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INTRODUCTION

Paleomagnetic studies were conducted on basalts
from two Leg 59 sites, 447 and 448. Site 447 is situated
in the West Philippine Basin, and Site 448 is on the
Palau-Kyushu Ridge, which separates the Philippine
and Parece Vela Basins. Our sampling and measure-
ment procedures were the same as those used for Leg 59
sediments and described in Chapter 1 of this volume. As
in that chapter sample identification consists of hole,
core, and section number, followed by depth (in cm)
within the section.

HOLE 447A
The basaltic basement in Hole 447A was divided into

six petrographic units, the petrology of which can be
summarized as follows:

Unit 6—plagioclase phyric tholeiitic basalt
Unit 7—aphyric pillowed tholeiitic basalt
Unit 8—four pillowed massive flow eruptive units
Unit 9—Aphyric dolerite
Unit 10—olivine-plagioclase-clinopyroxene phyric tho-

leiitic basalt
Unit 11—Olivine-plagioclase phyric tholeiitic basalt

Several samples were collected from each unit which

were representative of the different rock types. A pilot
group of samples was progressively demagnetized in
multiple steps up to 1000 Oe (alternating field). On the
basis of these results the remainder of the samples were
demagnetized at 250 Oe. A stereonet projection of sev-
eral of the pilot set samples is shown in Figure 1. Most
of the samples were stably magnetized and displayed
very little change in direction; examples include Samples
447A-14-2, 53, 447A-14-2, 107, 447A-14-3, 29, and
447A-16-1, 11. However, six of the samples from this
hole displayed large changes in the direction of mag-
netization upon demagnetization, which is suggestive of
unstable magnetization (see, for example, Samples
447A-16-2, 24, 447A-18-3, 20, and 447A-20-3, 48).

Normalized plots of intensity versus demagnetization
field are shown in Figure 2. Four different types of
demagnetization curves seem to characterize samples
from this hole. Sample 447A-14-2, 107 displays the
gradual decay of intensity upon demagnetization most
often displayed by DSDP core material. Samples 447A-
16-1, 11 and 447A-25-2, 76 show an increase in intensity
after demagnetization, followed by a progressive de-
crease, which reflects the removal of a less stable secon-
dary magnetized direction in opposition to the primary
direction of magnetization. A third demagnetization

Figure 1. Stereonet projections of changes in magnetic directions with demagnetization for samples from Hole 447A. (Arrows indicate direc-
tion of change upon progressive demagnetization, stars = negative inclination, and crosses = positive inclination.)
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Figure 2. Plots of normalized intensity (vertical axis) versus alternating current demagnetization field
(Oe) for samples from Hole 447A.

behavior is exhibited by Samples 447A-14-3, 29, 447A-
18-3, 20, and 447A-14-2, 53. In this case, very little
change in intensity occurred after the first few steps (up
to about 100 Oe), but then a sharp decrease occurred.
The last demagnetization behavior was exemplified in
pilot study Samples 447A-16-2, 24, and 447A-20-3, 48.
These demagnetization curves suggest that a very low
coercivity component of magnetization was the first to
be removed at low fields. Progressive and gradual loss
of magnetization occurred after removal. The least
stable samples display this fourth type of behavior.

Six samples from Site 447 displayed large and erratic
change in direction of magnetization upon demagnetiza-

tion. After these unstable magnetized samples, 447A-
14-2, 123, 447A-16-2, 24, 447A-18-3, 20, 447A-20-3, 48,
447A-21-4, 110, and 447A-30-1, 53, were removed from
the data set, mean paleolatitudes for the site and for the
individual petrographic units were calculated. The
results of the calculations are summarized in Table 1.
The means were calculated in two ways. The first was
based on the absolute values of the sample inclinations
(after demagnetization to 250 Oe). The mean could be
representative if the site were situated to either side of
the equator and both polarities were present in the data
set. The second mean included both the positive and
negative inclination data and would be representative if
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Table 1. Paleolatitude summary for Holes 447A and 448A.

Hole 447A
Mean paleolatitude (absolute value of inclination)
Standard Deviation
Mean paleolatitude (calculated using
Standard Deviation

Hole 448A

both signs)

Mean paleolatitude (absolute value of inclination)
Standard Deviation
Mean paleolatitude (calculated using
Standard Deviation

Hole 447A

Rock Unit Rock Type

6
7
8
9

10
11

Tholeiitic basalt
Pillow basalt
Pillow basalt
Dolerite
Tholeiitic basalt
Tholeiitic basalt

Hole 448A

Rock Unit Rock Type

12
13
14
18
19
20
21
22
23
24
26
27
29
31
33
34
35
37
40
42
46
47
48
49
51

Flow basalt
Pillow basalt
Pillow basalt
Flow basalt
Volcanic breccia
Flow basalt
Volcanic breccia
Massive flow basalt
Volcanic breccia
Flow basalt
Basalt dike
Basalt dike
Volcanic breccia
Basalt/andesite flow
Basalt flow
Volcanic breccia
Sill
Basalt dike
Volcanic breccia
Tuff-breccia
Tuff
Sill basalt
Volcanic breccia
Andesite dike
Basalt dike

both signs)

Number of
Samples

18
3

17
4

10
12

Number of
Samples

1

2
1
1
2
3
1
1
1
3
1
1
1

1

4
2
1
3
2
2
1
2
1
1
3

6.0
13.1
6.6

17.2

7.8
10.0
5.7

14.5

Paleolatitude

4.4
2.2
3.5
8.2
3.8

14.5

Paleolatitude

1.4

5.0
3.1
0.3
5.6

15.1
13.2
14.5

5.9
4.3

15.2
3.9

21.6
0.4
5.0
8.4
4.6

10.2
4.7
4.0
7.7

10.2
3.5
7.5

16.3

the site were situated near the equator, where the pres-
ence of both "normal" and "reversed" polarity could
be expected even without a polarity change of the field
due to secular variation. It seems less likely that the site
was exactly on the equator than near it, since the stan-
dard deviation is greater when the mean is calculated for
the equatorial case than the nonequatorial case. The op-
posite would be expected if the site were truly equa-
torial. Paleolatitudes from both cases were shallow. The
paleolatitudes from Units 6 through 10 vary from 2.2°
to 8.2°. The paleolatitudes from Unit 11 appear signifi-
cantly higher than the remaining units; the mean is
14.5°.

The individual sample inclinations have been plotted
stratigraphically in Figure 3 and summarized in Tables 2

and 3. The difference in paleoinclinations for Unit 11
versus Units 6 through 10 is obvious. The inclination
data for this site are fairly consistent, except for an oc-
casional single point in a sequence which displays the
opposite polarity. These single point reversals very
likely represent undetected sample inversions that oc-
curred in the core lab during labeling and description. If
we ignore these single point inversions we find a consis-
tent sequence of inclinations down-hole which may be a
sequence of magnetic field reversals. The interval from
113 to 115 meters depth was characterized by a sequence
of positive to negative to positive inclinations. Samples
with negative inclinations occurred from 115 to 151, 155
to 180, and 271 to 273 meters depth, and those with pos-
tive inclinations occurred at 152 to 154, 187 to 193, and
187 to 255 meters depth. It was only petrographic Units
7, 9, and 10 that were characterized by inclinations of a
single sign.

HOLES 448 AND 448A

Two holes were drilled at Site 448. Only five samples
were collected from the basalts of Hole 448; the re-
mainder of basement samples came from Hole 448A. If
any overlap occurs it is with Samples 448-59-2, 89 and
448-61-3, 100 and Samples 448A-15-3, 112, 448A-16-3,
24, 448A-17-2, 56, 448A-18-1, 102, and 448A-20-3, 75
(see site summary for further explanation). We identi-
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Figure 3. Stratigraphic plot of sample inclination after demagnetiza-
tion to 250 Oe for samples from Hole 447A. (Sample directions
displayed in this figure are summarized in Table 2.)
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Table 2. Stratigraphic summary of sample incli-
nation and intensity, Holes 447 A and 448A.

Core/Section/Depth
(cm)

Hole 447

14-1, 39
14-1, 70
14-2, 13
14-2, 53
14-2, 85
14-2, 107
14-2, 115
14-2, 123
14-2, 134
14-3, 29
14-3, 64
14-3, 88
14-3, 123
15-1, 58
15-2, 72
15-2, 130
15-4, 5
16-1, 11
16-2, 24
17-1, 31
17-3, 17
17-3, 61
17-3, 89
17-3, 124
17-3, 138
18-2, 98
18-3, 20
19-2, 113
19-3, 40
19-3, 122
20-1, 76
20-2, 115
20-3, 48
21-4, 110
21-5, 71
22-3, 19
23-1, 5
24-2, 76
24-3, 42
25-1, 92
25-2, 76
25-3, 8
26-1, 67
26-3, 78
27-
27-
27-
27-
27-
27-
27-
28-

, 18
. 50
, 60
, 76
, 89
, 114
, 133
, 76

29-2, 74
29-*, 93
29-5, 8
30-1, 53
30-4, 70
31-3, 142
31-4, 17
32-1, 103
32-3, 5
34-1, 59
34-2, 109

Hole 448A

15-3, 112
16-3, 24
18-1, 102
20-3, 75
28-1. 76
30-1, 123
30-2, 96
32-1, 70
33-2, 48
33-3, 35
36^t, 145
36-5, 12
39-2, 59
39-2, 79
39-2, 111
39-2, 131
41-1, 124
41-2, 120
43-2, 45
45-1, 49
47-1,69
47-2, 10
47-2, 69
47-2, 103
48-1, 45
50-1, 59
50-2, 39
51-1, 112
51-4, 10
52-2, 123
52-3, 107
57-1, 27
57-2, 5
59-2, 79
59-2, 102
59-3, 14
62-1, 73
65-1, 137
65-3, 69

Depth below
Sea Floor
(m)

113.39
113.70
114.63
115.03
115.35
115.57
115.65
115.73
115.84
116.29
116.64
116.88
117.23
122.58
124.22
124.80
126.55
131.11
132.74
140.31
143.17
143.61
143.89
144.24
144.38
151.48
152.20
154.63
155.40
156.22
158.76
160.65
161.48
172.60
173.71
179.19
180.05
187.26
188.42
191.92
193.26
194.08
199.17
202.28
207.68
208.00
208.10
208.26
208.39
208.64
208.83
217.26
227.74
230.93
231.58
235.03
239.70
247.92
248.17
253.53
255.55
271.09
273.09

531.62
540.24
550.52
569.25
623.26
642.73
643.96
661.20
665.48
666.85
694.95
695.12
714.59
714.79
715.11
715.31
728.24
729.70
747.95
765.49
775.19
776.10
776.69
777.03
779.95
793.09
794.39
802.62
806.10
813.23
814.57
846.77
848.05
866.79
867.02
867.64
887.73
906.37
908.69

Inclination

(°)

-0.30
7.00
1.80
5.06
3.30

-19.01
-1.40
37.68
3.40

42.22
-2.75
-13.10
-3.00
-1.20
-1.00
-2.30
-4.50
-13.00

8.70
-3.10
-6.30
-4.30
-1.20
-6.30
-1.80
-2.00
28.10
1.20

-9.40
0.10

-11.70
-8.30
-9.43
9.00

-4.20
-6.70
-9.10
14.60
14.70
14.00
21.13
8.10
13.30
11.50
4.50

-3.90
7.90
8.00
8.00
6.90
4.40
5 1.40
32.20
46.80
46.00
8.30

48.40
23.60
9.70
21.80
17.90

- 14.90
-9.90

2.90
-3.90
16.30
-6.30
-0.60
-7.00
15.30

-32.40
-28.30
-25.00
-25.30
-27.40
11.80
3.80

-15.30
6.70

-28.60
-7.90
-38.46
-0.80
- 11.20
-8.60
-2.20
-18.20
-17.90
-15.40

9.21
-17.09
-25.40
-15.60
-3.40
7.10

-8.90
-15.20
-17.50
-22.30
14.90

-23.00
-37.90

Intensity
(emu/cmJ)

0.1413 x 10"2

0.1797 × 10~2

0.1960 X 10"3

0.2560 × 10"3

0.7626 x 10"3

0.7790 x 10~3

0.2955 x 10"3

0.3480 X 10"3

0.1596 × I0"2

0.1620 x 10"3

0.8500 x 10"5

0.8000 × 10~4

0.2792 x 10~3

0.9100 x 10~5

0.4683 × 10~3

0.2785 x 10~3

0.1097 x 10" 2

0.2570 x 10~3

0.3640 x 10" 5

0.1904 × 10~2

0.2221 x 10"3

0.8593 x 10"3

0.60% × 10~4

0.4961 x I0"3

0.2158 x 10"3

0.8064 x 10""3

0.5600 × 10~4

0.1476 x 10"2

0.2446 × 10-2

0.1555 x 10~2

0.2442 × 10"2

0.2265 X 10"2

0.3750 x 10~5

0.1977 x 10"2

0.1555 x 10~2

0.1768 × 10"2

0.4817 x 10~3

0.7043 x 10~3

0.3510 x 10~3

0.5712 × 10'3

0.6145 x 10~3

0.2693 X 10~2

0.2984 X 10"2

0.5111 x 10~3

0.6555 × 10~3

0.7565 × 10"3

0.2415 × 10~3

0.1296 × 10"2

0.4103 x 10~3

0.4146 × IO~3

0.3706 x 10~3

0.1307 x 10"2

0.1206 x 10"2

0.1429 × 10"2

0.4640 X 10~3

0.1296 × 10"2

0.1500 × 10~2

0.2853 x 10"3

0.3013 x 10"2

0.2183 x 10~2

0.2632 × 10~2

0.3124 x 10"2

0.1981 × 10"2

0.5422 x 10~3

0.9517 × 10~5

0.3030 × IO~2

0.1196 × 10"2

0.7262 x 10~3

0.1490 x 10~5

0.2009 x 10~3

0.1174 × 10~2

0.2408 × 10~3

0.2680 x 10"'
0.1416 × 10'2

0.7674 x 10"3

0.1671 x 10"'
0.1771 × 10"1

0.5041 × 10"3

0.1129 × 10"'
0.8186 x 10"3

0.1678 × 10"2

0.1434 x 10"°
0.4748 × 10~3

0.9817 x 10"4

0.7527 x 10"4

0.1063 × 10"3

0.3959 × I0"2

0.4552 x I0"3

0.4633 x 10"4

0.1103 x 10"1

0.1796 × lO~1

0.1925 × 10~2

0.3233 x 10~3

0.1461 x 10~4

0.3854 x 10"3

0.1026 × 10"3

0.3058 × lO~2

0.1093 x 10"1

0.7817 x lO~1

0.7054 × 10~4

0.1280 x 10"3

0.2630 × 10"4

fied 51 petrographic units in Hole 448A; of these, 25
were sampled for paleomagnetic study, together with 1
additional unit in Hole 448. The number of samples per
unit ranged from one to five, which was the sampling
limit imposed on the shipboard scientific party.

A set of samples was selected from this hole as for the
previous one, for detailed progressive demagnetization
studies. This pilot set was demagnetized in multiple
steps up to 1000 Oe alternating field. The remainder of
the samples were demagnetized at 250 Oe. The results of
these demagnetization studies are tabulated in Table 4.
Stereonet projections of a few of the pilot study samples
are shown in Figure 4. Most of the samples from this
hole are stably magnetized and show very little change
in direction upon demagnetization—e.g., 448A-30-1,
123, 448A-50-2, 89, 448A-33-3, 35, 448A-43-2, 45,
448A-51-1, 112, 448A-64-3, 145. Other samples from
this hole, however, show very large directional changes
on demagnetization, suggesting unstable magnetiza-
tion—e.g., 448-61-3, 100, 448A-27-1, 37, 448A-50-2,
35, and 448A-51-3, 47. In all, 16 samples showed very
large directional changes and are interpreted as being
unstably magnetized.

Plots of normalized intensity versus demagnetization
field for some of the study samples are shown in Figure
5. Demagnetization curves are similar to those discussed
from the previous site. As with Hole 447A, four types of
demagnetization behavior were identified. The gradual
decrease of intensity with demagnetization displayed by
Samples 448A-33-3, 35, 448A-51-1, 112, and 448-61-3,
100 is characteristic of DSDP core material. Similarly,
the demagnetization behavior displayed by Sample
448A-30-1, 123 is commonly seen. The initial rise in in-
tensity following the gradual decay reflects the removal
of a secondary component of magnetization directed in
the opposite sense to the primary, reversely magnetized
component. The large drops in intensity observed in the
basalts of Hole 447A are also observed in Samples 448A-
45-2, 5, 448A-51-2, 141, 448A-51-3, 47, and 448A-64-4,
16, which suggests that most of the magnetization of
these samples is an unstable (viscous?) component. Ex-
amination of the stereonet projections indicates that in-
deed these samples are very unstably magnetized. The
last type of demagnetization behavior is displayed by
Samples 448A-50-2, 89 and 448A-61-2, 136. These
curves suggest that a low coercivity secondary compo-
nent was removed and that a higher coercivity, more
stable primary component remains. Of these samples,
448A-50-2, 89 is very stably magnetized and shows prac-
tically no change in sample direction on demagnetiza-
tion. Sample 448A-61-2, 136, however, seems to be very
unstably magnetized and shows large change in sample
direction.

After the unstably magnetized samples were removed
from the data set, a mean latitude was calculated for
each of the petrographic units (Table 1). The paleolati-
tudes were found to range from 0.3° to 16.3° (excluding
breccia units). When multiple samples could be com-
pared, the polarity of all samples within a given
petrographic unit was consistent in 7 cases out of 12. By
taking all the units together, two overall means were
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Table 3. Summary of NRM and demagnetized sample directions, Hole 447A.

Core/Section/Depth
(cm)

Cleaning Level
(Al)

Declination Inclination
Stability lndexa

Normalized Intensity
[J(H)/J(O)]

sity
m 3 )

14-2, 53
14-2, 53
14-2, 53
14-2, 53
14-2, 53
14-2, 53
14-2, 107
14-2, 107
14-2, 107
14-2, 107
14-2, 107
14-2, 107
14-2, 123
14-2, 123
14-2, 123
14-2, 123
14-2, 123
14-2, 123
14-2, 123
14-2, 123
14-3, 29
14-3, 29
14-3, 29
14-3, 29
14-3, 29
14-3, 29
14-3, 29
14-3, 29
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 64
14-3, 88
14-3, 88
14-3, 88
14-3, 88
14-3, 88
14-3, 88
14-3, 88
14-3, 88
14-3, 88
14-3, 88

15-1, 58
15-1, 58
15-1, 58
15-1, 58
16-1, 11
16-1, 11
16-1, 11
16-1, 11
16-1, 11
16-1, 11
16-1, 11
16-1, 11
16-2, 24
16-2, 24
16-2, 24
16-2, 24
16-2, 24
16-2, 24
16-2, 24
16-2, 24
18-3, 20
18-3, 20
18-3, 20
18-3, 20
18-3, 20
18-3, 20
18-3, 20
18-3, 20
18-3, 20
18-3, 20
20-3, 48
20-3, 48
20-3, 48
20-3, 48
20-3, 48
20-3, 48
20-3, 48
20-3, 48
20-3, 48
25-2, 76
25-2, 76
25-2, 76

0.0
25.0

100.0
250.0
400.0
600.0

0.0
25.0

250.0
400.0
800.0
999.0

0.0
25.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
25.0

100.0
250.0
400.0
600.0
8(X).O

999.0
0.0
2.0
5.0

10.0
15.0
20.0
30.0
40.0
50.0
70.0

150.0
200.0
300.0
400.0
500.0
600.0
700.0
800.0
900.0
999.0

0.0
10.0
25.0
50.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
5.0

10.0
25.0
50.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
25.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
25.0

100.0
250.0
400.0
600.0
8(X).O
999.0

0.0
10.0
25.0
50.0

100.0
250.0
400.0
600.0
Mm ii

999.0
0.0

25.0
50.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
100.0
150.0

12.467
10.245
6.606
2.806
3.244
6.067

41.282
27.442
12.443
17.255
66.039

108.943
6.592

10.344
10.241
7.642
8.166
5.773
2.632
1.158

13.351
9.938
6.110

23.859
37.471
19.637
4.944
3.506

204.711
185.690
109.485
52.405
57.026
52.138
37.048
23.888
11.248
6.489

10.534
30.116
42.561
36.542
28.988
39.646
56.797
35.161
9.047
6.844

112.341
72.742
24.667
9.946
9.443

22.866
23.111
11.875
5.596
2.925

282.684
158.389
21.376

265.591
394.959
135.861

9.024
40.426
40.955
10.995
7.177

73.842
189.629
168.097
29.909
19.045
18.523
59.535
91.785
24.319
23.536

210.237
477.772
281.944
45.692

141.430
197.543

19.784
25.597
27.819
20.533
15.388

154.959
195.400
228.138
383.871
406.302

0.000
10.011
15.386
37.955
46.809
46.976
78.971

105.433
118.417
306.365
202.893

74.604

358.90
358.70
358.86
358.11
358.05
359.06
189.11
189.79
190.24
189.47
191.47
195.72

8.49
8.62
7.27
7.43
8.93
8.03
7.58
7.79
5.03
4.70
4.03
4.28

355.72
4.74
3.07
2.65

142.41
142.81
142.67
142.49
142.57
142.87
142.99
142.87
142.97
142.87
142.39
141.68
137.10
133.21
129.82
127.42
125.30
123.83
122.63
122.15
271.40
272.30
272.30
272.30
272.10
274.40
270.60
272.90
272.20
271.90
339.23
339.83
339.82
339.83
334.58
340.64
340.12
342.00
328.62
326.51
325.12
104.60
102.80
91.20
90.10
91.60
90.00
89.20

106.10
147.40
147.30
147.90
89.10

172.80
171.60
155.30
116.30
99.80
99.60
99.10
99.20
98.90
98.20

144.70
162.50
90.80

172.00
331.05
331.05
331.52
331.18
321.27
318.21
331.28
349.60

15.89
284.76
304.56
304.52

6.10
5.86
5.28
5.06
5.04
5.72

-22.84
-22.02
-19.01
- 17.47
-8.43
12.85
38.83
38.70
18.63
37.68
37.09
38.40

37.66
37.82
42.86
43.09
43.05
42.22
42.8?
43.39
43.81
44.44

-3.12
-3.03
-2.55
-2.74
-2.49
-2.42
-2.83
-2.54
-2.41
-2.48
-2.75
-2.73
-3.27
-3.72
-4.08
-4.21

0.90
-4.74
-4.89
-5.25

-12.50
-13.20
- 13.70
-13.30
-13.30
-13.10
- 10.40

-8.30
-6.80
-6.30
-2.42
- 1.14
-0.97
-1.10

-13.12
-1.20
-0.82

0.03
1.09

-0.99
-1.32

-38.80
-37.60
-17.60
- 13.00
-17.00
-15.80
- 10.40
-19.30

10.90
10.30
8.70

- 1 . 5 0
4.10
4.30

10.10
30.50
31.40
31.30
31.50
30.90
30.10
28.10
20.10
12.50
2.70
5.70

- 10.04
- 10.04

-9.85
-9.43
-9.52

-12.57
-16.35
-24.29
-31.72

44.60
17.40
21.13

1.0000
0.9752
0.9814
0.7950
0.5217
0.3075
1.0000
0.9580
0.5448
0.2930
0.0734
0.0406
1.0000
1.0041
0.9362
0.7160
0.5103
0.3045
0.1914
0.1368
1.0000
0.9832
1.0000
0.9050
0.6313
0.3760
0.2391
0.1603
1.0000
1.0155
1.0000
1.0000
1.0052
1.0103
1.0206
1.0206
1.0258
0.4433
0.4381
0.4278
0.3438
0.3144
0.2680
0.2320
0.2010
0.1804
0.1649
0.1546
1.0000
0.4348
0.4348
0.4348
0.4348
0.4348
0.3967
0.3370
0.2228
0.1957
1.0000
0.4178
0.3897
0.4131
0.3380
0.0427
0.0423
0.0300
0.0221
0.0235
0.0164
1.0000
1.0092
0.9005
0.3936
0.0410
0.0194
0.0159
0.0080
1.0000
1.0013
0.4746
0.4485
0.2568
0.0339
0.0013
0.0250
1.0000
1.0000
1.0000
0.9919
1.0161
0.4516
0.1613
0.1613
0.1290
0.1613
1.0000
0.4364
0.4364
0.4261
0.2261
0.1125
0.0591
0.0364
0.0273
1.0000
4.8337
3.0316

0.3220
0.3140
0.3160
0.2560
0.1680
0.9900
0.1430
0.1370
0.7790
0.4190
0.1050
0.5800
0.4860
0.4880
0.4550
0.3480
0.2480
0.1480
0.9300
0.6650
0.1790
0.1760
0.1790
0.1620
0.1130
0.6730
0.4280
0.2870
0.1940
0.1970
0.1940
0.1940
0.1950
0.1960
0.1980
0.1980
0.1990
0.8600
0.8500
0.8300
0.6670
0.6100
0.5200
0.4500
0.3900
0.3500
0.3200
0.3000
0.1840
0.8000
0.8000
0.8000
0.8000
0.8000
0.7300
0.6200
0.4100
0.3600
0.2130
0.8900
0.8300
0.8800
0.7200
0.9100
0.9000
0.6400
0.4700
0.5000
0.3500
0.6530
0.6590
0.5880
0.2570
0.2680
0.1270
0.1040
0.5200
0.7670
0.7680
0.3640
0.3440
0.1970
0.2600
0.1000
0.1920
0.1240
0.1240
0.1240
0.1230
0.1260
0.5600
0.2000
0.2000
0.1600
0.2000
0.8800
0.3840
0.3840
0.3750
0.1990
0.9900
0.5200
0.3200
0.2400
0.2027
0.9798
0.6145

x
x
X

X

x
X

x
x
x
x
x
x
X

X

X

x
x
x
x
x
x
X

x
x
x
x
x
x
x
x
x
X

X

x
×
×
X

X

X

x
X

x
x
x
x
X

x
×
x
X

x
x
X

x
X

X

x
x
×
×
x
X

x
X

x
x
x
x
x
x
X

x
x
x
x
x
x
X

x
x
x
x
x
x
x
X

X

X

x
x
x
x
x
x
x
X

X

x
X

x
X

x
X

X

x
x

io--'
10-3
10-3
10-3
10-3
lO-4

10-2

10"2
10-3
10-3
10" 3
10-4

10-3
10-3
10-3
10-3
10-3
10-3
lO-4

1Q-4
10-3
10"3

10-3
10-3
IO~-'

lO-4

10"4

It)-4

lO-4

lO-4

10"4

lO-4

lO-4

10-4

10"'
lO-4

lO-4

10"5

10-?

10-5

H)-5

10-5

10-5

10-5
10-5

JO"?
10"5
10-5
10-3
Id"4

lO-4

10-4
i n ' 4

lO-4

10110-4
HI"4

10-4
lO-3

10-4

H P 4

lO-4

10-4
io- s

10-5

10-5
10-5
10-5
lO-5

10-3
10-3
10 3
10-3
10 4
l O 4

10"4

IO"5
10-5
lO-5

10-5
10-5
lO-5

ur6

10 7

πr f t

10-3
10-3
lO-3

10-3
10-3
lO-4

lO-4

10-4
10-4
lO-4

lO-5

10-5
lO-5

10 5
10 >

πr6

10"6

io-ft

w*
10-3
10-3
10-3

a Millidegrees per Oe,
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Table 4. Summary of NRM and demagnetized sample directions, Hole 448 and 448A.

Core/Section/Depth
(cm)

Cleaning Level
(AF)

Declination
Stability Index0 (°)

Normalized Intensity
(J(H)/J(O)]

Intensity
(emu/cm^)

27-1,37
,34
, 34
, 34
, 34
, 34
, 34
, 34

30-1, 123
30-1, 123
30-1, 123
30-1, 123
30-1, 123
30-1, 123
30-1, 123
30-1, 123
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
33-3, 35
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 45
43-2, 112
45-2, 5
45-2, 5
45-2, 5
45-2, 5
45-2, 5
45-2, 5
45-2, 5
50-2, 35
50-2, 35
50-2, 35
50-2, 35
50-2, 35
50-2, 35
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
50-2, 89
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-1, 112
51-2, 134
51-2, 134
51-2, 134
51-2, 134
51-2, 141
51-2, 141
51-2, 141
51-2, 141
51-2, 141
51-2, 141

0.0
25.0
100.0
250.0
400.0
600.0
800.0
999.0
0.0
25.0
100.0
250.0
400.0
600.0
800.0
999.0
0.0
5.0
10.0
20.0
40.0
80.0
120.0
160.0
200.0
250.0
300.0
350.0
400.0
0.0
5.0
10.0
20.0
40.0
80.0
120.0
160.0
200.0
250.0
300.0
350.0
400.0
500.0
0.0
25.0
100.0
250.0
400.0
600.0
800.0
999.0
25.0
100.0
400.0
600.0
800.0
999.0
0.0
5.0
10.0
20.0
40.0
80.0
120.0
160.0
200.0
250.0
300.0
350.0
400.0
500.0
5.0
10.0
20.0
40.0
80.0
120.0
160.0
200.0
250.0
300.0
350.0
400.0
500.0
0.0

600.0
800.0
999.0
0.0
10.0
25.0
40.0
60.0
80.0

279.095
248.647
245.041
158.311
75.434

167.811
209.168
182.310

19.995
20.942
26.502
67.995
76.776

232.748
121.772

10.600
61.273
37.010
16.909
10.508
72.421

121.735
89.861
46.025

7.627
10.744
23.934
22.916
14.513
0.000
0.000
6.594
8.743
3.223
2.266
2.931
2.931
3.205
3.366
4.329
5.736
6.780
8.040

70.114
56.694
35.625
60.112

188.629
299.706
371.152
414.523
136.361
118.352
98.738

137.865
258.588
339.112
118.667
104.467
48.996

7.642
8.692
7.004
4.111
9.422

12.191
6.811
3.034
4.601
9.774

12.408
46.124
30.026
34.138
37.491
44.179
32.322
16.006
26.498
45.167

106.848
183.908
150.033
97.483

7.428
98.918

327.651
464.916

5070.616
2587.303

152.132
456.294

2084.341
2639.393

237.80
228.20
248.60
199.70
194.80
175.70
132.20
94.90
0.00
0.50

-1.10
2.00

-7.50
0.80

-45.70
-47.80

12.45
12.65
12.72
12.71
12.71
8.70
6.93
4.23
4.62
4.67
4.81
3.15
3.58

56.92
56.92
56.92
56.76
56.80
56.76
56.72
56.55
56.51
56.54
56.62
56.97
57.30
58.19

206.27
322.30
325.10
323.60
339.50
288.00
219.30
301.00
127.60
130.40
135.10
116.30
104.10
36.10

348.09
347.80
348.25
348.20
348.19
347.82
347.66
347.56
347.14
347.11
347.30
347.20
347.09
345.90
206.40
206.28
206.19
206.42
206.55
206.58
206.41
206.34
207.11
204.87
210.17
201.77
191.66
289.80
288.20
298.60
265.10
295.60
294.70
296.00
293.20
278.10
205.20

-44.60
-46.00
-39.80
-35.90
-29.50
-43.90
-20.20
-15.40

1.23
1.23
1.60
5.10

-7.50
-2.40

0.50
0.30

-35.88
-36.14
-36.11
-35.90
-35.90
-31.23
-27.61
-25.47
-25.21
-25.00
-24.15
-24.41
-25.06
-38.20
-38.20
-38.20
-38.24
-38.16
-38.24
-38.33
-38.37
-38.46
-38.66
-38.78
-38.90
-38.80
-38.40
-24.47

-0.10
-3 .30
-4.90
-5.80
17.30
17.40
4.40

23.60
13.70

-15.90
-25.60

7.90
7.10
9.83
9.31
9.39
9.33
9.48
9.33
9.28
9.15
8.73
9.21
9.14
9.17
8.83
9.23

-24.80
-24.78
-24.41
-23.84
-22.06
-20.31
-19.49
-19.05
-17.09
-18.25
-11.82
-18.05
-16.86
-21.30
-17.10
-54.70

33.50
28.60

-22.10
-23.10
-24.70
-30.50
-20.30

1.0000
0.9167
0.6765
0.4962
0.2811
0.3909
0.3212
0.3258
1.0000
1.2313
1.6418
0.5103
0.2416
1.0000
0.6445
0.3725
1.0000
0.9904
0.9883
0.9826
0.9826
0.9163
0.8474
0.7829
0.7140
0.6143
0.5189
0.4304
0.3472
1.0000
0.9987
0.9987
0.9980
0.9980
0.9993
0.9960
0.9947
0.9880
0.9554
0.8861
0.7688
0.6749
0.4787
1.0000
1.0000
0.0721
0.0780
0.0271
0.0137
0.0044
0.0037
1.0000
0.5225
0.0659
0.0383
0.0134
0.0044
1.0000
1.0182
0.9399
0.9483
0.9427
0.9469
0.9350
0.9140
0.8538
0.7713
0.7706
0.7783
0.7664
0.4445
0.9973
0.9981
0.9862
0.9563
0.8055
0.6421
0.4888
0.3546
0.2330
0.1518
0.1028
0.0652
0.0359
1.0000
0.4686
0.2251
0.0168
1.0000
0.2246
0.0424
0.0413
0.0150
0.0037

0.1320
0.1210
0.8930
0.6550
0.3710
0.5160
0.4240
0.4300
0.1072
0.1320
0.1760
0.5470
0.2590
0.8860
0.5710
0.3300
0.4363
0.4321
0.4312
0.4287
0.4287
0.3998
0.3697
0.3416
0.3115
0.2680
0.2264
0.1878
0.1515
0.1501
0.1499
0.1499
0.1498
0.1498
0.1500
0.1495
0.1493
0.1483
0.1434
0.1330
0.1154
0.1013
0.7186
0.7708
0.7710
0.5560
0.6010
0.2090
0.1060
0.3400
0.2830
0.1290
0.6740
0.8500
0.4940
0.1730
0.5700
0.1430
0.1456
0.1344
0.1356
0.1348
0.1354
0.1337
0.1307
0.1221
0.1103
0.1102
0.1113
0.10%
0.6357
0.7687
0.7693
0.7602
0.7371
0.6209
0.4949
0.3768
0.2733
0.17%
0.1170
0.7921
0.5023
0.2768
0.1750
0.8200
0.3940
0.2940
0.4720
0.1060
0.2000
0.1950
0.7060
0.1760

×
×
×
×
X

X

×
X

×
X

X
×
×
X

×
X

X

×
X

X

X

X

X

X

X

X

×
×
×
×
X
X

X

X

×
×
×
X

X

X

×
X

×
X

X

X

X

×
×
×
X

X

X

X

×
×
X

X

X

X

×
X

X

X

X

X

X

X

X

×
×
X
X

×
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

×
X

×
X

X

lO"-3

10"3
l O - 4

lO- 4

lO- 4

10-4
lO-4

10-4
lO-2

lO-2

lO-2

10-3
10-3
10-4
10-4
10-4
10"!
io-i
10"!
io-i
10"1

io-i
io- '
10" 1
10-]
io-i
10"!
io-i
io-i
io+o
io+o
10 + °
io+o
10 + °
10 + °
io+o
io+o
io+o
io+o
io+o
io+o
io+o
io-i
io-i
lO-4

lO-5

10-5
lO-5

10-5
io-°
io-6

lO-3

10-4
lO-5

10-5
lO-5

10"6

IO~I
10"'
10"'
10" 1
10"'
io-i
10"'
10"!
10-'
10" 1
10"!
10-'
10~'
lO-2

10"'
10"'
10"'
10"'
io-'
10"'
10"'
10-1

10"'
10" 1
10-2
10-2
10"2
10"3
10"4
10-4

10"5
10"3
10-3
lO-4

10-4
10-5
10-5
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Table 4. (Continued).

Core/Section/Depth
(cm)

51-2, 141
51-3, 47
51-3, 47
51-3, 47
51-3,47
51-3,47
51-3, 47
51-3,47
51-3, 47
61-2, 136
61-2, 136
61-2, 136
61-2, 136
61-2, 136
61-2, 136
61-2, 136
61-2, 136
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64-3, 145
64 A 16
64 A 16
64-4, 16
644, 16
64-4, 16
64A 16
644, 16
64-4, 16
61-3, 100a

61-3, 1008

61-3, lOtf1

61-3, lOO8

61-3, lOO11

61-3, lOO21

61-3, 10011

Cleaning Level
(AF)

99.0
0.0

25.0
100.0
250.0
400.0
600.0
800.0
999.0

0.0
25.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
5.0

10.0
20.0
40.0
80.0

120.0
160.0
200.0
500.0

0.0
25.0

100.0
250.0
400.0
600.0
800.0
999.0

0.0
25.0
50.0

100.0
150.0
200.0
300.0

Stability Indexb

1822.347
1902.915
1297.791
357.673
55.752

113.610
143.802
150.943
152.678
60.078

286.490
556.221
327.082
102.663
115.102
147.594
216.203
135.706
108.793
48.273

9.914
4.520
3.613
3.611
3.050
6.417

10.324
147.339
79.182
12.211
27.454
52.034

146.402
244.662
258.112
97.303

110.235
152.595
126.309
116.534
103.789
45.682

Declination
(°)

238.70
47.90
0.00

49.90
51.00
68.10
93.40

127.30
130.90
275.10
277.50
261.60
351.70
359.30
329.20
313.40
347.90

2.45
1.72
1.69
1.82
1.77
1.89
2.00
2.13
2.12

358.55
228.80
231.50
232.20
230.40
223.90
227.10
180.90
196.60
166.21
167.85
164.40
154.25
157.17
149.23
145.03

Inclination
(°)

-45.90
-6.70
-6.70

-44.60
-41.30
-48.20
-31.00
-52.60
-22.40
-52.90
-52.50
-17.20

-7.00
-4.10
-1.10
-1.10
29.80

-29.61
-29.85
- 30.26
-30.35
-30.45
-30.55
-30.44
-30.53
- 30.43
-30.17
-14.90
-17.50
-16.90
- 16.20
- 17.70

-5.80
-2.80

-53.30
24.39
26.31
26.28
26.99
24.62
21.33
23.80

Normalized Intensity
[J(H)/J(O)]

0.0009
1.0000
0.1000
0.1016
0.0231
0.0435
0.0280
0.0604
0.0161
1.0000
1.0091
0.9273
0.7636
0.0582
0.0873
0.0658
0.0234
1.0000
1.0000
0.9954
0.9935
0.9898
0.9889
0.9852
0.9852
0.9806
0.0800
1.0000
0.0208
0.0069
0.0162
0.0050
0.0108
0.0002
0.0014
1.0000
0.9910
0.9386
0.7797
0.5919
0.4718
0.3329

Intensity
(emu/cm3)

0.4470 × 10"6

0.4320 × 10"3

0.4320 x 10~4

0.4390 × 10~4

0.1000 × 10"4

0.1880 × 10~4

0.1210 × 10"4

0.2610 × 10"4

0.6960 × 10"5

0.1100 x 10~3

0.1110 × 10~3

0.1020 × 10~3

0.8400 × 10"4

0.6400 × 10~5

0.9600 × 10~5

0.7240 × 10"5

0.2570 × 10~5

0.1081 × 10 + °
0.1081 × 10 + 0

0.1076 × 10 + °
0.1074 × 10+ 0

0.1070 × 10+ 0

0.1069 × 10 + °
0.1065 × 10 + °
0.1065 × 10 + 0

0.1060 × 10 + 0

0.8643 × 10"2

0.4800 × 10"3

0.1000 × 10~4

0.3300 × 10"5

0.7800 × 10~5

0.2400 × 1O"5

0.5200 × 1O"5

0.1140 × 10"6

0.6520 × 10~6

0.1222 × 10"2

0.1211 × 10~2

0.1147 × 10~2

0.9528 × 10~3

0.7233 × 10"3

0.5766 × 10~3

0.4068 × 10"3

? These samples are from Hole 448; the remainder are from Hole 448A.
D Millidegrees per Oe.

calculated. From the absolute values of the sample in-
clinations, the mean paleolatitude is 7.8° (SD = 10.0°).
Using both polarities (positive and negative inclination
values), the mean paleolatitude is 5.7° (SD = 14.5).
Mean paleolatitudes have also been calculated on the
basis of petrographic characteristics. In this case, the
flows, breccia units, and tuffs have mean latitudes sim-
ilar to the overall site mean (6.6°, 7.3°, and 7.7°,
respectively). The pillow basalts display lower (mean =
4.4°) and the sills higher (mean = 8.3°) paleolatitudes.
The phyric basalts have a mean paleolatitude of 6.5°,
similar to the site mean, whereas the aphyric group is
much higher, 11.0°. Likewise, the nonvesicular basalts
are characterized by a mean similar to the site mean
(6.3°), and the vesicular basalts have a much higher
paleolatitude (10.2°). These paleolatitudes are quite
consistent, suggesting that the paleoinclinations were
not significantly biased by the rock type.

The individual sample inclinations have been plotted
stratigraphically in Figure 6. Excluding the occasional
single sample with opposite polarity (which we believe
reflects undetected sample inversions), all of the se-
quence from Hole 448A except for Core 36 is character-
ized by negative inclinations. The samples from Core 36
are from a breccia unit and would not be expected to
give reliable polarity results. The samples from Hole 448
come from five different units; the first two are breccia
units, the next two are flow units, and the final sample
represents a pillow basalt unit. Only one sample was
taken from each unit, and both positive and negative in-
clinations are present in these units.

The distribution of sample intensities for Hole 448A
is shown in Figure 7. The majority of the samples fall in
the range of 1.0 × lO~4, 1.0 × 10~2 emu/cm3. How-
ever, a large number of samples are much more strongly
magnetized and fall in the range of 1.0 × 10 ~1 to 1.0
emu/cm3. Because these samples are unusually strongly
magnetized relative to other DSDP samples, we re-
sampled the intervals of the core from which they were
taken. On examination, we found that these intervals
were extemely altered segments of the core near intru-
sions. Magnetic property studies and thin section studies
are currently underway and will be the subject of a later
publication.

Curie temperature experiments (using samples in
vacuum capsules) have been completed on several of the
basalts from Hole 448A that display the anomalous in-
tensities. Examples of the results are seen in Figure 8.
The Curie temperature studies for Sample 448A-33-3,
35 (see Intensity, Table 4) indicate the presence of two
magnetic phases with Curie points of approximately
330° and 475°. The experimental curve for this sample
is nonreversible. Sample 448A-43-2, 45, however, shows
a single Curie temperature at roughly 350°C. As with
the previous sample, the curve is irreversible. Sample
448A-64-3, 145 shows a similar Curie temperature of
approximately 35O°C, but in contrast this ther-
momagnetic curve is almost reversible.

SUMMARY
Paleomagnetic studies of basement rocks from Sites

447 and 448 indicate that both of these sites were situ-
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90

Figure 4. Stereonet projections of progressive changes in magnetic directions of demagnetization for samples from Holes 448 and 448A. (Ar-
rows indicate direction with change upon progressive demagnetization, stars = negative inclination, and crosses = positive inclination.)

ated close to the equator at the time the basement rocks
were formed. The mean paleolatitude for Site 447 is 6.0
(SD = 13.1), and the mean paleolatitude for Site 448 is
7.8° (SD = 10.0). These results are similar to the paleo-
latitudes calculated from studies of sediments at these
two sites. The mean paleolatitude of sediments at Site
447 is 10.2, and the mean paleolatitude for sediments at
Site 448 is 4.7°. The hemisphere in which these
sediments were deposited is indeterminate, however.
These sites are presently at roughly 18°N latitude. The
differences between the present site latitudes and the
paleolatitudes based the paleomagnetic studies of the
basalts suggest that significant northward plate motion
has occurred. For Site 447, the paleolatitudes are consis-

tent with between 12° and 24° of plate motion, depend-
ing on whether the basalts were formed north or south
of the equator. The mean paleolatitudes calculated for
Site 448 are consistent with 10° to 26° of northward
motion.

Because these sites are so close to the magnetic
equator and because we cannot ascertain on which side
of the equator the rocks formed, it is impossible to
assign polarities to the samples. Both positive and
negative inclinations are present in Hole 447A and they
occur in consistent stratigraphic groups. In Hole 448A
almost the entire sequence is magnetized negatively. The
exception occurs in a breccia sequence, which might not
be expected to yield reliable inclinations or polarity
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Figure 5. Plots of normalized intensity versus alternating current demagnetization field (Oe) for samples
from Holes 448 and 448A. (The last sample is from Hole 448.)
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Figure 6. Stratigraphic plot of magnetic inclinations after demag-
netization to 250 Oe for samples from Hole 448A. (Sample direc-
tions are summarized in Table 2.)

Figure 7. Histogram of sample intensities for Hole 448A. (Magnetic
moments are measured in emu/cm3.)

determinations. Other breccia units sampled, however,
do appear to yield a consistent polarity and paleoinclina-
tion. Shipboard discussions by petrologists suggest that
some of the breccia units have undergone thermal altera-
tion. This suggestion would help to explain the confor-
mability of most of the breccia paleomagnetic directions.

An additional point to be raised is that secular mo-
tion of the earth's field may play an important part in
the magnetization of these samples. Numerous petro-
graphic units have been sampled at Sites 447 and 448,
but we have little idea of the age of the units or their
duration in time. If these units represent sufficiently
long periods of time (several thousand years), then the
scatter of direction caused by secular variation of the
earth's magnetic field should be averaged out. Because
this seems unlikely, it is possible that the magnetic direc-
tions recorded in these samples do not accurately reflect
the earth's dipolar field but record instead the secular
variation of the field. Because we cannot rule out this
possibility, we have an additional reason not to assign
polarity in these rock units. (Likewise, the paleolatitude
estimates should be considered only approximate ones.)
When plotted stratigraphically, particularly in Hole
448A, the inclinations are reasonably consistent. This
observation in itself suggests that these samples do
record dipolar field directions.

Numerous samples from Hole 448A display very high
magnetic moments. Thermomagnetic studies have been
conducted on several of them. Some of the samples
display Curie temperatures of 330° to 475°, indicative
of the presence of titanomagnetite. Optical studies, par-
ticularly of Sample 448A-33-3, 35, are required in order
to confirm the identity of the magnetic minerals. The
large magnetic moments found in these samples are un-
usual, since normal alteration (oxidation) of the ocean
crust acts to reduce the magnetic moment (Marshall
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Figure 8. Thermomagnetic curves from samples from Hole 448A.

and Cox, 1971, 1972). Physical observation of the
samples suggests that in this hole the alteration (perhaps
deuteric?) has resulted in the unusually high magnetic
moments.
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