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ABSTRACT

Mineralogical and geochemical investigations carried out on Callovian to upper Cenozoic basalt and sediments of
Hole 534A are the bases for paleoenvironmental interpretations. The clay mineralogy primarily reflects events that oc-
curred on the American continent (tectonics, morphology, alteration and pedogenesis, climate), except in the basalt and
at the precise basalt/sediment contact where in situ alteration and local metamorphic effects exist. The inorganic and
organic geochemistry mainly reflects the influence of and increasing distance from the spreading center during the first
stages of sedimentation, the terrigenous influence from the Valanginian upward, and the bottom reducing or oxidizing
conditions linked to the widening and deepening of the ocean affected by global tectonics.

INTRODUCTION

Hole 534A of the Deep Sea Drilling Project, drilled
during Leg 76 in the Blake-Bahama Basin (Fig. 1), suc-
cessfully penetrated the oldest marine sediments known
in the western North Atlantic Ocean (Sheridan et al.,
1982, and this volume). Located in the vicinity of Site
391 of Leg 44 (Benson et al., 1978), Hole 534A (28°
20.63'N-75°22.89"W; water depth, 4966 m) bottomed
at 1666.5 m below the ocean floor in a typical basaltic
oceanic basement. Continuous coring was done from
middle Miocene sediments downward through the mid-
dle Callovian sediments and underlying basalts. The up-
per Cenozoic sediments were poorly recovered in Hole
534, but data on the sediments are available at nearby
Site 391, especially for the Quaternary.

The geological formations encountered at Site 534
correspond to the classification established by Jansa et
al. (1979) in the western North Atlantic, except for the
oldest lithologic unit, which was sampled for the first
time. The main formations are the following (Sheridan
et al., 1982, and this volume; Fig. 2):

Blake Ridge Formation (0-2.8 m, Core 534-1; and
0-146.9 m, Site 391), Pleistocene: gray nannofossil ooze
and silty clay.

Great Abaco Member, Blake Ridge Formation (545-
696 m, Cores 534A-1-18), middle and lower Miocene:
chalks and intraclast chalks, dark green mudstones.

Bermuda Rise Formation (696-721 m approximately,
Cores 534A-19-21), upper Eocene: interbedded zeolitic
and siliceous, variegated mudstone, graded sandstone
and porcellanite; the lower limit of the formation is
somewhat imprecise.

Plantagenet Formation (721-764 m, Cores 534A-24-
26), lower Maestrichtian: variegated claystone.

1 Sheridan, R, E., Gradstein, F. M., et al., Init, Repts. DSDP, 76: Washington (U.S.
Govt. Printing Office).
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Figure 1. Location map.

Hatteras Formation (764-950 m, Cores 534A-27-46),
Cenomanian-Vraconian through lower Aptian: black to
green carbonaceous claystone.

Blake-Bahama Formation (950-1342 m, Cores 534A-
47-91), Barremian through lower Berriasian: bioturbat-
ed and laminated radiolarian-rich nannofossil limestone
and chalk, grading upward into calcareous and carbon-
aceous claystone, resedimented shelf limestones, and
quartzose siltstones.

Cat Gap Formation (1342-1496 m, Cores 534A-92-
111), Tithonian through Oxfordian: grayish red, calcar-
eous claystone underlain by dark greenish gray claystone
with interbedded limestone.

“Unnamed’’ formation (1496-1635 m, Cores 534A-
112-127), lower middle Oxfordian through middle Cal-
lovian: dark-colored variegated claystone underlain by
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Figure 2. Hole 534A—lithology, sampling, clay mineralogy (with reference to Site 391 for the Quaternary; cf., Pastouret et al., 1978).
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olive gray pelletal limestone and radiolarian claystone,
underlain by greenish black to brown nannofossil clay-
stone terminating in reddish claystone,

Volcanic basement (1635-1666.5 m, Cores 534A-127-
130): dark gray aphyric to sparsely microporphyritic ba-
salt, with thin fractures (1-5 cm) and interbeds (<7 cm)
filled by green claystone and reddish brown siliceous
limestone.

Among the main paleoenvironmental results and in-
terpretations deduced from preliminary studies of Site
534, and presented by Sheridan et al. (1982, we note
the following: the Mesozoic and Cenozoic *‘back-
ground”’ sedimentation consisted of hemipelagic clayey
and calcareous deposits, periodically interrupted by tur-
bidites, debris-flows, and other resedimented materials.
Most sediments were deposited during the 50 m.y. fol-
lowing the initiation of sedimentation at Site 534, and
deposition of material inherited from the nearby car-
bonate platforms chiefly occurred during the Early Cre-
taceous and the Miocene. The oldest sediments drilled—
Middle to Late Jurassic—reflect the resedimentation of
margin sediments, possible alternations of oxidizing and
reducing bottom conditions, and the possible existence
of bottom circulation, probably related to the location
of Hole 534A in a passageway between the Tethys and
the Pacific Oceans.

After the Early Cretaceous deposition of mixed shelf
and pelagic carbonates, the deepening of the western
North Atlantic Basin and shallowing of the calcite com-
pensation depth (CCD) with the possible development
of reducing bottom conditions led to the deposition of
abundant terrigenous black shales. Oxidized conditions
developed again during the Late Cretaceous with the
more rapid oceanic widening, while bottom currents be-
came active and created important hiatuses until the late
Paleogene. Rapid sedimentation of terrigenous clastics
started again during the Miocene and the Pliocene-Pleis-
tocene, after the northern hemisphere changed from a
nonglacial stage to a glacial one.

Our objective is to interpret Mesozoic and Cenozo-
ic paleoenvironmental conditions in the eastern North
American area and in the Blake-Bahama Basin by means
of a clay mineralogical and bulk geochemical study of
Site 534 materials. We examined many samples collected
at regular spacing from the continuously cored section
of volcanic and sedimentary rocks at Hole 534A (Fig.
2). For this study, 150 samples were submitted to X-ray
diffraction, 120 to molecular and atomic absorption
spectrometry, 38 to the pyrolysis of organic carbon, and
30 to transmission electron microscopy. Determinations
were made of the detailed lithology and composition of
sedimentary components. Interpretation of the Quater-
nary was based on previous data from Site 391 (Pastou-
ret et al., 1978). Our results and interpretations based
on clay mineralogy and inorganic geochemistry are dis-
cussed. Both results and interpretations are tentatively
summarized in the conclusion of this chapter.

ANALYTICAL PROCEDURES

In our X-ray diffraction method, the samples were dissociated in
water, then decarbonated in N/5 hydrochloric acid. Excess acid was

removed by successive centrifuging. Microhomogenization affects de-
flocculation. Fractions smaller than 2 um were collected by decanta-
tion, using Stokes’ law; then oriented pastes were made on glass slides.
A Philips 1730 diffractometer (copper radiation) was used to run the
X-ray diffraction scans at 2°26/mm. Three passages were carried out:
(1) from 2.5° to 28.5°28 on natural samples; (2) from 2.5° to 14.5°26
on glycolated samples; (3) from 2.5° to 14.5°26 on samples heated for
2 hr. at 490°C. Semiquantitative evaluations were based on peak
heights and areas (Chamley, 1971). The height of illite and chlorite 001
peaks (diagram for glycolated sample) were taken as references. By
comparison with these values, values for smectite, palygorskite, sepio-
lite, vermiculite, and irregular mixed-layer clays were corrected by ad-
dition of peak height, whereas values for well crystallized kaolinite
were corrected by subtraction. The relative proportions of chlorite
and kaolinite were determined from the ratio of peak heights (3.54
and 3.58 A, respectively): when this ratio was 1, the amount of chlo-
rite was assumed to be twice that of kaolinite. Data were given in per-
centages, the relative error being about +5%.

Electron-microscopy observations were made with a Siemens
transmission microscope on less than 8-um particles deposited on cop-
per grids covered by a collodion film, after carbonate removal and
physical deflocculation.

The geochemical procedure was as follows: the samples were dried
at 105°C, then crushed and homogenized. Then 0.2 g were submitted
to alkaline fusion, solubilized by HCI, and diluted to 100 ml; 0.2 g
were then submitted to fluoronitric treatment in a bomb at 150°C and
50 bars for SiO, and AlLO, determination. Also, 1 g was submitted
to fluoroperchloric treatment, then solubilized by HCI and diluted to
100 ml. The dilutions were used for colorimetric analysis of TiO, and
P,0; and spectrophotometric analysis of other major and trace ele-
ments by atomic absorption in flame, with a type 5000 Perkin Elmer
automatized spectrophotometer.

CLAY MINERAL STRATIGRAPHY

Altered Basalts

Basalt pieces, showing a weak to moderate alteration
in clay, were studied in Cores 128, 129, and 130 (Samples
534A-128-1, 88 cm, 534A-128-2, 87 cm, 534A-129-1,
118 cm, 534A-129-2, 77 cm, 534A-130-1, 87 cm (Fig. 2).
The extraction of clay fractions shows the presence of
exclusive and highly crystallized smectite, associated
with Ca-Na feldspars. The smectite morphology includes
broad boards or tufts (Plate 3, Figs. 4-6) and typically
resembles Fe-Mg minerals (Beutelspacher and Van der
Marel, 1968). It is important to note that smectite repre-
sents the result of an in sifu alteration of basalt, a
classical phenomenon often described in DSDP materi-
als (i.e., Rusinov et al., 1980; Scheidegger and Stakes,
1980).

Basalt/Sediment Boundary

The precise contact between the basalt and the sedi-
ments deposited immediately above has been studied in
Core 127 (Figs. 2 and 3). Although altered basalt typi-
cally contains highly crystallized smectite and plagio-
clase feldspars, the clay fraction of the basalt/sediment
contact is characterized by regular chlorite-smectite
mixed layers or corrensite (Sample 534A-127,CC-[10
cm]). This peculiar clay species, whose behavior under
ethylenic-glycol treatment shows the dominance of chlo-
ritelike layers compared to smeéctitelike ones, is well crys-
tallized, and forms up to 90% of the clay. It consists of
well-shaped, highly refringent, and diversely sized clay
sheets (Plate 3, Figs. 1-3). Corrensite is associated with
few particles of poorly crystallized smectite, and with
Ca-Na feldspars. Nine centimeters above this contact
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Figure 3. Clay mineralogy at the basalt/sediment boundary, Cores 128 and 127, Hole 534A.

(Sample 534A-127,CC [1 cm]) the clay mineralogy is
completely modified: illite, chlorite, kaolinite, and ir-
regular illite-chlorite and chlorite-smectite mixed layers
form the dominant part of the less than 2-um fraction,
and are associated with middle-crystallized smectite,
abundant quartz, and little feldspar (see also Plate 2,
Figs. 5, 6). Note that fewer amounts of corrensite occur
above this level in the same core, in similar conditions as
in the core catcher (Sample 534A-127-4, 0 cm, basalt/
sediment contact: corrensite 25%, smectite 15%, illite
60%).

This unusual clay mineralogical succession can be in-
terpreted as follows: (1) Highly crystallized smectites are
typical products of low-temperature alteration of basalts
(i.e., Melson and Thompson, 1973; Juteau et al., 1980;
Chamley and Bonnot-Courtois, 1981). The first clay as-
semblage encountered reflects the in sifu alteration of
volcanic rocks after their production on the seafloor. (2)
Corrensite and similar regular mixed layers are known
to exist on land outcrops as alteration materials formed
under hydrothermal conditions, in a temperature range
of 200 to 270°C (Kristmanndottir, 1976), and reflect a
local environment typical of a contact metamorphism.
The development of chlorite-smectite mixed layers and
other metamorphic minerals has been described in sub-
marine conditions by Humphris and Thompson (1978),
and by Rangin et al. (in press) in the northern part of the
East Pacific Rise. Accordingly, at Site 534 the sediments
exactly located at the contact with volcanic units result
from in situ metamorphic processes, in which the main

influence consists of the basalt cooling. This indicates
that the metamorphic processes above the basalt occur
over very small vertical distances (less than 10 cm). (3)
The third clay assemblage is commonly found at other
DSDP sites in the sediments deposited close to the last
basalts, but not immediately at their contact (i.e., Cham-
ley, 1979; Debrabant and Chamley, 1982). The diversifi-
cation of clay minerals, the relative abundance of typi-
cal detrital minerals, the presence of middle-crystallized
smectite, and various geochemical data indicate a strong
supply of terrigenous materials, reworked from adja-
cent landmasses when the continental margins were tec-
tonically active shortly after rifting. The importance of
terrigenous input shortly after the ocean initiation is thus
indicated.

Unnamed, Cat Gap, and Blake-Bahama Formations
Callovian to Barremian

The three lower sedimentary units recovered at Hole
534A (1635-950 m below the seafloor), Callovian to
Barremian in age, show similar modalities of the clay
sedimentation, whose major features are discussed next.

There is no evidence of any mineralogical modifica-
tions of clay assemblages caused by the depth of burial.
The similarity in the relative abundance and crystallinity
of clay species identified at the top (Quaternary, Site
391) and at the bottom (Callovian, Hole 534A) of the
sedimentary column clearly expresses this important fact.
Minerals known for their peculiar vulnerability to ther-
modynamic effects, such as palygorskite, irregular mixed
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layers, or smectites, are as abundant in recent sediments
as in oldest ones. As a result, at Site 534 there is no
significant clay diagenesis with the depth of burial.

There does not exist any parallelism between the litho-
logical successions and the mineralogical ones. The main
evidence for this lack of correlation is the independence
between boundaries of the major formations (unnamed,
Cat Gap, Blake-Bahama) and the changes in mineralogy
of the clay fraction (Fig. 2). This same lack of correla-
tion occurs when one considers the detailed lithological
and mineralogical stratigraphy. This lack points to the
lack or the weakness of clay diagenesis linked to local
depositional conditions at the drill site. Moreover, it is
clear that qualitative and quantitative changes of clay
minerals do not significantly depend on the absolute
abundance of the clay fraction in sedimentary rocks. As
a consequence, paleoenvironmental implications can of-
ten be deduced equally as well from sediments poor or
rich in clay fraction.

The clay mineralogical background consists of abun-
dant and well-crystallized smectites (i.e., Plate 2, Fig. 1,
early Valanginian; Figs. 3 and 4, Callovian-Oxfordian).
The significance of these minerals, whose abundance
does not depend on sedimentation rates, lithology, pe-
trography or nonclay mineralogy, or on geochemistry,
has already been discussed in previous papers dealing
with North Atlantic Mesozoic-Cenozoic sediments (i.e,
Chamley, 1979, 1981; Chamley and al., 1980; Chamley
and Robert, in press; Debrabant and Foulon, 1979), and
only a summary is given here. Smectites in marine sedi-
ments appear to be chiefly inherited from terrigenous
sources, in the same way as associated minerals such as
illite, chlorite, irregular mixed layers, kaolinite, quartz,
and feldspars are. The primary origin of smectites seems
to be surficial continental formations, chiefly gray black-
ish soils developed under bad drainage conditions, in
gently sloped areas that are tectonically rather stable.
The large development of pedogenic smectites implies
the existence of warm climates characterized by fairly
dry conditions or at least marked alternations in the
seasonal humidity, especially from the Latest Jurassic
upward, which agrees with climatic data established by
other methods (i.e., Frakes, 1979; Reyre, 1980). The oc-
casional presence of small amounts of palygorskite (Ox-
fordian, Lower Cretaceous,..., etc., Fig. 2; Plate 2,
Fig. 1), whose fibers are broken and not morphological-
ly dependent on other minerals, indicates reworking.
This palygorskite supports the interpretation of de-
pressed continental coastal areas, favoring the confined
and evaporating conditions necessary for smectite crys-
tallizations (Millot, 1964).

During several periods the smectitic background was
altered by an important supply of illite, accompanied by
chlorite, irregular mixed layers, quartz and feldspars,
sometimes kaolinite, palygorskite, goethite, and amphi-
boles. These ““illite events’* occurred with various inten-
sities, and illite particles generally show good crystallini-
ties and morphologies (Plate 2, Figs. 2, 5, and 6). The
main ‘‘illite events’’ occurred during the Callovian—-early
Oxfordian, just above the oceanic basalts (Cores 127-
120), during the middle-late Oxfordian (Cores 114-

112), during the Tithonian-early Berriasian (Cores 98-
93), and during the late Berriasian (Cores 83, 82). These
events, which recent studies show to be synchronous at
various DSDP western north Atlantic and Gulf of Mex-
ico sites (Legs 11, 44, 76, 77, Chamley et al., 1980; De-
brabant and Chamley, 1982; and unpublished research),
seem to correspond to the recurrence of erosion on the
North American landmass, leading to heterogeneous sup-
ply to the ocean basin of products reworked from soils,
weathered zones, and underlying bedrock. The erosion-
al-event renewals themselves are attributed to a mor-
phological rejuvenation of the continental margins, pos-
sibly caused by aperiodic tectonic modifications, espe-
cially in connection with the major seafloor spreading
stages. Note that for all the time intervals considered,
the “‘illite events’’ correspond to rather high sedimen-
tation rates and abundant resedimentation structures
(Sheridan et al., 1982), which agree with the importance
of strong continental erosion. Note also that the decrease
of smectite in the Cat Gap and unnamed formations,
already identified during Leg 76 aboard the Glomar
Challenger (see Site 534 report), corresponds to in-
creases of the illite group, attributed here to changes in
the terrigenous supply rather than to in sifu geochemical
changes.

Except for the lowermost part of the sedimentary col-
umn at Site 534, kaolinite is rare or even absent from the
Callovian to the Barremian (Plate 2). The relative abun-
dance of this mineral in the first sediments deposited
probably results from the strong influence of continen-
tal tectonic activity and the inferred detrital supply in
the earliest stages of ocean formation as well as from cli-
matic conditions that were more humid than later on
(i.e., Reyre, 1980). The rareness of kaolinite the rest of
the time, during periods known for the common pro-
duction of kaolinite in well-drained continental areas
(i.e, Decommer and Chamley, 1981), is attributed to a
combination of factors preventing its supply to the open
marine basin from continental areas (Chamley et al.,
1980). These factors are the immature morphology of
river drainage systems generated by the just recent for-
mation of the new ocean basin; the large extent of up-
stream sources of the mineral, favoring differential set-
tling processes; the dominance of flat morphology favor-
able to smectite pedogenic development; the importance
of carbonate platforms acting as submarine barriers to
the rapidly sedimented kaolinite, and so on. Note that in
a general way kaolinite increases correspond to illite
ones, which points to their dependence on similar causes
of reworking (see the earlier discussion).

Hatteras and Plantagenet Formations,
Middle to Late Cretaceous

The clay sedimentation from the Aptian to the Maes-
trichtian, marked by important hiatuses, resembles that
of previous times, and shows the occurrence of strong
“‘illite events’’ in a ‘‘smectite background.’’ The three
main ‘‘illite events”’ occurred during the late Barremian
to the early Aptian (Cores 46, 45), during the Albian
(Cores 38-34), and during the Maestrichtian (Cores 25,
24), Their origin probably lies in temporary tectonic re-
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juvenations occurring on a rather stable continent, with
a warm and episodically humid climate, as during the
earlier Mesozoic periods. Note that we could not find
any relationships in the Hatteras Formation among
quartz, smectite, mixed layers, and kaolinite, or between
‘‘marine’’ clay in the lower part and ‘‘land’’ clay in the
upper part, relationships suggested by shipboard pre-
liminary analyses (Site 534 report, this volume). How-
ever, some features of the clay mineralogy characterize
this geological interval; these features are discussed next.

Kaolinite is commonly represented and is relatively
abundant (Fig. 2; Plate 1, Figs. 3-6), which suggests
either a morphological maturation of river basin sys-
tems and/or the occurrence of stronger tectonic rejuve-
nations, permitting the distant supply of minerals erod-
ed from upstream soils. The second hypothesis, favor-
ing the highly detrital character of the sedimentation,
agrees with the abundance of turbidites and continental
organic matter, especially in the dark black shales of the
Hatteras Formation (Sheridan et al., 1982), Kaolinite is
peculiarly abundant during the Late Cretaceous ‘‘illite
event’’ (Plantagenet Formation, variegated claystone,
Maestrichtian; Plate 1, Figs. 3-5) and is associated with
goethite and subamorphous iron oxides. This event is
known to have recurred in the whole Atlantic Ocean be-
tween the Campanian and the early Paleocene (Chamley
and Robert, 1979). It followed the major spreading
stage responsible for the definitive communication be-
tween the North and South Atlantic and the inferred de-
velopment of deep-water circulations (Berggren and
Hollister, 1977). It also corresponded to the Late Creta-
ceous opening on the Labrador Sea.

In general and especially during the “‘illite events,”
chlorite, quartz, and feldspars are less abundant than in
the underlying sedimentary formations, nor do they fol-
low the illite quantitative fluctuations in the same pro-
portion (Fig. 2). On electromicrographs, the mean sizes
of primary clay minerals (illite, chlorite) are often small-
er than usual. Both facts probably are the result of long-
distance transport of terrigenous materials, which does
not favor large-sized minerals such as chlorite and espe-
cially quartz and feldspars. Such an explanation agrees
with the distant sources of kaolinite. Moreover it is not
at variance with the highly detrital character of the sedi-
mentation, most of the turbidite facies being of a distal
type.

Palygorskite, which disappeared in the upper part of
the Blake-Bahama Formation (uppermost Hauterivian),
is present again in the upper part of the Hatteras Forma-
tion (upper Albian, Vraconian). The fibrous clay occurs
first in small amounts. Its abundance increases slightly
in the Plantagenet Formation, in which it is accompa-
nied by a small quantity of sepiolite (Plate 1, Figs. 3-5).
The typical terrigenous character of the variegated Maes-
trichtian claystone, combined with the morphological
independence of various kinds of clay minerals, con-
firms the detrital origin of fibrous species, certainly re-
worked from Upper Cretaceous perimarine basins where
they formed under confined alkaline conditions (see Mil-
lot, 1964; Chamley, 1979; Giblin, 1979).
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Bermuda Rise and Blake Ridge Formations, Cenozoic

The only levels of the Bermuda Rise Formation re-
covered are from the upper Eocene and contain abun-
dant smectites, probably of a pedogenic origin, as previ-
ously. Soils formed under temperate-warm to subtropi-
cal conditions, in an episodically humid climate, have
been recently described in the Eocene of the United
States, which strengthens the comparison with upper
Cenozoic blackish soils of subarid areas (Millot, 1964;
Paquet, 1969). Smectites are associated with clinoptilo-
lite and opal CT typically formed during early diagenet-
ic processes. Palygorskite and sepiolite also occur, but
in smaller amounts than in lower Eocene sediments,
which have been recovered at numerous other DSDP
drill sites (Chamley, 1979, 1981).

Overlying the Eocene series, the lower to middle Mio-
cene chalk and mud of the Great Abaco Member (Blake
Ridge Formation) are characterized by the presence of
fibrous clays, whose amounts increase irregularly up-
ward (Plate 1, Figs. 1 and 2); clinoptilolite is sometimes
still present. The fibers show various lengths, morpho-
logical associations, and preservational states. They are
contemporaneous with the large development of fibrous
clays described in the southeastern United States (Wea-
ver and Beck, 1977). Occurring in intraclast chalks, in
which shelf- and slope-reworked materials and slump
structures are abundant, the fibrous clays were deposit-
ed at a rapid sedimentation rate and in open marine con-
ditions (Sheridan et al., 1982) and are considered as
mainly detrital materials derived from Miocene perima-
rine basins.

The Pleistocene sediments of the Blake Ridge Forma-
tion (Site 391, Holes 391 A and B) show a strong increase
of chlorite, illite, and irregular mixed layers (illite-ver-
miculite, illite-smectite, and chlorite-smectite), whereas
smectite abundance and crystallinity decrease. This min-
eralogical change typically reflects the late Cenozoic
cooling of the northern hemisphere, favoring the supply
of minerals derived from continental rocks (decrease of
hydrolysis processes) and high-latitude oceanic currents.

INORGANIC GEOCHEMICAL STRATIGRAPHY

Altered Basalts

The five basalt pieces studied in Cores 129 and 127
are characterized by high values of Fe, Mg, Mn, and
Cu; average Al,O; contents of 17%; low values of SiO,/
Al 05 ratios (<3) and Ni/Cu ratios (<1); and high
Na,0/K,0 ratios (> 1) (Fig. 4, Table 1). The basalts of
Core 129 show higher values of Si, Ca, Na, and Sr than
do those of Core 127, which are richer in Fe and Mg.
These differences seem to have a primary origin rather
than to be due to secondary alterations, because each
group of volcanic flows is marked by a homogeneous
chemical composition.

Basalt/Sediment Boundary

The contact between volcanic and under- and overly-
ing sedimentary rocks is strongly marked by chemical
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parameters in Core 129, Section 1, 128 to 140 cm, where
two basalt flows are separated by chilly glass and sili-
ceous limestones. The diversified composition of basalts
gives way to high contents of free silica and CaCOs;,
with noticeable amounts of iron and manganese oxides
(Mn = 6400 ppm). These characteristics correspond to
high values of parameter

Mn* = Log (Mn sample / Fe sample),
Mn shales/ Fe shales

and low values of parameter D = Al/(Al + Fe + Mn)
(see Debrabant and Foulon, 1979, and Fig. 4). The lack
of Ti (Table 1) indicates that the siliceous limestone for-
mation does not depend significantly on volcanic or ter-
rigenous influence, but rather proceeds from an in situ
precipitation. In Core 124, Section 4, 0 cm, the transition
from basalt to overlying argillaceous sediments corre-
sponds to a low increase in Mg, Na, and Fe contents. In
Sample 127, CC (0 cm), the hydrothermal development
of corrensite is marked by a slight decrease of Ni, Cr,
Cu, and V.

Unnamed Formation

The irregular alternation of dark claystones and of
limestones deposited during the Callovian to middle Ox-
fordian determines a geochemical heterogeneity in Mn
contents, because Mn is preferentially precipitated in
oxidized calcareous environments and rather dissolved
in reduced clayey environments (Corg > 2% in dark clay-
stones). The intercalations of brown to reddish clay-
stones in limestones correspond to the reworking of fine
materials, previously deposited in more oxidized and
less deep conditions, favoring the fixation of Mn.

When considering a given lithology such as the lime-
stones, the unnamed formation (Cores 127-112) is char-
acterized by high amounts of iron and manganese (D,
low; Mn*, middle to high). These data point to a proxi-
mal volcanic influence, suggesting the vicinity of the
Late Jurassic spreading center (Debrabant and Foulon,
1979); the strong volcanic and hydrothermal influence
also is indicated by the fairly high amounts of Zn and
Cu (Ni/Cu < 1 until Core 113).

A geochemical break occurs close to the beginning of
the Oxfordian stage (Core 120), marked by a develop-
ment of Ca. The underlying series are characterized by
high contents of free silica and metalliferous traces, cor-
responding to the abundance of illite, chlorite, quartz,
and other “‘primary’’ minerals (see the earlier discus-
sion). Note that most of the limestones of the unnamed
formation strongly differ from siliceous limestones in-
terbedded in basalt flows (i.e., Core 129). Only Sample
534A-120-1, 51 cm shows increased amounts of SiO,
and Mn, and correlative decreased amounts of TiO,,
Fe, Ni, Ca, and V linked to the clay fraction; this sam-
ple is also marked by high values of Sr (3.72%), prob-
ably due to the diagenetic precipitation of strontianite.

Cat Gap Formation

The geochemical heterogeneity of Oxfordian to Ti-
thonian sediments (Cores 110-93) resembles the one

identified in the unnamed formation, and results from
the selective precipitation of Mn in allochthonous lime-
stones, and the selective dissolution of Mn in reduced
claystones deposited in situ. The high amounts of Fe re-
covered in the claystones (low values of parameter D),
and the high concentrations of Mn in limestones (high
values of Mn*), together with abundant Zn (3000 ppm
in Core 105) and Cu contents, point to the vicinity of the
spreading center, allowing proximal influences of volca-
nism. The values of Zn suddenly decrease at the Kim-
meridgian/Tithonian boundary, and the Ni/Cu ratio
becomes higher than 1, suggesting a removal of the site
from the spreading center.

Some direct correspondences exist between the occur-
rences of allochthonous carbonates marked by variable
contents of Sr and the relative abundance of the ‘‘illite
group.’’ The latter being typically terrigenous and there-
fore of a North American origin, it is likely that the cal-
careous turbidites proceeded from reworking processes
on the continental margin rather than on the mid-ocean-
ic ridge.

Blake-Bahama Formation

The Tithonian to Valanginian part of this formation
spans Cores 92 to 52. Three main geochemical changes
occur along the sedimentary column, grading upward
from more calcareous to more argillaceous materials:
(1) the Fe content strongly decreases close to the Titho-
nian/Berriasian boundary, whereas Mn* values remain
relatively high and follow the carbonate fluctuations.
This change reflects the transition from a proximal to a
distal influence of the mid-oceanic ridge (Debrabant
and Foulon, 1979; Debrabant and Chamley, 1982).
(2) Near the transition from Berriasian to Valanginian,
Mn* values decrease, pointing to the disappearance of
the distal influence of the spreading center. The values
of parameter D are close to 0.60 from the Jurassic/Cre-
taceous boundary, which characterizes the terrigenous
influence on deep Atlantic sedimentation, typical of
most Mesozoic and Cenozoic environments. The progres-
sive development of claystones, marked by abundant
smectites, is clearly expressed, from the Valanginian up-
ward, by the progressive increase of Na,O/K,0 and
Al,0;/K,0 ratios. Minor relationships exist between the
maxima of these ratios and the higher contents of smec-
tites. (3) The passage of Mn* from positive to negative
values corresponds to the Neocomian development of
smectites, attributed to a tectonic relaxation and the
pedogenic clay formation on adjacent landmasses. This
change is contemporary with the decrease of calcareous
turbidites and detrital quartz. The upper part of the sed-
imentary column considered (upper Valanginian-Hau-
terivian, Cores 70-52) is marked by the higher geochem-
ical stability of the whole series and corresponds to fair-
ly high contents of organic matter, confined environ-
ments, lack of volcanic influence, and regular terrige-
nous supply. Note that the organic matter probably
determines the chemical complexion of Zn (abundant
from Core 67 upward), and that the dolomite occur-
rence at the middle to upper Valanginian transition cor-
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Figure 4. Hole 534A, inorganic geochemistry, compared to clay minerals data. (See the position of samples and other detailed data on Fig. 2.)




Table 1. Inorganic geochemical data, Hole 534A.
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Sample
(core-section,
cm from top of Si0; AhO3; Ca0 MgO NagO K0 TiOy P05  Fe Mn Zn L Ni Cr Sr Co Ca Ph ¥ Cor,
section) (%) () (%) (%) () (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) tnnm!)
31, 100 11.60 1.32  47.01 .51 051 021 005 0.43 221 458 It 28 34 1460 10 17 il 20
4-2, 100 50.33 BO3 1494 354 133 111 032 046 3.18 226 110 i 61 98 1215 3 3 25 90 1.25
7-4, 100 6.67 0.76 529 091 033 042 003 0.39 358 21 7 23 28 1394 12 12 b ] 10
10-2, 48 47.33 964 1539 33 1.3 1.28 035 0.23 i 205 110 B4 56 107 1099 5 41 n 100
12-1, 100 37.50 737 2693 213 1.0 093 025 020 2.54 326 84 43 46 B0 1041 12 s 3 70 1.48
14-1, 104 50.33 964 1529 209 1.37 1.26 035 0,19 318 216 100 58 50 12 847 k] 38 2 90 0.67
18-1, 50 13.00 302 4558 1.01 048 058 012 0.4 1.00 1510 47 17 41 25 878 16 28 40 40
20-1, 99 B2.60 6.21 065 088 1.20 168 017 0.19 2.68 580 68 28 27 69 442 3 iz 3 30
24-1, 100 70.17 1408 038 129 114 261 0.68 572 410 84 105 56 108 132 10 14 2 1 0.00
241, 132 5833  21.26 0.35 151 121 261 0.8] 9.61 736 121 184 104 109 163 2 29 31 160 0.00
25-1, 101 64.17 1625 0.52 146 1.8 250 0.74 8.11 221 152 82 60 9 263 18 7 26 110
27-2, 100 60.67 17.29 045 257 199 246 0.69 7.40 226 12} 45 71 116 Ex}] 2 50 26 120 0.45
28-1, 77 62.50  16.91 056 254 188 246 0O 7.15 295 105 45 69 111 158 19 62 20 130 0.83
291, 72 59.33 179 049 250 176 243 0T 7.40 263 163 53 9 107 305 19 T 2 160 1.61
31-1, 52 61.67 1540 045 1.0 200 237 0.65 722 184 95 kE] 116 105 526 3 58 13 130 0.77
32-1, 50 64.50 16,15 0.49 232 2106 216 0.68 6.43 195 268 32 45 o4 289 12 32 28 1o 0.12
341, 52 57.50 17.85 098 233 166 251 076 7.72 747 726 66 96 144 284 26 132 Ex) 200 1.BO
36-2, 28 62.17  17.67 0.63 213 176 266 075 &.08 463 116 56 54 115 284 16 9 29 110 0.12
7-1, 111 61,33 17.29 0.45 265 1.87 294 074 7.86 326 768 43 54 1 284 18 128 25 120
39-2, 60 63.33  16.53 0.59 274 186 2.4 073 T.15 237 905 38 58 123 a2 12 44 27 120 1.15
41-1, 100 63.17 1436 084 262 174 266 0.63 9.76 2370 _ 137 37 80 112 337 25 40 24 90
42-1, 99 66,33 13.41 0.45 241 1.79 228 058 7.68 247 B4 32 78 104 Erd| 2 50 24 80
44-2, 50 50.33 1587 658 263 162 282 070 7.40 889 763 62 66 155 558 2 40 26 160
46-1, 87 32.00 6.24 30.85 132 076 0% 026 0.08 2.54 242 473 3 36 52 615 1 87 in 70 0.90
47-1, 100 23.00 4.16 3648 .00 057 077 017 006 1.93 163 200 21 53 60 647 i1 13 is 70 368
49-2, 68 23.33 501 3575 .16 0.64 086 0.20 an 210 268 21 74 66 700 13 61 32 60 ER
504, 69 6.67 1.70 50.48 0.80 032 029 0.06 1.97 368 537 6 s 28 878 15 26 Ex] 20
52-1, 86 5000 13.04 10.81 253 137 226 054 5.40 226 605 59 59 114 647 21 42 3 120 127
54-1, 44 3367 1030 20.11 551 089 218 040 5.00 337 1220 58 51 90 1525 18 0 29 90 0.77
56-2, 40 26.67 7.56 31.87 211 0% 133 032 3.07 274 636 34 42 73 1136 i35 48 27 60 1.10
59-1, 57 4467 1341 1259 384 L)1 252 057 6.97 237 2975 56 B3 133 1525 26 30 b 100 0.63
61-2, 40 4650 1455 1067 352 .27 .60  0.67 7.68 321 1275 46 92 151 700 35 3 k)| 120 1.03
63-1, 99 36.67 11.05 20.18 307 1.4 209 047 5.90 305 700 L 55 o« 900 18 3 k1| 90 0.77
65-2, 42 4983 1474 9.06 323 134 238 0.64 6.58 216 1040 50 74 116 773 29 40 7 110 0.96
67-1, 138 49.50 1323 948  3.01 1.25  2.24 (.57 5.61 205 B3l 57 o9 118 T84 27 EE] 25 1o 2.57
68-2, 74 53.90 1495 532 355 140 249 0.63 5.93 231 142 67 86 140 573 30 50 20 120 1.12
70-3, 33 4540 12,04 1269 370 113 217 051 5.02 237 174 60 71 104 942 23 4 16 90 0.77
T1-4, 58 21.60 572 2780 420 059 1.4 0.23 3.82 622 121 35 53 62 616 24 41 44 17
72-3, 60 35.60 941 2186 229 104 163 045 4,16 247 210 45 65 97 710 25 69 23 B0 1.50
735, 73 26.20 6.15  30.19 1.56  0.61 1.08  0.26 2.80 20 88 36 41 82 660 18 57 40 44 2.05
74-1, 140 48.10  12.70 971 252 1.9 216 0.56 4.58 189 47 61 85 120 631 32 49 2% 90 0.47
75-6, T2 50.60 1378 1037 362 113 220 0.62 5.40 237 99 61 55 145 556 15 27 28 116
76-3, 48 5020 1239 1049 2.61 1,29 184 0.65 5.74 242 268 51 95 141 542 28 7 0 110 0.56
713, 7 4280 1236 1469 304 115 1.86  0.59 4.97 158 110 12 69 143 673 16 35 20 100
78-2,92 55.90  16.01 5.53 44 145 227 073 6.10 176 110 7 9 167 594 34 34 15 105
79-2, 53 23.30 5.85 3424 1.62 055 081 0.24 3.12 21 116 25 54 59 626 20 45 yr ! 50
BO-4, 20 4690 1211 1469 275 103 1.72  0.53 4.83 182 BE 64 65 137 512 23 40 29 105
81-3, 51 13.40 279 4167 080 028 044 004 1.3 195 95 12 28 40 515 12 29 25 0
82-1, 111 21.40 3193 3833 100 032 078 0.0 1.65 363 110 20 30 49 411 19 49 26 40 0.99
83-5, 107 28.80 727 30.64 1.61  0.6] 1.2 029 3.77 677 m 25 3 0 495 15 45 43 17
B4-2, 109 23.80 6,26 3442 135 047 102 021 2.40 426 74 24 38 65 589 19 46 20 60 0.77
B5-1, 110 35.20 B.37 2595 .71 0.66 113 037 2.96 440 72 35 54 97 490 32 63 40 66
B6-2, 98 13.30 230 4494 074 018 036 005 0.98 568 100 8 2 35 358 14 18 25 10
B8-3, 95 26.00 478 3447 .21 033 088 0.8 L.73 368 110 17 129 45 368 7 27 19 an
90-2, 8 15.60 228 4363 085 019 045 006 0.91 494 205 8 19 26 EED) 12 is 1 20
91-1, 101 36.50 7.84 2606 201 045 L71 033 wmnm 279 47 25 45 57 a3 21 32 a6 0
92-2, 132 2270 403 3763 112 027 075 013 1.56 473 B4 14 29 34 37 12 7 2 30
93-3, 12 30.00 6.90 2833 172 0.54 143 3 9.58 615 100 19 65 68 416 24 22 31 40
94-2, 106 41.75 10,39 1898 259 0.87 1.87  0.48 6.84 642 84 26 94 91 510 2 21 0 95
95-3, 56 43.90 1112 1673 245 092 192 047 5.14 2719 147 il 202 107 1389 107 34 27 70
96-3, 4 52.50 12,19 9.33 310 L16 206 0.60 7.64 268 84 an 114 12 626 38 11 26 110
97-1, 30 32.80 590 29.22 1.89 048 1.06 0.18 296 1715 216 19 &0 55 A36 pal 56 25 40
99-1, 59 41.70 9.90 1669 264 0.79 .70 0.34 468 1326 579 24 74 B3 638 21 65 2 80
100-1, 42 45.00 12.09 1381 33 098 219 055 8.25 421 89 28 99 98 778 9 10 2 121
101-1, 49 4200 1194 1587 283 094 204 048 B0 1005 726 30 103 94 636 30 b 21 70 0.00
102-3, 45 47.00 1049 1506 243 086 2.16 045 639 1115 79 29 a9 64 521 26 21 x 110
1031, 101 2370 620 3354 216 044 103 022 316 4000 143 17 49 40 832 16 63 26 50
104-1, 46 6000 109 828 282 0.8 1.84 0.50 5.57 208 68 a4 108 77 500 28 35 27 95
105-1, 122 5170 1393 978 2.9 085 269 0.57 6.16 384 3075 54 123 92 352 43 (2] 34 100
107-1, 68 34.50 409  30.86 130 027 083 0.16 1.79 526 105 21 2 45 274 12 18 26 40
108-1, 25 44.20 11,23 17.65 253 074 232 049 1.3 500 1315 3l B9 54 300 20 12 17 90
110,CC, 19 1670 333 4340 094 019 05 010 166 1357 79 [ 28 26 231 13 25 69 30
1121, 47 4400 11.05 1687 237 O0.68 238 060 7.61 610 79 17 LE] 60 384 36 2] 2 132
113.1, 20 3980 1131 20011 212 060 195 047 6.25 1080 226 20 40 42 337 12 2] 26 120
114-1, 90 5533 1417 507 274 108 237 088 10.37 326 200 20 62 110 95 19 64 19 120
115-1, 26 56.40 1376 544 259 1.3 227 0% 9.62 410 1150 18 216 N 341 73 74 28 120 0.00
117-1, 15 40,00 1046 1992 2.13 0.68 1.67  0.69 563 1120 74 17 72 63 337 46 106 23 120
1191, 113 40.10 964 1992 227 068 136 0.72 5.45 1560 121 18 58 42 442 29 72 23 120
120-1, 51 35.00 1,52 2454 069 0.0 024 0.04 1.57 3300 i) 13 19 18 37200 7 28 19 10
122-1, 147 3760 604 2280 143 036 116 027 250 2300 68 19 58 47 368 30 59 il 60
123-2,0 54.83 9,73 986 236 0.67 1,93 043 7.58 763 600 37 98 a5 200 ki 126 k)| 130
123-2, 108 6030 1082 531 206 071 219 0.50 .01 510 mns 34 n 86 184 30 280 21 130
124-1, 12 49.10 9.13 1569 1.83 057 192 0.36 527 1460 116 33 56 61 226 20 164 0 10
125-2, 19 4760 736 17.01 164 047 L4 033 564 2015 515 28 7 49 21 30 183 2% 120 1.35
125-4, 48 53.33 9.73 983 274 063 2.03 047 8.97 1120 300 38 72 B3 21 18 157 28 150 1.35
126-3, 49 53.10 1052 9.18 236 066 235 049 7.92 1295 174 36 63 108 205 27 153 26 170 2.44
127-1, 51 54.50 1046  9.02 2108 064 232 043 6.68 1775 110 30 88 69 200 n 7% 42 150
127-4, 0 5333 1096 9.76 319 073 245 049 8.94 1725 1294 52 54 B6 226 Ed 49 43 B0
1274, 08 4031 17.00 273 1138 LT3 046 1.08 18.16 1657 984 76 138 181 189 134 139 2 370
1274, 10 $6.40 10.50  7.57 313 0.66 231 0.48 8.76 1535 m 1 67 n 200 2 55 2 70
127,CC (1) 52.90 826 1345 260 0456 191 029 075 6.59 3425 36 50 139 182 189 110 140 10 370
127,CC (103 39.00 16,75 597 1.8 LTI 0.8 0.98 15.79 1940 163 29 62 56 184 32 73 24 60
129-1, 1188 47,00 1683 902 BS3 200 022 0.98 9.58 1275 147 12 99 168 231 80 137 20 380
Sed. 129-1, 140 4130 208 2748 279 0.4 027 nd 265 2060 42 25 n FE] 116 9 6 30 0
Sed. 129-1, 140 3100 0.83 3238 142 010 019 nd 5.54 6350 7 11 40 14 105 17 25 14 190
1291, 1408 47,20 1677 6.66 9.15 210 089 0.9 141 TS 105 19 72 168 263 31 6 16 350
1292, 778 47,70 1676  9.86 £.40 200 026 1.02 10.49 1260 10 0 97 17 237 68 136 23 380

Note: C‘,,s = organic carbon analyzed by pyrolysis; 8 = basalt; and sed. = sediments in basali.
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responds to local geochemical changes (i.e., MgO/
Al 05).

The Barremian part of the formation ranges from
Cores 50 to 46. Lithologically considered as a transition
facies between the Blake-Bahama and Hatteras forma-
tions, the Barremian claystones and limestones—chalk
alternations are geochemically well defined: carbonate
amounts are high (up to 90% CaCQO,), as well as those
of organic matter (3.7% C,,, in Sample 534A-47-1, 100
cm). The upper Barremian (Cores 47 and 46) indicates,
together with the strong increase of the ‘‘illite group,’’
the development of free silica and locally of phospha-
tizations, which supports the hypothesis of a tectonic
rejuvenation.

Hatteras and Plantagenet Formations

The middle to Upper Cretaceous carbonaceous clay-
stones of the Hatteras Formation are characterized by
the disappearance of CaCO; (cf., CaO, Fig. 4), due to
the strong shallowing of the carbonate compensation
depth. The environment remains reduced (Mn* < O)
and marked by variable amounts of organic matter
(peaks in Cores 39, 34, and 29), and locally high values
of Zn and Cu (Table 1). Note the rareness of organic
matter in some levels of the base of the formation, char-
acterized by local increase of Mn and Fe (Mn* > 0, D <
0.60); the cause is probably a decrease of the sedi-
mentation rate, inducing local oxidations of transition
elements.

The Maestrichtian variegated claystones of the Plan-
tagenet Formation show the lack of organic matter, de-
stroyed by the development of deep water exchanges, it-
self probably allowed by the ocean widening (Grow and
Sheridan, 1981; Sheridan, Gradstein, et al., this vol-
ume). Nevertheless, the newly formed oxidizing condi-
tions are not strong enough to determine the massive
precipitation of manganese oxides (Fig. 4), which dif-
fers from other DSDP sites in the western North Atlan-
tic at the same period (i.e., Site 105, Leg 11, Hollister et
al., 1972, and Site 387, Leg 43, Tucholke et al., 1979;
unpublished data). The important supply of kaolinite
and illite in the clay fraction is reflected by high values
of ALLO; (up to 21%), Fe,Os, and K,0, expressed by
several ratios: SiO,/Al,0;, Al,0,/K,0, Na,0/K,0
(Fig. 4). Mg amounts are low (i.e., MgO/Al,0,), in spite
of the occurrence of fibrous clays in small quantity, The
abundance of aluminum correlates to high values of Li
and Ti, which also characterizes the Upper Cretaceous
at Sites 105 and 387. The low content of Mn suggests
that Li and Ti do not result from the precipitation of
lithiophorite after alteration of birnessite (Taylor et al.,
1964; Dixon and Weed, 1977), but instead directly mark
the terrigenous kaolinite, as Ni probably does.

Bermuda Rise and Blake Ridge Formations

The Cenozoic series of Hole 534A are marked by in-
creased amounts of SiO,, whose origin differs according
to the period. During the Eocene (83% SiO, in Sample
534A-20-1, 99 cm), Si corresponds to the diagenetic de-
velopment of opal CT. During the Miocene, Si rather
expresses the highly detrital character of the deposit,
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marked by fast sedimentation rates and abundant re-
worked materials (Sheridan, Gradstein, et al., this vol-
ume).

The Miocene environment (Great Abaco Member of
the Blake Ridge Formation) is characterized by a reduc-
ing backround (Mn* < 0), homogeneous, fairly calcare-
ous (30% CaCO;), enriched in P, C,, (i.c., Sample
534A-12-1, 100 cm, 534A-4-2, 100 cm), poor in Mn and
Co, more magnesian and sodic than potassic, which cor-
responds to the noticeable amounts of fibrous clays
(palygorskite, sepiolite). This background is periodical-
ly interrupted by allochthonous calcareous intercala-
tions, more oxidizing (Mn* > 0), rich in CaCO; (95% in
Sample 534A-7-4, 100 cm), and corresponding to the
maxima of smectites, which could indicate a joined re-
working of calcareous and clayey upstream materials.
The Sr content of biogenic particles increases upward,
synchronously with the increased carbonate preserva-
tion. The dissolution of carbonates, increasing with in-
creased depth during the Miocene, probably occurred
close to the carbonate compensation depth, according
to the fairly high values of the Sr/CaO ratio (Maillot
and Robert, 1980).

CONCLUSION

The drilling of Hole 534A in the Blake-Bahama Basin
led to a remarkable record of Mesozoic and Cenozoic
sedimentary series, deposited above Callovian oceanic
basalt. The materials recovered permitted a more pre-
cise analysis and development of the lithostratigraphy
than had previously been established (Sheridan et al.,
1982). Shore-lab studies allowed the determination of a
clay mineralogical and geochemical stratigraphy, which
is tentatively interpreted in terms of paleoenvironmental
evolution.

Oceanic basalts, the geochemistry of which differs
according to the volcanic flow considered, are slightly in
situ altered in clay minerals, systematically represented
by highly crystallized smectites like tufts and boards.
The contact between basalt and sediments shows the hy-
drothermal formation of corrensite, which corresponds
to a very local metamorphism, affecting only a few cen-
timeters thickness of sediments above the basalt. Sili-
ceous limestones interbedded in basalt flows do not de-
pend significantly on volcanic or terrigenous influence.

The Callovian to Barremian sediments, correspond-
ing to the unnamed, Cat Gap, and Blake-Bahama for-
mations, yield different kinds of information about the
paleoenvironment. Whereas clay assemblages, from 10
cm above the last basalt flow upward, primarily reflect
the continental paleoenvironment, chemical elements
such as Fe and Mn chiefly express the influence of an in-
creasing distance from oceanic volcanic activity. Both
methods are, therefore, of a complementary significance.
Because at Site 534 clay diagenetic modifications linked
to the depth of burial or to particular lithologic facies
seem to be of very little importance, the clay minerals
are good reflections of the following land conditions:
hot average climate with contrasts in seasonal humidity;
tectonic relaxation periodically interrupted by the re-
activation of the margins following the main seafloor
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spreading stages (Callovian-early Oxfordian, middle-
late Oxfordian, Tithonian-early Berriasian, late Berria-
sian); immature continental morphology; and develop-
ment of carbonate platforms that interfered with the
supply of upstream detrital materials. The marine envi-
ronment is dominated by successive oxidizing and re-
ducing conditions for this time interval. The proximal
influence of the spreading center dominates until the Ti-
thonian; its distal influence dominates until the Berria-
sian/Valanginian boundary. From the Valanginian up-
ward, the chemical sedimentation is dominated by ter-
rigenous influences, as in most parts of the Atlantic
Ocean. The calcareous turbidites intercalated in reduced
sediments are primarily derived from more oxidized
areas, located on the continental side of the Blake-Baha-
ma Basin.

The Aptian to Maestrichtian sediments, including the
Hatteras and Plantagenet formations, correspond to
fairly more reducing conditions, with the carbonate com-
pensation depth above the site depth of deposition. Tec-
tonic rejuvenations occurred, as expressed by the clay
mineral stratigraphy, especially during the Maestrich-
tian, when deep oceanic circulations developed after the
definitive separation of American and European-Afri-
can continental domains and the opening of the south-
ern Labrador Sea. The long-distance transport of fine
detrital particles was extended on land and in the ocean,
and this transport affected minerals formed in pedogen-
ic and sedimentogenic conditions as different as kaolin-
ite (marked by Ti and Li), smectites, and fibrous clays.

Chiefly represented by Miocene sediments (Great
Abaco Member of the Blake Ridge Formation), but also
by Eocene zeolitic clays (Bermuda Rise Formation) and
Pleistocene mud (Site 391, located close to Site 534), the
Cenozoic sediments correspond again to more reduced
conditions, with periodical intercalations of allochtho-
nous and oxidized carbonates, and to a location close to
the CCD. The clay stratigraphy expresses the world
cooling and humidification initiated after the Eocene,
and developed step by step until the Pleistocene, as well
as the massive development of Miocene perimarine ba-
sins where fibrous clays were formed and periodically
reworked toward the open ocean.
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CLAY MINERALOGY AND INORGANIC GEOCHEMICAL STRATIGRAPHY

5
1T um 1 um
Plate 1. 1-2. Sample 534A-4-2, 100 cm. Early Miocene, Great Abaco Member, Blake Ridge Formation. (Sepiolite short and often bundled fibers,
blurred smectites, few illite and kaolinite sheets, radiolarian debris.) 3-5. Sample 534A-24-1, 32 cm. Early Maestrichtian, Plantagenet Forma-
tion. (Abundant kaolinite hexagons and well-shaped illite sheets, smectite with blurred contours, scarce short to long fibers of palygorskite and
sepiolite.) 6. Sample 534A-35-2, 120 cm. Middle Albian, Hatteras Formation. (Abundant illite and smectite, kaolinite hexagonal sheets.)
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5 [ _—=-] 6
1 um 1 um
Plate 2. 1. Sample 534A-76-3, 48 cm. Early Valanginian, Blake-Bahama Formation. (Abundant smectite blurred particles, presence of noticeable
amounts of broken and short fibers of palygorskite.) 2. Sample 534A-91-1, 101 cm. Early Berriasian, Blake-Bahama Formation. (Smectite
abundant, illite in noticeable amounts, few fibers.) 3-4. Sample 534A-119-1, 113 cm. Callovian-Oxfordian, ‘“‘unnamed”’ formation. (Abun-
dant smectite sheets with blurred contours, few illite particles.) 5-6. Sample 534A-127-1, 51 cm. Callovian, ‘“‘unnamed’’ formation. (Well-
shaped and abundant illite and chlorite, small particles of irregular mixed layers and smectite with blurred contours, few kaolinite hexagons, very
few fibers.)

450



CLAY MINERALOGY AND INORGANIC GEOCHEMICAL STRATIGRAPHY

5 6 SR
1 um 1pm
Plate 3. 1-3. Sample 534A-127,CC (10 cm). Callovian. (Precise contact between basalt and sediment. Corrensite [regular chlorite-smectite mixed
layer] as refringent, well-shaped, and diversely sized sheets.) 4-6. Sample 534A-128-1, 88 cm. (Weakly altered basalt. Authigenic smectite as
tufts or broad boards.)
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