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time required to do so.  Visiting Fel-
low Reports have outlined the ex-
periments designed by past visitors,
and have often included preliminary
assessments of the success or
(rarely!) failure of different ap-
proaches to various problems.

Here we turn to some of the other,
less weighty aspects of travel plan-
ning, questions that arise as practical
matters and/or out of simple curios-
ity, e.g.: How miserable IS the cli-
mate? What sort of accommodations
are available and what do they cost?
What is the local geology like? How
bad is the lab coffee? What’s the best
way to get from the airport to the
IRM? Besides spending 18 or 20
hours a day in the lab, what interest-
ing things are there to see and do?

BEFORE YOU LEAVE HOME...
RESERVING ACCOMMODATIONS

Temporary housing arrangements
can be spartan, swanky, or anywhere
in between.  The IRM manager will
happily reserve a room for you at any
of the following fine establishments -
the list is sorted (more or less) by
price, in ascending order:
• Brekke’s Boarding House  (805 E.
River Parkway, phone 922-0430):
The majority of IRM visitors have
found Brekke’s  to be eminently
tolerable for $15 a night. Overlook-
ing the Mississippi River from atop a
scenic bluff, it is about a ten minute
walk to/from Shepherd Labs.  No
meals are provided (what did you
expect for fifteen bucks?), but
cooking facilities are available.
• Days Inn (2407 University Ave
SE, 623-4262) and Econo Lodge
(2500 University Ave SE, 331-
6000): The next rung up the ladder
of luxury is represented by these
franchise motels just east of the cam-
pus (roughly a five minute walk),
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Destination: Shepherd Labs, the pixelesque home of the IRM.

The Hitchhiker’s Guide

Mike Jackson
IRM

The Hitch-hiker’s Guide
continued on page 4...

to the IRM

“DON’T PANIC!” - The
Hitchhiker’s Guide to the
Galaxy (Adams, 1979).

This may be the first installment in
an irregular series of articles intended to
help you plan a trip to the IRM, featur-
ing practical travel information and
advice, as well as trivia for tourists.
Our travel tips range from merely mun-
dane to truly trite, but perhaps they’ll
save you a bit of aggravation along the
way.  When it comes to the safety,
comfort and convenience of our visi-
tors, “we are not amused.”

THE COMPLEAT TRAVEL GUIDE

While beginning to plan a trip to
the IRM, there are undoubtedly
many questions that spring to mind,
both scientific and otherwise.  Nu-
merous past issues of the Quarterly
have been devoted to the former,
describing the laboratory instrumen-
tation here, the types of measure-
ments that can be made, and the
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Visiting Fellows’ Reports
Springtime at the IRM is (as it is

everywhere) a time of hope and re-
newal.  It is also the time of the an-
nual visit from Özden Özdemir and
David Dunlop, laden with
Helmholtz coils, furnaces, and vari-

VF Reports continued on page 7…

Preliminary paleomagnetic results
from the Glamorgan intrusive
(previously studied by Buchan and
Dunlop, 1976) of the Canadian
Grenville Province suggest that the
low-temperature demagnetization
technique is an efficient method for
simplifying complex multicompo-
nent magnetizations.  The laboratory
unblocking temperature of this

LTD of Multicomponent
NRMs and

Thermochronometry in
Grenville Rocks

Andrew
Warnock

Lehigh University

simplified magnetization can be
more confidently related to its
geologic blocking temperature using
the magnetic relaxation relationship
for slowly-cooled rocks given by
Dodson and McClelland-Brown
[1980].  A well defined geologic
blocking temperature can, in the
absence of short thermal pulses, be
related to a high resolution 40Ar/39Ar
thermochronologic cooling curve to
determine the age of magnetization.

My primary reason for visiting the
Institute for Rock Magnetism was to
unravel the mineralogical story
behind the unblocking spectra that I
measured at Lehigh. While at IRM, I

I. Rock Magnetic Experi-
ments on Single-Crystal
Magnetite and Goethite

Özden's main project was to
measure the temperature dependent
hysteresis properties of large
multidomain magnetites using the
VSM in the range 25 C to 600 C.
The samples were natural single
crystals of magnetite ranging in size
from 500 µm to 3 mm.

The measured values of the
saturation remanence ratios (0.001-
0.003) and the coercivity ratios (20-
50) showed that the single crystals
were truly multidomain in charac-
ter.  The temperature variation of
coercive force is often expressed in
terms of MS(T).  The bilogarithmic
plots of HC and MS for the present
magnetite crystals have two linear
sections with different slopes at low
and high temperatures.  The values
of index n in HC ~ MS

n tend to be
higher in the low temperature range
(2-2.5) than in the low temperature
range (0.5-0.8), indicating the
relative importance of magneto-
striction and magnetocrystalline

used the MPMS to identify low-
temperature transitions, the Kappa
Bridge to measure Curie tempera-
tures, and the MicroMag and VSM2
to measure hysteresis parameters.
These measurements support the
hypothesis that pyrrhotite and
magnetite are the only magnetic
minerals. Some samples contain just
pyrrhotite or magnetite, and others
contain both. Stay tuned for a
complete interpretation at Fall
AGU.  I'd like to thank my new
friends at IRM for their guidance and
insight.

Özden Özdemir
and David J.

Dunlop
University of

Toronto, Erindale
Campus

anisotropy in the wall pinning
process.  The coercive force and
saturation remanence decrease in
similar ways with increasing
temperature.  This behaviour is also
consistent with the multidomain
wall-pinning model.

Özden's second project con-
cerned partially dehydrated natural
goethites.  Our previous measure-
ments of low-temperature suscepti-
bility of partially transformed
synthetic goethites using the
MPMS indicated broad peaks or
inflections around 120 K.  X-ray
diffraction patterns of these
goethites gave very weak and
diffuse spinel reflections, probably
belonging to magnetite.

The possible formation of even a
small amount of magnetite is a
matter of a serious concern in
studies of goethite-bearing sedi-
ments and rocks.  CRM of this
strongly magnetic spinel phase
would significantly modify or even
overwhelm the original CRM of
the goethite.

Our previous experiments were
carried out on synthetic goethites,
which as a result of their method of
preparation have more defect

structures than natural goethites.
Thus it is possible that magnetite
formation occurs only in synthetic
goethites, and not in natural
goethites.

To test this hypothesis, low-
temperature remanence measure-
ments were carried out on partially
transformed samples of well-crystal-
lized natural goethite.  The crystal
has a Néel point of 120 C and
transforms to hematite around 250 C
when it is heated (Özdemir and
Dunlop, 1996).  The goethites were
heated at 224 C, 245 C and 264 C
for 2 hours in air.  Fresh samples
were used for each heating.  The
partially dehydrated goethites were
each given an SIRM in a field  of 2 T
at a temperature of 20 K, then
warmed to 300 K in zero field.
Susceptibility in a field of 0.1 T was
also measured from 20 to 300 K using
the MPMS.  The remanence
decreased with increasing tempera-
ture.  No broad peaks were observed
around 120 K.  The partially
transformed natural goethites have
no intermediate spinel production.

It is unclear why magnetite should
form during goethite-to-hematite

ous rocks, natural minerals, and
synthetic crystals, with which to
keep the IRM instruments hum-
ming into the wee hours, churning
out fundamental data on mineral
magnetism.

Andrew Warnock probed the mag-
netic mineralogy of Grenville
intrusives, as part of a larger project
investigating their thermal/tec-
tonic/paleomagnetic history.
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Anisotropy

Cañon-Tapia, E.
Single-grain versus distribution
anisotropy: a simple three-dimensional
model, Phys. Earth Planet. Inter., 94,
149-158, 1996.
A 3-D model shows that whenever magnetic
interactions occur, AMS is dominated by
grain distributions rather than orientations.
Combined effects of grain orientation and
magnetic interaction may produce an AMS
that is not simply related to either effect.

Kosterov, A. A., and V. A. Shashkanov
A phenomenological model of orienta-
tional magnetic anisotropy of sedi-
ments, Geophys. J. Int., 125, 149-162,
1996.
A new model of ARM anisotropy in
sediments assumes that the depositional field
produces a Fisher distribution of grain
magnetic moments.  Model computations
with assemblages of weakly aligned moments
show that for uniaxial particles the overall
anisotropy is ellipsoidal, whereas for
multiaxial grains the anisotropy is negligible.
For highly aligned assemblages, ARM
anisotropy depends strongly on intrinsic
anisotropy of the grains.

Biogeomagnetism

Hanzlik, M., et al.
Electron microscopy and 57Fe
Mossbauer spectra of 10 nm particles,
intermediate in composition between
Fe3O4 and gamma Fe2O3, produced by
bacteria, Geophys. Res. Lett., 23, 479-
482, 1996.

Diagenesis

Housen, B. A., and R. Musgrave
Rock magnetic signature of gas
hydrates in marine sediments, Earth
Planet. Sci. Lett., 1996.
Sediments from two ODP Leg 146 sites have
magnetic properties indicating diagenesis of
magnetic minerals associated with the
presence of gas hydrates.  Two indices
combining coercivity, remanence and
susceptibility parameters, DJH ({JRS/JS}/{HCR/
HC}) and DS ({JRS/k}/HCR), when combined
with thermomagnetic data, can be diagnostic
of these changes.  High values of these
parameters coincide with an increase in
magnetic sulfides relative to magnetite in the
hydrate-containing zones.

Microscopy

Dove, P. M., and F. M. Platt
Compatible real-time rates of mineral
dissolution by Atomic Force Micros-
copy (AFM), Chem. Geol., 127 (4),
329-336, 1996.
The Fluid Cell attachment to the AFM can
be used to emulate batch and flow-through
reactors to observe the progression of
mineral-water interaction processes on
individual surfaces.  Experimental results

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
subjected to Procrustean editing and
condensation for this newsletter. 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 3700 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.

Note: Due to the large number of inter-
esting papers and limited space, many
are presented by title only.

“The Music of the Spheres:” an armillary sphere, from Tycho Brahe’s
Astronomiae instauratae mechanica, (1598), an elegant attempt to fit

astronomical data into a modified geocentric cosmology.

suggest that AFM can be used to observe
dissolution or growth processes with rates
from 10-10 to 10-6 mol m-2 s-1.

Perkins, A. M.
Observations under electron micros-
copy of magnetic minerals extracted
from speleothems, Earth Planet. Sci.
Lett., 139, 281-289, 1996.
Electron microscopy and energy-dispersive
X-ray analysis of magnetic extracts from
British speleothem shows three populations,
interpreted as 1) detrital magnetite,
titanomagnetite, and hematite; 2)
authigenic (bacterial and inorganic)
magnetite; 3) authigenic goethite.  Both
DRM and CRM are therefore probably
present in the speleothems.

Magnetic Mineral
Properties

D’Amico, L., et al.
AC susceptibility measurements on
nanometric gamma-Fe2O3 particles,
Mater. Sci. Forum, 195, 179-184, 1995.
Temperature-dependent measurements
of low-field AC magnetic susceptibility
show maxima corresponding to SP
blocking temperatures, which change
with frequency (between 5 Hz and 10
kHz) following an Arrhenius-like law.
Parameters of the best fit are related to
material characteristics: concentration
and size of the particles, and state of
aggregation.

Heider, F., A. Zitzelsberger, and F.
Fabian
Magnetic susceptibility and remanent
coercive force in grown magnetite
crystals from 0.1 µm to 6 mm, Phys.
Earth Planet. Inter., 93, 239-256, 1996.
Over five decades of grain diameter (90 nm
to 6 mm), initial susceptibility of grown and
natural magnetites is independent of size,
with a mean of 3.1 SI.  HCR is only weakly
sensitive to grain diameter, decreasing
gradually from 30 mT to 10 mT over this
size range, with a distinct drop at 110 µm,
which is interpreted to be the PSD-MD
boundary.

Krasnova, N. I., and Y. L. Krezer
New data on the nature of fine and
ultrafine lamellae in titanomagnetite,
Eur. J. Mineral., 7, 1361-1372, 1995.
Intergrowths in titanomagnetites from
various rocks all fall into one of the
following groups: 1) ilmenite-geikielite; 2)
spinel-magnetite and magnesian magnetite;
3) spinel-pleonaste; 4) spinel-hercynite, as
determined by SEM and energy-dispersive
micronalysis.  Most of the inclusions formed
by exsolution.  Ulvospinel has not been
found in any intergrowths in these TMs.

Martinez, B., et al.
Magnetic properties of gamma-Fe2O3

nanoparticles obtained by vaporization

Abstracts continued on page 6…
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on the scientific instruments at the
IRM, and on how to budget your
time in using them.  Visiting Fellow
reports can often shed light on what
might or might not be useful to try
with your samples.  If you are a
recent addition to our mailing list, or
if your back issues have mysteriously
disappeared, you can obtain copies
from our Web site (or by mail).
Additional information on sample
preparation is also available there.

WELCOME TO MINNESOTA

As you fly into the Twin Cities of
Minneapolis and St. Paul, you may
be able to discern two river valleys,
with a confluence near the airport.
The wide valley that extends from
the southwest is that of the Minne-
sota River.  This formidable valley
was cut into upper Cambrian to
middle Ordovician sedimentary
strata by the late glacial River War-
ren, which acted as a sluiceway
draining immense volumes from
ancestral Lake Agassiz.  The rela-
tively puny valley descending from
the north, past downtown Minne-
apolis (the larger Twin), is that of
the mighty Mississippi.  The Falls of
St. Anthony, birthplace of the mod-
ern city of Minneapolis, have mi-
grated by headward erosion from the
confluence, past the main campus of
the University, to their present sta-
bilized location.  The 19th Century
flour-milling industry used the power
of the river to run its processing
plants, fueling the growth of the city;
the Pillsburys were early milling
magnates and benefactors of the
University, and the Geology Depart-
ment is housed in Pillsbury Hall,
named in recognition of their contri-
butions.  Downstream of the
confluence, the capital city of St.
Paul was founded at what was then
the highest navigable landing point
on the river.

The Twin Cities straddle not only
the Mississippi, but also the
midcontinent gravity high, a pro-
nounced anomaly associated with
mafic intrusives and extrusives dat-
ing from ca. 1.1 Ga.  Buried beneath
the lower Paleozoic strata in the
Twin Cities basin, these proto-rift-
ing products are exposed in the St.
Croix valley to the northeast, and
on the northern shore of Lake Supe-
rior.  The retreat of the Wisconsin
ice sheets (ca. 10 ka) left behind

where rooms go for approximately
$45 a night.  Days Inn provides a
free ‘continental breakfast’ (rolls/
donuts, coffee/juice), but no cook-
ing facilities are available.  Both
motels have coin-operated laundry
facilities.
• Wales House Bed & Breakfast
(1115 5th Ave SE, 331-3931): An
alternative to standard motel ar-
rangements for a comparable price
($50/night), Wales House caters
primarily to scholars and other
visitors to the university.  Located
on the ‘Dinkytown’ (northwest)
side of campus, it is about 10 min-
utes walk to/from IRM.  Continen-
tal breakfast is included, and cook-
ing and laundry facilities are pro-
vided.
• Radisson Metrodome (615 Wash-
ington Ave SE, 379-8888): The
acme of local accommodations is
the Radisson on campus, less than
100 meters from the IRM.  At $72
per night, few of our past visitors
have opted for the Radisson (pri-
marily those who have recently
sold us major equipment!).

To be sure of securing a spot at
your preferred home-away-from-
home, make your arrangements as
early as possible.

PACKING YOUR CASE: HOW’S THE

WEATHER UP THERE?
There is something sort of

magical about a temperature of -40:
it is the point where the Centi-
grade and Fahrenheit scales
intersect.  It also happens to be
very close to the point where
differential thermal contraction
causes large quantities of paint to
fall more or less instantaneously off
the university’s Architecture
building (next-door neighbor to
Shepherd Labs), producing snow-
like drifts of brown flakes.  This
rare and delightful phenomenon
occurred in January of this year.  A
visitor at the time demanded
repeatedly “tell me again WHY
they built a city here?”

Long-time residents are fond of
pointing out that the mean annual
temperature here is roughly the
same as San Francisco’s.  Although
this sounds pleasant, a little
thought leads inevitably to the
deduction that this moderate mean
can only be attained by balancing

the brutal cold of January and
February with some horrendous
heat in July and August.  Naturally,
then, winter and summer are the
best times to plan a visit to the
IRM, since at these times it is vastly
preferable to remain indoors, in a
windowless laboratory all day,
rather than venturing out into the
hostile elements.

With the heat and humidity of
summer come the continual threat
of severe weather.  Due to a
juxtaposition of ‘favorable’ circum-
stances, the Mississippi drainage
system is home to most of the
world’s tornado activity.  Thunder,
lightning and hailstorms are
routine.

Current weather conditions and
forecasts can be obtained over the
Internet via a link on the IRM
home page.  Check it out, and come
prepared for the worst!

VISAS, CUSTOMS, AND SO FORTH

If your trip to the IRM consti-
tutes foreign travel, there are sev-
eral things that you should be pre-
pared for.  If you are bringing
samples and/or any equipment with
you, get a letter of entry from IRM
to help you get them though US
Customs.

Visas are required for US entry
from most countries.  If you are
required to get a visa, and if you will
be reimbursed for your travel ex-
penses through our Visiting Fellows
program, make sure that you get a
business (B-1) visa rather than a
tourist (B-2) visa.  There are 23
countries whose citizens may enter
the US without a visa, under the
so-called visa waiver pilot program
(VWPP): Andorra, Austria, Bel-
gium, Brunei, Denmark, Finland,
France, Germany, Iceland, Italy,
Japan, Liechtenstein, Luxembourg,
Monaco, The Netherlands, New
Zealand, Norway, San Marino,
Spain, Sweden, Switzerland, and
United Kingdom.  Again, if you
plan on being reimbursed for travel
expenses, get a business-class visa
waiver (WB).

For more info, contact the US
embassy in your country, or check
the US State Department’s World-
Wide Web site (http://
travel.state.gov).

SAMPLE PREPARATION AND OTHER

SCIENTIFIC CONSIDERATIONS

Back issues of the IRM Quarterly
are the best source of information The Hitch-hiker’s Guide

continued on page 5...

…The Hitch-hiker’s Guide
continued from page 1
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…The Hitch-hiker’s Guide
continued from page 4

minute in the laboratory.  However,
if circumstances beyond your control
force you out of the building for an
evening, there are ways to spend a
pleasant hour or two.
• Sporting Events:  The Twin Cities
are represented by major- and minor-
league professional baseball, basket-
ball and football teams, and the
university’s “Golden Gophers” com-
pete in all these sports as well as ice
hockey, volleyball, etc.
• Recreation:  The cities’ park systems
include trails along the river and
around the lakes for walking,
rollerblading and bicycling.  Canoe
rentals are available during the
summer in many city parks.  The
university’s recreation facilities,
including a swimming pool, exercise
machines, etc., are open to visitors
for a moderate fee.
• Museums:  On campus are the
Weisman Art Museum (an architec-
tural wonder), which offers free
admission, and the Bell Museum of
Natural History.  A short trip into
Minneapolis can take you to the
Walker Art Center and Sculpture
Garden, the Minneapolis Institute of
Arts, and (of course) the American
Swedish Institute.  St. Paul offers the
Science Museum of Minnesota and
the Minnesota History Center.
• Performing Arts: Notable theatrical
companies include the Guthrie and
the Penumbra.  The St. Paul
Chamber Orchestra, the Minnesota
Orchestra and other classical
ensembles are complemented by
blues clubs, Irish pubs, and various
other musical saloon scenes.
• Monstrosities:  The “megamall”
(Mall of America) shopping center
in suburban Bloomington is among
the world’s largest.

WELCOME TO THE IRM
Shepherd Labs (formerly know as

the Space Science Center, built
through NASA funding), currently
houses two NSF Engineering Cen-
ters, isotope and geochemical labs,
and various other facilities in addi-
tion to the IRM.  You will find us
occupying the eastern half of the
second floor.  (Note: the building
entrances are locked except during
“normal business hours” (8-5 M-F); if
you will be arriving outside of these
hours let us know).  The long-
awaited space for the IRM visitors
office has finally come into our pos-
session, and is equipped with all the
amenities: a PC, a Mac, and a desk.
And the coffee is always on.

larger ones in Duluth and in St.
Paul.  The main campus, with ap-
proximately 40 thousand students,
is located in Minneapolis and is
divided by the Mississippi into East
Bank and West Bank areas.  The
former is home to the medical
school (which looms large in both
the skyline and the university bud-
get, accounting for nearly half the
university’s sponsored research
funds), and the Institute of Tech-
nology (home of the Department of
Geology & Geophysics and the
IRM.)

DRIVING TO AND PARKING AT THE

UNIVERSITY

Forget it.

IF YOU ABSOLUTELY MUST DRIVE TO

AND PARK AT THE UNIVERSITY

Interstate highways I-94 and I-
35W each have clearly marked
exits for the university.  Many of
the parking areas that you will see
are contract lots, but several public
parking ramps and lots exist. The
ramps on Washington Ave. and
4th St. (see map) currently cost
$1.05/hour, or $8.40/day.  The
convenience of the Church St.
ramp, directly behind Pillsbury
Hall, comes at a premium price of
$13.20/day.  The Huron Boulevard
lots are a good deal more reason-
ably priced at $1.75/day.  All of
these facilities may fill up during
the middle of the day.

CUISINE & DIVERSIONS

In addition to the inevitable fast-
food franchises (quick, cheap, and
oleaginous!), the Twin Cities, and
the university area in particular,
feature a variety of interesting cui-
sines, with a dominant southeast
Asian component.  And of course
no visit to Minnesota is complete
without experiencing the gelati-
nous joys of lutefisk!  It is not diffi-
cult to survive on $25 a day.

The heartening resurgence of
microbreweries and brew-pubs na-
tionwide is reflected here by such
hale beverages as Great Northern
Porter and Boundary Waters Lager.
And you may be surprised to dis-
cover that Minnesota rivals states
such as Idaho and Kentucky in the
production of fine wines.  Espresso
shops are now common, so it is not
necessary to survive on the infa-
mous IRM lab coffee.

Naturally, most IRM visitors are
inclined to spend every possible

various tills, as well as the 15,000
lakes for which Minnesota is re-
nowned and around which reside
the 15,000,000,000 mosquitoes for
which Minnesota is notorious.  A
chain of lakes running through
Minneapolis marks the location of
a buried preglacial river valley.
Three major ecological zones inter-
sect nearby: the eastern hardwood
forest, the boreal evergreen forest,
and the prairie.

Minnesota’s Scandinavian heri-
tage and the stolid/stoic/dull de-
meanor of its citizens have been
mercilessly caricatured and lam-
pooned (F. Scott Fitzgerald’s This
Side of Paradise, Garrison Keillor’s
Prairie Home Companion, and Joel
& Ethan Coen’s Fargo, to name a
few notable examples), but the
Twin Cities are actually more cul-
turally diverse than is generally
appreciated.  For example, Minne-
apolis is home to one of the largest
urban populations of Native
Americans, and powwows (celebra-
tions featuring dance and music)
are frequent weekend events.
Southeast Asian immigrants (pri-
marily Hmong and Vietnamese)
over the last two decades have
enriched the cultural landscape
and revolutionized local cuisine.
St. Paul’s west side annually cel-
ebrates its Latino/Hispanic heritage
with a large and colorful Cinco de
Mayo festival, and a city-wide Fes-
tival of Nations brings together
people of all ethnic and cultural
backgrounds.

ESCAPING FROM THE AIRPORT

There are several ways to get to
your lodging near the campus.  The
best is to have relatives in town
who will pick you up and deposit
you (or even better, provide you
with a room).  Plan B is to follow
the signs to ‘Ground Transporta-
tion’, for which there are two rea-
sonable choices.  One-way taxi
service costs about $20; the Airport
Express round-trip ‘limousine’
(shuttle van) service is approxi-
mately $15.

WELCOME TO THE UNIVERSITY OF

MINNESOTA

The University of Minnesota
system comprises several small
campuses around the state and
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condensation in a solar furnace, J.
Appl. Phys., 79 (5), 2580-2586, 1996.
Gamma-Fe2O3 nanoparticles can be
synthesized in a solar image furnace, and
particle size can be controlled by changing
pressure conditions in the growth chamber.
Particles produced in this way are
superparamagnetic at room temperature,
and the volume distribution is determined
from the low-T variation of MRS/MS.

Rozenberg, G. K., et al.
Nature of the Verwey transition in
magnetite (Fe

3
O

4
) to pressures of 16

GPa, Phys. Rev. B, 53 (10), 6482-
6487, 1996.
Electrical conductivity measurements on
stoichiometric Fe3O4 single crystals as a
function of temperature and pressure show
that the Verwey transition temperature
decreases with pressure from 122 K at 0 GPa
to 83K at 12.5 GPa, with a discontinuity at
6 GPa.  The transition is first order below 6
GPa, and second- or higher-order at higher
pressures.

Sandratskii, L. M., and J. Kuebler
First-principles LSDF study of weak
feromagnetism in Fe

2
O

3
, Europhys.

Lett., 33 (6), 447-452, 1996.

Schmidbauer, E., and R. Keller
Magnetic properties and rotational
hysteresis of Fe

3
O

4
 and gamma-Fe

2
O

3

particles 250 nm in diameter, J.
Magn. Magn. Mater., 152, 99-108,
1996.
Hysteresis properties for dispersed spherical
magnetite and maghemite (produced by
oxidation of magnetite) were measured
between 4 K and room temperature.  For
magnetite (but not maghemite), the
properties show anomalies at 130 K where
the magnetocrystalline anisotropy constant
K1 vanishes.  Below the Verwey transition
temperature, hysteresis properties depend on
whether the sample was cooled in zero-field
or strong-field conditions.

Ocean Crust

Worm, H.-U., V. Böhm, and W.
Bosum

Implications for the sources of marine
magnetic anomalies derived from
magnetic logging in ODP holes 504B
and 896A, Proc. ODP Sci. Res., 148,
1996.

Worm, H.-U., and W. Bach
Chemical remanent magnetization in
oceanic sheeted dikes, Geophys. Res.
Lett., in press, 1996.
Petrographic and rock magnetic study of
sheeted dikes from ODP Hole 504B shows
that the dikes carry a secondary CRM rather
than a primary TRM.  Primary TM has
mostly been altered to nonmagnetic phases;
secondary magnetite has formed by
alteration of olivine below 600 C.
Laboratory TRM has an intensity of about
4*NRM.

Paleoclimate

Brescia, M., et al.
Neural net aided detection of
astronomical periodicities in geologic
records, Earth Planet. Sci. Lett., 139,
33-45, 1996.

Dearing, J., I. Livingstone, and L. P.
Zhou
A late Quaternary magnetic record of
Tunisian loess and its climatic
significance, Geophys. Res. Lett., 23
(2), 189-192, 1996.
Magnetic measurements for a 10-m loess
paleosol sequence show variations in
concentration of pedogenic ferrimagnetic
minerals, that can be correlated with
regional and global records of climate
change over the past 70 kyr.  The record is
interpreted as a proxy of winter precipita-
tion.

Lourens, L. J., et al.
Evaluation of the Plio-Pleistocene
astronomical time scale, Paleoceanogr.,
1996.

“Saw-tooth”
Paleointensity: Artifact?

Kok, Y. S., and L. Tauxe
Saw-toothed pattern of relative

paleointensity records and cumulative
viscous remanence, Earth Planet. Sci.
Lett., 137, 95-99, 1996.

Mazaud, A.
‘Sawtooth’ variation in magnetic
intensity profiles and delayed
acquisition of magnetiaztion in deep
sea cores, Earth Planet. Sci. Lett., 139,
379-386, 1996.

“Saw-tooth”
Paleointensity: Real?

Verosub, K. L., E. Herrero-Bervera, and
A. P. Roberts
Relative geomagnetic paleointensity
across the Jaramillo subchron and the
Matuyama/Brunhes boundary,
Geophys. Res. Lett., 23, 467-470, 1996.

Yamazaki, T., N. Ioka, and N. Eguchi
Relative paleointensity of the
geomagnetic field during the Brunhes
chron, Earth Planet. Sci. Lett., 136,
525-540, 1995.

Secular Variation

Daly, L., and M. Le Goff
An updated and homogeneous world
secular variation data base. 1.
Smoothing of the archeomagnetic
results, Phys. Earth Planet. Inter., 93,
159-190, 1996.

Kono, M., and O. Hiroi
Paleosecular variation of field
intensities and dipole moments, Earth
Planet. Sci. Lett., 139, 251-262, 1996.

Theory and Modeling

von Dobeneck, T.
A systematic analysis of natural
magnetic mineral assemblages based
on modeling hysteresis loops with
coercivity-related hyperbolic basis
functions, Geophys. J. Int., 124 (3),
675-694, 1996.
Hysteresis data are converted into
‘hyperbolic spectra’ by smoothing, slope
correction, and modeling of induced and
remanent components using hyperbolic basis
functions.  The resulting spectral diagrams
show the relative contributions of 10 to 40
narrow, clearly-defined coercivity classes.

Walton, D.
Magnetic overprints and their
removal, Phys. Earth Planet. Inter., 94,
145-148, 1996.
An analysis of procedures for removing
magnetic overprints shows that overprints
carried by SD grains cannot be removed by
AF demagnetization without first removing
the original NRM.  If coercivities are
sufficiently distinct, it may be possible to
isolate the primary remanence as the first
component removed.

The Global Paleorecords Research
Training Group (RTG) at the
University of Minnesota offers NSF-
funded graduate student traineeships
and fellowships.  Traveling Fellow-
ships enable students from other
universities to come to Minnesota
for one to three months for study in
Quaternary Paleorecords.  Entering

Student Traineeships provide four-
year support for new graduate
students enrolling in Geology,
Ecology, Geography, or Ancient
Studies.  For more information,
contact Barbara Eastwold, Dept. of
Ecology, 1987 Upper Buford Circle,
St Paul MN 55108.

RTG Fellowships and Traineeships
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transformation for synthetic
samples.  It seems likely that the
highly defective structure of
synthetic goethites plays an
important role in intermediate
spinel formation.

II. Thellier
Paleointensity Experi-
ments on Natural Min-

eral Separates

David's main project was a
simulation of Thellier-type
paleointensity determination using
natural single-domain (SD) and
large multidomain (MD) grains
separated from an early Proterozoic
diabase dike by Mr. Baoxing Zhang.
The cloudy plagioclase separate
contains submicroscopic magnetite
needles with non-interacting SD
properties: M

RS
/M

S
= 0.455, H

C
=

535 Oe, H
CR

/H
C
= 1.65, R= 0.50.

The dark minerals separate
contains coarse magnetite with MD
behaviour: M

RS
/M

S
= 0.026, H

C
= 29

Oe, H
CR

/H
C
= 7.0, R= 0.41.

We have previously simulated
Thellier paleointensity determina-
tion using sized PSD and MD
magnetites.  We found that the
Arai plots are convex-down in
shape, deviating increasingly from
an ideal SD line with unit slope as
the grain size increases.  The
pattern was confirmed with the
natural mineral separates.  The
plagioclase separate gave a perfect
Thellier line (using 1-Oe TRM to
simulate NRM and producing 1-Oe
partial TRM's parallel to the
"NRM").  A pTRM check after the
579 C step exactly reproduced the
546 C partial TRM ( 35% of total
TRM).

The dark minerals separate gave
a "sagging" or convex-down Arai
plot very similar to the one
measured previously for 135-µm
sieved magnetite grains.  Four
pTRM checks were carried out.
The first three (from 560 to 450 C,
570 to 550 C, and 581 to 565 C)
reproduced the lower temperature
partial TRM with only minor
"overshoot".  The final check, from
585 to 575 C, had much more
overshoot: the check pTRM was
about 50% larger than the original
pTRM, and almost reached the
ideal SD line.  However, when the
entire paleointensity simulation

was repeated, the original results
were reproduced.  Thus the failure
of the final pTRM check reflects
the dependence of domain-wall
position on magnetic history and is
an inherent MD property.

The Thellier experiment was
then repeated but the "NRM" and
each of the pTRM's was AF
demagnetized to 150 Oe in an
attempt to bring into prominence
the harder, more SD-like rema-
nence of the dark minerals.  In this
case, the Arai plot was less convex
but still fell far below the ideal SD
line.  There was now no overshoot
in the 585 to 575 C pTRM check.

Next, the Thellier experiment
was repeated, the "NRM" and each
pTRM this time being cycled in
zero field through the magnetite
isotropic temperature around 120
K.  This process of low-temperature
demagnetization (LTD) should
randomize remanence due to
pinned domain walls, thus high-
lighting SD-like remanence as low-
temperature "memory".  However,
the Arai plot was very similar to
those obtained without LTD.  The
probable cause is cumulative
demagnetization of the "NRM" in
multiple LTD cycles: the NRM is
repeatedly demagnetized, whereas
each pTRM is only low-tempera-
ture cycled once.  Thus the NRM-
pTRM plot tends to sag.

Finally, the Thellier experiment
was repeated, again using LTD
treatments but this time producing
pTRM's perpendicular instead of
parallel to the NRM.  In this way,

only a single heating to each
temperature is required, avoiding
the problem of exactly reproducing
the temperature in double heatings,
and the effects of LTD on NRM
and orthogonal pTRM's can be
separated.  Although the points lay
much closer to the ideal SD line,
they traced out an S curve, sagging
below the line at lower tempera-
tures, then rising above the line at
the higher temperatures.

To sum up, we could not discover
any really satisfactory way of
correcting the data or modifying the
Thellier experiment so as to make
MD grains behave more like SD
grains.  MD grains will still yield a
correct paleointensity value
provided their convex-shaped
graphs are recognized to be an
intrinsic property, but fitting a line
to low-temperature points would be
disastrous.  Unfortunately pTRM
checks, which worked quite well at
low and intermediate steps, failed at
the highest steps and do not seem
to be a reliable guide to reproduc-
ible MD behaviour.

David also took advantage of the
new high-temperature VSM to
measure hysteresis properties of the
plagioclase and dark mineral
separates and of several sized
magnetites.  A reliable indicator of
MD behaviour seems to be tempera-
ture dependences of MRS and HC

that exactly track each other:
MRS(T) proportional to HC(T), as
predicted by self-demagnetization.
The same samples were also
measured on the Kappa bridge with
flowing Ar, to confirm magnetite
Curie points and MD- or SD-type
Hopkinson peaks.

Tesla, Nikola

Curriculum Vitae
b. July 1856, Smiljan, Croatia
d. January 1943, New York City

Research Interests:
high-frequency, high-voltage
phenomena; ball lightning; wireless
transmission of energy and
communications.

Highlights:
developed AC induction motor;
successfully advocated AC in the
‘current wars’ versus DC, Edison and
Kelvin; obtained important patents
in radio and AC technology.

Notes:
In 1956 the International Electro-
chemical Commission established
the Tesla as the formal unit of
magnetic induction.
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Spring Highlights at IRM

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

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 10-day period during
the following half year. Shorter, less
formal visits are arranged on an indi-
vidual basis through the Facilities
Manager.

The IRM staff consists of Subir
Banerjee, Professor/Director; Bruce
Moskowitz, Assistant Professor/Asso-
ciate Director; Jim Marvin, Senior
Scientist; and Mike Jackson, Senior
Scientist/Facilities 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. If you or someone you know
would like to be on our mailing list, if
you have something you would like
to contribute (e.g., titles plus ab-
stracts of papers in press), or if you
have any suggestions to improve the
newsletter, please notify the editor:

Mike Jackson
Institute for Rock Magnetism
University of Minnesota
291 Shepherd Laboratories
100 Union Street S. E.
Minneapolis, MN  55455–0128
phone: (612) 624-5274
fax: (612) 625-7502
e-mail: irm@geolab.geo.umn.edu
web: http://www.geo.umn.edu/orgs/irm/irm.html

T

RAC MEETS

The Review and Advisory
Committee held their annual spring
meeting at the IRM on April 20, to
review the progress and problems of
the past year, and to offer ideas for
maximizing the effectiveness of the
facility for both in-house researchers
and the national and international
research community.  Committee
members David Dunlop, Dennis
Kent and Chair Bob Butler were
joined by Geology Department
Chair Bill Seyfried.  The consensus
view was (I’m paraphrasing here): “If
it ain’t broke, don’t fix it.”

The IRM’s database of references
to publications in rock magnetism
has recently undergone a major
expansion.  Under the care of Chris
Hunt, the number of entries grew to
almost three thousand by late 1995.
Now nearly one thousand additional
references have been supplied by Dr.
Norbert R. Nowaczyk, of
GeoForschungsZentrum Potsdam.
The additions include papers on
paleo- and rock magnetism, geomag-
netic field theory, environmental
sciences, biostratigraphy, ice core
data, and tectonics of the Arctic
Ocean.  The newly combined library
contains a wealth of information on

publications in rock magnetism and
related fields: a search of the
database found, for example, 391
titles containing the word “magne-
tite,” 361 with “paleomagnet,” 154
containing “susceptibility,” 159 with
“reversal,” and 112 with “secular.”

This database is maintained and
supported by the IRM as a shared
resource for the paleomagnetic and
rock-magnetic research community,
and is freely available in a variety of
formats.  From the IRM web site you
can download “PDF” formatted files
for viewing, printing, and text
extraction.  The database is main-
tained through the commercial
software EndNote, and the file is
available in this format (or others)
upon request.

Although the database is very
extensive, it is of course by no
means complete, and your contribu-
tions are welcome.  EndNote files,
and files that can be imported by
EndNote (including Pro-Cite for
DOS or Macintosh, and Refer and
BibIX for Unix) can be added
immediately; word-processor files
and plain text files require some
manipulation, but they can gener-
ally be incorporated reasonably
quickly.  Printed reference lists are
also welcome, but due to the data
entry required there may be some
delay before they are added.  In any
case, this is your opportunity to
ensure that the references you
consider important are in the
database and available to all, so
send them in!

LECTURES

Horst Worm presented a
provocative comparison of
paleointensity and oxygen isotope
data from marine sediments, and
opened a Pandora’s box of possible
explanations of the apparent
correlation.  Minoru Funaki
exhibited his intriguing technique
of microscopic magnetic imaging
using live bacteria.

Vincent Courtillot, in the
prestigious university-wide Ford
lecture, held a large audience
spellbound with mass extinctions,
hypervelocity impacts, mantle

Collectors Series #1.
Clip and save!  Collect
them all!

From Aagard to Zuo:
Bibliographic Database Expands
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plumes and flood basalts, and made
quite a compelling case for the
importance of the latter mecha-
nisms in evolutionary history.  His
whirlwind speaking schedule also
included department lectures on the
tectonics of Asia and on the history
of the geomagnetic field.
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