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ABSTRACT

This chapter deals with the evolution of clay minerals in Cenozoic sediments from DSDP Sites 541, 542, and 543
east of the Lesser Antilles arc on and near the edge of the Barbados Ridge complex. Throughout the Miocene, smectite
exceeds all other minerals at all three sites. From the Pliocene onward, however, illite becomes dominant and chlorite
well-represented. Quantitative mineral differences among the three sites are significant up until the top of the Pliocene.
But in the Pleistocene, the mineralogical composition becomes exactly the same at all sites. Data from the Caribbean
region are used to interpret the results obtained. These involve two supply sources: (1) the adjacent islands that supply
smectites and kaolinites, and (2) South America, which is the major source of illite and chlorite. The apparent north-
ward migration of illite and chlorite on the Barbados Ridge complex and the changes reported in the quantitative distri-
bution of the four clay minerals are most probably controlled by northerly currents along the northern coast of South
America.

INTRODUCTION

The average content of clay minerals in sediments cored
at Sites 541 through 543 during Leg 78A were calculated
for each main geological stage on the basis of clay-frac-
tion analysis results (<2 µm). The stage boundaries are
those given in Bergen (this volume)—based on nanno-
fossils; Renz (this volume)—based on radiolarians; and,
for part of the Eocene, the site reports (this volume)—
based on foraminifers. The sediments, which range from
Tertiary to Quaternary, were recovered on the Barbados
Ridge (Sites 541 and 542) and at the oceanic reference
site (543) just east of the Barbados Ridge. Methods and
mineralogical data are presented in the Appendix. For
the evaluation of mean contents, neither transitional
zones nor insufficiently well-determined ages were taken
into consideration. Experimental error is estimated to
be ± 10%, in accordance with the analysis of artificial
mixtures of clay minerals. After a brief summary of the
results obtained, we discuss the evolution of the clay
phases from a paleogeographical point of view.

RESULTS

Site 541
Two successive Miocene-Pliocene tectonic units (A and

B, see Site 541 report and Biju-Duval et al., 1981) and
Pleistocene sediments were studied (Table 1, Fig. 1A).

Miocene sediments (Tectonic Units A and B) are char-
acterized by the predominance of smectite; illite, kaolin-
ite, and chlorite are far less abundant but well-repre-
sented.

Pliocene sediments (Tectonic Units A and B) are also
rich in smectite but contain more illite than the Miocene
deposits. Kaolinite and chlorite amounts remain practi-

Table 1. Mean clay mineral contents (%) in each stratigraphic unit,
Site 541.

Stratigraphic unit

Pleistocene

Pliocene
(Tectonic Unit A)

Miocene
(Tectonic Unit A)

Pliocene
(Tectonic Unit B)

Miocene
(Tectonic Unit B)

Levels
(core-section,

interval in cm)

2-6, 18-20 to
11-2, 11-13

(17 samples)
12-4, 89-91 to

20-2, 70-72
(IS samples)

22-6, 126-127 to
30-6, 8-10

(10 samples)
30-7, 8-10 to
33-6, 94-%
(4 samples)

37-6, 94-96 to
50-3, 48-50
(11 samples)

Smectite

32

52

56

41

59

Illite

33

23

21

30

17

Kaolinite

20

16

14

18

16

Chlorite

15

9

9

11

8

Biju-Duval, B., Moore, J. C , et al., Init. Repts. DSDP, 78A: Washington (U.S. Govt.
Printing Office).
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Cours de la Liberation 33405 Talence, France.

cally the same as those observed in the Miocene sedi-
ments.

Pleistocene sediments, although rich in smectite, dis-
play richer illite proportions than in the Miocene. Kao-
linite and chlorite amounts are higher than those ob-
served in the Pliocene sediments.

Site 542
Only upper Miocene and Pliocene sediments were stud-

ied; Pleistocene sediments were excluded because they
were not clearly and stratigraphically distinguished within
the Quaternary deposits (Table 2, Fig. IB).

Here the Miocene sediments are also characterized by
the predominance of smectite. Illite, kaolinite, and chlo-
rite are less abundant than in the Miocene of Site 541.

In the Pliocene, smectite decreases considerably, al-
though it is still dominant, whereas illite, kaolinite, and
chlorite are more abundant than in the Miocene.

Site 543
The sediments studied belong to the Eocene, Oligo-

cene, Miocene, Pliocene, and Pleistocene (Table 3, Fig.
IC).
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Figure 1. A-C. Clay-mineral assemblage variations during the Tertiary and Quaternary, averaged by epoch, from data in Ap-
pendix Tables 1-3.

Table 2. Mean clay mineral contents (%) in each straigraphic unit, Site
542.

Stratigraphic
unit

Levels
(core-section,

interval in cm) Smectite Illite Kaolinite Chlorite

Hole 542A

Pliocene

Miocene

Hole 542

Pliocene

Miocene

Hl-5, 87-89
H2-5, 60-62
1-4, 61-63

(3 samples)
3-1, 106-108 to

8-4, 40-42
(7 samples)

H2-4, 60-62
H3-1, 35-37

2-4
(3 samples)

4-1, 36-37 to
4-2, 112-119
(3 samples)

43

59

34

57

29

16

31

22

18

16

21

12

10

14

Eocene clays are marked by their high smectite con-
tents. Kaolinites are quite abundant; some illite and chlo-
rite traces were observed.

Smectite and kaolinite remain dominant in Oligocene
sediments; illite in particular as well as chlorite increase
considerably.

Miocene clay minerals are dominated by smectite. Kao-
linite diminishes markedly, whereas illite remains the same
as observed in the Oligocene at this site. Chlorite shows
a moderate increase.

The Pliocene sediments are dominated by illite and
smectite. Kaolinite and chlorite are more abundant than
in the subjacent episode.

In the Pleistocene, illite, smectite, kaolinite, and chlo-
rite proportions remain practically the same as those re-
ported for the Pliocene.

Table 3. Mean clay contents (%) in each stratigraphic unit, Site 543.

Stratigraphic
unit

Pleistocene

Pliocene

Miocene

Oligocene

Eocene

Levels
(core-section,
cm interval)

1-2, 50-52 to
3-5, 14-16
(3 samples)

4-1, 100-102 to
7-3, 22-24
(4 samples)

10-4, 120-122 to
23-2, 137-139
(15 samples)

24-3, 115-116 to
26-4, 110-112

(5 samples)
27-4, 83-85 to

30-4, 93-94
(5 samples)

Smectite

31

29

65

52

64

Illite

34

39

14

16

8

Kaolinite

19

18

14

28

27

Chlorite

16

14

7

4

1

In summary, on the basis of these data, the mineral-
ogical evolution of the region varied greatly in time. Sedi-
ments dominated by smectite and kaolinite prevailed dur-
ing the Eocene and Oligocene; during the Miocene, ka-
olinite disappeared and only smectite predominated.
This predominance gave way to that of illite during the
Pliocene and Pleistocene. This clay-mineral transition is
abrupt at the oceanic reference site (543), and more gra-
dational at the other sites (541 and 542).

DISCUSSION

Interpretation of Results
Interpretation of results is based upon previous stud-

ies by different authors, which concern, first, the gen-
eral definition of clays within sedimentary environments
and second, the distribution of these minerals in present-
day soils and sediments of the Caribbean region and its
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surroundings. The conclusions of all these studies guid-
ed us to the interpretation suggested herein.

In general, clayey marine sediments (see Biscaye, 1965;
Griffin et al., 1968; Chamley, 1981) are considered to be
mainly the result of erosion from neighboring continen-
tal soils. They can, therefore, indicate the origin and
conditions under which those soils evolved. From this
point of view, kaolinites are the result of a hot, very
damp, leaching climate. Smectite can develop in Verti-
sols in hot climates of contrasting seasons (humid-dry)
in badly drained zones (Paquet, 1970). The presence of
parent basic volcanic rocks is often considered to be a
factor favoring development of smectite. Illite and chlo-
rite can form in temperate climates and/or by simple
mechanical weathering of acidic rocks. Clay minerals
may also be the result of authigenesis within the sedi-
mentary environment itself. They can, therefore, act as
environmental indicators. For instance, Bonatti (1967)
and Lomova (1975) showed that volcanic environments
favor the development of smectite and palygorskite.
Diagenesis and metamorphism may also account for the
relatively important changes of clay minerals after set-
tling, that is "fermeture" (Millot, 1964), of the rather
degraded structures of certain minerals (early diagene-
sis) and transformation into illite and chlorite (meta-
morphism).

Since the work of Delany et al. (1967) and of Griffin
and Goldberg (1969), various modern clay sediments re-
covered in the Caribbean region have been the object of
many studies. Several of these studies contributed to our
interpretation. First, soil studies in Martinique (Julius
and Pons, 1972) showed that smectite and kaolinite are
the sole clay components. Second, studies carried out
on present-day marine deposits neighboring the Lesser
Antilles (Pautrizel and Pons, 1981), Columbia (Klinge-
biel and Vernette, 1977), Guiana (Jantet, 1982), and the
outlets of the Orinoco and Amazon rivers (Damuth and
Fairbridge, 1970; Embley and Langseth, 1977; Gibbs,
1977; Eisma et al., 1978; Bouysse et al., 1980) suggested
that illite and chlorite originate from the northern part
of South America. Once in the sea, they migrate toward
the northwest (Fig. 2) under the effect of currents along
the continental shelf (Guiana currents) and deep-water
currents (Antarctic Bottom Waters—AABW). They can
mix with locally derived clay minerals (smectite, kaolin-
ite) in the vicinity of the Lesser Antilles.

Evolution of Clay Mineral Assemblages in the
Cenozoic at Site 543

The stratigraphic series at this site is the most com-
plete. Hence this site served as a means of tracing the
evolution of clay minerals during the Tertiary and Qua-
ternary (Fig. IC).

Eocene clay minerals are mainly represented by smec-
tite and kaolinite. This assemblage is, in general, that of
soils in equatorial regions (Millot, 1964; Tardy, 1969). It
particularly occurs in soils overlying present-day volcanic
material of the Lesser Antilles (Julius and Pons, 1972).
The prevailing mineral in well-drained areas of the is-
lands is kaolinite, whereas in the lowlands it is smectite.
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Figure 2. Location of the Leg 78A drilling area (Sites 541, 542, and
543). A. Schematic profile of the Barbados Ridge complex (after
Biju-Duval et al., 1981). Sites 541 and 542 penetrated chiefly Mio-
cene and younger sediments above the upper reflector, shown sche-
matically. Site 543 reached Late Cretaceous basaltic basement, the
lower reflector shown schematically. B. Leg 78A drilling area in re-
lation to the Lesser Antilles arc, northern South America, and
present-day surface and bottom currents (from Damuth and
Fairbridge, 1970; Embley and Langseth, 1977). (AABW = Ant-
arctic Bottom Water.)

Some zeolite traces (clinoptilolite) associated with the
clay fraction also occur at Site 543. This zeolite as well
as the frequent occurrence (see Natland, this volume;
Biju-Duval et al., 1981) of volcanic ash suggest subma-
rine diagenesis of smectite from basic eruptive precur-
sors; hence the significantly higher smectite contents that
were observed in lower Eocene sediments, which have
rare altered volcanic ashes (Natland, this volume). Nev-
ertheless, close examination of the distribution of smec-
tite (level by level) in these Eocene sediments showed no
correlation between smectite contents and ash layers.
Although the possibility of a direct influence by vol-
canic ash on smectite genesis cannot be excluded, we be-
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lieve that the main sources of this material—and the as-
sociated kaolinite—are soils overlying basic eruptive
rocks that develop under an equatorial climate.

The Oligocene is represented by the same smectite-
kaolinite assemblage. In this unit, very few ash levels
have been recognized (Natland, this volume); thus vol-
canism cannot have greatly contributed to the in situ
genesis of clay minerals. Erosion of soils appears, here
again, to be the main source of these minerals. This shows
that clay-mineral supply occurred under the same gen-
eral equatorial climatic conditions as those during the
Eocene. But at the same time, the very presence of pri-
mary minerals such as illite or chlorite indicates that
new inputs existed and resulted from the erosion of un-
altered or only slightly altered acidic rocks (e.g., meta-
morphic rocks or granite). These primary minerals can-
not be truly compatible features of either the climatic or
geologic contexts that are marked by the abundance of
smectite. They could be indicative of continental tecton-
ic rejuvenation and/or of new inputs derived from non-
equatorial regions.

Miocene clay minerals are mostly represented by smec-
tites. The moderate increase of the smectite-kaolinite ra-
tio could suggest less humidity (i.e., rainfall) and larger
areas of poorly drained soils, possibly corresponding to
the general Miocene submergence of the arc (Tomblin,
1975). This increase can also be correlated with an early
middle Miocene increase of explosive volcanic activity
(Natland, this volume). Nevertheless, no volcanic mate-
rial other than smectite is recognized in the upper Mio-
cene. In addition to illite (primary mineral) there is a
distinct appearance of chlorite, which could mean that
nonequatorial inputs became more abundant.

Pliocene and Pleistocene clay assemblages are funda-
mentally different from those of the older sediments.
Consequently, the Miocene/Pliocene boundary appears
as a major mineralogical break. Illite becomes dominant;
the smectite percentage remains important but dimin-
ishes considerably. The proportions of kaolinite and chlo-
rite are the same and well-represented. From the Plio-
cene onward the clay compositions become very similar
to those observed in the present-day local environments.
Thus the modern model outlined earlier can serve as a
guide to the understanding of mineralogical changes at
the Miocene/Pliocene boundary. Likewise, deposits at
Site 543 appear from the Pliocene onward to inherit an
important part of clay phases (illite and chlorite) from a
nonequatorial source that began to take effect discreetly
during the Oligocene. As is the case today (Pautrizel
and Pons, 1981), illite and chlorite might have originat-
ed in northern part of South America and been trans-
ported by Central Atlantic surface currents; these might
have deviated during the Cenozoic to the northwest and
migrated along the northern part of South America
(Berggren and Hollister, 1974). We assumed that this de-
viation accelerated at the beginning of the Pliocene with
the closing of the Panama isthmus (Heath and van An-
del, 1973). Fine-grained materials, issued from moun-
tains and today carried to the sea by the Orinoco and
Amazon rivers could have drifted toward the north and
contributed (after mixing with local terrigenous materi-

als, mainly smectites) to the sedimentation of the Bar-
bados Ridge. These materials, formed in high altitudes
under temperature to cold climatic conditions, might
(despite their equatorial latitude) have been richer in
primary clay minerals. If so, the present-day regional
model of sedimentation can be applied to the Pliocene.
Even as early as the Oligocene, traces of illite and chlo-
rite suggest a modest South American supply.

COMPARISON OF SITE 543 WITH SITES 541
AND 542

Upper Cenozoic sediments at Sites 541 and 542 show
the same succession of clay minerals as sediment at Site
543.

Smectite is again dominant in the Miocene; primary
minerals, especially illite, are abundant in the Pliocene
but predominate in the Pleistocene (Site 541). In the Mi-
ocene, smectite is slightly more dominant at Site 543 than
at Sites 542 and 541, where the primary minerals are
better represented. Conversely, in the Pliocene (Fig. 3),
illite is predominant at Site 543 and less abundant at the
other sites. In the Pleistocene, clay phases are identical
at both Sites 541 and 543. Illite predominates over smec-
tite; chlorite is fairly well-represented.

Arguments used to interpret the sedimentary situa-
tion at Site 543 may also be used to explain the data as a
whole. They involve two supply sources: one local—the

50%

25%

• Illite

• Smectite

• Kaolinite

• Chlorite

541

Tectonic
Unit A

541

Tectonic
Unit B

542 543

Figure 3. Comparison of clay assemblage differences at Sites 541, 542,
and 543 during the Pliocene.
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Lesser Antilles—rich in kaolinite and smectite; and the
other distant—South America—rich in illite and chlo-
rite.

Up until the end of the Miocene, Site 543 was located
more to the east than today and consequently it was less
able to receive materials derived from South America.
At this time, Sites 541 and 542, however, were in a re-
gion supplied both by the Lesser Antilles arc and, to a
lesser extent, South America.

During the Pliocene, convergence of the North Ameri-
can and Caribbean plates brought Site 543 closer to the
arc, and in the path of currents transporting South
American material. Also, the simultaneous closing of
the Panama isthmus resulted in the migration of these
currents more to the east, hence more directly toward
Site 543.
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APPENDIX

METHODS AND MINERALOGICAL DATA

Analytical Procedures

At the Société Nationale Elf Aquitaine (Production) [SNEA (P)], rou-
tine mineralogical X-ray diffraction analyses were performed on the
bulk samples and the < 5-µm fraction. At the Institut de Géologie du
Bassin d'Aquitaine (IGBA), the mineralogical analyses of the fine-
grained fraction <2 µm were completed.

Quartz, calcite, and dolomite were analyzed by X-ray diffraction
as percentages of the total sediment. The diffractometer used was a
Philips 1130, and operating conditions were as follows: CuKα radia-
tion at 40 kv, 30 mA; monochromator; Compton diffusion measure-
ment were made to obtain matrix effect correction by computing pro-
gramme.

Clay Fraction < 5 µm

Separating methods were the same as those used for clay fraction
< 2 µm, but 5-µm-grained fractions were extracted and the suspensions
deposited on slides. The diffractometer used was a Philips 1130, and
operating conditions were as follows: very fine focus, nickel-filtered
CuKα radiation at 40 kV, 20 mA.

Clay Fraction < 2 µm

Total sediments were dispersed in pure water using mechanical agi-
tation. Samples with high contents of carbonates were first treated
with 10 normal HC1. After several (2 or 3) washings in pure water, the
<2-µm subfractions were separated by gravity settling. The <2-µm
portion was centrifuged, and the thick paste obtained was spread across
two slides with a standard laboratory spatula. The first slide was scanned
untreated and then treated at 550°C for 1 hr. before secondary analy-
sis. Minerals were identified on the basis of their typical reactions to
classical treatment (Brown, 1961; Thorez, 1975). The different miner-
als were estimated semiquantitatively from diagrams of the glycolated
slides. Their relative abundance in the clay fraction was evaluated on
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the basis of the height of their basal characteristic reflections. Experi-
mental error was estimated to ± 10% (relative value), in accordance
with the analysis of artificial mixtures of pure clay minerals.

The diffractometer used was a Philips 1130. Operating conditions
were as follows: CuKα radiation, 40 kV, 20 mA.

Data are listed in Tables 1 (Site 541), 2 (Site 542), and 3 (Site 543).
They are plotted versus depth in Figures 1 (Site 541), 2 (Site 542), and
3 (Site 543).

REFERENCES

Brown, G., 1961. The X-ray Identification and Crystal Structures of
Clay Minerals: London (Mineralogical Society).

Thorez, J., 1975. Phyllosilocates and Clay Minerals. A Laboratory
Handbook for Their X-Ray Diffraction Analysis: Dison, Belgique
(G. Lelotte Edit.).

Table 1. Leg 78A Hole 541 mineralogical data, obtained by X-ray diffraction analysis.

Sample
(core-section,
cm interval)

2-1, 42?
2-5, 110-112
2-6, 18-20
3-1, 59-61
3-2, 94-96
3-3, 59-61
3-4, 53-55
3-4, 59-61
4-1, 103-105
4-2, 33-35
4-4, 33-35
4-6, 33-35
4-7, 22-24
4-7, 33-35
5-1, 88-90
5-1, 94-%
5-2, 103-105
5-3, 62-64
6-1, 13-14
6-1, 43-45
6-6, 90-92
7-2, 41-43
7-2, 46-48
7-2, 99-101
7-4, 53-55
8-2, 73-75
8-4, 71-73
8-4, 80-82
9-2, 71-73
9-3, 71-73
9-4, 71-73
10-2, 72-74
10-5, 72-74
10-5, 107-109
11-1, 80-82
11-2, 11-13
11-3,80-82
12-1, 78-80
12-3, 78-80
12-4, 89-91
12-6, 78-80
13-3, 31-33
13-5, 8-10
13-5, 11-13
13-6, 31-33
14-2, 26-28
14-2, 51-53
14-4, 26-28
14-7, 26-28
14-7, 51-53
15-2, 21-23
15-3, 21-23
15-3, 56-58
15-6, 21-23
16-1, 14-16
16-1, 60-62
16-3, 14-16
16-3, 42-44
16-5, 14-16
16-6, 60-62
17-2, 38-40
17-3, 63-65
17-4, 78-80
17-6, 77-79

Total rock (%)

Dolo-
mite Calcite

14

12

1

21

10

6

2

5
1
3

28

20

22
32
24

15

21
19

35
25

26
28

32
28

35
23

28

26

26

27

28

Qu<irtz

8
12

6

11

8

9

9

10

7

6

10
10
11
7

7

9
6
6

8

8
8

5
6

7
7

6
7

7
7

5

7

6

8

6

Chlorite
(%)

8

5

5

8
8

5
10

8

5

Composite

Kao-
Unite

12
25

21

10

21

20

19

28

10

17

5
15
10

8

8
15
15

13

10
34
25

25
34

19
16

19
14

23
24

24
24

19

20

26

15
20

Illite
(%)

10
7

6

5

6

10

8

4

5

5

3
5
5

2

4
5
7

5

5
6
5

14
12

17
12

14
16

13
14

15
12

13

14

22

12
14

<5-µm

I-Sa

(%)

20
20

20

10

16

14

18

18

14

10

5
6
8

10

8

6
10
8

4

12
12
12

18
17

18
18

22
18

20
18

18
17

20

20

18

22
18

fraction

Smectite

w
50
48

53

75

57

56

65

50

66

68

95
86
72
75

82

82
70
70

78

73
48
58

38
37

38
46

40
42

44
44

43
47

40

46

34

46
48

Chlorite

18
16

17

17

19
13
16

16

12

13

15

18
16

11

14

16

11

8

12
14

7

10

9

10

11

9

10

Composite

Kao-
Unite

18
22

22

23

21
22
20

18

20

21

17

20
18

19

18

19

19

20

22
23

15

16

15

14

18

12

16

Illite
(%)

32
36

36

35

32
36
35

33

34

34

30

31
29

34

28

32

29

20

24
23

25

26

23

24

23

18

23

<2-/tm fraction

Atta-
Smectite pulgite

(%) (%)

32
26

25

25

28
29
29

33

34

32

38

31
37

36 Traces

40

33

41

52

42
40

50

48

53

52

48

61

51

Smectite
crystal-
linityk

0.11

0.33

0.27

0.27
0.22
0.32

0.26

0.28

0.27

0.70

0.31
0.27

0.28

0.41

0.32

0.40

0.30

0.40
0.47

0.50

0.40

0.47

0.47

0.56

0.50

0.50

Quartz
feldspar0

1.58
4.00

4.80

5.70

5.00
5.55
5.20

4.00

1.80

2.18

2.83

4.75
4.75

3.20

5.50

2.55

3.60

5.00

6.00
6.00

2.44

5.00

5.66

2.16

6.00

3.00

5.50
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Table 1. (Continued).

Sample
(core-section
cm interval)

18-1, 130-132
18-2, 46-48
18-3, 77-79
18-4, 92-94
18-6, 46-48
19-2, 51-53
19-3, 80-82
19-4, 51-53
19-6, 51-53
20-1, 47-49
20-2, 62-64
20-2, 70-72
20-3, 47-49
20-5, 47-49
21-1, 59-61
21-3, 59-61
22-2, 39-41
22-4, 26-28
22-5, 122-123
22-5, 125-126
22-6, 26-28
22-6, 126-127
23-1, 66-68
23-2, 85-87
23-2, 92-94
23-3, 66-68
23-5, 66-68
24-1, 63-65
24-3, 63-65
24-3, 121-123
24-6, 63-65
25-1, 48-50
25-2, 126-128
25-3, 73-75
25-6, 58-60
26-1, 83-85
26-3, 83-85
26-3, 90-92
26-5, 83-85
27-2, 66-68
27-4, 66-68
27-4, 120-122
27-6, 68-70
28-2, 55-57
28-2, 60-62
28-5, 98-100
29-2, 79-81
29-3, 70-72
29-4, 79-81
29-6, 79-81
30-2, 80-82
30-4, 80-82
30-6, 8-10
30-6, 80-82
30-7, 8-10
30-7, 31-33
31-3, 91-93
31-2, 101-103
31-4, 91-93
31-6, 91-93
32-1, 48-50
32-4, 48-50
32-4, 136-138
32-6, 48-50
33-3, 64-66
33-4, 98-100
33-5, 64-66
33-7, 68-70
34-2, 59-60
34-2, 110-112
34-4, 29-30
34-4, 110-112
34-6, 104-106

Total rock (%)

Dolo-
mite Calcite

18
27
17

18
10
16

26
26
21
25
24
30

6

7
9

7
2

6
8

10

1 7
2

40
36

23
36
36
41

1 33
1 44

36
41

33

36
28

Quartz

7
6
8

7
8
5

6
6
8
6
6
5

9

9
8
9
8

7
8

7
6
7
8

7
6
9

7
7

8
5

8
10
8
8

7

7
8

8
7
8
6

5
5

7
6

7

5
7

Phlnritp

5

8

8

8
8

6
6

10
10

5
5
5

5
5

5
5

10

10

8

6
5

10
8

Composite

Kao-
unite

18

15
22
17

20
18
12

15
14
28
33
12
14

28

13

27
25
25
22

25
26

28
15
10
13

10
9

20

12
11

21
22

18
12
25
17

16

17
22

14
19
20
24

20
24

21
22

20

10
12

Illite

15

22
13
15

17
14
8

15
14
14
14
12
17

13

10

18
10
12
12

12
16

14
18
10
7

10
10
12

8
10

10
8

7
13
15
30

11

15
16

10
16
12
10

20
16

15
16

15

15
10

< 5-µm fraction

I-Sa

22

20
23
22

20
20
14

24
20
20
20
20
19

20

11

18
20
20
18

20
18

16
18
15
15

15
20
22

15
14

18
16

15
18
22
17

13

20
18

20
15
20
18

18
18

22
20

18

20
20

S tite

.<*)

40

35
42
38

35
40
66

40
46
38
33
46
40

39

65

37
45
43
50

43
40

42
44
60
60

60
56
56

60
60

41
54

60
47
38
28

60

48
44

50
45
48
48

42
42

42
42

47

45
50

6

11

9

9
7

9
10

13

1
10

9

9

8

13

11

8

10

12

10

12

9

10

7

Composite

Kao-
linite

8

18

16

13
11

13
16

20

2
19

15

14

13

15

13

13

16

22

16

18

16

13

8

Illite

17

30

23

25
17

18
24

32

Traces
29

25

29

25

22

14

11

23

30

29

40

22

29

10

<2-µm fraction

Atta-
Smectite pulgite

69 Traces

41

52

53
65

60 Traces
50

35

97
42

51

48

54

50

62

68

51

36

45

30

53

48

75

Smectite
crystal-
linityb

0.62

0.56

0.41

0.57
0.64

0.56
0.45

0.41

0.82
0.50

0.66

0.46

0.61

0.43

0.63

0.66

0.38

0.46

0.61

0.40

0.38

0.53

0.53

Quartz
feldsparc

= 90

7.00

4.00

1.85
0.44

0.79
1.25

3.00

0.55
5.33

2.83

1.50

2.33

6.50

10.00

2.00

3.75

5.00

3.28

8.00

4.00

5.33

18.57
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Table 1. (Continued).

Sample
(core-section
cm interval)

35-2, 44-46
35-4, 44-46
35-6, 24-26
35-6, 44-46
36-1, 63-65
36-2, 80-82
37-3, 38-40
37-5, 43-45
37-6, 94-96
38-2, 76-78
38-3, 78-80
38-6, 102-104
39-1, 91-94
39-5, 50-52
39-5, 80-82
40-2, 69-71
40-2, 126-127
40-4, 24-26
40-6, 77-79
41-4, 18-20
41-5, 20-22
42-4, 75-77
42-1, 115-116
42-6, 120-122
42-7, 50-52
43-2, 94-96
43-3, 62-64
43-3, 87-89
43-4, 67-69
43-6, 46-48
44-3, 37-39
44-4, 90-92
45-1, 136-138
45-3, 107-109
45-6, 65-67
47-2, 51-53
47-2, 72-74
48-1, 35-37
48-4, 35-37
48-6, 35-37
49-3, 75-77
49-4, 56-58
49-5, 103-105
50-1, 43-45
50-3, 45-47
50-3, 48-50
50-4, 41-43

Total rock (

Dolo-
mite Calcite

27
8

30
9

12
14
4

2

2

4

14

%)

Quartz

6
6

7
10
10
7

10

8
7
8
7

9

8
8
9
7
4

5
6

6

7
5
7
1

4
7
6

6
7
6

6
6
6
7

6

Chlorite

3

8

5

8

5
8

5

Composite
Kao-
Unite

20
5

17
30
27
20
25

20
15
9

18

16

12
12
25
21
10

21
20

19

28
10
17

5
15
10

8
8

15

15
13
10
34

25

Illite

15
2

20
15
13
15
10

12
5
8

10

6

7
10
7
6
5

6
10

8

4
5
5

3
5
5

2
4
5

7
5
5
6

5

<5-µ.m fraction

I-Sa

20
10

20
20
20
15
20

20
12
18
18

18

20
20
20
20
10

16
14

18

18
14
10
5

6
8

10

8
6

10

8
4

12
12

12

Smectite

45
80

35
35
40
50
45

48
68
60
54

52

56
50
48
53
75

57
56

65

50
66
68
95

86
72
75

82
82
70

70
78
73
48

58

Chlorite

19

13
11

9

9

5

16

7

6

5

2

Traces

Composite

Kao-
Unite

21

24
21

22

13

11

18

11

10

9

5

30

Illite

38

32
28

29

19

11

20

8

12

12

6

15

<2-µm fraction

Atta-
Smectite pulgite

22

31
40

40

59

73

46

74 Traces

72

74

87

55

Smectite
crvstal-
linityb

0.21

0
0.40

0.27

0.46

0.57

0.35

0.68

0.72

0.77

0.81

0.66

Quartz
feldspar0

-– - —

9.50

5.00
6.50

4.00

1.66

3.00

10.00

1.75

3.00

1.20

2.25

4.00

Note: Blank space indicates no data.
a I-S = illite-smectite × 100.
b Smectite crystallinity = Biscaye index.
c Quartz/feldspar = height peak ratio.
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Table 2. Leg 78A Site 542 mineralogical data obtained by X-ray diffraction analysis.

Sample
(core-section

interval in cm)

Hole 542

H2-4, 60-62
H3-1, 35-37
Z4
3-2, 18-20
4-1, 36-37
4-1, 48^9
4-2, 93-94
4-2, 112-113

Hole 542A

Hl-5, 87-89
H2-5, 60-62
1-4, 61-63
2-1, 60-62
3-1, 106-108
3-2, 106-108
3-3, 101-103
4-2, 78-80
4-2, 119-121
4-3, 126-128
5^,60-62
6-1, 127-129
6-2, 92-94
7-1, 98-100
7-2, 6-8
8-3, 92-94
8-4, 4(M2

Total

Calcite

36
19
25
21
3

12
7

12

32
7

30

2
14

2
4
9

rock (%)

Quartz

7
8
7
7
4
7
5
8

5
6
6
7

6
8
7
8
7
6
6
5
7
7
6
5

Kao-
Unite

30
25
48
30

34
26
28
32

15
19
33
27
32
25
20

32
30
28
18

Composite <5-µm fraction

Illite

12
22
14
10

16
12
14
12

5
9
9

16
9
9
5

6
10
6
6

I-Sa
1 L>

20
16
18
20

21
18
18
18

15
15
18
17
17
16
15

15
16
16
14

38
37
20
40

29
44
40
38

65
57
40
40
42
50
60

47
44
50
62

Chlorite*
V^illUllLt

13
11
18
15

13

12

11
10
11
9
5

13

14
10

7

10

7

Composite

Kao-
linitp
11111 IC

23
19
22
19

15

22

18
15
20
17
7

22

16
18

11

25

10

IlliteA 111 IC

30
32
30
39

33

33

27
31
29
33
16

22

17
21

11

15

10

<2-µm fraction

Sirwvrite

34
38
30
27
99
39

33

44
44
40
41
72

43

53
51

71

50

73

Atta-
pulgite

Traces

Traces

Traces
Traces

Smectite
fTvstai-
linityb

0.43
0.58
0.21
0.33
0.76
0.35

0.38

0.46
0.23
0.50
0.30
0.60

0.41

0.53
0.44

0.61

0.64

0.58

Quartz
feldspar0

7.00
7.33
0.50
5.50
1.66
5.25

5.50

2.22
0.78
5.50
6.50
1.25

10.00

11.60
3.00

1.50

4.50

3.50

Note: Blank spaces indicate no data.
a I-S = illite-smectite × 100.
b Smectite crystallinity = Biscaye index.
c Quartz/feldspar = height peak ratio.
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Table 3. Leg 78A Site 543 mineralogical data obtained by X-ray diffraction analysis.

Total rock («%) Composite <5-µm fraction

Sample
(core-section,

interval in cm)

Kao- Atta-
Dolo- Chlorite Unite Illite I-Sa Smectite pulgite Zeolite
mite Calcite Quartz (%) (%) (%) (<%) (%) (%) (%)

Composite < 2-µm fraction

Kao- Smectite _
Chlorite Unite Illite Smectite Zeolite crystal ^ z

(%) (%) (%) (%) (%) linityb feldspar0

Hole 453

1-1, 63-65
1-2, 50-52
1-3, 63-65
1-5, 66-68
2-1, 48-50
2-3, 48-50
2-4, 90-92
2-5, 48-50
3-3, 70-72
3-5, 14-16
3-7, 59-61
4-1, 100-102
4-3, 68-70
4-6, 46-48
5-2, 60-62
5-4, 60-62
5-4, 87-89
6-2, 89-91
6-3, 110-112
6-5, 89-91
7-2, 108-110
7-3, 22-24
7-3, 60-62
8-2, 40-42
8-2, 56-57
8-2, 66-68
8-4, 40-42
8,CC
9-2, 80-82
9-3, 18-19
9-3, 26-27
9-4, 80-82
9-4, 111-112
10-2, 40-42
10-4, 72-74
10-4, 120-122
11-1, 30-32
11-3,30-32
11-3, 103-105
12-1, 11-12
12-1, 15-16
12-1, 60-62
12-5, 60-62
13-1, 113-115
13-3, 5-6
13-4, 5-6
13-5, 113-115
14-1, 91-93
14-2, 10-12
14-5, 94-96
15-2, 88-90
15-3, 42-44
15-3, 46-48
16-1, 135-137
16-3, 63-65
16-6, 90-92
17-1, 36-38
17-1, 46-48
17-3, 46-48
17-4, 46-48
18-1, 78-80
18-2, 95-97
18-3, 45-47
18-5, 36-38
19-1, 60-62
19-3, 60-62
19-3, 120-122
19-3, 130-132
19-5, 60-62
20-0, 11-13
20-2, 77-79
20-3, 77-79
20-4, 57-59
23-1, 120-122
23-2, 90-92
23-2, 137-139
24-2, 90-92
24-3, 115-116
24-4, 90-92
24-4, 94-95
24-7, 90-92
25-1, 40-42
25-2, 118-120

5
8
4

13

12

11
8
5
5

14

10
3

2

12
9
11
12

9

9

8
9
10
11

9

10
10

10
11

10

9

10

40 25

28

30

36
35
37
35

35
35

30

25
26
33
25

30

25
30

27
25

25

23

20
25
20
25

20
15

15

15
26
24
20

15

15
15

18
20

18

14

16
8
13
14

17
17

19

15
16
15
15

20

23
17

17
20

20

18

28
32
30
26

28
33

36

45
32
28
40

35

37
38

38
35

37

45

40

8
9

8
8

6
6
8

7
7

7

5

8
8

6
6
7
7

8
7
6
8

7
7
7
6

7
8

8

6

7
6

18
30

22
24

24
10
25

18
15

22
18
10

10
15

10
16
22
20

22
20
24
20

12
16
15
20

34
30

36

45

38
44

12
15

15
12

8
5

8
10

10
6
5

5
10

5
6
6
4

8
5
16
5

4
6
7
5

6
5

5

8

23
15

17
15

13
10
15

29
10

14
12
10

10
13

10
14
15
16

12
15
20
13

12
10
14
13

12
13

16

12

14
13

47
40

46
49

55
75
60

45
65

54
64
75

75
62

75
64
57
60

58
60
40
62

72
68
64
62

48
52

48

38

40
43

17 29

23 35

32

38

29

25

61

7
9
10

8
13

10
12
20

16
26

23
20
17

16
18

60
59
53

60
43

80

88

16 19 58

0.42

0.30

6.25

8.00

18

16

18

19

38

37

26

28

0.28

0.41

5.00

6.00

14

14

17

17

35

41

34

28

0.53

0.26

5.00

6.66

0.27 4.00

13
11

15

9
13

13
11

17

9
18

34
33

38

18
48

40
45

30

64
21

0.25
0.36

0.35

0.42
0.33

1.60
1.00

4.00

1.42
3.75

0.55

0.57

0.48
0.57
0.50

0.50
0.33

0.68

2.33

3.00

2.25
2.75
1.42

6.00
5.50

0.83

5
7

10
15

10
16

75
62

0.57
0.57

1.75
1.50

0.69

0.75

0.80

1.59

10
5

10
11

17
Traces

63
84

0.47
0.46

5.00
4.28

0.45 1.75

4

10

5

27

21

23

11

24

18

58

45

54

Traces 0.45

0.52

0.54

4.50

8.75

11.00

38 44 Traces 0.33 6.42
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Table 3. (Continued).

Sample
(core-section,

interval in cm)

Hole 453 (Cont.)

25-2, 122-123
25-3, 11-13
26-1, 27-29
26-3, 27-29
26-4, 110-112
26-5, 27-29
27-1, 83-85
27-3, 24-26
27-4, 83-85
27-5, 33-35
28-1, 66-68
28-2, 66-68
28-3, 81-83
28-4, 66-68
29-1, 63-65
29-1, 12-14
29-3, 31-33
29-3, 79-81
29-3, 87-89
29-6, 133-135
30-2,9-11
30-4,9-11
30-4, 93-94
30-6, 82-84
31-1, 28-30
32-2, 76-78
32-3, 78-80
32-4, 69-73
33-1, 25-27
33-3, 53-55
34-1, 6-8
34-2, 63-65

Hole 453A

1-2, 136-137
1-2, 137-138
1-4, 32-33
2-1,97-99
2-2, 64-66
3-1, 86-88
3-2, 111-113
4-1, 56-58
4-2, 58-60
4-3, 75-77
5-1, 29-31
5-3, 39-41
6-1, 35-37
7-2, 7-9
7-2, 43-45
7-3,9-11
7-3, 12-13
8-1, 85-87
9-1, 20-22
10-1, 18-19

Total rock (%)

Dolo-
mite Calcite

47
10

1
3 11

44

Quartz

8
8
6

6
8
6

7
6
5

5
5
4

3

2
2
5

3
4
4
4
4
4
3
4
4

5
5
8

10
9
9
8
8

11
12

10
5
7
9
8
4

Composite < 5-µm fraction Composite <2-µm fraction

Kao- Atta- Kao- Smectite
Chlorite linite Illite I-Sa Smectite pulgite Zeolite Chlorite Unite Illite Smectite ZeoUte crystal - ^

(%) (%) (%) (%) (%) (%) (%) ("Po) (%) (%) (%) (%) linityD feldspar*-

54
40
50

35
43
40

40
35
35

40
40
45

30
35
30

35
40
40
17
15
20
30
17
20

34
38
38

52
40
50

40
58
48

50
38
45

50

58
55
40

55
50
48
37
35
45
48
45
50

5
5
5
5
5
5

18
22
15
15
15
15
24
20
20
30

20
15
20
15
13
5

10

5
5

5
6
5

15
10

15
15
10
30
40
45

13
18
10
10
12
10
10
10
17
14

18
20
20
20
18
20

43
50
55
55
58
55
55
65
48
46

42
45
45
30
24
25

3 34 13 50 0.45 11.00

2 22 9 67 Traces 0.62 7.10

Traces 34 9 57 0.62 7.00

Traces 32 61 Traces 0.61 5.00

3 27 6 64 Traces 0.67 3.33

4 23 8 65 Traces 0.68 6.66

Traces 21 8 71 Traces 0.54 2.08

28
40
20

38 0.24 8.00
34 Traces 0.43 7.66
37 0.36 3.60

16 10 67 0.55 6.00

Note: Blank spaces indicate no data. X = present.
a I-S = illite-smectite × 100.
b Smectite crystallinity = Biscaye index.
c Quartz/feldspar = height peak ratio.
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d: dolomite
c: calcite
q: quartz
ch: chlorite
k: kaolinite
i: illite

is: illite smectite
s: smectite

C. LATOUCHE, N. MAILLET

Figure 1. Variations of mineralogical data at Site 541 plotted versus age, depth sub-bottom, and core.
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ç: calcite
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Figure 2. Variations of mineralogical data at Site 542, plotted versus age, depth sub-bottom, and core.
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Figure 3. Variations of mineralogical data at Site 543, plotted versus age, depth sub-bottom, and core.

d: dolomite
c: calcite
q: quartz
ch: chlorite
k: kaolinite
i: illite
is: illite smectite
s: smectite
cl: clinoptilolite
at: attapulgite
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