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S U M M A RY
Induction arrows are a traditional output of magnetovariational experiments, and
represent transfer functions used quantitatively in the inversion of geomagnetic depth
sounding data to give Earth electrical conductivity structure. In this paper, a technique
is tested in which `total-¢eld' variations are combined with horizontal-¢eld data recorded
simultaneously at remote stations in order to derive induction arrows. The method
is ¢rst demonstrated using total-¢eld data recorded on land by an aeromagnetic
base station, and then applied to data obtained from magnetometers £oated o¡shore on
the sea surface. The £oating magnetometers were deployed in two con¢gurations: one
tethered to the sea£oor; the second free-£oating.
Key words: electrical conductivity, electromagnetic induction, £oating magnetometer,
geomagnetism, induction arrows, total magnetic ¢eld.

1

IN T ROD U C T I O N

The use of natural time £uctuations in the geomagnetic ¢eld
to study Earth electrical conductivity structure is commonly
described as the method of geomagnetic depth sounding
(GDS), or magnetovariations (Weaver 1994). The natural
source ¢elds used are more powerful and of a larger scale than
the arti¢cial source ¢elds that can be engineered for controlledsource electromagnetic methods. In its simplest form, the GDS
method is based primarily on characteristics of the vertical
component of the £uctuating ¢eld. This signal is normalized
in terms of the horizontal £uctuating ¢eld, and analysed
as a frequency- and polarization-dependent function of the
horizontal £uctuating ¢eld (Parkinson & Hutton 1989). The
method has traditionally been applied to data observed at land
sites (Gough & Ingham 1983; Gough 1989).
O¡shore, there is no less interest in determining the
conductivity structure of the major tectonic features such
as subduction slabs and spreading ridges (Heinson et al. 1996;
Palshin 1996). Instrumentation developed for such applications
has generally involved sea£oor deployments, both of recording
magnetometers as such, and as full magnetotelluric recording stations that measure the local electric ¢elds in addition to
the magnetovariational ¢elds (Filloux 1987).
The present paper introduces a new technique, in which
observations from total-¢eld magnetometers are used, combined with horizontal data from a reference site. Total-¢eld
magnetometers can be regarded as measuring the component
of the £uctuating ¢eld resolved in the direction of the steady
main ¢eld. This latter point is made by Parkinson (1983) and
Blakeley (1995) for small changes of the total ¢eld with space,
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and by Lilley (1991) for small changes with time. An adaption of
the usual theory then produces transfer functions and induction
arrows. Total-¢eld variations have been used with horizontal
variations in both the magnetic and geographic reference
frames to determine transfer functions.
This new technique is tested using total-¢eld data from three
di¡erent styles of magnetometer deployment. It is ¢rst applied
to data from an aeromagnetic base station. Next, data from
a magnetometer £oating at the sea surface while tethered to
the sea£oor are used. In this novel mode of deployment, the
magnetometer is less stable than the base station, but still
relatively stationary. Finally, the technique is tested on data
from a magnetometer £oating at the sea surface and free to
drift with ocean currents.
In the examples in the present paper, the geographic position
of the magnetometer is determined by satellite navigation. The
ARGOS Satellite Information Technology system is used, with
oceanic drifter buoys (model SC40) connected to the £oating
magnetometer package. In the design and deployment of the
£oating apparatus, care is taken to minimize magnetic components and to ensure that the magnetometer sensor remains
su¤ciently remote from those items containing unavoidable
magnetic material that stray magnetic ¢elds do not contaminate
the recorded time-series.
1.1 Notation and Fourier transform convention
Table 1 lists the notation adopted in this paper for timeseries representing the di¡erent components of magnetic ¢eld
variation; notation for the corresponding Fourier transforms
in the frequency domain is also given. The form adopted for the
ß 2000 RAS
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Table 1. Notations for the time- and frequency-domain representations
of components of magnetic ¢eld variation.
Magnetic field direction

Time domain

Horizontal magnetic north
Horizontal magnetic east
Horizontal geographic north
Horizontal geographic east
Vertically down
Total field (amplitude)

h(t)
d(t)
x(t)
y(t)
z(t)
f (t)

Frequency domain
~
h(u)
~
d(u)
x~(u)
y~(u)
z~(u)
f~(u)

Fourier transform is, giving the case of h(t) as an example,
~
h(u)~

?
{?

h(t) e{iut dt ,

(1)

so that the inverse transform has an implied time dependence
of eziut . In accordance with this time dependence, quadrature
induction arrows, after their determination by transfer functions
is achieved, are reversed and then plotted (Lilley & Arora
1982). Real arrows are also reversed, as is usual (Hobbs 1992).
Subscripts r and q will be used to denote the real and
quadrature parts of a complex quantity.
2

BA S IC T H E ORY

The basic equation for the determination of magnetovariational
transfer functions A(u) and B(u) in the geomagnetic reference
frame is
~
~
z~(u)~A(u)h(u)zB(u)
d(u)

(2)

(Hobbs 1992), where A(u) and B(u) should be dependent upon
local electrical conductivity structure only. If not z(t) but f (t) is
known, then as shown by Lilley et al. (1984), transfer functions
AF (u) and BF (u) for the total ¢eld may be determined by
¢nding a best ¢t of observed data to the equation
~
~
f~(u)~AF (u)h(u)zB
F (u)d(u) ,

(3)

and A(u) and B(u) are then determined from
Ar ~(AF r { cos I)/ sin I ,

(4)

Aq ~AF q / sin I ,

(5)

Br ~BF r / sin I ,

(6)

Bq ~BF q / sin I ,

(7)
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(Hitchman 1999), where D is the local declination angle.
Again, for Australian stations, D may be taken from Lewis &
McEwin (1996).

3

E X PE R I M E N TS

Observations from three di¡erent experiments are analysed in
this paper. Fig. 1 shows the sites from which the data have
originated.
The techniques are ¢rst demonstrated in Section 4 with
aeromagnetic base-station data from the Murray Basin region
of Australia. In this instance the corresponding reference
variations were recorded in the geographic frame at the
Canberra Magnetic Observatory (CNB).
Section 5 then presents an analysis of data recorded by
a £oating magnetometer anchored at three di¡erent sites
in succession on the continental shelf. The instrument was
deployed during the Southern Waters of Australia Geoelectric
and Geomagnetic Induction Experiment (SWAGGIE) (see
White et al. 1998), and the data observed are used to test
the techniques for £oating total-¢eld instruments. Horizontal
reference data are taken from a land site, One Tree Hill (OTH).
There are three such `Anchor-mag' data sets.
Section 6 presents an analysis of data recorded by a
magnetometer released to drift freely over deep ocean. This
instrument was also deployed during the SWAGGIE experiment. There are two such `Floater-mag' data sets, each of some
four days duration. Reference horizontal variations for these
Floater-mag data were taken from CNB, and from sites on
land (OTH) and sea£oor (Twosome, TW) that were part of the
SWAGGIE experiment.
The magnetic data analysed in this paper have thus been
observed by a variety of instruments, the speci¢cations of
which are listed in Table 2. The OTH and TW magnetometers
are of Flinders University development and construction, and
are based on the design described by Chamalaun & Walker

where I is the known (and necessarily non-zero) local
inclination of the main geomagnetic ¢eld. For Australian
stations, I may be taken from Lewis & McEwin (1996).
If the horizontal variations have been recorded in a geographic
reference frame, eq. (2) becomes, for the determination of
(geographic frame) transfer functions P(u) and Q(u),
~
z~(u)~P(u)x(u)zQ(u)~
y(u) .

(8)

The equivalent of eq. (3) for a geographic reference frame is
~
f~(u)~PF (u)x(u)zQ
y(u) ,
F (u)~

(9)

with P(u) and Q(u) determined from
Pr ~(PF r { cos D cos I)/ sin I ,

(10)

Pq ~PF q / sin I ,

(11)

Qr ~(QF r { sin D cos I)/ sin I ,

(12)

Qq ~QF q / sin I

(13)
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Figure 1. Map of Australia showing the sites referred to in the present
paper.
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Table 2. Magnetometers used in the present study for recording time
variations of the magnetic ¢eld.
Station
CNB
OTH
TW
Mildura
Anchor-mag
Floater-mag

Magnetometer type

Sample interval (s)

Three-component fluxgate
Three-component fluxgate
Three-component fluxgate
Total-field proton precession
Total-field proton precession
Total-field Overhauser

1
10
60
5
10
3

(1982). The TW magnetometer is one of an array packaged for
sea£oor deployment, and continues the tradition of White
(1979) and White et al. (1990).
These present £uxgate instruments incorporate a number
of recent modi¢cations and developments. They use ring-core
£uxgate sensors, and record data on solid-state memory.

4

O B SE RV E D DATA

The total-¢eld data are generally recorded in time-series that
can be taken directly as nanotesla, and used accordingly. The
magnetic ¢eld variations recorded by £uxgate instruments
have ¢rst been scaled using the appropriate calibration values,
determined experimentally at Flinders University. Data from
the sea£oor instrument (TW) have been corrected for any tilt
of the instrument on the sea£oor, using tilt data monitored
mechanically by the instrument and recorded internally with
the magnetic data. The time-series for the magnetic sensors
of both OTH and TW are then mathematically rotated for
alignment with magnetic north to give h(t) and d(t) time-series.
Certain basic editing, mainly for data spikes, has been
carried out in places. The data most in need of editing were
those from the Anchor-mag deployments, although this is not
thought to result from that particular style of deployment. The

Figure 2. Examples of simultaneous data from the aeromagnetic base stations Mildura A (upper three panels) and Mildura B (lower two panels),
and Canberra Magnetic Observatory (CNB). The base-station data were observed as f (t) time-series, while the CNB signals have been computed
from observed traditional components, x(t), y(t) and z(t). All f (t) traces are plotted relative to arbitrary baselines.
ß 2000 RAS, GJI 140, 442^452
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Anchor-mag data contain many false readings, all clearly
underestimating the strength of Earth's magnetic ¢eld. Such
behaviour is common in proton-precession magnetometers
that are not operating optimally. In the present case the data
have been ¢ltered by replacing each data point with the third
highest reading from the set of 21 consecutive readings (at 10 s
intervals) centred on that point. The spacing of independent
points is 210 s after this process and results given for the
Anchor-mag data are, therefore, restricted to periods of 420 s
and longer.
Further bene¢cial treatment for noise spikes and other errors
occurs in the analysis of the basic magnetometer time-series.
For example, the transfer functions that determine the induction
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arrows are computed using the rrrmt routine of Chave et al.
(1987), which employs robust statistics to downweight outliers
arising from erroneous instrument performance.
Similarly, transfer function determination using data from
a land reference station such as OTH helps suppress signals
in the records of a £oating magnetometer that are due to the
motional induction of ocean swell (Weaver 1965). The ocean
swell signal may be so strong over a limited bandwidth, however, that the determination of arrows in that bandwidth is
best avoided, as shown in one of the examples below.
Numerical values for the transfer functions supporting
the induction arrows presented in this paper are tabulated in
Hitchman (1999).

Figure 3. Real and quadrature induction arrows determined for CNB and for stations Mildura A and Mildura B. Geographic north is to the top of
the diagram. The period range shown is 10^3500 s. All arrows have been determined from total-¢eld signals for the relevant site, combined with
horizontal £uctuation records, x(t) and y(t), from CNB. In the columns, R, Q and e denote real, quad and error, respectively. The arrows at the bottom
of the ¢gure are each of unit length, for scale.
ß 2000 RAS, GJI 140, 442^452
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5 A E ROMAG N ET IC BA SE - STATI O N DATA
I N W E ST E RN V ICTOR IA
Data have been procured for two sites in the Mildura region,
here called Mildura A and Mildura B, at which time-series of
the total ¢eld were recorded by an instrument run as a basestation monitor for aeromagnetic surveys. The exact positions
of Mildura A and Mildura B are undeclared, consistent with
the proprietary nature of the survey data. However, knowledge
that the general location is the Murray Basin, in the vicinity of
Mildura, is su¤cient for present purposes.
The Canberra Magnetic Observatory (CNB) has been
taken as a reference station for the Mildura total-¢eld data.
Originally recorded at 1 s intervals, the CNB data have been
resampled at 5 s intervals to be consistent with the Mildura
records. Following this resampling, the CNB x(t), y(t) and z(t)
data have ¢rst been used to construct an f (t) series for CNB,
for comparison. Examples of simultaneous ¢eld £uctuations
are shown in Fig. 2.
The horizontal data, x(t) and y(t) for CNB, were then used to
determine transfer functions and induction arrows for the two
Mildura sites using eqs (9)^(13). The data have been analysed
on a day-by-day basis. As a control, transfer functions were

determined for CNB using the same horizontal ¢eld data
and the CNB reconstructed f (t) series. The results for both
the Mildura and Canberra arrows are presented in Fig. 3.
In Fig. 3, for a given site and a given day, there are three
columns of arrows. The left column with heading R shows real
arrows, the centre column with heading Q shows quad arrows,
and the third column with heading e shows error arrows. It is
the amplitude of the error arrows that is important, rather than
their orientation.
The ¢rst remark to make, upon inspection of Fig. 3, is that
the method of using total-¢eld variations to give transfer
functions and induction arrows appears to have worked well.
There is pleasing consistency, not only across the ¢ve determinations for the `control', CNB, but also across the three
determinations for Mildura A and the two determinations
for Mildura B. The errors, in almost all cases, are small. The
CNB arrows agree with previous determinations for Canberra
(see e.g. Ferguson 1988; Milligan 1988; Kellett et al. 1991). The
Mildura arrows are reasonable in terms of previous, longerperiod arrow determinations for the area (Lilley & Bennett
1972).
The distinctive patterns as period changes for both Mildura
A and B appear to be well determined. The characteristics of

Figure 4. The region of the SWAGGIE experiment, South Australia, and the location of the Eyre Peninsula conductivity anomaly on land
(Kusi 1996). The sites of the three `Anchor-mag' deployments are shown, with, further out to sea, the tracks taken by the drifting `Floater-mags'.
Also shown are the positions of the reference stations OTH (on land) and TW (sea£oor).
ß 2000 RAS, GJI 140, 442^452
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the arrow patterns in Fig. 3 are su¤ciently di¡erent to indicate
that the data are from two distinctly di¡erent sites. Di¡erences
in the arrow patterns for Mildura A and B, particularly in the
period range 50^200 s, are taken to indicate di¡erent local
conductivity structure.
6 F L OATI NG MAG N ETOMETE R S
A NC HOR E D OF F T H E EY R E PEN I N SU L A ,
S O U T H AUSTR A L I A
The method is now applied to data from a total-¢eld
magnetometer that £oated at the sea surface whilst tethered to
the sea£oor. Part of the SWAGGIE exercise, this instrument
was anchored for durations of several days at three sites in
succession over the continental shelf of South Australia. The
positions of these three sites are shown in Fig. 4. Water depth
at the sites where the £oating magnetometer was anchored
is typically 90 m, and the sites, Anchor-mag 1, 2 and 3, are
typically 5 km from the coast.
The sites were chosen to span a possible o¡shore position of
the `Eyre Peninsula Conductivity Anomaly' (EPA) (White &
Milligan 1984; Milligan 1989). This conductivity structure has
a strong e¡ect on the natural £uctuating magnetic ¢eld on land.
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Onshore it has been mapped in detail right up to the coastline,
which it intersects approximately at right-angles (Kusi et al.
1998).
For the Anchor-mag data, the onshore site OTH has been
taken as a reference station. At OTH a three-component £uxgate instrument recorded every 10 s. Reconstructed f (t) signals
for OTH are presented with simultaneous Anchor-mag records
in Fig. 5. Horizontal data from OTH were used in combination
with the Anchor-mag data to produce transfer functions and
arrows for the Anchor-mag sites using eqs (3)^(7). Where
su¤ciently long time-series are available such as at Anchormag 1 and 3 the data have been divided into segments, and
independent determinations of transfer functions made. In this
way, induction arrows have been checked for consistency at
these sites. The data segments used for separate determinations
of transfer functions at Anchor-mag 1 and 3 are marked as
`a' and `b' in Fig. 6. The beginning and endpoints of these
segments have been selected so that the trend over the segment
is zero.
Arrows from the three Anchor-mag sites are presented
in Fig. 6. The top panel of the ¢gure shows the arrows determined using segments a and b at sites 1 and 3. The arrows
in the bottom panel have been obtained using data from the

Figure 5. Examples of simultaneous data from the Anchor-mag stations and OTH. The Anchor-mag data are observed total-¢eld f (t), while the
OTH f (t) signals have been reconstructed from observed components h(t), d(t) and z(t). All f (t) traces are plotted relative to arbitrary baselines.
The segments of the Anchor-mag 1 and 3 time-series marked a and b have been used for induction arrow determination.
ß 2000 RAS, GJI 140, 442^452
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Figure 6. Real and quadrature induction arrows determined for the the Anchor-mag sites 1, 2 and 3. Geographic North is to the top of the ¢gure. All
arrows have been determined from total-¢eld records at the relevant site, combined with horizontal £uctuation records, h(t) and d(t), from OTH.
In the top panel, arrows for sites 1 and 3 have been derived from independent segments of the time-series, identi¢ed in Fig. 5. In the bottom
panel, columns are in order of increasing easterly longitude from left to right across the ¢gure. The format of arrow presentation and errors is as
for Fig. 3.

beginning of segment a to the end of segment b at sites 1 and 3,
and all the data from site 2. A ¢rst inspection of this ¢gure
gives con¢dence that the method applied to total-¢eld data
from a £oating magnetometer has given good results. The
arrow patterns are generally consistent between data segments
at sites 1 and 3. When the full time-series have been used
(Fig. 6, bottom panel), errors are small, except where there is
obvious `noise' in the arrow patterns. Errors tend to increase
for arrows determined using segments of the time-series at sites
1 and 3 (Fig. 6, top panel). The general southward orientation
of the arrows at all three Anchor-mag sites is consistent with
the `coast e¡ect' caused by the body of seawater in the Great
Australian Bight and Southern Ocean. In fact, while the coast
e¡ect of South Australia has been observed by sea£oor
instruments (White & Heinson 1994), the present results are
the ¢rst observations (perhaps anywhere?) of the coast e¡ect at
the sea surface.

Reference to Fig. 4, then, strongly suggests the Eyre Peninsula
conductivity anomaly continues o¡shore and passes between
Anchor-mag sites 1 and 3. Such a strike for the EPA is consistent with the aeromagnetic pattern for the area. That a
conductivity anomaly can thus be detected below and in the
presence of a sheet of ocean water some 100 m thick is an
important aspect of marine electromagnetic studies to have
demonstrated.

7 MAGN ETOM ET E R S F L OAT I NG F R E E
I N T HE D E E P O PE N O CE A N, G R E AT
AUST R A L I A N B IG H T
As a further trial of this technique, it has been applied to data
from a free-£oating magnetometer. This instrument was deployed
during SWAGGIE, and its position monitored by satellite
ß 2000 RAS, GJI 140, 442^452
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navigation. In this case the instrument was an Overhauser
magnetometer (see Table 2), set to record at intervals of 3 s.
Two deployments of some four days each were achieved, and
the paths along which the magnetometer drifted during these
times are shown in Figs 4 and 7.
The free-£oating magnetometer drifted at speeds typically
of the order of 0.5 knot (approximately 0.3 m s{1 ). Magnetic
pulsations and substorm £uctuations are thus recorded against
the signal of the magnetometer moving across the crustal
magnetization patterns of the sea£oor. However, the latter
appear in the data as slow variations with time and, upon
spectral analysis, do not contribute to the part of the spectrum
of main interest. A further major ¢ltering of such e¡ects is provided by the procedures followed when employing the reference
station data to determine transfer functions. The reference
stations used were stationary, so contain none of the `changing
crustal magnetization' signal of the Floater-mag data.
As shown in Fig. 4, the Floater-mag data have been further
divided into sectors a and b for Floater-mag 1 and a, b and c for
Floater-mag 2 to test if such sectors are individually viable
for arrow determination. Simultaneous data from the various
Floater-mag sectors and the reference stations used for them
are shown in Fig. 8.
Due to the logistic arrangements of the SWAGGIE
deployments, Floater-mag 1 was recording before OTH was
operational. Thus, Floater-mag 1a uses CNB as a reference
for horizontal-¢eld data, Floater-mag 1b uses the sea£oor
instrument TW as soon as the TW recording period commences, and Floater-mag 2a, b and c use OTH as soon as OTH
starts its recording period. These reference magnetometers
CNB, TW and OTH, being stationary, will contain no changing
crustal magnetization signal, and so provide no coherence
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support of such signals in transfer function determinations.
Similarly, while the Floater-mag data, observing every 3 s,
contain swell-generated magnetic signals at periods typically
of 13 s (which will be the subject of a separate analysis),
again using land reference data for the determination of their
transfer function and induction-arrow values guards against
contamination of these results by the motional induction signal
of ocean swell.
Arrows from the various Floater-mag sectors are presented in Fig. 9. While the Anchor-mag data represented the
step from land (such as the Murray Basin sites) to a magnetometer £oating on the sea surface, the present Floater-mag data
represent a further step to a £oating magnetometer that drifts
freely with the ocean currents. Thus, the Floater-mag data have
a component of geological signal, evident in Fig. 8. Similarly,
the conductivity structure traversed by a £oating magnetometer may not be uniform. In cases of uniform structure,
the transfer functions might reasonably be expected to re£ect
local structure well. However, when traversed structure is
non-uniform, transfer functions are an `average' response to
the geology. The exact nature of such an average is di¤cult
to quantify as it depends signi¢cantly on the path and speed of
the drifting magnetometer and on the conductivity structure.
This averaging process will tend to degrade the transfer function
response to conductivity structure, and may disguise subtle
responses.
It is, however, pleasing to see in Fig. 9 that again the methods
for determining transfer functions and induction arrows seem
to have worked satisfactorily. While the di¡erences between
the Floater-mag 1a and 1b patterns may be real, as the areas
over which they have sampled are tens of kilometres apart,
these di¡erences may also be due at least in part to the di¡erent

Figure 7. The paths recovered from satellite navigation data traversed by the Floater-mag 1 and Floater-mag 2 magnetometer deployments in
April 1998 during the SWAGGIE deployment cruise. The position data are in the format UT time/day number.
ß 2000 RAS, GJI 140, 442^452
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Figure 8. Examples of simultaneous data from the Floater-mag data sets and various reference stations, as explained in the text. The Floater-mag
data are observed total-¢eld f (t), while the reference f (t) signals have been calculated from observed traditional components, x(t), y(t), z(t), or
h(t), d(t), z(t). All f (t) traces are relative to arbitrary baselines. The thick trace of the Floater-mag data is attributed to the presence of a magnetic
signal generated by ocean swell.

reference stations used (CNB and TW). However, for Floatermag 2a, 2b and 2c, a single reference station was used (OTH);
when errors are taken into account, these arrow patterns are
pleasingly consistent.
Regarding arrow direction, generally Floater-mag arrows
have a consistent southward orientation. This characteristic

suggests that variations at Floater-mag sites are primarily
in£uenced by the coast e¡ect. There is no clear evidence from
the arrow patterns to suggest that the Floater-mag variations
have been in£uenced by the EPA.
While the deep water may have masked detection of the EPA
by the Floater-mag data, Fig. 9 suggests that the EPA path
ß 2000 RAS, GJI 140, 442^452
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Figure 9. Real and quadrature induction arrows determined for the Floater-mag data sets. Geographic north is to the top of the diagram. All arrows
have been determined from total-¢eld records from the Floater-mag, combined with horizontal £uctuation records, h(t) and d(t), from the variety of
sources explained in the text. From left to right across the ¢gure, the columns are in order of increasing easterly longitude. The format of arrow
presentation and errors is as for Fig. 3.

may cross the continental shelf to the east of the Floater-mag
paths. Also, it is possible that the EPA is a feature of the
continental crust that is present on the continental shelf, and
may terminate at the continental slope. The EPA may well not
continue across the deep ocean £oor, which has a very di¡erent
geological structure and history.

8

C O NCLUS IO N S

The conclusion reached is that useful transfer-function estimates have been obtained from the total-¢eld magnetometer
observations. As many magnetic survey parties operate `storm
warning' recording total-¢eld magnetometers, it is demonstrated
that all of them are possible GDS sites in the reconnaissance of
a large continent such as Australia. Reference horizontal data
are needed, and where a network of magnetic observatories
spans a continent, such observatory data may have application
over horizontal distances of hundreds of kilometres.
Similarly, £oating magnetometers at sea are possible GDS
sites, both anchored and £oating free. These techniques may be
useful where sea£oor magnetometers are not available or for
some reason are impractical. Where sea£oor magnetometers
are in use, surface total-¢eld magnetometers may usefully
supplement their observations.
It is left to an analysis of the full SWAGGIE data set to
discuss evidence for the Eyre Peninsula Conductivity Anomaly
o¡shore. However, the results of this paper suggest that the
EPA is apparent in surface total-¢eld data from Anchor-mag
sites near the coast but not in Floater-mag data from deeper
water beyond the edge of the continental shelf, possibly o¡set
from the strike of the EPA.
ß 2000 RAS, GJI 140, 442^452
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