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Summary

The Voisey’s Bay area, in northern Labrador, presents unusual problems in the interpretation of audio-
frequency magnetotelluric data. The survey area is located between two east-oriented fjords; the sea-water
filling these is assumed to have a resistivity of about 0.3 ohm.m. Thisisin strong contrast toi the resistive
Proterozoic metamorphics underlying the survey area, which have resistivities in the range 10,000 to
100,000 ohm.m. Thus, the sea-water interface can be expected to have a major impact on measurements. In
addition, recent sediments occur in minor pods along drainages and near lakes, and these again cause
significant AMT responses.

Previous work (e.g. Mackie and Watts, 1999) has modeled the gross effect of the sea, and Balch et d.
(1998) presented a comparison between AMT and AEM surveys over the same area. In this paper, we
show how the use of AEM data to quantify the resistivity and extent of shallow conductors improves the
numerical interpretation of AMT data.

INTRODUCTION

The Voisey’s Bay Ni-Cu-Co massive sulfide orebody is divided into three segments (Balch et al., 1998).
The deepest, and most easterly of these is termed the Eastern Deeps. It has a strike length of at least
1800m, width and thickness of 600m and 200m respectively, and plunges towards the east, reaching a
depth of at least 1500m. A cross-section given as fig.8 in Naldrett et al., 1996, emphasizes the flat-lying
form of the ore-body. In the same paper, ones notes the distinction between “massive” and “ disseminated”
sulfide, the boundary being set at 80%. It is clear that the electrical target comprises aso the disseminated
sulfides, which therefore present a much larger conductor. Airborne, surface, and down-hole geophysica
surveys are described in Balch et al. (ibid). The present paper deals with a representative profile across the
Eastern Deeps (figure 1).
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Figurel: AMT (TM-mode) phase at 100Hz; contour interval 5°.
572E profile is shown in red; coast to north and south is indicated. The large east-oriented
phase anomaly in the southern part of the grid outline the Eastern Deeps ore-body.



AMT AND AEM DATA ACQUISITION AND INTERPRETATION

The airborne data which we discuss here are multi-frequency helicopter EM (HEM) data collected and
processed by Dighem in 1995. The 900Hz co-planar data were processed to give a haf-space resigtivity,
athough this is valid only in the range 1 to 1000 ohm.m. At higher resistivities (and at Voisey's Bay this
averages about 4000 ohm.m at the surface), resitivity is not defined. Data along line 572 are shown in
figure 2; the response is valid over and near to the sea, and over creeks which contain a small amount of
relatively conductive sediment. AMT data were collected using a 4-component system; data were
processed via single-site robust impedance estimation to give conventional MT parameters.
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Figure2: AMT (TM-mode) phase at 100Hz, and HEM resistivity at 900Hz.
North isto the |ft; dataare along line 572.

UNCONSTRAINED AND CONSTRAINED AMT INVERSION

Topography of the Voisey's Bay area is often extreme, and this lead to data gaps where there are cliffs.
Since the surveys were carried out in summer, no data were obtained over the sea or in some river valleys.
2D inversion of AMT data normally utilizes an equally-weight mesh, and normal inversion procedures
tend to put structure into these zones. In some cases thisisreal, but is (for obvious reasons) poorly defined;
in other cases, it can represent an attempt to account for regional-scale 2- or 3-D effects by putting
structure into less-sensitive parts of the mesh. An example of an unconstrained inversion is shown in figure
3a below, where the starting model was a uniform half-space. In this approach, the lateral extent and
resistivity of surficial conductors inferred from HEM data are introduced into the starting model. The
thickness is determined from bathymetry for the sea, and by inspired guesses for the creeks. Using
Mackie's 2D inversion program (Rodi and Mackie, 20000), these zones are fixed in the inversion process.
This program uses a nonlinear conjugate gradients technique (NLCG) to compute solutions of the two-
dimensional magnetotelluric inverse problem. Numerical experiments using synthetic and actua field data
indicate that algorithms based on conjugate gradients are more efficient than Gauss-Newton in terms of
both computer memory and the time needed to find accurate solutions for models of redlistic size.







