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SUMMARY

Wedges are structures that vary in thickness fromtd
bottom over length. Despite their application fo
modelling the regolith, groundwater and bathymetfic
problems, wedges have not been studied in any gfeat
detail. ~We simulated the response of wedge-like
structures using Tempest and HoisTEM-like AEM
systems and a fixed-loop SIROTEM ground system.

We found that it was very difficult to distinguisietween
the responses of wedges with different dips umtiblee
rings had penetrated the conductive outcroppinggeed
This means that thinner wedges are easier to see th
thicker wedges. It also implies that a verticaldid might
be a useful approximation to thicker wedges.

Differentiation of wedge responses was best acHieye
using the vertical component of a fixed loop posidd
off the wedge. Inline components of central-logp
prospecting systems were useful as “bump detectors”
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INTRODUCTION

Wedge-like structures are found in regolith geolagywell as
in groundwater problems. Despite their ubiquitgdges have
not really been studied. Part of the reason fixr lts in the
computational cost of approximating a dipping dinoe as a
‘stair-step’. We use edge finite elements (Sugetngl, 1993;
Sugeng, 1998) to simulate wedges using small (thas

73000 node) 3D meshes thus keeping runtimes low.

Runtimes (per station per transmitter per frequemneere
around 13 seconds for fixed-loop surveys and aro@nd
minutes for the airborne programs on 1.7 GHz PGscla
machines. Typically, 28 frequencies are requiredaficurate
time-domain results. The difference in runtimesdige to
iterative solver which requires a separate solufmneach
transmitter location.

We define a wedge in Figure 1. Dip is defined fribra east
so that a 90 wedge resembles an outcropping block. With
this definition, wedges with dips less than® 30e useful in
groundwater applications while wedges with dipsatgethan
90° are useful in bathymetric applications. Wedgeh wips
between 13%5and 458 are applicable in regolith applications.
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Figure 1. Definition of a wedge used in this abstract.
The outcropping wedge is defined as a dip (a) from
the East with the portion of the wedge under Station
0 fixed.

After establishing the accuracy of the code we taseodel
wedges (LokiAir only), we discuss examples of wedge
responses for Tempest and HoisTEM AEM systems iaed-f
loop SIROTEM-like system. Moving-loop SIROTEM
systems have a similar qualitative response to He& like
systems and will not be discussed here. Our stutbnds an
earlier one by Annetts (2001) in terms of the raofjeedges
and the number of prospecting systems.

CODE ACCURACY

We establish accuracy though comparison of codes am
outcropping block (90 wedge) model. Figure 2 compares
vertical-component model responses for an outcrapfiQ-

m 50 m thick block in a 10@-m host. Also shown are the
model’s layered-earth asymptotes. The asymptothanwest

is of a 2-layered earth (50 m of @-m and a 100Q-m
basement) while the asymptote in the east is aC-00 half-
space.

In Figure 2, all responses are for a 25 Hz Temlikstsystem

flying with the transmitter at 100 m altitude arkek tvertical-

component receiver trailing by 100 m and hanging 50
below the transmitter. Solid profiles were flownrh West to
East while dashed profiles were flown from East\est.

Comparison between all three codes is generallyui@ble at
0.04 ms (Figure 2A). Later in time, at 1.12 md=igure 2B,

the integral-equation formulation breaks down altjio the

two finite-element programs remain in good agregmen

The 2.5D program (ArjunAir) is very quick to rundiis often
used to check the accuracy of 3D meshes. Howbeeeguse
of the 2.5D assumption, it over-estimates the fiate-
response of small finite bodies.
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TDEM Response of a wedge

(A) Model comparison at 0.040 ms
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(B) Model comparison at 1.120 ms
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Figure 2. Comparison of data for an outcropping
block. Data computed using a 3D finite element
program (3D FE) are compared with data from a 3D
integral equation program (3D IE) and a 2.5D finite-
element program (2.5D FE). At 0.040 ms (Figure
2A), all programsarein good agreement. At 1.12 ms
(Figure 2B), the two finite-element programs are in
good agreement while the integral-equation program
has reduced amplitude because of under-
discretisation.  All results in the abstract were
computed using the 3D finite-element programs L oki
and LokiAir.

DISCUSSION AND RESULTS

For continuity and simplicity, we confine our dission to a
model in which the dip of a 50 m thick outcroppihd2-m
layer is varied from 30 to 180 The wedges had a strike
length of 2 km and a surface width of 1 km. Thestho
resistivity was 100Q-m.

fixed-loop SIROTEM system over these models. Tloeleh
and surveys are illustrated in section view in Fég8. All data
are plotted at the receiver position.
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Tempest and HoisTEM AEM systems and the response of
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Figure 3. Survey schematics in relation to a 30°
wedge. Figure 3A shows a plan view while Figure 3B
shows a West-East section view. For the most part,
receivers are at the same station for different
surveys, only the altitude varies. The Tempest
transmitter locations are not shown.

It is not usually possible to distinguish betweeadges with
different dips at early times because of skin deptintil the
smoke ring has passed through the conductive qutcie
response of a wedge is very similar to that of achkl An
immediate consequence of this is that thin strestat depth
are difficult to differentiate. The term “earlynies” depends
on factors such as host and outcrop resistivity.tke models
described in this abstract, measurements earlar th5 ms
are taken to be early. In a more resistive regisag, with a
host of 1000Q-m, 0.5 ms could be regarded as late.

In a 1Q-m half-space, it takes 1.57 ms for the smoke ting
reach a depth of 50 m. For this reason, we comfiseussion

to times less than 2 ms. Reid and Macnae (1999) shat a

local source can double skin depth.

Tempest System

Figure 4 compares Tempest responses for differexdges at
1.12 ms. Wedges are difficult to distinguish whignng
towards the wedge (dashed profiles). When flyingyafrom
the wedge (solid profiles), wedges with dips of 8@l 150
can easily be distinguished from other wedge modéisis
especially difficult to distinguish the responsenafdges with
dips of 60, 90 and 120 degrees.

The dependence of response upon flight directialuésto the
asymmetric prospecting system. The peaks in thmenl
component response for profiles flying towards wezige in
Figure 4b are not directly related to featureshmmodel.
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TDEM Response of a wedge

Model comparision @ 1.120 ms
Wedge: 1. 00—m; Host : 1000 -m,; Thickness: 50m
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Figure 4. Comparison of wedge responses for a
Tempest system at 1.120 ms. Solid profiles were
flown from left to right while dashed profiles were
flown from right to left. Vertical-component data
(Figure 4A) show little variation with either wedge
dip or flight direction. Inline-component data
(Figure 4B) are directionally dependent but
otherwise, show little dependence on wedge dip.

HoisTEM-like System

The second system to be discussed is similar t@iaTHM
(Boyd, 2000). Both transmitter and receiver hedglare
identical to the field system at 30 m. In contrasthe field
instrument, we simulate two-component receivervahg us
to measure the inline component as well as theicaért
component.

Because it is a symmetric system, the HoisTEM-ti&ponse
is not directionally dependent as was the Tempgstes
discussed in the previous section. The verticalmanent
HoisTEM-like response is plotted in Figure 5A. Tgmups
of responses are evident and there are only sdbffégences
between them. Low amplitudes over the conductiv¢igro of

the wedge occur because the model is slightly under

discretised in this region. Smaller cells appeabé required
in order to properly model the 3@&nd 150 wedges at low
flight heights.

The inline-component in-loop response for a layezath is
zero so that any anomalous response is causecehyettige.
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Figure 5B compares the inline-component responsea of
number of wedges at 1.432 ms. Although amplitiatedow,
at best around 2.5% of the vertical-component afieman
Figure 5A, there is good discrimination between gesdwith
different dips. High noise levels in field datawid probably
obscure differences in the responses of differerexges.

Model comparision @ 1.432 ms
Wedge : 1. 0l—m; Host : 1000 —m; Thicknesz: 50m
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Figure 5. Comparison of wedge responses for a
HoisTEM-like system at 1432 ms.  Vertical-
component data are plotted in Figure 5A while
inline-component data are plotted in Figure 5B.
Inline-component data show greater variability
indicating that they might be used to discriminate
between wedges with different dips.

Fixed-loop Sirotem

The final system to be discussed is a fixed-looRCSTEM
system. The 200 x 400 m (E x N) loop is centre®tation
400, over the resistive portion of the model. Wsedi a
SIROTEM-like waveform with an off-time of 50 ms arad
50% duty cycle. Model data from this system aw@tptl in
Figures 6A (vertical-component) and 6B (inline-campnt).

It can be seen from Figure 6 that it is difficudt distinguish
between the response of wedges with dips ¢f 60° and
12C°. The responses of the °38nd 150 wedges are distinct
for vertical-component data (Figure 6A). For iehn
component data (Figure 6B), only the°3@edge response
shows any real difference from the response ofratieelges.
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TDEM Response of a wedge

Model comparision @ 1.470 ms
Wedge : 1. Nl—m ; Host : 1000 —m; Thickness: 50m
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Figure 6. Comparison of wedge responses for a
SIROTEM -like system at 1.120 ms. The 200 x 400 m
fixed loop was centred under Station 400 over the
resistive portion of the model. Vertical-component
data are plotted in Figure 6A while inline-component
data are plotted in Figure 6B. This configuration
has the greatest chance of distinguishing between
wedges with different dips.

CONCLUSIONS

We have modelled the response of wedges with ayvafi
dips using common prospecting systems. We shohagdiie
Tempest response was dependent on flight directibar a
HoisTEM-like system, we have shown that inline-coment
data are a useful addition to vertical-componen& daat are
usually collected. We note that collection of ieinoomponent
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data would be a significant technical challenge fbe
HoisTEM system, but could easily be accomplishedndu
ground moving-loop surveys.

Because it is difficult to discriminate between wes with
different dips at earlier times, wedges with a efriof dips
may be approximated by vertical structures. Faitd
element models, this is very useful since a vdrtieash can
be deformed to accommodate dipping structures wiem
information is available without the addition ofdes.
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