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A
t h ree-dimensional potential field inter-

p reter with application to both gravity

and magnetic data sets has been devel-

oped in Australia under a collaborative

p roject between the CSIRO Division of

Exploration and Mining and Fractal Graphics

Pty Ltd, an integrated geosciences ser v i c e s

g roup. The interpretation technique uses a

multiscale edge detection technique to high-

light geological feature s .

The applications to date have been confined to

the minerals domain with a single interpretation of

an onshore petroleum acreage. We feel, however,

the technique used has a large range of applica-

tions in the oil and gas industry, particularly when

combined with other data (e.g. seismic).

In looking at new ways to treat potential field

data, CSIRO re s e a rchers (Hornby et al. 1999)

adapted wavelet techniques used in image pro-

cessing (Mallat and Zhong, 1992). The underly-

ing feature of this work, that allows us to map to

geological stru c t u res, is that the location and

characteristics of irregularities often carry most

of the information found in signals.

In an image, these irregularities norm a l l y

g roup themselves into sets of linear features. In

the visual inspection of potential field data, irre g-

ularities correspond to geological contacts, faults,

and lineaments that are the main target of the

analysis and indeed are very close to the lines

that geologists draw over a potential field map

when they attempt a 2D geological interpretation. 

Wavelet domain
This can be formalized rigorously in

m u l t i s c a l e wavelet domain. Such linear

f e a t u res corre s p o n d to local maxima of

the wavelet transform and, at the change

of scale of the analysis, form 3D sheets o f

various shapes around the dif f e re n t

a n o m a l i e s in the map. We call these lin-

ear features “worm s . ”

With the use of a specialized wavelet,

designed purposely for the potential field

applications, the shape of such sheets can be

related to the shape and depth of the causative

u n d e rg round anomalous sources. This 

p ro p e rty can be used for both enhanced visual

i n t e r p retation of the original map and for

mathematical inversion.

The shape of the anomalous source is easier

to recognize visually from the

“ w o rms.” Mathematically, the change

of intensity in the “worms” (mapped

as change of color on the sheet) con-

tains information to re c o n s t ruct accu-

rately the shape and depth of the

s o u rce. Such re c o n s t ruction is part i-

cularly robust to noise.

M a t h e m a t i c a l
t r a n s f o rm

These 3D sheets should be seen as

a mathematical transform, in the lines

of a Fourier transform, in which the

i n f o rmation is conserved, while con-

v e rted into a form suitable for specific

purposes. By manipulating such sheets

and re c o n s t ructing the image, feature

enhancement, sharpening, re m o v a l

and de-noising can be achieved.

The great advantage compared to

Fourier processing lies on the local

p ro p e rty of such sheets. Each sheet

c o rresponds approximately to a sin-

gle anomaly, and accordingly specific

anomalies can be enhanced or removed individ-

u a l l y, with minimum perturbation to adjacent

ones. This can not be achieved with traditional

p rocessing methods.

We thus have a framework, with ro b u s t

mathematical basis, and a number of modular

applications: enhanced visualisation, inversion,

‘ f e a t u re-based’ image processing and, fre s h l y

out of our re s e a rch group, stable downward

continuation.

“ Wo rming” a dataset
Good visualisation is part of the key to inter-

p reting the “worms.” Using computer graphics

e n v i ro nments, the “worms” at dif f e rent scales

can be overlain on the color or gray scale

images of the potential field.

The ability, in these graphics environments, to

define multiple windows of clipped volumes (3D

sectioning) allows the interpreter to focus on a

p a rticular response of interest. In addition we are

c o n s t ructing an interpre t e r ’s atlas of various

responses by “worming” forw a rd models of syn-

thetic geological features (folds, intrusions, dykes

etc.) created in Noddy, a forw a rd modeling pack-

age written by Mark Jessell of Monash University.

We have “wormed” (as we call it) a gravity

dataset from the Gulf of Mexico to illustrate the

results as displayed in a modern computer

graphics enviro n m e n t .
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Potential field anomaly in the traditional
form, (middle), 3D corresponding sheets
(top). Demonstrative estimation of the shape
and depth of the causative source (bottom). A
potential field anomaly is represented in the
traditional form, and, on top of it, the set of
3D corresponding sheets. Analysis of each
anomaly can be performed individually by
clicking on the corresponding sheet.

“ Worms” at fine scale: A = edge of carbonate province, B =
edge of Sigbee Escarpment, and Zone 1 = Self
Deformation Province with different “worm” texture to
Zone 2 (Hemipelagic deposits).

(a) Synthetic gravity anomaly due to a prismatic body
in the traditional 2D representation as gray scale
image. (b) “Worms” representation as 3D sheets.
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The varying colors of blue (low) to red (high)

re p resent increasing wavelet amplitude and

hence intensity of the edge. A comparison between

the worms and the USGS Gloria interpre t a t i o n

re f e renced at h t t p : / / k a i . e r. u s g s . g o v / i m a g e s /

g l o r i a / g o m / i n t ro . h t m l has been carried out.

The edge of the western carbonate pro v i n c e

is clear. The southern margin of the Salt Defor-

mation Province (SDP) and the Sigsbee escarp-

ment is also clearly featured in the fine scale

edges. The “worms” density and texture can

also be used to assess facies and stru c t u res and

to discriminate between diff e rent are a s .

For example, in the area identified as the

S D P, the “worms” show diff e rent patterns [mid

range intensity (green) and a lower density than

the hemi-pelagic deposits immediately to the

south]. There f o re the “worms” can identify

i n t e rnal stru c t u res that collectively distinguish

geological styles.

The “worms” at larger scales identify the

major stru c t u res in the data. The carbonate

p rovince is still a major feature whereas loca-

tion of the Sigsbee Escarpment is less well

defined at this scale. An interesting embay-

ment trending NNE-SSW through the SDP has

no geological equivalent in the USGS GLORIA

Interpretation.

F u rther information on this technique can be

obtained from the authors at nja@fractalgraph-

ics.com.au or fabio@ned.dem. csiro.au. See also

h t t p : / / w w w. n e d . d e m . c s i ro. au/ BoschettiFabio and

h t t p : / / w w w.fractalgraphics. com.au.
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“ Worms” at coarse scale: A = edge of Car-
bonate province, B = embayment through Salt
Deformation Province; possibly relative to a
deeper structure.

Oblique view of Gulf of Mexico gravity map, with multiscale edges on top.


