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PROSPECT SCALE INTERPRETATION OF HRAM DATA: EULER DEPTH ESTIMATES

Dr. ALan B. Reip*

ABSTRACT

Euler deconvolution has been applied to magnetic profile data
since 1932 and to gridded data since 1990, most often in regional
studics, to delineate structural features and indicate their depth.
Prospect scale work has mostly been done on a proprictary basis and
is therefore not available in the literature. An exampie of the meth-
ods employed, applied te the Geological Survey of Canada’s (GSC)
Cypress Hills dataset, is given in this paper. Examination of the spa-
tial power spectrum of the grid identifies three source ensembles al
spectral slope depths of 500 m. 3 km and 12 km. The effects of the 3
km ensemble are enhanced relative to the others by spectral shaping
in the wavenumber domain. Euler decenvolution is applied (o this
residual, using a moving 4 x 4 km window. Statistical considerations
indicate a structural index of 1.0 is the most useful. Zeoming in on
the selution display and viewing in perspective allows detailed
examinaticn of an example feature. two linears (probably faults}
infersceting in plan. but at different depths.

INTRODUCTION

Euler deconvolution can be applied to either profiled or
gridded magnetic survey data to estimate location and depth
of magnetic features such as dipoles (small isolated bodies),
monopoles (pipe intrusions), sheets (dykes or shale beds) or
blocks (contacts or faults). Euler deconvolution has found
wide application to regional studies and depth to basement
work, much of it proprietary and unpublished. Published
study areas include the Witwatersrand Basin (Durrheim,
1983; Corner and Wilsher, 1989), the Ashanti Gold Belt of
Ghana (Beasley and Golden, 1993), Wales (McDenald et al.,
1992), and the Sudbury structure (Hearst and Morris, 1993).
Provided care is exercised, it can also he applied to locate
and map intrasedimentary features.

THEORY AND METHOD

Euler’s homogeneity relation may be stated succinctly in
the form

(x-x,) dT/ax + (y-y,) dT/dy + (z-z,) dT/oz = N(B-T),
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where (x, y. 2.} is the position of a source whose total field
T is detected at (x, y, z). The total field has a regional or
background value B. N is the degree of homogeneity, inter-
preted physically as the fall-off rate with distance and geo-
physically as a structural index (S1). Thompson (1982)
developed the profile technigque (#T/9y = 0) quite [ully,
namcd it EULDPH, and suggested that SIs between 0.5 and
3 were useful on pole reduced magnetic data. Thompson's
contacl model (51 0.5) required some cmpirically based cor-
rections to obtain depth. Reid et al. (1990) followed up a
suggestion in Thompson’s paper and developed the equiva-
lent method operating on gridded magnetic data. They intro-
duced the concept of the zero S for contacts, discovered that
pole reduction was unnecessary and that no assumptions
need be made about the absence of remanence. They coined
the term “Euler deconvolution” by analogy with “Werner
deconvolution”,

As preparation, the total field gradients must cither be
measured or calculated (typically using Fourier methods). In
either case the profile or grid is sampled using a moving win-
dow whose selected size is large enough to contain signifi-
cant field curvature from sources of likely interest, but small
enough to minimize cffects from adjacent sources. For each
profile sample point or grid point in the window, one equa-
tion may be written, so that the window provides an overde-
termined equation set which may be solved by least squarcs
methods for estimated values of x, y, z, and B and their
uncertainties. Simple methods assume that adjacent sampling
points are independent measurements. Since this is seldom
true, the uncertainties will often be underestimates. It is at
present necessary to assume an Sl value because direct solu-
tion poses an unstable non-linear problem. Where the main
targets are taults of small throw interrupting thin shale beds,
the actual signal is the superposition of two sheet cdge
anomalies and an SI value as high as 2 may be appropriate.
Isolated sheet edges require an S1 of unity and faults moving
Mocks of significant thickness require SI values approaching
zero,
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Fig. 1. Aeromagnetic data from Cypress Hills, Alberta, provided by the Geological Survey of Canada. Some magnetic effects from the town of

Lethbridge, Alberta can be seen al about 49°40'N, 112°50'W.
PROSPECT-LEVEL STUINES

Physically meaningful residuals

Much of the prospect-scale work is petroleum cxploration-
related and unpublished because the data are still commer-
ciatly valuable. The main difficulty with prospect-scate Euler
work is that HRAM data have been optimized to examine
intrasedimentary featurcs, whereas the field gradients will
normally still be dominated by basement-derived gradients,
In principle this could be dealt with by additionally solving
for background gradient values, but the process becomes
unstable in practice. Prospect scale work is more effective on
residual data where basement-related gradients have heen
removed, by some form of high-pass filtering. such as
matched filtering or pscudo-depth slicing. Any such high-
pass filtering should be conducted in such a wuy as to pre-
serve the potential field nuture of the data.

The Cypress Hills data set — A demonstration study to
investigate prospect scale magnetic features was carried out
on the GSC's Cypress Hills dma set for the HRAM confer-
ence. The original data were received m the form of a grid wt
a spacing of 400 m (Fig. 1).

Optimum log power spectrum and ensemble enhance-
ment - The power spectrum of the grid. averaged over
azimuth {Spector & Grant. 1970) was produced, employing a
triangtilar spectral window on the grid for optimal power esti-
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mation (Blackman & Tukey, 1958). The result is shown in
Figure 2. It 15 clear that there are three source ensembles pres-
ent, with spectral depths of 500 m, 3 km and 10 km, (if the
cnscmble magnetizations are assumed to be spatially uncorre-
lated — Spector & Graat, 19700, The power spectrum wus used
to design a spectral tailoving scheme to generate three grids
with each grid focussing on one of the three ensemble depths.
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Fig. 2. Optimally estimated log power spectrum of the Cypress Hills
magnetic total field of Figure 1. showing source ensembles and their
characteristic slope depths.
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Fig. 3. Cypress Hills aeromagnetic data after preferential enhancement of ensemble 2 with a slope depth of 3 km. Shallower and deeper source
effects have been attenuated. llluminated from the NE.

113w MW 111w 110°W
50" 00N 50" QO'N
49 30N 49 30'N
497 00N 49" OO'N
13w 12w 1w 1How
km
0 50

Fig. 4. Futer deconvolution of ensemble 2. Structural index 1.0, window size 4 km. Depth colours range from red (2 km) to deep blue (4 km). Zoom
area outlined in white.
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49" 45'N

49" 30'N

Fig. 5. Enlargement of the white outlined area of Figure 4.

Wavenumber-selective attenuation ol the original grid was
wsed to 11t cach of the three power spectrum slopes. This pro-
cess poes by many names, including spectral tiloring. swing-
Gl filtering (Cordetl, 19851, pseudo-depth slicing and ensem-
ble enhancement. The latter term has been adopted here.

The shallowest ensemble grid (slope depth 500 m - not
shown here) is dominaied by shallow structures. the Eocene
Lethbridge Dikes and mislevelling artilucts and has not been
employed further. The decpest enseble grid (slope depth 12
km  not shown bered was regarded as favouring deep geo-
logical structure of only indirect interest Tor petroleum
prospecting. The remaining ensemble map o1 pseudo-depth
slice (slope depth 3 kmy is presented as a shaded. coloured
image in Fgare 30 As may be seen, the image shows some
roughly equidimensional {catures, others with NNW-SSE
strike and & more subtle NW-SE set. The regional slope

[
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1117 30'W

49" 45'N

49° 30'N

across the area has disappeared. Some short-wavelenzth fea
tures (possibiy of cultural origing have disappeared.
Intermediate wavelength features are enhanced, but o good
range of wavelengths still exists.

Kuler deconvolution of residual grid — This cnsemble
residual grid with a slope depth of 3 km was subjected te
Euler deconvolution using a 4 kmy x 4 km (10 x 10 grid celly
window and structural indices ot 0.0, 0.5 and 1.0, including
curvature discrinination (Fairhead et al. 1994 A Targer
window would reduce lateral resolution. A smaller window
would yield poor results given the ensemble depth (Reid ct
al. 19900, Statistical examination of the resulting solutions
showed that the ST 1O data (mean depth 3.2 2 0.8 km) gave
the best {1t 1o the ensemble average depth (the other SIs gave
shallower mican depths, making themy inconsistent with the

cisemble spectrul slope - see Table 1), This sugpests that the
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2000

‘RS

Fig. 6. Perspective view of the zoomed area. Locking downward, towards the NE. Depth range shown 1s 2000 - 4000 m.

majority ol magnetic sources should be regarded us being
thin ¢(S1 1.0 is characteristic of thin sheet edges)y. The least
squares equation solution permits estimation of uncertainty

of depth 1AZy and horizomal locution $AH), Normalization of

both of these 1o the estimated depth (7)) produces goodness
ol fit parameters approximately independent of depth, The
distributions of AZ/7 and AH/7Z were also examined and
optimum selection values chosen. The statistics are sumnu-
rized In Table 1. Selection s necessary because the process
produces some meaningless high-uncertanty results which
are best removed (Reid et al., 19903,

Table 1. Euler solution depth statistics using a structural index (St}
between 0.0 and 1.0. Results have been confined to the depth (7}
range 2 - 4 ¥m and depth-ncrmalized maximum depth (AZ/Z) and
location (AH/Z) uncertainties as tabulated. Uncertainties in X, ¥ and
Z are AX, AY and AZ respectively. Horizontal uncertainties were
combined using (AH)?2 = (AXY + (AY).2

Sl Mean depth A7 AH/Z

(k) o) Co)
1.0 3208 6 12
05 24«07 5 15

0.0 16+05 5 20

G
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Inca full structural analysis. it would be necessary 10 con-
sider @ wide range of structural indices and examine the
choice of SL Tfeature by feature. For the sake of illustration,
the discussion here only Jooks al one mdex (100 which s in
any case Juvoured tor reasons discussed sbove, The Luler
deconvolution results are shown in Frgure 4. The deconvolu
ton has identified features with depths between 2000 m (red)
and J000 m tdeep blue). They show the locations and strikes
ol features in general are similar to the more obvious lea-
tures e Figure 30 A (ull imterpretation ol everything i the
lTeure s beyond the scope of this puper. which 1y mercly
imlended to be illustrative, One particulior arca 1s expanded
and examined. That arca is cutlined by the white zoom poly-
con i Figure 4 and reveals twa Teatures, one striking NW-
SE and the other striking NNW-S5E with some disruption
along strike. The feature is shown enbarged i Figure 50100
apparent from this figure that the NW-SI feature piasses
hencadh its partner. Additional features seen are the “strings
af pearls™. Such Tpearls™ are a widely reported artituct of the
method. They were untl recently considered o be ol no use
whatsoever but Kuttikul et al, 119953 have recently shown
that they are dip sensitive the first indication that dip can be
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2000

3000

Fig. 7. Perspective view of the zoomed area Looking downward. towards the NW. Depth range shown is 2000 - 4000 m.

estimated vsing Luter deconvolution. The detailed features
may further be examined in perspective. Figure 6 shows the
coomed area, looking downward. towards the NE. whereas
Figare 7 shows the same arca viewed looking towards the
NW. The NW viewing direction ix more-or-less along strike
und clearly shows the NW-S1 tfeature passing bencath the
NNW-SSE one. The data as seen looking in this direction
could have been interpreted as a single dipping sheet. were it
not {or the knowledge provided by Figures 5 and 6. With that
insight. the NW-SE feature can again he seen passing
beneath its companion.

A full interpretation would employ available geological
knowledge of the area to assist in identifyving and modeling
the leatures discussed, as well as others displayed by the
deconvolution. While this is beyond the scope of this contri-
hution, it is interesting to surmise that both linears may be
fault edges disrupting local magnetically active hehologies,
such as shale bands. The main purpose of the paper is 1o allus-
trate that prospect-scale structural detail can be displayed and
understood using Euler deconvelution on an appropriate data
scl when the results are viewed using the graphical display

power available in any modern workstation.
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CONCLUSION

It i~ concluded that prospect scale apphication ot grid Euler
deconvolution is possible. The best results are obtained by
applving the method (o physically meaningful residual grids.
rather than o total ficld observations.
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