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ABSTRACT

The elemental composition of sediments from Sites 579 (38°38'N, 153°5O'E) and 580 (41°37'N, 153°59'E) is dom-
inated by contributions from terrigenous detritus (including numerous thin ash beds) and opal-rich biogenic debris,
with the terrigenous component increasing in dominance in the youngest sediments as the flux of Pleistocene eolian de-
bris associated with Northern Hemisphere glaciation has increased. Diagenesis related to redox-sensitive reactions in
near-surface sediments has had a marked impact on the distributions of Mn and S.

At Site 581 (43°56'N, 159°48'E), the reduced biosiliceous clays corresponding to the sections at Sites 579 and 580
are underlain by a normal oxidized North Pacific "red clay" sequence. As at other North Pacific sites, the concentra-
tions of Mn and Fe (as oxyhydroxides), Ba (as barite), and P (as fish debris) vary inversely with the accumulation rates
of the clays. The cherts underlying the clays at Site 581 are noteworthy for their high P contents (comparable to values
for biosiliceous clays) and high Fe and Mn relative to Ti and Al, suggestive of derivation from well-oxidized pelagic sed-
iments.

INTRODUCTION

Setting
During Deep Sea Drilling Project (DSDP) Leg 86,

holes were drilled in pure calcareous ooze (Site 577), pe-
lagic "red" clay (Site 576), and Carbonate-free pelagic
clay with variable contents of biogenic silica and vol-
canic ash (Sites 578-581). This chapter focuses on the
elemental composition of sediments from Sites 579
(38°38'N, 153°5O'E), 580 (41°37'N, 153°59'E), and
581 (43°56'N, 159°48'E) (Fig. 1) in order to assess the
roles of temporally varying biogenic and ash inputs and
of in situ redox conditions in establishing the geochemi-
cal character of such deposits. The soft sediments at
Sites 579 and 580 were cored continuously by hydraulic
piston corer. The more indurated Site 581 sediments were
recovered by conventional wire-line rotary coring. Be-
cause the upper section (0-181.5 m sub-bottom) of Hole
581 was not sampled, we report only on deeper portions
of the section at this site.

The descriptions of the sediments at Sites 579 and
580 (see Site 579 and 580 chapters, this volume) show
them to be uniform gray and greenish gray siliceous clay
and siliceous ooze that accumulated at rates of about 35
and 50 m/m.y., respectively, interrupted by 61 (Site 579)
and 89 (Site 580) identifiable ash beds and numerous
dark greenish gray indurated layers that may be altered
basic ash layers. Our samples, taken approximately 1.5
m apart, were placed so as to avoid both ashes and indu-
rated layers. The color of the sediment and the presence
of fine pyrite grains point to strongly reduced conditions
(Fe3* and SO4

2~ reduction) throughout both sections.
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Printing Office).
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The section from 0 to 224 m at Site 581 (0-9 m.y. ago)
is assumed to resemble the sections at Sites 579 and 580,
although only the interval below 181 m (with an accu-
mulation rate decreasing downcore from ~ 12 to ~4 m/
m.y.) was cored continuously. From 224 to 245 m (9 to
— 14 m/m.y. ago), the sediments are brown and light
brown pelagic clays (that accumulated at about 4 m/
m.y.), with small but variable concentrations of biogen-
ic silica that decrease downcore and are rare at the base
of the interval. The deepest clays (245-276 m) are very
dark brown "slick" pelagic deposits typical of early to
middle Tertiary deposits from vast areas of the North
Pacific. Below 276 m, only small fragments of porcella-
neous chert were recovered. From the behavior of the
drill, the chert is believed to form thin beds in pelagic
clay. The intense circulation of seawater required to keep
chert fragments away from the bit washed away all the
soft sediment, however.

Methodology
Samples were freeze-dried, disaggregated by shaking

with methacrylate spheres in polycarbonate sample tubes,
pressed into pellets, and analyzed by X-ray fluorescence
using a Phillips PW-1600 simultaneous spectrometer. Raw
counts for each element were ratioed to U.S. Geological
Survey (USGS) standard SY3, which was run before and
after each sample, and then converted to concentrations
using a fundamental parameters program (Criss et al.,
1978). Analyses of standard rocks and sediments indi-
cate no systematic errors for the elements discussed.
Analytical precision (counting statistics) is better than
2% for the elements reported, but sample to sample var-
iability at the same level in a core is closer to 5% of the
reported concentrations.

In order to determine the number of components in
the Leg 86 sediments, we analyzed the elemental data
using Q-mode factor analysis (Klovan and Imbrie, 1971).
The empirical orthogonal functions (factors) generated
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Figure 1. Location of Sites 579, 580, and 581 relative to major physiographic features of the western North
Pacific (after Chase, 1975). Areas shallower than 4 km stippled; 5-km contour plain; 6-km contour ha-
chured.

by this technique distribute the variance in the raw data
as equally as possible between a subjectively selected num-
ber of "factors." We chose three factors in all of our
analyses because this number accounted for 97% or more
of the variance in the data sets.

RESULTS

The major-element analytical results for Sites 579, 580,
and 581 are summarized in Tables 1 to 3. Figures 2 to 4
show downhole plots of elemental abundances that il-
lustrate the major compositional variations at the three
sites.

Titanium, which is typical of elements supplied in de-
tritus, shows similar distributions in the sections at Sites
579 and 580 (Fig. 2). For the past 1 m.y., values have
been relatively high (0.36 and 0.35%, respectively), with
standard deviations of 8 to 10%. Concentrations de-
crease downhole by about a third in the deposits older
than 2 m.y., apparently due to dilution of the terrige-
nous component by biogenic opal. At the base of Hole
579, which is older than the base of Hole 580, Ti and
several other elements (Fig. 2) increase slightly.

The profile at Site 581, which is older than the two
preceding sites, shows higher Ti values prior to 5 m.y.
ago (Fig. 4). The concentration increases downhole in
steps, with an increase of approximately 0.05% at 9 m.y.
(225 m) and a similar 0.05% increase at about 14 m.y.
(245 m). These increases correspond to the downhole
changes in lithology from gray green siliceous clay to
light brown pelagic clay to dark brown pelagic clay, re-
spectively (see Site 581 chapter, this volume).

Below 270 m, only chert was recovered from the sedi-
mentary section at Site 581. Ti values for the cherts are
three to five times lower than in the overlying sediments
(due to dilution by silica), but decrease downhole sug-
gesting a reversal of the lithologic trend observed from
180 to 270 m (Fig. 4). Because the time duration of the

interval represented by the chert section is unknown, we
can only infer that the low Ti values at the base of the
section are indicative of biogenic dilution of terrigenous
debris at the time when the site lay beneath the equatori-
al zone of high biological productivity.

Other elements with distributions similar to Ti, par-
ticularly at Sites 579 and 580, are Al , Mg, K, and Fe
(Fig. 2). At Site 581, Fe diverges from Ti in the deeper
cherts, reaching up to 50% of the detrital values below
300 m (Fig. 4). One possible explanation for such a di-
vergence would be the deposition of excess hydrother-
mal Fe beneath the equator (Leinen and Stakes, 1979).

Si, much of which is supplied as biogenic opal, varies
almost inversely with the terrigenous elements. Short-
term variability is again about 10%, with the more north-
erly (and more productive) Site 580 showing more varia-
bility than Site 579, particularly during the past 1 m.y.
(Fig. 2).

At Site 581, the light brown (224-245 m) and gray
green (above 224 m) sections and the chert samples (be-
low 276 m) are all silica rich (Fig. 4). In fact, the chert
values (32.8 ± 1.3%) are indistinguishable from those
for the light brown pelagic clays (31.8 ± 1.4%). In con-
trast, the dark brown pelagic clays (245-276 m) are silica
depleted, with a mean value of only 24.2% (and a stan-
dard deviation of 2.4%).

Mn and S are both redox-sensitive elements. Mn is re-
duced from the insoluble + 4 to soluble + 2 state under
mildly reducing (suboxic) conditions (Froelich et al., 1979),
whereas S is reduced from + 6 to - 2 (SO4

2~ to S2~) on-
ly when O2, NO3~, Mn4 + , and Fe3+ have been con-
sumed.

At Site 579, virtually all the oxyhydroxide Mn has
been reduced and has diffused out of the sediments (Fig.
3). Spikes near the base of the section and near the sur-
face are the only indicators of more oxidized conditions.
In contrast, the more rapidly deposited sediments at Site
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Table 1. Elemental composition (wt.%) of Site 579 sediment samples.
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45.86

47.21

52.31
53.81

55.31
56.81
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63.35

64.85

66.35

67.85

69.15
71.56

73.06

74.56

76.06

77.56

79.06

81.07

82.57
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Mn

0.38
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0.03
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0.07
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0.02
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3.90

4.27
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4.57
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3.37
4.16

3.10

3.40

6.36

3.57

3.77
3.76

3.39

3.85
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6.29
3.38

3-25
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3.64

3.26
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4.07
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3.35
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1.96
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30.7
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31.1
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30.9
32.8

29.7

31.5

32.3
31.8

32.6

33.4

30.9
32.1

34.2

31.9
34.2

33.7

31.4

Al

8.07

8.01

6.75

7.85

8.69

7.89

7.83

8.03
7.90

7.86

7.97

8.15

7.97
8.12

7.70

8.44

7.76

8.05

7.93
7.64

7.78

8.00

8.03
8.40

7.88

7.56

8.34
8.04

6.59
8.18

7.37
7.76

6.89

7.72

7.73

7.07
7.80

7.08

6.64

7.25
6.98

7.92

6.64

6.66

7.26

7.88

6.72

6.30

7.26

6.82

7.89
7.04

8.45

6.85

6.57

6.63

6.32

K

2.02

2.26

2.19
2.26

2.03
2.08

2.23

2.09

2.23

2.29
2.14

2.23

2.23
1.94

2.02

2.46

2.03
2.18

2.11

2.13
2.39

2.22

2.41

2.34

2.25
2.20

2.47

2.29

1.55
2.32

2.50

2.19

2.35

2.28

2.42

2.82

2.30
2.14

1.63

1.77
2.14

2.39
1.98

2.08

2.18

2.36

2.07
1 .90

2.19
2.21

2.45

2.35
2.66

1.85
1.94

1.92

2.51

Ca

0.90

0.65

0.80

0.64

1.81

1.03

0.76

0.96

0.80

0.82

0.82

0.80

0.70

1.29
0.88

0.91
0.86

0.95
0.94

0.88

0.63
0.82

0.78

0.87
0.80

0.76

0.65
0.74

1.26

0.72

0.71

0.91

0.63

0.83
0.38

0.56

0.95

0.71

1.09

1.09

0.38

0.64

0.73
0.62

0.71

0.75

0.65

0.74

0.54

0.63

0.73
0.48

0.68

1.10

0.74

0.89

0.79

Mg

1.62

1.97

1.09
1.84

2.04

1.45

1.82

1.58

1.51
1.81

1.55

1.65

1.89

1.50

1.45

1.90

1.50

1.51

1.47

1.54

1.77

1.55

1.85

1.70

1.51
1.46

1.90

1.81

1.03

1.83
1 .40

1.62

1.23

1.52

2.20

1.35
1.52

1.46

1 .06

1.39

1.73

2.17

1.27

1 .29

1.47
1.58

1 .21

1.04

1.65
1.56

1.76

1.45
1.90

1.43

1.28

1.01

0.75

Ti

0.370

0.373
0.240

0.339

0.425
0.348

0.370

0.371
0.352

0.393
0.366

0.369

0.359
0.388

0.334

0.407

0.337
0.358

0.351
0.328

0.328

0.356

0.366

0.386

0.354

0.334

0.387

0.369

0.275

0.375
0.298

0.359

0.255

0.336
0.344

0.260

0.361

0.318

0.268

0.327
0.321

0.350

0.298

0.293

0.349

0.363

0.293
0.254

0.335

0.314

0.376

0.312

0.403
0.328

0.314

0.283

0.199

P

0.067

0.053
0.041

0.052

0.052

0.050

0.051

0.049
0.048

0.051

0.047
0.048

0.046

0.053
0.046

0.052

0.045
0.048

0.047

0.047

0.048

0.049
0.052

0.049

0.046

0.044

0.049

0.049
0.041

0.049

0.043
0.048

0.046

0.046

0.046

0.040

0.047
0.044

0.041

0.045

0.043

0.047

0.045
0.042

0.044

0.046

0.042

0.040

0.043
0.042

0.045
0.042

0.048

0.041

0.046

0.043

0.033

Ba

0.114

0.058

0.079
0.084

0.064

0.090

0.063

0.085
0.094

0.085
0.084

0.108

0.086

0.088

0.100

0.069

0.089
0.074

0.077

0.069

0.065

0.080

0.063
0.080

0.075

0.079

0.078

0.062

0.049

0.063

0.059
0.074

0.058

0.058

0.079

0.074

0.071

0.085

0.052

0.061

0.081

0.060

0.075
0.086

0.078

0.072

0.073
0.076

0.080

0.082

0.067

0.091

0.073
0.072

0.078

0.084

0.070

S

0.084

0.162

0.139

0.171
0.061

0.084

0.186

0.083

0.095
0.206

0.309

0.131
0.146

0.065

0.134

0.166

0.158

0.107
0.084

0.127
0.094

0.061

0.146

0.078

0.511
0.146

0.072

0.094

0.021

0.066

0.031
0.096

0.076

0.136

0.341

0.104

0.100

0.233
0.201

0.152

0.161

1.335

0.067
0.080

0.110

0.063
0.074

0.046

0.248

0.255

0.289

0.223
0.292

0.338

0.077
0.106

0.068
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Table 1. (Continued).
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115.71
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0.02
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0.05
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0.04
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0.07
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0.03
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4.88
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3.73
3.83
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3.67
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3.26
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3.49
3.24

3.46

2.63
3.02
3.01

2.13
3.21

4.08

3-60

Si

30.9

33.7

30.7
32.6

32.5

32.3
32.5

33.5

32.9

32.9
30.4

32.7
32.6

32.0

32.2

33.1
33.8

33.7
35.6

33-3
34.3
33.0

33.1
32.2

31.5
32.4

33. 4

32.7

33.4
33.2

31-9
33.6

33.8

28.5

36.3
34.7
32.2

Al

8.11

5.66

7.86

6.92
7.21

6.52

6.86
7.02

6.74

6.57
5.78

6.43
7.15
6.36

7.68

6.85
5.76

6.68

5.26
5.42

6.50

6.05
6.64

6.41

6.32
5.66

5.65

6.33
6.15
6.30

5.30

5.89
5.95
4.14

7.07
8.42

7.55

K

2.51
1 .70

2.26

2.06

2.21

1.89
2.22

2.07

2.07
2.04

1.55

1.97
2.07
1.99
2.16

1.94

1.76

2.04

1.61

1.95
2.11

1.89
1.94

1.88

1.83
2.23
1.74

1.87
1.88

1.82

1.83
1.80
1.84

1.45

2.09
2.48

2.26

Ca

0.62

0.86

0.79

0.53

0.63
0.65

0.55

0.99

0.65

0.49
0.61

0.67
0.59
0.64

0.46

. 0.47

0.29

0.43

0.31
0.28
0.22

0.30

0.45
0.48

0.95

0.29
0.27

0.29

0.31
0.38

0.25
0.40

0.28

0.25
0.36

0.31
0.41

Mg

2.09

0.85
1.66

1.39

1.27
1.16

1.16
1.16
1.26

1.34

1.03
1.21
1.41

1.23

1.53
1.35
1.16

1.29
1.05
0.94

1.33
1.25

1.29
1.28

1.30
0.88

1.15

1.29
1.20
1.24

0.90

1.08
1.12

0.70

1.30
1.60

1.36

Ti

0.374

0.255

0.377

0.327
0.304

0.288

0.275

0.309
0.308

0.292

0.253
0.287
0.324

0.291
0.324

0.299
0.256

0.279

0.239
0.221

0.294

0.279

0.295
0.294

0.306
0.192
0.254

0.274
0.280

0.287
0.238

0.263
0.265
0.162

0.315
0.350
0.304

P

0.047
0.038

0.047

0.043
0.041

0.039
0.041

0.043
0.042

0.040

0.037
0.040

0.039

0.037
0.042

0.039
0.036

0.039

0.037
0.035
0.039
0.036
0.038

0.036

0.041

0.034

0.035
0.036
0.036

0.035

0.033
0.035

0.035
0.026
0.041
0.044

0.038

Ba

0.074

0.075
0.074

0.077

0.077
0.076

0.087

0.075

0.073
0.085

0.067

0.079
0.091
0.071
0.072

0.085

0.065

0.065
0.072
0.064

0.090

0.093
0.070

0.086

0.065

0.067

0.095
0.070

0.069

0.063

0.071
0.072

0.075

0.053
0.082

0.097
0.080

S

0.260
0.102

0.051

0.037
0.022

0.019

0.031
0.047
0.014

0.026

0.013
0.023

0.033
0.051

0.023

0.027

0.035
0.064

0.020
0.012

0.019

0.059

0.013
0.039

0.051
0.120
0.012

0.087
0.055
0.060

0.051

0.189
0.192

0.190

0.030

0.020

0.022

Note: Samples DP10808-10819 are from Hole 579, subsequent samples are from Hole 579A.

580 contain higher and more variable amounts of Mn
(Fig. 3). Given the gray green color of the Site 580 sedi-
ments, which implies Fe3 + reduction (Lyle, 1983), we
are more inclined to assign the higher Mn values to the
presence of MnCO3 than to oxyhydroxides. We have not
been able to identify MnCO3 in X-ray diffractograms,
because of its low concentration, but Coleman et al.'s
(1982) description of MnCO3 in similar reduced sedi-
ments collected on Leg 68 (Pedersen and Price, 1982)
and the availability of CO3

2~ at Site 580 (inferred from
the Ca concentrations) add credibility to this hypothe-
sis.

At Site 581, the Mn profile can be divided into three
segments (Fig. 4). Above 224 m, in the gray green sedi-
ments, Mn values (with one exception) are very low, com-
parable to those at Sites 579 and 580. In this interval,
oxyhydroxide Mn has been reduced and lost from the
sediments. The residual detrital Mn is somewhat diluted

by biogenic opal. From 224 to 245 m, in the light brown
siliceous clay, some reduction may have taken place, but
there is less opal dilution. From 245 to 276 m, authigen-
ic Mn oxyhydroxides form a much larger fraction of the
dark brown pelagic clay, which accumulated more slow-
ly and is strongly oxidizing. The Mn contents of the Site
581 cherts (276-343 m) are variable, but generally fairly
high (comparable to the light brown siliceous clays), sug-
gesting that the silicified clays were more like the sedi-
ments below 224 m than the shallower deposits at Site
581.

The elements Ba, P, and Ca, which, like Si, are asso-
ciated with biogenic deep-sea deposition, have distribu-
tions intermediate between those of Ti-Al and Si. At
Sites 579 and 580, P resembles Ti, whereas Ba resembles
Si (although values at Site 580 are distinctly higher and
more variable than those at Site 579; Fig. 3). Ca has its
own distribution, with high variability at both sites, and
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Table 2. Elemental composition (wt.%) of Site 580 sediment samples.
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Table 2. (Continued).

osu
Lab

Sampl e

DP10954
DP10955
DP1O956
DP1O957
DP1O958
DP1O959
DP1O96O
DP1O961
DP1O962
DP10963
DP1O964
DP10965
DP1O966
DP10967
DP10968
DP1O969
DP10970
DP1O971
DP10972
DP1O973
DP1O974
DP1O975
DP1O976
DP1O977
DP10978
DP10979
DP10980
DP10981
DP10982
DP1O983
DP1O984
DP1O985
DP1O986
DP1O987
DP1O988
DP1O989
DP10990

CU

o
o

11
11
12
12
12
12
12
12
13
13
13
13
13
13
1 4
14
14
14
14
14
15
15
15
15
15
15
16
16
16
16
16
16
17
17
17
17
17

io
n

Se
ct

n
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2

3
4
5
6
1
2

3
4
5
6
1
2
3
4
5

c
o

De
pt
l

Se
ct

0.44
0.44
1.11
1.11
0.81
1.11
0.96
1.11
1.11
1.11
1.11
1.11
1.11
1.11
1.16
1.16
1.16
1.16
1.16
1.16
0.58
0.58
0.58
0.58
0.58
0.58
0.81
0.81
0.81
0.81
0.81
0.81
0.78
0.78
0.78
0.78
0.78

c —*

De
pt
l

Co
re

93.74
95.24
99.41

100.91
102.11
103.91
105.26
106.91
108.91
110.41
111.91
113.41
114.91
116.41
118.46
119.96
121.46
122.96
124.46
125.96
127.38
128.88
130.38
131 .88
133.38
134.88
137.11
138.61
140.11
141.61
143.11
144.61
146.58
148.08
149.58
151.08
152.58

Mn

0.07
0.22
0.07
0.13
0.09
0.03
0.14
0.14
0.06
0.09
0.08
0.09
0.12
0.12
0.14
0.11
0.05
0.15
0.09
0.12
0.10
0.05
0.08
0.10
0.08
0.10
0.14
0.13
0.12
0.05
0.05
0.05
0.06
0.05
0.03
0.04
0.11

Fe

3.60
3.19
2.56
2.82
2.58
2.83
4.05
3.19
3.42
2.89
2.72
3.38
3.02
3.44
3.83
2.38
3.65
3.21
3.12
3.10
3.53
2.54
2.70
3.09
2.82
2.59
3-70
3.20
2.53
2.94
2.45
2.27
2.31
2.88
2.59
2.79
2.96

Si

32.4
34.8
33.9
33.5
34.2
33.8
32.3
33.8
33.6
36.4
35.3
34.0
34.0
31.6
33.7
33.6
32.9
35.2
34.0
33.4
32.3
33.7
33.7
33.9
33.4
32.7
33.5
41 .2
35.4
34.7
35.3
34.8
34.5
33-8
34.5
33.3
33.3

Al

6.66
6.15
5.01
4.34
5.23
5.29
7.43
6.12
4.78
4.25
4.37
5.66
5.42
6.02
5.32
4.84
6.31
4.87
5.73
5.66
6.65
5.16
5.13
5.49
5.61
5.57
5.76
5.43
4.72
5.48
3.06
4.18
4.37
4.85
4.93
6.01
5.76

K

2.13
1.89
1.71
1.43
2.01
1.64
2.29
1.92
1.56
1.43
1.46
1.49
1.71
1.89
1.64
1.65
1.96
1.55
1.80
1.85
2.12
1.71
1.60
1.74
1.77
2.10
1.75
1.84
1.53
1.69
1.06
1.44
1.59
1.53
1.67
2.11
1.73

Ca

0.61
0.54
0.43
1.49
0.49
0.37
0.67
0.78
0.33
0.26
0.28
1.22
0.45
1.39
0.64
0.90
0.46
0.29
0.42
0.32
0.41
0.53
0.40
0.33
0.60
0.71
0.24
0.35
0.30
0.33
0.08
0.21
0.39
0.27
0.27
0.48
0.53

Mg

1.58
1.43
1.03
1.14
1.10
1.12
1.85
1.32
1.14
1 .04
1 .07
1.13
1.27
1 .44
1.39
0.86
1.49
1.24
1.29
1.43
1.57
0.91
1.07
1.19
1.05
0.95
1.42
1.32
1.11
1.18
0.72
0.90
0.77
1 .11
1 .03
1.14
1 .22

Ti

0.322
0.290
0.227
0.219
0.226
0.242
0.352
0.279
0.224
0.202
0.214
0.256
0.238
0.280
0.252
0.204
0.280
0.233
0.278
0.267
0.302
0.212
0.225
0.255
0.253
0.185
0.251
0.277
0.221
0.239
0.152
0.203
0.190
0.229
0.220
0.236
0.262

P

0.043
0.041
0.036
0.035
0.037
0.038
0.045
0.042
0.035
0.038
0.038
0.042
0.038
0.040
0.038
0.035
0.040
0.036
0.039
0.037
0.039
0.035
0.034
0.037
0.037
0.033
0.036
0.045
0.034
0.037
0.030
0.031
0.035
0.031
0.033
0.034
0.035

Ba

0.088
0.131
0.087
0.093
0.111
0.127
0.071
0.108
0.116
0.119
0.121
0.062
0.126
0.082
0.120
0.085
0.130
0.130
0.103
0.116
0.103
0.105
0.089
0.114
0.083
0.075
0.112
0.113
0.103
0.092
0.092
0.080
0.111
0.123
0.129
0.096
0.096

S

0.351
0.124
0.231
0.486
0.144
0.132
0.525
0.145
0.516
0.103
0.089
0.315
0.255
0.532
1.450
0.117
0.202
0.231
0.243
0.099
0.151
0.002
0.044
0.196
0.012
0.019
0.005
0.150
0.033
0.012
0.212
0.032
0.000
0.079
0.038
0.065
0.103

a well-defined decrease in concentration below about
3.2 m.y. (110 m) at Site 579 and about 2.3 m.y. (100 m)
at Site 580.

At Site 581, Ba, P, and Ca all resemble Ti rather than
Si in the clay section. In the basal dark brown pelagic
clay (245-276 m) and in the upper and lower cherts (be-
low 276 m), however, P has clear peaks that are matched
by Ca peaks, suggesting abundant fish debris. Ba also
peaks in the lower cherts, but not the upper ones. Ba
peaks in the oxidized (light and dark brown) pelagic clays,
as it does elsewhere in the Pacific (Dymond, 1981; Lei-
nen, 1979).

Because elements like silicon are derived from more
than one source (detrital aluminosilicates and biogenic
opal, for example), we have carried out a Q-mode factor
analysis of the data. In its conventional form (Klovan
and Imbrie, 1971), such a factor analysis expresses each
sample in terms of a number of orthogonal functions

that share the variance of the data set as equally as pos-
sible. This procedure simplifies the interpretation of large
data sets, but the factors may be difficult to interpret
physically because they can contain negative contribu-
tions of some elements.

Figure 5 shows the downhole variation in three fac-
tors derived from the data sets for both Sites 579 and
580. Overall, it is clear that the sediments at Site 579 are
markedly less variable than those at Site 580. The varia-
bility is due primarily to Mn (Factor 2), which is rela-
tively uniform at Site 579 (particularly above 80 m), but
fluctuates markedly at Site 580 (Fig. 3). In contrast, the
biogenically dominated Factor 3 (loaded in Si and Ba;
Fig. 5) is of comparable importance at the two sites. In
fact, this factor is slightly more variable at Site 579.

The factors are easier to interpret if the Q-mode axes
are rotated toward the mean of the data set until they
enter the positive quadrant (i.e., until their projections
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Table 3. Elemental composition (wt.%) of Site 581 sediment samples.

osu
Lab

Sampl e

DP1O996

DP1O997
DPI 0998

DP10999
DP11000

DP11001
DP11002

DP11003
DP11004

DP11005
DP11006

DP11007
DP11008

DP11009
DP11010

DP11011
DP11012
DP11013
DP11014

DP11015
DP11016

DP11017
DP11018

DP11019
DP11020
DPI 1021
DP11022

DP11023
DP11024

DP11025
DP11026

DP11027
DP11028

DP11029
DP11030

DPI 1031
DP11032

DP11O33
DP11034

DP11035
DP11036

DP11037
DP11038

DP11039
DP11040
DP11041
DP11042

DP11043
DP11O44

DP11045
DP11046

DP11047
DP11048

DP11049
DP11050

DP11051
DP11052

<D

o
o

1

2
2
2
2

2
2
2

3
3
3
3
3
3
4
4
4

4
4
4
4

5
5

5
5
6
6
6

6
6

6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8

c

ct
io

Φ
00

1

1
2

3
4
5
6
7
1
2

3
4

5
6
1

2

3
4
5
6
7
1
2

3
4
1

2
2

3
3
4
4

5
5
6
6
1
1
2
2

3
3
4
4

5
5
6
6
1
1
2
2

3
3
4
4
5

c *~"
•*- c

pt
h

ct
io

<5#

0.51
0.37
0.37
1.28
1.28
0.37
0.35
0.16
0.22
0.22
0.22
0.22
0.22
0.22
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.41
0.41
0.41
0.41
0.91
0.45
1.18
0.45
1.18
0.45
1.18
0.45
1.18
0.45
1.06
0.49
1.11
0.49
1.11
0.49
1.11
0.49
1.11

0.49
1.11

0.49
1.11

0.29
1.01
0.29
1.01
0.29
1.01
0.29
1.01
0.29

•̂5
CL S-

SS
0.51

181.87
183.37
185.78
187.28
187.87
189.35
190.66
191.22
192.72
194.22
195.72
197.22
198.72
200.67
202.17
203.67
205.17
206.67
208.17
209.67
210.41
211.91
213.41
214.91
220.41
221.45
222.18
222.95
223.68
224.45
225.18
225.95
226.68
227.45
228.06
229.49
230.11
230.99
231.61
232.49
233.11
233.99
234.61
235.49
236.11
236.99
237.61
238.79
239.51
240.29
241.01
241.79
242.51
243.29
244.01
244.79

Mn

0.08
0.09
0.13
0.08
0.04
0.11
0.06
0.01
0.05
0.08
0.13
0.05
0.07
0.00
0.01
0.08
0.07
0.07
0.04
0.06
0.04
0.04
1.31
0.01
0.10
0.06
0.07
0.07
0.07
0.11
0.15
0.14
0.14
0.21
0.16
0.29
0.36
0.40
0.22
0.21
0.33
0.20
0.35
0.23
0.42
0.28
0.32
0.18
0.28
0.21
0.30
0.32
0.27
0.40
0.41
0.55
0.64

Fe

3-73
2.71
3.40
3.34
2.26
2.65
3.19
2.84
2.34
2.76
2.07
2.84
4.34
2.26
1.50
2.62
2.57
3.94
3-04
3.56
3-96
3.06
2.19
1.94
2.09
3-33
3.60
3-10
4.08
4.11
4.04

3.93
4.18
3.77
3.69
3.42
3.44
3.65
3.89
3.75
3.99
3.82
3.81
3.82
3.19
3.79
3.55
3.46
4.05
4.01
4.13
3.79
3.31
3.81
3.62
4.53
4.74

Si

32.3
34.3
35.8
40.3
35.8
35.3
33.5
35.5
34.1
32.4
34.9
34.4
35.2
35.5
37.7
35.7
34.9
34.2
35.6
33.1
35.6
36.7
36.7
35.1
35.1
32.4
34.9
33.8
30.8
31.2
31.3
33.3
31.6
30.3
32.7
32.1
34.6
33.0
32.5
31.7
31.4
30.5
30.5
31.0
33.7
31.2
30.6
30.7
30.0
30.4
30.1
33.5
33.4
31.3
34.3
29.9
27.0

Al

6.43
4.69
3.53
5.72
3.24
4.17
4.96
4.95
4.53
5.55
3.73
4.88
3.48
3.83
2.69
4.10
3.62
4.97
5.09
5.59
4.37
4.82
3.72
3.64
4.22
5.03
5.12
4.50
6.51
6.54
6.71
6.16
7.01
6.46
6.35
5.95
5.89
6.25
7.04
6.31
6.89
6.54
6.63
6.50
5.13
6.46
6.32
6.54
7.01
6.95
7.04
6.39
5.72
6.97
6.37
8.12
8.18

K

1.61

1.51
1.24

1.90

1.15

1.43
1.66

1.71
1.62
1.88

1.31
1.69
1.26

1.35
1.05
1.40

1.30
1.84

1.75
1.86
1.60
1.58
1.28

1.39
1.41

1.66

1.73
1.53
2.08
2.09
2.08
2.01
2.22
2.01
2.00
1.90
1.86
1.98
2.19
2.00
2.15
2.08
2.09
2.12
1.77
2.06
1.98
2.30
2.20
2.16
2.21
2.10
1.86
2.15
2.03
2.33
2.31

Ca

1.19
0.41
0.05
0.15
0.02
0.22
0.13
0.20
0.17
0.16
0.03
0.12
0.01
0.02
0.00
0.06
0.00
0.20
0.14
0.15
0.05
0.07
0.10
0.02
0.07
0.14
0.16
0.15
0.34
0.30
0.40
0.31
0.34
0.35
0.30
0.26
0.19
0.24
0.28
0.22
0.32
0.21
0.21
0.23
0.14
0.26
0.23
0.31
0.34
0.32
0.34
0.26
0.19
0.23
0.17
0.31
0.31

Mg

1.43

1.09

1.31
1.43
0.82
1.01

1.19
1.15
1.12
1 .28
0.92

1.17
1.27

0.83
0.57
1.00
0.90

1.45

1.19

1.33
1.30
1.04
0.82
0.85
0.88
1.04
1.11
0.93
1.31

1.31
1.25
1.16

1.30
1.20
1.18

1.11

1.09
1.19
1.27
1.14

1.29
1.16

1.19
1.15

1.03
1.20

1.11
1.08

1.28
1.28
1.28
1.20

1.03
1.18
1.16

1.65
1.86

Ti

0.320
0.212
0.172
0.274
0.161
0.214
0.227
0.238
0.221
0.244
0.187
0.233
0.159
0.186
0.154
0.196
0.187
0.226
0.235
0.256
0.206
0.224
0.173
0.194
0.196
0.224
0.241
0.209
0.286
0.294
0.298
0.284
0.303
0.287
0.269
0.253
0.259
0.270
0.293
0.277
0.300
0.288
0.283
0.283
0.249
0.286
0.266
0.253
0.301
0.292
0.302
0.286
0.248
0.282
0.271
0.335
0.350

P

0.048
0.034
0.030
0.039
0.029
0.033
0.032
0.032
0.031
0.034
0.032
0.031
0.030
0.031
0.031
0.034
0.032
0.034
0.034
0.033
0.032
0.034
0.031
0.029
0.030
0.037
0.038
0.034
0.047
0.048
0.044
0 042
0.046
0.046
0.044
0.040
0.042
0.042
0.044
0.039
0.039
0.037
0.035
0.038
0.035
0.040
0.039
0.037
0.045
0.049
0.046
0.044
0.036
0.039
0.041
0.046
0.050

Ba

0.113
0.174
0.157
0.157
0.167
0.162
0.115
0.124
0.118
0.128
0.095
0.107
0.096
0.114
0.116
0.130
0.141
0.108
0.140
0.122
0.126
0.138
0.114
0.142
0.111
0.121
0.119
0.128
0.118
0.110
0.125
0.119
0.091
0.112
0.146
0.141
0.144
0.195
0.178
0.170
0.149
0.143
0.152
0.159
0.227
0.199
0.132
0.109
0.211
0.203
0.218
0.182
0.183
0.163
0.236
0.160
0.109

s
0.094
0.137
0.149
0.085
0.065
0.050
0.045
0.059
0.109
0.142
0.096
0.044
0.040
0.030
0.081
0.033
0.052
0.050
0.058
0.036
0.050
0.028
0.029
0.055
0.039
0.024
0.029
0.039
0.030
0.018
0.021
0.018
0.023
0.021
0.052
0.044
0.025
0.059
0.039
0.029
0.046
0.024
0.030
0.025
0.073
0.053
0.032
0.019
0.054
0.053
0.048
0.042
0.055
0.032
0.057
0.047
0.021
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Table 3. (Continued).

osu
Lab

Sampl e

DP11053

DP11054

DP11055

DP11056

DP11O57

DP11O58

DP11059

DP11O6O

DP11061

DP11062

DP11O63

DP11064

DP11065

DP11066

DP11067

DP11O68

DP11069

DP11O7O

DP11071

DP11072

DP11073

DP11O74

DP11075

DP11076

DP11077

DP11078

DP11079

DP11080

DP11081

DP11082

DP11083

DP11084

DP11085

DP11086

DP11087

DP11088

DP11089

Φ

S-o
o

8

9

9

9

9

9

9

9

9

9

9
10

10

10

10

10

10

10

10

10

10

10

10

10

10

11

12

12

13
14

15

15
16

17

17

17
18

io
n

+->

u%

5
1

1

1

2

2

2

3
3
H

1

1

1

2

2

2

3
3
3
1|

4
5

5
6
1

1

1
1

1

1
1

1
1

1

1

1

h 
in

io
n

 
(m

)

+ » •t->

CL o
CU O)
Q OO

1.01

0.25

0.73

1.29

0.25

0.73

1.29

0.25

0.73

0.25

0.73

0.11

0.81

1.41

0.11

0.81

1.41

0.11

0.81

1.31

0.11

0.61

0.11

0.61

0.11

0.17

0.21

0.37

0.04

0.22

0.34

0.95

0.23

0.12

0.30

1.10

0.19

"""3
+e Φ
Q- i-<U O
Q c_)

245.51

248.25

248.73

249.29

249.75

250.23

250.79

251.25

251.73

252.75

253.23

257.61

258.31

258.91

259.11

259.81

260.41

260.61

261.31

261.81

262.11

262.61

263.61

264.11

265.11

267.17

276.71

276.87

286.04

295.72

305.34

305.95

314.72

324.12

324.30

325.10

333.69

Mn

0.61

0.60

0.90

0.75

0.87

0.93

0.77

0.99

1.06

1.30

1.13

1.35

1.56

1.73

1.66

2.61

2.35

2.91

2.05

1.62

1.39

1.82

1.25

0.99

1.29

1.85

0.11

0.00

0.00

0.34

0.51

0.37

0.68

0.15

0.00

0.31

0.44

Fe

4.86

4.97

4.66

4.73

4.97

4.84

4.86

4.83

4.77

4.97

4.75

5.03

4.85

4.99

4.29

4.73

4.77

5.20

4.67

5.47

4.96

5.18

5.02

4.83

4.94

5.07

1.16

1.40

0.32

1.71

2.35

2.11

2.58

1.67

1.76

2.24

1.93

Si

23.8

25.5

24.9

23.8

23.8

27.6

24.9

24.2

23.2

25.9

24.6

23.6

23.4

19.7

22.2

22.3

21 .4

21 .7

21 .9

20.1

22.8

28.1

26.1

23.8

27.2

24.1

33.9

33.3

31.3

33.5

33.5

31.3

34.2

33.3

34.0

32.6

29.9

Al

7.19

7.81

7.62

7.37

7.29

8.51

7.55

7.52

7.24

8.09

7.77

8.18

8.06

6.94

7.93

8.10

7.81

8.21

7.92

7.08

7.66

9.28

8.74

7.96

8.78

8.60

1.08

1.15

0.21

0.77

0.19

0.27

0.61

0.19

0.22

0.14

0.13

K

2.06

2.21

2.02

2.07

2.09

2.24

2.22

2.17

2.11

2.33

2.15

2.27

2.18

1.96

2.01

2.43

2.25

2.41

2.58

2.07

2.08

2.34

2.38

2.25

2.32

2.79

0.47

0.56

0.17

0.42

0.17

0.22

0.42

0.24

0.25

0.11

0.10

Ca

0.30

0.32

0.27

0.29

0.33

0.31

0.30

0.33

0.27

0.43

0.35

0.30

0.41

0.31

0.40

0.57

0.38

0.58

0.59

0.76

0.29

0.33

0.32

0.29

0.32

0.55

0.68

0.49

0.23

0.28

0.25

0.21

0.53

0.19

0.10

0.04

0.05

Mg

1.71

1.93

1.90

1.81

1.79

2.14

1.92

1.85

1.80

1.85

1.80

1.81

1.81

1.46

1.48

1.55

1.67

1.71

1.90

1.72

1.76

2.29

2.06

1.84

2.07

2.12

0.42

0.45

0.04

0.33

0.07

0.07

0.30

0.09

0.11

0.03

0.02

Ti

0.342

0.357

0.327

0.332

0.343

0.352

0.346

0.330

0.320

0.339

0.332

0.349

0.353

0.343

0.292

0.317

0.343

0.355

0.341

0.493

0.340

0.380

0.371

0.353

0.358

0.392

0.085

0.091

0.091

0.059

0.040

0.031

0.051

0.026

0.026

0.037

0.020

P

0.043

0.051

0.043

0.051

0.047

0.055

0.044

0.065

0.057

0.077

0.063

0.061

0.082

0.058

0.078

0.174

0.107

0.181

0.178

0.229

0.059

0.070

0.062

0.056

0.069

0.186

0.248

0.186

0.117

0.117

0.086

0.080

0.182

0.089

0.051

0.031

0.033

Ba

0.174

0.198

0.162

0.121

0.149

0.194

0.218

0.232

0.212

0.171

0.156

0.113

0.130

0.102

0.120

0.112

0.103

0.085

0.041

0.044

0.128

0.189

0.130

0.110

0.162

0.044

0.003

0.000

0.000

0.029

0.035

0.024

0.119

0.095

0.000

0.000

0.000

s
0.036

0.045

0.033

0.016

0.030

0.042

0.042

0.041

0.017

0.026

0.026

0.006

0.016

0.007

0.014

0.023

0.000

0.021

0.021

0.025

0.023

0.025

0.026

0.022

0.032

0.026

0.023

0.016

0.016

0.008

0.006

0.005

0.022

0.041

0.000

0.000

0.000

on all elemental abundance axes are positive). These ro-
tated axes can then be converted to actual elemental com-
positions and can be treated as physical end members of
the population. This technique was developed by Leinen
and Pisias (1984). We have used their algorithm to ana-
lyze the Leg 86 data.

Table 4 shows the compositions of the reference (ro-
tated) axes for the combined Site 579 and 580 data sets.
Figure 6 shows how these factors load on to the down-
hole samples.

Factor 1 is primarily terrigenous detritus with some
biogenic opal. The Site 580 samples are slightly depleted
in this factor and are markedly more variable than the
Site 579 samples (Fig. 6). In contrast, Factor 3, which is
dominated by biogenic opal and Mn, is much more abun-
dant in the Site 580 samples from the more productive

northern site. Factor 2 is a mixture of authigenic iron
sulfide and terrigenous detritus. Its greater abundance
at Site 580 is consistent with a greater influx of organic
carbon, which has served as the energy source for sul-
fate-reducing bacteria at this site.

If sulfur is excluded from the factor analysis, three
simpler end members emerge (Table 5, Fig. 7). Factor 1
is again dominated by terrigenous debris, in this case
with a smaller addition of biogenic opal. The downhole
patterns at Sites 579 and 580 are very similar, with the
abundance of factor 1 roughly doubling from the oldest
(Pliocene) to youngest (Quaternary) samples. The opal-
rich Factor 3 shows almost the inverse pattern, with a
marked decrease from older to younger samples. At Site
580, the transition is continuous, with a lot of variabili-
ty throughout the section. In contrast, the abundance of
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are given in Table 3.

Factor 3 at Site 579 decreases abruptly near 110 m, cor-
responding to an age of about 3.2 m.y. Factor 2, which
consists of terrigenous detritus enriched in authigenic
(?) iron and manganese, is more abundant at Site 580
than at Site 579, but shows little variation downhole.

The results of factor analysis of the Site 581 samples
are shown in Figure 8. The Q-mode analysis (Table 6)
distinguishes detrital, Mn-rich, and biogenic factors (Fac-
tors 1, 2, and 3, respectively). The detrital factor de-
creases continuously in importance from the basal clays
to the cherts below 276 m. The other two factors show
sharp discontinuities at this boundary.

The rotated factors (Table 7), in contrast, vary much
more smoothly across the clay/chert boundary. The de-
trital-rich Factor 1 decreases to very low values in the
chert, with only three elevated values near 325 m. Factor
3, dominated by opal and minor fish debris, is uniformly
high in the chert, decreases to a minimum in the dark
brown clays (245-276 m), and increases slightly in the
less oxidized clays. Factors 2, which is dominated by an
authigenic ferromanganese component with subordinate
fish debris and detritus, is concentrated in the dark brown
clays (245-276 m). Lower but still significant levels are
evident in the light brown clays (224-245 m) and chert
(below 276 m). Only the reduced (gray green) clays above
224 m are depleted in this factor.

DISCUSSION AND CONCLUSIONS

The elemental composition of sediments at Sites 579,
580, and 581 is dominated by contributions from terrig-
enous detritus and opal-rich biogenic debris. Redox-driv-
en diagenetic reactions (mobilization and redistribution
of manganese and precipitation of iron sulfide) and the
deposition of authigenic ferromanganese oxyhydroxides
in mid-Tertiary dark brown clays at Site 581 modify the
abundances of some elements.

From a geochemical perspective, Sites 579 and 580
are almost indistinguishable. A slight enrichment of the
biogenically associated elements Si, Ca, Ba, and P at
Site 580, which lies beneath more biologically produc-
tive waters than Site 579, is the major difference. At
both sites, the ratio of detrital to biogenic debris increases
uphole from the late Pliocene to the late Quaternary
portions of the profiles. It seems unlikely that this trend
resulted from a decrease in biogenic input, given the north-
ward drift of the sites and more vigorous oceanic circu-
lation during the Quaternary in this region. Rather, the
trend probably reflects the accelerated eolian deposition
of continental debris from loess deposits in Asia that ac-
companied the development of Northern Hemisphere
glaciation and that has been recognized elsewhere in the
North Pacific (Heath, 1969; Leinen and Heath, 1981).
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Table 4. Composition (wt.%) of the ro-
tated Q-mode factors for Sites 579
and 580 plotted in Figure 6.

Element

Ti
Al
Si
Mg
K
Fe
Ca
Ba
Mn
P
S

Factor 1

0.31
7.09

32.4
1.35
2.14
3.51
0.65
0.08
0.00
0.04
0.03

Factor 2

0.35
6.53

25.3
2.65
1.83
6.36
1.39
0.07
0.005
0.05
3.08

Factor 3

0.25
5.18

34.3
1.62
1.53
3.48
0.62
0.14
0.48
0.04
0.00

A feature deserving of additional study is the en-
hanced deposition of Mn at Site 580 relative to Site 579.
We suspect that the excess Mn is preserved as a carbon-
ate, but the depositional conditions responsible for such
preservation have not been identified.

The record at Site 581 captures the basal part of the
sequence cored at Sites 579 and 580 (reduced, opal-bear-
ing detrital clays), as well as oxidized detrital-rich clays
and highly oxidized pelagic clays rich in authigenic fer-

romanganese oxyhydroxides. This section overlies por-
cellaneous chert.

The oxidized clays are reminiscent of "red clay" se-
quences elsewhere in the North Pacific (see Site 576 and
578 chapters, this volume; Leinen, 1979). Both P and
Ba are enriched in the.darkest brown clays, reflecting
the concentration of the most refractory biogenic debris
(phosphatic fish fragments and barite) in the least rap-
idly accumulating sediments.

The porcellaneous cherts at Site 581 contain some sur-
prises. They contain about the same concentration of sili-
ca as the oxidized detrital clays and markedly less than
the biosiliceous clays at Site 580. The relatively high Mn
contents and red to yellow colors also point to fairly
slow deposition in a well-oxygenated environment. The
high P contents of the cherts, particularly the youngest
ones, also is suggestive of slow deposition (i.e., greater
relative abundance of phosphatic fish debris). The pos-
sibility that precipitation of the chert layers concentrates
fish debris (perhaps by physically displacing the finer
clay particles) cannot be excluded, however.

Overall, the chemical data are consistent with the pa-
leoceanographic interpretations derived from lithologic
and paleontologic descriptions of the sections at Sites
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Table 5. Composition (wt.%) of the ro-
tated Q-mode factors (S omitted)
for Sites 579 and 580 plotted in
Figure 7.

Element

Ti
Al
Si
Mg
K
Fe
Ca
Ba
Mn
P

Factor 1

0.34
7.75

30.7
1.52
2.22
3.91
0.94
0.07
0.00
0.05

Factor 2

0.35
6.57

28.2
2.63
1.38
5.15
2.10
0.14
0.90
0.06

Factor 3

0.23
5.16

36.0
1.10
1.81
2.90
0.00
0.11
0.06
0.03

579, 580, and 581. The sets of closely spaced analyses
presented here yield a measure of both the general trends
and variability of deposition at the three sites. This data
set should also be useful for future studies of the com-
parative geochemistry of North Pacific pelagic clays.
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Figure 7. As Figure 6, but for factors that do not include sulfur (see Table 5 for factor
compositions).

Table 6. Elemental contributions (fac-
tor scores) to Q-mode varimax fac-
tors for Site 581 analyses (Fig. 8).

Table 7. Composition (wt.%) of the ro-
tated Q-mode factors for Site 581
plotted in Figure 8.

Element

Ti
Al
Si
Mg
K
Ca
Ba
Mn
Fe
P

Factor 1

1.04
1.05
1.27
1.02
1.17
0.16
1.49

-0.87
0.88

-0.11

Factor 2

0.54
0.68

-0.01
0.66
0.43
0.70
0.10
2.72
0.51
0.26

Factor 3

-0 .20
-0 .45

1.37
-0 .36
-0.27

1.19
-0.33

0.02
0.23
2.48

Element

Ti
Al
Si
Mg
K
Ca
Ba
Mn
Fe
P

Factor 1

0.23
5.15

32.4
1.12
1.71
0.13
0.15
0.01
3.07
0.02

Factor 2

0.01
15.0
14.6
3.24
3.76
0.73
0.19
3.72
8.49
0.11

Factor 3

0.04
0.00

41.2
0.23
0.23
0.32
0.01
0.19
1.80
0.13
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Figure 8. Downhole profiles of loadings of Q-mode varimax factors (upper), and rotated varimax fac-
tors (lower) on samples from Site 581. Elemental contributions to Q-mode factors are listed in Ta-
ble 6. Compositions of rotated factors are listed in Tkble 7.
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