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Magnetic susceptibilities
of some standard samples of silicate rocks
and minerals
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ABsTrACT. — We report accurate measurements of
specific magnetic susceptibilities of some « standard
samples » of silicate rocks and minerals. These
measurements, made with a simple and sensitive
apparatus, can be useful in petrological studies.
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Riassunto. — Si riportano accurate misure di
suscettivita magnetica di alcuni standard interna-
zionali costituiti da rocce silicee e minerali. Queste
misure sono state effettuate con un semplice, ma
molto sensibile apparato, che pud essere di valido
aiuto in molti studi petrologici.

Parole chiave: misure di suscettivitdi magnetica,
rocce, minerali,

Introduction

Many geological agencies and laboratories
operating in different countries have pre-
pared samples of typical silicate rocks and
minerals for use as « standard samples ».

These samples together a with complete
chemical (and sometimes mineralogical)
analysis have been distributed to many
geological laboratories asking for them.

For many purpose a good complement of
these data can be the value of magnetic
susceptibility .

We report here accurate measurements of
specific magnetic susceptibility of some
standard samples of silicate rocks and
minerals available in the « Istituto per il

Trattamento dei Minerali » of CN.R. in
Rome (Italy).

Some experimental data obtained in these
measurements are related to chemical (or
mineralogical) composition of the rocks and
minerals and an attempt is made to compare
theoretical to measured susceptibilities.

Measurements of specific magnetic
susceptibility

To measure the ¥, a simple but sensitive
(sensitivity of the order of 10*E-07 cgs units)
instrument has been used (1).

The apparatus works on the detection
of the magnetic flux variation produced in a
permanent magnet by inserting in the gap
the specimen under investigation. A sche-
matic of the apparatus is reported in fig. 1.

A lucite plate, 30 cm diameter ad 1 cm
thick, supported by a vertical non magnetic
stainless steel shaft, turns in an horizontal
plane with a constant speed, driven by a
d.c. motor. In symmetric position with
respect to the center, two circular holes,
2 cm diameter, allow positioning of two
polyehtilene containers for the specimen
under investigation and a reference sample.

For samples with a y different from that
of the plate, a variation of flux takes place
that gives rise to an induced voltage in
two coils wound around the caps and con-
nected in series.
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Fig. 1. — Schematic view of the experimental set-up.

TaBLE 1
Magnetic moments (Bobr magneton units)
of some important ions

10M MAGNETIC MOMENT u,
Ti(3+) ] 1.7

Cri3+) I 3.86
Mn(2e) 1 5.88
Fei3+) I 5.688

Fet2e) i 3.25 - 5.33
Ni(2+) i 3.23 - 3.43

The induced voltage, of the order of few
millivolts or less, is amplified and monitored
by an oscilloscope, and memorized in a sum-
ming device which after » periods of sum-
mation gets a signal-to-noise ratio #"(1/2)
times better than the single one signal.

After that, the resulting signal is recorded
on the paper to obtain a better measurement.

To trigger the scope of - the averaging
sweep circuits a strong signal is used
produced by a radial strip of iron filings
sticked on the lucite plate.

Our measurements are always referred to
the same standard sample of Nd:Os neo-
dymium oxyde, 7 = 10200*E-06 cgs units,
as reported by the « Handbook of Chemistry

and Physics », 48th ed., 1967-68, The
gxé:rgical Rubber Co., Cleveland-Ohio,

Discussion and results

It is well known that paramagnetic ions
are responsible of paramagnetic behaviour
of compounds.

The main paramagnetic ions found in
paramagnetic minerals and rocks are Fe®*),
Fe2*), Mn®*), Ni*"), Ti®*) and Cr(3%).

From quantum theory of paramagnetism
the specific magnetic susceptibility may be
calculated from concentration and magnetic
moments of paramagnetic ions by means of
the expression (2):

x = 423.6*E-06 T cr e

in cgs units and room temperature. Here ¢
are the ionic concentrations (gr ions/gr) and
i is the magnetic moment of ions in Bohr
magneton units.

In tab. 1 are shown the magnetic moments
of some most important ions as they are
quoted by Storner E.C., in « Magnetism
and Matter », Methuen & Co. Ltd., London.

These values have been used by many
other authors.

For calculations of ¥ with the above for-
mula an arithmetic mean value between the
two quoted values for Fe®*") and Ni®*") is
largely sufficient.

The formula has been tested over some
minerals (3, 4, 5, 6) and not always was
found in good agreement with the measured
values of %. The precision of measurements
of ym is about 3 %.

In tab. 2, on the right side of the sample
number the measured (xu) and calculated
(xr) values of the susceptibility have been
written.

The value of xr was calculated by means
of the formula reported above and the
calculations were made when the case was
significant in account of the mineralogic
composition of the sample.

Where two values are presented the lower
one was calculated in the hypothesis of a
ferrous oxyde content and the highest in



MAGNETIC SUSCEPTIBILITIES OF SOME STANDARD SAMPLES ETC.

TABLE 2

Measured and calculated
magnetic susceptibilities of samples
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L) L) ] L] compound
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24 | 62871 (378 | 19780 } | ¥es
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28 | 63341 (340) | 1189 [ |

2v | 47841 (5700 | 3B&l0 ] | ves
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33 4 §-7 | 282.0 ' 48,05 i
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as ny ] 201.7 I ] res
36 | 3a8 | 3.08 | 0.54 '
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1-12: International reference samples prepared by
USGS (USA.); 13-22: International reference

samples prepared by CAN MET (Canada); 23-30
International reference samples prepared by Bun

desanstalt f. Materialprufung (BAH) Bcrlm-Dahlem
31-33: International reference samples prepared b?
Institute for Metal Research. Drotting Kristinas
Vag 48, 11428 Stockolm (Sweden); 34-39: Inter-
national reference samples prepared by BCS
(England); 40-43: International reference samples
prepared by NBS (US.A.); 44: International re-
ference sample prepared by ANRT (France);
45: International reference sample prepared by
CRPG (France); 46: International reference sample

prepared by NIM (South-Africa).
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the hypothesis of ferric.oxyde content. These
were the cases in which only the percent
of Fe was specified in the chemical analysis
certificate.

In the last column the cases are reported
in which the presence of ferromagnetic
components were evidenced also by an X-ray
powder diffractometer.

The conclusion is that there is not a fair
agreement between yu and ¥r in the cases
we have considered.
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