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at Purdue University in 1986. The
next years of my life were spent as a
graduate student at the University of
Massachusetts–Amherst, where I re-
ceived my M.S. (1990) and Ph.D.
(1994) degrees under the direction
of William McCoy. The interesting
part of my graduate training relative
to the IRM is the fact that I never
made a magnetic measurement prior
to my arrival here! My background is
primarily in the application of
amino-acid geochronology to the
dating, correlation, and paleoclima-
tic evaluation of loess deposits in the
Mississippi Valley and in the Czech
Republic, Slovakia, Austria, and
Hungary. My fellowship is through
the Paleorecords of Global Change
Research Training Group (RTG), an
interdisciplinary program adminis-
tered through the University of Min-
nesota’s Department of Ecology,
Evolution, and Behavior; Depart-
ment of Geology and Geophysics;
IRM; and Limnological Research
Center. The beauty of this program
is that it provides the support net-
work for pursuing truly interdiscipli-
nary studies of past global changes,
and the postdoctoral fellowship pro-
gram encourages the pursuit of re-
search and training in techniques
different from one’s graduate school
background.

I came to the Paleorecords RTG
and the IRM to investigate the ap-
plication of rock-magnetic measure-
ments to Central European loess
deposits in order to develop a de-
tailed paleoclimate proxy record.
Researchers at the IRM and col-
leagues elsewhere have been in-
volved in similar investigations of
rock-magnetic characteristics of the
extensive Chinese loess-paleosol
sequences, and considerable progress
has been made in the understanding
of the acquisition, enhancement,
and alteration of the magnetic signal
in those sediments. However, rela-

The IRM’s three new postdocs, from left to right: Taras Pokhil, Bernie Housen, and Rick Oches.

Plethora of Postdocs
is Plainly a Plus
Eric Oches
Bernard Housen
Taras Pokhil
IRM

We have recently been able to cel-
ebrate the arrival of three new postdoc-
toral fellows. They bring a wealth of
new ideas and experience from their
diverse yet complementary back-
grounds. The first to get here was pa-
leoclimatologist Rick Oches; next
came structural geologist and ex-Visit-
ing Fellow Bernie Housen; finally,
after having waded through a morass of
visa-related red tape, physicist Taras
Pokhil made it to the IRM. Together,
they greatly augment our human and
scientific resources, and expand our
capability for interdisciplinary work. In

the following article, each new postdoc
(who will now need to add “rock mag-
netist” to his title) will tell a little about
his background, current research, and
plans for the future.

RICK OCHES

I arrived in Minneapolis last Au-
gust as a new postdoctoral research
fellow at the University of Minne-
sota. Although I was scheduled to
begin in the early fall, Subir Baner-
jee suggested that it might be benefi-
cial to my mental health if I could
enjoy a bit of Minnesota summer
before the other season set in (I hear
there are only two here). I was made
to feel immediately welcome by the
folks at the IRM, and I already feel
as much a fixture as the VSM.

I began my academic career in the
midwest, getting a B.S. in Geology
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Visiting Fellows’ Reports
In December, Maria Cioppa ar-

rived from Bethlehem, PA to look at
hematite. Carl Richter came up
from Texas to spend his holidays
measuring deep-sea sediments. In

January, Toshi Yamazaki compared
SoCal and Upper Midwest tempera-
tures while studying pelagic red clay.
Finally, Harry Rowe arrived from
Albuquerque to test the limits of our

instruments’ sensitivities. Below is a
summary of their work at the IRM.
Again, the effusive thanks are duly
acknowledged, but excised in the
interests of saving space.

VF Reports continued on page 5…

carbonate concentration and stable
isotope composition.

Last summer, Jean-Pierre Valet
(Institut de Physique du Globe,
Paris) and I measured ARM, SIRM,
and –0.3-T IRM on about 90 m of

Ocean Drilling Program (Ceara Rise,
western equatorial Atlantic) were to
analyze variations in the magneto-
mineralogy and link them to orbital
and tectonic timescales that are re-
vealed by paleoclimatic and paleo-
environmental indicators such as

Environmental Control on
Rock-Magnetic Parameters
of Deep-Sea Sediments

My primary objectives in studying
sediments from Leg 154 of the

Carl Richter
Ocean Drilling
Program, Texas
A&M University

Toshitsugu
Yamazaki
California Insti-
tute of Technol-
ogy

Rock Magnetism of Pa-
cific Pelagic Red Clay

Pelagic red clay occurs widely in
the middle latitudes of the Pacific.
The origin of the clay (but not nec-
essarily of the magnetic minerals) is
thought to be predominantly eolian
dust, and thus it is expected that red
clay preserves a paleoclimatic record.
The main purpose of my visit was to
determine the magnetic mineralogy
of red clay and its variation with age.
I used the MPMS, Mössbauer, Lake-
Shore, and MicroMag machines.

Thermal decay of SIRM given at
20 K was measured using the MPMS.
The Verwey transition was not ob-
served at all, even on surface sedi-
ments taken by a box corer, despite
the fact that the red clay contained
abundant biogenic “magnetites” as
well as detrital magnetic minerals
(probably of eolian origin). This

but in smaller amounts, which is
consistent with the absence of the
Verwey transition. The hematite is
probably of eolian origin.

I tried Moskowitz et al.’s method
for detecting biogenic magnetite,
which hinges on the fact that bio-
genic magnetite has a larger SIRM at
20K and an enhanced loss of rema-
nence at the Verwey transition dur-
ing thermal decay after being cooled
in a 2.5-T field (FC) than after being
cooled in a zero-field (ZFC) [see
Earth Planet. Sci. Lett., 120, 283–
300, 1993]. I tested not only red clay
but also surface sediments from vari-
ous sites in the Pacific. Although
most of my samples were maghemi-
tized and did not show the Verwey
transition, samples dominated by
biogenic “magnetites” showed larger
differences between FC and ZFC. I
have no satisfactory explanation for
this at present.

implies that biogenic “magnetites”
had been oxidized significantly in a
geologically short period of time.
The memory ratio (the ratio of the
remanence which remains at 300 K
to the SIRM at 20 K) did not change
significantly with depth in the cores,
suggesting that maghemitization was
completed within the top-most sur-
face sediments. Neither a Day plot of
hysteresis data nor the frequency
dependence of susceptibility showed
any remarkable variation in relative
magnetic grain size with depth.

The low concentration of mag-
netic minerals in my samples re-
quired magnetic extraction for the
Mössbauer. The measurements took
a long time—a couple of days per
sample (but there was nothing else
to do while they ran, so I could play
with other instruments). Preliminary
results show that the dominant mag-
netic minerals are maghemite and
hematite. Magnetite is also present,

samples, mostly to confirm the pres-
ence or absence of magnetite. In
general, a small loss in susceptibility
was seen between 550°C and 580°C,
but it was less than the drop above
600°C, indicating very minor
amounts of magnetite.

So this leaves some questions:
What is the magnetite doing in the
redbeds, and how did it get there? Is
it carrying a separate component of
magnetization? Could it be an arti-
fact of the sampling process? Are the
inconsistencies in the sample mea-
surements on the different instru-
ments the result of heterogeneity
within the rock, or are they due to
the problems inherent in trying to
measure the hysteresis of hematite?
Am I even measuring the rock-mag-
netic properties on the same scale as
the strain was measured, and is there
any way to determine this? Obvi-
ously, more work is required.

number of the samples (again, most-
ly in the M suite) displayed both the
Verwey transition (118 K) and the
Morin transition (263 K), indicating
the presence of magnetite as well as
the expected hematite.

I then looked at hysteresis proper-
ties using three different instru-
ments: VSM, MicroMag, and
MPMS. These (rather redundant)
measurements were intended as
cross-checks. Analysis of the data is
not complete, but the general shape
of the loops was indicative of either
only hematite or of a combination of
hematite and magnetite (slightly
wasp-waisted loops). Preliminary
analysis indicates that there is some
correlation between strain and Hcr. I
note that inter-instrument measure-
ments of properties such as Mrs/Ms
and Hc were not always consistent.

The Kappabridge was used to de-
termine Curie temperatures on five

Maria T. Cioppa
Lehigh Univer-
sity

The Effects of Strain on
Hematite Grain Size

I came to the IRM to investigate
the hypothesized effects of strain on
hematite grain size in three separate
suites of redbed samples from Penn-
sylvania: (1) Mauch Chunk Forma-
tion, Broad Top Syncline [M]; (2)
Bloomsburg Formation, Delaware
Water Gap [DWG]; and (3) Mauch
Chunk Formation, Minersville Syn-
cline [JTSF]. Since strain variation
within each group was known prior
to my arrival at the IRM, I only
needed to determine magnetic prop-
erties in order to look for changes
that could be correlated with strain.

I started by looking at frequency-
dependent susceptibility (Lake-
Shore) and low-temperature SIRM
(MPMS). Samples from the M suite
had the most noticeable frequency
dependence of susceptibility. A



3

Current Abstracts
A list of current research articles dealing
with various topics in the physics and
chemistry of magnetism is a regular fea-
ture of the IRM Quarterly. Articles
published in familiar geology and geo-
physics journals are included; special
emphasis is given to current articles
from physics, chemistry, and materials
science journals. Most abstracts are
culled from INSPEC (© Institution of
Electrical Engineers), Geophysical
Abstracts in Press (© American Geo-
physical Union), and The Earth and
Planetary Express (© Elsevier Science
Publishers, B.V.), after which they are
edited for this newsletter. An extensive
reference list of articles—primarily
about rock magnetism, the physics and
chemistry of magnetism, and some pa-
leomagnetism—is continually updated
at the IRM. This list, with nearly 2600
references, is available free of charge.
Your contributions both to the list and
to the Abstracts section of the IRM
Quarterly are always welcome.

Climate Change

Liu, X.-M., et al.
Remanence characteristics of dif-
ferent magnetic grain size catego-
ries at Xifeng, central Chinese loess
plateau, Quat. Res., 42, 162–165,
1994.
Low-temperature rock-magnetic mea-
surements provided new data on the
characteristics and distribution of differ-
ent magnetic grain-size fractions in loess
and soils. In particular, soils had a larger
MD fraction than did loess, which indi-
cated that, although enhancement of the
SP fraction dominated the susceptibility
increase of paleosols, an enhancement of
the MD fraction also played an important
role during pedogenesis.

Thouveny, N., et al.
Climate variation in Europe over
the past 140 kyr deduced from
rock magnetism, Nature, 371, 503–
506, 1994.
Susceptibility, pollen, and organic carbon
records from French maar lake deposits
provided a record of past climate. There
was general agreement between these
data and GRIP ice-core data, especially
during the Eemian interglacial when two
rapid cooling events occurred. The agree-
ment between these independent data
sets supported the idea that rapid climate
change did occur during the Eemian, and
that it extended to continental Europe.

Crustal Magnetism

Johnson, H. P., and B. L. Salem
Magnetic properties of dikes from
the oceanic upper crustal section, J.
Geophys. Res. B, 99, 21,733–21,740,
1994.
Magnetic data from upper crustal dikes
indicated that most of the rocks met the
essential criteria for contributing to the
source layer, but the NRMs of the dikes
were lower than the extrusive rocks
within the axial zone. Therefore, the
presence of abundant near-surface dikes
would lower the net magnetization of a
crustal section and may be responsible for
the axial magnetic low that has been ob-
served at some spreading centers.

Markovskiy, V. S., and S. A. Tarash-
chan
Modeling the formation of equilib-
rium magnetization of multidomain
magnetite grains at high tempera-
tures and pressures, Izv. Akad.
Nauk SSSR Ser. Fiz. Zemli (Phys.
Solid Earth), 28, 1038–1042, 1992.
After studying the equilibrium magneti-
zation of multidomain magnetite grains
at various temperatures and pressures, it
was found that the effects of temperature
and pressure had virtually no influence
on equilibrium magnetization up to the
magnetite Curie point. This observation
alters the common model of magnetiza-
tion in deep layers of the Earth’s crust.

AMS

Cañón-Tapia, E.
Anisotropy of magnetic susceptibil-
ity parameters: guidelines for their
rational selection, Pure Appl.
Geophys., 142, 365–382, 1994.
The foliation and lineation parameters
used to characterize AMS measurements
are a special case of shape parameters,
implying that the resolution of these two
rock-fabric elements using AMS alone is
more an artifact of parameter definitions
than it is a quantification of two physi-
cally independent features. Parameters of
the same type do not necessarily yield
equivalent interpretation of results in a
qualitative sense, so caution should be
exercised when selecting parameters.

Housen, B. A., B. A. van der Pluijm,
and E. J. Essene
Plastic behavior of magnetite and
high strains obtained from magnetic
fabrics in the Parry Sound shear
zone, Ontario Grenville Province,
J. Struct. Geol., 17, 265–278, 1995.
Findings from a magnetic and petrologic
study of shear-zone rocks showed that
magnetite deformed plastically rather
than via rigid-body rotation. The AMS
orientations accurately tracked a folia-
tion trajectory, so that orientation-based
strain models could be used to determine
shear strains. These observations also re-
vealed that AMS fabrics do not saturate
at high strains, as would be expected for
rigid-body rotation.

Biomagnetism

Bazylinski, D. A., A. J. Garratt-
Reed, and R. B. Frankel
Electron microscopic studies of
magnetosomes in magnetotactic
bacteria, Microsc. Res. Technol., 27,
389–401, 1994.
Results of electron microscopy studies on
magnetotactic bacteria revealed that the
magnetosomes were iron oxides or sul-
fides, the particles had a narrow SD size
range, and the morphology of the par-
ticles was species-specific. Because a
membrane seemed to provide physical
constraints on the size and the shape of
the crystal, the biomineralization process
must be controlled by the organism.

Steinberger, B., et al.
Movement of magnetic bacteria in
time-varying magnetic fields, J.
Fluid Mech., 273, 189–211, 1994.
The magnetic moment of individual liv-
ing magnetic bacteria was determined by
motion analysis in a time-dependent
magnetic field. The drag and torque ex-
erted on a moving bacterium was esti-
mated using computer algorithms and en-
larged mechanical models of bacteria.
The bacterial magnetic moment was also
calculated from the number and size of
magnetic particles contained in the bac-
terium as seen in an electron microscope.

A combination astrolabe, sundial, compass (?), and device for find-
ing the qiblah (direction to Mecca for daily prayer). The in-

scription reads: “For the success of the library, at the re-
quest of His High Excellency, the well-advised Saif al-

dīn Mankalī-Bughā al-Ashrafī al-Shamsī, gover-
nor-general at Damascus the well-guarded,

lieutenant-general of the glorious sultan
[H.asan], may God glorify his victo-

ries! Made by ‘Alī  ibn al-Shāt.ir,
head of timekeeping for the

hours of prayer, in the
year 767 [1366].”
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Hoffmann, V., H. Stanjek, and E.
Murad
Mineralogical, magnetic, and Möss-
bauer data of smythite (Fe9S11),
Stud. Geophys. Geod., 37, 366–381,
1993.
The iron-sulfide smythite (Fe9S11) was
shown to have a hexagonal structure
with cell edges of a0 = 3.468 Å and c0 =
34.470 Å, a saturation magnetization of
Ms = 10.3 Am2kg–1, and a coercivity of
Hc = 37 mT. Although the Curie point
could not be determined, hysteresis loops
had a shape typical for SD-grains.

Menyeh, A., and W. O’Reilly
The coercive force of fine particles
of monoclinic pyrrhotite (Fe7S8)
studied at elevated temperature,
Phys. Earth Planet. Inter., in press,
1995.
For synthetic monoclinic pyrrhotite, the
temperature dependence of the coercivity
Hc reflected that of the spontaneous mag-
netization Ms and the magnetocrystalline
anisotropy constant K as the latter influ-
enced domain-wall movements. Below
the Curie temperature TC (320°C), the
temperature dependence of Ms was fit by
the function Ms(T) ≈ (1–T/TC)0.52

. The
temperature dependence of K was in-
ferred using a model based on the pres-
ence of inclusions within a domain wall.

Remagnetization

Suk, D.-W., and S. L. Halgedahl
Hysteresis properties of magnetic
spherules and whole-rock speci-
mens from some Paleozoic platform
carbonate rocks, J. Geophys. Res. B,
in press, 1995.
Magnetite spherules, which were present
in both remagnetized and unremagnet-
ized Paleozoic limestones, displayed virtu-
ally identical hysteresis properties, sug-
gesting that the spherules evolved under
similar geochemical conditions. This re-
sult cast serious doubt on the relevance of
spherules to the Kiaman remagnetization.

Reversals

Glen, J. M., R. S. Coe, and J. C.
Liddicoat
Persistent features of polarity tran-
sition records from western North
America, Geophys. Res. Lett., 21,
1165–1168, 1994.
A study was made of a transition record
which appeared not to have been ham-
pered by problems of smoothing or re-
cording breakdown and which defined a
path unconfined in longitude. From a
comparison with existing records from
the same area, the authors addressed the
significance of the swath, the lack of lon-
gitudinal confinement, the patterns of
steady and rapid field changes, and the
temporal persistence of these features in
relation to the geometry of the reversing
field.

Geodynamics

Kono, M., and H. Uchimura
Inverse problem of paleomagnetic
reconstruction: formulation, J. Geo-
magn. Geoelectr., 46, 311–328, 1994.
A new method of reconstruction was pre-
sented based on geophysical inverse
theory, wherein models were evaluated by
the combined effects of misfit and pen-
alty. Misfits in reconstruction were al-
lowed within the uncertainties given by
the statistics of the paleomagnetic data.
The penalty function minimized the total
slip of blocks moving over the Earth’s sur-
face. The method was applied to the
opening of the North Atlantic.

Tarduno, J. A., and M. Myers
A primary magnetization fingerprint
from the Cretaceous Laytonville
Limestone: further evidence for
rapid oceanic plate velocities, J.
Geophys. Res. B, 99, 21,691–21,703,
1994.
Rock-magnetic, paleomagnetic, litho-
logic, and paleontologic data from Creta-
ceous limestone formed a consistent data
set which supported both a primary mag-
netization and subsquently deduced rapid
oceanic plate velocities. A small plate size
coupled with the unusually vigorous man-
tle-plume volcanism of the Cretaceous
Pacific basin could have combined to re-
duce the effectiveness of asthenospheric
drag, accounting for the rapid motion.

Mineralogy

Banfield, J. F., P. J. Wasilewski, and
D. R. Veblen
TEM study of relationships be-
tween the microstructures and mag-
netic properties of strongly mag-
netized magnetite and maghemite,
Am. Mineral., 79, 654–667, 1994.
A study of magnetite iron ore revealed re-
lationships between magnetic properties
and microstructures. Thermomagnetic ex-
periments demonstrated that changes in
magnetic properties correlated with the
elimination of stacking faults. The initial
high coercivity was probably associated
with the presence of stacking faults, and
the pinning of domain walls by these fea-
tures explained the natural remanence.

Harrison, R. J., and A. Putnis
Magnetic properties of the magne-
tite–spinel solid solution: saturation
magnetization and cation distribu-
tions, Am. Mineral., in press, 1995.
Measurements of the hysteresis properties
of the Fe3O4–MgAl2O4 solid solution
showed that saturation magnetization at
4.4 K changed sign at a composition of 30
mol% Fe3O4, which correlated with a
peak in coercivity (> 700 mT). This be-
havior was explained in terms of the
changing composition and degree of cat-
ion order, which could produce fine-scale
magnetic domains with antiferromagnetic
exchange coupling.

Pick, T., and L. Tauxe
Characteristics of magnetite in sub-
marine basaltic glass, Geophys. J.
Int., 119, 116–127, 1994.
Comparison of the rock-magnetic char-
acteristics of Cretaceous submarine basal-
tic glass (SBG) with those of Holocene
glass showed that both groups contained
low-Ti SD magnetite as the carrier of re-
manence. Hysteresis behavior was, how-
ever, dominated by SP grain-size popula-
tions. TEM work revealed spherical 10–
20-nm grains with magnetite-like crystal-
lattice properties, which could be respon-
sible for the magnetic behavior of SBG.

Domains

McClelland, E., and V. P. Shcherba-
kov
Metastability of domain state in
MD magnetite; consequences for
remanence acquisition, J. Geophys.
Res. B, in press, 1995.
Results of experimental studies on the ac-
quisition and the AF-, DC-, and low-
temperature demagnetization of TRM
and IRM of crushed magnetite suggested
that the control of material inhomogene-
ities over the local energy minima (LEM)
states was more significant in the TRM or
thermally demagnetized state, while
shielding by “soft” domain walls was
dominant in the AF-demagnetized state.

Özdemir, Ö., S. Xu, and D. J. Dunlop
Closure domains in magnetite, J.
Geophys. Res. B, in press, 1995.
Arrays of closure domains were observed
at internal and external boundaries in a
single crystal of magnetite with a {110}
viewing plane. This confirmed the con-
trolling role of magnetostatic energy in
determining domain structures in strong-
ly magnetic materials. Closure domains
forming at the margin of a chemically al-
tered area were the first reported evi-
dence for a direct link between chemical
alteration and domain structures, which
link could be responsible for remagnetiza-
tion.

Instrumentation

Clarke, J.
SQUIDs cross a watershed, Nature,
372, 501–502, 1994.
There are now comercially available
SQUID-based magnetometers made with
high-TC YBa2Cu3O7–x films that can be
operated in liquid nitrogen and have suf-
ficiently low noise levels to be useful in
rock- and paleomagnetism. Because liq-
uid nitrogen boils away much more
slowly and is much cheaper than liquid
helium, these devices will be accessible to
a much broader range of users than are
liquid-helium-based instruments.
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…VF Reports continued from page 2

U-channels (continuous core in a
small plastic tube) on his pass-
through magnetometer. The U-
channels came from the hole that
was the least popular among the
isotope geochemists and paleontolo-
gists because it was in deep water
(4356 m) below the CCD, so that
most of the “isotope-bearing” fora-
minifera had been dissolved. How-
ever, rock-magnetic properties ben-
efit from this situation, because the
diluting effect of the diamagnetic
carbonate is removed.

On the basis of the measurements
that we accumulated in Paris, we
selected more than 100 samples for
me to bring to the IRM for a detailed
rock-magnetic study (ARM, pARM,
IRM, low-temperature SIRM, hys-
teresis parameters, as well as the
field, temperature, and frequency
dependences of susceptibility).

Low-temperature SIRM demagne-
tization, done on the MPMS, shows
the magnetite Verwey transition
(118 K) in most samples; this transi-
tion could not be detected on any of
the low-temperature susceptibility
curves done on the LakeShore. The
temperature dependence of suscepti-
bility, measured on the Kappabridge,
shows both the Curie temperature of
magnetite and a susceptibility break-
down at about 430–450˚C (see Fig-
ure). Magnetic grain-size measure-

ments, as determined from hysteresis
ratios (Hcr/Hc and Jrs/Js) on the
VSM, show that the magnetite is of
PSD size. Finally, pARM curves con-
sistently display a single peak near
30 mT, indicating a grain size of
approximately 3 µm.

The comparison between high-
field (VSM) and low-field (Kappa-
bridge) susceptibilities shows that a
surprisingly large proportion of the
low-field susceptibility is carried by
the ferrimagnetic carrier mineral
(34–86%). Cyclic variations of the
low-field magnetic susceptibility
correlate with the carbonate concen-
tration, but are also caused by a vary-
ing amount of ferrimagnetic mate-
rial. The khf/klf ratio increases from
about 30% to 60% downhole.

0 800Temperature (°C)
0

Tectonics

Borradaile, G. J.
Remagnetisation of a rock analogue
during experimental triaxial defor-
mation, Phys. Earth Planet. Inter.,
83, 147–163, 1994.
Synthetic specimens containing PSD
magnetite were given an ARM and then
deformed in a ductile manner in a weak
magnetic field. The final remanence ori-
entation and its spatial distribution of
vector components were dictated by the
relative orientations of the remagnetizing
field and the initial remanence. Piezo-re-
manent magnetization (PRM) almost
completely masked the changes related to
strain-induced grain rotation.

Review Articles and Books

Dunlop, D. J.
Magnetism in rocks, J. Geophys.
Res. B, in press, 1995.
This paper traces the development of
rock magnetism—the study of induced
and remanent magnetization of ferrimag-
netic minerals in rocks, sediments, soils,
and organisms—in six particularly inter-
esting areas: PSD behavior; magnetic do-
mains and micromagnetic structures; di-
agnostic tests of the type and stability of
remanence; magnetic microanalysis; ther-
moviscous remagnetization; and CRM.

Verosub, K. L., and A. P. Roberts
Environmental magnetism: past,
present, and future, J. Geophys. Res.
B, in press, 1995.
This paper traces the development of en-
vironmental magnetism—the study of
situations in which the transport, deposi-
tion, or transformation of magnetic
grains in depositional settings are influ-
enced by environmental processes—in
three broad categories: use of mineral-
magnetic assemblages as proxies for phys-
ical processes; processes responsible for
variations in magnetic minerals; and in
situ transformations of magnetic minerals.

O’Reilly, W.
Magnetic recording in nature: the
medium, the mechanism, and the
message, J. Magn. Magn. Mater.,
137, 167–185, 1994.
The capacity of rocks to magnetically
record Earth’s history has stimulated the
study of natural magnetic recordings. The
recording medium consists of iron oxides
and sulfides, often with titanium; the re-
cording mechanisms commonly include
TRM, CRM, and DRM. Both the me-
dium and the mechanism must be rugged
in order for the message to be accessible
after exposing the recording to a physi-
cally and chemically hostile environment
for up to hundreds of millions of years.

Radhakrishnamurty, C.
Magnetism and Basalts, 208 pp.,
Geological Society of India, Banga-
lore, 1993. [No abstract available.]

Rock Magnetism

Shcherbakov, V. P., et al.
Paleointensity and formation phys-
ics of rock remanent magnetization,
Izv. Akad. Nauk SSSR Ser. Fiz. Zemli
(Phys. Solid Earth), 28, 1029–1037,
1992.
In reviewing paleointensity determina-
tions obtained with the Thellier method
and the statistical non-heating (Sholpo-
Borisov) method, the authors discussed
modern views of the metastability of
magnetic states of rocks, the physics of
formation of thermoremanent magnetiza-
tion in multidomain grains, and chem-
ical magnetization.

Williams, W., and D. J. Dunlop
Simulation of magnetic hysteresis
in pseudo-single-domain grains of
magnetite, J. Geophys. Res. B, in
press, 1995.
Magnetic hysteresis was simulated for
single grains of magnetite (0.1–0.7 µm)
using an unconstrained three-dimen-
sional micromagnetic model of magnetite
with cubic magnetocrystalline anisot-
ropy. The reversal mechanism for most
grain sizes was that of a vortex whose
center propagated through the grain. Pre-
dictions of coercivity agreed well with
published experimental data for un-
stressed cubic grains of magnetite.

Techniques

Hunt, C. P., et al.
Effect of citrate-bicarbonate-dithio-
nite treatment on fine-grained mag-
netite and maghemite, Earth Planet.
Sci. Lett., in press, 1995.
In order to determine the effect of par-
ticle size on the efficacy of citrate-bicar-
bonate-dithionite (CBD) treatment in
dissolving magnetite and maghemite
grains, magnetic techniques were used to
track the dissolution of sized grains. The
standard CBD procedure dissolved all
maghemite and finer magnetite particles,
but left larger magnetite particles intact.

Oda, H., and H. Shibuya
Deconvolution of whole-core mag-
netic remanence data by ABIC
minimization, J. Geomagn.
Geoelectr., 46, 613–628, 1994.
Using a deconvolution based on Bayesian
statistics, a new analysis of whole-core
magnetic remanence data was proposed.
The deconvolution was conducted as a
smoothness-constrained, least-squares
method with optimum smoothness deter-
mined by minimizing a Bayesian informa-
tion criterion (ABIC). The deconvolu-
tion scheme was applied to whole-core
remanence data measured at 5-mm inter-
vals. Comparison of these results with
magnetizations of 5-mm-thick subsamples
showed good agreement in each axis.
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understanding of the linked pro-
cesses of deformation, fluid flow, and
mineral diagenesis in sediments as
they are progressively accreted at the
toes of these prisms. The AMS re-
sults from the Barbados prism docu-
ment a dramatic change in strain
geometry near the top of the décolle-
ment, which can be attributed to
strain decoupling of the prism by
high-pressure fluids. These results
will be refined using new magnetic
anisotropy techniques currently in
development which will use small
(<1 cm3) samples and combine mea-

surements from the VSM, MPMS,
and LakeShore devices to determine
diamagnetic, paramagnetic, and
ferrimagnetic fabrics. Additional
work I am doing involves collabora-
tion with Peter Hudleston and his
students in our Department of Geol-
ogy and Geophysics on magnetic
fabrics and magnetite deformation
mechanisms in ductile shear zones in
the Swedish Caladonides.

Regular subscribers to the IRM
Quarterly know that a report of my
work here would be incomplete if it
did not include an unusual rock-
magnetic result (see the Summer
1992 and Fall 1993 issues for “hum-
ming-bird” and “corseted” hysteresis
loops). Figure 2 displays a low-tem-
perature heating curve of saturation
remanence imparted at 10 K (both
after cooling in zero field (ZFC) and
after cooling in a 2.5-T field (FC), à
la Moskowitz et al., 1993) to a nano-
fossil turbidite from the sediments
which had been thrust beneath the
Barbados accretionary prism. The
field-cooled run shows a sharp drop
in remanence between 30 K and
35 K, which is indicative of pyrrho-
tite. The zero-field-cooled run dis-
plays a more gradual drop in rema-
nence between 10 K and 40 K,
which at first glance looks similar to
the demagnetization behavior of
superparamagnetic minerals. Figure 3
shows a high-temperature suscepti-
bility run of the same sediment,
measured with the Kappabridge. The
heating curve displays low suscepti-
bility from room temperature to
270°C, above which susceptibility

BERNIE HOUSEN

I arrived at the IRM after having
spent six years as a student (pursuing
my M.S. and Ph.D.), plus a short
stint as a postdoc, at the University
of Michigan. Prior to this I attended
the University of Washington (B.S.
in Geology), so the flat “landscape”
and cold sunny winters in Ann Ar-
bor (and Minneapolis, too) have
been quite a change from my previ-
ous home south of Seattle. My work
at Michigan (variously co-authored
with Ben van der Pluijm, Rob Van
der Voo, and Eric Essene) involved
applications of magnetic anisotropy
to two classic problems in structural
geology: slaty cleavage development
and deformation of ductile shear
zones. Some of the rock-magnetic
work for these studies was completed
over the past three years during my
three prior visits to the IRM.

My current research here involves
magnetic mineral diagenesis, paleo-
magnetism, and magnetic anisotropy
in marine sediments. This work is a
continuation of projects which be-
gan when I sailed as a paleomagnet-
ist on two Ocean Drilling Program
legs (146 and 156) while at Michi-
gan. Leg 146 visited the Cascadia
accretionary prism off of Vancouver
Island and Oregon, and Leg 156
visited the Barbados accretionary
prism northeast of Martinique. Dur-
ing both legs I measured AMS fab-
rics of over 200 samples, the results
of which aided in the initial ship-
board structural interpretations of
deformation behavior in these
prisms. For Leg 146, the paleomag-
netic and magnetic anisotropy re-
sults proved to be complicated by
magnetic mineral diagenesis associ-
ated both with the occurrence of
methane-H2S hydrates and with
fluid flow. Continued study of these
sediments will explore possible links
between microbial activity and the
hydrate-associated changes in mag-
netic mineralogy. My Leg 156 post-
cruise research has been directed at
using magnetic fabrics and X-ray
texture goniometry to determine
variations in sedimentary and tec-
tonic fabrics in these prisms. This
work is aimed at providing a better

Figure 1 (upper left).
Magnetic susceptibility
variations plotted with
simplified stratigraphy at
the brickyard exposure,
Donlí Věstonice, Czech
Republic.
Figure 2 (bottom cen-
ter). Thermal demagne-
tization of low-tempera-
ture SIRM (field-cooled
and zero-field-cooled),
measured on the Quan-
tum Design MPMS.
Figure 3 (center right).
Magnetic susceptibilty
as a function of high
temperature, measured
on the Geofyzika Kap-
pabridge.
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tively little work of that type has
been described from the Central
European loess region, and initial re-
sults from my investigations are en-
couraging. Figure 1 shows the sus-
ceptibility profile as measured in
samples collected from the brickyard
exposure at Dolní Věstonice, Czech
Republic. Susceptibility variations
highlight the lithologically-defined,
mid-Würm interstadial PK 1 paleo-
sol and the series of last interglacial
paleosols, PK 2 (which corresponds
to δ18O-stages 5a and 5c) and PK 3
(which corresponds to δ18O-stage
5e). [PK = pedocomplex, designa-
tions and correlations after Kukla,
1977.]

I am measuring ARM, hysteresis
loops, temperature and frequency-
dependence of susceptibility, and
other magnetic and non-magnetic
parameters in order to characterize
the magnetic signal carrier. The goal
of this research is to identify the
specific factors or processes respon-
sible for the observed variations in
rock-magnetic characteristics and
ultimately to quantify this cause-
and-effect relationship in terms of
paleoclimate. I anticipate that we
will present our initial results at the
spring AGU meeting in Baltimore,
with a further update at the INQUA
conference in Berlin next summer.

I would like to acknowledge the
enthusiastic support and collabora-
tive efforts of colleagues at the Geo-
logical Institute, Academy of Sci-
ences of the Czech Republic, Prague,
without whom I would still be wan-
dering lost in the vineyards of south-
ern Moravia.

…Postdocs continued from page 1
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increases until a Curie temperature
of approximately 470°C is reached.
The cooling curve shows irreversible
behavior, consistent with the forma-
tion of a magnetic mineral with a
Curie temperature of approximately
350°C. The general shapes of both
the heating and cooling curves are
similar to those obtained by other
workers for pyrrhotite, but these re-
sults are shifted to higher tempera-
tures. It is possible that the magnetic
mineral in these sediments is a Ni-
substituted pyrrhotite (cf. van Vel-
zen et al., 1993), which may have
both a higher Curie temperature and
a 33-K phase transition. It is also
possible that the susceptibility results
indicate the formation of a Mn-
ferrite from alteration of a siderite-
rhodochrosite solid solution. In ei-
ther case, the differences in low-
temperature remanence behavior
between the field-cooled and zero-
field-cooled runs remain unex-
plained, but should provide a cau-
tion to those who wish to document
superparamagnetic minerals in ma-
rine sediments.

(On a personal note, my wife Beth
and I became the proud parents of
our first child, Rachel, who was born
on February 16.)

TARAS POKHIL

I arrived at the IRM from the Lab-
oratory for Magnetic Processes at the
Institute for Energy Problems of
Chemical Physics, Russian Academy
of Sciences, Moscow. Earlier, I re-
ceived my degree (Candidate in

6). This film structure causes an
anisotropic displacement of the
DWs.

I used a model of thermo-activated
DW motion for my interpretation of
the experimental data. It is postu-
lated in the model that the coerciv-
ity of the DWs in RE-TM films origi-
nates from the interaction of the
DWs with defects (pinning centers)
spaced every 0.2–0.4 µm, near which
the DW energy density is lower than
in the surrounding areas. During
DW motion, the DW segments pin
to the defects. Thermo-activation
then causes segments to detach from
the defect and jump to the next
bound state (next defect).

The results of my study of DW
motion in RE-TM films provides a
better understanding of the process
of DW propagation in thin amor-
phous films and its correlation with
the microstructure of the films. I
hope that my experience in the
study of domains and DW motion

will be useful for my future investiga-
tions of domain structures and mag-
netic relaxation processes in natural
magnetic materials at the IRM.

References
Kukla, G. J., Pleistocene land-sea

correlations. I. Europe, Earth Sci.
Rev., 13, 307–374, 1977.

Moskowitz, B. M., R. Frankel, and
D. Bazylinski, Rock magnetic cri-
teria for the detection of biogenic
magnetite, Earth Planet. Sci. Lett.,
120, 283–300, 1993.

van Velzen, A. J., M. J. Dekkers, and
J. D. A. Zijderveld, Magnetic iron-
nickel sulphides in the Pliocene
and Pleistocene marine marls from
the Vrica section (Calabria, Italy),
Earth Planet. Sci. Lett., 115, 43–
56, 1993.
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Figure 4 (top center).
Domain-wall velocity as
a function of applied
magnetic field for TbFe
thin-films.
Figure 5 (right center).
Activation energy for
domain-wall motion as
a function of applied
magnetic field for TbFe
thin-films.
Figure 6 (lower left).
Three-dimensional
scanning-tunneling mi-
croscope (STM) image
of the surface of a TbFe
film with a thickness of
200 nm.
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Physics and Mathematics) from the
Department of Physics at Moscow
State University. I studied domain
structures, domain-wall (DW) mo-
tion, and the microstructure of rare-
earth/transition-metal (RE-TM)
alloy, amorphous thin-films. These
areas—domain-wall displacement
process in amorphous magnetic thin-
films and the influence of film micro-
structure on propagation of DWs
and DW coercivity—are of interest
both for fundamental science and for
their applications (Magneto-optical
disks, etc.). I used a VSM and an RF
sputtering machine for film prepara-

3000 0

1000

tion, and a magneto-optical tech-
nique and scanning-tunneling mi-
croscopy for analysis; I obtained the
following results:

DW motion in RE-TM films under
an external field that approaches the
coercivity of the film is a thermo-
activated process. The velocity of
DW motion depends exponentially
on the external field and increases
sharply with the increase of film
temperature (see Figure 4). The acti-
vation energy of DW displacement
depends linearly on the external
field, and is about 2.5 eV (see Figure
5).

The DW motion in RE-TM amor-
phous films is not a continuous pro-
cess. During movement, DW seg-
ments 0.3–0.5 µm in length displace,
jump-like, over a distance of 0.3–0.5
µm.

The activation volume of the DW
displacement increases non-linearly
from 2×10–18 cm3 to 7×10–18 cm3 as
the RE-TM film thickness increases
from 25 nm to 400 nm. The interac-
tion energy W between the DWs
and defects is weakly dependent on
the film composition and thickness,
and is about 5 eV.

The period of the domain struc-
ture which forms during remagneti-
zation of the films decreases with
increasing film thickness. Bubble-
like domains grow during remagnet-
ization of the films with a saturation
magnetization of Ms = 50–100 G
[0.5–1.0×105 A m–1] and thickness
h = 10–100 nm, whereas maze-type
domains grow in films with h = 200–
500 nm.

The RE-TM film surface has a
quasi-periodic structure with an av-
erage period increasing from 40 nm
to 700 nm as the film thickness
grows from 5 nm to 200 nm. The
average height of the roughness of
the film surface increases from 2 nm
to 10 nm with the growth of the film
thickness from 5 nm to 200 nm. An
anisotropic structure of the film sur-
face was observed for films with
thicknesses greater than 200 nm. It
looks like the surface of these films is
formed from the tops of columns
sloped in one direction (see Figure
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…VF Reports continued from page 5 IRM Graduate Student
Does it Again at AGU!

At the Fall AGU meeting in San
Francisco, the IRM’s Sherry Foss
received one of the GP-section’s
“Best Student Paper” awards for the
second year in a row. An example of
the work that went into her talk,
which was entitled “Domain-wall
structure in single-crystal magnetite
investigated by magnetic force mi-
croscopy,” graced the cover of the
last issue of the IRM Quarterly as
part of an article on the Magnetic
Microscopy Center.

Magnetic Fraction of
Pleistocene Lake Sedi-
ments from New Mexico

Along with a paleomagnetic study,
I’d been trying to characterize the
magnetic fraction of sediments from
Late Pleistocene Lake Estancia, in
central New Mexico. So, with 500 of
my best samples tucked under my
left arm, I set off for the frozen tun-
dra of Minnesota.

Though most of my samples were
entirely too weak to be studied in
the first place, I did manage to get
decent MicroMag loops on some
magnetic separates. I tried the Kap-
pabridge and LakeShore suscepto-
meters on five or six of my strongest
bulk samples, but the signal just
wasn’t there, so I ended up slipping a
separate or two into the Kappabridge
and LakeShore before I headed

Harry Rowe
University of
New Mexico

southwest. The MPMS did provide
me with some good data, though,
especially on separates. (By the way,
Vaseline is your friend in keeping
your separates together between the
MicroMag and the MPMS, although
I think it freezes around 30K and
falls to the bottom of the gel-cap!
More research money should be
poured into the study of Vaseline.)

Of course, John Geissman and
Roberto Molina-Garza wouldn’t
allow me to get on the plane until
they had sufficiently loaded me
down with their samples! So, I’ve
been running hysteresis loops on:
Cambro-Ordovician Ignacio Forma-
tion sandstone (“Hematite City”),
Electra Lake gabbro (“Magnetite
City”), Leadville limestone (stronger
than lake sediments), and a shoeful
of Mexican and New Mexican sand-
stones and limestones (muchos in-
teresantes). So, John and Roberto’s
stuff made up for the lack of excite-
ment in my own samples!

“Ohhhhhhh…Look at
that…Dogs are so cute
when they try to com-
prehend magnetohydro-
dynamics.”

The New Visiting Fellows
This time, we will have plenty of

visitors. For the period March–Au-
gust 1995, the Fellows, with their
affiliations and research interests, are
listed below in alphabetical order.
[Watch this space for their reports in
upcoming issues.]

N.B. The proposal deadline for
visits during the period September
1995–February 1996 will be in May,
shortly after the AGU meeting.
Look for an announcement in the
spring issue of the IRM Quarterly, as
well as in Eos and in GSA Today.

Post-PhD
David J. Dunlop / Özden Özdemir
Univ. of Toronto–Erindale Campus

high-T VRM/pTRM/low-T demag
H. Paul Johnson
University of Washington–Seattle

grain-size distributions of magnetic
minerals in submarine basalts

Andrew P. Roberts
University of California–Davis

magnetic properties of greigite
John Stamatakos
University of Michigan–Ann Arbor

deformation and remagnetization
in Paleozoic carbonates

Wyn Williams
University of Edinburgh

magnetostatic interactions be-
tween nano-engineered arrays of
anisotropic particles

Xixi Zhao
Univ. of California–Santa Cruz

rock magnetism of hydrothermal
sulfides

Students
Archana Pawse
Michigan Tech. Univ.–Houghton

ESR sprectra and magnetic prop-
erties of volcanic ash

James C. Pickens
Univ. of Massachusetts–Amherst

Matuyama-Brunhes reversal in
Chilean volcanics

Scott Sitzman
University of Wisconsin–Madison

physical and magnetic properties
of magnetite from granulite-facies
marble

Pavel Sroubek
Michigan Tech. Univ.–Houghton

paleoenvironment from cave sedi-
ments

Pieter Vlag
Laboratoire de Géologie du Quater-
naire, Aix-en-Provence

climate changes from maar lakes

he Institute for Rock Magnetism
is dedicated to providing
state-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 1–3-week period dur-
ing the following half year. Shorter,
less formal visits are arranged on an
individual basis through the labora-
tory manager.

The IRM staff consists of Subir
Banerjee, Director; Bruce Mosko-
witz, Associate Director; Jim Mar-
vin, Senior Scientist; and Chris
Hunt, Scientist and Lab Manager.

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

The IRM Quarterly is published
four times a year by the staff of the
IRM, with editorial and layout assis-
tance from Freddie Hart. If you or
someone you know would like to be
on our mailing list, if you have some-
thing 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 no-
tify the editor:

Chris Hunt
Institute for Rock Magnetism
University of Minnesota
291 Shepherd Laboratories
100 Union Street S. E.
Minneapolis, MN  55455–0128
phone: (612) 624-5274
fax: (612) 625-7502
e-mail: chunt@maroon.tc.umn.edu

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