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Summary

We introduce Euler deconvolution of the magnetic tilt
angle. The magnetic tilt angle is a generalized definition of
the local phase. In the Generalized Tilt-Euler deconvolution
method, no structural index is required. As a result the
method can provide automatic estimates of source location
from gridded magnetic data using second order derivatives.
The method is tested using theoretical data for simple and
complicated magnetic models and provided good results.

Introduction

One important goal in the interpretation of magnetic data is
to determine the type and location of body that is the source
of the magnetic anomaly. This has become particularly
important recently because large volumes of magnetic data
are being collected for environmental and geological
applications. To realize this goal, a variety of semi-
automatic methods, based on the use of derivatives of the
magnetic field have been developed for the determination
of magnetic source parameters such as locations of
boundaries and depths (e.g., see references in Blakely,
1995; Nabighian et al., 2005). As faster computers and
commercial software have become widely available, these
techniques are being used more extensively.

Salem et al. (2005) presented ELW for interpreting profile
magnetic data. They applied Euler deconvolution to the
local phase instead of the magnetic field data. With this
modification, it is possible to find automatic estimates of
the source location regardless of the nature of the source
type from profile magnetic data. In this paper, we extend
the idea of the ELW method to gridded magnetic data
(called here the Generalized Tilt-Euler deconvolution). We
introduce Euler deconvolution of the magnetic tilt angle,
where the magnetic tilt angle is a generalized definition of
the local phase. In the Generalized Tilt-Euler deconvolution
method, no structural index is required. As a result the
method can provide automatic estimate of the source
location and source type from gridded magnetic data. The
method only requires second-order derivatives of the field
and thus has potential advantages over methods requiring
third order derivatives.

Tilt angle

The tilt angle was first proposed by Miller and Singh
(1994) as a tool for locating magnetic sources on profile
data. Verduzco et al. (2004) generalized the concept so that
it could be applied to grid data by defining a generalized tilt
angle as
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field M in the x, y and z directions. The tilt angle has many
interesting properties (Cooper and Cowan, 2006). For
example, it responds equally to shallow and deep sources
and can deal with a large dynamic range of amplitudes for
sources at the same level. Also, due to the nature of the
arctan trigonometric function, all tilt amplitudes are
restricted to values between —/2 and n/2 regardless of the
amplitude of the vertical or the absolute value of the total
horizontal gradient. This fact makes calculating the tilt
angle similar to an automatic-gain-control filter: both
operations tend to equalize the amplitude output of the
magnetic anomalies across a grid or a profile (Verduzco et
al., 2004). This can facilitate the interpretation of magnetic
data where the anomalies cover a wide range of amplitudes.
The tilt angle is identical to the local phase (Bracewell,
1965), which is used by Thurston and Smith (1997), in the
SPI method for profile magnetic data. Our method extends
the idea of the ELW method (Salem et al., 2005), in which
Euler deconvolution is applied to the local phase.

The derivatives of the tilt angle k,, and k, have the same
characteristics of the local wavenumber for 2D sources
extending in the y and x directions respectively (Thurston
and Smith (1997).

The Generalized magnetic tilt-Euler deconvolution
Similar to Salem et al. (2005), we define the rate of change
of the generalized tilt angle @ with respect to the x, y, and z
directions as
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where oMV (em) (am) is the total gradient of
&5 (%)
the magnetic field.

The 3D form of Euler’s equation can be defined (Reid et
al., 1990) as
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where x, y and z are the observation coordinates x,, y,, and
z, are the source coordinates, and 1 is a value that describes
the anomaly attenuation rate that is known as the structural
index. Following Salem et al. (2005) and taking the
derivatives of the Euler equation (6) in the x, y and z
directions, we obtain
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subtracting the first from the second, we obtain
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Adding (10) and (11) we obtain
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Dividing (12) by oM and substituting with the definitions
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of the tilt angle derivatives (equations 3, 4, and 5), we

obtain
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Equation (13) is the Euler deconvolution of the magnetic
tilt angle. It is similar to the conventional Euler
deconvolution but applied to the derivatives of the
magnetic tilt angle.

Theoretical tests

In this section, we show results of testing the method using
theoretical data for simple and complicated magnetic
models. Figure la shows the synthetic magnetic anomaly
for a prism model with magnetic inclination of 60°,
declination 0°, and a depth to the top of 3 km. The
magnetic data were calculated at an interval of 1 km. Depth
and structural index estimates were generated using a
window size of 11 x 11 grid points.

The peak amplitudes of the tilt derivatives are displayed in
Figures 1b to 1d. The derivatives in the x and y directions
exhibit asymmetric peaks. The vertical derivative of the tilt
varies rapidly over the prism edge — the edge itself
corresponds either to a sharp peak or trough, flanked by
two troughs or two peaks respectively.
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Figures le and 1f show in a 3D view the estimates of
source location and structural index respectively, derived
from Euler deconvolution of the tilt angle. The source
depths have a mean value of 2.951 km with standard
deviation 0.067 km. The estimated depths are shallower on
the southeast and southwest edges, with a mean depth for
these source estimates of 2.896 km compared to a mean
value of 2.992 km on the northeast and northwest edges.
The estimated values of structural index are slightly greater
on the northeast and northwest edges, with an overall mean
value of -0.005 and standard deviation (0.0406).

The Bishop model has been used by various authors to test
methods of estimating source depths from magnetic data
(Williams et al. 2002, 2005; Fairhead et al., 2004; and Reid
et al., 2005) and has been the subject of a workshop at the
2006 SEG annual meeting. The basement is assumed to
extend down to 20 km depth and be overlain by
nonmagnetic sediments. Figure 2a shows the magnetic
response for a basement susceptibility varying from 1x107
to 8x107 cgs units and an ambient geomagnetic field with
strength 50 000 nT, inclination 90°, and declination 0°.

Figures 2b to 2d show the derivatives of the tilt angle.
Peaks and troughs in the grids of k. and &, (Figures 2b-c)
help to define structures oriented in the x and y directions
respectively. The edges of features in the model such as
strong magnetization contrasts correspond to zero-crossings
in the grid of k, (Figure 2d), though there are many
additional zero-crossings that do not have an obvious
correlation to features in the model basement.

Figure 2f and 2g show the estimates of the source location
and structural index based on Euler deconvolution of the
tilt angle. These results are derived using a window of 11 x
11 grid points (5 km x 5 km). Poor solutions are rejecting
using the following strategy — solutions are accepted if the
X,y location lies within 2 km of peaks in the grid of &, if the
estimated depth lies between 0 km and 12 km, and if the
estimated structural index is between —0.5 and 1.5. The
overall pattern of estimated depths (Figure 2e) correlates
reasonably well with the model basement depth. The
estimates of structural index (Figure 2f) are consistently in
the range 0-0.5 over the two linear magnetization contrasts
in the basement, but show considerable scatter for other
sources.

The vertical scatter in the depth estimates is difficult to
determine from Figure 2f alone, so we illustrate the degree
of correlation between the depth and structural index
estimates and model basement further with a cross-section.
Figure 3a shows a cross-section through the Bishop model
perpendicular to the dominant trend of topographic features
in the model basement.
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Figure 1: (a) TMI anomaly map for prism model described in text,
(b-d) derivatives of the tilt angle in the x, y and z directions, (e)
estimates of source location and (f) estimates of structural index
from Euler deconvolution of the tilt angle.
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Figure 2: (a) TMI anomaly map for Bishop model, (b-d)
derivatives of the tilt angle in the x, y and z directions, (e) estimates
of source location and (f) estimates of structural index from Euler
deconvolution of the tilt angle.

For this cross-section, the points plotted are all source
locations within a band extending 4 km either side of the
profile, projected onto the profile perpendicular to the
profile direction. The depth estimates (Figure 3b) at x less
than 100 km (where the basement is relatively shallow)
exhibit several kilometers of vertical scatter. For depth
estimates at x greater than 100 km, the source locations
form tight clusters which correlate well with the model
basement. The structural index estimates (Figures 3c) for
any individual source show a considerable amount of
scatter. For non-idealized sources, we would expect the
structural index to vary with the position of the data
window relative to the source (Ravat, 1996), so it is not
surprising that different window locations give different
structural index estimates for any given source.

Conclusion

We present Euler deconvolution of the magnetic tilt angle,
which is a generalized definition of the local phase. The
method requires no structural index and can provide
automatic estimates of the source location from gridded
magnetic data. The method is tested using theoretical data
for a single prism model and Bishop model. In both cases,
it provided good results. As with many semi-automatic
method for magnetic depth estimation, the next challenge is
to develop criteria to identify the robust solutions and reject
those that are poorly constrained.
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Figure 3: Cross section through results shown in figure 2e-f. (a)
TMI anomaly, (b) Estimates of source location (solid line shows
model basement depth), (c) Estimates of structural index.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


