figure 17. Summary of Cretaceous to Pleistocene sedimentation at Sites 897, 898, 899, and 900. 
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