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A cylindrical “specimen” of the Morton gneiss, in the Minnesota River Valley.  Scale
is indicated by the rock hammer, and by the hand of grad student Jim Thill; the core
has a diameter of approximately 1 meter.  Photo courtesy of Eric Ferré.
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Jim Marvin
IRM

On Sample Size
and Shape Effects

- or -
Exactly How Magnetic Is Your

Sample?

Some of the greatest (geo)physics
jokes are variations on a theme, with
punch lines like “Consider a spherical
chicken...” or “We have an exact solution
for the case of a one-dimensional horse.”
These are funny in part because they
closely approximate our modus operandi
of dealing with convenient approxima-
tions, to gain insight into the essence of a
problem while sidestepping unnecessary
mathematical complexities.  A workhorse
in magnetic problems is the “point
dipole” approximation.

A point dipole is a zero-dimensional
convenience, with a significant magnetic
moment but negligible spatial dimen-
sions.  This simplifies calculation of the
field “emitted” by the dipole, at any
prescribed location.  Real magnetic
specimens obviously have nonzero
length, width and depth, but at suffi-
ciently large distances (much greater than
the sample dimensions) the field due to
the sample is nearly identical to that of
an equivalent point dipole.  Closer to the
specimen, though, the point-dipole
approximation becomes inaccurate, and
sample size and shape become significant
(and for nonuniformly-magnetized
material, the distribution of magnetiza-
tion within the sample is obviously also
important).  Accurate calculation of these
proximal fields requires treating the
specimen as an equivalent assemblage of
infinitesimal elements, which can each
be treated as a point dipole, and
integrating the contributions from the

whole assemblage.
One of the reasons we care about this

is that most of the instruments at IRM
quantify the magnetization of a sample
by measuring the field it produces.
Arrays of pickup coils or other detectors
measure the magnetic field from the
sample at various surrounding points,
with different source-detector geometry
for each instrument.  Because the
measured fields are determined not only
by the strength and orientation of the
magnetization, but also by sample
dimensions (i.e., source-detector
geometry), there are systematic effects of
sample size and shape.  Here we will
look under the hood of some of the major
IRM instruments to see how these effects
work, and briefly discuss the circum-
stances in which they are important.

The One-Dimensional Horse

The Quantum Designs MPMS is a
single-axis superconducting
susceptometer, which applies fields up to
5 T and measures the parallel component
of sample magnetization.  It uses a three-
coil gradiometer configuration as
illustrated in Fig 1, with a central two-
turn coil wrapped clockwise, and two Sample Size... continued on p. 9

single-turn coils above and below,
wrapped counterclockwise.  Because of
the equal and opposite windings, the coil
set does not detect changes in the
uniform externally-applied field; it
responds only to fields that change
significantly over length scales compa-

Fig 1. The MPMS second-derivative coil
arrangement senses changes in vertical
field as the sample is moved through the
array.
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Visiting Fellows’ Reports
Remanent Magnetism

Record in a Recent Basaltic
Tree Mold

My study addressed the stability of
the magnetic remanence associated with
different mineralogies in a steep oxygen
fugacity gradient. Example of this
behavior can be found in magnetic
minerals associated with a basaltic
treemold. Basaltic tree mold is formed
after the tree gets in contact with the hot
lava flow. The tree burns down due to
high temperature of the lava flow. The

initially cold wood serves as a thermal
sink and lava in contact with the tree
cools down faster than the surrounding
lava. The heat breaks the organic
molecules and forms carbon monoxide.
Carbon monoxide has a high affinity to
gain oxygen and thus may produce
highly reduced condition for cooling lava
flow.

Our sample of basaltic tree mold was
collected by Dr. James Stout from the
south of Pahoa (Hawaii) on the east rift
zone most likely from 1955 flows that
are common in that area. Sample was
dissected into small fragments 4mm
across along a basaltic section going

Gunther Kletetschka
NASA Goddard Space

Flight Center
Gunther.kletetschka

@gsfc.nasa.gov

away from the tree contact. Magnetic
measurements were focused on division
of the basaltic rock into segments with
contrasting magnetic properties.

In contact with the tree the rock
contains a self-reversed magnetic
component detectable by AF demagneti-
zation (Figure 1A). The reversed
component weakens when moving away
from the tree and at 12 mm distance
disappears while the NRM and SIRM are
most intense (Figure 1B). With increas-
ing distance from 12 mm to 46 mm both
the natural remanent magnetization
(NRM) and the saturation isothermal
remanent magnetization (SIRM) decrease

B.

A.

C.

D.

E.

Figure 1: Basic magnetic parameters of the basaltic tree mold
from Hawaii. A. Vector behavior during alternating field (AF)
demagnetization of NRM B. NRM and SIRM intensity variation
during AF demagnetization C. D. E. Hysteresis parameters (Js,
SIRM, Hc respectively) at low temperatures
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over 2 orders of magnitude (Figure 1B).
Material with lower NRM intensity
shows cryogenic temperature evidence of
a sharp increase in both saturation
magnetization (Js) and saturation
remanence (SIRM), as well as  coercivity
(Figure 1C. D. E.). Susceptibility heating
curves (Figure 2) show 2 major transi-
tions near the tree contact (<12 mm) and
one transition further away (180C, 500C
and 500C respectively). Low temperature
measurements revealed a prominent
thermal transition between 42mm  and 54
mm (Figure 3)
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Transition temperature at 180C is
consistent with the Curie point of ferrian
ilmenite capable of acquiring a reverse
thermal remanent magnetization (TRM).
Rapid decrease of susceptibility, NRM,
SIRM, and Js and increase in coercivity
with increasing distance from the tree
contact (Figure 1) suggest that the
remanence carrier may be titanohematite
(20% Ti content based on Curie
temperature in Figure 2) or oxidized
basaltic titanomagnetite. A sudden
appearance of an unknown phase with
Curie point in vicinity of 200 K (Figure
3) is object of further investigation. If
this phase is from hematite-ilmenite

series (HIS) of solid solution, this
temperature points to ferrian ilmenite
containing 10% of hematite with
extraordinary increase in coercivity
below its Curie point. An increase in
magnetic intensity 50 mm away from the
contact indicates return to magnetite
bearing phase characteristic for this
basaltic flow. An increase of porosity at
the tree mold contact suggest a large
amount of gas passing through the lava
during the contact. This observation is in
sharp contrast with another basaltic tree
mold from Mt Fuji, Japan, where pure
iron was formed near the tree contact
(Wasilewski et al., 2000) and thus
indicates drastically reduced conditions.

Magnetic data, including self reversal
near the tree contact, shows this tree
mold to have different, apparently
oxidized rather than reduced magnetic
mineralogy. No metallic iron was found
in this profile. Extremely high vesicular
porosity indicates a large amount of
gaseous activity, likely responsible for
the peculiar mineralogy in the profile.

References
Wasilewski, P.J., Kletetschka, G. and

Dickinson, T., 2000. Magnetic
characterization of reduction in
Mount Fuji basaltic tree mold.
Geophysical Research Letters,
27(10): 1543-1547.

F
ig

ur
e 

3:
  

L
ow

 t
em

pe
ra

tu
re

 c
oo

li
ng

 a
nd

 h
ea

ti
ng

 o
f 

SI
R

M
 f

or
sa

m
pl

es
 a

t v
ar

io
us

 d
is

ta
nc

es
 fr

om
 th

e 
tr

ee
 c

on
ta

ct
 (s

am
pl

e 
nu

m
-

be
rs

 in
di

ca
te

 d
is

ta
nc

e 
in

 m
m

 a
w

ay
 fr

om
 th

e 
tr

ee
 c

on
ta

ct
).

Reports... continued on p. 7



4

Current Abstracts
A list of current research articles
dealing with various topics in the
physics and chemistry of magnetism is
a regular feature of the IRM Quar-
terly. Articles published in familiar
geology and geophysics journals are
included; special emphasis is given to
current articles from physics, chemis-
try, and materials-science journals.
Most abstracts are culled from
INSPEC (© Institution of Electrical
Engineers), Geophysical Abstracts in
Press (© American Geophysical
Union), and The Earth and Planetary
Express (© Elsevier Science Publish-
ers, B.V.), after which they are
subjected to Procrustean editing and
condensation for this newsletter. An
extensive reference list of articles
(primarily about rock magnetism, the
physics and chemistry of magnetism,
and some paleomagnetism) is continu-
ally updated at the IRM. This list,
with more than 5200 references, is
available free of charge. Your
contributions both to the list and to
the Abstracts section of the IRM
Quarterly are always welcome.

Sketches from the laboratory notebook of Edwin Hall, November 1879,
showing apparatus and ideas involved in the discovery of the Hall effect.
From “The Discovery of the Hall Effect: Edwin Hall’s Hitherto Unpublished
Account”, by K. R. Sopka, in  The Hall Effect and Its Applications, edited by
C.L. Chien and C. R. Westgate, 1979, Plenum Press, New York.

Anisotropy

Nakamura, N., and Borradaile, G. J., 2001,
Strain, anisotropy of anhysteretic
remanence, and anisotropy of magnetic
susceptibility in a slaty tuff: Physics of the
Earth and Planetary Interiors, v. 125, no. 1,
p. 85-93.
Slaty cleavage in the Borrowdale slaty tuffs
was formed by coaxial flattening with X:Y:Z
in the ratio 1.74:1.21: 0.48. AMS foliation,
defined by paramagnetic chlorites, is parallel
to slaty cleavage. AARM was measured in
different coercivity windows to isolate
contributions from magnetite of different
grain sizes. The AARM foliation for SD
magnetites is offset clockwise from AMS
foliation, which may reflect late crystalliza-
tion of magnetites in response to a latter
noncoaxial increment. Furthermore, of the
different AARM subfabrics only that of SD
magnetite correlates with finite strain, and
weakly at that.

Trindade, R. I. F., Bouchez, J. L., Bolle, O.,
Nedelec, A., Peschler, A., and Poitrasson, F.,
2001, Secondary fabrics revealed by
remanence anisotropy: methodological
study and examples from plutonic rocks:
Geophysical Journal International, v. 147,
no. 2, p. 310-18.
The fabric of fine-grained magnetite is
isolated by partial remanence anisotropy
(pAAR) measurements for some ‘reddened’
granites and for an ilmenite-rich norite. The
fabrics of the coarse, primary magnetite
grains are shown by both the AMS and the
pAAR of the low-coercivity fraction. In the
norite, fine-grained magnetite is believed to
be of secondary origin, and the pAAR fabrics
parallel sets of microfractures decorated by
oxides. The ‘reddened’ granites show no
direct correlation between pAAR fabrics and
microstructures, but unaltered specimens and
hydrothermally-altered ones show systematic
differences in magnetic properties and fabrics.

Carriers and Origins of NRM

Crouzet, C., Stang, H., Appel, E., Schill, E.,
and Gautam, P., 2001, Detailed analysis of
successive pTRMs carried by pyrrhotite in
Himalayan metacarbonates: an example
from Hidden Valley, Central Nepal:
Geophysical Journal International, v. 146,
no. 3, p. 607-18.
Pyrrhotite is evidenced by a Hopkinson peak
at 300° C and acquisition and thermal
demagnetization of IRM. The ChRM is a
Tertiary postfolding metamorphic overprint.
For sites at higher altitudes a high-T

ub
 reverse

component (R1) is overprinted by a lower-T
ub

normal component (N1). At intermediate
altitudes, R1 disappears but a medium-T

ub

reverse component (R2) is demagnetized in a
narrow temperature range between two
normal components (N1 at high T and N2 at
low T). At the lowest altitudes only a normal
component (N2) appears. The occurrence of
successive normal and reverse polarities in
one sample is interpreted as the record of
successive reversals of the geomagnetic field
during the post-metamorphic cooling.

Jiang, W.-T., Horng, C.-S., Roberts, A. P., and
Peacor, D. R., 2001, Contradictory
magnetic polarities in sediments and

variable timing of neoformation of
authigenic greigite: Earth and Planetary
Science Letters, v. 193, no. 1, p. 1-12.
Greigite-bearing mudstones from the
Gutingkeng Formation carry ChRMs anti-
parallel to those carried by coexisting detrital
magnetic minerals and polarities opposite to
those expected for the age of the rock unit.
Contradictory polarities occur even for
greigite-bearing samples from the same
stratigraphic horizon. SEM observations
indicate three modes of occurrence, including
nodular, framboidal and matrix greigite.
Microtextural observations indicate that all
three types formed in-situ, after early
diagenetic pyrite. The timing of greigite
formation can apparently vary enough to give
contradictory polarities for different greigite
components even within a single stratigraphic
horizon.

Yu, Y. J., Dunlop, D. J., Ozdemir, O., and
Ueno, H., 2001, Magnetic properties of
Kurokami pumices from Mt. Sakurajima,
Japan: Earth and Planetary Science Letters,
v. 192, no. 3, p. 439-46.
Both chromite and low-Ti titanomagnetite are
carriers of NRM in these andesitic pumices.
Thermal demagnetization of the NRM and of
IRM indicate unblocking of chromite
remanence between 200 and 260° C and of
titanomagnetite remanence between 400 and
520° C. Electron microprobe analyses support
the compositions Fe

1.9
Cr

1.1
O

4
 and Fe

2.9
Ti

0.1
O

4

indicated by the respective Curie temperatures
of 260° C and 520-530° C. Chromite is
thermally unstable and converts to magnetite
during thermal demagnetization, leading to a
self-reversal of NRM between 500 and 580°
C. The chromite contributes about 25% of the
NRM intensity of the sample.

Environmental Magnetism

Guo, B., Zhu, R. X., Roberts, A. P., and
Florindo, F., 2001, Lack of correlation
between paleoprecipitation and magnetic
susceptibility of Chinese loess/paleosol
sequences: Geophysical Research Letters, v.
28, no. 22, p. 4259-62.
A detailed mineral magnetic study of loess
unit 8 (L8) and paleosol unit 8 (S8) from
three localities (Jingbian, Yichuan, and
Duanjiapo) along a N-S transect in the
Chinese loess plateau shows, as expected,
higher χ values in S8 and lower values in L8.
Similarly, SP particle concentrations increase
in S8 with increasingly humid climates along
the N-S transect. However, in S8 at
Duanjiapo, χ is so low that there is no
correlation between χ and the degree of
pedogenesis in this loess-paleosol cycle. It
therefore appears that χ is not consistently the
most suitable indicator of paleoclimate in
Chinese loess-paleosol sequences.

Junfeng, J., Balsam, W., and Jun, C., 2001,
Mineralogic and climatic interpretations of
the Luochuan loess section (China) based
on diffuse reflectance spectrophotometry:
Quaternary Research, v. 56, no. 1, p. 23-30.
Sample brightness calculated from DRS data
for the entire Pleistocene of the classic
Luochuan section, is a reasonable proxy for
magnetic susceptibility. Mineralogic changes
were identified by factor analyzing the first
derivative of the reflectance data. Two factors
which explain about 96% of the cumulative
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magnetic minerals in the accretionary soils,
both of which are controlled by monsoon
climate.

Shi, C. D., Zhu, R. X., Suchy, V., Zeman, A.,
Guo, B., and Pan, Y. X., 2001, Identification
and origins of iron sulfides in Czech loess:
Geophysical Research Letters, v. 28, no. 20,
p. 3903-6.
Multiple rock-magnetic and non-magnetic
techniques indicate that iron sulfides in the
loess of the late Pleistocene Znojmo section
are mainly pyrrhotite and pyrite, with
stoichiometry ranging from Fe

10
S

11
 to FeS

2
.

Although an early pedogenic origin of the fine
sulfide fraction can not be ruled out, SEM of
individual grains and microscopic observa-
tions of magnetic extracts show that iron
sulfide grains are probably detrital.
Framboidal pyrite forms, now completely
replaced by iron oxides, suggest that some
particles of biogenic sulfides may have also
been transported into loess from presumably
fluvial sediments.

Sroubek, P., Diehl, J. F., Kadlec, J., and
Valoch, K., 2001, A Late Pleistocene
palaeoclimate record based on mineral
magnetic properties of the entrance facies
sediments of Kulna Cave, Czech Republic:
Geophysical Journal International, v. 147,
no. 2, p. 247-62.
A well-defined χ record based on ~700
samples correlates across three profiles in the
entrance facies sediments, which consist of
interbedded layers of loess and loam that were
either directly blown into the cave entrance or
redeposited by slope processes during the Last
Glacial Stage. Mineral magnetic measure-
ments suggest that χ variations are controlled
by the concentration of magnetite and/or
maghemite formed during pedogenesis.
Removal of the effects of fine carbonate
debris and detrital ferromagnetic minerals on
the bulk χ record yields a record of pedogenic
susceptibility (χ

p
) that serves to quantify the

concentration of magnetic minerals formed
during pedogenesis.

Instruments and Measurement
Techniques

Chwala, A., Stolz, R., Ijsselsteijn, R.,
Schultze, V., Ukhansky, N., Meyer, H. G., and
Schuler, T., 2001, SQUID gradiometers for
archaeometry: Superconductor Science &
Technology, v. 14, no. 12, p. 1111-14.
Caesium. vapour magnetometers show the
best magnetic field resolution of commercial
devices, but their sampling frequency is
limited to 10 Hz. Using SQUIDs it is possible
to achieve better magnetic field resolution
with a sampling frequency of 100 Hz or more.
This allows significantly shorter acquisition
times, which is essential for the mapping of
large objects. Performance tests at a Neolithic
double-ring ditch enclosure compare
mappings using an electronic caesium
gradiometer, an electronic HTS SQUID
gradiometer and an integrated planar LTS
SQUID gradiometer. With all three systems
the magnetic pattern of the ditch is visible,
but the planar LTS SQUID gradiometer gives
superior contrast and detects features that are
not visible in the caesium gradiometer
mapping.

variance are distinguished by the relative
proportion of hematite and goethite. Goethite
dominates in loess whereas hematite
dominates in paleosol. The goethite factor is
inversely correlated with χ; the hematite
factor exhibits a weak positive correlation
with χ. Comparison of χ to the concentration
of spectrally identified hematite indicates that
Early Pleistocene paleosols formed in
conditions that are drier than today.

Matasova, G., Petrovsky, E., Jordanova, N.,
Zykina, V., and Kapicka, A., 2001, Magnetic
study of Late Pleistocene loess/palaeosol
sections from Siberia: palaeoenvironmental
implications: Geophysical Journal
International, v. 147, no. 2, p. 367-80.
The Kurtak section shows the ‘Alaskan’ type
of susceptibility variations, with maximum χ
in loess horizons and minima in palaeosols.
For the Bachat section the χ variations are
less clear, despite the proximity of the two
sections. However χ

fd
 discriminates well

between loess and palaeosol units, showing
maxima in pedocomplexes and minima in
loess units. Different mechanisms of
deposition are reflected in the AMS patterns,
pure aeolian at Bachat and aeolian affected by
secondary processes at Kurtak. The two
sections also show different high-temperature
behaviour of χ.

Nyberg, J., Kuijpers, A., Malmgren, B. A.,
and Kunzendorf, H., 2001, Late Holocene
changes in precipitation and hydrography
recorded in marine sediments from the
northeastern Caribbean Sea: Quaternary
Research, v. 56, no. 1, p. 87-102.
A 2000 year record of climate variability
includes lithological and mineral magnetic
parameters as well as planktonic foraminifer
data. Chronostratigraphic control is based on
AMS 14C and 210Pb/137Cs measurements.
Harmonic analyses of SIRM, ARM/ χ, and
SIRM/ χ indicate a 200-year climate cycle in
the northeastern Caribbean during the last
2000 years. Higher organic carbon contents
appear in the sediments before and at the
onset of the Little Ice Age around A.D. 1300
to 1500. Major changes in the geochemical
and mineral magnetic records around A.D.
850-1000 concur with changes in other
records from the Caribbean and North African
regions indicating a shift toward a more
humid climate over the low-latitude North
Atlantic.

Porter, S. C., Hallet, B., Wu, X., and An, Z.,
2001, Dependence of near-surface magnetic
susceptibility on dust accumulation rate
and precipitation on the Chinese Loess
Plateau: Quaternary Research, v. 55, no. 3, p.
271-83.
Surface-sediment χ decreases exponentially
across the Loess Plateau, northward from the
Qinling Shan to the Mu Us Desert. χ
correlates highly with loess median grain size,
which decreases SSE-ward across the plateau.
It also correlates with mean annual tempera-
ture and precipitation. A simple χ model,
based on the observed spatial variation in
loess thickness, suggests that 84% of the loess
χ variance is due to the diluting effect of dust
and 10-11% is associated with meteorological
factors, primarily precipitation. These
relationships support hypotheses that attribute
the loess-paleosol χ variations to varying rates
of dust deposition and in-situ production of

Magnetic Field Records and
Paleointensity Methods

Bowers, N. E., Cande, S. C., Gee, J. S.,
Hildebrand, J. A., and Parker, R. L., 2001,
Fluctuations of the paleomagnetic field
during chron C5 as recorded in near-
bottom marine magnetic anomaly data:
Journal of Geophysical Research, v. 106, no.
B11, p. 26379-96.
Near-bottom magnetic data contain
information on paleomagnetic field fluctua-
tions during chron C5 as observed in both the
North and South Pacific. Both sets of profiles
reveal a pattern of linear, short-wavelength
anomalies (tiny wiggles) that are highly
correlated. Magnetic inversions incorporating
basement topography show that these
anomalies are not caused by the small
topographic relief. Over distances correspond-
ing to 1 m.y., 19 lows in the magnetic
anomaly profile can be correlated between the
North and South Pacific lines. Modeling the
lows with short polarity events suggests rapid
swings with little or no time in the reversed
state.

Riisager, P., and Riisager, J., 2001, Detecting
multidomain magnetic grains in Thellier
palaeointensity experiments: Physics of the
Earth and Planetary Interiors, v. 125, no. 1,
p. 111-17.
For MD grains, individual pTRMs are not
independent and Thellier experiments may
therefore lead to erroneous palaeointensity
estimates. Addition of a “pTRM-tail check”
to the Coe version of the Thellier technique
present a simple method to detect and discard
such rocks. Miocene baked sediments from
French Massif Central are shown to be ideal
for Thellier studies with the ChRM residing in
stable SD grains. For Palaeocene-Eocene
basaltic lavas from Faeroe Islands, 64% of
otherwise acceptable palaeointensity estimates
are discarded due to the failure of pTRM-tail
checks indicating the presence of significant
concentrations of MD grains.

Yu, Y. J., and Dunlop, D. J., 2001, Paleoin-
tensity determination on the Late
Precambrian Tudor Gabbro, Ontario:
Journal of Geophysical Research, v. 106, no.
B11, p. 26331-43.
TRM in these rocks is carried by SD or small
PSD grains, probably magnetite rods exsolved
in plagioclase or pyroxene at temperatures
above 580° C.  Paleointensity determination
by the Coe-modified Thellier method  yielded
reliable values for 45 specimens of 19
samples from 9 sites, and a VADM of
4.6±0.8*1022 A m2 around 1100 Ma. This is
about one half of the modern field intensity
but is similar to the mean Cretaceous-
Cenozoic intensity and to most Archean and
Proterozoic VADMs. Keweenawan rocks,
whose ages are within 20 Myr of the Tudor
Gabbro, have a VADM of 11.4*1022 A m2.
The difference between the Tudor and
Keweenawan VADMs is similar to differences
recorded over similar time intervals in the
Cretaceous and seems to represent normal
variation in geomagnetic field strength
throughout Earth’s history.

abstracts... continued on p. 6
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Magnetic Microscopy and
Spectroscopy

Jallad, K. N., and Ben-Amotz, D., 2001,
Chemical imaging of iron oxides and
oxyhydroxides using near infrared Raman
imaging microscopy: Materials Science and
Technology, v. 17, no. 11, p. 1479-86.
A new method of identifying and mapping the
distribution of both iron oxides and
oxyhydroxides using near infrared Raman
imaging microscopy (NIRIM) is reported.
This technique offers an important alternative
to conventional spectroscopic techniques that
provide spatially averaged data. The NIRIM
instrument used for these studies combines
fibre bundle image compression hardware and
multivariate signal processing software to
identify and map different iron minerals and
corrosion products. The NIRIM images
clearly distinguish hematite, magnetite,
wustite, goethite, and lepidocrocite micro-
structures. The first chemical maps of
naturally occurring iron minerals and
corroded steel surfaces.

Ludwig, A., Zarek, W., and Popiel, E., 2001,
The investigations of chondritic meteorites
by X-ray diffraction and Mössbauer effect
methods: Acta Physica Polonica A, v. 100,
no. 5, p. 761-5.
Mössbauer spectroscopy and XRD were used
to investigate the mineral and magnetic
fractions of two meteorites: carbonaceous
chondrite Allende (CV3) and ordinary
chondrite-El Hammami (H5). The investiga-
tions of a powder mixture of chondrules and
matrix show that the meteorites contain iron
mainly in the silicates olivine and pyroxene.
The metallic fractions of the El Hammami
meteorite contain the ferromagnetic mineral
kamacite (bcc iron-nickel alloy). This phase
with cubic symmetry was identified by
symmetric Mössbauer spectrum with
disturbance in relative line intensities. The
results suggest that the Allende meteorite does
not contain a pure metallic phase.

Morais, P. C., Lacava, B. M., Bakuzis, A. F.,
Lacava, L. M., Silva, L. P., Azevedo, R. B.,
Lacava, Z. G. M., Buske, N., Nunes, W. C.,
and Novak, M. A., 2001, Atomic force
microscopy and magnetization investiga-
tion of a water-based magnetic fluid:
Journal of Magnetism and Magnetic
Materials, v. 226, p. 1899-1900.
Atomic force microscopy (AFM) and
magnetization measurements were used to
unfold the particle-size polydispersity profile
of a magnetite-based magnetic fluid sample.
The sample preparation and the experimental
conditions used to obtain the AFM image are
described. The differences found in both the
average diameter (D

m
) and particle-size

dispersion (σ) values obtained from the two
techniques are discussed.

Magnetization Processes

del Barco, E., Duran, M., Hernandez, J. M.,
Tejada, J., Zysler, R. D., Mansilla, M. V., and
Fiorani, D., 2002, Magnetic relaxation
measurements of ααααα-Fe

2
O

3
 antiferromag-

netic particles below 1 K: Physical Review
B, v. 65, no. 5, p. 052404/1-4.
In this paper we report magnetic relaxation
data for antiferromagnetic α-Fe

2
O

3
 particles

of 5-nm mean diameter in the temperature
range 0.1-25 K. The average spin value of
these particles S ≈124 and the uniaxial
anisotropy constant D ≈1.6*10-2 K have been
estimated from the experimental values of the
blocking temperature and anisotropy field.
The observed plateau in the magnetic
viscosity from 3 K down to 100 mK agrees
with the occurrence of spin tunneling from
the ground state S

Z
=S. However, the scaling

M vs T ln(ν
0
t) is broken below 5 K,

suggesting the occurrence of tunneling from
excited states below this temperature.

Fiorani, D., Testa, A. M., Tronc, E., Lucari, F.,
D’Orazio, F., and Nogues, M., 2001, Spin
freezing in maghemite nanoparticle
systems: Journal of Magnetism and Magnetic
Materials, v. 226, p. 1942-4.
The static and dynamical properties of two
powder samples of γ-Fe

2
O

3
 nanoparticles,

with average diameter D=2.7 and 4.6 nm have
been investigated by AC and DC susceptibil-
ity measurements. The results provide
evidence of a collective dynamical freezing
due to dipole interactions, at a size-dependent
temperature (T=95 K for D=2.7 nm; 130 K
for D=4.6 nm). Between 50 and 60 K, a
change of magnetic regime occurs for both
samples induced by increasing surface effects
with decreasing temperature.

Walton, D., and Shibli, S. M., 2001,
Magnetic blocking in ferronematic liquid
crystals: Journal of Magnetism and Magnetic
Materials, v. 226, p. 1948-50.
It is self-evident that ferrofluid particles added
to liquid crystals to form ferronematics must
be blocked at room temperature in order to be
able to orient the ferronematics at low fields
(10-2 T). Magnetite particles 10 nm are
commonly used, but their blocking tempera-
ture is 100 K. We will show that they are
indeed paramagnetic in the ferrofluid, but
become blocked when added to the liquid
crystal.

Modeling and Theory

Carter-Stiglitz, B., Moskowitz, B., and
Jackson, M., 2001, Unmixing magnetic
assemblages and the magnetic behavior of
bimodal mixtures: Journal of Geophysical
Research, v. 106, no. B11, p. 26397-411.
For binary mixtures of SSD grains with SP,
PSD, and MD magnetite/maghemite particles,
hysteresis, IRM acquisition, DC demagnetiza-
tion, and low-temperature thermal demagneti-
zation experiments demonstrate that
magnetization parameters are linearly
dependent on the mixing ratio. More complex
parameters, e.g., coercivities, do not behave
linearly as a function of mixing ratio. A linear
mathematical technique (singular value
decomposition) solves for the various
concentrations of different magnetic phases in
the mixture, given a database of type curves,
and uses a Monte Carlo simulation to
determine the error in the inversion.

Hosseinpour, A., and Sadeghi, H., 2001,
Anisotropy variation with order-disorder
transition in magnetite: Physica Status
Solidi B, v. 227, no. 2, p. 563-7.
Each of the two sublattices A and B of
magnetite are divided into four two-
dimensional square and rectangular lattices.

The linear combination of these two-
dimensional lattices is used to determine a
suitable form of translation vectors. Below the
ordering temperature, the Magnetic Local
Field (MLF) of magnetic dipole moments of
B-sublattice at A-site is not zero. The
interaction of this MLF with a magnetic
dipole moment at the A-site is calculated as a
function of its crystal directions. The easy
axes of the interaction are (100) and its
anisotropy constant is positive.

Synthesis and Properties of
Magnetic Minerals

Fu, Y., Chen, J., and Zhang, H., 2001,
Synthesis of Fe

2
O

3
 nanowires by oxidation

of iron: Chemical Physics Letters, v. 350, no.
5, p. 491-4.
By carefully controlling atmosphere,
temperature, and reacting time, we have
prepared nanowires of Fe

2
O

3
 by oxygenating

pure iron. X-ray and TEM analyses demon-
strate that the Fe

2
O

3
 nanowires are of

rhombohedral structure, i.e., α-Fe
2
O

3
. It is

shown by our study that the α-Fe
2
O

3

nanowires have a diameter ranging from 15 to
75 nm and their typical lengths are in the
range 10-20 µm. Within our knowledge it is
the first report on nanowires of Fe

2
O

3
. The

Fe
2
O

3
 nanowires are expected to present

special magnetic, optical and electrical
properties, and facilitate future nanoscale
device applications.

Helgason, O., Greneche, J. M., Berry, F. J.,
Morup, S., and Mosselmans, F., 2001, Tin-
and titanium-doped γγγγγ-Fe

2
O

3
 (maghemite):

Journal of Physics: Condensed Matter, v. 13,
no. 48, p. 10785-97.
2.5% and 8% tin- and 8% titanium-doped γ-
Fe

2
O

3
 have been synthesized and examined by

XRD, EXAFS, electron microscopy and by
57Fe- and 119Sn-Mössbauer spectroscopy. Both
tin and titanium adopt octahedral sites in the
spinel structure. However, whereas tin
substitutes for iron on one of the fully
occupied sites, titanium adopts the octahedral
site which is only partially occupied. The
57Fe-Mössbauer spectra recorded in a
longitudinal magnetic field of 2-8 T confirm
that the tetravalent ions adopt the octahedral
sites. The canting angles for both sublattices
in γ-Fe

2
O

3
 were determined from the in-field

Mössbauer spectra. .

Venkataraman, A., Hiremath, V. A., Date, S.
K., and Kulkarni, S. D., 2001, A new
combustion route to γγγγγ-Fe

2
O

3
 synthesis:

Bulletin of Materials Science, v. 24, no. 6, p.
617-21.
A new combustion route for the synthesis of
γ-Fe

2
O

3
 is reported by employing purified α-

Fe
2
O

3
 as a precursor in the present investiga-

tion. This synthesis which is similar to a self
propagation combustion reaction, involves
fewer steps, a shorter overall processing time,
is a low energy reaction without the need of
any explosives, and also the reaction is
completed in a single step yielding magnetic
iron oxide i.e. γ-Fe

2
O

3
. The as synthesized γ-

Fe
2
O

3
 is characterized employing thermal,

XRD, SEM, magnetic hysteresis, and density
measurements.
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Magnetic Anisotropy of
Biotite

The main objective of my visit to the
IRM was to characterize the magnetic
anisotropy parameters of biotite. This
phyllosilicate is a common rock-forming
mineral and is one carrier of the magnetic
anisotropy (with chlorites and other types
of mica) in many rocks in absence of
ferromagnetic fractions, e.g., shales and
slates. The data existing in the literature
show a wide range of values for the
degree of anisotropy and shape of the
AMS ellipsoid (Borradaile et al., 1987;
Zapletal, 1990; Borradaile and Werner,
1994). For that reason these main
parameters of the AMS of these crystals
are being reevaluated.

A set of eleven biotite single crystals
has been measured with a high-field
torque magnetometer at the ETH-Zurich.
The instrument uses fields up to 1.8 T
that saturate the ferrimagnetic component
of the samples. After separation of the
paramagnetic and ferromagnetic fractions
of magnetic anisotropy, the deviatoric
tensor of the paramagnetic susceptibility
was determined (Martín-Hernández and
Hirt, 2001). The torque magnetometer
measures the deviatoric tensor, therefore
an independent measure of the paramag-
netic bulk susceptibility is necessary to
obtain the magnitude of the principal
susceptibilities. Because we wanted to
obtain the paramagnetic susceptibility in
the same range of fields used in the
torque measurements, the bulk suscepti-
bility of the biotites was obtained from
the slope of hysteresis loops measured on
the Princeton MicroMag-VSM up to 1.8
T. Hysteresis loops were also made in
three perpendicular planes so that an
independent comparison could be made
with the maximum and minimum
susceptibilities acquired from the torque
magnetometer.

The need to complete the paramag-
netic susceptibility tensor with the
paramagnetic bulk susceptibility, and the
search for an explanation to the variabil-
ity of biotite AMS, led me to make new
measurements on the samples.

Three sets of experiments were made
at the IRM to characterize the anisotropy
of magnetic susceptibility of biotite
single crystals. Additional measurements
of the magnetic susceptibility of biotite
were made within the basal plane.
Hysteresis loops were acquired as a
function of orientation in 10 degree steps
with a special straight holder designed at
IRM (Fig 1). The results suggest that the
basal plane can be considered isotropic,
since the data can be fit to a circle with a
maximum deviation of less than 3%.

Two additional sets of experiments
were made to help characterize the

anisotropy of magnetic susceptibility of
biotite single crystals.

Mössbauer analysis was done in
order to characterize the Fe2+/Fe3+ in the
biotites since the magnetic susceptibility
of phyllosilicates is strongly dependent
on the iron content. These measurements
were kindly done by Peat Solheid.

In the second set of experiments,
hysteresis loops were measured at
different temperatures between 10 and
300 K in order to determine the paramag-
netic Curie temperature and the Curie
constant of the analyzed biotites.
Hysteresis loops were measured at 10 K
steps in two perpendicular directions,
one within the basal plane and one sub-
parallel to the crystal c-axes direction.
The values obtained for the Curie
constant range from 12.6 K to 29.1 K in
the basal plane and are consistent with
those existing in the literature
(Beausoleil et al., 1983).

An interesting relationship was found
between Fe2+/Fe3+ content and degree of
anisotropy and Curie temperature.
However further analysis of different
crystals will be needed to confirm these
relationships.

From the measurements I was able to
confirm the reliability of the determina-
tion of the AMS with torque magnetom-
eter. The eleven crystals give a value of
the degree of anisotropy of 1.79 and a
value of the Jelinek T shape parameter of

0.94, where 1 is the perfectly oblate
ellipsoid. The obtained results will be
reported in a paper in preparation
entitled: ‘High-field magnetic anisotropy
of biotite and muscovite single crystals’,
by Martín-Hernández, F. and Hirt, A.M.

References:
Beausoleil, N., Lavallee, Yelon, A.,

Ballet, O. and Coey, J.M.D., 1983.
Magnetic properties of biotite micas.
J. Appl. Phys., 54(2): 906-915.

Borradaile, G.J. and Werner, T., 1994.
Magnetic anisotropy of some
phyllosilicates. Tectonophysics, 235:
223-248.

Borradaile, G.J., Keeler, W., Alford, C.
and Sarvas, P., 1987. Anisotropy of
magnetic susceptibility of some
metamorphic minerals. Phys. Earth
Planet. Int., 48: 161–166.

Martín-Hernández, F. and Hirt, A.M.,
2001. Separation of ferrimagnetic
and paramagnetic anisotropies using
a high-field torsion magnetometer.
Tectonophysics, 337: 209-221.

Zapletal, K., 1990. Low-field susceptibil-
ity anisotropy of some biotite
crystals. Phys. Earth Planet. Int., 63:
85-97.

Fig 1: Paramagnetic susceptibility of a biotite crystal in the basal plane. Solid line
represents the best-fit centered circle to the magnetic susceptibility and open
circles represent measured values.

Fatima Martín-
Hernández

Institut of Geophysics
ETH-Zurich

fatima@
mag.ig.erdw.ethz.ch
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Figure 1. Hysteresis ratios of palaeozoic rocks from the Rhenish Massif, Barrandian
and Holy Cross Mountains. The lines indicate (a) the mixing line of SD and MD
particles (Parry, 1982) and (b) hysteresis data from remagnetized carbonates given
by Jackson (1990).

Rock magnetic properties of
remagnetized Paleozoic

sediments from Middle and
Eastern Europe

Paleozoic sediments from the
Rhenish Massif (RHM, Germany),
Barrandian (BAR, Czech Republic) and
Holy Cross Mountains (HCM, Poland)
experienced a severe remagnetization in
Late Paleozoic times. Relatively high
unblocking temperatures of the
remagnetization component and only
weakly altered conodont alteration
colours suggest that the magnetic
overprint was not caused by elevated
temperatures. The predominant carrier of
magnetization is magnetite, however, in
some carbonates the remagnetization
component resides in hematite. The rock
magnetic experiments performed at the
IRM were designed to test clastic and
carbonate rocks for the presence of SP
particles, which are thought to result
from the formation of magnetic minerals
during a chemical remagnetization event.

Hysteresis loops and backfield
curves were measured at room tempera-
ture with a VSM with maximum field
intensities of 1T for samples, where no
indications for the presence of pyrrhotite
or high-coercivity minerals were found.
A remarkable difference in hysteresis
properties of clastic and carbonate rocks
is observed and is thought to reflect
different contents of detrital MD
magnetite, which is controlled by the
sedimentological setting of the rocks
(Fig. 1). Samples from “reefs” and
carbonate build-ups (squares) where
detrital input was restricted show
hysteresis ratios, which are characteristic
for remagnetized carbonates and are
thought to reflect a significant contribu-
tion from a mixture of SD magnetite
controlled by magnetocrystalline
anisotropy and SP magnetite (Jackson,
1990). Carbonates from flysch-type
deposits (triangles) have lower Mrs/Ms

and high Hcr/Hc ratios and seem to be
affected by detrital MD magnetite. The
clastic rocks (circles), however, fall on
the SD-MD mixing line (Parry, 1982)
and are dominated by MD magnetite,
disguising any possible contribution
from very fine grained material.

The occurrence of the Verwey-
transition during heating of a SIRM
acquired at 10K (and measured with the
MPMS in zero-field) also reflects
different amounts of MD- magnetite in

the samples: it is very pronounced in
clastic rocks, but not or only rudimenta-
rily present in carbonates. During heating
from 10K to ca. 100K, samples from all
lithologies show a strong decrease in
magnetization. Although this decrease
might partly result from paramagnetic
minerals, which magnetically order at
very low temperatures, it is thought to be
indicative for the presence of SP material
in the carbonates.

Further indication for the existence
of ferromagnetic material with grain sizes
close to the SP-SD threshold is given by
the viscous decay of an IRM (1T) of up
to 5% within 300s after IRM acquisition.
The highest decay rates are observed in
reef carbonates, where hematite is the
carrier of the remagnetization compo-
nent.

The results from hysteresis measure-
ments, thermal demagnetization of a
LTSIRM and viscosity experiments all
indicate the presence of a certain amount
of SP material in the remagnetized
samples. However, only for few samples
(mostly carbonates) a significant change
in susceptibility was observed during
frequency sweeps from 40Hz to 4000Hz
with the Lakeshore susceptometer (AC
field: 200 Am-1, room temperature).
Although the bulk susceptibilities of the
samples are relatively high (10-3 to 10-5

SI), the changes with frequency were
below the sensitivity of the Lakeshore

Alexander Zwing
Ludwig-Maximilians
Universität München

azwing@lmu.de

susceptometer, which was estimated by
repeated measurements of a paramag-
netic material (Gd2O3). The small
frequency dependence is thought to
result from a very small contribution of
superparamagnetic material to the bulk
susceptibility, which is dominated by
paramagnetic minerals and MD magne-
tite in the clastic rocks. This is also
reflected by a low ratio of ferromagnetic
to paramagnetic susceptibility of less
than 5%.

I am very grateful for the opportunity
to visit the IRM and would like to thank
Mike Jackson, Jim Marvin and Pete
Solheid and all IRM staff for their great
support.

References

Jackson, M. (1990) Diagenetic source of
stable remanence in remagnetized
Paleozoic cratonic carbonates: a rock
magnetic study. Journal of Geophysi-
cal Research, 95(B3), 2753-2761.

Parry, L.G. (1982) Magnetization of
immobilized particle dispersions with
two distinct particle sizes. Physics of
the Earth and Planetary Interiors,
28, 230-241.
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rable to, or smaller than, the coil spacing
(and hence the term “gradiometer”).  The
upper and lower coils are each separated
from the central coil by a distance of 1.5
cm (which is very close to the length of a
standard specimen enclosed in a gel-cap).

Measurements are made by moving
the sample through the coil array in a
series of small steps and measuring the
voltage at each step, thereby generating a
“SQUID response” curve as in Fig 2.
The response changes sign twice,
reaching positive or negative maxima as
the sample passes through each of the
individual coils.  A point-dipole sample
generates the sharpest possible SQUID
response curve.  In practice, most
samples are cylindrical and uniform in
diameter (<5 mm, constrained by the gel-
cap/straw sample holder) but variable in
length (up to ~17 mm for a maximally-
stuffed gelcap, or even longer with more
creative packaging).  The longer (i.e.,
more one dimensional) the sample is, the
more “smeared” the SQUID response
becomes.  The central peak is progres-
sively diminished for longer samples,
and the negative side peaks are similarly
diminished and also displaced outward.
Samples longer than about 50 mm
produce no signal at all when centered in
the array, because (like the uniform
applied fields) they are “seen” by all of
the coils equally and the voltages cancel.

This smearing is a rather simplified
equivalent of the convolution problem in
whole-core pass-through magnetometer
measurements, which also spatially
integrate core magnetization and
instrument response.  In that case the
purpose of deconvolution is to sharpen
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Fig. 2  Measured SQUID response curves (mass-normalized) for cylindrical speci-
mens of different lengths.  The 1-mm-long cylinder generates a point-dipole response,
whereas the response curves for longer cylinders are progressively smeared out and
reduced in amplitude, and their magnetic moments are systematically underestimated.

...Sample Size & Shape
continued from p. 1

the resolution of downcore variations in
intensity and direction of magnetization.
With MPMS measurements the sample
can in most cases be safely assumed to
be uniformly magnetized, and we need
only determine the total magnetic
moment.  The effect of convolution in
MPMS measurements is that magnetic
moments are underestimated for all but
the smallest, most pointlike samples.
(Moments are calculated by fitting a
point-dipole response to the measured
SQUID curve).  For an average gel-cap
sample (L~15mm), the error is approxi-
mately 25%.  Fig 3 shows the depen-
dence on length; equivalently Fig 3 can
be used as a calibration curve for
elongate samples.

When does this matter? Often the
error is completely unimportant.  For
mineral identification and granulometry,
the temperature-dependence of magneti-
zation is far more significant than the
absolute value.  In fact the temperature
dependence is often displayed in a
normalized form, m(T)/m(20K) or m(T)/
m(300K).  Similarly, dimensionless
ratios are often used to describe
hysteresis (Mr/Ms) and other characteris-
tics (χhf/χlf), and in these cases the
moment calibration is unimportant.
Obviously, though, absolute magnitudes
matter when ferromagnetic mineral
concentration is of interest. Less
obviously, but perhaps more importantly,
the size-calibration function is different
for each instrument (as we shall see), and
therefore any analysis based on data from
different instruments should take this
into account.  For example, one of the

best ways to determine the contributions
of para- and ferromagnetic (s.l.) minerals
to the low-field susceptibility (χlf) is by
measurements of differential susceptibil-
ity in high and low fields.  MPMS high-
field slope (χhf) measurements on a
standard gel-cap sample of a purely
paramagnetic substance are ~25% low,
which when compared with accurate χlf

measurements from another instrument
(a Kappabridge, e.g.), would lead to the
erroneous conclusion that χlf was only
75% paramagnetic.  We strongly
recommend basing such analyses on
measurements of the same specimen, in
the same instrument, whenever possible.

Why not just use infinitesimal
samples?  A compact specimen of 10 or
15 mm3 is sufficiently pointlike to
eliminate any size/shape effects and yield
data of the highest possible accuracy.
However there are two good
countervailing reasons for running “one-
dimensional” gelcaps, filled to nearly
300 mm3.  First, larger samples are more
representative of bulk material, i.e., they
are more likely to average out heteroge-
neity.  Second, and perhaps more
importantly, increased sample volume
helps to maximize the signal/noise ratio
for weakly magnetic samples.  The
MPMS has a formal noise level of about
10-11 Am2, but in practice it is difficult to
get reliable data below about 10-9 Am2

because of things like sample holder
contamination, etc.  For a 10-mm3

specimen this threshold corresponds to
an intensity of 0.1 A/m; many materials
of interest have remanent intensities
below this threshold and are

Fig. 3  Measured magnetic moments for cylindrical specimens of
different lengths, composed of uniform diamagnetic material
(Macor ceramic), in a strong applied field.  The continuous
curve shows the expected values obtained by numerical integra-
tion of the point-dipole response function over the elongate
samples.
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...Sample Size & Shape
continued from p. 1

Fig. 4.  VSM source-detector geometry.  Circular pickup coils are
oriented perpendicular to the field axis (in the x-z plane).  A point
dipole at P, with moment m oriented along the applied field axis (in
the y direction), produces a field at P’ that varies with time as the
sample vibrates vertically.

unmeasurable in such small amounts.
Increasing the volume thirtyfold
increases the moment proportionally and
decreases the measurable-intensity
threshold to a few mA/m.

The Spherical Chicken

Specimens for high- or low-
temperature measurement on the
Princeton MicroMag VSMs are pretty
close to point dipoles, due to the
geometric constraints imposed by the
furnace/cryostat and sample holders
(maximum dimensions ~ 5mm).  When
those constraints are removed for room-
temperature measurements, samples can
take a variety of 3-dimensional forms.
The adjustable pole pieces allow wide
gaps to accommodate large samples, and
the source-detector geometry changes
both with pole spacing and with sample
size/shape.

Like the MPMS, the VSMs use
oppositely-wound sensing coils to cancel
out the voltages that would otherwise be
induced by changing applied fields.  A
pair of circular coils is mounted on each
pole face, one over the other, forming a
four-coil gradiometer array (Fig 4).  The
sample is forced to oscillate vertically,
causing the flux through each coil to vary
quasi-sinusoidally with time, thereby
inducing a small AC voltage.  Because of
the opposite sense of winding in the
upper and lower coils, the voltages add
rather than canceling (e.g., when the
sample moves upward, the flux through
the upper coils increases while that
through the lower ones decreases, and
Faraday’s law takes over).

The signal is proportional to the time
derivative of flux through the coils, and
therefore to sample displacement velocity
(frequency x amplitude) and to the
average vertical gradient of the horizon-
tal field produced by the sample at the

coils.  The Princeton instruments operate
at a fixed frequency of 83 Hz (a low E),
and amplitude is adjustable over a range
up to a few mm.  The primary control,
however, is obviously the sample,
specifically its moment and its size/
shape.

A one-dimensional instrument
response function (not shown), measured
by reading the signal strength for a
vibrating point dipole at locations along
the central vertical axis, resembles that of
the MPMS, with negative maxima near
the bottom of the lower coils and top of
the uppers, and a larger positive peak
between the coil sets.  Vertically-
elongated samples produce the same sort
of smeared response and diminished
moments as in the MPMS.  A full gel-
cap sample, measured in a narrow pole
gap, yields an apparent magnetic moment
that is about 13% less than the true
sample moment.

Things get more interesting when
samples extend into the other two
dimensions.  To understand the VSM’s
3-D response function (Fig 5), let’s first
consider the two remaining (horizontal)
1-D functions.  The signal from a point
dipole decreases when the sample is
displaced from the system center in a
direction perpendicular to the applied

field (i.e., the x direction in Figs 4 and
5).  Like the vertical case, this occurs
both because of increasing sample-
detector separation and because of
increasingly unfavorable angular
relationships.  In contrast, when a point
dipole specimen is displaced along the
applied field direction (towards either set
of pickups), the signal from one coil pair
grows and that from the opposite pair
shrinks.  Because fields decay as R-3,
downstream growth rapidly outpaces
upstream shrinkage, so the total signal
increases sharply with displacement.  An
elongate sample, measured along its axis,
occupies areas of exaggerated response
on both ends, and thus the sample
moment is overestimated, in contrast to
the other two cases.

These effects are combined in
measurements of samples that are fully
three-dimensional.  A standard container
for sediments is a “P-15” box, with
dimensions of 13/16 x 13/16 x 11/16
inch (~ 20.6 x 20.6 x 17.5 mm).  These
can be oriented in an infinite variety of
ways, but in each orientation the sample
occupies regions of both hypo- and
hyper-sensitivity, and the measured
moment reflects the summation of these
effects over the entire sample.  Generally
the hypersensitivity in regions closer to
the detectors outweighs the diminished
sensitivity in the perpendicular direc-

Fig 5.  VSM 3-d response function.  Field is applied left-right, and pick-up coils are
located at the left and right margins; sample vibrates vertically. The system over- or
underestimates the magnetic moment of a point dipole located away from the center
of the measurement space, especially in the “hot” zone near the pickups.  A sample
with non-negligible 3-dimensional extent occupies regions of high and low sensitivity,
and the measured moment depends not only on sample magnetization but also on how
it occupies these regions.
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Hall, Edwin Herbert
b. Nov 11, 1855, Great Falls, Maine
d. Nov 20, 1938, Cambridge, Mass.

As a graduate student at Johns Hopkins in 1879,
working under Henry Rowland, Hall discovered that
a magnetic field applied at right angles to an electric
current generates an electric field that is proportional
and perpendicular to both.  The Hall effect, described
by Kelvin as “the greatest discovery that has been
made in respect to the electrical properties of metals
since the times of Faraday,” has numerous practical
applications, including magnetic field sensors. Hall
currents also play an important role in auroral
phenomena.  More recent work on semiconductors in
very high-field low-temperature conditions has led to
the discovery of the quantum Hall effect, for which
Nobel prizes were awarded in 1985 and 1998.  Hall
is also remembered for his contributions to physics
education.

New Visiting Fellows: Spring - Summer 2002
David Dunlop & Özden  Özdemir
(University of Toronto at Mississauga)
Inverse TRM in magnetite and TRM in
hematite
Eric Ferré (University of Wisconsin -
Madison) High-field AMS fabrics of
mantle peridotites
Helmut Katzgraber (UC Davis) Low-
temperature FORC diagram investiga-
tions

David Krása (University of Munich)
Partial self-reversal of the NRM in
basalts: Identifying the responsible
mineral phases
Yi-Liang  Li (University of Missouri)
Mössbauer spectroscopy applied to the
formation of pyrite by sulfate-reducing
bacteria
Adrian  Muxworthy (University of
Toronto) Low-temperature investigation

of ARM and IRM induced in MD
magnetite and FORC measurements on
Electron Beam Lithographically
produced PSD magnetite
Valentina Shcherbakova (Russian
Academy of Sciences) Analysis of
mechanisms causing the thermal pre-
history dependence of value and stability
of pTRM in MD and PSD samples.

tions, resulting in overestimates of
sample moment.  For a P15 box, oriented
with its short dimension along the
vertical and two faces perpendicular to
the field, and with pole pieces positioned
to a gap just large enough for the sample,
the calculated moment is ~15% too high.

Here again the error is insignificant
for many purposes, and can be calibrated
out for others.  A particularly thorny
issue arises, though, when using the
VSM for high-field anisotropy measure-
ments.  The Princeton instruments and
software are beautifully designed for
such measurements, with a built-in
stepper motor to rotate the vibration head
(and the sample), and routines for
automatic measurement of hysteresis
loops as a function of orientation.
Clearly, though, one must be extremely
careful about separating apparent angular
variations - due to changing source-
detector geometry - from the “real”
variations due to sample anisotropy.  The
ideal specimen shape for such measure-
ments is a sphere, which would occupy
precisely the same real estate for any
directional measurement; any other shape
occupies different regions of high or low
sensitivity when measured in different
orientations.  Recent work by IRM
Visiting Fellows Paul Kelso and Basil
Tikoff has led to an elaborate and

effective protocol for obtaining accurate
anisotropy data for 25-mm cylindrical
core specimens, based on normalization
using an isotropic standard of the same
size and shape [Quarterly v11, n2, p2].

And Now
For Something Completely Different

The theory of AC transformer
bridges, such as the Kappabridge,
involves the polar opposite of the point
dipole approximation: the sample is
considered to be a space-filling medium,
in which a solenoidal coil is immersed.
When an alternating current is driven
through such a coil, it generates a time-
varying axial field, which in turn induces
a secondary current in the same coil; this
is the phenomenon of self-inductance.
The self-inductance of a solenoidal coil
depends upon its geometry and on the
permeability of the medium in which it is
immersed*.

Obviously in practice samples of
finite volume are inserted into a
solenoidal coil, rather than vice versa.
Each measurement involves a pair of
readings: a zero-reading before the
sample is inserted, and a second reading
with the sample in place.  The change in
inductance is proportional to sample
volume and to sample susceptibility, and
is measured by balancing the inductance
in an identical coil with a ferrite slug.

An infinitely-long ideal solenoidal
coil generates a perfectly uniform field
within its interior, i.e., a constant H
independent of location.  Reciprocally,
its response function is also perfectly
uniform: inductance is independent of
the location of a magnetizable body
within the coil.  Consequently these
instruments are almost perfectly immune
to size/shape-related measurement
artifacts.  We routinely find reproducibil-
ity to within 1% or better for samples of
uniform material packed in P15 boxes,

*The primary current generates an axial
H(t) field which is independent of the
properties of the medium; the corresponding
B(t) field is equal to the product of H(t) and
relative permeability; and the secondary
currents are proportional to dB/dt.

gelcaps, or containers of any other size
and shape.  This perfect uniformity is one
of the characteristics that makes
instruments like the Kappa ideal for
anisotropy measurements.

The Bottom Line:
How Magnetic IS Your Sample?

Depending on the instrument used,
the measured moment (or more precisely,
the moment calculated from measured
fields, voltages, etc) may differ from the
true dipole moment by as much as 20%
for typical samples, and even more for
pathological cases.  In applications
where such an error is significant,
accuracy can be restored either by
deconvolution using the known instru-
ment response function, or more simply
by recalibration using a standard with the
same geometry as the sample.  The latter
approach has been found by Kelso &
Tikoff to allow accurate determination of
high-field magnetic anisotropy using a
VSM and nonspherical specimens.  With
materials that are sufficiently magnetic
and sufficiently homogenous, errors can
be minimized by working with smaller
samples.  And when the main objective is
temperature dependence, or in other
cases where absolute intensities are not
important: don’t worry, be happy.

A Footnote

The geometric instrument-response
effects that we have been discussing are
distinct from shape anisotropy, which is a
horse of a different color.  Shape
anisotropy is a magnetostatic-energy-
minimizing phenomenon that occurs in
materials with magnetization intensities
high enough to produce self-demagnetiz-
ing fields.  For geological materials
shape anisotropy is typically important
only on the grain scale, where it controls
the magnetic behavior of particles of
magnetite (or other strong ferrimagnets)
embedded in a weakly-magnetic matrix.
However it can also be important on the
sample scale when bulk magnetization is
sufficiently intense and sample shape is
sufficiently non-isometric.
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RAC Rotation
After a six-year tour of duty on the IRM’s
Review & Advisory Committee,
Friedrich Heller (ETH-Zurich) has

stepped down, and handed over the reins
to Cor Langereis (University of
Utrecht).   We thank Friedrich for his

conscientious and constructive proposal
reviews, for his insightful strategic
planning advice, and for his unfailing
good humor.


