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ABSTRACT

Downhole magnetometer logs from Sites 865 and 866 in the Cretaceous Mid-Pacific Mountains are used to constrain the nature
and origin of the drilled igneous sections. These data provide information concerning the physical nature of basaltic flows that is
not otherwise available because of poor core recovery. Magnetic boundaries, apparent inclination, and polarity of magnetization
were determined from horizontal and vertical magnetic field variations in the hole.

The magnetization of basaltic sills at Allison Guyot (Site 865) was acquired in the Southern Hemisphere during the Cretaceous
Normal Superchron. The inclination of primary magnetization is estimated to be between 27° and 33° from magnetometer logs.

Magnetic logs from near the top of the igneous section at Resolution Guyot (Site 866) suggest that magnetization was acquired
in the Southern Hemisphere during a reversed polarity chron. The logs also suggest that the inclination of the primary magnetiza-
tion is less than 35°. A significant contribution of induced magnetization to the seamount magnetization is suggested from a com-
parison of magnetometer data with paleomagnetic results.

INTRODUCTION

Seamount magnetic anomalies have been used to calculate mean
seamount magnetizations, paleomagnetic poles, and polar wander
paths of oceanic plates. Such analyses have been the basis for inter-
preting the nature of seamounts, studying seamount chain formation,
and for making deductions about absolute plate motions (e.g., Sager
and Pringle, 1988; Sager, 1992). However, the magnetization struc-
tures of most seamounts are unknown.

Recent studies of the magnetizations of rocks from seamounts or
basaltic volcanoes suggest that the magnetizations are complicated by
a varied lithology (Gee et al., 1988, 1989). An important implication
of these studies is that the induced magnetization, assumed to be neg-
ligible in seamount paleomagnetic studies, may contribute signifi-
cantly to seamount magnetic fields (Gee et al., 1989). Thus, although
seamount basalts typically have a high Koenigsberger (Q) ratio (Furuta
et al., 1980; Gee et al., 1988), the ratio of primary to induced magneti-
zation, low-Q rocks may exist within a seamount to violate the paleo-
magnetic assumption. Indeed, several studies of seamount Paleo-
magnetism obtained results that imply an induced overprint (Sager et
al., 1993; Sager and Han, 1993).

Despite these conclusions, few data relating seamount rock mag-
netization to their magnetic fields exist. Typically, magnetic anomaly
studies are performed on seamounts for which no samples are avail-
able. During Leg 143, we were able to collect downhole magnetic
field logs within the basaltic sections of two seamounts that were
drilled during the cruise: Allison Guyot (Site 865) and Resolution
Guyot (Site 866). Such downhole magnetic logs can be useful for
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studying the magnetic structures in basaltic sections, particularly
where core recovery is low. Furthermore, these logs allow one to
examine in detail the relationship between sample magnetizations and
magnetic field.

To date, downhole magnetic logs are rare, but have been obtained
from oceanic crust (Ponomarev and Nekhoroshkov, 1983; Kinoshita
et al., 1989; Hamano and Kinoshita, 1990; Pariso et al., 1991; Pariso
and Johnson, 1993), where they have given evidence of the magnetic
structure and the origin of magnetic lineations. In addition, a down-
hole proton precession magnetometer has been used along with a
magnetic susceptibility log to construct a magnetic stratigraphy of
sediments in a borehole in the Paris Basin (Pozzi et al, 1988; 1993).
To our knowledge, the Leg 143 logs are the first such data from
oceanic seamounts. In this study, we present interpretations, deduced
from downhole magnetic measurements, about the nature of the ba-
salts at Sites 865 and 866.

MAGNETIC LOGS

Magnetic logs were obtained with the Japanese three-component
downhole magnetometer. This device contains a three-axis fluxgate
that allows for measurements of two horizontal components and one
vertical component in the borehole to an accuracy of 2 nT.

Basalts were cored at Site 865 as three to four sills within a clayey
limestone section in the bottom 34 m of Hole 865 A (837-871 mbsf;
Sager, Winterer, Firth, et al., 1993). The magnetometer was run from
500 to 865 mbsf with sampling rate that gave a measurement spacing
of 0.9 m.

At Site 866, subaerial basalts were cored in the bottom 124 m of
Hole 866A (1620-1744 mbsf; Sager, Winterer, Firth, et al., 1993).
Magnetic log measurements were made from 1595 to 1636 mbsf,
with sampling spacing of 0.3 m to obtain greater resolution. The
penetration into the basalt section was only about 16 m because the
unstable basalt collapse into the hole, creating a blockage.

METHODS

Assuming that the cross section of a hole is a perfect circle and that
a cylindrical region around a hole is magnetized in a homogeneous
manner, the vertical (Fz) and the horizontal (FH) fields at z = z0
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resulting from the magnetized body, bounded by z = Zj and z2, are
expressed asf

7

H = πmcos/ •

Fz - 2πmsinl

Zo~z

Zo~Z
Z\

(1)

(2)

where m is the intensity of magnetization, / is the inclination of the
magnetization, and Rl and R2 denote the radii of the hole and the cylin-
drical magnetized body, respectively (Hamano and Kinoshita, 1990).

If the present magnetic field at the site, such as the IGRF 1990
field (IAGA Division V Working Group 8, 1991), is known, the
vertical (Fz) and horizontal fields (FH) caused by the surrounding
magnetized body in the hole can be calculated by subtracting the
present magnetic field at the site. The apparent inclination that results
from a single, homogeneous, cylindrical magnetized body, can be
obtained directly as follows:

= tan- = l -
2FH

(3)

When the absolute values of the horizontal and vertical magnetic
fields are not available, and only relative changes are measured, the
spatial differential of both components can be used for calculation of
the apparent inclination instead of the absolute values Fz and FH. This
relationship is easily derived from Equations 1 and 2, because the
functions of both components are related to depth in the same manner.

Polarity of magnetization acquired in the Northern or Southern
Hemisphere can be distinguished by the sign of both the horizontal
and vertical fields from the surrounding magnetized material with
respect to the present magnetic field at the site (Table 1).

Here, we define the intensity of the spatial differential of the
downhole magnetic field (ISDDM) as follows:

dz
(4)

where FH and Fz are the horizontal and vertical magnetic fields
resulting from the surrounding magnetized body. If there is enough
distance between magnetic boundaries, ISDDM will exhibit a peak at
the boundaries (Fig. 1). The vertical boundary resolution using
ISDDM is about 2 m in an ODP borehole (Fig. 1). Therefore, mag-
netic boundaries can be determined by recognizing ISDDM peaks.

DATA AND DATA PROCESSING

Magnetic variations of the horizontal and vertical components
between 500 and 862 mbsf were obtained at Site 865 and those
between 1595 and 1638 mbsf at Site 866. Obvious magnetic-field
variations that correspond to basalt in the holes were observed below
835 mbsf at Site 865 and below 1625 mbsf at Site 866.

Problems occurred in both holes as a result of spurious variations
caused by tool rotation. Below 650 mbsf at Site 865 and below 1595
mbsf at Site 866 within the limestone and dolomite section, where the
logging cable speed was less than 1000 m/hr, the horizontal and verti-

+ Here, we have followed the following notation convention:

f(x,y) = /(*2 ' y•ù - f(x2' yθ' - f(xi> yi> + f(x

cal magnetic field components are smooth, and only small spikes in
the horizontal component and low amplitudes of sinusoidal magnetic
variations (<500 nT) in both components were observed. These
sinusoidal magnetic variations are caused by the dip of the hole,
accompanied with the slow rotation of the tool, derived from torsion
of the wireline cable. In contrast, high-amplitude (-30,000 nT), sharp
decreases in the horizontal magnetic field were recorded above the
aforementioned depths at each site, where the logging cable speed
was faster than 2000 m/hr, but the vertical magnetic field variations
are the same as observed below those depths. This suggests that these
large variations were caused by the abrupt change of the tool orienta-
tion owing to the fast logging cable speed and the unstable hole
conditions.

Horizontal and vertical magnetic variations between 700 and 800
mbsf at Site 865, and between 1595 and 1620 mbsf at Site 866, which
correspond to a weakly magnetized section consisting of limestone and
dolomite, were used to estimate the present magnetic field in each hole.
Estimated present magnetic field in the holes, and the difference be-
tween that field and the IGRF 1990 magnetic field (IAGA Division V
Working Group 8, 1991), are listed in Table 2. Estimated vertical and
horizontal components of the present magnetic field were subtracted
from horizontal and vertical magnetic fields measured in the holes.

The uncertainty from tool rotation was taken into account in the
data processing as follows. A 1-m interval data set has been con-
structed from both upgoing and downgoing magnetometer logs at Site
865 to average out short-wavelength variations caused by tool rota-
tion. The raw data from Site 866 were used because only upgoing
magnetometer logs were recorded at Site 866. However, at this site,
logging speed was about three times slower than that at Site 865 to
reduce tool rotations.

The smoothed spatial differential of the vertical and horizontal
components have been used to calculate the ISDDM and the apparent
inclination to reduce the effects of tool rotation. The smoothing of the
spatial differentials was made by fitting the data with a cubic polyno-
mial function using a 9-m interval least-squares procedure (Savitzky
and Golay, 1964). The simple model results show that the ISDDM
curve, after the smoothing operation, has a vertical resolution of about
2 m (Fig. 1).

Magnetic boundaries were determined by calculating the ISDDM.
Peak values of ISDDM higher than those that appeared in the lime-
stone section caused by tool rotation were selected as magnetic
boundaries in the igneous section. These boundaries were divided
into two groups: peaks with troughs near zero on both sides were
regarded as major magnetic boundaries, whereas the others were
regarded as minor boundaries. Major magnetic units and subunits
also were determined, using major and minor magnetic boundaries.

Apparent-inclination values were determined within the igneous
rock section in each hole using the spatial differential of the vertical
and horizontal components. To identify the polarity and the hemi-
sphere of magnetization, both signs of horizontal and vertical mag-
netic variations with respect to the estimated horizontal and vertical
components of the present magnetic field were used.

Paleomagnetic properties of discrete samples of basalts from Sites
865 and 866 were compared with downhole magnetometer logging
results. As downhole susceptibility logs were not made, susceptibility
measurements from discrete samples were used to constrain the con-
tribution of induced magnetization to the downhole in situ mag-
netic variations.

RESULTS

Site 865

Downhole magnetometer logs from Site 865 are shown in Figure
2. Magnetic boundaries and units determined from ISDDM are sum-
marized in Table 3. Paleomagnetic results are also listed in Table 4.
Apparent inclination is presented only within magnetic units corre-
sponding to igneous rock.
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Figure 1. Magnetic-field variations of the vertical and horizontal components calculated from a circular hole model with cylindrical magnetization model, and
variations of the intensity of the spatial differentials of the downhole magnetic field (ISDDM). Magnetic boundaries determined from ISDDM are shown by dashed
lines. "ISDDM (smoothed)" indicates the smoothed ISDDM that was derived from a 9-m interval, least-square averaging procedure (Savitzky and Golay, 1964).
Parameters used in the model are radius of cylindrical magnetized body = 10 m, radius of the hole = 0.3 m, inclination = 45°, and intensity = 1 A/m. A. Variations
of magnetic field and the ISDDM resulting from magnetization acquired in the Northern or Southern Hemisphere, with a horizontal normal-reversed model; solid
and open blocks at right are normal and reversed magnetized bodies, respectively, acquired in the Northern or Southern Hemisphere. B. Variations of magnetic
field and the ISDDM resulting from horizontal unmagnetized (open blocks) and magnetized (solid blocks) layers acquired in the southern hemisphere during a
normal polarity chron.

Three major magnetic units (magnetic Units 1-3) are identified,
and two subunits also are suggested in Unit 3 from the ISDDM curve
(Table 3). Magnetic boundaries determined from the ISDDM curve
clearly show two major magnetic units between 838 and 846 mbsf
(Units 1 and 2) and also suggest that two subunits exist below 852 mbsf
(Subunits 3A and 3B). The logging results suggest that the shallow
igneous unit identified by the Shipboard Scientific Party within Core
143-865-90R is subdivided into two sills: Sill 1, 837-840 mbsf, and
Sill 2, 843-845 mbsf. The shipboard unit spanning Cores 143-865-
93R to -94R may also be composed of two sills (Sill 3A, 852-856
mbsf; Sill 3B, 856-859 mbsf), but this subdivision is less clear.

Calculated magnetizations in the igneous rock section indicate an
origin in the Southern Hemisphere during a normal chron. The appar-
ent inclinations of magnetic Unit 2 range from -26° to -33°, which is
in good agreement with natural remanent magnetization (NRM) val-
ues (-30°) derived from discrete shipboard paleomagnetic measure-
ments. The apparent inclinations of magnetic Unit 1 and Subunit 3 A
range from -15° to -27°, and they are somewhat shallower than NRM
values derived from discrete shipboard paleomagnetic measure-
ments. In magnetic Subunit 3B, the apparent inclinations are highly
variable and may have been affected by the drill bit, which was left at
the bottom of the hole.

Discrete sample paleomagnetic results from magnetic Unit 2 show
a high Q ratio (Table 4). Thus, the magnetization of Unit 2, if domi-
nated by a remanent component, suggests that the inclinations of a
characteristic magnetization range from -26° to -33°, with an origin
in the Southern Hemisphere during a normal polarity chron. The Q
ratio of paleomagnetic results in magnetic Unit 3 is lower than that
within magnetic Unit 2 (Table 4). An induced component would tend
to cause the apparent inclination to be shallower than the paleomag-

Table 1. Polarity of magnetization and sign of the horizontal and verti-
cal magnetic fields.

Hemisphere
Sign of Sign of

Polarity horizontal field vertical field Z/H

Northern Normal
Reversed

Southern Normal
Reversed

Note: Z = vertical magnetic field, and H = horizontal magnetic field.

netic inclination, as observed. No paleomagnetic results were ob-
tained for magnetic Unit 1.

Site 866

Horizontal and vertical components of magnetic variation, ISDDM,
and apparent inclination are shown in Figure 3. Magnetic boundaries
and units determined from ISDDM and paleomagnetic results are
listed in Tables 5 and 6, respectively.

The vertical magnetic field variations gradually decrease below
1621 mbsf, corresponding to the sediment/basalt contact. Clear mag-
netic boundaries can be observed at 1625 and 1629.1 mbsf.

Two major magnetic units were identified from the ISDDM curve.
Magnetic Unit 1 (1625-1629.1 mbsf) shows the magnetization ac-
quired in the Southern Hemisphere during a reversed chron. Highly
altered basalt was recovered from this interval (Core 143-866A-171R).

A prominent magnetization in magnetic Unit 2 (> 1629.1 mbsf) is
a normal magnetization that originated in the Northern Hemisphere,
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Figure 2. Variations of magnetic field and ISDDM and apparent inclination at Site 865. Summary of lithostratigraphy is also shown at left. Dashed and dotted lines

denote major and minor magnetic boundaries, respectively, as determined from the ISDDM.

α>
>
o

R
e

c

α>
o
O

lo
g

y

o
c3

Magnetic field
(nT)

1590
-2000 -1000 1000

Site 866

ISDDM
(nT/m)

1000 2000

Apparent Inclination
(degree)

3000 0 30 90

Mixed fragments
of highly altered
moderately phyric
olivine-pyroxene
basalt and red
clay/soil

1640

|ööėj Oolitic grainstone

rrrri highly to moderately
I I Altered Basalt
Qjsjs Red or brown soil/clay and rubbly,
BSS weathered surface of lava flow

O Southern Hemisphere Reverse

• Northern Hemisphere Normal

Figure 3. Variations of magnetic field and ISDDM and apparent inclination at Site 866. Core recovery and summary of lithostratigraphy are also shown at left.

Dashed and dotted lines denote major and minor magnetic boundaries, respectively, as determined from the ISDDM.
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Table 2. Estimated magnetic field at Sites 865 and 866 and difference between that field and IGRF 1990 field.

Site 865:
Mean magnetic field (700-800 mbsf)
IGRF 1990
Mean-IGRF 1990

Site 866:
Mean magnetic field (1595-1620 mbsf)
IGRF 1990
Mean-IGRF 1990

Horizontal
component

(nT)

28,998 ± 455
29,424
-426

28,568 ± 233
29,326
-758

Vertical
component

(nT)

16,981 ± 126
16,702

279

18,257 ± 134
17,929

328

Inclination
(degree)

30.4
29.6

0.8

32.6
31.4

1.2

Table 3. Magnetic boundaries at Site 865 (determined from ISDDM). Table 6. Summary of paleomagnetic properties of basalts recovered in

Site 866.

Magnetic
unit/subunit

Range
(mbsf)

1
2

3A
3B

838-841
844-846
852-856
856-858

Table 4. Summary of paleomagnetic properties of basalts recovered at
Site 865.

Sample
depth
(mbsf)

842.2
842.3
843.1
843.4
843.5
843.6
844.0
844.2
855.0
855.9
856.1
856.4
856.6
857.2
863.9
864.2
864.3
864.9
868.5
868.6

Intensity
(A/m)

19.8
9.5

10.3
6.4

11.7
9.9

24.6
7.3
3.4
3.3
1.2
3.2
1.0
4.5
2.9
8.4
0.2
3.6
1.2
5.6

Susceptibility
(I0"3 S1)

13.1
9.5

11.8
9.1

12.4
10.2
8.8

24.8
11.4
30.3
28.5
13.1
22.7
14.0
8.0
9.9
9.0
5.5
8.6
8.5

Q ratio

56.5
37.4
32.6
26.3
35.3
36.3

104.5
11.0
11.2
4.1
1.5
9.0
1.6

12.0
13.6
31.8
0.7

24.4
5.1

24.6

Inclination
(degree)

-32.6
-33.1
-35.4
-27.9

29.8
-41.2
-35.0
-29.9
-52.7
-66.1

43.7
-£8.1
-30.6
-29.0

11.6
1.8

-25.1
-7.8
-2.9
54.8

Note: NRM values are listed.

Table 5. Magnetic boundaries at Site 866 (determined from ISDDM).

Magnetic
unit/subunit

Range
(mbsf)

1
2A
2B
2C
2D

1625-1629.1
1629.1-1630.6
1630.6-1632.5
1633.2-1634.3
1634.3-»1635

suggesting the dominance of the present-day field. Core recovery in

magnetic Unit 2 was poor. The minimal core recovered, however, sug-

gests a stratigraphy of altered basalt fragments embedded in a red-

brown clay/soil matrix and was interpreted on board the ship as a debris

flow or talus deposit. Magnetization deduced from downhole magne-

tometer logs is consistent with this interpretation; the most altered

basalt or soil likely carries a viscous overprint of the present-day field.

Magnetic Unit 2 also contains four magnetic subunits (2A-2D).

In magnetic Subunits 2B and 2C, both horizontal and vertical mag-

Sample
depth
(mbsf)

1660.38
1660.91
1661.79
1661.93
1663.24
1664.37
1665.39
1667.69
1669.23
1670.41
1671.85
1673.58
1673.72
1673.94
1674.61
1674.78
1678.99
1679.04
1679.11
1679.15
1682.88
1684.82
1685.7
1686.92
1687.18
1687.51
1687.56
1687.67
1687.36
1687.76
1688.69
1692.64
1693.33
1693.92
1694.25
1694.34
1694.67
1695.09
1695.32
1698.42
1699.3
1699.91
1700.92
1708.19
1709.56
1710.16
1717.64
1717.87
1727.48
1727.62
1727.66
1729.08
1729.46
1729.81
1730.04
1730.35
1730.87
1735.12
1735.31
1735.68
1737.67
1737.79
1738.17
1738.34
1739.3
1739.33

Intensity
(A/m)

1.1
5.5
2.2
1.4

10.2
2.6
2.2
5.1
6.8
5.5
9.2
2.0
0.5
1.7
1.6
3.1
1.3
1.2
3.9
4.6
2.5
2.0
2.5
0.7
1.0
1.3
1.8
4.3
2.5
1.9
2.4
6.4
2.2
0.5
1.4
1.4
0.4
0.2
0.5
3.8
0.3
0.5
2.7

10.1
5.3
8.7
3.2
2.8

10.1
11.1
8.4
1.7
2.8
4.6
3.7
2.5
2.4
0.8
1.2
0.8
0.8
3.7
1.4
1.1
5.9
4.8

Susceptibility
(10~3 S1)

26.20
23.80
56.70
53.90
52.10
52.60
52.50
42.40
40.60
55.80
42.90

4.75
1.68

12.34
13.72
31.72
43.00
39.10
46.30
49.60
48.20
24.00
42.60
10.80
37.62
33.10
26.22
15.52
54.00
48.40
76.90
49.10
66.90

3.08
19.82
19.30
31.30
17.50
26.10
25.50
22.40
23.50
17.90
23.90
21.60
47.20
40.30
30.80
46.70
35.90
27.40
23.90
29.30
40.40
57.00
31.10
21.00
20.90
22.90
23.20
40.70
41.80
36.00
37.40
69.90
60.50

Q ratio

1.5
8.6
1.4
1.06
7.2
1.84
1.5
4.5
6.2
3.6
8.0

15.7
10.8
5.2
4.3
3.7
1.1
1.1
3.1
3.4
1.9
3.0
2.2
2.5
0.9
1.4
2.5

10.3
1.7
1.5
1.2
4.8
1.2
5.7
2.7
2.6
0.5
0.5
0.7
5.5
0.5
0.8
5.6

15.6
9.1
6.8
3.0
3.3
8.0

11.4
11.3
2.7
3.6
4.2
2.4
3.0
4.3
1.5
1.9
1.2
0.8
3.3
1.5
1.1
3.1
2.9

Inclination
(degree)

39.5
-18.6

61.5
1.6

-10.6
6.6

57.8
77.9
73
61.5
54.3
33.7
35.4
36.1
30

5.3
26.6
13.9
26.7
24.5
37.1
59.6
65.2
29.4
24.4
15.8
37

1.4
19
17.4
7

21.2
54.6
23.4
17.5
28.5
9.7

64.6
10.2
44.8
77.6
38.2
39.1
18.4
15.9

-19.8
20.5

-17
31.6
28.7
27.8
18.9
16.2
18.7
15.8
12.1
15.8

^19.9
6.9

-2.4
5.1

18.6
-46.3
-18.8

-9.5
-10.1

Note: NRM values are listed.

385



Y. NOGI, J.A. TARDUNO, W.W. SAGER

netic fields decrease in approximately the same sense. Although a
normal Northern Hemisphere magnetization is dominant in magnetic
Unit 2, this variation implies thin magnetized layers in magnetic
Subunits 2B and 2C, which were magnetized in the Southern Hemi-
sphere during a reversed polarity chron. It is these thin layers that we
consider to be weathered basalt flows, rather than clasts in a debris-
flow deposit.

An apparent inclination calculated from the logs near magnetic
boundaries at 1625 mbsf in magnetic Unit 1 is about 35°. Below the
position where apparent inclination is about 35°, the apparent inclina-
tion becomes steeper, but returns to almost 0° at about 1628 mbsf,
near the next clear magnetic boundary at 1629.1 mbsf. Because a 25-
point, smoothed differential value was used, the apparent inclination
below 1626 mbsf is affected by the magnetization of magnetic Unit 2.

DISCUSSION

The magnetic field of the upper section of the igneous rock in
Allison Guyot (Site 865) appears to have formed during the Creta-
ceous Normal Superchron (83.00-124.32 Ma; Harland et al, 1990)
in the Southern Hemisphere. Radiometric age dates from those sam-
ples suggest possibly two ages, about 111 and 105 Ma (Pringle and
Duncan, this volume), and these ages are within the Cretaceous Nor-
mal Superchron.

The uppermost igneous section of Resolution Guyot (Site 866)
also formed in the Southern Hemisphere, but in a reversed polarity
chron, possibly older than Chron M5 (Tarduno et al, this volume).
Two mean radiometric dates were determined from the Site 866
basalts: 128 and 122 Ma (Pringle and Duncan, this volume). The
uppermost samples, close to the position where downhole magne-
tometer logs were recorded, indicate an age of 128 Ma from radiomet-
ric age dates and belong to the oldest lavas (Pringle and Duncan, this
volume). This age places the basalt within the M-reversal sequence in
most time scales. An exact identification of the reversed polarity
chron recorded by the shipboard paleomagnetic results and downhole
magnetometer logs, however, will require further work.

The inclination of primary magnetization is likely between -27°
and -33° for Site 865, as estimated by the downhole magnetometer
results. Because the dip data from the Formation MicroScanner
(FMS) did not show significant dipping contacts within the igneous
section at Site 865, the apparent inclination should not be affected by
the dipping of the basaltic sills. The apparent inclination most likely
reflects a primary magnetization and induced or viscous overprinting
magnetization. Apparent inclinations become shallower at Site 865,
if an induced or viscous magnetization is added to the primary mag-
netization, acquired in the Southern Hemisphere during a normal
chron (Fig. 4). The shallower apparent inclinations from downhole
magnetometer logs in magnetic Unit 1 and Subunit 3A of Site 865
rather than a characteristic remanent magnetization (ChRM) inclina-
tion of 31 ° (Fig. 2), which was derived from shipboard paleomagnetic
results (Sager, Winterer, Firth, et al., 1993). This can be explained by
the contribution of induced or viscous magnetization. The maximum
value of apparent inclination in magnetic Unit 1 and Subunit 3A of
Site 865 is about 27°; therefore, the inclination of the primary mag-
netization should be greater than or equal to 27°. In magnetic Unit 2
of Site 865, where high Q ratios (>30) were observed from discrete
sample paleomagnetic results, the apparent inclination ranges from
27° to 33°. If the total magnetization consists of only primary and
induced magnetization, and considering the case when Q is >25, the
difference between the observed and primary inclinations is less than
2°. Thus, the inclination of the primary magnetization of the basaltic
sills at Site 865 is probably between about 27° and 33°. This inclina-
tion is in agreement with a ChRM inclination of 31°, which was
derived from shipboard paleomagnetic results on the basalts (Sager,
Winterer, Firth, et al., 1993).

As at Site 865, no significant dips were obtained from dip data of
FMS logs within the upper igneous rock section of Site 866. For a

magnetization acquired in the Southern Hemisphere during a re-
versed chron, an induced or viscous magnetization makes the ob-
served in situ inclination steeper (Fig. 4). Thus, the inclination of
primary magnetization for the upper igneous rock section of Site 866
is less than 35°. Apparent inclination near the top of the igneous
section in magnetic Unit 1 is 35°, and this is the minimum inclination
value, except for that of the lower part of magnetic Unit 1, which is
affected by magnetization of magnetic Unit 2. Consequently, the
inclination of primary magnetization should be less than 35°, if the
magnetization were caused by a primary magnetization originating in
the Southern Hemisphere plus an induced magnetization. Inclination
groups derived from shipboard paleomagnetic measurements near
the top of the igneous interval from Sections 143-866A-171R-3 to
-179R-2 give an average of 32.0° (Sager, Winterer, Firth, et al., 1993),
and this result agrees with the inclination deduced from downhole
magnetometer logs.

A significant contribution of induced magnetization is suggested
by discrete sample paleomagnetic results from Site 866. Histograms
of Q ratios, obtained by discrete sample paleomagnetic study, are
shown in Figure 5. Almost all Q ratio values from the Site 866 basalts
are low, between 1 and 6. In contrast, the Q ratios from the basaltic
sills at Site 865 are one order of magnitude higher (but the number of
samples is much smaller). The difference in the Q-ratio distribution
between the two sites may reflect differences in the processes of for-
mation and subsequent alteration. Basaltic sills at Site 865 are thought
to be intrusive into limey sediments that became limestone. Appar-
ently, the intrusion occurred below sea level, but near the seafloor.
Because of the possible interaction with seawater, cooling may have
been rapid. Rapid cooling often results in fine grain sizes that often
carry stable magnetization (e.g., O'Reilly, 1984). Basalts of Site 866,
on the other hand, probably in part formed above sea level and may
have cooled more slowly. In addition, they were exposed to subaerial
weathering conditions, which could account for the lower Q ratios.

The estimated Q ratio from the apparent inclination values is about
18 for the top of Magnetic Unit 1 at Site 866, assuming that the
inclination value of 32°, derived from shipboard paleomagnetic re-
sults of the upper igneous section (Sager, Winterer, Firth, et al., 1993),
is an inclination value of primary magnetization. This is slightly
higher than the average Q ratio from paleomagnetic results, but within
the Q ratio range obtained at Site 866. Grain size of the basalt de-
creases toward the contact with the limestone, and that of the lower-
most igneous section is larger than that of the uppermost section
(Sager, Winterer, Firth, et al., 1993). Because Q ratio is related to
grain size, this suggests that the Q ratio of the top of the basalt at Site
866 is relatively higher than that of the inner part of basaltic flows, as
an inner part of basaltic flows may cool more slowly than the top of
the basalt. The estimated Q ratio from the magnetometer logs ranges
between 3 and 25 for magnetic Units 1 and 2 and Subunit 3 A of Site
865, assuming that the inclination of primary magnetization is about
31°, as from shipboard paleomagnetic results. These results are in
agreement with the Q ratio from paleomagnetic results. Close rela-
tionship between Q ratio and apparent inclination suggests that in-
duced magnetization is dominant over viscous overprinting.

Results from downhole magnetometer logs and paleomagnetic
study suggest a significant contribution to borehole geomagnetic field
from induced magnetization. A high Q ratio was observed only in
some samples of basaltic sills at Site 865. Thus, estimates of paleo-
magnetic data from seamount magnetic field are probably biased by
the induced component, as suggested by Gee et al. (1989). These
conclusions, of course, depend upon how typical are the basalts at Site
866. They appear to be typical subaerial basalts and, thus, could be
expected to be in most large seamounts. The Site 865 basalts, with
generally high Q ratios, may be less typical because they appear to be
last-stage eruptive products intruded into sediments after the erosion
and subsidence of the volcano.

The close correspondence of magnetization values derived from
logs and NRM and ChRM values derived from discrete paleomag-
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Figure 4. Explanation for the shallower and steeper apparent inclinations for (A) Site 865 and (B) Site 866. The ratio of primary magnetization to induced or viscous
magnetization (Q ratio) used for this illustration is 5.

netic specimens highlights a promising future for magnetic-log pro-
grams. The reliability of such logs in approximating NRM and ChRM
values, as a result of the overprinting potential of induced and viscous
magnetization, however, will always hinder their use for deriving
paleomagnetic pole data. Trends in magnetic susceptibility data from
Leg 143 discrete samples suggest that downhole magnetic suscepti-
bility logs may provide sufficient information to constrain induced
component of magnetization. Downhole susceptibility data could be
used to choose intervals objectively for which the assumption of a
magnetization dominated by characteristic magnetization is likely to
be correct. In addition, the potential of fully oriented data (magne-
tometer with gyro) will provide the declination of surrounding mag-
netized materials. Information on declination can be used to deter-
mine the apparent polar path and/or block rotation of the region near
the hole.

SUMMARY AND CONCLUSIONS

Magnetic boundaries, apparent inclination, polarity of magnetiza-
tion, and the hemisphere (Northern or Southern) of magnetization were
determined from horizontal and vertical magnetic-field variations
within drill holes at Allison (Site 865) and Resolution (Site 866)
guyots. The magnetization of basaltic sills at Allison Guyot (Site 865)
was acquired in the Southern Hemisphere during the Cretaceous Nor-
mal Superchron. The inclination of primary magnetization of these
sills is estimated between 27° and 33°, assuming that the magnetization
result only from primary and induced magnetization. In contrast, mag-
netization near the top of the igneous section at Resolution Guyot (Site
866) indicates that the magnetization was acquired during a reversed
polarity chron. The inclination of primary magnetization is estimated
to be less than 35°. The downhole magnetometer logs and paleomag-
netic results suggest that induced magnetization contributed signifi-
cantly to the seamount magnetization of these basalts.
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