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24. IMPLICATIONS FOR THE SOURCES OF MARINE MAGNETIC ANOMALIES
DERIVED FROM MAGNETIC LOGGING IN HOLES 504B AND 896A

H.-U. Worm,** V. Béhm,? and W. Bosum?

ABSTRACT

The magnetic fields in the deepest oceanic drill hole, DSDP/ODP Hole 504B, and in the neighboring Hole 896A, have been
logged continuously with a calibrated three-axis magnetometer so that horizontal and vertical field anomalies could be deter-
mined. The extrusive basalts produce the largest anomalies (up to 5000 nT) but the amplitudes vary strongly with short wave-
lengths, whereas the sheeted dikes are associated with 500 to 1500 nT anomalies. The horizontal anomalies are predominantly
negative and confirm the inferred inverse polarity of the drilled oceanic crust. At the base of the extrusives (oceanic Layer 2A)
there are positive anomalies, presumably from basalts with normal magnetization. However, steeply dipping layers with
inverse polarity could also cause positive anomalies. The vertical extent of negative anomalies in Layer 2A is only 200 m for
Hole 896A and 475 m for Hole 504B, indicating a strong lateral variability in the thickness of this source layer. The fine struc-
tures of the anomalies in both holes bear little resemblance to each other but the average amplitudes of the horizontal anomalies
are both around 2000 nT in the upper parts. Simple forward models as horizontal cylinders allow us to determine average mag-
netization values of 3 Afm for the extrusive basalts and 1.7 A/m for the sheeted dikes (Layer 2B). The former is only half the
average measured rock magnetization, whereas sheeted dike values agree. At depths that correspond to the transitions in drill-
ing from Legs 111/137 and 140/148 there are clear changes in the horizontal anomalies. These are interpreted as a result of
drilling-induced magnetizations caused by strongly magnetic drill pipes used during Legs 137 and 140. The deduced average
magnetization intensities have been used as parameters to model surface anomalies. Layers 2A and 2B contribute approxi-
mately equally to the surface anomalies with maximum amplitudes of 160 nT that agree well with the measured anomalies; thus

gabbros are unlikely to contribute to marine lineated magnetic anomalies.

INTRODUCTION

The discovery and interpretation of marine lineated magnetic
anomalies have been fundamental in the concepts of seafloor spread-
ing and plate tectonics. The anomalies are caused by the remanent
magnetization of the oceanic crust which preserves the paleofield di-
rection at the time when the rocks were formed at oceanic ridges. The
reversal pattern of the geomagnetic field for the Cenozoic and much
of the Mesozoic has been established to a large extent by analyzing
the striped anomalies over oceans with rather uniform spreading
rates. In turn, other oceanic crust has been dated by identifying the as-
sociated magnetic anomalies. Despite numerous studies of marine
magnetic anomalies over the past 30 years, the thickness of the source
layer and the relative contributions of pillow basalts, sheeted dikes,
and gabbros remain a subject of discussion (e.g., Harrison, 1987).

Vine and Mathews (1963) used a model thickness of up to 15 km,
below which they estimated that the Curie temperature of magnetite
(T, = 580°C) would be exceeded. Later Vine (1966) used a layer only
1.7 to 2 km thick, representing oceanic Layer 2. He reasoned that
gabbros or serpentinites, thought to represent Layer 3, would not con-
tribute to the reversal pattern because of their slow cooling. After
many magnetic field inversion studies and not quite as many drill
holes in the volcanic crust, this hypothesis remains unanswered. The
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inherent nonuniqueness of magnetic modeling generally does not al-
low for the distinction between, say, a 0.5-km-thick source layer with
a magnetization of 10 A/m and a 5-km layer with 1 A/m. Other mod-
elers used Layer 2A, the extrusive basalts, with a thickness of 0.5 km
as the only source body (e.g., Talwani et al., 1971). Early studies on
dredged basalts from oceanic ridges gave rather high magnetization
values (e.g., Irving et al., 1970), so that a thin source layer seemed ap-
propriate. However, it was realized that low-temperature oxidation of
titanomagnetite greatly reduces the intensity of the natural remanent
magnetization (NRM) of oceanic basalts soon after emplacement
(e.g., Marshall and Cox, 1972), thereby furthering the need for a
thicker source layer.

The best method for identifying the marine magnetic source lay-
ers is to drill them. Of all oceanic drill sites only Deep Sea Drilling
Project (DSDP)/Ocean Drilling Program (ODP) Hole 504B pene-
trates Layer 2A completely, and it extends more than a kilometer into
the sheeted dikes. Its location in an east-west-striking, clear magnetic
anomaly of reversed polarity (Hobart et al., 1985) makes it an ideal
candidate for magnetic studies. Owing to a revised geomagnetic po-
larity time scale (Baksi, 1995) the age of Hole 504B that was previ-
ously determined as 5.9 Ma, on the basis of the age determination for
and position within Chron 3Ar, should now be 6.8 Ma.

The magnetic characterization by measurements of rocks can be
only as complete as the core recovery. As a result of the technical dif-
ficulties involved in deep-sea drilling of hard rocks, core recovery is
mostly low. For Hole 504B, recovery was =12% during Leg 140 and
<9% during Leg 148. Moreover, because ODP drill cores are not ori-
ented in azimuth the polarity cannot be identified at low-latitude sites
where the magnetic inclination is shallow. On the other hand, mag-
netic borehole measurements are continuous, and although the field
inversion is not unique the magnetic polarity of the surrounding rocks
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can be determined with some confidence. Previous downhole mag-
netic measurements in Hole 504B were performed during Legs 68/69
(Ponomarev and Nekharoshkov, 1983) and Leg 111 (Kinoshita et al.,
1989). However, the former log represents the vertical component for
the upper 200 m only and the Leg 111 log was recorded by a Schlum-
berger inclinometer that was poorly calibrated, so that the total field,
for example, averaged 44.8 pT instead of a value close to the Interna-
tional Geomagnetic Reference Field (IGRF) of 32 uT. A well-cali-
brated magnetometer is a prerequisite for inferences from anomalies
on the polarity and intensity of rock magnetizations.

MAGNETIC FIELD LOGGING

During Leg 148 the high-temperature 3-axis magnetometer of the
Bundesanstalt fiir Geowissenschaften und Rohstoffe (BGR), Germa-
ny, recorded the downhole variation of the magnetic field vector in
Holes 504B and 896A. The measured data have been published as
horizontal and vertical field components in Alt, Kinoshita, Stokking,
et al. (1993). To obtain the true field, several corrections may be re-
quired because of (1) daily variations of the geomagnetic field, (2)
temperature drift, (3) wireline effect, (4) heading effect, and (5) bore-
hole inclination.

Diurnal variations of the field close to the equator are on the order
of 200 nT due to the equatorial electrojet. Magnetic logging in both
holes occurred at night. Magnetic variation records for the respective
times were obtained from the nearest geomagnetic observatory in Co-
lombia. These records show little variations at night, with an ampli-
tude that varies slowly by less than 20 nT. A geomagnetic variation
correction was therefore not performed.

Also, a temperature correction proved to be unnecessary because
the increase in temperature within the instrument during the longer
Hole 504B log was only 32°C, which, in combination with a small
temperature dependence of the probes’ signals, resulted in no signif-
icant field differences during downhole and uphole logging. The
maximum difference is approximately 20 nT in the upper part where
amplitudes are >1000 nT.

The wireline effect results from the magnetic field of the steel ca-
ble to which the instrument is attached. For obvious reasons it was
not possible to measure this effect with the shipboard wireline. Pre-
vious calibrations with three different cables resulted in a rather con-
stant offset of +150 nT for the vertical sensor. The horizontal effect
was negligible. It is therefore assumed that, in this case, 150 nT must
be subtracted from the measured z-component.

The heading effect results from the not perfectly orthogonal ori-
entation of the three sensors. A rotation of the magnetometer results
in periodic oscillations of the signal. This effect was corrected using
laboratory calibration.

Hole 504B deviates from the vertical to the northeast typically
mostly <2°, but up to 5° in some depth intervals (Alt, Kinoshita, Stok-
king, et al., 1993). As a result, the component parallel to the instru-
ment’s vertical axis increases between 30 nT (2°) and about 200 nT
(5°), whereas the horizontal component decreases between 14 and 90
nT. Corrections have been performed accordingly.

Figures 1 and 2 display the corrected magnetic field logs for Holes
504B and 896A, respectively. The low-pass filtered anomalies are
shown as thick lines. For reference, the horizontal and vertical com-
ponents of the IGRF for 1990 are given as straight lines. Whereas
short wavelength anomalies are caused by the borehole immediately
surrounding pillows, flows, and dikes, the low-pass filtered signals
provide insight regarding the average magnetization of the magnetic
source layers. A running average filter with averaging windows 3.5
m for Hole 896A and 17 m for Hole 504B was applied.

In Hole 504B the three lithologic units (extrusive basalts [275-
836 mbsf], transition zone [836—-1060 mbsf], and sheeted dikes [ 1060
mbsf to bottom]) can also be distinguished by their anomaly ampli-
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Figure 1. Vertical and horizontal magnetic field components, B, and By, in
Hole 504B. The thick lines are the result of applying a running low-pass fil-
ter with a 17-m averaging window. The components of the International
Geomagnetic Reference Field (IGRF 1990) are given as straight lines.

tudes (Table 1). The vertical component (B,) represents a positive
anomaly throughout the hole and the horizontal component (B,,) is
predominantly negative except for a region around 800 m.

In contrast, the vertical field component in Hole 896A averages
around the IGRF whereas By, is again generally smaller than the ref-
erence field.

To investigate possible similarities, it is useful to display both
logs side by side vs. depth below sea level (Fig. 3) and vs. depth be-
low basement (Fig. 4).

Upon closer examination of the anomalies of Hole 504B in the
sheeted dikes, a striking coincidence is observed between changes in
amplitudes of the horizontal anomalies and leg boundaries 111/137
and 140/148 (Fig. 5).

ANOMALY MODELING

Magnetic borehole anomalies can be modeled conveniently by
axis-symmetrically drilled cylinders as source bodies (Eberle, 1985;
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Table 1. Average anomaly amplitudes for Holes 504B and 896A.
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Figure 2. Vertical and horizontal magnetic field components, B, and B,, in
Hole 896A. The thick lines are the result of applying a running low-pass fil-
ter with a 3.5 m averaging window. The components of the International
Geomagnetic Reference Field (IGRF 1990) are given as straight lines.

Gallet and Courtillot, 1989). For cylinders with horizontal upper and
lower surfaces the field anomalies are

B, (2)=Hy/4M, X [z/ JRE+22 2/ R+ (z-h)

2/ R+ 2+ (2-h)/ R,2+ (2 hﬂ

and

B(2)=—o/2M, X [2/,[R> + 2° - (2~ )[R 24(z~ h)*
2l R 2+ 4z =) R Bz b)),

where , is the permeability of free space, M, and M, are the horizon-
tal and vertical magnetization components (in A/m), R, is the bore-
hole radius, R, is the cylinder’s outer radius, and the height is h.

Depth By, 5B,
Hole (mbsf) (nT) (nT)
896A 205435 -1518 119
BO6A 205-381 -2099 259
5048 280-530 -1954 1668
5048 280-740  -1630 1893
S4B 280-836 -1252 1908
S04B 836-1060 69 437
SO4B  1060-1563  —567 355
5048 1563-2000 —1003 1023
5048 2000-2080 —493 736
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Figure 3. Comparison of magnetic field components of Holes 504B (thick
lines) and 896A (thin lines) for common depth in meters below sea level
(mbsl). Filter averaging window is 3.5 m for both.

It is important to note that vertical magnetization and the maxi-
mum of the field anomaly are of opposite polarity, whereas the hori-
zontal components have the same polarity. Also, for equally large M,,
and M, the resulting B, can be twice as large as B,

For a given magnetization the decisive parameter for the anomaly
shape is the ratio h/R,, provided that R, >> R;.
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Figure 4. Comparison of magnetic field components of Holes 504B (thick
lines) and 896A (thin lines) for common depth in meters below basement
(mbbas). Filter averaging window is 3.5 m for both.

The mathematical formulation of anomalies for cylinders with in-
clined surfaces is much more complicated (Gallet and Courtillot,
1989) and will not be repeated here. With increasing dip of the layer
the resulting anomaly can change polarity (for examples, see Alt, Ki-
noshita, Stokking, et al., 1993) so that an unequivocal determination
of magnetization polarity is not possible.

Because this contribution focuses on the average magnetic prop-
crties of the oceanic crust and not on the fine structure (individual pil-
lows or flows), an approach that models horizontal layers appears to
be justified. The outer surfaces of the lineated segments of oceanic
crust of same polarity would more appropriately be modeled by
prisms instead of cylinders; however, the difference between models
is small for a large lateral extent (Hamano and Kinoshita, 1990).

We investigated anomalies of various four-layer models: 570 m of
extrusive basalts, 270 m of nonmagnetic transition zone, 1050 m of
dikes, and 3000 m of (not drilled) gabbros.

It is instructive to start with a model using magnetic extrusives
only. The width of the reversed-polarity zone around Site 504 is ap-
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Figure 5. The magnetic field components in the sheeted dike section of Hole
504B. Indicated are leg boundaries. The transitions Leg [11/137 and Leg
140/148 are associated with changes in the anomalies thought to result from
drilling-induced magnetizations produced during Legs 137 and 140.

proximately 13 km (Hobart et al., 1985) with Hole 504B being lo-
cated 4 km from the next southern reversal; Hole 896A is =1 km
closer.

Figure 6 displays model calculations for a source magnetization
of M =-5 A/m, with an inclination of 30°, and with radii R, varying
from 0.5 to 8 km. Differences become negligible for R, > 2 km. With
decreasing radius shoulders of opposite polarity develop outside of
the source body, whereas a minimum forms in the center. The effect
of a varying borehole diameter (10-15 in.) is negligible (<1%) for an
outer radius 20.5 km.

We chose an outer radius of 4 km for the source models and mag-
netization values that give anomaly amplitudes that correspond to the
measured average values of Table 1 (Figs. 7, 8).

With respect to possible effects of drilling-induced remanences
by a magnetic drill string or fishing tools that magnetized the bore-
hole wall, it is also useful to model anomalies of cylinders with a ra-
dius of only I m. For h >> R_, the anomalies vanish in the interior and
are significant only, and are of alternating polarity, at both ends of the
source body (Fig. 9).
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Figure 6. Modeled borehole anomalies for a cylindrical source body (thought
to represent the extrusive basalts) of varying outer radius.

DISCUSSION

The magnetic field logs in Holes 504B and 896A present the
unique opportunity for a continuous in situ characterization of the
magnetic properties of oceanic crust. The field anomalies are caused
by the magnetization of the surrounding basalts with short wave-
length anomalies being due to sources close to the borehole wall and
long wavelength signals as the average contribution of the source lay-
ers. The predominantly negative anomalies of the horizontal field
component confirm the inverse magnetic polarity inferred from sur-
face anomaly studies. The vertical component in Hole 504B repre-
sents a positive anomaly which indicates an upward pointing
magnetization component. This is consistent with magnetic rema-
nence measurements on drill cores that gave an average inclination of
—24° for the extrusive basalts (Smith and Banerjee, 1986) and —18°
for the sheeted dikes drilled during Legs 137 and 140 (Allerton et al.,
1995). For Hole 896A, in contrast, the average vertical anomaly is
close to zero, again in agreement with rock magnetic measurements
where Inc,,. = —4.3° (Allerton et al., this volume). The qualitative
agreement between measured natural remanent magnetization
(NRM) and our model parameters (Figs. 7, 8) is fairly good for the
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Figure 7. Modeled borehole anomalies for Hole 504B. The amplitudes in
extrusive basalts and dikes correspond to the average measured amplitudes.
The gabbros are modeled to begin at 2200 mbsf. In the log, a gabbro magne-
tization M, > 0 is indistinguishable from an M, = 0, provided that the lateral
extent is >>4 km. M,, M,, and M, are model magnetizations of extrusive
basalts, transition zone, and sheeted dikes, respectively.

inclination values with a larger difference for the dikes. The magne-
tization intensity of the extrusives in our models, My = 3 A/m, how-
ever, is significantly lower than the measured average NRM values
obtained for 504B with NRM,,.= 5.5 A/m (Smith and Banerjee,
1986) or 896A with NRM,,.= 7.8 A/m (Allerton et al., this volume).
For the dikes, on the other hand, the model magnetization M, = 1.7
A/m agrees with the NRM average of 1.6 A/m for the upper 500 m
(Pariso and Johnson, 1991) whereas for the lower dikes cored during
Legs 137 and 140 NRM,,.= 3.0 A/m has been measured (Dick, Er-
zinger, Stokking, et al., 1992). However, a strong drilling-induced
overprint of the NRM is noticed for this depth interval, so that the in
situ remanence was certainly lower. Potential drilling-induced effects
in borehole results are discussed below.

The discrepancy between measured NRM intensities and from
anomaly-deduced magnetization values for the extrusives may be
caused by scattered NRM directions that average over a large vol-
ume, as measured by logging, to smaller values. Also, it must be kept
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Figure 8. Modeled borehole anomalies for Hole 504B as in Figure 7 but with
inversely magnetized gabbros.

in mind that core recovery was low and that the collected rocks may
overrepresent more strongly magnetized solid basalts.

The effect of normal magnetizations in younger and older crust
bordering this section of inversely magnetized crust is small (<100
nT) because of the distance of several kilometers and, more impor-
tantly, because it is followed by crust of alternate magnetizations.

The distance between both holes is 1 km, and the two logs
present an excellent opportunity for investigating the lateral homo-
geneity of the magnetic properties of the extrusives. We find little
coherence in the horizontal anomalies 8By, (Figs. 3, 4) besides simi-
lar averages = 2000 nT (Table 1) for the respective upper =200 m of
basement. Below that depth, Hole 896A has a positive anomaly over
a 10 m depth interval and By, is essentially zero further down. In con-
trast, 8B, in Hole 504B remains negative to a larger depth of 750
mbsf or 475 m into the basement.

The positive horizontal anomaly 8B, < 3000 nT in Hole 896A at
390400 mbsf is associated with a positive vertical anomaly of simi-
lar amplitude. These can be translated into a rock magnetization un-
der the assumption of a horizontal source layer with R, > h. Then, M
=5 A/m with a normal north-pointing polarity and a negative incli-
nation of Inc = -26°, thus deviating by =50° from the present-day
field (Inc = 24°). However, as a demonstration of nonuniqueness of
magnetic inversion, the same anomaly could be produced by a steep-
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Figure 9. Magnetic anomalies of thin cylinders, R, = 1 m with M = -5 A/m,
Inc = 307 and heights of 1, 5 and 10 m as models for a magnetized borehole
wall. B, = solid line, B, = dashed line.

ly dipping layer with inverse magnetization (for an example, see Alt,
Kinoshita, Stokking, et al., 1993). Clarifying additional evidence can
come from drill core observations. These identified in Corel48-
896A-24R a massive thick basalt (Unit 36). This is probably a lava
flow and thus unlikely to be very steeply dipping. The remanence
measurements show large positive inclinations and “soft” magnetic
properties, i.e., the NRM demagnetizes in rather small alternating
fields (Allerton et al., this volume). The NRM is suspected to be drill-
ing induced, however no secondary shallower components were
identified during demagnetization. The question for the in situ mag-
netization at this depth interval can thus not be answered beyond
doubt but the possible existence of normally magnetized zones in
otherwise inversely magnetized crust should be accounted for in
anomaly modeling.

In Hole 504B there is also an interval with a positive 8B,, (Fig. 1).
It is much wider than in Hole 896A and ranges from 750-930 mbsf
but its amplitude is smaller and averages = 500 nT. A positive verti-
cal anomaly of larger amplitude is associated and this agrees with
steep negative inclinations measured on drill cores (Smith and Ban-
erjee, 1986). Below 870 mbsf, the rock magnetization intensities de-
crease below 1 A/m and the continuing positive 8B, may rather be
viewed as being an expression of the shoulder effect that occurs when
the layer thickness is on the same order as its radius (Fig. 6). The
gradual change downhole back to a negative anomaly underlines this
hypothesis. If true, this implies a much smaller lateral extent of the
source Layer 2A than modeled with R, = 4 km. Then, however, the
question arises if the crust beyond 1 km or so is composed of mixed
polarities that average to zero. The surface anomalies speak against
this because they have rather sharp transitions at the reversal bound-
ary 4 km south of Hole 504B (Hobart et al., 1985; Furuta et al., 1987).
What else then can explain the field gradient in By, at this depth range?
[t may be that the lower boundary to which strong inverse magneti-
zations occur is deeper at Hole 504B than at a short distance away. In
fact, this boundary exists in Hole 896A already at 390 mbsf.

Drill cores recovered during Legs 137 and 140 carry secondary
drilling-induced remanences (DIRM) that result in steep inclinations.
Rocks from Leg 148 do not display signs of a DIRM. Also, the NRM
intensities of Leg 148 cores are much smaller (= | A/m) than those of
the previous legs. The magnetizing gear is presumably the drill col-
lars that get magnetized during “magnafluxing,” which is a magnetic
method for inspecting drill pipes for microfractures. (Needless to say,
“magnafluxing” is a big nuisance from a scientific viewpoint. AF de-
magnetization of drill pipes should be mandatory following
“magnafluxing”!) During Leg 148, new—not magnafluxed—drill
collars were employed; thus, secondary overprints were not pro-
duced. Signs of DIRM appear also in the magnetic logs, most pro-
nounced in the sharp increase of B, at exactly 2000 mbsf (Fig. 5). The
decrease of By, at the Leg 111/137 boundary is also quite obvious.



Changes of B, are more subtle with a higher average B, for Legs 137/
140 (Table 1). Although modeling of the DIRM of the borehole wall
should be straightforward, it is not, Appropriate models should pro-
duce a continuous negative horizontal and a positive vertical anomaly
whereas using only a thin (=1 m) source body. Figure 9 demonstrates
that a long thin cylinder produces anomalies only at top and bottom.
A succession of short cylinders would still give positive and negative
anomalies. A long slab on one side of the hole instead of a surround-
ing cylinder would also have negligible anomalies away from the
ends. Moreover, it seems improbable that a rotating or even a pulled
drill string that is not rotated produces only negative anomalies over
a distance of 400 m. At present, the mechanism of imparting a drill-
ing-induced remanence on the borehole wall and its geometry re-
mains enigmaltic to us, nonetheless its existence is not disputed,

In principle, it is possible to constrain the magnetization of the un-
derlying—not drilled—gabbros by the borehole measurements above
(Figs. 7, 8). An inverse magnetization of the gabbros with the same
lateral extent as the polarity interval produces a positive anomaly of
B, in the upper crust whereas nonmagnetic or normally magnetized
gabbros (induced magnetization only) cannot be distinguished be-
cause the lateral dimension of gabbros carrying a normally directed,
induced magnetization only would extend beyond individual polarity
intervals. The best place in the log for attempting a prediction for the
gabbro magnetization should be the rather nonmagnetic transition
zone (836-1060 mbsf). However, this zone is governed by a field
gradient whose origin lies presumably in the overlying extrusives so
that the background level is not obvious. The anomalies in the sheet-
ed dikes down to 2000 mbsf agree approximately with measured rock
magnetizations. Unfortunately, there are indications for drilling-in-
duced overprints that add uncertainty to the interpretation. The low-
ermost section below 2000 mbsf is most likely to represent in situ
magnetizations because no signs of drilling-induced overprints have
been noticed on drill cores from this depth. The Q-factor (i.c., the ra-
tio of remanent over induced magnetization) of Hole 504B cores re-
covered during Leg 148 is close to one (Alt, Kinoshita, Stokking, et
al., 1993). This means that their bulk magnetization is nearly zero be-
cause remanent and induced magnetization are of opposite polarity.
It must be emphasized that rocks with a Q-factor of one still contrib-
ute to alternate polarity anomalies because in normally magnetized
crust remanent and induced magnetization add up. Undisturbed from
stray fields of the other rocks, the measured field in the interval
2000-2080 mbsf should be close to the IGRF, which in fact it is for
B;. A significant (>1 A/m) inverse magnetization of underlying gab-
bros would produce a positive anomaly in this part of the hole. How-
ever, we feel that this is not sufficient evidence for stating that the
gabbros carry no inverse magnetization. We do not understand the
reason for the continuous positive vertical field anomaly and B, de-
creases towards the bottom which is also hard to explain.

SOURCES OF SURFACE ANOMALIES

The important question for the thickness of the magnetic source
Layer 2A cannot unequivocally be answered. It may be more variable
than commonly assumed. In Hole 896A only the upper 200 m carry
large inverse magnetizations. We do not know if there are more ex-
trusive basalts below the bottom of Hole 896A which contribute to
surface anomalies. From rock magnetic measurements of Hole 504B
cores it was assumed that 570 m of extrusives with an average rema-
nent magnetization of 6 A/m produce the anomaly pattern (Furuta et
al., 1987). But according to the magnetic log it is only the upper 470
m that carry an average magnetization of 3 A/m. Normally magne-
tized basalts below reduce the surface amplitudes. Clearly, the mag-
netization of the sheeted dikes and perhaps the underlying gabbros
contribute to marine magnetic anomalies.

We modeled a north-south profile across Site 504 by using stan-
dard prism models (Telford et al., 1976) that strike east-west and

IMPLICATIONS FOR SOURCES OF MARINE MAGNETIC ANOMALIES

B[nT]

Distance [km]

Figure 10. Model of the magnetic field anomaly at sea level on a north-
south profile south of the Costa Rica Rift. Model parameters are: 470 m
with 3 A/m (Layer 2A), 1050 m with 1.5 A/m (Layer 2B). The larger ampli-
tude dashed line represents the contribution of the extrusive basalts (2A),
the smaller amplitude dashed line results from the sheeted dikes (2B), and
the solid line is the sum of both. Distance is from ridge axis.

compare the results with measured surface anomalies. The model pa-
rameters are M, = 3 A/m for the extrusive basalts and My = 1.5 A/m
for the dikes and thicknesses of 470 m and 1050 m, respectively. We
ignore the intervals of opposing polarity (740-900 mbsf; Fig. 1). Fig-
ure 10 demonstrates that both source layers contribute about equally
to the surface anomalies. More importantly, the calculated ampli-
tudes 8B < 160 nT agree with the measured anomalies at sea level
(Hobart et al., 1985). Hence, deeper sources, dikes or gabbros, must
not contribute to surface anomalies.

CONCLUSIONS

The magnetic field logs of the two drill holes that are only 1 km
apart give similar average negative amplitudes for the horizontal
component in the extrusive basalts. The vertical anomaly for Hole
896A is near zero and in agreement with the average geomagnelic in-
clination for the site's latitude near the equator. In Hole 504B, on the
other hand, a continuous positive vertical field anomaly has been
measured that probably originates from a northward dipping tectonic
event. Both holes are separated by a fault zone. By modeling of the
anomalies average magnetizations have been derived for the sur-
rounding crust that agree well with measured magnetizations of re-
covered drill cores for the dikes. The measured rock magnetization of
the extrusive basalts, however, is much larger than derived from for-
ward modeling of the anomaly field. This can be explained by scat-
tered magnetization vectors of the individual pillows and flows, but
also because massive and pillow basalts are likely to be recovered in
a larger fraction during drilling than brecciated rocks with generally
lower magnetizations (Allerton et al., this volume). The former argu-
ment is supported by the variation of measured inclinations of drilled
rocks with a standard deviation >20° for all samples from Hole §96A
(Allerton et al., this volume).

In summary, the extrusive basalts, termed Layer 2A, contribute
less to the oceanic surface anomalies than mostly assumed (e.g., Fu-
ruta et al., 1987). The contribution of the drilled sheeted dikes section
is about equally large. Both taken together suffice to cause the mea-
sured anomalies at sea level. A remanent magnetization in the lower
oceanic crust has been deduced from studies of anomalies at sea level
and at satellite elevation (e.g., Harrison, 1987; Arkani-Hamed, 1988;
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Toft and Arkani-Hamed, 1992). However, our results suggest that
gabbros do not contribute to the lineated marine magnetic anomalies.
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