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18. MINERALOGICAL RECORD OF CYCLIC CLIMATE CHANGESIN MEDITERRANEAN MID-
PLIOCENE DEPOSITSFROM HOLE 964A (IONIAN BASIN) AND FROM PUNTA PICCOLA (SICILY)!
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ABSTRACT

Mid-Pliocene sediments from Ocean Drilling Program Hole 964A (lonian Basin) and from Punta Piccola outcrop (Sicily,
Italy) consist of light-colored carbonate-rich marls (decimeter to meter thick) alternating with dark-colored, carbonate-poor,
organic matter—rich beds (1-25 cm thick). These sediments show cyclic variations in their mineralogical content, especially in
the clay mineral relative percentages. Palygorskite and kaolinite are abundant in carbonated intervals, whereas smectite and
chlorite dominate in dark ones. As palygorskite is known to originate from Africa, through wind transportation, we interpret
these cyclic variations to be a result of the alternation of dry periods, with dominant eolian sedimentary input from, the south
and humid periods, with dominant fluvial supply.

INTRODUCTION 12° 14° 16° 18° 20° 22°

Mid-Pliocene sedimentsrecovered from Hole 964A (Fig. 1) of the
Ocean Drilling Program (ODP) Leg 160 (Shipboard cientific Party, | x& N = ™
1996) and those of the same age observed in the southern Sicily out- h g =
crops of Punta Piccola (Brolsma, 1978; Hilgen, 1987, 1991; Foucault 00|’ N\ ; 0
and Mélieres, 1995) show similar facies and similar sedimentary ¢ TYRR.EVNlAN,SE_A_ ;
cles, which seem to be controlled by astronomically induced climat '
changes (Hilgen, 1991; Lourens et al., 1996). The aim of this study - LU
to analyze these sediments to interpret the cycles in terms of sedirr 5
tary and paleoclimate processes.

GEOLOGICAL SETTING

In the lonian basin, the studied sequence includes sediments fr
Sections 160-964A-9H-2 through 9H-6, from 97.585 revised mete
composite depth (rmcd) to 102.735 rmcd. They are mainly ligh
colored nannofossil ooze and clayey nannofossil ooze, but dai
colored organic-rich beds (sapropels) alternate with this backgrou
lithology. From top to bottom of the studied section, six saprope  34° ‘ ‘ ‘
were observed, numbered from 50 to 55 (Shipboard Scientific Par 12°E 14° 16° 18° 20° 22°
1996). A gray bed, located between sapropel 51 and sapropel
(from 78.53 to 78.62 rmcd), may be interpreted as an oxidize..
sapropel. As the sediment thickness from sapropel 50 to sapropel 55 .
is 4.26 m, the mean cycle thickness in the studied section is 0.71 ngedimentation rates cannot be better calcul ated and are therefore pos-

In Sicily, the Punta Piccola section crops out about 8 km west{lated to be constant throughout the cycle duration.
southwest of Agrigento. The studied section is located in the Monte
Narbone Formation and corresponds to cycles 104 to 108 (Hilgen, METHODS
1991). It shows mainly light-colored carbonated marls alternating
with gray or brown beds whose color is explained by concentration .
of manganese or organic matter (Brolsma, 1978; Van Os et al., 1994), At Hole 964A, 102 samples were taken at 5-cm intervals from
In this section, mean cycle thickness is 1.75 m, 2.5 times greater thf-28° t0 102.735 rmed. This sampling interval is sufficient to char-
the one calculated for Hole 964A. acterize the average 71-cm-thick cycles. At Punta Piccola, 123 sam-

Mean sedimentation rates can be calculated using data from LoBLes were taken every 5 cm. Thisinterval allows us a very good ac-
rens et al. (1996), assuming that the sedimentary cycles were astRoacy because of the larger cycles (1.75 m).
nomically controlled (2.64 cm-Kaat Hole 964A; 7.35 cm-Kaat .

Punta Piccola). Without higher resolution chronological data, the Calcareous Nannofossils

Punta Piccola

Figure 1. Location of Hole 964A and the Punta Piccola section.

Smear didesfor light microscope examinationswere prepared us-

T Robeton AR Emeis K.C. Richter. C.. and Camerlenghi. A (Eds), 1098 ing standard procedures. A small amount of sediment (5 mmd) is
opertson, A.R.F., Emes, K.-C., Ricnter, C., an ameriengni, A. S.), . H : ot

Proc. ODP, Sci. Results, 160: College Station, TX (Ocean Drilling Program). smeared onto a glass slide usi n.g a drop of dISt_I||eC_i V\./ater and a flat

2Laboratoire de Géologie, Muséum National d'Histoire Naturelle, 43 rue Buffon,tOOth pIC!(. The pgrceptage of Discoaster tamalis withi n.atOtaI count

75005 Paris, France. URA 1761 CNRS. foucault@cimrs1.mnhn.fr of 100 discoasterids is used to correlate Hole 964A with the Punta
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Piccola section, asit is considered as a good biostratigraphic marker
intheMediterranean (Rio et a., 1990; Channel et al., 1992; Sprovieri
eta., 1994).

Leg 160 - Hole 964A

% D. tamalis rmed
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Mineralogy

Hilgen cycle number

Carbonate content was evaluated by manocalcimetry. Quantita
tive measurements were performed by X-ray diffractometry onaSie-
mens diffractometer using copper Ni-filtered radiation. The use of a
high-speed rotating sample holder (Méliéres, 1973) and the syste LCO D. tamalis
atic duplication of measurements allow a relative accuracy rangil
from 2% to 5%. Dolomite, quartz, feldspars, pyrite, and goethite co
tents were determined on powdered samples, using SiC as inter
standard and calibrated curves that take into account the lattice cr
tallinity. Calcite content is calculated using the relation <
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% calcite = % carbonate — (1.085% dolomite).

Clay mineral relative abundances were measured on carbonate-1
oriented preparations, using the weighted area of the characteris
diffraction peaks with appropriate quantitative factors. The palygor:
kite (110) peak area was measured on the glycolated trace after
convolution of the illite (001)-palygorskite (110) doublet. The chlo-
rite/kaolinite ratio was measured using the chlorite (004)-kaolinit : )
(002) doublet, the abundance of the sum of the two minerals bei % D. tamalls -
measured on the unresolved chlorite (002)-kaolinite (001) peak. e A |
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The studied sections can be accurately correlated using nannol
sil data (Fig. 2). Three bioevents were used, all relatéd tamalis 400
(Driever, 1988; Rio et al., 1990; Sprovieri et al., 1994).

\ 107
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1. Last common occurrence (LCO) of D. tamalis. The LCO of
D. tamalis was first determined at Sample 160-964A-9H-2, 80 cr
(97.08 rmcd), 1.12 m above sapropel 50 (Shipboard Scientific Par
1996, p. 102, Table 4). Nevertheless, Di Stefano (pers. comm., 19¢
locates this LCO between Sample 160-964E-6H-2-549cm
(98.35-98.37 rmcd), 15 cm below the base of the sapropel 50, ai
Sample 160-964C-9H-6, 667 cm (98.0998.11 rmcd), 11 cm
above this base. Our observations (Fig. 2) lead us to locate this L(
in sapropel 50, at 98.185 rmcd. Consequently, the LCQ témalis
is located in close proximity to the base of sapropel 50.

At Punta Piccola (Brolsma, 1978; Hilgen, 1987, 1991; Drievel
1988), the LCO oD. tamalis (biohorizon d9 of Driever, 1988) is lo- . ! ] )
cated within the base of Driever's cycle number 16 (Driever, 198¢ Figure 2. Abundance of D. tamalis in the Punta Piccola section and in Hole
equivalent of Hilgen’s cycle 111 (Hilgen, 1991). The position of thi 964A.
biohorizon at Punta Piccola is confirmed by subsequent studies
(Sprovieri et al., 1994). We conclude that sapropel 50 of Hole 964A In the Punta Piccola section, this biomarker corresponds (Di Ste-
is equivalent to the gray layer located at the base of cycle 111 at Puriémo, pers. comm., 1996) to Driever’s biohorizon d7, just below the
Piccola. sapropel base of cycle 11 (Driever, 1988), equivalent to Hilgen's cy-

cle 106. Our observations confirm this stratigraphic position (Fig. 2).
2.Top of D. tamalis paracme. In Hole 964A, the top of thB. Therefore, sapropel 54 in Hole 964A appears to be equivalent to the
tamalis paracme was observed (Di Stefano, pers. comm., 1996) ipase of cycle 106 at Punta Piccola.
Sample 160-964E-6H-2, 12729 cm (99.2399.25 rmcd), 7 cm
above the base of sapropel 51. We observed it in this sapropel at These observations lead us to propose the equivalencies between
99.285 rmced (Fig. 2). Hole 964A and the Punta Piccola section that are shown in Table 1.

In the Punta Piccola section, the tofpofamalis corresponds (Di
Stefano, pers. comm., 1996) to Driever’s biohorizon d8, just above
the sapropel base of the cycle 15 (Driever, 1988), equivalent to MINERALOGY
Hilgen'’s cycle 110. We can then conclude that the sapropel 51 in the Hole 964A
Hole 964A is equivalent to the base of cycle 110 at Punta Piccola.
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Carbonate content (Fig. 3; Table 2) shows large cyclic variation

3.Bottom of D. tamalisparacme. In Hole 964A, we observed the (from 0% to 78.7%, mean = 62.0%) that is strongly correlated to the
bottom ofD. tamalis paracme at 101.685 rmcd, in sapropel 54 (Fig.reflectance of the sediment: the lighter the sediment, the more car-
2). bonated. At 100.035 rmcd, there is a marked depletion in carbonate
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percent (59.2%) that correspondsto agray zone, but not to asapropel.
This depletion and the variation in the other mineral components led
us to infer that this gray zone occurs in the place taken by sapropels

in other cycles of the core.

Clay minerals can be classified into three groups, according to

their abundance variations.

1. Palygorskite and kaolinite. The abundance of palygorskite

ranges from 5.8% to 28.1% of the tota of the clay mineras
(mean = 20.5%). For kaolinite, these quantities are 8.7%,
20.6%, and 16.4%, respectively. The abundances are, on the
whole, positively correlated to those of the carbonates.

. Smectite and chlorite. The abundance of smectite ranges from
13.9% to 28.9% (mean = 19.3%). For chlorite, these quantities
are 1.6%, 8.5%, and 4.1%, respectively. The two minerals
show abundance variations opposite to that of palygorskite
and kaolinite.

. lllite and mixed-layer clay minerals. The abundance of illite
rangesfrom 17.5% to 37.0% (mean = 24.9%). For mixed-layer
clay minerals, these quantities are 11.1%, 17.8%, and 14.8%,
respectively. Abundance variations of the two minerals do not

Table 1. Stratigraphical equivalences between Hole 964A and the Punta

Piccola section.

Hole 964A sapropels Punta Piccolacycles
50 111
51 110
Gray zone 109
52 108
53 107
54 106
55 105

Note: Punta Piccolacycles are from Hilgen (1991).

Lithology

| | Section

9H-3

9H-4

9H-5

e 54 _ _

| 9H-6 |

o

% Carbonate
(bulk)

MINERALOGICAL RECORD OF CYCLIC CLIMATE CHANGES

show cyclicity, and illite abundance shows aweak upwardsin-
crease.

Quartz is not very abundant (6.6%—18.9% of the HCI insoluble
fraction, mean = 13.0%). The abundance variation shows cycles cor-
related to those of palygorskite and kaolinite. Feldspars are present
(1.1%-4.6% of the HCI insoluble fraction, mean = 2.9%, for the pla-
gioclase; 1.0%-5.3%, mean = 2.9%, for the K-feldspar).Their abun-
dance variations also show cycles that are positively correlated to
those of palygorskite and kaolinite.

Punta Piccola Section

The sediments of the Punta Piccola section show variations in
their mineralogical assemblage (De Visser et al., 1989; Foucault and
Mélieres, 1995) similar to those observed in Hole 964A (Fig. 4; Table
3). However, some differences can be seen.

The carbonate content shows cyclic variations; abundance mini-
ma occur in the gray beds. These variations (28.0%—62.0%, mean =
48.6%) are weaker than in Hole 964A. The abundance variations of
palygorskite (1.2%-13.7%, mean = 7.0%) and kaolinite (8.3%-—
18.9%, mean = 13.6%) in this section are positively correlated to that
of carbonate, as in Hole 964A. Smectite (14.9%-34.3%, mean =
25.0%) and chlorite (3.6%-11.8%, mean = 6.74%) abundance varia-
tions are negatively correlated to that of carbonate. lllite abundance
variation, not cyclic in Hole 964A, shows a cyclic pattern similar to
those of smectite and chlorite. K-feldspar, dolomite, and quartz abun-
dances vary in the same way as kaolinite and palygorskite. Mixed-
layer clay mineral abundances do not show cycles, but rather an in-
crease towards the top of the section.

In conclusion, mineral abundance variations are very similar in
Hole 964A and in the Punta Piccola section. In both sites, palygors-
kite and kaolinite abundance variations are positively correlated to
carbonate content, whereas smectite and chlorite abundances vary in

Relative proportions in clay fraction

% Palygorskite

5 30 8

% Kaolinite % Smectite % Chlorite

22 10

numbers

Sapropels
& Depth (rmcd)

50 ___ ]
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Figure 3. Lithology and mineral content of the sediment portion studied from Hole 964A. In lithology column, blank = nannofossil ooze; black = sapropels; gray

= gray layer.
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Table 2. X-ray mineralogy data, Hole 964A.

Core, section, Depth  Carbonates Percentage in clay fraction Percentage in carbonate-free fraction
interval (cm)  (rmed) (% in bulk) lllite Mixed-layer Smectite Chlorite Kaolinite Palygorskite Quartz Plagioclase K- Feldspar Pyrite Goethite

160-964A-

9H-2,130-131 97.585 65.7 278 11.8 187 4.3 17.1 20.4 125 3.2 4.7
9H-2,135-136 97.635 62.6 25.6 15.6 17.2 4.0 17.4 20.3 150 3.6 4.2
9H-2,140-141  97.685 60.7 257 14.4 14.6 42 18.1 23.0 14.3 35 3.8
9H-2,145-146  97.735 64.7 256 13.6 14.0 43 18.8 238 139 3.8 3.6

9H-3,0-1 97.785 645 26.6 11.9 157 3.8 18.0 239 139 33 3.6

9H-3,5-6 97.835 62.1 252 11.8 145 4.3 17.8 26.4 14.0 38 3.9
9H-3,10-11 97.885 67.8 25.6 11.7 15.6 4.1 16.6 26.5 13.0 2.7 2.7
9H-3,15-16 97.935 68.8 273 139 155 4.6 17.0 218 12.0 24 3.0
9H-3,20-21 97.985 709 217 13.2 17.6 4.0 15.6 22.0 11.0 33 24
9H-3,25-26 98.035 69.5 271 156 19.1 5.0 139 19.2 10.8 2.3 1.9
9H-3,30-31 98.085 67.0 29.7 14.6 173 58 154 17.1 10.1 24 22
9H-3,35-36 98.135 57.0 30.7 13.0 19.1 53 15.8 16.2 6.6 1.2 14 135
9H-3,40-41 98.185 2.2 217 15.0 212 6.3 14.4 15.4 7.3 13 11 195
9H-3,46-47 98.245 774 26.2 175 217 58 14.0 149 118 2.7 22 2.0
9H-3,50-51 98.285 78.3 29.6 15.0 19.4 5.3 16.5 14.3 12.2 3.0 1.9 17
9H-3,55-56 98.335 756 328 12.8 17.6 4.8 184 136 12.1 31 3.0 2.6
9H-3,60-61 98.385 74.8 30.0 139 175 4.8 17.3 16.5 138 3.2 31
9H-3,65-66 98.435 72.6 25.0 15.0 16.2 4.2 19.7 19.8 13.0 3.0 2.6
9H-3,72-73 98.505 73.7 25.7 17.1 17.1 4.6 15.3 20.2 139 29 2.7
9H-3,75-76 98.535 727 258 14.3 195 4.4 15.1 20.9 14.0 35 29
9H-3,80-81 98.585 70.1 242 15.0 20.1 5.1 15.1 20.6 133 32 29
9H-3,85-86 98.635 729 293 138 19.0 5.2 15.0 17.8 10.8 2.6 21
9H-3,95-96 98.735 778 258 14.0 18.7 4.4 16.9 20.3 11.6 24 2.3
9H-3,100-101 98.785 774 276 14.0 184 4.1 16.8 19.1 118 2.6 2.7
9H-3,105-106 98.835 73.0 26.0 14.0 182 4.3 16.8 20.9 14.2 2.9 2.0
9H-3,110-111 98.885 70.9 275 14.9 18.8 4.1 16.8 17.9 154 3.6 34
9H-3,114-115 98.935 69.8 29.8 15.0 173 3.8 16.8 17.3 135 3.2 3.9
9H-3,120-121 98.985 68.8 311 134 15.5 35 17.4 19.1 114 3.0 3.2
9H-3,125-126  99.035 69.6 26.7 14.8 153 3.9 16.4 229 134 3.2 2.8
9H-3,130-131  99.085 711 25.0 153 17.1 35 16.6 225 121 3.0 2.6
9H-3,135-136  99.135 75.9 240 16.0 176 4.1 15.3 23.0 132 24 2.0
9H-3,140-141 99.185 716 259 15.3 214 5.0 12.7 19.6 121 25 17
9H-3,145-146  99.235 384 37.0 1.1 289 8.5 8.7 5.8 135 3.9 17

9H-4,0-1 99.285 48.3 275 16.4 26.0 5.1 13.4 11.7 8.9 17 1.0 33
9H-4,5-6 99.335 56.1 25.6 15.8 18.0 1 18.8 20.2 9.2 1.7 2.2 0.8
9H-4,10-11 99.385 64.4 329 15.4 16.8 2.7 145 17.6 16.0 4.9 53 15
9H-4,15-16 99.435 78.7 252 145 215 4.8 17.1 16.8 131 32 21
9H-4,20-21 99.485 76.9 24.0 15.0 204 4.4 16.1 20.2 14.3 32 3.6
9H-4,25-26 99.535 733 239 15.4 18.7 4.1 16.9 210 135 3.3 33
9H-4,30-31 99.585 718 254 16.7 17.2 37 15.3 21.7 14.2 38 34
9H-4,35-36 99.635 712 272 15.0 16.6 37 16.1 214 145 3.9 4.0
9H-4,40-41 99.685 70.2 284 12.8 16.3 3.6 18.2 20.8 14.0 34 4.6
9H-4,45-46 99.735 716 26.7 14.8 16.4 3.6 16.7 218 155 37 37
9H-4,50-51 99.785 70.9 278 14.1 16.7 33 16.9 21.2 14.1 35 34
9H-4,55-56 99.835 743 278 13.1 16.4 3.6 17.0 221 135 33 32
9H-4,60-61 99.885 719 226 15.0 17.7 41 16.8 238 12.7 31 3.0
9H-4,65-66 99.935 74.8 224 14.1 19.2 4.6 17.6 221 125 32 2.6
9H-4,70-71 99.985 77.1 242 14.8 195 4.6 16.0 20.9 131 31 2.7
9H-4,75-76  100.035 59.2 238 16.0 205 55 15.0 19.2 10.8 24 22
9H-4,80-81  100.085 67.7 26.4 15.4 213 59 13.2 17.9 11.2 22 1.9
9H-4,85-86  100.135 64.2 30.6 14.4 20.0 45 11.3 19.3 17.1 4.6 53
9H-4,90-91  100.185 713 234 15.0 213 4.1 15.7 20.5 12.2 25 24
9H-4,95-96  100.235 75.1 228 15.0 17.9 4.3 16.7 234 12.7 2.8 2.6
9H-4,100-101 100.285 69.3 226 13.2 179 4.1 179 24.4 11.9 2.9 2.8
9H-4,105-106 100.335 64.9 226 16.4 186 31 16.4 22.8 11.9 25 2.2
9H-4,110-111 100.385 63.8 243 14.6 15.7 4.0 18.2 232 131 31 3.6
9H-4,115-116 100.435 63.5 237 133 155 4.1 18.9 245 138 3.6 4.0
9H-4,120-121 100.485 64.7 253 13.3 15.6 3.8 175 24.6 133 33 34
9H-4,125-126 100.535 67.9 272 14.1 17.0 4.8 17.3 19.7 121 2.8 25
9H-4,130-131 100.585 53.2 24.6 17.6 220 4.6 12.7 185 109 2.6 1.8
9H-4,135-136 100.635 16.4 2715 12.7 236 55 115 19.2 105 2.6 1.8
9H-4,140-141 100.685 65.0 234 16.5 244 5.8 13.3 16.6 124 2.8 17 24
9H-5,0-1 100.785 60.8 214 15.4 20.7 2.8 17.1 22.6 14.3 3.0 33

9H-5,5-6 100.835 56.9 214 159 18.0 3.0 18.4 234 133 2.7 29
9H-510-11  100.885 54.9 215 13.0 17.1 33 20.6 245 154 3.2 33
9H-515-16  100.935 52.2 214 15.8 185 31 19.9 21.3 16.4 3.6 4.2
9H-5,20-21  100.985 477 21.7 14.2 18.1 34 194 231 14.8 31 3.6
9H-5,25-26  101.035 49.6 234 14.0 19.0 3.2 19.3 211 14.1 31 31
9H-530-31  101.085 0.2 19.9 17.8 265 4.1 13.8 17.9 10.3 1.8 14
9H-5,35-36  101.135 55.8 210 159 28.0 6.0 127 16.4 138 33 1.9 29
9H-5/40-41  101.185 71.2 220 155 28.3 37 145 16.1 131 24 24 1.8
9H-545-46  101.235 655 24.7 16.2 20.0 35 16.9 18.6 155 3.9 43 2.7
9H-5,50-51  101.285 50.8 226 14.9 19.2 3.3 19.3 20.7 134 3.2 31 3.7
9H-5,55-56  101.335 64.0 22.7 155 19.1 31 18.5 211 16.6 3.6 45 31
9H-5,60-61  101.385 60.9 21.2 18.1 18.1 2.7 17.7 222 15.2 3.0 33 1.3
9H-5,65-66  101.435 64.0 239 151 16.9 32 189 22.0 14.8 33 3.7 1.3
9H-5,70-71  101.485 64.9 256 133 175 2.6 18.8 223 142 2.9 3.2 31
9H-5,75-76  101.535 65.0 214 15.8 184 2.8 17.4 242 12.7 29 33 5.0
9H-5,80-81  101.585 635 223 136 199 45 17.9 219 130 3.2 17 2.0
9H-5,85-86  101.635 55.4 228 15.2 238 6.0 16.1 16.2 11.7 23 11
9H-5,90-91  101.685 0.0 234 13.2 28.7 6.9 12.3 15.5 9.7 11 0.7 5.0
9H-5,95-96  101.735 55.7 219 14.5 285 4.8 13.6 16.8 10.8 1.7 1.0 37
9H-5,100-101 101.785 56.8 279 15.3 19.9 4.9 14.0 18.0 16.4 3.8 34 8.6
9H-5,103-104 101.815 66.1 216 14.8 209 3.8 16.2 227 135 24 25 3.2
9H-5,110-111 101.885 63.3 226 15.8 199 33 15.8 22,6 154 2.8 3.6 1.8
9H-5,115-116 101.935 58.5 211 16.4 17.4 4.0 18.0 231 158 3.0 3.6 0.6
9H-5,120-121 101.985 58.6 230 17.2 16.7 33 16.2 236 134 2.6 29
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Table 2 (continued).

Core, section,  Depth  Carbonates Percentage in clay fraction Percentage in carbonate-free fraction
interval (cm)  (rmcd) (% in bulk) Illite Mixed-layer Smectite Chlorite Kaolinite Palygorskite Quartz Plagioclase K- Feldspar Pyrite Goethite
9H-5,125-126 102.035 57.8 21.2 14.6 179 29 19.7 23.7 16.7 338 4.0
9H-5,130-131 102.085 54.9 224 153 16.7 24 18.3 24.9 16.3 31 43
9H-5,135-136 102.135 53.7 216 14.0 17.3 3.0 17.7 26.5 14.0 32 3.6
9H-5,138-139 102.165 52.3 216 16.5 16.7 2.7 18.2 24.3 153 3.7 4.0
9H-5,145-146 102.235 50.5 211 17.2 18.2 3.8 16.7 22.9 116 2.6 2.4

9H-6,0-1 102.285 56.6 175 16.4 16.6 24 19.1 28.1 9.0 1.8 23

9H-6,5-6 102.335 55.5 22.8 15.8 16.7 25 17.2 25.0 12.2 29 3.6

9H-6,10-11  102.385 53.7 217 13.8 19.7 23 19.9 22.6 10.6 24 31 2.8
9H-6,15-16  102.435 8.1 21.0 17.6 24.7 5.6 115 19.6 125 23 17 34
9H-6,20-21  102.485 52.7 20.5 141 26.7 25 18.3 18.0 75 15 16 2.7
9H-6,25-26  102.535 52.6 19.0 17.0 24.9 22 18.2 18.8 7.6 15 2.0 1.0
9H-6,30-31  102.585 70.1 22.0 14.9 26.0 38 14.3 18.9 10.9 2.7 2.6 43
9H-6,35-36  102.635 65.1 24.0 15.2 20.6 49 14.3 21.1 18.9 45 45 05
9H-6,40-41  102.685 67.1 204 14.6 221 41 16.5 22.3 14.6 33 32

9H-6,45-46  102.735 63.1 22.3 17.2 17.0 4.6 17.9 21.0 14.7 35 33

Notes: rmed = revised meter composite depth. Carbonates (percentage in bulk) from manocal cimetry.
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Figure 4. Lithology and mineralogical content of cycles 104 to 108 (Hilgen, 1991) at Punta Piccola In lithology column, blank = carbonate-rich marls; gray =

gray layers.

opposite ways. These similarities suggest that the same sedimenta-
tion processes acted at the two sites. However, palygorskite and kao-
linite are much more abundant at Hole 964A than in Sicily, which
may correspond to different contributions from sources areas

INTERPRETATION

One of the more characteristic minerals, among the ones ana-
lyzed, is palygorskite, because the only significant source area for
this mineral, in this part of the central Mediterranean, is Africa. On
this continent, Paleogene sediments are known to be palygorskite
rich. Thismineral iscommonly found in Senegal, Ivory Coast, Daho-

mey, Sudan, Morocco (Millot, 1963), Algeria, and Tunisia, aswell as

in the southern Saharan Atlas (Chamley, 1971; Sassi, 1974; Coudé-
Gaussen, 1991). Actually, along the Algerian-Tunisian coast, North

Africa yields palygorskite to marine sediments that show a decreas-
ing abundance gradient of this mineral seaward (Blanc-Vernet et al.,

1975; Burollet et al., 1979). However, sea transportation of palygor-

skite from Africa to Site 964 or to the Sicilian coast does not seem

possible because of the strong surface current flowing through the
Siculo-Tunisian strait from north—west to south—east, acting as a hy-

drodynamic barrier. A wind transportation process, attested to by

many direct observations (Coudé-Gaussen, 1991; Bergametti et al.,
1989), seems to be the only explanation available. In the Western
Mediterranean area, some Quaternary continental formations con-
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Table 3. X-ray mineralogy data, Punta Piccola section.

Depth Percentage in bulk Percentage in clay fraction Percentage in carbonate-free fraction

(cm) Carbonates Calcite Dolomite lllite  Mixed-layer Smectite Chlorite Kaolinite Palygorskite Quartz  K-Feldspar  Plagioclase
25 46.0 435 2.27 29.1 14.8 249 7.1 154 8.7 136 2.2 2.8
75 475 448 257 29.7 134 249 7.3 17.3 74 12.0 21 2.8
125 485 46.4 2.02 30.0 16.5 231 74 14.8 8.2 137 2.2 3.0
175 49.0 47.1 192 26.7 16.0 28.3 6.6 14.2 8.2 12.0 1.9 26
225 51.0 48.7 2.23 28.6 16.9 27.2 6.5 14.7 6.1 14.0 2.3 32
275 51.0 48.6 231 30.1 14.8 26.6 7.2 14.3 7.0 14.3 25 30
325 535 51.7 1.23 294 16.0 244 6.9 159 74 127 2.0 26
375 53.0 513 1.88 30.3 16.3 25.7 6.7 152 5.8 136 17 30
425 52.5 50.8 1.75 293 14.6 276 6.9 16.4 5.2 139 17 27
475 525 50.9 1.60 28.9 14.6 29.2 7.9 154 4.0 133 1.9 30
525 525 50.3 2.16 27.0 15.8 30.8 74 15.4 3.6 13.6 15 26
575 525 51.2 1.32 25.0 16.9 29.7 9.6 13.2 5.6 14.4 15 28
62.5 52.0 51.1 1.13 279 19.3 305 8.1 11.8 24 137 14 2.7
67.5 53.0 51.7 1.28 26.5 18.4 316 9.3 12.1 21 12.6 11 28
725 43.0 41.0 2.02 28.0 16.8 333 9.5 9.8 26 125 12 2.7
775 34.0 322 1.85 27.7 155 328 10.1 11.0 3.0 129 1.2 23
825 35.0 332 1.74 28.3 15.3 315 10.8 10.3 3.8 14.4 1.6 2.6
875 35.0 331 2.02 27.6 16.1 34.3 9.8 11.0 12 129 15 2.7
925 39.0 37.2 1.83 26.7 16.8 338 10.6 10.3 1.8 13.6 13 2.7
975 39.0 373 1.83 254 17.9 311 114 11.9 2.2 143 14 32
102.5 40.0 38.3 1.66 255 19.2 333 9.1 109 2.0 118 14 24
107.5 41.0 395 1.50 26.1 20.9 32.6 8.1 10.7 1.6 125 0.9 23
1125 44.5 42.9 1.77 26.7 16.7 33.0 8.5 10.3 4.8 129 11 23
1175 55.0 54.0 1.08 28.6 222 29.1 6.7 94 4.0 124 14 25
1225 54.0 53.1 1.08 27.6 20.7 274 4.6 11.9 7.8 124 14 2.7
1275 54.0 52.9 1.18 285 17.7 26.9 6.1 13.1 8.2 131 16 2.8
1325 49.5 47.8 1.93 271 18.3 232 6.2 131 12.1 13.8 2.2 2.7
137.5 51.0 49.4 1.96 28.1 18.0 19.1 6.3 16.3 12.2 132 21 2.6
1425 52.0 50.1 1.89 28.8 17.2 18.7 6.3 16.1 129 12.8 24 24
1475 50.5 48.6 2.10 30.2 19.2 16.3 52 16.9 12.2 135 24 29
152.5 48.0 45.8 2.34 284 18.2 184 55 16.3 13.2 15.0 33 2.8
157.5 49.0 475 212 30.8 17.2 17.7 54 15.6 13.3 14.8 3.2 31
162.5 49.0 46.8 2.46 28.9 18.2 18.0 5.8 15.3 13.7 139 2.8 33
167.5 49.5 47.9 2.05 30.8 199 16.1 6.3 15.3 11.6 14.0 2.0 24
1725 49.0 47.2 244 27.3 19.1 19.6 53 16.4 12.3 14.8 24 30
1775 51.0 48.7 240 294 18.6 21.0 6.1 131 11.8 142 2.7 20
182.5 51.0 48.2 2.65 310 19.2 20.2 5.0 13.6 11.0 12.6 21 22
187.5 49.0 46.6 2.59 29.2 19.2 213 4.9 14.9 10.5 13.0 2.6 27
192.5 49.5 46.6 291 271 19.6 218 6.3 13.6 11.6 12.4 2.3 22
197.5 50.0 47.3 2.60 274 20.7 24.0 5.6 135 8.8 11.9 22 21
2025 50.0 48.5 2.29 275 16.2 22.8 55 189 9.1 149 1.9 22
207.5 49.0 47.7 207 28.9 17.6 213 54 17.8 9.0 15.6 2.3 2.8
2125 49.0 475 243 27.7 15.3 233 5.7 17.1 10.9 15.6 2.2 2.9
2175 50.5 48.7 1.84 239 17.8 25.6 5.6 16.6 10.5 16.1 2.0 2.8
2225 515 49.9 1.65 25.8 214 229 5.7 149 9.3 149 1.8 2.3
2275 515 50.7 1.65 23.0 223 26.7 5.9 15.2 6.9 132 15 2.3
2325 51.0 49.5 154 25.6 214 254 7.2 14.4 6.0 14.0 13 29
2375 395 38.7 1.92 249 16.7 29.6 11.8 13.6 34 142 15 26
2425 37.0 35.2 1.96 228 204 316 9.9 11.4 3.9 127 0.7 24
2475 39.0 37.2 1.92 26.1 20.8 271 9.8 11.9 43 111 0.8 22
2525 37.0 35.7 1.99 26.2 20.3 27.6 8.2 13.8 3.9 12.4 1.6 29
2575 37.0 35.8 1.73 26.2 213 28.6 8.1 10.7 51 114 1.2 2.8
2625 40.0 39.7 1.96 25.0 24.2 26.8 7.8 12.4 3.8 139 17 30
267.5 395 38.2 154 25.6 20.5 29.8 9.3 10.8 4.0 141 1.2 25
2725 435 42.0 1.67 24.8 229 30.1 9.3 10.0 2.9 144 14 28
2775 50.0 48.7 1.45 26.1 221 30.0 79 10.3 3.6 155 17 32
2825 56.5 55.4 1.46 25.9 223 26.3 6.6 13.3 5.6 12.4 1.4 21
2875 62.0 61.2 1.03 243 24.0 24.7 6.4 14.7 5.9 13.0 13 2.3
2925 61.0 59.9 1.32 26.0 224 23.7 6.5 15.1 6.3 12.4 1.2 21
297.5 60.5 58.9 1.70 29.8 222 19.0 6.6 14.6 7.8 14.1 18 3.0
302.5 60.5 59.5 161 274 231 225 49 131 9.0 143 14 26
3075 58.5 56.7 1.90 318 19.2 191 5.0 16.3 8.6 16.0 2.9 37
3125 57.0 56.9 1.15 28.3 217 17.2 5.0 17.2 10.6 152 2.2 31
3175 575 56.3 1.25 313 18.4 17.8 54 17.4 9.7 13.0 1.6 2.7
3225 57.0 56.0 1.05 274 21.9 184 4.9 16.3 111 14.8 1.9 32
3275 59.5 58.5 1.62 28.3 230 181 4.0 16.6 10.0 15.3 25 29
3325 61.0 59.4 157 29.0 18.6 18.6 56 16.9 11.3 14.0 2.3 2.7
3375 59.5 57.7 1.78 30.7 17.3 17.7 4.4 16.9 13.0 146 2.8 29
3425 59.0 56.9 2.05 30.3 225 14.9 4.4 16.6 11.3 13.0 2.0 22
3475 59.0 57.1 1.88 255 20.1 19.3 51 17.8 12.2 133 18 29
352.5 58.0 56.0 2.02 238 227 19.9 4.9 15.3 134 15.0 21 2.8
357.5 57.0 54.7 2.34 238 22.6 231 3.7 15.7 111 12.8 2.7 24
362.5 58.5 57.6 1.46 25.7 233 252 53 12.3 8.2 133 1.6 2.0
367.5 58.0 55.8 218 26.2 218 22.7 4.8 144 10.1 144 15 28
3725 575 55.9 170 24.8 22.8 252 6.8 12.8 7.6 134 15 25
3775 60.0 58.3 1.88 26.4 21.8 245 52 145 7.6 155 18 29
3825 60.0 585 1.49 24.1 23.0 253 4.6 14.5 85 13.0 14 20
387.5 61.0 59.8 114 24.4 252 24.6 6.6 13.0 6.2 12.8 15 22
392.5 52.0 51.6 1.33 223 28.0 278 6.7 11.2 4.0 132 13 29
397.5 37.0 355 1.55 228 233 284 8.7 13.8 3.0 12.9 1.0 23
402.5 395 242 150 24.1 19.3 29.0 9.6 14.6 34 114 0.9 24
407.5 28.0 26.3 179 24.3 232 275 8.6 13.8 2.6 12.6 1.0 23
4125 310 29.3 1.82 238 229 274 8.2 13.2 45 114 0.9 22
4175 415 353 1.93 24.7 237 30.5 7.6 9.7 38 124 1.0 2.6
4225 355 343 1.29 25.0 27.1 30.0 5.9 8.3 3.7 11.2 11 21
4275 40.5 39.0 1.60 229 28.2 271 5.9 105 54 11.6 11 23
4325 53.0 519 141 24.8 19.3 336 7.6 11.8 2.9 11.6 17 2.3
4375 535 525 131 245 21.8 329 75 10.6 27 11.3 12 22
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Table 3 (continued).

Depth Percentage in bulk Percentagein clay fraction Percentage in carbonate-free fraction
(cm) Carbonates Calcite Dolomite lllite  Mixed-layer Smectite Chlorite Kaolinite Palygorskite Quartz  K-Feldspar  Plagioclase
4425 52.0 49.7 2.22 26.8 225 183 7.0 15.6 9.8 12.6 21 26
4475 53.0 516 1.43 276 238 221 55 12.6 84 113 19 24
452.5 46.0 43.6 249 294 24.2 179 5.0 14.0 9.5 13.6 2.3 2.6
4575 46.0 441 201 28.0 19.0 20.9 55 15.7 109 125 2.0 2.7
462.5 455 434 2.32 27.3 238 20.0 5.9 13.6 9.4 14.7 22 2.7
467.5 46.0 43.1 3.03 30.6 221 17.3 54 155 9.1 12.8 2.6 3.0
4725 47.0 449 2.20 24.8 25.6 20.0 44 14.6 10.6 144 21 26
4775 485 46.4 211 272 19.7 233 3.6 17.0 9.2 139 2.6 2.8
482.5 49.0 46.7 2.46 234 26.0 220 4.3 13.3 11.0 12.3 2.0 22
487.5 50.0 474 248 25.6 24.6 204 55 14.7 9.2 14.2 21 23
492.5 50.5 485 2.16 25.2 254 19.6 5.6 13.0 11.2 133 19 20
4975 49.0 475 1.83 24.2 239 21.6 5.6 13.8 109 143 22 26
502.5 50.0 47.8 2.26 24.6 24.1 244 6.3 13.2 74 132 2.0 23
507.5 515 50.1 152 24.7 24.1 24.6 45 14.6 75 146 17 29
5125 50.5 48.2 2.34 235 271 218 54 14.3 7.9 14.3 2.0 22
5175 50.0 475 2.52 25.2 231 22.6 5.6 14.4 9.1 14.0 19 25
5225 50.5 48.7 1.98 24.6 24.9 235 4.4 16.3 6.3 135 13 20
527.5 50.0 48.7 158 222 25.2 24.9 53 16.1 6.3 138 15 26
5325 51.0 49.1 177 25.6 24.0 25.6 5.0 139 5.9 136 17 20
5375 50.0 48.1 2.02 234 29.9 22.8 49 144 4.6 149 1.2 21
5425 48.0 45.6 2.38 24.7 26.0 219 51 17.0 53 13.0 1.2 18
5475 50.0 48.1 2.06 229 26.6 24.8 6.2 12.8 6.7 14.8 1.4 21
552.5 49.5 48.1 161 231 27.8 235 6.7 13.7 5.2 138 14 20
557.5 45.0 435 153 27.8 25.9 221 8.0 10.6 5.6 124 13 22
562.5 47.0 454 1.62 245 28.1 247 7.6 12.1 3.0 141 1.2 20
567.5 40.0 38.0 1.96 26.0 24.0 29.6 7.8 10.2 24 14.3 1.4 25
5725 355 335 1.99 25.0 22.0 323 8.1 9.7 2.9 14.2 0.9 2.6
5775 35.0 331 1.87 24.3 222 316 8.8 10.1 3.0 134 0.9 23
582.5 36.5 35.1 159 25.3 26.0 29.0 8.0 9.3 2.4 136 12 2.3
587.5 335 311 2.38 25.7 24.3 29.1 9.1 9.7 21 11.8 0.8 24
592.5 375 35.6 1.92 26.9 215 285 9.6 10.8 2.7 12.3 0.8 21
597.5 395 38.0 157 25.7 24.0 271 9.4 10.5 33 11.9 0.8 21
602.5 42.0 40.6 1.59 245 215 310 8.8 10.9 33 132 0.7 23
607.5 46.0 44.8 1.30 254 245 284 6.7 11.3 3.7 13.6 0.8 25
6125 55.5 54.1 1.39 25.1 235 295 8.3 103 33 138 0.9 23

Note: Carbonates (percentage in bulk) from manocal cimetry.

firm this mechanism. In South Tunisia, thick peridesertic loess-like weak

and strong rainfall periods on both south and north Mediterra-

palygorskite-rich formations resting on the Matmata plateau have an nean sides as follows.

eolian origin from the Sahara (Coudé-Gaussen, 1990), and the occur-
rence of palygorskite in Corsican Holocene lake deposits cannot be 1.
explained except by a wind contribution from the African continent
(Robert et al., 1984).

We then hypothesize that the wind transported palygorskite from
Africa to the locations of Site 964 and Punta Piccola. If this hypoth-
esis is correct, kaolinite, quartz, and feldspar, whose variations are
positively correlated to these of palygorskite, must have the same or-
igin. This is confirmed by the observation that these minerals are as-
sociated today with wind-blown dust from Africa (Bergametti et al.,
1989).

Smectite and chlorite show variations opposite to those of paly-
gorskite and kaolinite and therefore must be different in origin. Areas
located at the north of Mediterranean basin may act as sources for
these minerals through fluvial erosion. Several formations outcrop-
ping in Sicily contain large amounts of smectite (Chamley, 1976).
Chlorite is abundant in the metamorphic terranes of alpine frame-
work bordering the Mediterranean at the north. 2.

Because of the wind transportation of palygorskite, its cyclic
abundance variation may be explained by an identical cyclic varia-
tion of wind strength. But another phenomenon may have a more im-
portant influence upon eolian erosion. We know that during recent
periods, within ~6 ka, an increase in precipitation on the Sahara and
peri-Saharan areas resulted in a spreading of vegetation (Street-
Perrott and Perrott, 1993). This vegetation may completely stop the
eolian erosion processes and the exportation of eolian palygorskite,
kaolinite, and related minerals out of Africa.

So we suggest that the cyclic variation of the mineral composition
at Hole 964A and at Punta Piccola results from the alternation of

Periods of minimum rainfall. On the south side of the Medi-
terranean, a weakening of rainfall increased the aridity of the
Sahara, resulting in a reduced and scattered vegetation in peri-
Saharan areas. Consequently, soils were far more vulnerable
to wind erosion, which led to an increased wind transportation
of minerals (palygorskite, kaolinite, dolomite, quartz, potassi-
um feldspar, and dolomite) from these areas to the Mediterra-
nean. On the northern side of the Mediterranean, a decrease of
rainfall resulted not only in a decrease in the river discharge,
but also in the sediment load, because fluvial erosion lost its
efficiency. Consequently, the detrital material supply of rivers
to the sea decreased, increasing the concentration of wind-
transported material in the sediment. During these periods,
sediments show the highest content in palygorskite and related
minerals (kaolinite, dolomite, quartz, and feldspar) and the
lowest in smectite and chlorite.

Periods of maximum rainfall. On the south side of the Med-
iterranean, an increase in rainfall on the Sahara, as well as on
peri-Saharan areas, allowed the vegetation to spread over, pro-
tecting soils and significantly reducing, or even stopping, the
eolian erosion. On the north side of the Mediterranean, an in-
crease in rainfall did not notably modify the density of pre-
existent vegetation, but resulted in an increase in river erosion.
Consequently, the sediment yield increased with river dis-
charge and provided more terrigenous supply to marine sedi-
mentation. During these periods, sediments show the highest
content in smectite and chlorite. Sapropel or gray bed deposi-
tion occurs during these periods.
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CONCLUSION

The Pliocene sedimentation in the lonian Basin (Hole 964A) and
at Punta Piccola shows outstanding similarities. At both places, cy-
clic sedimentation ismostly characterized by abundance variations of
most of the mineral constituents. These variations are interpreted as
the result of cyclic climatic changes that controlled eolian and river
sedimentation processes.

During dry periods, the Saharan and peri-Saharan soils are unpro-
tected because of the scarcity of the vegetation. Therefore, eolian ero-
sion pulls away paygorskite, kaolinite, and associated minerals,
which are carried over the central Mediterranean to the lonian Basin
and Sicily.

During humid periods, the presence of a vegetative cover on the
Sahara and peri-Saharan areas prevents the eolian erosion. Conse-
quently, palygorskite, kaolinite, and associated minerals are no long-
er carried over the Mediterranean, whereas the Alpine terrigenous
contribution marked by chlorite and smectite is enhanced because of
strong fluvia erosion.The sapropels of the lonian Basin and gray
beds of Punta Piccola occur during these humid periods.
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