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Tasks at the IRM
Still Take Time
Stefanie Brach-
feld, Sherry Foss,
Chris Hunt, Gin
Kletetschka, Jim
Marvin, Bruce
Moskowitz, Scott
Rubin, Mitra
Sahu, Peat Sol-
heid, Weiwei
Sun
IRM

In order to plan visits to the IRM,
many people have asked what is entailed
in real-world data-gathering at our
facility. The answer consists of a series
of short lab notes by the people who
most often do the work. This second of
what has now grown to three install-
ments—the Editor didn’t realize how
loquacious his colleagues would prove to
be!—deals with the more standard
procedures used to measure rema-
nences, hysteresis loops, temperature-
dependences, and anisotropies, and
with data-file management.

REMANENCES

NRM
Natural remanent magnetization

(NRM) measurements of standard
rock cores and of sub-sampled sedi-
ments are made either on 2G’s
three-axis Superconducting Rock
Magnetometer (SRM) or on Schon-
stedt’s Spinner Magnetometer
(SSM). The time required depends
on how strongly magnetic your
sample is. There are options in the
SRM’s control program to accommo-
date both weak samples (e.g., lime-
stone) and normal samples; for
strong samples (e.g., basalt) the SSM
must be used. Normal samples re-
quire the least time (NRM logging
requires about one-and-a-half min-
utes per sample), weak samples need
twice as much time as normal ones,
and strong samples need much more
time still.

ARM and pARM
Anhysteretic remanent magnetiza-

tion (ARM) can be induced in both
of our Schonstedt alternating-field
(AF) demagnetizers, each of which
has a coil that produces a DC axial
magnetic field, the intensity of
which can be controlled from 0 µT
to 180 µT. ARM is then measured
on the SRM. All together, it takes
only about two minutes per sample
to do ARM induction and measure-
ment. In addition, partial ARM
(pARM) can be induced by using
the controlling window. By shifting
the window after each measurement,
a pARM curve can be obtained.
This will take 20–30 minutes, de-
pending on how many steps you
decide to use.

AF demagnetization
To perform AF demagnetization,

each of the three orthogonal direc-
tions of a sample must be demagne-
tized for each step. A complete de-
magnetization in 10 steps from 0 mT
to 100 mT takes about 30–40 min-
utes. However, in order to speed up
your measurements, both AF demag-
netizers can be used simultaneously
to demagnetize two samples in paral-
lel. The extra measurement time
spent to do two samples at once is
only about five minutes longer than
for one sample alone. One-axis de-
magnetizations (e.g., ARM) take—
you guessed it!—about one-third the
time of three-axis ones.

IRM
Using Princeton Measurements’

Alternating Gradient Force Magne-
tometer (AGFM or “MicroMag”),
you can characterize isothermal re-
manent magnetization (IRM) at the
IRM. [“The IRM,” of course, cannot
be easily characterized, despite its
having so many characters!] Samples
typically are smaller than 50 mg, and
often less than 1 mg. Preparing the
samples and mounting them on the
sample holder takes a few minutes,
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Time continued on page 7…

IRM people in front of Shepherd Labs at the University of Minnesota: (left to right) Subir Banerjee, Bruce Mosko-
witz, Stefanie Brachfeld, Chris Hunt, Peat Solheid, Weiwei Sun, Sherry Foss, Gin Kletetschka, Li Xu, Jim Marvin,
Scott Rubin. [Not pictured: Sanghamitra Sahu, Katerina Moloni, Roger Proksch, Mike Jackson, B. J. Wanamaker.]
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Four groups of Visitors graced our
labs this fall. John K. Eyre came
over from Liverpool to study Chi-
nese loess and paleosol. Joe Rosen-
baum and Rich Reynolds from the
U.S.G.S. in Denver had an assort-

ment of samples from all over the
U.S. Elizabeth Schuler and Chris-
tine Orme came from the University
of Michigan to videotape domain
images on the MOKE. Also from
Ann Arbor, Bernie Housen made

his third or fourth trip to Minneapo-
lis, but his first as an official Visiting
Fellow. Needless to say, each of our
visitors was cajoled to contribute a
summary of work done here.

Visiting Fellows’ Reports

Joe Rosenbaum
Rich Reynolds
U.S. Geological
Survey, Denver

Magnetic Studies of Lake
Sediments and of Lavas

ide content (based on depressed S
ratios) might influence ARM and
other magnetite grain-size proxies.

Recent sediments from Reelfoot
Lake, Tennessee, were used to try to
reveal records of earthquake activity,
including the New Madrid earth-
quake of 1811–12. A zone displaying
a strong decrease in ARM/χ (larger
magnetic grain size) occurs at a level
apparently corresponding to a time
not long before the European settle-
ment began in 1840. The magnetic
grain-size variations from hysteresis
ratios will help us to evaluate the
possible relationships among large
seismic events, sand blows in the
catchment, and changes in grain size
of lake sediments.

Older lake beds—Oligocene
Creede caldera moat-fill, central San
Juan volcanic field, Colorado—
posed a different question: Can
magnetostratigraphy elucidate the
time span of deposition of the sedi-
ments? If so, we would have a clearer
picture of the duration of the caldera
cycle and of constraints on models
for nearby ore deposition that may
have involved brines from Creede
Lake. So far, magnetic, petrographic,
and geochemical results—and a con-
fusing polarity zonation—reveal
these results: severe and variable
depletion of detrital magnetite due

to sulfidization, preservation of detri-
tal ferrimagnetic ferrian ilmenite,
and CRM overprints by magnetite or
perhaps pyrrhotite. One valuable
outcome from using the MicroMag
and the MPMS during our visit was
the characterization of ferrian il-
menite from several localities. The
hysteresis results show yet another
way to get wasp-waisted loops!

During our last project, we found
that lava flows from Kilauea Vol-
cano, Hawaii, show differences in
“alphabet soup” properties that ap-
pear related to their location relative
to the regional groundwater table.
Hysteresis properties will be used to
assess changes in mineralogy and
magnetic grain size that could, in
turn, be factored into our interpreta-
tion of the aeromagnetic signatures
of the entire island.

The visit was a tremendous suc-
cess. We obtained a large amount of
data that gave us new insights and
led us to ask fresh questions, some of
which we were able to test the same
day on a different instrument down
the hall. We express our apprecia-
tion to Subir Banerjee, Jim Marvin,
and Bruce Moskowitz for their hos-
pitality and instantaneous feedback,
and to Jim and Bruce for their
friendly, instrumental [!] assistance.

We measured hysteresis properties
of a potpourri of samples in order to
determine both magnetic grain-size
variations and magnetic mineralogy.

To determine hysteresis param-
eters, we used the VSM for bulk-
sample measurements of paleomag-
netic specimens (which were cut
before the trip into half-height
disks) and of sediments packed in
plastic cubes (18 mm on a side); we
used the MicroMag for magnetic
mineral separates. We shunned the
latter’s delicate quartz probe, opting
instead for a more durable plastic
one that could better withstand a
bump in the late night. We fre-
quently measured the empty probe
and corrected each run for the
probe’s diamagnetism—operations
that were simple and quick.

A core from Buck Lake, Oregon,
was our source for insight on the
responses of weathering, erosion, and
deposition to climate change. After
determining general climate regimes
at home by measuring pollen, χ,
ARM, and S ratios, we wanted to
obtain other magnetic grain-size
measures from hysteresis ratios
(Hcr/Hc and Jrs/Js), and to evaluate
the extent to which high ferric-ox- VF Reports continued on page 6…

John K. Eyre
University of
Liverpool

Thermomagnetic Proper-
ties of Loess and Paleosol

ration magnetization was found to
approximate the relationship given
by Js(T) ∝ (Tc – T)0.73, where
Tc = 565°C, which deviates from the
behavior seen in bulk magnetite. Hc
and Jrs showed a stronger decrease
with increasing temperature than did
Js, indicating some unblocking of
grains. High-field susceptibility was
found to follow a 1/T relationship,
showing that there was no signifi-
cant distribution of Curie tempera-
tures below 50°C under Tc(max).
Further, I carried out some thermal
unblocking of SIRM (2.5 T applied

at 5 K) measurements on a selection
of loess/paleosol samples. All sam-
ples showed a large decrease in mag-
netization up to 50 K. The gradient
of the curve was approximated with
a cT–x relationship. The exponent x
was observed to lie between 1.0 and
1.8. The “residual” after this ap-
proximate curve was subtracted was
similar for all samples, showing both
a Verwey transition doublet (100 K,
120 K) and a broad peak centered on
50 K. My visit to the IRM has been
very rewarding, and has presented
me with several more puzzles.

I came to the IRM with the aim of
investigating the anomalous thermo-
magnetic behavior of paleosol sam-
ples from Chinese loess. In particu-
lar, I was interested in why their
thermomagnetic curves were nearly
reversible (heated in air for 30 min-
utes) and linear. Using the VSM
furnace set-up, I was able to obtain
hysteresis loops (0–1.5 T) from room
temperature up to 50°C below the
Curie temperature. From these, satu-
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Title page from Petri van Musschenbroek’s
Physicæ Experimentales et Geometricæ, 1729.

AMS

Ellwood, B. B., G. E. Terrell, and W.
J. Cook
Frequency dependence and the
electromagnetic susceptibility ten-
sor in magnetic fabric studies, Phys.
Earth Planet. Inter., 80, 65-73, 1993.
Results of a comparison of anisotropy of
magnetic susceptibility (AMS) with elec-
tromagnetic susceptibility (EMS) indi-
cated that a frequency dependence exists
for some paramagnetic and diamagnetic
conductors (copper, biotite, clays), but
not for ferrimagnetic conductors (magne-
tite). Measurements on quartz crystals
yielded information about c-axis orienta-
tion, a useful parameter in structural ge-
ology.

Richter, C., L. Ratschbacher, and
W. Frisch
Magnetic fabrics, crystallographic
preferred orientation, and strain of
progressively metamorphosed
pelites in the Helvetic zone of the
central Alps (Quartenschiefer for-
mation), J. Geophys. Res., 98B,
9557-9570, 1993.
An initially hematite-bearing red-bed
sedimentary rock was traced from
unmetamorphosed shales to amphibolite-
facies schists in order to investigate the
relationships among anisotropy of mag-
netic susceptibility (AMS), mineral pre-
ferred orientation, macroscopic struc-
tures, and finite strain. The results were
that deformation had a stronger influence
on AMS ellipsoid shape than did meta-
morphic grade.

Crustal Magnetization

Shau, Y.-H., D. R. Peacor, and E. J.
Essene
Formation of magnetic single-do-
main magnetite in ocean ridge
basalts with implications for sea-
floor magnetism, Science, 261, 343-
345, 1993.
STEM observations showed that, in oce-
anic sheeted-dike basalts, single-domain
(SD) magnetite formed through: oxida-
tion-exsolution of ilmenite; exsolution of
ulvöspinel lamellae; and recrystallization
of magnetite by interaction with con-
vecting fluids. The data suggested that
sheeted-dike basalts, with SD magnetite
as an efficient and stable magnetic car-
rier, contribute significantly to sea-floor
magnetism.

Shreyder, A. A.
Magnetism of the oceanic lithos-
phere and linear paleomagnetic
anomalies, Izv. Akad. Nauk SSSR
Ser. Fiz. Zemli (Phys. Solid Earth),
28, 502-510 (in Engl. transl.), 1992.
In a discussion of the linear magnetic
anomalies of the oceanic crust, it was
noted that the sources of the anomalies
were found mainly in oceanic crustal lay-
ers 2a and 3a, but that the anomalous
geomagnetic field generated by serpen-
tinized ultrabasic rocks could distort the
anomalies.

Database

McElhinny, M. W., and J. Lock
Global Paleomagnetic Database sup-
plement number one: update to 1992,
Surv. Geophys., 14, 303-329, 1993.
The latest version of the GPMDB, which
incorporates changes in the database
structure and extensions to the menu,
contains over 7000 results and over 2600
references, and covers all data published
world-wide through 1992. Diskettes con-
taining the new data set and accompany-
ing program files may be obtained from
World Data Center A in Boulder, Colo-
rado. [See also Lock and McElhinny,
Surv. Geophys., 12, 317-506, 1991.]

Data Manipulation

Ivanov, A. P., et al.
Spectral thermomagnetic analysis
of rocks, Izv. Akad. Nauk SSSR Ser.
Fiz. Zemli (Phys. Solid Earth), 28,
235-242 (in Engl. transl.), 1992.
A method was described for the spectral
thermomagnetic analysis of the ferrimag-
netic fraction of rocks which used the
temperature-dependence of saturation
magnetization Js to determine, with high
accuracy, the Curie points of the multi-
phase ferrimagnetic fraction, the number
of phases, and the contribution of each
phase to the total Js value for the sample.

Dating

Baksi, A. K., K. A. Hoffman, and
M. O. McWilliams
Testing the accuracy of the geo-
magnetic polarity time-scale
(GPTS) at 2–5 Ma, utilizing
40Ar/39Ar incremental heating data
on whole-rock basalts, Earth Planet.
Sci. Lett., 188, 135-144, 1993.
40Ar/39Ar incremental heating tests were
performed to check the accuracy of the
K-Ar data used to date the Réunion
Event and part of the early Pliocene por-
tion of the GPTS. The results were an
age of 2.14 ±  0.03 Ma for the Réunion
Event (0.07 Ma older than previous K-Ar
dates on the same rocks), and a Pliocene
age of 4.56 ±  0.03 Ma (standard error five
times smaller than previous K-Ar dates).

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 the IRM Quarterly. An ex-
tensive reference list of articles—prima-
rily about rock magnetism, the physics
and chemistry of magnetism, and some
paleomagnetism—is continually up-
dated at the IRM. This list, with more
than 2100 references, is available free
of charge. Your contributions both to
the list and to the Abstracts section of
the IRM Quarterly are always wel-
come.
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Domains

Haag, M., et al.
Domain observations of the mag-
netic phases in volcanics with self-
reversed magnetization, Geophys.
Res. Lett., 20, 675-678, 1993.
The temperature-dependence of mag-
netic domain patterns found in the tita-
nomagnetite and titanohematite of self-
reversing andesites was observed using
the Bitter technique. Between 110°C and
180°C, the natural remanent magnetiza-
tion lost its self-reversal properties, and
the titanohematite domains disappeared.

Geodynamo

Gubbins, D.
Geomagnetic polarity reversal: a
connection with secular variation
and core-mantle interaction?, J.
Geophys. Res., in press.
A simple theory was proposed relating
changes in the core field to apparent
transition paths measured at the Earth’s
surface. The model showed that longitu-
dinal confinement of the paths can occur
for complicated core fields, and that sur-
face intensities can drop by an order of
magnitude. Simple paths were an indica-
tion of some flux organization at the core
surface, but not of large-scale or small-
amplitude core fields.

Hulot, G., M. le Huy, and J. L.
le Mouel
Geomagnetic jerks and flows in the
Earth’s core, C. R. Acad. Sci.
(Paris), Sér. II, 317, 333-341, 1993.
The energy of the flow at the top of the
Earth’s core was computed for the period
1840–1990. The energy associated with
the non-zonal part of this flow showed
strong variations, the rate of which
changed suddenly at times of geomag-
netic jerks. Jerks were proposed to be the
geomagnetic signatures of changes in the
core-flow regime. [The Editor exhibited
admirable restraint in leaving this alone!]

Geology

Housen, B. A., B. A. van der Pluijm,
and R. Van der Voo
Magnetite dissolution and neocrys-
tallization during cleavage forma-
tion: paleomagnetic study of the
Martinsburg formation, Lehigh
Gap, Pennsylvania, J. Geophys.
Res., 98B, 13,799-13,813, 1993.
Paleomagnetic study of a shale-to-slate
transition revealed that the remanence of
the relatively undeformed shales predated
cleavage formation, but that the slates
were remagnetized during cleavage devel-
opment. Thus, remagnetization occurred
during development of slatey cleavage.
The mechanism for this remagnetization
was interpreted to be strain-induced dis-
solution and crystallization of magnetite.

Oxidation

Nasrazadani, S., and A. Raman
The application of infrared spec-
troscopy to the study of rust sys-
tems: II. Study of cation deficiency
in magnetite (Fe3O4) produced
during its transformation to mag-
hemite (γ-Fe2O3) and hematite
(α-Fe2O3), Corrosion Sci., 34, 1355-
1365, 1993.
Infrared (IR) spectroscopy was applied to
the study of the transformation of Fe3O4
through cation-deficient γ-Fe2O3 to
α-Fe2O3. Sample defect content was de-
termined from the lattice parameter of
the spinel phase, and was then correlated
both to saturation magnetization of the
oxidized samples and to the absorption
bands in the IR spectra. The spectra
given can be used as guides to estimate
the cation vacancy content in magne-
tites.

Özdemir, Ö., D. J. Dunlop, and B.
M. Moskowitz
The effect of oxidation of the
Verwey transition in magnetite,
Geophys. Res. Lett., 20, 1671-1674,
1993.
Remanence changes at the Verwey tran-
sition (110–120 K) were significant in
both large and small crystals of stoichio-
metric magnetite. However, a small de-
gree of surface oxidation suppressed the
transition, which, because fine grains oxi-
dize more readily, lead to an apparent
size-dependence. Suppression of the tran-
sition could be useful as a sensitive test
for low-temperature oxidation in soils,
sediments, and rocks.

Physics

Coey, J. M. D., et al.
Charge freezing and surface anisot-
ropy on magnetite (100), J. Appl.
Phys., 73, 6742-6744, 1993.
Room-temperature scanning-tunneling-
microscopy (STM) images of the (100)
surface of slightly nonstoichiometric
magnetite showed static arrays of paired
Fe2+ ions with short-range order, and a
charge fluctuation time greater than
103 s. The absence of an apical oxygen
from the B-site octahedron caused the
surface to be a Wigner glass, leading to
surface anisotropy which was expected to
outweigh bulk anisotropy in submicron
particles.

Kim, Y. K., and M. Oliveria
Processing-properties relationships
in Fe3O4 thin films, J. Appl. Phys.,
73, 6313, 1993. [Summary only]
An examination was made of the mag-
netic properties and microstructure of
Fe3O4 polycrystalline films with thick-
nesses less than 100 nm. The processing
variables examined included substrate
material, substrate temperature, oxygen
partial pressure, and film thickness. In
the full paper, the microstructural origins
of the observed coercivity and anisotropy
will be discussed, as will be trends in the
saturation behavior.

Remagnetization

McCabe, C., and J. E. T. Channell
Late Paleozoic remagnetization in
limestones of the Craven basin
(northern England) and the rock
magnetic fingerprint of remag-
netized sedimentary carbonates, J.
Geophys. Res., in press.
Remagnetized Paleozoic carbonates from
various locations displayed similar “wasp-
waisted” hysteresis loops; unremagnetized
limestones showed more “typical” hyster-
esis behavior. These results suggest that
remagnetization in magnetite-bearing
carbonates can be readily detected on the
basis of their hysteresis properties, prior
to a full-scale paleomagnetic investiga-
tion.

Sun, W.-W., and M. J. Jackson
Scanning electron microscopy and
rock magnetic studies of magnetic
carriers in remagnetized early Pa-
leozoic carbonates from Missouri, J.
Geophys. Res., in press.
Magnetic extracts from remagnetized
Early Paleozoic carbonates contained
large framboids and euhedral crystals, but
the remanence carriers consisted of sin-
gle-domain (SD) magnetite. The “wasp-
waisted” hysteresis loops and other un-
usual bulk magnetic properties of these
rocks were affected by the presence of
superparamagnetic (SP) magnetite.

Reversals

Ermushev, A. V., A. A. Ruzmaikin,
and D. D. Sokolov
Fractal character of the sequence of
geomagnetic field reversals,
Magnetohydrodyn. (transl. of Magnit.
Gidrodin.), 28, 8-12 (326-330 in
orig.), 1992.
A cursory glance at the graphical repre-
sentation of the magnetostratigraphic
scale of Hartland et al. [1985] revealed an
analogy to images of one-dimensional
fractal sets. The time-sequence of geo-
magnetic reversals were thus viewed as a
homogeneous fractal set—in fact, various
fractals parameters were determined.
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Thomson, L., R. J. Enkin, and W.
Williams
Simulated annealing of three-di-
mensional micromagnetic struc-
tures and simulated thermorema-
nent magnetization, J. Geophys.
Res., in press.
Thermal fluctuation was incorporated
into a micromagnetic model in order to
simulate the acquisition of TRM. When
the magnetization of the model was con-
strained to rotate coherently, the results
agreed with Néel’s SD TRM theory. Oth-
erwise, the blocking temperature de-
creased in grains larger than about 0.07
µm, showing Néel’s SD TRM theory to
be inaccurate for grains above this size.

Worm, H.-U., D. Clark, and M. J.
Dekkers
Magnetic susceptibility of pyrrho-
tite: grain size, field and frequency
dependence, Geophys. J. Int., 114,
127-137, 1993.
The initial susceptibility of pyrrhotite
was analyzed as a function of grain size at
frequencies from 30 Hz to 27 kHz, and—
at 2 kHz—at fields from 0.05 µT to 1500
µT. The in-phase susceptibility (k') of a
pyrrhotite-ore specimen was practically
independent of frequency up to 4 kHz, af-
ter which it decreased; the quadrature
component (k") increased linearly with
frequency to a value comparable to that
of k' at 20 kHz for large grains.

Sediments

Dabas, M., and J. R. Skinner
Time-domain magnetization of soils
(VRM) experimental relationship
to quadrature susceptibility,
Geophys., 58, 326-333, 1993.
Numerous soil samples from a variety of
archaeological sites were used to compare
measurements of eddy currents originat-
ing from the decay of viscous remanent
magnetization (VRM) with measure-
ments of in-phase and quadrature suscep-
tibility. VRM was found to be linear with
applied field (200–2300 µT). Finally, a
direct comparison was made between
VRM and quadrature susceptibility.

Rock Magnetism of Sediments
Symposium held at IUGG 20th
General Assembly (Vienna, Au-
gust 1991), J. Geomagn. Geoelectr.,
45, no. 2, 1993.
In this special issue, articles appeared on
the following topics: Chinese loess, mag-
netism and climate, Pacific deep sea core,
Fe3O4 and CaCO3 contents, Atlantic
core magnetic variations and Milanko-
vitch cycles, British speleothems, the
Precambrian banded-hematite jasper for-
mation of Orissa (India), rock-magnetic
discrimination of tephra, sediment mag-
netization direction dispersion, and
sedimentary rock-magnetic fabric in the
Pyrenees.

Techniques

Ellwood, B. B., W. D. MacDonald,
and J. A. Wolff
The slot technique for rock mag-
netic sampling, Phys. Earth Planet.
Inter., 78, 51-56, 1993.
A new technique was developed that al-
lows sampling of sedimentary and volca-
nic materials that are extremely friable
and poorly-to-moderately lithified. A
dual-blade masonry wheel with a 2-cm
separation was used to cut two parallel
slots in the material being sampled. A
second set of cuts at right angles to the
first produced a fixed, cubic pedestal
around which a plastic sample box could
be inserted, oriented, and extracted.

Malchenko, S. N., et al.
Formation of iron oxide films from
stabilized sols-magnetic liquids,
Thin Sol. Films, 227, 128-132, 1993.
Formation of thin, iron-oxide films were
studied using various analytical tech-
niques. The continuous, transparent
films, which were from 50 nm to 1.5 µm
thick and consisted of colloid-size par-
ticles, were heated in air at 420–820 K.
The films had a crystal structure of mag-
netite (Fe3O4) after heating below 570 K,
maghemite (γ-Fe2O3) after heating be-
tween 620 K and 670 K, and hematite
(α-Fe2O3) after heating above 670 K.

Mullender, T. A. T., A. J. van
Velzen, and M. J. Dekkers
Continuous drift correction and
separate identification of ferrimag-
netic and paramagnetic contribu-
tions in thermomagnetic runs,
Geophys. J. Int., 114, 663-672, 1993.
Improvements in a horizontal-translation
Curie balance allowed continuous drift
correction, field and temperature control
(300–900°C), real-time data acquisition,
data processing, and a better S/N ratio.
By cycling the applied field sinusoidally,
the output signal was amenable to Fou-
rier analysis, yielding the fundamental
and second harmonics which were re-
lated to both saturation magnetization
and paramagnetic susceptibility.

Nagy, E. A., and J.-P. Valet
New advances for paleomagnetic
studies of sediment cores using
U-channels, Geophys. Res. Lett., 20,
671-674, 1993.
U-channel demagnetization data were
analyzed based on both the angular dis-
persion of directions between successive
demagnetization steps and downcore
changes in the rate of intensity decrease.
This technique allowed rapid discrimina-
tion between intervals having well-iden-
tified characteristic components, and
zones characterized by a more complex
demagnetization behavior. It was also
possible to induce and measure many
rock-magnetic properties directly.

Mary, C., and V. Courtillot
A 3-D representation of geomag-
netic reversal records, J. Geophys.
Res., in press.
Records of reversals for which an inten-
sity determination was available were as-
sembled and categorized according to re-
versal style. Large directional swings in
traditional representations often corre-
sponded to far less conspicuous changes
on Zijderveld vector plots at points close
to the origin; behavior was then domi-
nated by “noise,” one source of which
may simply be secular variation of the
non-dipole field.

Rock Magnetism

Dunlop, D. J., and S. Xu
Theory of partial thermoremanent
magnetization in multidomain
grains: I. Repeated identical barri-
ers to wall motion (single microco-
ercivity), J. Geophys. Res., in press.
Néel’s theory [1955] of thermoremanent
magnetization (TRM) in multidomain
grains was extended to include the acqui-
sition of partial TRM, and the thermal
demagnetization of partial and total
TRM. The initial magnetization state
was found to affect TRM acquisition, in-
tensity, and demagnetization characteris-
tics. Thellier’s law of pTRM additivity
was found to be only very approximately
obeyed.

Xu, S., and D. J. Dunlop
Theory of partial thermoremanent
magnetization in multidomain
grains: II. Effect of microcoercivity
distribution and comparison with
experiment, J. Geophys. Res., in
press.
The TRM and pTRM theories developed
in paper I [above] were extended to in-
clude domain-wall pinning by microcoer-
civities of varying magnitudes. The re-
sulting normalized thermal demagnetiza-
tion curve was independent of both ap-
plied field and mean microcoercivity.
Complete demagnetization of pTRM will
not occur at the acquisition temperature,
but only near the Curie temperature.

Enkin, R. J.
Three-dimensional micromagnetic
analysis of stability in fine magnetic
grains, J. Geophys. Res., in press.
The stability of magnetic remanences in
grains of magnetite near the critical SD
grain size (do) was studied by following
the magnetic structure of a grain through
a 180° magnetization reversal. Even in
grains smaller than do, the energy barrier
to non-coherent reversal is lower than
that of coherent rotation, so that pseudo-
single-domain grain behavior will be ex-
hibited by grains significantly smaller
than do.
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…VF Reports continued from page 2 the dynamic formation of domains
starting from a saturated state and
their evolution as a function of ap-
plied magnetic field. Another was
that domain patterns differed greatly
for different multilayer thicknesses.
More of the mysteries of Co/Cu
multilayers will gradually be unrav-
eled as we take the time needed to
sift through the eight hours of VCR
tape and 100 megabytes of images.

Although our samples were man-
made structures—and thus not geo-
logical in nature—there is a com-
mon ground in trying to understand
the propagation and nucleation of
domain walls. Many thanks to the
IRM students and staff, with special
appreciation to Jim Marvin who
assisted us in times of despair.

Elizabeth Schuler
Christine Orme
University of
Michigan

Magnetic Domains in Co-
balt/Copper Multilayers
Revealed on the MOKE

In recent years there has been a
great deal of excitement generated
by the discovery of novel magnetic
properties in metallic thin-film
multilayers. (Multilayers are created
by depositing alternating layers of
magnetic and non-magnetic materi-
als on a substrate.) The magnetic
properties of these layered systems
are sensitively controlled by the
materials chosen and by the thick-
nesses of both the magnetic and the
non-magnetic layers. Thus, by vary-
ing these properties, it is possible to

design a metastable structure with
particular magnetic properties.

The main goal of our visit to the
IRM was to use the Magneto-Optic
Kerr Effect (MOKE) microscope to
study the dynamic motion of the
magnetic domains in Co/Cu multi-
layers. The IRM was kind enough to
allow us to modify their current set-
up to step through a hysteresis loop
and image magnetic domains at
known applied field strengths. Im-
ages were recorded either by VCR,
which allowed us to study the real-
time dynamic movement, or by still
frames, which we saved to disk for
future analysis. After several hectic
days of adapting instrumentation, we
were able to capture many exciting
domain patterns. One example was

the observed changes are due to
production of magnetic sulfides, or to
reduction of magnetite grain size, or
maybe even to both. Stay tuned for
further details. The sources of low-
field susceptibility in these sediments
will be determined by using the
VSM and MPMS results from the
Santa Barbara Basin. The goal here
is to see if changes in either total,
paramagnetic, or ferrimagnetic sus-
ceptibility in clastic sediments can
be correlated with the high-resolu-
tion climate record that will be ob-
tained from this site.

My stay at the IRM would not be
complete without finding another
strange and bizarre MicroMag hys-
teresis loop from a deformed rock. I
measured the hysteresis of magne-
tites separated from a deformed an-
orthosite shear zone to check for
variations in hysteresis parameters
that might be attributable to
changes in magnetite size and/or
shape with increasing deformation.
Most loops were quite normal look-
ing; the exception is shown at left.
This repeatable loop, from a mylon-
ite sample, is severely pinched or
“corseted” at the origin. What could
cause this? Is it the result of defect-
pinning of domains, since the mag-
netite is plastically-deformed in the
shear zone? Is this an interaction
effect? Or is it just some laboratory
artifact? If any of the readers of the
IRM Quarterly have any suggestions
as to the origin of the corseted loop,
please send them via e-mail to:
bernard.a.housen@um.cc.umich.edu.

Finally, I would like to thank
Chris Hunt and the rest of the IRM
staff and students for their help and
hospitality during my visit.

ane and water clathrates) and mag-
netic mineralogy which was based
on preliminary results obtained dur-
ing an informal visit to the IRM last
spring. With 150 hysteresis loops
from the VSM in hand, there ap-
pears to be a rock-magnetic signa-
ture associated with the presence of
hydrates in the Cascadia accretion-
ary prism. The results from 30 sam-
ples run on the MPMS, which will
constrain the temperature-depen-
dence of remanence from 5 K to
300 K, should help to determine if

Rock Magnetism of the
Cascadia Accretionary
Prism and the Santa Bar-
bara Basin: ODP Leg 146

Bernie Housen
University of
Michigan

During my stay at the IRM, I mea-
sured hysteresis properties of samples
I had collected during Ocean Drill-
ing Program Leg 146. The majority
of the work was devoted to examin-
ing a possible link between fluid-flow
and/or gas hydrates (ice-like meth-

“Corseted” hysteresis loop
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utes. Again, about six samples per
hour can be processed. Weaker or
noisier samples require extra fiddling
time, of course.

MPMS loops
Hysteresis loops on small or weak

samples can also be measured on
Quantum Design’s Magnetic Prop-
erty Measurement System (MPMS).
But, since a single field change takes
2–3 minutes, a typical loop with
about 100 points takes at least 4
hours to complete, including set-up
time. So, unless you have patheti-
cally weak samples, or you really,
really need to go below 77 K or
above 2 T, use the VSM or the Mi-
croMag instead—you get many more
points in much less time.

TEMPERATURE

Low-temperature
thermal demagnetization

Measurements of remanent and
induced magnetization as a function
of low temperature (2–400 K at a
constant field in the range 0–5.5 T)
are easily done on the MPMS. Sam-
ple holders consist of a standard
drinking straw and a gel cap. A good
rule of thumb for sample size is the
following: if it fits into the straw and
is 2 cm or less in length, it’s perfect.
The most convenient sample prepa-
ration method is to pack samples
(powders or rock chips) into small
gel caps, which are then placed into
the straw. (To pack the samples in
the caps, a small piece of quartz
wool, cotton, or fiberfrax can be
used.) The final step is to tape the
bottom of the straw so that the
sample does not fall to the bottom of
the MPMS and cause the IRM staff
to become cranky while someone
tries to fish it out.

The MPMS is automated, and the
standard procedure is to set up a
sequence file that contains all the
commands (temperature, field, and
measurement steps) for your particu-
lar sample. Sequence files can even
call other sequence files. Once the
file is set up and saved, you just ex-
ecute it and go away until it’s
finished. But the MPMS is not a
speed demon. A single temperature
step on warming takes about 3–5
minutes; the greater the change in
temperature, the longer it takes.
Cooling experiments take four times
longer; a single temperature step on
cooling takes up to 30 minutes. A
typical M-T curve, starting at 5 K
and warming to 300 K, at 5 K inter-
vals, takes about 4 hours including
set-up time.

Meetings Update …Time continued from page 1

after you figure out how to deal with
your samples: chips or flakes can be
mounted just as they are in a dab of
Vaseline; powders and soil need to
be mixed with Vaseline and smeared
on plastic wrap which is then cut to
size. For IRM acquisition, the sample
needs to be demagnetized first; the
MicroMag can perform pseudo-AF
demagnetization in a couple of min-
utes. IRM acquisition of DC demag-
netization in any number of steps
takes about three minutes. All told,
you can measure about half a dozen
samples per hour once you establish
a rhythm. When IRM acquisition
and DC demagnetization need to be
done on larger bulk samples, it be-
comes a tedious chore involving
running back and forth between
Princeton Applied Research’s Vi-
brating Sample Magnetometer
(VSM) and the SSM, which are in
different rooms. So, though you get
your exercise, it takes much longer,
the data are less reliable, and you tie
up two instruments. That’s why Jim
will be custom-building an auto-
mated “IRMer” for larger samples
next year (maybe).

HYSTERESIS

VSM loops
Hysteresis loops for relatively large

or strong samples can be measured
on the VSM. Samples with a dimen-
sion of 2 cm or smaller and soil sam-
ples packed in plastic boxes can be
used. The time it takes to measure a
sample is related to how magnetic
the sample happens to be. Strongly
magnetic samples (e.g., basalts) will
take about 20 minutes to do a com-
plete run which measures Js, Jrs, Hc,
and Hcr; weaker samples (e.g., soils)
can take up to 60 or 70 minutes. The
time needed to change samples is
short, so you can expect to run
10–20 samples a day once you get
the hang of things. For small sam-
ples, loops can be done at tempera-
tures ranging from 77 K to about
1100 K. If you don’t have other ex-
periments to run, make sure you
bring a good book!

MicroMag loops
At room temperature, hysteresis

loops on small or weak samples are
best done on the MicroMag. Sample
size and preparation are the same as
for IRM above. The loop itself
(yielding Js, Jrs, and Hc) takes about
a minute for all but the most per-
verse samples. A measurement of Hcr
(obtained during a saturation-IRM
[SIRM] DC-demagnetization proce-
dure) takes another couple of min-

IAGA
Buenos Aires,
August 1993
Ken Kodama
Lehigh Univer-
sity

The “Magnetic Properties of De-
formed Rocks” session of the Inter-
national Association of Geomag-
netism and Aeronomy (IAGA)
Conference was held in Buenos
Aires on Tuesday, August 17, 1993.
Ten papers were presented by six
participants, and approximately 40
scientists were in attendance. Pro-
jects examining the effects of grain-
scale strain on paleomagnetic rema-
nence in rocks collected from tec-
tonostratigraphic terranes (Califor-
nia), mountain belts (Pennsylvania,
Wales, and Spain), and rift basins
(Pennsylvania) indicated that me-
chanical rotation of magnetic grains
is not the only behavior that can be
observed. Remagnetization, pro-
nounced cleavage development, and
paramagnetic fabric can also be ob-
served, and must be considered
when interpreting paleomagnetic
results in deformed rocks. Other
studies documented the use of AMS
and AAR to record cryptic fabrics in
Appalachian shales and carbonates,
magma flow in diabase dikes from
around the world, and the presence
of hydrocarbon fluid migration
channels. A more refined method of
statistically analyzing and quantify-
ing weakly developed magnetic fab-
rics was also presented.

The 38th Conference on Magne-
tism and Magnetic Materials
(MMM) took place in Minneapolis
on November 15–18, 1993. Among
the hundreds of abstracts dealing
with pure and applied magnetism,
there were quite a few devoted to
fine particles, new measurement
techniques, and magnetic interac-
tions between grains. In the last
category, there was a strong revival
of the Preisach model as an explana-
tory tool. One exciting new topic
was the discussion of using pico- and
femto-second pulse optics as tools to
study dynamic magnetization, e.g.,
magnetization reversal in a single
grain! (Perhaps we will get to ob-
serve directly this type of reversal in
our life-time, even though we may
not observe a geomagnetic reversal.)
Proceedings of the conference will
be published in April 1994 as a spe-
cial issue of the Journal of Applied
Physics.

MMM
Minneapolis,
November 1993
Subir Banerjee
IRM

Time continued on page 8…
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...Time continued from page 7 ments in plastic boxes can be mea-
sured on this instrument. It is quite
fast—about 5 minutes to finish one
sample measurement. After you have
done the measurement, the com-
puter directly calculates the anisot-
ropy tensor and the three principal
directions.

AAR
Measuring anisotropy of anhyste-

retic remanence (AAR) consists of
ten measurements for each sample.
First is the base intensity after full
demagnetization. Then, the sample
is given an ARM in the x direction,
measured on the SRM, and fully
demagnetized in the x direction
again. This procedure is repeated for
the other directions for a total of
nine ARMs (parallel to each of the
three axes normal to the faces, plus
parallel to each of the six edge-to-
edge body diagonals). The whole
process takes about half an hour.
Again, if two AF demagnetizers are
used for measuring two samples si-
multaneously, the time spent is only
five minutes more than for measur-
ing one sample, but you really have
to concentrate in order to keep all
the directions straight! After finish-
ing the measurements, a computer
program can help you to calculate
the anisotropy tensor and the three
principal directions.

OTHER

Data-file management
Virtually all IRM equipment col-

lects your measurements and puts
them in a computer data file. Most
do some data manipulation and can
print out tables or graphs as you
work. But from machine to machine,
the nature of the files varies. Some
are straightforward ASCII files
(VSM, SRM, SSM, Bartington dual
frequency, MicroMag). Others are
huge, unwieldy ASCII tables
(MPMS) which can nevertheless be
made manageable with a simple
extraction program. Still others are
useless until run through specific
calculations programs (AMS, AAR,
Mössbauer). Finally, some files are
PICT/TIFF images (MOKE, MFM).
All can be easily and seamlessly con-
verted from their original IBM for-
mat to Mac format for those of you
so inclined. Allow a good hour or
two towards the end of your stay to
do conversions, copy files, make
backups, and tidy up your directories
on our computers.

In the winter issue, we’ll include the
more elaborate procedures: paleoin-
tensity, magnetic imaging, chemical
techniques—and others.

Curie points
Curie temperatures are determined

on the VSM after fitting the ma-
chine with a furnace. They are
among the most difficult measure-
ments to make at the IRM (and will
be, until we get a real Curie balance
sometime in the next year…) since
plenty of fussing about is required to
get satisfactory results. Samples are
crushed to medium-sand size and
packed into hand-made silver-foil
pellets. The size of the furnace pre-
cludes any sample bigger than about
150 mg. The pellet is wedged into a
quartz tube with a thermocouple,
and delicately but firmly packed with
fiberfrax to keep it in place during
vibration. The sample rod is then
inserted into the furnace, and the
sample space is evacuated or filled
with an inert gas. All of this setting
up requires about half an hour. The
heating and cooling itself takes at
least 45 minutes for strong samples,
and longer for weak ones. All in all,
you might be able to do seven or
eight Curie points in a [long] day
with strong, well-behaved samples,
barring any [nearly inevitable] ex-
perimental snags.

ANISOTROPY

AMS
Anisotropy of Magnetic Suscepti-

bility (AMS) is measured on our
home-built, AC-induction-coil in-
strument affectionately known as the
“Roly-Poly.” Each sample is rotated
about three orthogonal axes, and
susceptibility measurements are
made at 1.8° intervals for a total of
600 directional measurements.
(Don’t worry, our robot-like instru-
ment rotates your sample for you;
the only things you need to do are
poke the computer keyboard and
change the axes.) Standard rock
cores, cubes, or undisturbed sedi-

☛ ATTENTION:
Deadline is Dec. 17!

Visiting Fellowship Applications
for 1–3-week stays this spring and
summer are due very soon. Details
about how to apply can be found in
Eos (October 26 and November 16
issues) and in GSA Today (Novem-
ber issue). Or simply call Chris Hunt
at the IRM.

Remember: Informal visits are
now limited to just three days.

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 2–3-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
Marvin, 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 [or off] 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 newslet-
ter, please notify the editor:

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

T

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.

I R M

Institute for Rock Magnetism
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“Somewhere along the
line, his magnetic
personality reversed
fields.”


