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Postdoctoral Transitions IV
The magnetic signal in loess-

sequences in Alaska
As part of my post-doctoral work at

the IRM, I study the relationship between
climate history and magnetic property
variations in Alaskan loess-paleosol
sequences. In contrast to the well-known
loess sequences in China, the Alaskan
sequences do not show a magnetic
enhancement in the paleosols (Fig. 1, on
p.7). In spite of this difference, our
results show that the latter do carry a
regional environmental signal.

After doing a Masters at Utrecht
University (the Netherlands), I com-
pleted my  PhD. at the University of Aix-
Marseille (France), on the paleomag-
netism, magnetic properties, and
paleoclimate record in the sediments of
Lac St Front and its surrounding
watershed.  Following a post-doc at
UNAM (Mexico), I arrived in Minnesota
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in September 1997. At the IRM, I am
working on lacustrine as well as loess
sequences from Alaska. The aim of my
research is to test whether the magnetic
records of these sequences reflect a
climate signal and to what extent this
signal agrees with other climate proxies
(pollen, d18O). In this article, I’ll describe
some of our work on the loess. Former
IRM post-doc Rick Oches started this
work. Together with Subir Banerjee,
Peat Solheid and myself, Rick still
participates in the project. Our research
on these sections is complemented by
that of the USGS (see, e.g., Rosenbaum
et al., 1997) who have obtained impor-
tant insights from geochemical and
petrographic analysis.

Similar stratigraphic variation in
saturation magnetization (M

s
) and

susceptibility (c) are observed in the
Gold Hill Steps (GHS) section. A similar
signal in the Halfway House (HH)

section indicates that both sequences
reflect a regional signal. Soils do not
show a magnetic enhancement. On the
contrary, all paleosols between the top-
and lowermost soil (maybe correspond-
ing with isotope stage 5e) show lower
magnetic concentrations (Fig. 1). Only
the latter two show a systematically
higher frequency dependence of
susceptibility, typical for small
superparamagnetic grains. Higher ARM/
IRM ratios also suggest the presence of
fine grains in these intervals (Fig. 1),
while low-temperature measurements
indicate maghemitization in these
intervals (Fig. 2). Maghemitization and
superparamagnetic grains are often
observed in soils. Both of these distin-
guishing features are absent or less
pronounced in the other (less developed)
paleosols. This absence might be due to
alteration, but may also have a
paleoclimate origin: the Holocene and
stage 5e are the warmest periods in the
studied interval.

There are various ways to explain the
concentration variations in these loess
sections. For example, Begét et al.
(1990) related them to wind intensity
fluctuations. If this model is correct, one
may also expect a smaller grain-size for
the low magnetic concentration intervals
(low wind intensity) than for those with
high magnetic content (strong winds).
Our data suggest a smaller grain size for
the lowest magnetic concentrations in the
loess, which is in agreement with this
model (Fig. 3).

We argue that these loesses carry a
regional environmental signal, but
significant questions remain. Some
examples: (1) What is the exact effect of
alteration (magnetic composition
changes) on the magnetic properties of
the soils? (2) Are the lower susceptibili-
ties for the paleosols due to alteration, as
suggested by Rosenbaum et al. (1997)?
(3) Is there a relationship between high
susceptibilities at 3.5 and 15 m and the
overlying paleosoils (Fig. 1)? (4) If not,
what is the relationship between this
magnetic and the d18O record? (5) Is this
loess record characteristic for all of
Alaska or only for the sections around
Fairbanks?

By continuing our detailed magnetic
studies, we hope to shed additional light
on the climate variations and related
processes that have affected these
sediments.

Coring lake sediments in western Minnesota with colleagues from the Limnological Research Center,
including Herb Wright (right).



Rock Magnetism of
Eocene Marls from the
Pyrenees

Sadly deprived (by the great El Nino of
1997-98) of the opportunity to experi-
ence good old-fashioned, dangerously
cold Minnesota winter weather, our
recent Fellows were nonetheless

confronted by a different sort of peril:
ducks.  The first iteration of a re-
engineered modular thermocouple design
for the high-temperature Micro-VSM led
to a baffling series of peculiar observa-

tions, including canardiform hysteresis
loops.  Subsequent iterations have
expunged the duck infestation, providing
a few interesting moments in the process
for Juan Cruz Larrasoana, Emilio
Pueyo, and Neil Linford .

Visiting Fellows’ Reports

Juan Cruz
Larrasoana
Institut of Earth
Sciences “Jaume
Almera” (CSIC)

jclarra@ija.csic.es
Our visit to the IRM took place from

10th to 18th of December of 1997. Our
main objective with the visit to the IRM
was the study of the rock magnetic
properties of some marine Eocene marls
that outcrop in the southern Pyrenees,
northern Spain. I say “our” because,
actually, I made all the measurements
together with Emilio Pueyo, who is also
working with these rocks.

The demagnetization path of the rocks
we are studying suggests the presence of
(Ti) magnetite and,  sometimes,
ferrimagnetic iron sulphides. To check
this, we used all the equipment we were
able to work with, that is, the (mVSM,
the MPMS, the Lakeshore, the VSM and
even the Mössbauer spectrometer).
Measurements done with the Lakeshore
did not provide any result but the very
low concentration of ferromagnetic
material in these rocks. Thermomagnetic
runs did not give conclusive results
either, due to the new forming of more

stable magnetic phases on heating. We
were more lucky with the MPMS, as low
temperature measurements of J

rs

demonstrated the presence of magnetite,
pyrrhotite and ultra fine-grained
magnetite. We performed hysteresis
loops in order to investigate the grain
size of the magnetic minerals. The first
loops we ran were not really accurate,
nor the back-field measurements. We
even obtained several impossible loops,
showing negative magnetisation with
increasing fields and the contrary, after
high field slope correction! Obviously
something was wrong. Finally “we” (i.e.,
Jim Marvin) found out the cause of the
strange behaviour: the sample heating
device of the mVSM was installed when
we ran the loops, and by some mysteri-
ous mechanism it was affecting the
magnetic measurements. Later measure-
ments performed without the device
yielded “correct” loops, indicating the
presence of PSD magnetite according to
the H

cr
/H

c
 M

rs
/M

s
 plot.

Petrographic data (mainly SEM
observations) are now being used to
provide additional detailed information
about magnetic mineralogy. This can

also help to understand the remanence
acquisition processes of these rocks, in
which diagenetic processes could be
important, as the presence of different
magnetic phases suggests The role of
ankerite (an iron bearing carbonate),
present in these samples as Mössbauer
and XRD show, could also be important
at this point. We think that the knowl-
edge of these factors can help to assess
the origin and significance of the
different paleomagnetic components
displayed by theses rocks, and thus to
give confidence to the paleomagnetic
results. All suggestions relating to these
topics are welcome.

Finally, we would like to advise the
future visitors to the IRM, specially to
those who are going in winter time: first,
do not miss the “tea-time” break on
Friday afternoons. And second, if you
are going during an “El Niño” year, do
not waste your time filling your luggage
with jackets, gloves, etc.; Minneapolis is
not as cold as it is said (see The Weather
Channel “El Niño” Focus for more
information).

Characterising the Mag-
netic Mineralogy and
Grain Size Distribution of
Archaeological Sediments

Neil Linford
Ancient Monuments
Laboratory, English

Heritage /
Palaeomagnetics

Laboratory, University
College London

Geophysical survey has become an
important precursor to any major
development that threatens in-situ
archaeological remains, providing a tool
to help archaeologists target finite
excavation resources and place these
findings in the context of a wider
archaeological landscape. From the suite
of near-surface techniques available,
magnetic surveys are often most
favoured due to both their speed of
deployment and ability to locate
archaeological activity over a wide range
of geological and soil conditions. This
project is based around a gravel
extraction site (ARC Yarnton-Cassington

pit) situated immediately north of the
city of Oxford, UK and is a typical
example of a large scale development
where geophysical survey should have
provided archaeologists with a wealth of
information prior to excavation.
However, the magnetic response of
archaeological features at this site was
found to vary markedly between areas
located on a superficially similar
substrate of terraced river gravel, with
the poorest correlation between survey
and excavation results found over the
sites most threatened by gravel extraction
situated on the first terrace forming the
current floodplain.

Analysis of excavation and magnetic
survey data collected with fluxgate
gradiometers discredits the initial
hypothesis that the failure to detect
significant anomalies was due a
combination of deep alluvial overburden
and the leaching of magnetic minerals
under water logged conditions. Further-

more, the success of magnetic techniques
on the raised gravel terrace (e.g. Figure
1) and the identification of magnetic
anomalies related to specific features on
the floodplain suggests a more compli-
cated interaction of magnetic mineral
enhancement mechanisms, acquisition of
remanent magnetisation and post-
depositional mineral alteration. The aim
of my visit to the IRM was to investigate
the variation between the magnetisation
of the sediments more thoroughly by
attempting to characterise the magnetic
mineralogy and grain size populations
present in a variety of samples recovered
from both excavated archaeological
features and the underlying natural
substrate.

Measurements of c and c
FD

% were
made with a Bartington MS2 susceptibil-
ity meter on approximately 600 samples
before my visit. A number of these
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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 4200 references, is
available free of charge. Your
contributions both to the list and to
the Abstracts section of the IRM
Quarterly are always welcome.

Anisotropy

Kissel, C., Laj, C., Lehman, B., Labyrie, L.,
and Bout-Roumazeilles, V., 1997, Changes
in the strength of the Iceland-Scotland
overflow water in the last 200,000 years:
evidence from magnetic anisotropy
analysis of core SU90-33: Earth and
Planetary Science Letters, v. 152, no. 1-4, p.
25-36.
This core covers the last 6 climatic stages.
The main magnetic mineral is low-Ti
magnetite with very slight changes in the
grain size. Susceptibility (corrected for
carbonate content) indicates down-core
variations in the amount of magnetite and in
the proportion of smectite in the clay fraction.
Both parameters are climatically controlled,
with lower values during glacial periods.
Anisotropy of magnetic susceptibility also
varies down-core, with significantly higher
anisotropies during interglacial periods.
These changes appear to be related to
differences in the degree of alignment of the
magnetic particles and not to changes in grain
shape. Therefore, the strength of the contour
current associated with the Iceland-Scotland
overflow water (ISOW) appears to have been
significantly larger during climatic stages 5, 3
and 1 than during stages 6, 4 and 2.

Magnetic Microscopy &
Spectroscopy

Dubiel, S. M., Cieslak, J., Orewczyk, J., and
Jasienska, S., 1998, Mössbauer-effect study
of calciomagnetites: Acta Physica Polonica
A, v. 93, no. 3, p. 547-61.
Ca

x
Fe

3-x
O

4
 samples, with x£0.28, were

investigated by means of 57Fe Mössbauer
spectroscopy. Room temperature spectra gave
evidence that the samples were multiphase,
the calciomagnetite being the dominant phase
with a contribution of 73% to 99%. Analysis
of the subspectra showed that Ca-ions reside
on the tetrahedral (A) sites and are not
randomly distributed. Their presence on those
sites causes a reduction of the hyperfine field
at Fe nuclei occupying the octahedral
positions (B)  and a decrease in the average
HF field. In addition, a linear correlation
between (HB) and the average isomer shift,
<IB>, indicates that addition of Ca-ions into
the magnetite causes a decrease in the spin-
density and an increase in the charge-density
at Fe nuclei occupying the B-sites.

Sorescu, M., Mihaila-Tarabasanu, D., and
Diamandescu, L., 1998, Mössbauer and
magnetic study of substituted magnetites:
Applied Physics Letters, v. 72, no. 16, p.
2047-9.
Co, Ni, Mn, Cr, and Cu-substituted
magnetites were prepared by the hydrother-
mal method at 300° C, with concentrations
ranging from 8.2% to 12.5%. Transmission
electron microscopy determined the average
particle diameter f  (a few hundred of nm) and
the morphological modifications induced by
the various substitutions. H

c
 decreased with

increasing f , and the particle shape was
found to play an important role in explaining
the dependence of m

s
 on f . Transmission

Mössbauer spectroscopy was used to
determine the site preference of the
substitutions and their effect on the hyperfine
magnetic fields.

Lyon, I. C., Saxton, J. M., and Cornah, S. J.,
1998, Isotopic fractionation during
secondary ionisation mass spectrometry:
crystallographic orientation effects in
magnetite: International Journal of Mass
Spectrometry and Ion Processes, v. 172, no.
1-2, p. 115-22.

Isotopic fractionation in SIMS may arise
from the crystallographic structure of
magnetite samples. Repeated 18O/16O
measurements from magnetite crystals as a
function of orientation show significant
variations (approximately 7O/

OO
). Maxima

correlate well with the [110], [101] and [011]
lattice vectors, which can be interpreted as
channelling along lattice planes.  Since it is
extremely difficult to determine the
crystallographic orientation of magnetite in
thin section, we recommend measuring
magnetite samples in at least two orientations
(separated by an angle that is not equal to the
difference between two channelling
orientations) against a standard in a known
orientation.

Murad, E., 1997, The characterization of
soils, clays, and clay firing products:
Hyperfine Interactions, v. 111, no. 1-4, p.
251-9.
Mössbauer spectroscopic studies of soils are
generally centered around the characteriza-
tion of Fe3+ oxides, making use of distinctive
magnetic properties of the different oxides
and the high sensitivity of the technique for
magnetically ordered phases. Most work on
clays and clay minerals, in contrast, focuses
on the determination of the oxidation state of
iron, iron structural site occupancies and
distortions, and the transformations that take
place during clay firing.

Nowaczyk, N. R., Worm, L. H., Knecht, A.,
and Hinken, J. H., 1998, Imaging distribu-
tion patterns of magnetic minerals by a
novel high-Tc-SQUID-based field
distribution measuring system: application
to Permian sediments: Geophysical Journal
International, v. 132, no. 3, p. 721-4.
A newly developed field distribution
measuring system consists of a small, 1.4*1.4
mm sized YBaCu-oxide SQUID magnetic
field sensor that is operated in a thin-walled
dewar, so that the sample’s surface, at room
temperature, can be scanned at a distance of
only 1.5 mm. Samples of several Permian
sedimentary rocks were given a saturation
remanence perpendicular to the surface, and
the scanning measurements in zero field
reveal that the magnetization might be carried
by only a small part of a sample, in one case
associated with secondary oxide phases.
High-resolution magnetic scans can aid in the
interpretation of the magnetic remanence
acquisition process.

Fujita, F. E., 1997, Mössbauer spectroscopy
of metals from birth to death: Hyperfine
Interactions, v. 111, no. 1-4, p. 191-9.
Typical examples of Mössbauer patterns of
magnetite, carbon steel and other alloys are
presented, with indications of how to analyze
the seemingly complicated spectra. The
usefulness and convenience of Mössbauer
spectroscopy will be understood from these
examples.

Yuan, J., and Menon, N. K., 1997, Magnetic
linear dichroism in electron energy loss
spectroscopy: Journal of Applied Physics, v.
81, no. 8, p. 5087-9.
We demonstrate the effect of magnetic linear
dichroism (MLD) in electron energy loss
spectroscopy (EELS), as applied to the
antiferromagnetic compound a-Fe

2
O

3
 . The

experiments were performed in a high
resolution scanning transmission electron
microscope (STEM), capable of producing a
nanoscale electron probe. The resultant
difference spectrum is consistent with the
MLD observed in X-ray absorption
spectroscopy and the known magnetic
structure of hematite, suggesting that MLD in

Mayan Head Numerals: the ancient Maya developed an advanced
knowledge of mathematics and astronomy, using a vigesimal (base-
20) system of numeration and positional notation.  The first 13 of the
head variant hieroglyphic numerals are based on Mayan deities; the
remaining forms combine features of the numerals for 4-9 with the
jaw for number 10.  Reproduced from “The Mathematical Notation
of the Ancient Maya” in Native American Mathematics, by M. P.

Closs © 1986 by U of Texas Press.
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memory after LTD have almost entirely high
T

UB
s, identical to the range of pTRM

blocking temperatures T
B
, 565° C-T

C
. The

pTRM memory fraction is also larger than
that of total TRM or SIRM. These observa-
tions suggest that pTRM(T

C
, 565° C) isolates

an SD-like fraction of remanence similar to
that constituting TRM and SIRM memory.

Hodych, J. P., Mackay, R. I., and English, G.
M., 1998, Low-temperature demagnetiza-
tion of saturation remanence in magnetite-
bearing dolerites of high coercivity:
Geophysical Journal International, v. 132,
no. 2, p. 401-11.
Magnetite-bearing dolerite dyke samples of
high coercive force (H

c
 ranging from 11 to 50

mT), previously used successfully in
Precambrian palaeomagnetic studies, were
studied by zero-field cycling of SIRM to 77
K . The dolerites of highest H

c
 (³ 40 mT)

show little change on cooling, suggesting that
their magnetite is mostly in elongated SD
grains; the rest of the dolerites are likely to be
dominated by PSD magnetite. Cooling to the
isotropic point (135 K) causes their
remanence to decrease (by 37% on average)
in rough proportion to the decrease in
saturation magnetostriction, as expected if
internal stresses oppose domain wall motion.
Continued cooling through the Verwey
temperature (122 K) to 77 K causes
remanence to decrease further (by 26% on
average). On warming back to room
temperature some of the remanence loss is
recovered (average 23±6% of the initial
SIRM), perhaps because internal stresses act
as a bridge between different easy axes below
and above the isotropic point.  Large
recoverable low-temperature demagnetization
seems to be characteristic of pseudo-single-
domain magnetite in which high internal
stresses block domain-wall motion.

Paleoclimate & Magnetic
Proxies

Chlachula, J., Evans, M. E., and Rutter, N.
W., 1998, A magnetic investigation of a
Late Quaternary loess/palaeosol record in
Siberia: Geophysical Journal International,
v. 132, no. 1, p. 128-32.
A 34-m section (340 samples) exhibits
variations in magnetic susceptibility which
can be correlated with oxygen isotope stages
1-7. A detailed sampling of stage 5 (a further
209 samples) permits the identification of
substages 5a-e. The susceptibility variations
themselves are in the opposite sense to those
found in the classic sections of the Chinese
Loess Plateau, but are in agreement with a
‘wind-intensity’ model, matching the aeolian
flux variations observed in core V21-146
from the North Pacific. Even though the
warmer intervals are characterized by lower
susceptibilities, the observed frequency
dependence of susceptibility indicates that
new magnetic material is produced as a result
of pedogenesis during interglacial and
interstadial times.

Geiss, C. E., and Banerjee, S. K., 1997, A
multi-parameter rock magnetic record of
the last glacial-interglacial paleoclimate
from south-central Illinois, USA: Earth and
Planetary Science Letters, v. 152, no. 1-4, p.
203-16.
Pittsburg Basin, a small kettle lake, was
formed after the retreat of the Illinoian ice
sheet ( 130 ka B.P.), and the sedimentary
record includes the last interglacial-glacial
cycle. Curie temperature measurements, XRD
analyses and thermal demagnetization of a
low-temperature J

RS
 indicate that the

magnetic fraction contains oxidized
magnetite and magnetic iron sulfides. The

magnetic grain size measurements (ARM/J
RS

ratios, frequency-dependent susceptibility,
and hysteresis parameters) show that glacial
sediments contain coarse, presumably
detrital, magnetic material while interglacial
samples have an additional fine component,
which cannot be explained by a single
catchment or climatic process. Early
interglacial samples show magnetic
properties characteristic of biogenically
produced magnetite, while late interglacial
samples are probably influenced by
pedogenesis around the basin.

Vlag, P., Thouveny, N., Williamson, D.,
Andrieu, V., Icole, M., and van Velzen, A. J.,
1997, The rock magnetic signal of climate
change in the maar lake sequence of Lac St
Front (France): Geophysical Journal
International, v. 131, no. 3, p. 724-40.
Rock magnetic properties of the sediments of
Lac St Front reflect environmental changes
during the last climatic cycle. High magnetic
concentrations are measured in the sediments
deposited under glacial climatic conditions,
while lower concentrations correspond with
more temperate climatic periods. Low- and
high-temperature measurements indicate that
the remanence is carried by (Ti-poor)
magnetite. However, some maghemite and
haematite is present in sediments deposited
under temperate conditions. Changes in
magnetic grain size and composition are
extremely limited for the glacial sediments,
but magnetic concentration varies consider-
ably, and can be correlated with similar
changes in Lac du Bouchet, for which the
chronology is established. Correlating the
susceptibility records of these sequences with
the d18O record of the GRIP ice cores
suggests that magnetic concentration maxima
may correspond with short cold climatic
episodes, associated with Heinrich events.

Han-Shou, L., and Chao, B. F., 1998,
Wavelet spectral analysis of the Earth’s
orbital variations and paleoclimatic cycles:
Journal of the Atmospheric Sciences, v. 55,
no. 2, p. 227-36.
Wavelet time-frequency spectral analysis is
applied to geological proxy records of
paleoclimatic variations: d18O in sedimentary
cores, atmospheric CO

2
 concentration, and a

loess magnetic susceptibility stratigraphy for
the past million years. These spectra are
compared with those for the astronomically
predicted variations of the Earth’s orbital
eccentricity, obliquity, precession, and the
resultant variations of insolation. Based on
similarities between the wavelet spectra of
the orbital variations and paleoclimatic
cycles, the authors introduce a signal-noise
resonance theory to understand the dynamics
of climate response to the orbital forcing. It is
shown that the observed 100-kyr cycles are
mainly caused by the period variation in the
obliquity, which amplifies the small orbital
forcing. But the observed flickers within
these cycles are induced by the amplitude
variation of obliquity and precession, which
are two major components of the
Milankovitch insolation deviations.

Paleomagnetic Field Behavior

Johnson, C. L., and Constable, C. G., 1997,
The time-averaged geomagnetic field:
Global and regional biases for 0-5 Ma:
Geophysical Journal International, v. 131,
no. 3, p. 643-66.
Time-averaged field models are constructed
for normal and reverse polarity periods for
the past 5 Ma, using global compilations of
sediment and lava-flow data. Different
average field configurations for normal and
reverse polarity periods are consistent with

EELS, coupled with the high spatial
resolution attainable in STEM, is a useful
technique in the study of magnetic micro-
structure.

Magnetization Processes and
Remanence

Belkaaloul, N. K., and Aissaoui, D. M., 1997,
Nature and origin of magnetic minerals
within the Middle Jurassic shallow-water
carbonate rocks of the Paris Basin, France:
implications for magnetostratigraphic
dating: Geophysical Journal International, v.
130, no. 2, p. 411-21.
Bathonian-Oxfordian shallow-water
carbonate rocks from the Paris Basin have
been considered to be largely remagnetized.
Magnetic mineralogy, determined by
petrographic, geochemical, and rock-
magnetic measurements, includes: (1)
primary biogenic single-domain magnetite
and detrital multidomain Ti-magnetite and
their oxidized form, maghemite; (2)
authigenic spheres of magnetite probably
related to hydrocarbons; and (3) goethite,
either restricted to ferruginous ooid layers or
resulting from surficial alteration, notably
replacement of pyrite framboids. Pyrrhotite
was not identified. Hysteresis ratios are
clearly distinct from diagnostic values for a
chemical remagnetization. We conclude that
these deposits are selectively amenable for
magnetostratigraphic dating and possible
regional correlations.

Bottoni, G., Candolfo, D., and Cecchetti, A.,
1997, Distribution of anisotropy field in
recording media deduced from the
hysteresis curve: Journal of Applied Physics,
v. 81, no. 8, p. 3794-6.
We calculate the distribution of anisotropy
fields in magnetic recording media by taking
the second derivative of the magnetization
curve (measured perpendicular to the easy
axis). The field at the peak of the distribution
function agrees with the anisotropy field
measured by the torque method. For
particulate media, the shape of the anisotropy
distribution function depends both on the
particle orientation ratio and on the
interparticle interactions; as a consequence,
the anisotropy distribution function
determined for these materials does not
represent the intrinsic anisotropy field
distribution of the particles. In any case, this
function is useful for understanding the
magnetic behavior of the system.

Özdemir, Ö., and Dunlop, D. J., 1998,
Single-domain-like behaviour in a 3-mm
natural single crystal of magnetite: Journal
of Geophysical Research, v. 103, no. B2, p.
2549-62.
A 3-mm natural single crystal of magnetite
exhibits SD-like behaviour following low-
temperature demagnetization (LTD). AF
demagnetization curves of untreated TRM
and SIRM decrease exponentially with
increasing AF. After LTD the TRM and
SIRM memories have AF demagnetization
curves with sigmoid shapes and initial
plateaus below 8 mT. During thermal
demagnetization, untreated TRM and SIRM
decrease almost linearly with increasing
temperature up to 500°C. Such distributed
unblocking temperatures T

UB
 are expected for

pinned walls in MD grains. The remaining
60% of TRM and 40% of SIRM were lost
over a narrow temperature interval between
560° C and T

C
. The TRM memory after LTD

was very stable against thermal demagnetiza-
tion, with no decrease in remanence below
550° C and very little change until 565° C.
SIRM has similar behaviour. In the case of
pTRM, both the untreated remanence and the4



the palaeomagnetic directions; however, the
differences are insignificant relative to the
uncertainty in the average field models. The
new models indicate that current global data
sets do not permit the unambiguous detection
of northern hemisphere flux lobes in the 0-5
Ma time-averaged field. Anomalous time-
averaged field structure is seen in the Pacific
hemisphere centred just south of Hawaii. The
location of the anomaly coincides with
heterogeneities in the lower mantle inferred
from seismological data.

Love, J. J., and Mazaud, A., 1997, A
database for the Matuyama-Brunhes
magnetic reversal: Physics of the Earth and
Planetary Interiors, v. 103, no. 3-4, p. 207-
45.
We present a paleomagnetic database,
designated MBD97, comprising sedimentary
and lava data for the Matuyama-Brunhes
reversal transition field. Using criteria
regarding suitability of the rock samples,
measurement methods and temporal
resolution of the data, we consider 62
different studies of the Matuyama-Brunhes
reversal; of these, only 11 satisfy our
selection criteria: four lava sites, one loess
site, three shallow-marine sedimentary sites,
and three deep-ocean sedimentary sites. The
transitional virtual geomagnetic poles (VGPs)
fall along American and Asian-Australian
longitudes. The spatial and temporal
complexity of the data indicate that the
transitional field was almost certainly
nonaxisymmetric and nondipolar. The
directional transition of the Matuyama-
Brunhes reversal took 2300-5000 years,
during which time the surface intensity fell to
10-20% of its pre- and post-transitional
value. We do not find any systematic bias
due to site distribution or inclination
shallowing, although the errors in the data do
vary over the duration of the reversal.

McFadden, P. L., and Merrill, R. T., 1997,
Sawtooth paleointensity and reversals of
the geomagnetic field: Physics of the Earth
and Planetary Interiors, v. 103, no. 3-4, p.
247-52.
The sawtooth paleointensity hypothesis
(Valet and Meynadier, 1993) has significant
potential implications for dynamo theory.
However, the hypothesis implies that the
nonstationarity in reversal rate during the
Cenozoic is controlled by inhibition, and so
their hypothesis is immediately testable using
the available reversal chronology. Analysis of
the chronology shows that the hypothesis is
not sustainable.

Roberts, A. P., Lehman, B., Weeks, R. J.,
Verosub, K. L., and Laj, C., 1997, Relative
paleointensity of the geomagnetic field over
the last 200000 years from ODP Sites 883
and 884, North Pacific Ocean: Earth and
Planetary Science Letters, v. 152, no. 1-4, p.
11-23.
Continuous mineral magnetic and paleomag-
netic measurements were made using u-
channel samples for sediments that span the
last 200 kyr. Thermomagnetic and hysteresis
data indicate that the magnetic mineralogy of
the clay-rich sediments at the two sites is
dominated by PSD magnetite in a narrow
range of grain sizes and concentrations. The
NRM/ARM and NRM/c records are nearly
identical for both cores. Coherence function
analysis indicates that the records are not
significantly affected by local environmental
conditions. These factors suggest that the
large-scale variations in normalized
remanence are most likely due to geomag-
netic paleointensity fluctuations. Dating
constraints are provided by a d18O stratigra-
phy from Site 883. The resultant North
Pacific paleointensity vs age curve is similar
to a recently proposed global paleointensity

diffraction and Mössbauer spectroscopy.
Lattice parameters were seen to decrease at
very small crystallite sizes. Quadrupole
splitting of the B sites increased with
decreasing crystallite size before the
spectrum collapsed into a doublet at the
smallest sizes. These observations have been
explained in terms of high surface-to-volume
ratios in the small nanocrystals creating
excessive lattice strain and large electric field
gradients.

Kester, E., Perriat, P., Gillot, B., Tailhades,
P., and Rousset, A., 1997, Correlation
between oxidation states of transition metal
ions and variation of the coercivity in
mixed-valence defect spinel ferrites: Solid
State Ionics, Diffusion & Reactions, v. 2738,
no. 97, p. 0167-2738.
Due to the very high dispersion of mixed-
valence spinel ferrites prepared by ‘soft
chemistry’ it is possible to oxidize not only
ferrous ions but also different transition metal
ions (Cr3+, Mn2+, Mn3+, Mo3+, Mo4+, V2+, V3+,
Cu+), by ‘soft’ oxidation between 150 and
500° C. The oxidation state, coordination and
the oxidation temperature of the cations have
been determined in copper-manganese
ferrites by derivative thermogravimetry
(DTG). For Co-modified non-stoichiometric
spinels, which present interesting magneto-
optical properties due to their exceptional
high coercivity (1000-3500 Oe), close
correlations have been found between the
oxidation state of the spinel and the
coercivity.

Janowski, J., Sadowski, A., Kraj, W., and
Ratajczak, T., 1998, Determination of
porosity of reduced hematite by stereologic
methods: Journal of Materials Science, v. 33,
no. 2, p. 477-86.
Stereologic analysis has been applied for
determination of the porosity of a natural
hematite grain reduced to magnetite at 723 K.
The volume increase accompanying
reduction of hematite to magnetite,
determined from these measurements, was in
the range 7-19%. Simultaneously, the volume
of the solid phase was found to decrease by
1.5%. The total porosity of the reduced grain,
determined by stereologic analysis amounted
to 17.5%; 7.7% of which was related to
cracks and large pores, and 9.8% to small
pores in the magnetite phase. The porosity
value determined by the classical mercury
method was approximately the same.

Preobrazhensky, V., and Pernod, P., 1997,
High harmonic generation and turbulence
of magnetoelastic excitations in hematite
single crystal: Journal of Applied Physics, v.
81, no. 8, p. 5709-11.
Longitudinal magnetoelastic waves in a
hematite single crystal exhibit strongly
nonlinear resonance. More than 40 acoustic
harmonics generated by means of a
sinusoidal rf magnetic field have been
observed. Two typical kinds of bifurcations
are evoked by the variation of external
parameters (bias magnetic-field strength, rf
field frequency, and amplitude). The first
corresponds to a slow automodulation of the
periodic ultrasonic excitation. The second is
accompanied by fast chaotic oscillations in
the temporal domain and by generation of a
few incommensurate frequencies in the
ultrasonic spectrum.

curve.

Itota, C., Hyodo, M., and Yaskawa, K., 1997,
Long-term features of drifting and
standing non-dipole fields as determined
from Holocene palaeomagnetic secular
variations: Geophysical Journal Interna-
tional, v. 130, no. 2, p. 390-404.
Palaeomagnetic secular variation records
from Britain, North America and Australia
have been subjected to maximum-entropy
spectral analyses, and separated by band-pass
filters into low-frequency (1800-3600 yr) and
high-frequency (1000-1200 yr) components.
There is an interval, from 4200 to 1700 yr
BP, which shows clockwise rotational
motions in the low-frequency components of
all three sites, indicating globally dominant
westward drift. Swinging or elliptical looping
motions constrained to a certain direction
were observed in the low-frequency
components of the British data for an interval
of 3500 years or so, which could be the
lifetime of an oscillating stationary field. The
duration of the transitional motion was 1000-
1300 years, which may indicate the
recurrence time of a stationary field.

Paleomagnetism and Tectonics

Tarduno, J. A., and Cottrell, R. D., 1997,
Paleomagnetic evidence for motion of the
Hawaiian hotspot during formation of the
Emperor seamounts: Earth and Planetary
Science Letters, v. 153, no. 3-4, p. 171-80.
The bend in the Hawaiian-Emperor chain is
the best example of a change in plate motion
recorded in a fixed-hotspot frame of
reference. Alternatively, the bend might
record differences in motion of the Hawaiian
hotspot relative to the Pacific lithosphere.
New paleomagnetic data from the Emperor
chain support the latter view. Although the
rate of motion is difficult to constrain
because of uncertainties posed by true polar
wander and limited sampling of the chain, the
best available paleomagnetic data suggest
Pacific hotspots may have moved at rates
comparable to those of lithospheric plates
(>30 mm yr-1) in late Cretaceous to early
Tertiary times. In the early to mid-Creta-
ceous, hotspots in the Atlantic moved at
similar rates. These episodes during which
groups of hotspots appear to move rapidly are
separated by times of much slower motion,
such as the past 5 m.y.

Properties of Magnetic
Minerals

Gilder, S., and Glen, J., 1998, Magnetic
properties of hexagonal closed-packed iron
deduced from direct observations in a
diamond anvil cell: Science, v. 279, no.
5347, p. 72-4.
The attraction of hexagonal closed packed
(hcp) iron to a magnet at 16.9 gigapascals
and 261° C suggests that hcp iron is either
paramagnetic or ferromagnetic with
susceptibilities from 0.15 to 0.001 and
magnetizations from 1800 to 15 A/m. If
dominant in Earth’s inner core, paramagnetic
hcp iron could stabilize the geodynamo.

Hartridge, A., Bhattacharya, A. K., Sengupta,
M., Majumdar, C. K., Das, D., and
Chintalapudi, S. N., 1997, Crystallite size
dependence on the magnetic properties of
nanocrystalline magnetite powders:
Journal of Magnetism and Magnetic
Materials, v. 176, no. 2-3, p. L89-92.
Single-phase magnetite powders with
crystallite sizes ranging from 8-50 nm were
synthesised and studied using X-ray 5



samples were also measured for IRM and
ARM acquisition. This data provided an
indication of the mixture of magnetic
minerals present and the influence of
superparamagnetic particles (SP) through
the c

FD
% values. During my visit to the

IRM  I concentrated my efforts on a
representative subset of these samples
and made measurements on three main
instruments:

(1)  Lakeshore Susceptometer to
measure the frequency dependence of c
over a wide range of frequencies for
comparison with the c

FD
% values

previously measured with a dual
frequency Bartington MS2 susceptibility
meter. This was of particular importance
for weaker samples whose c

FD
% proved

difficult to measure with the Bartington
meter and for further examination of the
SP particle size distribution through the
extended frequency window available on
the Lakeshore.

(2) Quantum Design MPMS to
conduct a series of low-temperature
experiments, in an attempt to further
characterise the SP fraction present and
also to identify the presence of specific
minerals through diagnostic transitions
(e.g. the Verwey transition of magnetite
between 110 – 120K). A number of
samples containing suspected biogenic
magnetite were also measured through a
Field/Zero-Field cooled (FC/ZFC) cycle
in an attempt to identify intact chains of
interacting crystals.

(3) Princeton MicroMag VSM to
measure IRM acquisition, back-field
remanence (H

CR
) and full hysteresis

loops over a wide range of sediment
samples. This data allowed the paramag-
netic fraction of  the samples to be
estimated and provided additional
information for the quantification of
magnetic mineral mixtures. Insertion of
the high-temperature furnace allowed
detailed thermo-magnetic curves to be
plotted for Curie point determination
once Jim and Peat had removed the
“ducks” (or were they loons?).

Preliminary results confirm the
complex nature of the magnetic mixtures
present in archaeological sediments and
the important contribution of SP particles
to much of the resultant magnetisation.
Furthermore, analysis of the natural sand
and gravel substrate revealed little
variation over the study area with
samples composed of a high coercivity
mineral such as hematite or goethite, a
small contribution from a low coercivity
mineral, perhaps a detrital magnetite and
an overwhelming paramagnetic fraction.

These natural samples demonstrated the
high sensitivity of  the MicroMag as
previous attempts to obtain similar
hysteresis parameters on a less sensitive
VSM had been thwarted by the dominant
response of the diamagnetic nylon
sample holder.

The results also confirmed that
considerable enhancement of the
magnetic minerals inherited from the
natural substrate occurs within the
archaeological sediments. This appears
to vary quite considerably between
different sites and feature types and often
leads to complex magnetic mixtures
which provide ambiguous results if
analysed in terms of individual hysteresis
parameters alone. For example, many of
the more magnetic sediments produced
M

RS
/M

S
 and H

CR
/H

C
 ratios indicative of

MD/PSD behaviour when compared to
results of synthetic magnetites. However,
such a grain size distribution could not
explain the high values of c and c

FD
%

these samples produced that suggests the
presence of a considerable SP fraction
influencing the hysteresis parameters.

Verwey transitions were identified in a
number of the archaeological sediment
samples. However, the significance of
the absence of this transition is uncertain
and further analysis is required to
ascertain the precise nature of the
magnetic minerals present. Of particular

interest was the discovery of organic-rich
sediments from the floodplain site that
were dominated by SD magnetite which
subsequent TEM examination revealed
to be of biogenic origin. It is possible
that concentration of biogenic magnetite
may represent a significant magnetic
enhancement mechanism on these sites
where organic material accumulates in
cut features under anaerobic conditions.

Further work will involve a more
detailed analysis of all the data collected
at the IRM with the aim of comparing
measurements from an individual sample
with a quantitative linear model based on
the behaviour of known grain-size
synthetic minerals. Whilst this approach
is unlikely to provide an absolute
description of mineral-type and grain-
size distribution present, initial results
(based on susceptibility and IRM
acquisition data) have proved encourag-
ing, reducing much of the ambiguity
associated with mixed domain states
noted above.

Finally, I would like to thank all of the
staff and students at the IRM for making
my visit both highly rewarding and
immensely enjoyable to boot. The
unique combination of excellent
equipment and advice presents the
visiting fellow with only one drawback -
a strong desire to return with yet more
samples. Perhaps in the summer next
time!
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Figure 1; Fluxgate gradiometer survey from the second gravel terrace conducted 
over the remains of an Anglo-Saxon timber building (rectangular anomaly) bisecting 
an earlier Roman field boundary ditch. 

Visiting Fellow Reports
continued from p. 2

6



Weber, Wilhelm Eduard
b. Oct 24, 1804, Wittenberg
d. June 23, 1891, Göttingen

Weber’s 1826 dissertation at Halle dealt
with the acoustics of reed organ pipes.
He became assistant professor at Halle
in 1828, and in 1831 attained professor-
ship at Göttingen, where he began his
celebrated collaboration with Gauss.  In
1832 they presented a paper introducing
absolute units of measure into the field
of magnetism, i.e., units based on
length, time, and mass.  Weber later
formulated similar units for electrical
quantities.  The SI unit of magnetic flux
is named for Weber
(1 Tesla = 1 Weber/m2).

Fig. 2. Low temperature susceptibility curves. Same
symbols as in Fig. 1. Like most paleosoils, low
temperature curves for the loesses show a Verwey
transition and are typical for magnetite. However, c
increases with increasing temperature for the top- and
lowermost soils. This is more typical for maghemite
(Senanayake and McElhinny, 1981).

Fig. 1 Susceptibility versus level for the (a) Halfway House (HH) and (b) Gold Hill (GHS) sections. (c) Saturation magnetization
(M

s
), (d) ARM/IRM and (e) frequency dependence of susceptibility (c

fd
) for Gold Hill Steps. Closed (open) circles are loess (top-

and lowermost soil) intervals. Open squares denote other paleosoils.
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of-the-art facilities and technical
expertise free of charge to any
interested researcher who applies
and is accepted as a Visiting
Fellow. Short proposals are
accepted semi-annually in spring
and fall for work to be done in a
10-day period during the following
half year. Shorter, less formal
visits are arranged on an indi-
vidual basis through the Facilities
Manager.

The IRM staff consists of Subir
Banerjee, Professor/Director;
Bruce Moskowitz, Associate
Professor/Associate Director; Jim
Marvin , Senior Scientist; Mike
Jackson, Senior Scientist/
Facilities Manager, and Peat
Solheid, Scientist.

Funding for the IRM is provided
by the W. M. Keck Foundation,
the National Science Foundation,
and the UofM.

The IRM Quarterly is published
four times a year by the staff of
the IRM. If you or someone you
know would like to be on our
mailing list, if you have something
you would like to contribute (e.g.,
titles plus abstracts of papers in
press), or if you have any
suggestions to improve the
newsletter, please notify the
editor:
Mike Jackson
Institute for Rock Magnetism
University of Minnesota
291 Shepherd Laboratories
100 Union Street S. E.
Minneapolis, MN  55455Ð0128
phone: (612) 624-5274
fax: (612) 625-7502
e-mail: irm@geolab.geo.umn.edu
w w w . g e o . u m n . e d u / o r g s / i r m / i r m . h t m l

I R M
Institute for Rock Magnetism

The UofM is committed to the policy
that all people shall have equal access
to its programs, facilities, and
employment without regard to race,
religion, color, sex, national origin,
handicap, age, veteran status, or sexual
orientation.

The Institute for Rock Magnetism
is dedicated to providing state-
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Fig. 3.  M
s
/c versus M

s
. Ms/c corrected

for high-field susceptibility. As high- and
low-temperature measurements reveal no
composition changes, this figure is
interpreted as a smaller grain size for
the lower magnetic concentrations in the
loess.

With the northern hemisphere Spring
in full flower, it is time to begin thinking
once again about the cold, silent
darkness of Winter in Minneapolis.
Applications are due June 15 for IRM
Visiting Fellowships during the interval
September 1, 1998 - February 28, 1999.
An IRM Visiting Fellowship gives you
full access to our laboratory instruments
for up to ten days, along with a travel
allowance of up to $500 (sorry, per diem

Visiting Fellow Applications Due Soon
expenses - lodging and meals -are not
included).  It also gives you the opportu-
nity to experience first-hand the
astonishing brutality of  “wind-chill,”
and as much lab coffee as you can
tolerate.

All you have to do to apply is to write
a brief (2-3 page) proposal describing the
experiments or measurements you want
to carry out, and their significance.
Applications are welcome from research-
ers in any country and in any field of
study relevant to the magnetism of
natural materials. In general, advanced
studies with specific, narrowly-defined
objectives, and which make effective use
of the IRM’s unique instrumentation, are
given preference over initial reconnais-
sance studies, or investigations based on
“routine” measurements (i.e., using
widely-available equipment). We expect
to award seven Visiting Fellowships for
the fall-winter interval.

Get an official cover page and
instrument scheduling worksheet from
our Web site, or request one by mail, and
return it by June 15, 1998.  The IRM,
with its unique array of well-maintained
and carefully calibrated instrumentation,
is yours for the asking!
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