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ABSTRACT

The Upper Cretaceous and Cenozoic facies along the distal con-
tinental margin to the west of Portugal at Site 398 includes deposits
of mass-gravity flows and the suspended-sediment regime. The de-
posits record the interplay of fine-grained sediment deposition, bot-
tom currents, mass-gravity flows, physical oceanography, and tec-
tonic activity. This continental margin is a passive type where depo-
sition is characterized by a predominance of sediments which origi-
nated from differential pelagic settling processes. Deposits from sus-
pensates grade from carbonate-rich pelagic deposits, to calcareous
poor hemipelagic deposits, to carbonate-free claystones. The distri-
bution of these three main sediment types is controlled primarily by
terrigenous dilution, dissolution of calcareous components, and bot-
tom currents. Turbiditic deposits are a ubiquitous lithofacies com-
ponent of the stratigraphic section, but are more important in the
lower Cenozoic than in the other stratigraphic intervals. Deposits of
slumps, debris, and mud flows are well represented in some core
sections, but are volumetrically less important compared to the
other lithofacies.

Two facies associations, based on petrologic and structural char-
acteristics, represent distinct natural lithologic affinities. A rhythmic
association consists of alternating turbiditic and pelagic sediments.
Each rhythm is composed of turbiditic and pelagic divisions, and
represents deposition by a turbidity flow of local importance. De-
posits of slumps, debris, and mud flows are also present in this fa-
cies association. A cyclic association consists of alternating beds of
carbonate-rich pelagic deposits and carbonate-poor hemipelagic de-
posits. Base cut-out turbiditic sequences are irregularly distributed
throughout this association. At Site 398, the lower carbonate-poor
division of the cycle results from increased terrigenous dilution, as-
sociated with a minor loss of calcite through dissolution. The car-
bonate cycles reflect major changes of the environmental conditions
associated with deposition. In contrast to the deposits of the rhyth-
mic association, the carbonate cycles might be correlated along ex-
tensive areas of the continental margin.

The vertical stratigraphic succession at Site 398 is characterized
by five facies units: (a) Unit 1 (Upper Cretaceous-Paleocene) is a
pelagic facies which developed near or below the carbonate com-
pensation depth; (b) Unit 2 (Paleocene-early Miocene) represents
the rhythmic facies association and reflects a major influx of clastic
sediments off the continental margin; (c) and (d) Units 3 and 4
(Miocene) are transitional facies between the rhythmic and the cy-
clic facies associations; and (e) Unit 5 (Pliocene-Pleistocene) is a
carbonate cycle which records climatic and eustatic changes during
the Quaternary.

INTRODUCTION gal on the western flank of a deep trough. The trough,
trending northeast-southwest across the slope and con-

Site 398 is located on the lower continental rise in a tinental rise between the Iberian Peninsula and Vigo
small bathyal platform, at a water depth of 3910 me- Seamount, at present precludes major access of sedi-
ters on the southern margin of Vigo Seamount (Figure ment input from the continent to Site 398. This region
1). The site was drilled 200 km off the coast of Portu- belongs to the passive continental margin province of
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Figure 1. Map of North Atlantic continental margin off
Portugal showing DSDP Site 398 (depth in m).

the eastern North Atlantic and was selected for deep
drilling because of the general absence of thick off-
shore delta deposits.

Tectonically, passive margins (except during their
youthful history) are generally characterized by wide
shelves, prograding slopes of moderate gradient and
wide, laterally extensive continental rise wedges of de-
posits (cf. Inman and Nordstrom, 1971; Kelling and
Stanley, 1976). The continental rise province of passive
margins is mainly depositional. It has fairly smooth, or
gently undulating, seaward sloping aprons, with sub-
marine fans, fan valleys, and associated subenviron-
ments. Continental rises (Shepard and Dill, 1966) are
generally considered to have been produced by the co-
alescence and superimposition of adjacent fans. How-
ever, the western North Atlantic continental rise, has
been ascribed largely to sedimentation and molding by
deep, contour-following geostrophic currents (Heezen
and Hollister, 1971; Hollister and Heezen, 1972). Fine-
grained hemipelagic deposits, turbidites, large gravity
slide, and slumps masses also contribute to the devel-
opment of the base-of-slope province (Emery et al.,
1970; Kelling and Stanley, 1976; Embley, 1976).

The purpose of this study is to define, based on de-
tailed compositional, textural, and structural analysis,
the plexus of sedimentary types and facies associations
that form the Cenozoic and Upper Cretaceous section.
The vertical evolution of sediment types at Site 398 re-
flects changes in sediment transport mechanisms and
processes that have occurred during the Cenozoic up-
building at the base of slope province of a passive type
continental margin.

METHODS OF STUDY

Shipboard procedures included the construction of a
detailed lithologic log of sediment types and of all visi-
ble sedimentary structures. Smear slides were exam-
ined aboard ship of each major lithologic type present
in the cores. Selected core sections were chosen for
X-radiography (DSDP East Coast Repository), and
close-up photographs were taken of the most character-
istic deposits.

A total of 125 samples and 5 oriented slices of the
upper Mesozoic and Cenozoic sections was taken for
post-cruise petrographic analysis. The 81 samples de-
scribed in detail here were selected on the basis of their
relative frequency in the cores investigated, and their
representativeness of each major lithology. Long slices
of sediment were imbedded in resin (POLY 32032),
then cut with a diamond saw and X-radiographed.

The descriptive parameters used to define the sedi-
ment types in this paper include: total carbonate con-
tent, texture, components of the sand fraction, calcare-
ous nannofossil abundance and preservation, and sedi-
mentary structures. The size fraction larger than 63 µm
was separated by wet sieving and its composition de-
termined by counting 400 to 500 grains. Ten categories
were used to summarize the composition of the sand
fraction. These included: planktonic foraminifers, ben-
thic foraminifers, foraminiferal fragments, mollusk
shells, radiolarians, other invertebrates and plant de-
bris, pyrite, mica, minerals, and other non-biogenic
components. The result of the counts were recorded as
the benthic to planktonic foraminifer ratio (B/P), test
fragments to whole planktonic foraminifer ratio (F/
W), and the terrigenous to biogenic ratio (T/B); pyrite
was not included in the latter group because of the un-
certainty of its biogenic or terrigenous origin.

Differential solution susceptibilities of planktonic
foraminifers, foraminiferal test fragmentation, benthic
foraminiferal abundance, and calcium carbonate con-
centration have often been used to delineate changes in
the intensity of carbonate dissolution (Berger, 1973;
Thompson and Saito, 1974; Gardner, 1975; Thunell,
1976a, b). Multivariate analysis of deep-sea sediments
from the Gulf of Mexico has demonstrated that the
F/W and B/P ratios are probably the best indices for
monitoring changes in dissolution intensity (Thunell,
1976b).

In this study, a composite foraminiferal dissolution
index was determined from sample points plotted at
logarithmic scales in a F/W-B/P diagram (Figure 2).
On the basis of the distribution of the upper Cenozoic
sediments, four main classes were distinguished on the
diagram by diagonal lines (F/W) × (B/P) at 10"2, 10"1,
10°, and 101. Class A correspond to the best preserved
samples; classes B, C, and D are listed in order of in-
creased dissolution. Each class was subdivided into two
subclasses (A to Dλ and A2 to D2) by a perpendicular
line to the diagonal lines, which separates the plotted
sediment into two main groups (Figure 2A). Sediments
without foraminiferal components or falling beyond
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F/W

Figure 2. Plots of compositional parameters of the foraminiferal assemblages in the sand f>63 µm) fraction. The benthic to
planktonic foraminifers (B/P) ratio and the test fragments to whole planktonic foraminifers (T/W) ratio are plotted log-
arithmically for each sample. Diagram used to define a composite dissolution index. On the basis of samples distribution
in diagram A (Cores 398-2 to 398D-8), four main classes are distinguished. Class A corresponds to the best preserved sam-
ples; Classes B, C, and D are listed in order of increased dissolution. Samples without foraminifers or plotted towards the
edges of the diagram are attributed to another class (O). Lines (F/W) (B/P) = 10~2, = 10~l, = 10^, and = 10^ separate the
four classes. A line perpendicular to the above lines, which separate the plotted sediments in diagram A into two main
groups, subdivide each class into two subclasses (Al to Dl, and A2 to D2). (A) Cores 398-2 to 398D-8: 1 and 2, pelagic
deposits; 3 and 4, hemipelagic deposits; 5, turbiditic mud; 6, turbiditic silt and sand; 7, bottom-winnowed deposits. (B)
Cores 398D-9 to 398D-56; 1, 2, 3, and 4, deposits of differential pelagic settling; 5, turbiditic mud; 6, turbiditic silt; 7,
turbiditic sand; 8, slump deposits.

the above subclasses are ascribed to another subclass
(0).

The silt and clay fraction was investigated with an
SEM. A smear slide of the total sediment was placed
on a metal specimen plug and coated with platinum or
gold. The sample was systematically examined with a
Cambridge Instrument Stereoscan at low magnification
(100 × to 500 ×) for rapid inventory of the fossil and
detrital assemblages, and at high magnification
(2000 × to 5000 ×) for analysis of the calcareous nan-
nofossil assemblages. Calcareous nannoplankton disso-
lution was recorded on a preservation scale from - 1 to
- 5 as described by Blechschmidt (1976). The best-pre-
served samples found at Site 398 were classified as In-
dex 0. Abundance estimates of nannofossils were tabu-
lated as the number of nannofossil specimens per field
of view in a SEM photograph at a magnification of
2000×.

Sediment texture was analyzed using sedimentation
and hydrometer measurements for the fine fractions

and mechanical sieving for particles larger than 40 µm.
A PL/I computer program was used for the calculation
of the grain-size distribution and statistical parameters
(Maldonado et al., 1973).

The data used to construct the figures in this paper
are summarized in Tables 1 and 2, and listed in Appen-
dices A, B, and C.

MAJOR SEDIMENT TYPES AND
DEPOSITIONAL PROCESSES

Shipboard core examination and X-ray radiography
analysis of minor sedimentary structures, coupled with
the petrographic analysis of sediment types, show that
the main sedimentary processes during the Cenozoic at
Site 398 consist of a combination of differential pelagic
settling, bottom currents, turbidity currents, and other
mass gravity processes (cf. Bouma, 1964, 1975; Huang
and Goodell, 1970; Rupke and Stanley, 1974; Maldo-
nado and Stanley, 1976a, b). Sediments within these
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TABLE 1
Compositional and Textural Characteristics of Sediment Types, Cores 398-2 to 398D-8

Sediment
Type

1

2

3
4

5

6

7

CaCO3

>IO

40-70

17-50
4-15

20-70

8-40

45-80

Per Cent

Sand

4-7

<8

<3
<5

<4

6->l 1

<7
(38)

Silt

20-45

17-48

30-40
20-55

32-40

51->62

38-48
(46)

Clay

55-70

49-80

55-67
40-75

54-70

<27-43

45-65
(15)

Sand
Preserv.

A2-C2

A-B(C2)

B-C
C

B-Cj

Bj

B-C-D

Fraction

T/B

<0.01-0.05
(1)
<0.01-0.2

0.05-2.0
1.4

0.01-4

0.5->13

0.03-0.1
(3.5)

Nannofossils

Preserv.

0-2

1-2
(0)
1-2
1-3

2(1)

1-2

0-2

Abund.

> 60(45)

18->60

7-22
<5

20-35

12-30

15-28

Type

Silty clay

Silty clay

Silty clay
Silty clay to
clayey silt
Silty clay

Clayey silt to
sandy silt
Silty clay,
clayey silt,
sandy silt

Texture

C(µm)

40-300

40-300

70-100
35-80

38-95
(270)
80->130

38-90

M(jura)

2-4

1.4-4

1.4-2.8
1-7

1.6-3.2

5->ll

2-4.5
(42)

op

1.2-2.3

1.7-2.8

1.7->4
2-3

1.5-2
(4.5)
3-3.5

1.4-2.2

ap

-0.1-0.4

-0.2-0.2

0.14-0.5
0.05-0.25

-0.21-0.45

0.3-0.5

0-0.4
(0.6)

Note:

Symbol
Sed.

Type Description

O 1 Pelagic biogenic nannofossil to foraminifer-nannofossil ooze and chalk, light bluish white (5B9/1 - N8 - N9)

ü 2 Transitional biogenic marly nannofossil, marly nannofossil-foraminiferal to marly foraminifer-nannofossil ooze and chalk
white, light bluish gray, light gray (N7 -5ß9 / l -5Y7/1)

D 3 Transitional biogenic and terrigenous marly nannofossil (or foraminiferal) ooze to nannofossil (or foraminiferal) mud (silty clay)

light olive-gray, yellowish olive-gray, to dark greenish gray (5Y5/2 - 5Y7/2 - 5B7/1 - 5G5/1)

A 4 Calcareous terrigenous mud (silty clay or clayey silt) light olive-gray (5Y5/2)

×O ' 5 Transitional biogenic to terrigenous nannofossil ooze, marly nannofossil ooze, marly ooze, calcareous mud greenish gray, light
olive-gray (5GY6/1 -5GY2/1 -5Y5/2)

Φ 6 Transitional biogenic to terrigenous marly nannofossil ooze (clayey silt), to quartzose terrigenous silt (sandy silt) light olive-
gray (5Y5/2)

® 7 Pelagic biogenic foraminiferal nannofossil ooze and chalk yellowish gray, light gray, and gray (5Y^/2 - 5Y6/1)x ε á 2

TABLE 2
Compositional and Textural Characteristics of Sediment Types, Cores 398D-9 to 398D-56

Sediment
Type

1
2
3
4

5
6

7

8

CaCO3

16-22
<15
54-69
14-56

29-74
14-26

23-68

72

Per Cent
Sand

<2.6
<l . l
<2
<2(6)

<2
3-14

13-65

1

Süt

20-48
21-34
42-45
15-48

25-47
40-70

18-48

53

Clay

50-85
66-78
53-57
51-85

52-73'
17-57

2-50

46

Sand Fraction
Preserv.

O-C2-D1

C-Dj(O)
Bi-Q-D^O)

BJ-CJ-DI(O)

B-C-D

Cl

T/B

0.25-11
0.6->40
0.5-10
0.5-5

0.3-22
0.5-30

0.13-1.1

0.5

Nannofossils
Preserv.

3-5
4-5
1-2
2-4

2-3
2-4

1-3

2

Abund.

<4
<l
14-35
2-6(32)

2-13
<IO

2-19

28

Type

Silty clay
Silty clay
Silty clay
Silty clay

Silty clay
Clayey silt

Clayey silt
Clayey sand
Silty sand
Clayey silt

C(µm)

38-100
35-65
38-65
30-70
(240)
36-85
70-140

95-220

71

Texture

M(µm)

0.02-4
0.1-1.3
3-4
0.4-4

0.9-5
3-8

4-165

4

op

>2.4
>4.5
1.3-1.7
>2.1

1.6-3.8
1.8-3.1

1.4->4.5

1.4

ap

0.2-0.4
0.3-0.45
<-0.5-0.1
O.O5->0.5

0.05-0.45
0-0.13
K-0.5)
-0.15->0.5

0.15

Note:

Sed.
Symbol Type Description

Δ f 1 Calcareous mudstone greenish gray, dusky grayish green (5G7/1 - 5GY6/1 - 10GY5/2)

2 Quartzose mudstone to claystone yellowish red and reddish yellow (5YR5/6 - 10YR7/3)

3 Transitional biogenic marly nannofossil (foraminiferal) chalk white bluish (N9 - 5ß9/l)

D ' 4 Zeolitic mudstone, calcareous mudstone to marly nannofossil (foraminiferal) chalk olive-gray, pale brown, brown (5Y5/1 - 10YR5/3
-5YR4/4)

0 f 5 Nanno (foram) chalk, marly nannofossil chalk, siliceous nannofossil (foraminiferal) mudstone greenish gray, olive-gray, dusky yellow
green (5G6/1 - 5Y5/1 - 5GY5/2)

Φ 6 Siliceous nannofossil mudstone, to siliceous calcareous quartz siltstone greenish gray, dusky yellow green, light bluish gray (5GY6/1 -
10Y5/2-5G7/1 -5B7/1)

7 Siliceous-calcareous-quartz silty sandstone, calcareous silty sandstone, siliceous foraminiferal-nannofossil sandy mudstone, bluish
white greenish gray, pale olive (5ß9/l -5GY5/1 -5G6/1 - 10Y5/2)

8 Nannofossil-foraminiferal chalk multicolored greenish gray, light bluish gray, pale olive (5G6/1 - 5GY6/1 - 5B7/1 - 5 Y7/2)
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four genetic types, described below, are defined on the
basis of compositional and textural parameters.

The upper Cenozoic section is characterized by fine-
grained sediments (usually silty-clay and less fre-
quently clayey-silt) consisting generally of thick to very
thick carbonate-rich (>50% CaCO3) pelagic biogenic
ooze and chalk beds that alternate with thick carbon-
ate-poor (less than 50% of total carbonate content) ter-
rigenous and transitional biogenic sediment beds. The
lower Cenozoic and Upper Cretaceous section (below
Core 398D-8) is composed of relatively abundant thin
terrigenous or calcareous silty and sandy beds, medium
to thick mudstone beds (with less than 50% total car-
bonate content), and subordinate amounts of pebbly
mudstone and slump deposits.

Figures 2 through 8 are ternary and bivariant plots
of the studied samples, summarizing the variations of
composition and texture. Samples from Cores 398-2 to
398D-8 of the upper Cenozoic are represented in the A

diagrams of Figures 2 through 8. The B diagrams con-
tain samples from Core 398D-9 to the first section of
Core 398D-56, i.e., lower Cenozoic and Upper Creta-
ceous.

Sediments From Differential Pelagic Settling

Upper Cenozoic

Sediments attributed to differential pelagic settling
are the most abundant deposits of the upper Cenozoic
section. These are structurally momogeneous deposits
and bioturbation is the only type of sedimentary struc-
ture commonly observed. Light specks dispersed in the
fine matrix, produced by large numbers of biogenic
tests (mostly foraminifers and radiolarians), are also
seen in the X-radiographs.

The four sediment types recognized in this group
form the following continuous spectrum grading: from
(1) light-colored pelagic biogenic nannofossil ooze and

CARBONATE
A

SAND SILT + CLAY SILT + CLAY

Figure 3. Compositional plots of selected bulk samples from Site 398. (A) Cores 398-2 to 398D-8: 1 and 2, pelagic deposits;
3 and 4, hemipelagic deposits; 5, turbiditic mud; 6, turbiditic silt and sand; 7, bottom-winnowed deposits. (B) Cores
398D-9 to 398D-56: 1,2,3, and 4, deposits of differential pelagic settling; 5, turbiditic mud; 6, turbiditic silt; 7, turbiditic
sand; 8, slump deposits.

377



A. MALDONADO

SAND 50 SILT SILT
Figure 4. Textural plots of selected samples from Site 398. (A) Cores 398-2 to 398D-8: 1 and 2, pelagic deposits; 3 and 4,

hemipelagic deposits; 5, turbiditic mud; 6, turbiditic silt and sand; 7, bottom-winnowed deposits. (B) Cores 398D-9 to
398D-56: 1, 2, 3, and 4, deposits of differential pelagic settling; 5, turbiditic mud; 6, turbiditic silt; 7, turbiditic sand;
8, slump deposits.

chalk, to (2) transitional biogenic ooze and chalk, to
(3) transitional biogenic and terrigenous ooze and
mud, to (4) olive-gray calcareous terrigenous mud and
mudstone (Types 1 to 4 in Table 1, Figures 3A and
4A). Total carbonate content in these sediment types
varies from between more than 70 per cent for Type 1
to less than 15 per cent for Type 4. Types 1 and 2 are
considered to be pelagic deposits, although they con-
tain some terrigenous material; Types 3 and 4 are he-
mipelagic deposits (Gary et al., 1973).

Foraminiferal assemblages of the pelagic biogenic
sediments are usually well preserved (dissolution Index
A2), but some samples show the effect of dissolution
(Index C2, Figure 2A). The assemblages in the calcare-
ous terrigenous mud have a slightly poorer preserva-
tion (dissolution Index C). The terrigenous to biogenic
ratios of the sand fraction increase in value from the
biogenic to the terrigenous sediment types. No correla-
tion is observed between total carbonate of the bulk
sample and terrigenous content of the sand fraction
(Table 1, Figure 5A).

The same patterns are observed in the calcareous
nannofossil assemblages, which generally show higher
abundance and better preservation in the pelagic bio-
genic sediments than in the calcareous terrigenous sedi-
ments (Table 1; Figure 6A; Plate 1, Figures 4, 7, 8,
and 9).

Pelagic sediments are characterized by a rather lim-
ited range of median size (cumulative 50% diameter =
M) values, generally ranging between 1 and 4 µm, and
a greater variation of centilo (cumulative 1% diameter
= C) values (30 to 300 µm) as result of the planktonic
foraminifer content. These sediments are scattered in a
broad pattern parallel to C (Figure 7A) in the CM dia-
gram (Passega, 1957; Passega and Byramjee, 1969).
They are interpreted as being deposits from "pelagic"
(cf. Passega, 1957) and the finest uniform suspensions.
Calcareous terrigenous sediments of this group are
mixtures of varying amounts of detrital lutite and bio-
genic tests; the highly variable amounts of detrital par-
ticles in this sediment type are reflected by poorer sort-
ing and generally greater positive skewness than for
the biogenic sediments (Table 1, Figure 8A).

Lower Cenozoic and Upper Cretaceous
Lower Cenozoic and Upper Cretaceous sediments

attributed to pelagic settling are subdivided into four
types: (1) calcareous mudstone, (2) quartzose mud-
stone to claystone, (3) transitional biogenic marly chalk,
and (4) zeolitic mudstone (Types 1 to 4 in Table 2).
Total carbonate content varies between 54 and 69 per
cent in Type 3 to less than 15 per cent in Type 2. Pe-
lagic biogenic and calcareous terrigenous sediments
(Types 1 and 4 in Table 1) are absent in this facies.
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Figure 5. Compositional plots showing per cent of total carbonate (% CaCθ3) in the bulk sediment and the terrigenous to bio-
genie (TIB) ratio in the sand (>63 µm) fraction. Sediment types characterized by calcareous dissolution or terrigenous
dilution tend to be distributed toward the upper left corner of the diagram. (A) Cores 398-2 to 398D-8: 1 and 2, pelagic
deposits; 3 and 4, hemipelagic deposits; 5, turbiditic mud; 6, turbiditic silt and sand; 7, bottom-winnowed deposits.
(B) Cores 398D-9 to 398D-56: 1, 2, 3, and 4, deposits of differential pelagic settling; 5, turbiditic mud; 6, turbiditic silt;
7, turbiditic sand; 8, slump deposits.

The mudstone and claystone Type 2, defined by the
abundance of quartz and generally high T/B ratio, ex-
tends from Core 398D-32 to the top section of Core
398D-56. Greenish gray calcareous mudstone of this
group (Type 1; Plate 2, Figure 8) is a diagenetic deriv-
ative of the pale-brown zeolitic mudstone (Type 4;
Plate 2, Figure 9). The former results from post-depo-
sitional bacterial and burrowing activity, as well as dis-
solution of the calcareous components, due to the de-
velopment of temporary reducing conditions in the in-
terstitial waters (see Lithostratigraphy Chapter, this
volume). These conditions were created by the super-
imposition of overlying, more organic-rich turbiditic
deposits which may have led to an increase of bacterial
and burrowing activity.

Foraminiferal dissolution indices are generally high
and calcareous nannoplankton assemblages show vari-
able effects of dissolution (Table 2; Figures 2B and 6B;
Plate 2, Figures 7, 8, 9, 10, 12, and 13). The general
pattern observed is better preservation and abundance
for sediment types with higher average total carbonate
content. Moreover, carbonate-rich sediments display
coarser grain size and lower terrigenous ratios than car-
bonate-poor sediments (Figures 3B and 5B).

Pelagic sediments of the lower Cenozoic interval are
plotted as a pattern parallel to M in the CM diagram,
at about C = 40 µm (Figure 7B). These sediments are
interpreted as deposits of pelagic suspensions (cf. Pas-
sega and Byramjee, 1969). The transitional biogenic
sediment type has negative or slightly positive skew-
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Figure 6. P/ofs of abundance (number of nannofossils specimen in a SEM at 2000× magnifications) and preservation (scale
0 to -5, in order of decreasing preservation) of the calcareous nannofossils. Diagrams shown in Figures 2, 5, and 6 serve to
delineate terrigenous dilution and carbonate dissolution processes. (A) Cores 398-2 to 398D-8: 1 and 2, pelagic deposits;
3 and 4, hemipelagic deposits; 5, turbiditic mud; 6, turbiditic silt and sand; 7, bottom-winnowed deposits. (B) Cores
398-2 to 398D-56: 1, 2, 3, and 4, deposits of differential pelagic settling; 5, turbiditic mud; 6, turbiditic silt; 7, turbiditic
sand; 8, slump deposits.

ness, while the claystone type shows very positive
skewness (Table 2, Figure 8B).

Dilution, Dissolution, and Bottom Current Processes

Sample points of the upper Cenozoic sediments
from the suspended sediment regime, with the excep-
tion of the calcareous terrigenous mud (Type 4), that
are plotted in the F/W-B/P diagram tend to correlate
by a regression line of the type (F/W) × (B/P)ai =
ao (Figure 2A). This correlation may indicate that dis-
solution is the primary factor controlling value varia-
tions for the foraminiferal dissolution indexes of the
pelagic deposits. That is, increased dissolution would
result in proportionally higher F/W and B/P ratios.
However, dynamic processes, such as bottom currents,
and fluctuations in the influx rate of organic-rich terri-
genous detritus may have also played a significant role
in the observed compositional variations of this sedi-
ment group.

Other parameters, such as texture, help to define the
relative influence of these dynamic factors and of detri-
tal dilution. The analysis of pelagic deposits (Types 1
and 2) reveals that an increase in median diameter
generally correlates with greater positive skewness (Ta-
ble 1, dashed line in Figure 8A). An increase in bottom

current activity would produce this result by winnow-
ing fines and changing the skewness from negative to
positive; i.e., dashed line in Figure 8A (cf. Huang and
Watkins, 1977). As for dissolution processes, increases
in bottom current activity would also be reflected in the
foraminiferal indexes by higher F/W ratios, due to
breaking of both benthic and planktonic foraminifers,
and by higher B/P ratios, because of selective transport
of planktonic foraminifers.

Hemipelagic deposits (Types 3 and 4) display the
opposite textural relationship, as well as a greater
range of sorting values than for pelagic deposits (Table
1, double dotted-dashed line in Figure 8A). However,
no significant differences are observed between forami-
niferal dissolution indexes of pelagic and hemipelagic
deposits, although the latter are generally less pre-
served. On the contrary, the T/B ratios in the sand
fraction and nannofossils abundance in the fine-
grained fraction, are evidence for much greater propor-
tions of detrital particles in the hemipelagic than in the
pelagic deposits. Thus, the textural and compositional
characteristics of the calcareous-terrigenous sediment
types are attributed to an enhanced input of detrital
particles as well as to some dissolution of the calcare-
ous components.
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Figure 7. CM fC, centilo or cumulative 1% diameter; M, median, or cumulative 50% diameter) diagrams of selected samples
from Site 398. (A) Cores 398-2 to 398D-8: 1 and 2, pelagic deposits; 3 and 4, hemipelagic deposits; 5, turbiditic mud;
6, turbiditic silt and sand; 7, bottom-winnowed deposits. (B) Cores 398D-9 to 398D-56: 1, 2, 3, and 4, deposits of differen-
tial pelagic settling; 5, turbiditic mud; 6, turbiditic silt; 7, turbiditic sand; 8, slump deposits.

Dissolution processes are better developed in depos-
its from suspensates of the lower Cenozoic and Upper
Cretaceous. The observed distribution of grain-size pa-
rameters from these pelagic sediments results from the
limited size range of detrital particles and from the
marked dissolution of the calcareous components. The
skewness changes from negative to positive, the sorting
becomes poorer, and the median grain-size decreases
as dissolution of the calcareous components (foramini-
fers and nannofossils) increases (solid line in Figure
8B).

Previous discussion showed that a slight increase in
bottom current activity develops the opposite trends in
pelagic deposits of the upper Cenozoic segment. More-
over, the effect of dissolution on the grain-size parame-
ters of pelagic sediments is similar to that of dilution
by detrital lutite but in the opposite direction; i.e., in-
crease dissolution develops deposits with a finer me-
dian size and more positive skewness, while enhanced
input of detrital lutite results in coarser deposits with
more symmetrical skewness (compare double dotted-
dashed line in Figure 8A and solid line in Figure 8B)
In either case, the calcareous assemblages show
marked differences in preservation, which makes possi-
ble the differentiation of one process from the other
(see Plate 1, Figure 4 and 9; Plate 2, Figures 12 and
13). Examples of these three processes (dilution, disso-
lution, and bottom current activity) exist in the differ-
ent types of deposits from differential pelagic settling
represented in Figure 8.

Winnowed Sediments

Sediments deposited by contour-following bottom
currents (contourite) have been extensively described
in piston cores from the continental rise (Heezen and
Hollister, 1971; Hollister and Heezen, 1972; Bouma
and Hollister, 1973). Contourites are defined as sedi-
ments deposited by a relatively clean and slow moving

contour following bottom circulation (Bouma and Hol-
lister, 1973).

A few cores from Hole 398, containing relatively
thin beds of multicolored oozes and chalks that are
wavy or parallel laminated, were attributed to bottom
current activity (Plate 1, Figure 2). These laminated sed-
iments are distinctive from some classical contourites
because: (1) they lack a noticeable terrigenous frac-
tion; (b) their texture is usually silty clay and seldom
clayey silt or sandy silt, and (c) cross-laminations or
grading are generally absent. Occasionally some thin,
ripple-laminated, terrigenous layers composed primar-
ily of pyrite, glauconite, and biogenic tests are ob-
served in these intervals. These deposits are more simi-
lar to classical contourites than to the products of other
transport mechanisms, but they could be interpreted as
placer and winnowed deposits produced by currents
sweeping the bottom.

The laminated beds are usually unburrowed. In con-
trast, the interbedded pelagic sediments display intense
bioturbation, with Zoophycos, Helminthoides, Mycellia,
Chondrites, and some composite burrows. Basal con-
tacts of the laminated beds are either gradational or
sharp. Sharp basal contacts reflect noticeable bottom
current activity which has removed sediment deposited
earlier. This activity also seems to have affected the up-
per several centimeters of the underlying plastic sedi-
ments, as evidenced by stretching and overturning of
burrows, and by microfaulting.

Total carbonate content is usually high (above 70%)
but decreases sharply, paralleling the increase in me-
dian size (Type 7 in Table 1, Figure 3A). Sediment
texture ranges from silty clay (most abundant) to
sandy silt (Figure 4A). Foraminiferal assemblages
show the effect of dissolution and transportation (Fig-
ure 2A). The terrigenous to biogenic ratio is low for the
fine-grained deposits and relatively high for the coarse
type (Figure 5A). Calcareous nannofossil preservation
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deposits.

is good, but abundance in relation to the biogenic pe-
lagic sediments is low (Table 1, Figure 6A). Nannofos-
sil assemblages are characterized by good size sorting
(Plate 1, Figure 10).

The limited number of samples analyzed from this
group reveals a great variability in the sediment size
parameters. As discussed earlier, an increase in bottom
water velocity changes the skewness of the sediment
from negative to positive as the deposits becomes
coarser (dashed line in Figure 8A). The end member
of this bottom current activity is represented at Site 398
by carbonate-rich sandy-silts, which have high positive

skewness, moderate sorting, and strong evidence of re-
working or dissolution in the calcareous biogenic as-
semblages. A host of intermediate types occur between
these deposits and the finer pelagic biogenic sediments,
which are negatively skewed and very well preserved
(Figures 4A and 8A).

Winnowed sediments increase in median size (M)
paralleling the increase in bottom water velocity, but
the centilo (C) decreases due to fragmentation and re-
moval of the planktonic foraminiferal fraction. There-
fore, sediments of this group define a pattern parallel
to M in the CM diagram with maximum centilo value
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of about 100 µm (Figure 7A). This value closely ap-
proximates the size of the coarsest clastic components
(mostly quartz, pyrite, and glauconite) of the pelagic
deposits.

Turbiditic Sediments

Sediments of this group are characterized in the
X-radiographs and split cores by an upward change in
texture and sedimentary structures described by Bouma
(1962) and others. The graded sequence of sediments
also includes a turbiditic mud division, Te^, defined in
detail by Rupke and Stanley (1974), Hesse (1975),
Hesse and Butt (1976), and Maldonado and Stanley
(1976a, b).

The upper Cenozoic strata generally contain base
cut-out turbiditic beds. These predominantly muddy
units commonly start with the Tc or Td divisions of the
classic Bouma sequence (Figure 9; Plate 1, Figures 1,
2, and 3). Turbidites are more complete, better devel-
oped, and more abundant in the lower Cenozoic (Plate
2, Figures 2, 3, and 4). These turbidites often begin
with the Tb division, while complete Ta.e sequences are
generally absent or poorly developed.

Three textural sediment types are recognized within
this group: turbiditic mud (ooze and/or chalk), silt,
and sand (Tables 1 and 2). Turbiditic muds (Type 5 in
Tables 1 and 2; Plate 1, Figures 5 and 11; Plate 2, Fig-
ure 11) are characterized by a delicate basal lamina-
tion and poor-to-well-developed bioturbation. They
usually show continuity and gradation in terms of
structure and gross lithology with the sand-silt sedi-
ment types (cf., Rupke and Stanley, 1974; Hesse, 1975;
Maldonado and Stanley, 1976b). Turbiditic silt (Type
6 in Table 2) is the most typical sediment type forming
the base of the turbiditic beds. It is characterized by
parallel and low-angle oblique lamination and, less fre-
quently, by diverse types of ripples. Turbiditic sand is
common in the lower Cenozoic (Type 7 in Table 2),
and present in the Upper Cenozoic (Type 6 in Table 1,
which comprises sand and silt types). This sediment
type contains well-defined sedimentary structures in-
cluding cross and oblique lamination, graded bedding
and diverse types of ripples, and parallel lamination.
The base of the turbiditic sequences is usually sharp
and erosional, and locally displays scour and fill struc-
tures.

Total carbonate content varies between 8 and 75 per
cent. The lower values are usually displayed by the silt
beds in the lower Cenozoic (Tables 1 and 2, Figures 3
and 4). Compositionally, two mineralogical extremes
occur in the sand type: a largely bioclastic-carbonate
sand, and a predominantly terrigenous sand, with the
presence of a host of intermediate types (Figure 3).

The turbiditic group includes sediments ranging in
size from silty clay to silty sand (Figure 4). They are
usually gradational and different categories are estab-
lished on the basis of texture and sedimentary struc-
tures. The boundaries are placed where compositional
changes are more apparent.

Foraminiferal assemblages of these deposits show
varying effects of dissolution or transportation (Tables

1 and 2, Figures 4 and 6). Foraminiferal preservation
indexes of the upper Cenozoic turbiditic sediments
belong to Subclass 1 (Figure 2A), indicating that the
transportation of these displaced units has a lesser
effect on the fragmentation of the planktonic compo-
nents than that of dissolution and bottom current activ-
ity observed in the pelagic deposits. The latter are
characterized by higher F/W ratios; i.e., they usually
belong to Subclass 2. No significant differences are ob-
served in the benthic to planktonic ratios between tur-
biditic and pelagic deposits.

Turbiditic sediments of the lower Cenozoic show
greater variation in preservation than turbidites of the
upper Cenozoic (Figures 2B and 6B). The silt type is
the most variable, and contains deposits which range
from relatively well preserved (Index B{) to very poorly
preserved (Index O). Turbiditic muds of the lower
Cenozoic generally display moderate preservation (In-
dexes Cj and Dj).

Differences in the foraminiferal assemblage indexes
of turbiditic sediments may be attributed to differential
transport and deposition as well as to post-depositional
dissolution of the calcareous components. Assuming
that all other factors remain constant, post-depositional
dissolution and the degree to which the calcareous
components are affected, is controlled by the porosity
(texture) and total carbonate content of the sediment.
Thus, terrigenous-rich silt sediments that are moder-
ately sorted, would be, a priori, the most affected by
early diagenetic dissolution processes.

Turbiditic sediments of the lower Cenozoic define a
broad pattern parallel to the limit C = M in the CM
diagram of Figure 7B. The C/M ratio is about 15. A
similar, somewhat broader pattern is displayed by tur-
biditic deposits of the upper Cenozoic (Figure 7A).
However, the coarsest sand sediments of the lower Ceno-
zoic, with M above 40 µm, show a pattern displaced
toward the limit C = M, with a C/M ratio of about 3
(Figure 7B).

Turbiditic sediments display a wide range of skew-
ness values and generally poor sorting (Tables 1 and 2,
Figure 8). Turbiditic muds of the rhythmic association
generally have positive skewness values, while turbidi-
tic sands frequently are characterized by almost sym-
metrical curves that are either slightly positive or nega-
tive skewed. Turbiditic sands that fall in the CM dia-
gram close to the limit C = M have strongly positive
skewness values (Figures 7B and 8B). Each turbiditic
sediment type is also characterized by a general tend-
ency toward better sorting with an increase in median
grain-size. This trend is best displayed by the silt type
(dotted-dashed line in Figure 8B).

Turbidity Currents

The observed distribution of grain-size parameters
may be interpreted in terms of dynamic processes of
turbidity currents, as well as of the original composi-
tion of the deposits from which the turbidite flow de-
velops. Based on foraminiferal assemblages and com-
position data, it appears that the turbiditic deposits
originated from slides and slumps, of predominantly
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fine-grained slope deposits having foraminiferal ratios
similar to the deep pelagic deposits. The resulting sus-
pensions consist of a limited range of particle sizes
transported by flows likely to deposit distal-type
graded units (cf. Hampton, 1972).

Turbiditic deposits are characterized in CM dia-
grams by patterns parallel to the limit C = M. The
C/M ratio of these patterns is believed to reflect the
nature of the turbidity current including density and
velocity. Variations of this ratio are attributed to the
differing nature of a turbidity current (Passega, 1957).
High current density can result in high C/M ratios.
Thus, the two different patterns defined by turbiditic
deposits of the lower Cenozoic could be attributed to
different types of turbidity currents.

Other factors, however, can develop the two differ-
ent patterns defined by turbidites of the lower Ceno-
zoic. Possible factors include relative changes in the
head and body thickness of a turbidity current, or hy-
draulic jump phenomena at the break in slope, when
the turbidite flow passes from a steep to a gentle gradi-
ent (cf. Middleton, 1970; Komar, 1971, 1972). These
processes affect the release of both the coarse and fine
materials, as well as subsequent changes in the nature
of the turbidity current beyond the break in slope. The
break in slope deposit is characterized by very positive
skewness and relatively good sorting (Figure 8B). Only
a few thin beds of the lower Cenozoic seem to be rep-
resentative of this process. As the turbidity current
deaccelerated, more sediment settled out; the deposit
became finer and more poorly sorted and tended
toward negative skewness (dotted line in Figure 8B).

Silt and mud turbiditic deposits develop similar
trends but the skewness increases towards positive val-
ues for sediments with median size finer than 5 µm
(Figure 8). This change in skewness may represent the
rapid settling of the finer particles when a critical ve-
locity is reached.

In summary, the marked differences observed in
sedimentary structures and textures between the turbid-
itic sand, silt, and mud deposits, as well as the gradual
changes within each sediment type, could be attributed
either to: (1) an evolution of the characteristics of a
single turbidite flow as the current progressed, or (2) a
different nature for individual flows. Within an individ-
ual turbidity current, active deposition of each sedi-
ment type will occur when a critical velocity is reached.
The transitions between different sediment types record
changes in the nature of the flow.

Mass-Gravity Sediments

A number of beds from the lower Cenozoic at Site
398 were interpreted as deposits of mass transport
processes, i.e., involving gravity-driven movements of
mixtures of sediment particles and water. Types of
mass-gravity deposits are differentiated on the basis of
the degree of internal deformation. Slides, slumps, de-
bris flows or mud flows, and turbidity currents have

been indicated by several authors to be different trans-
port steps of the same mechanism (cf. Heezen and Ew-
ing, 1955; Dott, 1963; Hampton, 1972, 1975; Middle-
ton and Hampton, 1973). Slumps, debris, and mud
flow deposits are included in this section for descriptive
purposes. Turbiditic deposits, which may be considered
an end member of this sediment group, have been sep-
arately described because of their greater importance
at Site 398.

Slump deposits, characterized at Site 398 by small-
scale penecontemporaneous folding and faulting, are
abundant in Core 398D-15 (Oligocene) and present in
some cores of the Paleocene. Movement occurred along
individual shear planes resulting in some internal de-
formation. The original bedding features of the slump
deposits are, however, locally obvious by the present
of multicolored, wavy laminated, nannofossil chalks
(Plate 2, Figure 1). These displaced units have a
higher total carbonate content (to 72%) than in situ pe-
lagic sediments, better foraminiferal and calcareous
nannoplankton preservation, and lower terrigenous ra-
tio (Type 8 in Table 2; Figures 2B, 5B, and 6B; Plate
2, Figures 6 and 7). Sorting is moderately good and
skewness positive (Figure 8B). Their observed compo-
sition and grain-size parameters indicate that the slump
units are pelagic and winnowed sediment types derived
from somewhat shallower depths than the in-situ sedi-
ments. On the basis of sedimentary structures, these
sediments originally were produced mostly by bot-
tom current activity. Moreover, bottom current activ-
ity, among other factors, may have developed the nec-
essary instability in the source area to generate the
slumps.

Pebbly mudstone deposits and unsorted massive ad-
mixtures of sand and mud are other sediment types
present in the lower Cenozoic. Movement of a debris
flow occurs along innumerable shear planes within the
body of the material, which flows rather than slides.
Homogeneous or massive bedding is the most charac-
teristic sedimentary structure of such sediments (cf,
Reineck and Singh, 1973). However, sometimes a
poorly developed graded bedding is seen. This nor-
mally occurs in sediment that has scattered grains
throughout a fine-grained matrix and displays a de-
crease in their amount and average grain size upward.
Gravity faults with curved, concave upward planes
usually define the basal and upper contact planes of
the pebbly mudstone units. The larger clasts of these
units reach 5 to 6 cm in diameter, but pebbles 1 cm in
diameter are more typical. The most common grain-to-
grain relationship or fabric is of free and floating
grains (cf. Pettijohn et al., 1972; Allen, 1962; Bouma
and Pluenneke, 1975). The finer grained representa-
tives of these deposits are a few centimeters to a few
decimeters thick, completely homogeneous and without
scattered pebbles. The term mud flow is applied to
them (cf. Gary et al., 1973). Petrographic analysis of
these sediments has not been attempted (see Bourbon,
this volume).
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FACIES DEFINITION AND EVOLUTION

Facies Associations

The different types of sediment present in the cores
can be grouped into associations. Two major types of
associations are recognized: (a) rhythmic association,
and (b) cyclic association. These are defined on the ba-
sis of petrologic and structural characteristics that show
distinct natural vertical lithologic affinities. Each associ-
ation reflects deposition resulting from either a specific
sedimentary process (turbidity current) or a regionally
important, large-scale environmental event (cf. climatic
changes significant enough to alter water mass flow
and distribution of water masses, eustatic oscillatory
sea-level patterns, and biogenic production).

Rhythmic Association

The rhythmic association is composed of alternating
turbiditic sequences and pelagic deposits (Plate 2, Fig-
ures 2, 3, and 4). Locally, it also contains pebbly
mudstone and slump deposits, and less frequently, cur-
rent-winnowed deposits. Each rhythm is formed by two
divisions: (a) a basal turbidite division, and (b) a pe-
lagic division (Figure 9). The basal contact of each
rhythm is sharp and usually erosional. Thickness of the
rhythms varies between 10 and 100 cm, but most are
15 to 40 cm thick (Figure 10). Sedimentation rates in
the early Cenozoic at Site 398 ranged between 3 and
10 meters per million years, and average about 7
m/m.y. (see Biostratigraphy, this volume). From these
data, an average time span varying from 10,000 to
300,000 years can be estimated for the development of
an individual rhythm. Most rhythms may represent
about 18,000 to 50,000 years.

The turbidite division forms from 5 to 55 per cent of
the total rhythm thickness, but more commonly ranges
between 10 and 40 per cent. The turbiditic mud divi-
sion is the best developed of the turbiditic sequence. It
grades upward into the pelagic division of the rhythm.

Turbiditic sequences contain the most ubiquitous
sediment types, of the section investigated. They in-
clude classic sand and silt types, as well as mud turbid-
ites (Figure 9). Rarely is the complete Bouma (1962)
sequence observed. Most of the turbidites are base cut-
out units of the Bouma division, i.e., Tb.c.d, Tc.d, or Td.

Mud turbidites deposited below calcite compensa-
tion depth contain more total carbonate than the inter-
bedded pelagic sediments (Plate 2, Figures 10 and 11).
Calcium carbonate dissolution had little effect on the
rapidly deposited turbidites, while the slowly settling
pelagic particles were strongly affected (cf. Hesse,
1975). Mud turbidites below Core 398D-29 consist of
light colored sediments containing between 36 and 74
per cent CaCO3. The intercalated yellowish red and
greenish gray pelagic deposits usually contain less than
30 per cent CaCO3, or are carbonate free and show only
minor traces (<2% CaCO3) from below Core 398D-
50 to the top section of Core 398D-56. Sediments
were deposited below calcite compensation depth in
the stratigraphic section between the late Cenomanian
and late Santonian (Cores 398D-56 to 398D-50), and

^

«. *

D

o

D

O

D
O
D

O

D
3

α
-fc->

a
•-w>

D

D
ü
Θ

C
ar

b
p

o
o

r
ch

 s
e

d
im

e
n

ts
se

d
im

e
n

ts
 —

 c
a

rb
o

n
a

te
 r

:A
R

B
O

N
A

T
E

C
YC

L
E

C
ar

bo
na

te
 p

oo
r

C
ar

b.
ric

h

Figure 9. Schematic representation of single sedimentary
units of the rhythmic and cyclic facies associations dis-
cussed in the text (not at scale). Symbols are used here
as in Table 1 (upper Cenozoic) and Table 2 (lower Ceno-
zoic and upper Cretaceous). Turbiditic sequence after
Bouma (1962) andRupke and Stanley (1974).

near CCD from there to the early Eocene (Cores 398D-
49 to 398D-29).

Cyclic Association

The cyclic association consists of alternating beds of
pelagic biogenic sediments and transitional terrigenous
sediments that repeatedly develop in a cyclic, asym-
metrical manner (Plate 1, Figure 1). Each cycle con-
sists of two orderly arranged divisions of different kinds
of sediment. The basal division (a) is calcareous poor
and consists of olive-gray, transitional biogenic and ter-
rigenous sediments, i.e., hemipelagic deposits (Types 3
and 4 in Table 1). This division grades upward into
(b) an upper calcareous-rich division of light-colored
pelagic biogenic sediments (Figure 9). Mud turbidites
and, less frequently, incomplete sand-to-silt turbiditic
sequences occur irregularly throughout each cycle
(Plate 1, Figures 1,5, and 6). The turbidites are fewer
in the upper division than in the lower and tend to be
finer grained.

Carbonate cycles developed to varying degrees are
observed at Site 398 from middle and lower Miocene
to Pleistocene strata (Plate 1, Figures 1 and 3). Cycle
thickness varies from 1.7 to 10 meters, but most of the
cycles average 4 meters (Figure 10). Well-defined cy-
cles have a thickness of about 2 to 3 meters. During
the late Cenozoic, a sedimentation rate of about 40
meters per million years occurred at Site 398 (see Bio-
stratigraphy, this volume). These estimates represent an
average time span of about 50,000 to 250,000 years for
the development of a cycle. Well-defined cycles may
represent about 50,000 to 80,000 years.
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gram separates mass-gravity flow deposits (turbidites, slumps, debris, and mud flow deposits) from pelagic, hemipelagic, and
bottom-winnowed deposits. Discussion in the text.
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The basal contact between successive cycles is read-
ily apparent in split cores and in X-radiographs. There
is a sharp change between the calcareous pelagic sedi-
ments and the overlying transitional-terrigenous sedi-
ment. Each complete cycle seems to indicate the recur-
rence of similar processes and conditions in a sequen-
tial manner. The gradual transitions within each cycle
represent an evolution of the environmental parame-
ters, while the sharp contacts between cycles may be
interpreted as large-scale events significant enough to
alter the previous environmental conditions.

Cyclic carbonate sedimentation patterns are recog-
nized to be a major characteristic of recent deep-sea
sediments. Despite much recent effort and better under-
standing of dissolution processes, some controversy
still exists concerning the relationship between cyclic
sedimentation and the primary controlling factors for
the distribution of calcium carbonate. Cyclic carbonate
patterns in the equatorial Pacific were originally inter-
preted to be controlled by productivity (Arrhenius,
1952). Subsequent work associates carbonate minimum
levels with enhanced interglacial dissolution (Berger,
1973; Thompson and Saito, 1974). Difficulties arose
when the dissolution hypothesis was applied to Atlantic
sediments. Gardner (1975) has observed enhanced dis-
solution during glacial episodes in equatorial Atlantic
deep-sea sediments. This coincides with the description
by Olausson (1965, 1971) of carbonate maximum lev-
els corresponding with interglacials.

Other processes may have affected the down-core
cyclic variation in calcium carbonate content. Several
workers (Ruddiman, 1971; Hays and Perruzza, 1972)
considered variations in the input of detrital clay to be
the primary controlling factor for the distribution of
calcium carbonate in the equatorial Atlantic. Thunell
(1976a) described carbonate cyclic deep-sea sediments
from the Gulf of Mexico that where characterized by
enhanced dissolution during glacial episodes. In con-
trast to conventional bottom water dissolution hypothe-
sis, Thunell (1976a) attributed the carbonate cycles to
the combined effect of dissolution, as a result of shoal-
ing of the lysocline and the decomposition of organic
matter, as well as to terrigenous dilution.

A more complex carbonate cyclic pattern is reported
in deep-sea sediments from the eastern Mediterranean.
Sediment types form a repetitive sequence from bottom
to top, of gray terrigenous mud to sapropel to calcare-
ous ooze (Maldonado and Stanley, 1976a). Calcareous
sediments of these cycles appear to develop best at
times of maximum and minimum sea-level stands,
while the terrigenous deposits are attributed to in-
creased input of detrital sediments during periods of
climatic and eustatic oscillations (Stanley and Maldo-
nado, 1977; Maldonado and Stanley, 1977).

Cores 2, 3 and 4 from Hole 398D and Core 1 from
Hole 398A (lower Pliocene-Plestocene) contain well-
developed carbonate cycles. Basal terrigenous sedi-
ments of these cycles show the partial effect of dissolu-
tion of the calcareous components (Table 1, Figures
2A and 6A). However, differences in calcareous assem-
blages between the basal and the top divisions of the

cycle are not significant (Plate 1, Figures 4, 7, 8, and
9). This precludes the conclusion that the cyclic pattern
has been only the result of dissolution.

The calcareous cycles must be explained at Site
398 as the result of a balance between increased non-
calcareous dilution, and some calcite loss to dissolution
during the development of the basal division of the cy-
cle. The relative importance of each of these two
processes acting in opposition to each other, is difficult
to evaluate. Additional parameters, such as precise sed-
imentation rates, would be necessary for such an evalu-
ation. On the basis of sediment composition and grain-
size distribution, dilution by detrital particles may be
the primary controlling factor. Dissolution of the cal-
careous components seems to be a secondary factor,
that may have been favored by the higher content of
organic matter of the terrigenous input. These two in-
dependent factors, dilution and dissolution, appear to
respond in unison to produce the observed variations
in calcium carbonate content. Other factors, such as
bottom current activity and turbidity currents, have
modified the predominant pelagic settling processes
but they have a lesser effect in the development of the
cyclic pattern.

Finally, it should be stressed that while the rhyth-
mic pattern is a result of specific local sedimentary
processes (turbidity current, mass-gravity), the cyclic
pattern reflects major environmental changes. Regional
studies elsewhere have shown that individual rhythms
similar to those at Site 398 are difficult to correlate
even in closely spaced cores (cf. Maldonado and Stan-
ley, 1976b). In contrast, the carbonate cyclic pattern
is a basin-wide phenomena that should be correlat-
able across extensive areas (cf. Berger, 1973; Gard-
ner, 1975; Thunell, 1976a; Maldonado and Stanley,
1976a).

Evolution of Fades in Time
Total thickness of each sediment type was deter-

mined from DSDP Initial Core Descriptions (which
has been slightly modified and completed on the basis
of the results of this study). The cumulative per cent of
sediment types in cores is represented in Figure 10.
The diagram shows the evolution of sediment types at
Site 398 and allows for the interpretation of the main
sedimentary processes that have controlled the evolu-
tion of facies during the Upper Cretaceous and Ceno-
zoic.

Five facies units are defined in this section as fol-
lows (bottom to top): 1, basal red mudstone and clay-
stone pelagic unit; 2, rhythmic, mass-gravity (turbidity
current, slumping, debris flow) unit; 3, transitional
rhythmic turbiditic and pelagic chalk unit; 4, transi-
tional pelagic chalk unit; 5, cyclic pelagic-biogenic ooze
unit. Facies changes are generally gradual, and the lim-
its between the facies units are placed at the points of
greater contrast (Figure 10).

Facies Units

The basal red mudstone and claystone pelagic unit
(1) extends between the top of Core 398D-56 through-
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out Core 398D-38 inclusive (Figure 10). This facies
unit is characterized by a great abundance of pelagic
red claystone, 29 to 92 per cent of the total sediment
thickness, with variable amounts of calcareous pelagic
mudstone and subordinate proportions of turbiditic de-
posits (Plate 2, Figures 4 and 5). Two small sub-units,
la and lb, are differentiated on the basis of the occur-
rence of thin debris and mud flow beds (Figure 10).
The main sedimentary process for the development of
this unit is pelagic settling. The prevailing regime of
suspensate sedimentation recorded fluctuations of fine-
grained input and it was interrupted by "distal" type
(cf. Bouma and Hollister, 1973) turbidity current incur-
sions.

The lower section of this unit (Cores 398D-56 to
398D-50) was deposited below the calcite compensa-
tion depth. Pelagic sediments of the upper section con-
tain greater proportions of carbonates and are charac-
terized by an irregular pattern of carbonate-free sedi-
ments interbedded with calcareous-rich sediments.
These fluctuations of carbonate content may be attrib-
uted to vertical migrations and pulses of the CCD inter-
face at depths close to those prevailing at Site 398
during the Paleocene.

The rhythmic, mass-gravity unit (facies Unit 2) ex-
tends from Cores 398D-37 through 398D-12 (Plate 2,
Figures 1 through 4). This unit is characterized by a
relatively high proportion (average of 30 to 45%) of
mass-gravity deposits. Turbiditic sediments are the
most abundant, and three small subunits (2a, 2b, and
2c in Figure 10) contain slump, mud, and debris flow
beds.

The principal sedimentary processes recorded in this
unit include: (a) suspended sediment processes, influ-
enced by fluctuations of fine-grained sediment input,
bottom currents, biogenic productivity, and water
masses distribution; and (b) gravity-controlled flows, of
which turbidity currents predominate, while slumps and
debris flows are subordinate.

Unit 2 records a relatively important influx of fine-
grained detrital sediments during the Paleogene and
early Miocene at Site 398. This influx resulted from the
tectonic rejuvenation of the source lands during the
Alpine orogeny. The time span embraced by facies Unit
2 coincides with the great development of the flysch
and molasse orogenic facies in the Alpine belts of
Spain. The tectonic influence is mainly reflected in the
pebbly mudstone deposits. The age range of pebbles
present in Core 398D-34 is approximately 40 million
years, i.e., from Upper Cretaceous to Eocene (see
Blechschmidt, this volume).

The transitional turbiditic and pelagic chalk unit
(facies Unit 3) extends between Cores 398D-9 through
398D-5 (Figure 10). It is defined by the appearance of
pelagic nannofossil-foraminiferal chalk (sediment Type
1 in Table 1) and a decrease in the number of
rhythms. Bottom-winnowed sediments are ubiquitous
and relatively abundant in Unit 3. Turbiditic sediments
decrease upward in the section from the underlying
unit as the rhythms become thicker.

Unit 3 represents a transitional facies from the
rhythmic, mass-gravity facies towards a dominant pe-
lagic settling sedimentation regime. This unit records a
tendency towards an increase in the tectonic stability of
the environment and/or a shifting away of the dep-
ocenters. The new sedimentary regime is clearly domi-
nated by suspended settling processes, occasionally in-
terrupted by "distal" type turbidite incursions. Bottom
current activity is of temporal importance. This current
activity may have caused small stratigraphic hiatuses,
as observed in the Miocene (see Biostratigraphy, this
volume).

The transitional pelagic chalk unit (facies Unit 4) is
found in Cores 3 and 4 from Hole 398D (Plate 1, Fig-
ures 2 and 3). It is characterized by the presence of
poorly defined cycles that alternate with turbiditic
rhythms (Figure 10). Unit 4 is a transitional facies and
together with Unit 3 records the transition from the
rhythmic to the cyclic facies association.

The cyclic pelagic-biogenic ooze unit (5) extends from
Core 398D-2 to the top of Site 398 (Plate 1, Figure 1).
Pelagic foraminifer-nannofossil and transitional bio-
genic oozes (Types 1 and 2 in Table 1) are the pre-
dominant sediment types in this unit. Hemipelagic ter-
rigenous-calcareous oozes (Types 3 and 4 in Table 1)
and bottom-winnowed deposits alternate with the pe-
lagic sediments. Turbiditic deposits are subordinate
(average 5% and vary between 1 and 16% of the total
sediment thickness) in this unit. Two subunits are char-
acterized by the occurrence of well-developed carbon-
ate cycles (Subunits 5b and 5c). A third subunit (5a)
formed by rhythms is also differentiated (Figure 10).

Tectonic Activity, Terrigenous Input, and Sedimentation
The relationship of the debris flow deposits to tec-

tonic activity and reactivation of proximal escarpments,
or to distal debris flows from large sediment slides of
the continental margin is difficult to determine. Debris
flow deposits that extend over a gentle slope a distance
of several hundred kilometers from the generating slide
have been reported from the Spanish Sahara continen-
tal margin (Embley, 1976). These mass-gravity depos-
its apparently were emplaced by quite mobile flows. In
other instances, the unstratified wedges of mass-flow
deposits likely were emplaced very rapidly and lie di-
rectly adjacent to slide scarps, i.e., on the North Ameri-
can margin (Stanley and Silberberg, 1969; Stanley and
Unrug, 1972; Embley, 1976). Debris flow deposits are
characterized in deep water by lens-shaped bodies of
transitional to well-stratified pelagic sediments and tur-
bidites. Similar highly stratified acoustic reflectors are
observed on the seismic records of Units 1 and 2 (see
Reflection Profiles, this volume). Stanley and Silber-
berg (1969) have suggested that large sediment slides
may be related to glacial-interglacial sea-level changes.
At Site 398, however, the relationship of debris flows
to major oceanographic or terrestrial events is not yet
apparent.

The tectonic significance of the turbiditic facies is
also not straightforward. The rhythmic facies of Unit 2
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could be interpreted either as a distal fan facies associ-
ation without tectonic influence, or as a "flysch"-like
tectonic facies. In both cases, the turbiditic to pelagic
and the terrigenous to mud ratios of Unit 2 is low in
comparison to well-known flysch basins (cf. Bouma
1962; Dzulynski and Walton, 1965; Hesse, 1975) or to
some ancient and recent deep-sea fan models (cf.
Walker and Mutti, 1973; Nelson and Kulm, 1973).
Turbiditic facies similar to Unit 2 are reported from
several deep-sea environments in the Mediterranean
Sea (Huang and Stanley, 1972; Rupke and Stanley,
1974; Kelling et al., in press). Rhythmic turbiditic
facies with low sand-to-mud ratio in the Mediterranean
Sea are characteristic of the distal continental margin
environments, far removed from major sources of sedi-
ments (Maldonado and Stanley, 1976b, 1977). These
facies generally have no tectonic implications and are
developed mainly as a result of the displacement of the
sedimentary depocenter across the shelf during eustatic
sea-level changes.

Therefore, facies Unit 2 may be attributed to a dis-
tal margin environment in an area of low terrigenous
input. Most of the turbiditic deposits are calcareous in
nature and probably originated from large slides and
slumps of sediments triggered on the upper slope. The
rhythmic development of these facies could represent
the distal manifestation of the alpine orogeny. This tec-
tonic activity may have affected sedimentation in two
possible ways: by shifting the depocenters closer to Site
398, or by creating the necessary instability to produce
the slides and slumps.

Changes in the terrigenous input at Site 398 are also
observed in the cyclic facies association. Well-devel-
oped cycles in this facies are formed from a relatively
high proportion of hemipelagic, bottom winnowed,
and/or turbiditic deposits. Most of the cyclic facies unit
(5), however, is represented by poorly developed cy-
cles. They are characterized by a relatively thin basal
calcareous-poor division and rather thick cycles (Figure
10). Fluctuations in fine-grained terrigenous input, bot-
tom currents, productivity, and water mass distribution
are the main sedimentary factors modifying the pre-
dominant pelagic settling regime. During the Quater-
nary, the cyclic development of the unit (5) is attrib-
uted to the effect of climatic and eustatic oscillations
(cf. Olausson 1965, 1971; Ericson and Wollin, 1968;
Ruddiman, 1971; Hays and Perruzza, 1972; Gardner,
1975). It is surmised that during eustatic low sea-level
stands, rivers carried increased amounts of sediment
onto the subaerially exposed continental shelf and fur-
ther seaward onto the continental margin. This dilution
by terrigenous sediment input seems to be the primary
controlling factor for the development of carbonate cy-
cles at Site 398.

SUMMARY
1. Four prominent sedimentary processes have con-

trolled the Upper Cretaceous and Cenozoic evolution
and distribution of facies at Site 398: differential pe-
lagic settling, bottom currents, turbidite flows, and

other mass-gravity processes. Suspended sediment
processes are the most important and have been modi-
fied by fluctuations of fine-grained sediment input, bot-
tom current activity, biogenic productivity, and water
masses distribution.

2. Sediment types within these four genetic types are
defined on the basis of compositional and textural pa-
rameters. Sediments attributed to pelagic settling are
structurally homogeneous. They form a continuous
spectrum grading from carbonate-rich biogenic nanno-
fossil-foraminiferal ooze (pelagic deposits) to calcare-
ous terrigenous mud (hemipelagic deposits), to carbon-
ate-free claystone (pelagic deposits developed below
CCD). Three main factors have influenced the distribu-
tion of pelagic sediments: terrigenous dilution, dissolu-
tion of the calcareous components, and bottom current
activity. Terrigenous dilution and carbonate dissolution
develop similar trends in the grain-size parameters of
pelagic sediments but in opposite directions. However,
abundance and preservation of calcareous biogenic as-
semblages helps to determine which of these two fac-
tors was of greater importance for the development of
a specific sediment type. The effect of bottom current
activity is well defined in the textural and composi-
tional parameters of pelagic sediments.

3. Turbiditic sediments show noticable variations of
sedimentary structures and textures in the sand, silt,
and mud types. Moreover, deposits of each sediment
type are characterized by gradual change of the com-
positional parameters. Most of the turbiditic deposits
may have been generated from slumps and slides of
fine-grained sediments from the slope. The variable
composition of the turbiditic sediments at Site 398 may
be attributed either to a change of the characteristics of
a single turbidite flow as the current progresses, or to a
difference in the spawning area for individual flows.

4. Winnowed and mass-gravity (excluding turbidites)
sediments are less abundant, although they are locally
well developed. Winnowed deposits record notice-
able bottom current activity that may have caused
stratigraphic hiatuses. Some debris and mud flow de-
posits could be related to tectonic activity. Debris flow
deposits may have been produced by mobile flows gen-
erated from large sediment slides.

5. Two facies associations are defined: (a) rhythmic
association, and (b) cyclic association. The rhythmic
association is developed by alternating turbiditic se-
quences and pelagic deposits. Each rhythm results from
a specific sedimentary process (turbidity current) of lo-
cal importance to the scale of the basin. The cyclic as-
sociation consists of regularly arranged beds of pelagic,
biogenic, carbonate-rich sediments and transitional,
terrigenous, carbonate-poor sediments that repeat in a
cyclic, asymmetrical manner. Each cycle indicates the
recurrence of similar processes and conditions. Carbon-
ate cycles are best explained at Site 398 as result of a
balance between increased non-calcareous dilution, as
well as some calcite loss to dissolution during the de-
velopment of the basal division of the cycle. Dilution
by detrital particles seems to be the primary controlling
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factor. Cyclic sedimentation reflects a basinwide evolu-
tion that should be correlatable across extensive areas.

6. Five vertical facies units were differentiated for
the Upper Cretaceous to Cenozoic at Site 398. Facies
Unit 2 is the most characteristic representative of the
rhythmic facies association; facies Unit 5 typifies the
cyclic facies association. Facies Unit 2 contains a rela-
tive abundance of mass-gravity deposits (mostly tur-
bidites) and to a lesser extent, slumps, mud, and debris
flow deposits. The other four units are composed of
predominantly pelagic and hemipelagic deposits, which
generally comprise more than 80 per cent of the total
sedimentary thickness.

7. Unit 1 (Upper Cretaceous-Paleocene) is a domi-
nantly pelagic facies developed below or near the car-
bonate compesation depth. Unit 2 (Paleocene-lower
Miocene) records a relatively important influx of fine-
grade detrital sediments to the basin. This influx re-
flects the tectonic rejuvenation of the sourcelands dur-
ing the Alpine orogeny. Units 3 and 4 (Miocene) are a
transitional facies that record the passing from the
rhythmic to the cyclic facies association. Unit 5 (Plio-
cene-Pleistocene) reflects major changes in environ-
mental conditions. This unit reflects climatic and eus-
tatic oscillations during the Quaternary.

CONCLUSIONS
The Upper Cretaceous and Cenozoic deposits at Site

398, located on the tectonically passive, distal North
Atlantic continental margin off Portugal, are predom-
inantly the result of the suspended sediment regime. The
sedimentary facies of this margin also show deposition
from mass transport processes and bottom current ac-
tivity. Mass-gravity deposits, although volumetrically
less important than the pelagic sediments, are very sig-
nificant for the interpretation of tectonic events and
terrigenous input. The effect of bottom currents was
limited at this site, unlike at some other passive con-
tinental margins (e.g, the western North Atlantic). On-
ly a few beds in core sections at Site 398 were inter-
preted as deposits from bottom current activity, as
shown by variations in the composition of the fine-
grained pelagic deposits.

The compositional parameters (total carbonate con-
tent, grain size, terrigenous and biogenic components,
and sedimentary structures) of the sediments were used
to define specific depositional processes. On the basis
of the importance of the different sediment types, five
facies units were defined in the Upper Cretaceous and
Cenozoic strata at Site 398. These units were primarily
differentiated by the relative proportions of pelagic to
mass-gravity deposits and, secondarily, by the type of
sedimentary processes.

The final interpretation of some of the specific as-
pects of the depositional environment, however, re-
mains relatively uncertain because the results are
largely based on a single locality. Further regional
studies are needed to substantiate the interpretations
reported here.
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A. MALDONADO

PLATE 1
Scanning electron microscope photographs of selected upper
Cenozoic sediment types at Site 398; also, photographs of

split cores with location of samples and schematic
representation of lithologic sections.

Figure 1 Well-developed carbonate cycles.

Figure 2 Laminated beds (winnowed sediments) inter-
bedded with pelagic sediments displaying intense
bioturbation.

Figure 3 Pelagic deposits alternating with turbiditic mud
and hemipelagic beds which develop poorly
defined cycles.

Figures 4, 9 Hemipelagic deposits with low abundance of well-
preserved nannofossils; dolomite crystal in 9,
arrow, shows some dissolution.

Figures 5, 6 Turbiditic mud and sand, notice differences of size
and sorting in the nannofossil assemblages between
the sand (6) and the mud (5) types.

Figures 7, 8 Pelagic deposits with high abundance of well-
preserved nannofossils.

Figure 10 Winnowed sediment characterized by good sorting
of the nannofossil assemblages.

Figure 11 Turbiditic mud showing fragmentation of nanno-
fossils. Symbols as for Table 1 and Figure 9.
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PLATE 2

Scanning electron microscope photographs of selected lower Ceno-
zoic and Upper Cretaceous sediment types at Site 398; also, photo-
graphs of split cores with location of samples and schematic repre-
sentation of lithologic sections.

Figure 1 Slump deposits, displaying original (thin wavy
and parallel laminated) bedding, interbedded in
the same core with in-situ pelagic and turbiditic
deposits.

Figures 2-4 Selected core sections showing incomplete turbi-
ditic sequences and pelagic deposits of the rhyth-
mic facies association.

Figure 5 Red mudstone and claystone pelagic deposits al-
ternating with incomplete turbiditic sequences.

Figures 6, 7 Slump (6) deposit showing greater abundance
and lesser fragmentation in the nannofossil as-
semblages than the pelagic (7) deposit.

Figures 8, 9 Photographs comparing the fine-grained frac-
tion of the pale brown (9) mudstone type and the
diagenetic derivative greenish gray (8) mudstone,
which is differentiated by lesser abundance and
poorer preservation of the calcareous compo-
nents.

Figures 10, 11 Pelagic (10) and turbiditic mud (11) deposits
showing differences of abundance and preserva-
tion in the nannofossil assemblages as a result of
dissolution.

Figures 12, 13 Red (12) and greenish (13) mudstones deposited
below calcite compensation depth. Symbols as
for Table 2 and Figure 9.
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A. MALDONADO

APPENDIX A
Sample Listing: Site 398, Andres Maldonado

Code Core Section Depth (cm) Sediment Type

130
131
132

37
38

39
40
41
42

133

134
135
43
44
45

46
154
47
48
49

50
136
137
138
139

51
52
53
54
55

56
140
141
57
58

153
59

2
2
2
2
2

2
2
2
2
2

2
2
3
4
4

4
Al
Al
Al
Al

Al
Bl
Bl
Bl
D2

D2
D2
D2
D4
D4

D4
D5
D5
D8
D8
D8
D8

1
2
2
3
3

3
3
3
3
4

4
6
4
4
4

4
3
3
3
4
5
2
2
6
1

2
2
2
4
6

6
4
5
1
2
2
6

63-65
81-83

128-130
41-43
44-46
47-49
82-84

127-129
145-147
51-53

118-120
16-18
95-97
76-80
96-99

126-129
64-66
97-99

134-136
19-21
63-65
61-63
67-71
33-35
63-67
25-29
34-36
50-54
36-40
76-80
94-98
90-91
64-66
18-19
18-20
23-27

7-10

2
2
3
3
5

6
1
2
4
2

3
2
2
1
4

3
5
5
2
5

1
1
2
1
5

5
3
1
7
5

1
7
1
2

2/7
7
6

Table 1

APPENDIX A - Continued

Code Core Section Depth (cm) Sediment Type

1
2
3
4
5

6
7

155
8
9

10
11
12
13
14

15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34

35
36
60
61
62

63
64
65
66

D12
D12
D12
D13
D13

D13
D13
D15
D15
D15

D15
D15
D19
D19
D19

D19
D19
D19
D20
D24

D30
D30
D30
D31
D32
D32
D38
D38
D38
D38

D38
D40
D40
D40
D40

D41
D41
D45
D45
D45

D52
D55
D55
D56

2
2
2
2
2

4
5
1
3
6

6
6
1
1
1

3
3
3
3
6

1
1
1
2
3
4
1
2
3
3

5
2
2
2
6

1
5
6
6
6

2
2
2
1

4-6
51-52

138-141
44-45
55-57
54-56
46-48
11-13
51-53
18-21
40-42
65-66
33-35
47-49
58-60
10-12
12-14
20-22

135-137
89-91
46-48
51-53
57-59

119-121
119-121

22-24
134-136
126-128
55-57
66-68
16-18
86-88
95-97
98-100
52-5 3
22-24
44-46
80-82

115-117
119-121
95-97
38-40
57-58
10-12

6
6
3
4
5

3
7
5
8
3

6
7
4
3
5

6
1
4
7
7

1
4
6
6
7
2
1
7
4
5

2
4
5
7
4

4
5
4
5
5

2
2
1
2

Table 2

» Note: Sediment types: See Tables 1 and 2.
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APPENDIX B
Sediment Composition and Texture

Sample
Code

130
131
132

37
38

39
40
41
42

133

134
135
43
44
45

46
154

47
48
49

50
136
137
138
139

51
52
53
54
55

56
140
141

57
58

153
59

1
2
3

4
5
6
7

155

8
9

10
11
12

13
14
15
16
17

Sand

5.6
8.3
1.8
3.7
2.4

11.1
5.7
7.4
4.5
4.5

3.4
3.7
3.5
4.9
0.3

1.5
1.3
3.5
0.8
0.9

4.1
6.1
4.4
2.4
1.5

1.1
2.4
6.6
0
0

0
38.5

3.4
3.2
7.0

4.2
5.8
3.8

13.6
1.2

0.1
0.9
0

12.7
0.9

1.3
0.7
7.0

49.6
1.0

0.7
1.6
5.4
1.3
1.0

%

Süt

30.7
31.9
30.2
34.1
40.3

62.0
32.9
22.1
53.6
24.4
40.4
16.9
41.5
30.7
24.5

32.3
28.7
33.4
36.1
44.8
27.7
26.1
22.5
37.5
31.7

33.2
33.4
23.6
38.4
38.6
45.4
46.3
41.2
47.8
46.3

39.9
51.2
61.6
68.9
45.6
48.1
43.3
43.5
48.4
34.8
53.3
41.7
52.0
28.8
37.0

44.0
45.9
50.5
37.8
43.6

Clay

63.7
59.8
68.0
66.2
57.3
26.9
61.4
70.5
41.9
71.1
56.2
79.4
55.0
64.4
75.2
66.2
70.0
63.1
63.1
54.3
68.2
67.8
73.1
60.1
66.8
65.7
64.2
69.8
61.6
61.4

54.6
15.2
55.4
49.0
46.7

55.9
43.0
34.6
17.5
53.2
51.8
55.8
56.5
38.9
64.3
45.4
57.6
41.0
21.6
62.0

55.3
52.5
44.1
50.9
55.4

C

146
299

68
98
92

130
220
157

80
210

94
125
120
275

35

89
74

251
40
56

93
108

86
95
82

68
98
98
38
34

37
88

120
83
88

89
80
75

135
68

40
57
43
94
58

71
38
88

159
57

39
72
83
76
63

µm

M

2
2
1
2
3

11
2
2
5
2

3
1
3
2
1

2
0.9
3
2
3

2
2
1
3
2

2
2
2
2
3

4
43

3
4
5

4
5
8
7
4

4
3
3
6
3

4
3
6

56
3

4
4
5
4
3

Texture

Md̂ >

8.7
9.1
9.3
9.0
8.0

6.4
8.7
8.9
7.6
9.0

8.6
9.3
8.4
8.7
9.4

8.6
9.9
8.5
8.7
8.3

9.0
8.9
9.4
8.4
9.2

8.7
8.7
9.0
8.6
8.3

8.0
4.5
8.1
7.9
7.7

8.1
7.6
6.8
7.0
8.0

8.0
8.1
8.3
7.3
8.6

7.8
8.1
7.3
4.1
8.5

8.1
8.0
7.5
8.0
8.1

0

8.89
8.88
9.43

12.06
10.03

0.16
8.47
9.26
7.71
8.86

8.31
9.58
8.88
8.68

10.12

9.21
11.12

8.78
8.58
8.29

9.21
8.60
9.07
8.56
8.77

8.85
8.98
9.04
8.80
9.07

8.51
5.77
8.30
8.34
7.75

8.68
8.52
7.12
0.08
7.99

8.67
8.45
6.54
6.90
8.65

8.02
8.33
7.27
5.82
9.21

8.22
8.19
7.68
8.48
8.53

2.53
3.28
2.43
6.00
4.17

3.22
2.32
2.78
2.01
2.27

2.77
1.95
2.85
2.07
2.76

2.13
4.28
2.00
1.73
1.68

2.05
2.10
1.87
2.06
2.03

1.59
1.76
2.19
1.42
1.70

1.15
2.06
2.06
2.29
2.24

2.15
3.32
1.82
1.95
1.36
2.14
1.75
0.48
2.61
1.93

1.36
1.46
2.48
2.76
2.16

1.75
2.29
2.51
2.44
2.15

cup

0.04
-0.08
0.01
0.54
0.41

0.53
-0.10
0.18
0.03

-0.09

-0.11
0.09
0.14

-0.02
0.23

0.24
0.26
0.09

-0.11
-0.04

0.10
-0.16
-0.19
0.03

-0.21

0.09
0.13
0.00
0.09
0.41

0.37
0.59
0.05
0.19

-0.005

0.25
0.27
0.13

-0.50
-0.04

0.31
0.16

-3.62
-0.15
0.01
0.15
0.09

-0.01
0.60
0.31

0.07
0.06
0.04
0.19
0.17

Nannoplankton
Abund. Preserv.

7
21

29
160
145

4

150
125

1

22

28
37
27

58

23
21
78
28
35

47

18
16

12
3

10
35

32
3

17
6

28
14

3
3
5

17
6
4
4
4

N/D
N/D
N/D

N/D

N/D
N/D

N/D

N/D
N/D
N/D
N/D

N/D
N/D

N/D

N/D

-2
-1

-1
0
0

-1

0
-2
-3

-2

-2
-1
-2

-2

-1
-1
-1
0

-2

0

-2
-2

-2
-2
-2
-1

-2
-3
-2
-1

-2
-2
-3
-1
-3

-2
-3
-2
-3
-3

Sand Fraction
F/W

0.60
0.21
1.16
0.69
0.55
0.60
0.40
0.32
6.65
0.69

2.40
0.56
1.15
0.47
1.87
4.24
0.32
0.82
0.25
1.51

2.10
0.45
2.40
1.53
4.93
0.27
2.46
0.31

10.40
3.29

5.26
7.50
9.14
8.56
3.19

0.96
0.39
0.36
0.71
2.13
6.48
7.67
7.79

11.80
3.21
1.75

17.00
5.81

34.7
0.00
_

2.00
0.00
—

0.33

B/P

0.02
0.01
0.05
0.02
0.09
0.05
0.01
0.01
0.06
0.04
0.04
0.01
0.04
0.00
0.11

0.18
0.04
0.02
0.03
0.08

0.06
0.00
0.02
0.04
0.16

0.08
0.05
0.03
0.28
0.14

0.10
0.00
0.07
0.11
0.03
0.21
0.04
0.09
0.14
0.13
0.24
0.67
0.32
0.58
0.55
0.07
0.00
0.94
0.14
6.00
_

1.50
1.00
—

0.17

T/B

0.08
0.02
0.05
0.09
0.28

12.97
0.04
0.00
3.08
0.03

1.61
0.03
0.09
0.01
1.35
0.05
0.10
0.01
0.22
0.13
0.02
0.01
0.01
0.04
0.53

0.17
0.11
0.00
0.10
0.47
0.05
3.43
0.93
0.08
0.03
0.74
0.52
1.12
2.28
0.94
0.54
1.19
0.59
0.53
0.40
0.54
0.71
0.58
0.80
4.77
8.02
8.81
5.76

10.8
3.39

CaCO3

(%)

41.3
43.8
16.5
27.9
27.9

8.2
70.7
60.9
13.9
55.4

22.3
66.1
55.9
69.1

4.9

49.3
20.4
55.9
65.8
42.7

70.7
76.2
70.5
78.7
22.9

51.0
48.5
74.0
79.8
70.7
85.5
46.7
83.6
60.0
70.7

63.9
39.5
13.9
22.9
65.5
55.7
29.5
68.8
22.9
37.7
72.1
63.9
26.2
54.0
47.5

54.0
31.1
19.6
21.3
41.8
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Sample
Code

18
19
20
21
22

23
24
25
26
27

28
29
30
31
32

33
34
35
36
60

61
62
63
64
65
66

Sand

38.4
54.2

2.0
1.0
2.2

4.4
64.1

0.5
0

27.7

0
0
0
0
1.7

13.2
0
5.7
0
0

0
0.6
0
1.1
2.6
0

%

Süt

25.2
44.0
25.5
32.5
41.0

46.0
17.8
28.7
14.9
25.8

15.7
26.7
23.3
23.6
27.0

37.7
18.1
31.7
41.3
21.6

22.8
32.3
22.3
21.1
19.4
33.6

Clay

36.4
1.8

72.5
66.5
56.8

49.6
18.1
70.8
85.1
46.5

84.3
73.3
76.7
76.4
71.3

49.1
81.9
62.6
58.7
78.4

77.2
67.1
77.7
77.8
78.0
66.4

C

220
193
100

63
85

84
209

38
37

128

34
33
34
37
94

115
32

239
36
33

33
45
36
65
82
38

Texture

µm

M

21
58

1
2
3

4
165

0.2
0.4
5

1
1
0.4
1
2

4
0.4
1
3
1

1
2
0.1
0.1
0.02
1

Md,p

5.5
4.1
9.8
8.6
8.3

7.9
2.6

12.0
11.2

7.5

10.6
9.3

11.2
9.5
9.1

7.9
11.2

9.7
8.2
9.4

9.5
8.6

12.7
13.1
15.5

9.5

5.49
4.09

11.50
11.54

8.70

8.27
5.32

16.40
13.15

8.20

11.02
11.10
12.83
12.77
10.71

7.72
13.11

9.99
8.59
9.74

9.88
8.91

15.85
17.40
20.5
11.28

4.14
1.38
4.19
4.95
2.80

3.03
2.98

10.40
5.11
4.70

2.99
3.74
5.46
6.00
3.43

3.25
5.32
4.46
1.69
2.10

2.48
2.42
9.15

10.4
13.8
4.65

cup

-0.01
-0.003
0.40
0.57
0.12

0.11
0.91
0.42
0.36
0.13
0.13
0.45
0.29
0.53
0.44

-0.05
0.35
0.05
0.19
0.12

0.14
0.09
0.34
0.41
0.36
0.37

Nannoplankton

Abund.

4
8
1
4
0

1
2
1
2
3

2
6
0
3
7

19
3
6

13
2

2
4
0
0
0
0

Preserv.

-3
-3
-4
-4
-4

-4
-3
-4
-4
-3

-4
-3
-5
-4
-3

-2
-4
-4
-2
-4

-3
-3
-5
-5
-5
-5

Sand Fraction

F/W

9.2
1.23

18.9
86.3

oo

o o

2.35
0.00
6.00

16.2
2.75
2.08
-

0.75
1.60
1.39
1.69
0.58
1.47
0.45

0.76
2.00
2.77
5.75
—
-

B/P

0.25
0.07
0.00
0.67
-

—

0.05
0.50
1.50
0.07
1.25
0.33
—

0.17
0.12
0.07
0.07
0.20
0.18
2.00
0.94
0.67
0.23
0.25
—
-

T/B

1.06
0.28
0.26
0.77

28.4
19.2
0.13

25.5
10.9
1.00
4.09
2.72
2.72
5.39
0.29
0.26
2.84
0.01
1.57
5.16

5.18
21.8
0.65
4.49
9.13
2.12

CaCO3

(%)

42.6
42.6
16.3
24.5
22.1
18.0
68.8
14.7
21.3
26.2
14.7
39.3
6.5

29.6
52.6
62.5
31.2
37.8
74.0
27.9

37.0
36.2

2.4
1.6
1.6
3.2
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Composition of the Sand Fraction (>63 µm)

Code

130
131
132
37
38

39
40
41
42
133

134
135
43
44
45

46
154
47
48
49

50
136
137
138
139

51
52
5 3
54
55

5 6
140
141
57
58

153
59
1
2
3

4
5
6
7

155

8
9
10
1 1
12

13
14
15
16
17

18
19
20
21
22
23
24
25
26
27

28
29
30
31
32

33
34
35
36
60

61
62
63
64
65
66

F. Plankt.

56.1
80.5
42.5
52.5
46.6

4.3
68.4
75.3
3.1

56.0

11.0
61.0
41.1
67.1
9.4

17.4
284.0
53.6
61.5
32.0

30.7
68.3
28.5
37.3
8.3

59.3
25.5
73.8
7.5

14.4

14.6
0.3
4.4
2.0

21.2

78.0
17.2
4.5
1.4
3.1

5.6
0.6
4.0
2.6

29.6

13.3
1.3
3.2
1.0
0.2
-
0.4
0.2
-
1.2

4.3
30.8
4.0
0.6
-
-

25.8
0.4
0.4
2.9

1.0
4.9
-
4.6

28.5

32.2
6.3

55.5
13.4
2.3

3.3
0.6
5.8
0.8
-

F. Bent.

0.9
0.7
2.1
1.2
4.2

1.2
0.4
0.4
0.2
2.3

0.4
0.9
1.4
0.2
1.0

3.2
10.0
1.1
1.8
2.6

1.7
0.2
0.6
1.4
1.4

4.5
1.4
2.0
2.1
2.0

1.4
-
0.3
0.2
0.6

16.0
0.6
0.4
0.2
0.4

1.4
0.4
1.3
1.5

16.0

0.9
-
3.0
0.1
1.1
-
0.6
0.2
-
0.2

1.1
2.2
-
0.4
-
-
1.3
0.2
0.6
0.2

1.3
1.6
-
0.8
3.3

2.4
0.4

11.0
2.4
4.6

3.1
0.4
1.3
0.2
-
-

% Biog

I-".P. Frag

33.5 -
16.6
49.4
36.5
25.8

2.6
27.3
23.9
20.8
38.8

26.3
34.2
47.4
31.4
17.6

73.9
90.0
43.6
15.2
48.5

65.0
30.4
68.5
57.0
41.2

16.2
62.5
23.0
78.4
47.0

76.8
2.1

40.1
17.0
67.6

75.0
6.7
1.6
1.0
6.6

36.5
4.5
31.3
30.3
93.0

23.3
22.1
18.3
34.8

_
0.8
-
-
0.4

40.0
38.0
74.8
55.0
3.4
4.6

60.6
-
2.6

46.8

2.8
10.3
-
3.4

45.3

44.8
10.6
32.5
19.7
1.1

2.5
1.2

16.2
4.5
~

enic

. Shells

0.2
0.2
-
_
1.0
_
-
-
-
0.4
_
-
-
-
-

0.2
1.0
-
1.0
-

0.4
0.2
0.2
0.2
0.4

0.9
0.2
0.2
0.8
2.2

1.6
-
-
0.2
0.6

2.0
0.2
-
-
0.4

1.0
-
0.4
-
8.0
_
-
-
-
5.5

3.2
2.3
-
-
0.6

1.1
0.2
0.4
0.4
-
-
0.7
2.7
3.9
-

14.5
9.5
0.4
6.3
0.2
_
6.9
-
3.2
1.9

3.5
-

30.2
8.3
8.3
18.0

Radiol.

_
-
-
_
0.2
_
-
-
-
-

0.2

0.2
-
-
_
-
-
-
0.2
_
-
-
-
-
_
-
-
-
-
_
-
0.8

69.5
3.3

11.0
19.9
2.1
1.6
5.1

15.0
1.4
4.0
1.3
-

1.2
0.7
0.6
1.1
0.2
_
-
-
-
0.8

1.3
4.9
-
_
-
-
-
-
-
-
_
-
-
-
-
_
-
-
-
0.4

0.4
0.2
1.1
0.6
-

89.0

Others

0.2
_
-
0.2
-

0.2
-

-
-

0.2
0.4
_
-
2.1

0.4
2.0
0.6
-
0.4

0.2
0.2
0.2
_

1.3
-
0.4
1.7
0.2

0.2
19.3
5.9
3.8
4.1

13.0
21.1
38.5
26.3
36.0

5.6
30.8
21.8
29.5

120.0

26.1
34.3
38.1
18.3
10.3

5.9
5.9

14.4
8.5

19.5

0.7
2.0
-

_
2.4
0.2
0.5
0.9
-
_
0.4
-
0.6
-
_
1.9
-
0.2
5.9

2.7
1.8
3.4
3.0
1.6

16.0

% Pyrite

2.2
0.2
1.3
1.2
0.2
_
0.2
0.2
1.5
-

0.6
0.6
2.2
-

29.3

0.4
74.0
0.2
3.1
5.6

0.6
-
0.6
-

21.6

3.6
1.0
0.4
1.5
3.2

0.8
3.6
0.5
-
-
_
0.2
-
0.4
-
_
-
-
-
3.0
_
-
-
-
-
_
0.2
-
-
-
_
-
-
-
-
-
-
-
0.2
-

0.5
0.2
-

_

-
_
0.4

4.7
6.5
4.0
4.7
3.1
2.0

Mica

0.9
0.7
2.9
4.4
8.5

8.8
0.9
0.2
9.8
0.4

5.0
1.3
3.5
0.6

17.4

2.1
1.0
0.4
4.1
7.4

0.6
-
0.4
1.1

18.1

4.7
5.7
-
1.0
4.2

1.6
9.6
2.5
4.6
1.7

1.0
24.3
28.6
16.2
19.8

13.8
29.1
10.6
9.9

76.0

29.5
28.4
26.8
19.8
27.5

22.4
46.8
43.7
52.4
43.3

3.9
4.5
7.9

30.8
51.3
56.5
0.2
17.6
16.4
0.4

3.0
2.3
2.3
5.2
9.8

2.9
4.8
0.7

32.1
44.7

41.6
26.2
3.4
7.5
7.3

73.0

% Terrigenous

Miner.

._
0.5
1.1
1.9

10.1

83.6
2.8
-

16.2
0.2

10.1
1.5
4.3
0.8

23.0

1.0
35.0
0.4
13.3
3.0

0.6
0.4
1.0
2.7
8.2

9.6
3.3
0.2
6.6

22.7

2.2
26.4
1.1
1.8
1.0

6.0
9.1

21.4
50.7
28.6

20.2
24.3
24.5
21.9
30.0

5.5
13.0
10.1
24.4
54.7

66.2
42.8
41.5
38.9
33.9

47.6
17.4
12.0
12.5
44.9
25.4
2.0
4.5

75.0
49.5

76.9
70.4
50.8
79.0
12.7

17.7
69.1
0.4

21.9
11.8

18.3
55.8
18.8
5.7

73.8
82.0

Others

6.0
0.5
0.8
2.1
3.4

0.2
-
-

48.4
1.9

46.2
-
-
-
0.2

0.4
2.0
-
-
0.2

0.4
0.2
-
0.3
0.8
_
0.5
-
1.2
4.2

0.6
38.7
44.4
0.9
-

160.0
0.6
2.9
2.3
-

1.0
1.0
2.1
3.0
-

0.2
0.2

0.4
0.5

0.4
-

0.2
-

-
-
0.2
0.4
11.1
8.4

74.1
-
0.2
_
0.4

46.5
0.2
0.2
_
-

7.1
26.9

20.0
7.4
15.6
64.7
6.0

106.0

N° Grains

465
410
380
482
496

463
469
503
543
484

483
461
492
510
478

472
499
472
488
462

525
470
499
628
515

469
581
504
519
501

492
698
639
45 3
515

363
493
486
513
486

515
515
473
465
375

563
461
507
698
561

541
472
568
435
492

460
446
481
471
5 30
504
454
556
464
485

394
486
486
524
488

509
463
456
462
476

516
511
377
507
385
380

401


