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EXECUTIVE SUMMARY

As part of the Broken Hill Exploration Initiative a petrophysical database has been
developed as a first step to improve interpretation of, and add value to, geophysical
surveys. While high resclution magnetic surveys provide a most cost-effective exploration
tool, with applications to geological mapping at a variety of scales, their interpretation is
nevertheless afflicted by ambiguity reducing the effectiveness of the method and leading to
increased exploration costs. A much more serious consequence of misinterpreted source
geometry is the inadvertent failure to find a potentially economic orebody.

The database described herein incorporates measurements of the following petrophysical
properties: bulk magnetic susceptibility, anisotropy of susceptibility, magnetic remanence
and density. These petrophysical properties afford constraints on geophysical models and
allow differentiation between possible contending geological models. This represents a
significant advance in making geophysics more relevant to, and more amenable to,
geological mapping.

1.0 INTRODUCTION & METHODOLOGY

The discovery of another significant mineralisation system is critical for the long-term
future of mining and associated economic prosperity of the Broken Hill District in NSW
and the Port Pirie township of SA. This imperative has led to the Broken Hill Exploration
Initiative, a joint effort between AGSQ, Mineral Resources of NSW and MESA, that aims
to stimulate the exploration industry by providing an appropriate framework of PC
accessible databases and information systems.

Airborne geophysics, especially magnetics and radiometrics, provide one of the most cost-
effective exploration tools, with applications to geological mapping at a variety of scales,
as a delineator of mineralised environments and in many cases as a direct detector of
orebodies. However, interpretation of magnetic survey data is afflicted by ambiguity,
which reduces the effectiveness of the magnetic method and leads to increased exploration
costs. Anomaly sources of no economic interest are often drilled because their signatures
resemble those of potential orebodies. When testing magnetic anomalies, incorrectly
interpreted source geometries lead to missed targets. This incurs excessive drilling costs
and delays exploration programs. A much more serious consequence of misinterpreted
source geometry is the inadvertent failure to find a potentially economic orebody.

Another major source of uncertainty in interpretation of magnetics relates to the dearth of
knowledge concerning the processes that create, modify and destroy magnetic minerals in
mineralising environments. Empirical correlations between mapped geology and magnetics
in one area cannot necessarily be extrapolated to other areas of poor exposure, if changes
in depositional environment, metamorphic grade or structural setting are ignored. In the
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absence of magnetic property measurements, simplistic rules-of-thumb concerning
magnetic properties of different rock types can be deceptive.

To optimise geological interpretation and extract as much information as possible from
magnetic surveys it was proposed to establish a petrophysical (laboratory attribute)
relational database. The concurrent measurement of magnetic properties and densities was
recommended, not simply for the sake of expedience and relevance of density to the
interpretation of gravity surveys, but also because of the added information density
conveys concerning alteration and metamorphism, and the bearing these have on magnetic
properties. The value of performing all these measurements on the same set of samples 1s
perspicuous. -

The database comprises data from 819 samples collected from judiciously selected drill
core and carefully located outcrop. Following sample preparation, laboratory
measurements of susceptibility (k), natural remanent magnetisation (NRM), anisotropy of
magnetic susceptibility (AMS) and density were conducted, and the data down-loaded toa
Paradox® relational database. In addition, data from about 200 samples in CSIRO’s
Broken Hill collection have also been loaded into the database. Through comparing the
magnetic responses and the measured properties of different units, geologists will be able
to discern prospective terrane and define drill targets. With appropriate software, the
database will enable geologists to test stratigraphic and structural interpretations of
magnetic surveys by generating images using measured properties in a 3D modelling
environment and developing maps of residuals. Signatures of geological significance will
be apparent as anomalous residuals. A major goal is to improve productivity to enable
interpretations to be completed within the rigid time constraints of exploration programs.

Equipment  Susceptibility was measured using the CSIRO in-house transformer bridge
producing a field of ~7 Oe at 211 Hz to minimise conductivity effects (Ridley & Brown,
1980), with a sensitivity of <1 uG/Oe. Remanence was measured using a CTF three-axis
cryogenic magnetometer with a sensitivity of 1 nG. Anisotropy of magnetic susceptibility
was measured using a modified DIGICO® Anisotropy Delineator calibrated by
intercomparison with the transformer bridge. Density was measured using the immersion
method with temperature controlled distilled water and a balance with a sensitivity of

10 ug.

Units In general, rock magnetism workers prefer CGS units. In the database,
susceptibility is reported in both CGS units (uG /Oe) and SI units (105 SI). While some
may legitimately argue that 10-* is an incorrect SI factor, it has become a de facto
standard in the exploration industry, ironically because it is numerically similar to pG/Qe,
which the industry abhors. Natural remanent magnetisations (NRM) are given in uG

(= 103 Amrl). Anisotropy is derived from k. / Ky, Where max and min refer to maximum
and minimum axes of the susceptibility ellipsoid respectively. The Koenigsberger Ratio
(Q) is a measure of the relative importance of ‘remanent magnetisation compared to
induced magnetisation and as such is fundamental to the interpretation of magnetic
surveys in terms of the magnetic properties of rocks. The ratio Q is calculated by dividing
the NRM intensity by the induced magpetisation intensity. The induced magnetisation is
given by multiplying the susceptibility by the magnetising field (in this case the magnetising
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field is the geomagnetic field at Broken Hill, ~0.582 Oe). The calculation of Q is a good
example of how much more convenient CGS units are compared with the medley of units
that has been adopted by industry. The exploration industry’s simultaneous enthusiasm for
SI units and desire for numerical similarity to the old units, has led to the use of magnetic
induction (B) for the magnetic field (H). For example, a magnetic induction of 50,000 nT
is equivalent to a magnetic field (777 vacio) of 39.8 Am? (or 0.5 Oe in cgs units). In cgs
units the Q of 1.15 for sample AGSIRO?2 is simply derived from 4485 nG /(6700 pG/
Oe x 0.582 Qe), which is dimensionless. In SI units this calculation must be performed
after first converting magnetic flux (measured in Tesla) to units of magnetic field
(measured in Am!) and expressing NRM and susceptibility in ST units. As an example,
again using the results for sample AGSIRO2, the NRM intensity becomes 4.485 Am-!
(since 1 G =1 mAm = 0.001 Am™), susceptibility becomes 47 x 6700 x 106
(dimensionless) = 0.08421 SI (since kg1 = 4% x kees), and the field is given by the
induction in nanoTesla (nT)} divided by L, or 58,200 / (4% x 107) nanoAm! =

46.3 Aml. Thus Qgy =4.485/(0.0842 x 46.3) = 1.15 = Qcgs. The convention of
expressing magnetic survey measurements in units of induction clearly complicates
calculations of Q in SI units. This is one reason why rock magnetic properties are still
expressed in CGS units.

2.0 DATABASE STRUCTURE

The database fields are :

SAMPLE - an AGSIRO number has been assigned the 819 samples from the present
study. Other sample numbers are the field numbers assigned in the various other studies.

SAMPLE TYPE- this field simply identifies whether the sample is a DDH core sample or
an outcrop sample. In the case of the former the DDH identifier is given.

DEPTH- again for DDH samples the depth is given. Old DDHs depths are given in feet.
No attempt was made to convert to metric measurement fo avoid possible error.

ROCK UNIT- the terminology used here corresponds to that of the NSW Geological
Survey.

SUITE - the Mine Suite number assigned to the particular stratigraphic unit, according the
the standard system developed by the NSW Geological Survey and mining companies at
Broken Hill.

LITHOLOGY- likewise, the terminology adopted here is that of the NSW Geological
Survey.

ALTERATION- this refers to weathering or other obvious alteration
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SUSCEPTIBILITY (1G/Oe)- as described in the previous section, CGS susceptibility is
common amongst rock magnetism workers.

SUSCEPTIBILITY (1E-5 SI)- this “SI” unit is the de facto standard in the exploration
industry and is the format used in AGSO field notebooks and databases. Conversion of ¢gs

to STiskg = 47 x kcgs. Thus 1 pG/Oe = 10° CGS = 1.257 x 107 SL.

NRM INTENSITY (1G)- the coversion of this ¢gs unit to STis pG = 103 AmL.

NRM DECLINATION (°)- the angle that the remanence vector makes with respect to
north when the vector is projected onto the horizontal, measured clockwise.

NRM INCLINATION (°)- the angle that the remanence vector makes with respect to the
horizontal, measured positive downwards and negative upwards. _

KOENIGSBERGER RATIO- the ratio Q is calculated by dividing the NRM intensity by
the induced magnetisation intensity, which is given by multiplying the susceptibility by the
magnetising field. The magnetising field is the geomagnetic field at Broken Hill, 46.3 Am!
or 0.582 Oe. See previous section.

CONTAMINATED NRM?- affected by lightning, weathering or drilling-induced
magnetisation (Y or N).

ANISOTROPY- anisotropy is derived from the ratio k,,,/ ki, Where max and int refer to

int*

magnitudes of the maximum and minimum principal susceptibility axes respectively.
DENSITY (G/CC)- the SI conversion is 1 tonne/m? = 1 g/ce.

AMG EASTING (M)- Australian Map Grid Eastings in metres.

AMG NORTHING (M)- Australian Map Grid Northings in metres.

RL (M)- height above (mean) sea level in metres.

3.0 DISCUSSION & CONCLUSIONS

The accompanying database will be a valuable aid to both qualitative and quantitative
interpretation of the Broken Hill high resolution aesromagnetic survey. The anomalies
detected in magnetic surveying arise from subsurface inhomogeneities of total
magnetisation, This magnetisation is the vector sum of the induced and remanent
components. The Koenigsberger ratio, or Q value, is equal to the remanent magnetisation
intensity divided by the induced magnetisation intensity and provides a convenient measure
of the relative importance of remanent and induced magnetisations. Except for the case of
high anisotropy or strong self-demagnetisation, the induced magnetisation is parallel to the
ambient field. Its direction is therefore known. On the other hand, remanent magnetisation
can be of normal or reversed polarity and its axis may be oblique to the ambient field. The
induced magnetisation, arising in response to the ambient magnetic field, is proportional to
the field strength.
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The ability to acquire, process and present magnetic survey data far outstrips the capacity
to interpret the surveys. There is often far more geological information in these very large
data sets than can be presently extracted in the time available for interpretation. Better
understanding of the relationships between magnetic signatures and geology can facilitate
the interpretation process and produce more reliable geological models. Unlike other
airborne geophysical mapping tools, which detect properties of surficial layers, e.g.
radiometrics and remote sensing, or have limited depth penetration, e.g. EM, magnetics
has the (in principle) ability to see to great depths, at least in an exploration context, This
aspect of magnetic survey data is not yet fully exploited, because of the lack of adequate
3D modelling tools and automated interpretation techniques for large data sets. With the
increased affordability of computing power the opportunity exists to develop software
aimed at extracting true three-dimensional pictures of the earth from magnetics. By
combining these models with other geodata sets, fully integrated interpretations of
multiple data sets will be achievable.

Interrogation of the database will provide guidelines for qualitative interpretation by
classifying magnetic properties according to lithology, stratigraphic unit and geographic
location. This enables empirical relationships between various geological factors (such as
protolith composition, redox state inherired from the depositional environment and
metamorphic grade) and magnetic signatures to be inferred and will aid geological
interpretation of observed magnetic signatures. Modelling of magnetic and gravity
anomalies will be constrained by the measured physical properties.

A deeper understanding of the relationship between magnetics and geology in the Broken
Hill area should arise from follow-up studies of magnetic petrology on this collection of
samples.
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