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St. John’s College was the site of the Third Santa Fe Conference on Rock Magnetism

Paleointensity, Paleoclimate
Share Spotlight in Santa Fe

Santa Fe Conference
continued on page 5...

GEOMAGNETIC FIELD BEHAVIOR AND

MAGNETIC RECORDS THEREOF

Pause for a moment and ponder:
right now, some 2900 km directly
beneath the point where you are
sitting, calmly reading, the
geodynamo is churning.  The mol-
ten metallic outer core is twisting up
and distorting its internal magnetic
field, dragging the field lines around
in its electrically conductive grip, as
it flows in complex patterns of ther-
mally and chemically-driven con-
vection.  The rather amazing out-
come is a self-sustaining global mag-

Mike Jackson
IRM

The Third Santa Fe Conference on
Rock Magnetism was held at St. John’s
College, June 27-30, focussing on
very-high-resolution (VHR) magnetic
records of past variations in global cli-
mate and in the geomagnetic field.
Forty four scientists from eight coun-
tries discussed the state of the art and
pondered directions for future investiga-
tion, not always reaching perfect agree-
ment!  The meeting was sponsored by
IRM and made possible by financial
support from NSF (Geophysics and
Global Change Programs) and from the
Keck Foundation.

netic field, nearly that of an axial
geocentric dipole, but constantly
varying in configuration and inten-
sity.

Consider further that at this exact
moment, microscopic grains of mag-
netic minerals, eroded centuries ago
out of distant mountains, are touch-
ing down on the sea floor after sink-
ing slowly through the great cold
depths.  The invisible influence of
the magnetic field causes a very
slight tendency for these particles to
stay aligned as they are jostled and
eventually buried by other, mostly
nonmagnetic grains.  With time and
further burial, the magnetic grains
may be attacked by a changing
chemical environment and altered
or destroyed, or new magnetic min-
erals may form.

Your mission, should you decide to
accept it, is to quantify the slight
alignment of magnetic grains and its
variation with depth, to account for
the effects of any post-depositional
chemical and/or physical disturbance
and to infer from the results the
history of local magnetic field orien-
tation and intensity, ultimately
thereby to learn about the complex
physical processes occurring in and
around the outer core.  Impossible?
No, but there may still be a few un-
answered questions when the next
Santa Fe conference comes around!

CLIMATE VARIATION AND MAGNETIC

RECORDS THEREOF

The terrestrial weather/climate
machine is a complex nonlinear
dynamic system.  Atmospheric and
oceanic circulation and global ice
volume all interact strongly, and
react sensitively to small variations
in boundary conditions such as the
influx of solar radiation.  The wob-
bling rotation axis and eccentricities
of orbit produce long-term variations
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There were two objectives during
my visit to the IRM: firstly to
characterize the chemical and
magnetic properties of synthetic
hydrothermally grown (after Heider
and Bryndzia (1987)) multidomain
(MD) magnetite crystals and natural
MD magnetite crystals collected
from the Shetland Isles, Scotland;
and secondly to examine the nature
of the Verwey transition in the
above samples.

The chemical characterisation was
undertaken using the Mössbauer
spectrometer on a selected number
of the natural samples.  The mag-
netic hysteretic properties of both
the natural and hydrothermal
samples were determined by using
the MicroMag (AGFM).  The
MPMS was also used to measure the
hysteresis loops of some dispersed

Visiting Fellows’ Reports
Summertime at the IRM, and the

livin’ is easy: fish are jumpin’, and
the cotton is high... Adrian
Muxworthy preceded the Santa Fe
conference with his IRM visit, dur-
ing which he set a new record for

VF Reports continued on page 7…

Experiments on multi-
domain magnetite near
the Verwey transition.

Adrian
Muxworthy

University of
Oxford

MD magnetite samples which were
vacuum-sealed in quartz capsules.  It
was hoped to measure the MPMS
hysteresis loops on the VSM, but
unfortunately the samples vibrated
inside their capsules giving rise to
noisy signals.

The examination of the Verwey
transition consisted of two sets of
experiments. The first experiment
used the MPMS to measure the
change in the intensity of magneti-
zation of various remanent magneti-
zations cooled from room tempera-
ture down to 70 K and then heated
back up to room temperature.   It
was expected that by giving the
samples various initial remanences
that the different domain structures
would each show different magnetic
signatures when passing through the
Verwey transition.  The initial
remanences imparted were SIRM’s
(induced at room temperature),
TRM’s (cooled in a controlled field
between Tc and room temperature),
high pTRM’s (cooled in a field
between Tc and a specified tempera-

My recent visit to IRM was
concerned with the investigation of
magnetic carriers in ash-flow tuffs.
The units under scrutiny are all
Oligocene ash flows from the San
Juan Mountains, Colorado.  Two
different problems were approached
using rock magnetic studies:  The
first was a complete rock magnetic
investigation of the Middle tuff
member of the Treasure Mountain
Group, erupted from the Platoro
caldera at roughly 29.5 Ma and
recording a magnetic reversal from
reversed to normal polarity.  The
second problem involved two
separate tuff units, the Chiquito

ture (T1) usually greater than 500 C,
and then in a zero field to room
temperature) and low pTRM’s
(cooled in a zero field between Tc
and T1 and from T1 to room
temperature in a controlled field).
The SIRM’s showed typical cooling
curves, however unexpected changes
were found in the TRM’s and high
pTRM’s at the Verwey transition.
Due to the relatively long experi-
mental time related to measuring
whilst cooling, I was unable to finish
all of the experiments.  I have
planned to extend and conclude
these experiments at a future date
where I will also examine initial
ARM’s and IRM’s.

The old VSM was used to measure
the hysteresis curves on a selection of
large magnetite crystals (>1 mm in
diameter) from 90 K up to 300 K,
paying particular attention to the
Verwey transition.

I would like to thank the IRM for
guidance and helpfulness.

Peak Tuff, also part of the Treasure
Mountain Group, and the Masonic
Park Tuff and the hope of discrimi-
nating between them using rock
magnetic parameters.  These two
tuffs were originally mapped as both
being Masonic Park Tuff, but
recently have been separated into
two distinct ash-flow sheets,
erupting from different calderas and
separated by some 200,000 years.

The Middle tuff member of the
Treasure Mountain Group crops
out in a number of ravine localities
where 10 to 12 separate, poorly-
welded ash-flow layers are easily
discernible.  A magnetic transition
with 2 to 4 intermediate directions
is identifiable in each section.
Samples from the reversal as well as
standard normal and reversed
samples were investigated for their

magnetic character.  Previous work
on standard paleomagnetic direc-
tions and demagnetization behavior
indicated that although most samples
behaved in a manner expected for
magnetite, some samples showed a
much higher coercivity during AF
demagnetization.

A large suite of samples were
subjected to hysteresis measure-
ments, using the MicroMag.  Al-
though all samples came from the
same unit, there was considerable
variation in hysteresis properties.
Although many samples showed
expected magnetite behavior and fell
in the pseudo single-domain range
on a Day plot, approximately 1/3 of
the samples showed other behavior
including both wasp-waisted and
pot-bellied hysteresis loops and Mr/

low-temperature looping on our
original VSM, whilst examining
magnetic behavior near the Verwey
transition.  Laurie Brown at-
tempted to discover a rock-mag-
netic discriminant for two (uncoop-

Laurie Brown
University of

Massachusetts,
Amherst

erative) San Juan tuffs.  Other re-
cent Visitin’ Fellows included Roy
Roshko, Tim Wawrzyniec, Scarlet
Relle, Peter Blum, and Carl Richter
- look for their reports in a future
issue.

Rock Magnetic Study
of the Treasure Mountain

Tuffs
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40th Annual Conference
on Magnetism and
Magnetic Materials

Kezhao, Z., and D. R. Fredkin
Surface anisotropy of a fine gamma-
Fe2O3 particle, J. Appl. Phys., 79 (8),
5762-5763, 1996.
We investigate the effects of surface
anisotropy of a single-domain gamma-Fe2O3

particle (length 300 nm, aspect ratio 4.6:1)
using micromagnetic and finite element
methods.  Surface anisotropy energy of the
appropriate sign, axially symmetric about the
surface normal, enhances the coercivity.
Surface magnetization tends to be tangential
to the surface, and magnetization reversal
starts from the surface.

Pokhil, T. G., and B. M. Moskowitz
Magnetic force microscope study of
domain wall structures in magnetite, J.
Appl. Phys., 79 (8), 6064-6066, 1996.
Domain walls in a small (20 µm)
multidomain magnetite grain exhibiting a
planar domain pattern were studied by
magnetic force microscopy.  Most walls were
subdivided with one or two Bloch lines and
all walls displayed asymmetric MFM
responses.  Domain walls were observed to
have small offsets that in some cases occurred
at the location of Bloch lines.  These
observations can be explained by a model
with two inclined easy axis directions.

Proksch, R., T. E. Schaffer, and S. Foss
Force gradient mapping of domain wall
structures in magnetite, J. Appl. Phys.,
79 (8), 6447, 1996.
The cantilever tip of a magnetic force
microscope experiences topographic,
interferometric, damping, and magnetic force
gradient effects. For small scan areas,
magnetic force gradients can be separated
from the other effects, yielding a three-
dimensional force-gradient map (FGM).
FGMs may provide more sensitive tests of
micromagnetic models than conventional
MFM imaging.

Shaw, K. A., et al.
Spin-resolved electron spectroscopies
of epitaxial magnetite <001>, J. Appl.
Phys., 79 (8), 5841, 1996.
A unique angle-, energy-, and spin-resolved
electron spectrometer for the study of
magnetic surfaces is based on a tandem
configuration of an energy-dispersive analyzer
and a Mott spin polarimeter.

van der Zaag, P. J., et al.
A study of the magneto-optical Kerr
spectra of bulk and ultrathin Fe

3
O

4
, J.

Appl. Phys., 79 (8), 5936-5938, 1996.
An analysis of the complete dielectric tensor
of magnetite with variable Mg2+ or Al3+

substitution allowed the assignment of the
main magneto-optical transitions in
magnetite between 0.5 and 4.0 eV.  An
analysis of the stoichiometry of a thin Fe3O4

layer is made, based on the Kerr spectrum,
which is compared to an analysis based on
the Verwey transition.

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.

“The Music of the Spheres” Revisited.
Top: the five “Platonic” solids, with identical faces bounded by regular

equilateral polygons: tetrahedron, cube, octahedron, dodecahedron, and
icosahedron.  A proof that only these five exist was given by Euclid.

Bottom: Kepler’s model of the solar system (from Mysterium
Cosmographicum, 1595), describing the orbits of the six planets then

known as a set of concentric spheres circumscribing and inscribing the five
Platonic solids.

Anisotropy

Bergmüller, F., and F. Heller
Field-dependence of magnetic
anisotropy parameters derived from
high-field torque measurements, Phys.
Earth Planet. Int., 96, 61-76, 1996.
The field-dependence of magnetic
anisotropy has been studied using a new
computer-controlled torque magnetometer,
for a variety of samples containing sheet
silicates, hematite, and negligible magnetite.
The behavior for some samples containing
sheet silicates apparently cannot be
explained by the usual simplifying
theoretical models.  The hypothesis is
introduced that field-induced magnetic
coupling (metamagnetism) occurs at higher
fields in the paramagnetic sheet silicates
well above their previously-reported Néel
temperatures.

Winkler, A. et al.
Inverse to normal magnetic fabric
transition in an upper Miocene marly
sequence from Tuscany, Italy,
Geophys. Res. Lett., 23, 909-912, 1996.
Anisotropy of magnetic susceptibility in this
sequence changes gradually from inverse
(kmax subnormal to bedding) to normal up
the section.  Anhysteretic anisotropy is
normal throughout.  The variation is related
to the abundance of iron-bearing carbon-
ates.

Biogeomagnetism

Peck, J. A., and J. W. King
Magnetofossils in the sediment of
Lake Baikal, Siberia, Earth Planet. Sci.
Lett., 140, 159-172, 1996.
Biogenic magnetite was identified in Lake
Baikal sediments by combined rock-
magnetic, X-ray diffraction, and TEM
studies.  It occurs as chains of single-domain,
elongate hexagonal and teardrop cone-
shaped particles, inferred to be
magnetosomes.  Reduction diagenesis results
in the loss of the fine-grained magnetofossils
at depth.

Geomagnetic Field
Recording Fidelity

Barton, C. E., and P. L. McFadden
Inclination shallowing and preferred
transitional VGP paths, Earth Planet.
Sci. Lett., 140, 147-157, 1996.
Transitional VGP paths from sediments
cluster into longitude bands 90° from site
longitudes, the latter being also clustered.
This may be caused by inclination
shallowing in the weak transitional field.
For a model of the form tan(IR)=f tan(IF),
where subscripts R and F refer to remanence
and field, the probability that the observa-
tions arise from inclination shallowing of a
uniform random distribution of paths
increases as f decreases.  When f drops to

Abstracts continued on page 4…

Current Abstracts
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Magnetic Mineral
Properties

Matsumoto, T., et al.
Occlusion of noble gases (He, Ne,
Ar, Kr, Xe) into synthetic magnetite
at 500-1300˚ C , Earth Planet. Sci.
Lett., 141, 315-324, 1996.
Noble gases provide information on the
formation of chondritic magnetite in the
early solar system.  The trapping mechanism
of noble gases during magnetite growth was
investigated by oxidizing Fe with water
vapor at temperatures ranging from 500 to
1300° C.  An apparent negative correlation
between Ar concentration and synthetic
temperature suggests that gases are trapped
by adsorption, with subsequent fixation by
crystal growth.

Menyeh, A., and W. O’Reilly
Thermoremanent magnetization in
monodomain pyrrhotite Fe7S8, J.
Geophys. Res. B, in press, 1996.
Fine particles (<1 µm) of synthetic
monoclinic pyrrhotite acquired a specific
TRM (per unit field) of 32, with a median
destructive field of 36 kA/m.  The TRM
intensity is 100 time greater than the
theoretical value for the optically-
determined particle size, but comparable to
that for a grain size inferred from the
coercive force (0.05 µm).

Pratt, A. R., H. W. Nesbitt, and J. R.
Mycroft
The increased reactivity of pyrrhotite
and magnetite phases in sulphide
mine tailings, J. Geochem. Expl., 56
(1), 1-12, 1996.

Studer, F., et al.
Changes in magnetic properties
induced by heavy-ion irradiation in
magnetic insulators as seen by
Mössbauer spectroscopy, Nuovo
Cimento, 18D (2-3), 337-340, 1996.
High-energy heavy-ion irradiation of
magnetic materials produces amorphous
matter in the ion tracks and alters
magnetic properties in a stressed shell
surrounding the track core.  Two examples
are presented in this paper: magnetization
creation in the spinel ZnFe2O4 and trapping
of domains in magnetite after lead
irradiation.

Tronc, E.
Nanoparticles, Nuovo Cimento, 18D
(2-3), 163-180, 1996.
Detailed Mössbauer investigations are
limited by complexity of the phenomena
and by the line shape problem, so that
variations between samples can always be
interpreted in several ways.  This paper
shows how the usual approximations made
in Mössbauer interpretation can lead to
misinterpretation of the phenomena, using
Mössbauer, TRM, zero-field-cooled
magnetization, and AC susceptibility data

0.13 there is a 50% chance of getting at
least as much clustering as observed.

Liddicoat, J. C.
Mono Lake excursion in the
Lahontan Basin, Nevada, Geophys. J.
Int., 125 (2), 630-635, 1996.
The earlier half of the Mono Lake
Excursion is recorded here only as a
reduction in relative intensity, whereas the
younger half shows the expected directional
changes.  One possible explanation is that
low sedimentation rates (estimated at 12
cm/kyr) results in a smoothed paleofield
record.  An alternative is overprinting of
the older part of the record by particle
realignment in the higher relative field
intensity during the younger part of the
excursion.

Meynadier, L., and J.-P. Valet
Post-depositional realignment of
magnetic grains and asymmetric saw-
tooth patterns of magnetization
intensity, Earth Planet. Sci. Lett., 140,
123-132, 1996.
Simulations of post-depositional realign-
ment of magnetic grains have been carried
out to test the suggestion that the
asymmetric sawtooth pattern of sediment
magnetization intensity results from such
reorientation.  Exponential functions
cannot simultaneously produce the
asymmetric sawtooth variation and avoid
significant stratigraphic offset of the reversal
position.  The lack of offset in real data
requires that at least half the remanence is
locked in within a few centimeters below
the surface.

Tauxe, L., et al.
Astronomical calibration of the
Matuyama-Brunhes boundary:
Consequences for magnetic rema-
nence acquisition in marine carbon-
ates and the Asian loess sequences,
Earth Planet. Sci. Lett., 140, 133-146,
1996.
Nineteen records of the MB boundary,
compiled from marine carbonate cores,
show the boundary within oxygen isotope
Stage 19 in all but one case.  The occur-
rence of the boundary in an interglacial
isotope stage conflicts with its occurrence in
loess (glacial) intervals in the Asian loess-
paleosol sequences, suggesting that the
magnetization of the loesses may be more
complicated than hitherto supposed.  In the
marine compilation there is no trend in
placement of the boundary in Stage 19 with
sedimentation rate, which implies lock-in of
remanence within a few centimeters of the
sediment surface.

Abstracts continued on page 5...

…Abstracts
continued from page 3

for gamma-Fe2O3 nanoparticles.

Watanabe, Y., and K. Ishii
Orientation relationships and
transformation in iron oxides, Mater.
Sci. Forum, 207-209, 369-372, 1996.
The transformations from hematite to mag-
netite and from magnetite to wustite were
induced by hydrogen ion implantation.  Dif-
fraction patterns showed that the orienta-
tion relationship between hematite and
magnetite lattices was described by
<0001>hem // <111>mag, [1010]hem //
[110]mag, equivalent to the Shoji-
Nishiyama relationship.  For magnetite and
wustite the relationships were: <110>mag //
<110>wus, [110]mag // [110]wus.

Microwave Ferrimagnetic
Resonance

Kirschvink, J. L.
Microwave absorption by magnetite: a
possible mechanism for coupling
nonthermal levels of radiation to
biological systems, Bioelectromagn., 17
(3), 187-194, 1996.
Absorption of microwave energy by trace
amounts of biogenic magnetite in animal
tissue may produce biological effects.
Energy absorbed by ferromagnetic resonance
is transduced into acoustic vibrations (the
magneto-acoustic effect), which are
dissipated in cellular structures.

Walton, D., et al.
Application of ferrimagnetic reso-
nance heating to paleointensity
determinations, Phys. Earth Planet.
Inter., 94 (3-4), 183-186, 1996.
The first paleointensity results based on
ferrimagnetic resonance have been
obtained, for contemporary lavas from Mt
Etna and from samples of Egyptian pottery
3000 to 5000 years old.  The samples were
magnetized at 8.2 GHz.  With microwave
dissipation virtually confined to the
magnetic grains, they can be heated nearly
to their Curie temperature while the rock
matrix remains at less than 100° C, thereby
avoiding mineral alteration in the matrix.

Ocean Crust & Sediments

Drodt, M., et al.
Mössbauer, X-ray fluorescence and
paleomagnetic studies of deep-sea
sediments from the Peru Basin: two
million years of sedimentation
history, Nuovo Cimento, 18D (2-3),
341-345, 1996.
A depth profile of Fe(II) indicates a redox
zone which correlates with the organic
carbon flux into the sediment.  Mössbauer
spectroscopy suggests that the iron is mainly
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contained in clay minerals and to varying
extent also in goethite.

Paleoclimate

Iorio, M., et al.
Milankovitch cyclicity of magnetic
directions in Cretaceous shallow-
water carbonate rocks, southern Italy,
Boll. Geofis. Teor. Appl., 37, 109-118,
1996.
Spectral analyses indicate the same
Milankovitch periodicities for sedimentary
textural and diagenetic parameters and for
magnetic parameters, including declination,
inclination and intensity of natural
remanence.  The correspondence suggests
that the variations are all controlled by
orbitally-forced phenomena such as climate.

Theory and Modeling

Iglesias, O., et al.
Energy barrier distributions in
magnetic systems from the T ln(t/
tau0) scaling, Z. Phys. B, 100 (2), 173-
178, 1996.
A method based on T ln(t/tau0) scaling is
proposed to obtain the energy barrier
distribution of a randomly oriented assembly
of magnetic entities.  It essentially consists
of taking the logarithmic time derivative of
the master relaxation curve.  Application of
the method to two fine-particle systems
shows good agreement with the magnetiza-
tion decay of a system following the
Arrhenius law.

in view of the sheer number of in-
terconnected processes linking
climate and sedimentary magnetic
properties, how can we hope to
interpret the magnetic records
uniquely in terms of specific paleo-
climate parameters such as tem-
perature, precipitation, or wind
intensity?

VHR MAGNETIC RECORDING

Resolution generally refers to
sharpness of definition in space
and/or time.  Very-High-Resolution
(VHR) sedimentary magnetic
records require (at a minimum)
close spatial sampling of sections or
cores with high depositional rates,
yielding a high temporal sampling
density.  But more critically, ob-
taining high-resolution magnetic
records of true paleofield and paleo-
climate variations also imposes
requirements of recording fidelity
and uniqueness of interpretation, a
much trickier business.  The theme
of the Third Santa Fe Conference
was VHR magnetic recording, in
this broad sense, of past global cli-
mate and field variations.

The logic of paleofield recon-
struction is direct: vector magneti-
zation data provide estimates of
paleofield vectors.  Magnetic paleo-
climate studies necessarily involve a
more extended chain of reasoning
relating sediment material proper-
ties to paleoenvironmental condi-
tions.  The differing flavors of these
two research areas came through in
the corresponding conference ses-
sions, with the paleofield presenta-
tions focussing primarily on practi-
cal issues of method and reliability,
and the paleoclimate presentations
dealing chiefly with integration of
magnetic and nonmagnetic meth-
ods of study and wider issues of
interpretation of magnetic records.

Each segment of the conference
featured a keynote lecture from an
invited expert in a related disci-
pline, followed by short lead talks
that served as starting points for
extended, open discussion.
Whereas the paleoclimate discus-
sions were generally pedagogical
and somewhat exploratory in tone,
those concerning paleofield behav-
ior featured sharp disagreements
and vigorous debate, primarily on
two specific issues dealing with
paleointensity.  A very brief sum-
mary of these controversial ques-
tions follows; a more comprehen-
sive conference summary will ap-
pear in a future EOS.

ASYMMETRIC SAWTOOTH PALEOIN-
TENSITY?

A lighting rod for discussion was
the ongoing debate over “asymmet-
ric sawtooth” variations of paleo-
magnetic intensity, with long
steady declines preceding field re-
versals, followed by rapid regenera-
tion to high intensities after rever-
sals.  If this stratigraphic variation
is in fact an accurate record of
paleofield behavior, it is an obser-
vation of fundamental importance.
A simple geometrical argument,
however, shows that similar inten-
sity patterns can, in principle, be
produced by partial overprinting of
the pre-reversal record by the post-
reversal field, either by particle
reorientation or by thermoviscous
relaxation.  The physical plausibil-
ity of these mechanisms, though, is
less clear, and the temperature in
the conference room was raised a
few degrees by the ensuing discus-
sion.  At issue in particular was
whether a ‘hard’ thermoviscous
overprint, as suggested by Yvo Kok
and Lisa Tauxe, may account for
the pattern; the suggestion was
vigorously debated by Jean-Pierre
Valet.  Continuing developments
in the case can be anticipated with
fairly high certainty.  (See also
Current Abstracts in this and the
previous issue of the Quarterly).

CLIMATE-FIELD CONNECTIONS?
Do climate changes affect the

geomagnetic field? It’s been
suggested before, but not widely
accepted, that slight rotational
acceleration/decelerations (brought
about by changing moment of
inertia as surface mass is redistrib-
uted by glacial/interglacial transi-
tions) cause shearing in the outer
core and thus affect the dynamo,
perhaps even triggering reversals.
An alternative scenario (and one
that is disturbing for rock-
magnetists) is that climate varia-
tion, by changing the material
properties of magnetic and non-
magnetic constituents of the
sedimentary record, results in
variation of magnetic recording
fidelity.  These issues were raised by
Horst Worm, who compared
published ∂18O and sedimentary
paleointensity data for the Brunhes
chron and discovered a visually
persuasive correlation between

…Santa Fe Conference
 continued on page 6

with periodicities of 104-105 years,
upon which are superimposed
shorter-term, millennial-scale
variations whose origins and char-
acteristics are somewhat less clear.

As the earth’s climate varies
through time, every aspect of the
global sedimentation system is af-
fected: distribution and intensity of
source material erosion, transport
by atmospheric circulation and/or
by water, alteration of material
during transport, oceanic circula-
tion, biological activity, and depo-
sitional and post-depositional con-
ditions.  It is not at all surprising
that these changes are reflected in
stratigraphically-varying magnetic
properties, which thus serve as
readily-measurable proxy indicators
of the climate variation.  However,

…Santa Fe Conference
 continued from page 1



6

…Santa Fe Conference
continued from page 5

them, which implies either direct
or apparent climate-field interac-
tion.

This was viewed as a welcome
development by virtually no none.
Ron Merrill dismissed the notion of
direct climate-field coupling,
whereas Lisa Tauxe dismissed the
idea of pervasive climatic contami-
nation of the paleofield records and
questioned the consistency of the
time scales used in the correlation.
Both the observation and its
implications thus drew strong
opposition, but all sides of the
question will no doubt be examined
closely, and this area also promises
continuing rapid development.
(See also Current Abstracts).

BIOMAGNETIC CONTRIBUTIONS?
Techniques for recognition of

biogenic magnetic minerals, and
thoughts on their importance to
magnetic records of paleoclimate
and paleofield behavior, continue
to evolve.  Bernie Housen argued,
on the basis of downcore rema-
nence and susceptibility data, that
biogenic magnetite is abundant in
Blake-Bahama sediments but con-
tributes little or nothing to the
paleomagnetic signal.  Joe
Kirschvink expressed skepticism
about the interpretation, especially
of the susceptibility data.  It is clear
that here too we still have much to
learn.

INTERDISCIPLINARY DIALOG

Although less contentious than
the paleointensity and biomag-

netism sessions, the paleoclimate
sessions served the important pur-
pose of bringing together experts
from various related disciplines to
explore avenues for cooperation.
The overriding concern in magnetic
studies of paleoclimate is the need to
connect magnetic properties to spe-
cific surficial geological processes in
a more direct, unambiguous and
meaningful manner, and the consen-
sus view is that doing so will require
continuing efforts at integrating
magnetic and nonmagnetic measure-
ment techniques.

The future holds the promise of
higher-resolution views of the past.
Rock magnetism will play an impor-
tant role, both through continued
development of magnetic methods
and through increased integration of
rock-magnetic, isotopic, geochemi-
cal, petrographic, and other analyti-
cal studies.

Very High Resolution (VHR) Recording of the
Paleomagnetic Field
(Moderators: Ron Merrill, University of Washington, Seattle, Ken Hoffman,
California Polytechnic, San Luis Obispo)
Guest Lecture and Video Presentation “Geomagnetic Field Modeling”,
Paul Roberts, Inst. of Geophysics & Planetary Physics, UCLA.
“Improvements to the Thellier method of absolute paleointensity from
igneous rocks”, Jean-Pierre Valet, Institut de Physique du Globe, Paris.
“Diagenetic noise in the paleofield direction record in sediments”, Mark
Dekkers, Fort Hoofdijk, Utrecht.

Toward Reliable Relative Paleointensity Timeseries
(Moderators: Carlo Laj, Centre des Faibles Radioactivités, Gif-sur-Yvette, Ken
Verosub, University of California, Davis)
“Rethinking the rock magnetic basis of magnetic granulometry”,  Horst
Worm, University of Göttingen, Göttingen
“The ‘best’ normalizers for obtaining relative paleointensity from
sediments”,  Lisa Tauxe, Fort Hoofdijk, Utrecht

Paleoclimate, Environmental Change, and Paleoclimate
Models
(Moderators: Rick Oches, University of Minnesota, Minneapolis, Steve
Lund, University of Southern California, Los Angeles)
Guest Lecture “Abrupt Climate Changes and their Geological Record”,
Peter Clark, Oregon State University, Corvallis,
“Low-temperature identification of magnetic minerals:   Application to
paleoclimate records”, Masayuki Torii, Kyoto University, Kyoto
“Environmental and climate proxies from magnetic minerals of diagenetic
origin”, Joe Rosenbaum USGS, Denver

Biomineralization and Magnetic Signatures
(Moderators: Joe Kirschvink, CalTech, Pasadena, Bruce Moskowitz,
University of Minnesota, Minneapolis)
“Biominerals: Precipitation and dissolution under realistic conditions”,
Joel Kostka, Max Planck Institut für Marine Mikrobiologie, Bremen
“Magnetic signatures of biogenic minerals”, Bernie Housen, University of
Minnesota, Minneapolis

Summary and International Rock Magnetic Database
(Moderator: Mike Jackson, University of Minnesota, Minneapolis)

Subir Banerjee
(University of Minnesota)

Lucile Beck
(Centre des Faibles Radioactivités)

Sue Beske-Diehl
(Michigan Tech. University)

Scott Bogue
(Occidental College)

Stefanie Brachfeld
(University of Minnesota)

Laurie Brown
(University of Massachusetts)

Maria Cioppa
(Lehigh University)

Peter Clark
(Oregon State University)

Mark Dekkers
(University of Utrecht)

Florence Garnier
(Centre des Faibles Radioactivités)

Christoph Geiß
(University of Minnesota)

Akira Hayashida
(University of California–Davis)

Emilio Herrero-Bervera
(University of Hawaii)

Ken Hoffman
(California Polytechnic St. Univ.)

Bernie Housen
(University of Minnesota)

Mike Jackson
(University of Minnesota)

Paul Kelso
(Lake Superior State University)

Russ Kelz
(National Science Foundation)

Joe Kirschvink
(California Inst. of Technology)

Catherine Kissel
(Centre des Faibles Radioactivités)

Andrei Kosterov
(Université de Montpellier)

Joel Kostka
(Max Planck Institut für Marine

Mikrobiologie)

Carlo Laj
(Centre des Faibles Radioactivités)

Steve Lund
(University of Southern California)

Gregg McIntosh
(Universidad Nacional Autonoma de

México)
Ron Merrill

(University of Washington)
Bruce Moskowitz

(University of Minnesota)
Adrian Muxworthy

(University of Oxford)
Andrew Newell

(University of Washington)
Rick Oches

(University of Minnesota)
John Peck

(University of Rhode Island)
Paul Roberts

(Univ. of California–Los Angeles)
Joe Rosenbaum

(U. S. Geological Survey)
Will Sager

(Texas A&M University)
Martha Schwartz

(Univ. of Southern California)
Peat Solheid

(University of Minnesota)
Lisa Tauxe

(University of Utrecht)
Masayuki Torii

(Kyoto University)
Jean-Pierre Valet

(Université Pierre et Marie Curie)
Adry Van Velzen

(University of Oxford)
Ken Verosub

(University of California–Davis)
Horst Worm

(Universität Göttingen)
Toshi Yamazaki

(Geological Survey of Japan)
Xixi Zhao

(Univ. of California–Santa Cruz)

Santa Fe3+ Program and Participants
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…Visiting Fellow Reports
continued from page 2

Ms versus Hcr/Hc plots to the right
of the PSD field.  Investigations of
susceptibility versus temperature on
selected samples produced a wide
range of heating and cooling
curves.  Although typical heating
and reproducible cooling curves
giving a magnetite Curie tempera-
ture were obtained for a few
samples, most tuff samples produced
more complicated relationships.
These included both examples of
large increases in susceptibility
during heating and other cases with
large increases in susceptibility
during cooling.  Although the
behaviors observed are not all yet
well understood (despite consulta-
tion with several of the IRM staff),

it is obvious that this one tuff unit
encompasses a wide range of both
magnetic mineralogies and grain
sizes.

Numerous rock magnetic
measurements (hysteresis measure-
ments, both at room temperature
and elevated temperature, and
susceptibility measurements at both
low and high temperatures) were
applied to samples from the
Masonic Park and Chiquito Peak
tuffs in a effort to find a magnetic
"fingerprint" useful in distinguish-
ing between the two.  The two
units are both phenocryst-rich
dacites and only subtle lithologic
differences can be observed
between them.  In contrast to the
Middle Tuff, samples from both the
Masonic Park and Chiquito Peak
units showed considerable similar-

ity in rock magnetic properties.
Hysteresis properties for all samples
studied (5 from Masonic Park, 4
from Chiquito Peak, each sample
from a separate paleomagnetic site)
were similar and indicated PSD
magnetite.  Low temperature
susceptibility measurements on one
sample from each tuff again were
similar, and indicated magnetite
with its evident Verwey transition.
High temperature susceptibility
measurements show similar behavior
with both units having a marked
increase and then decrease in
susceptibility between 150 and 350
degrees C before a more typical
magnetite decrease at about 580
degrees C.  I learned a great deal
from all the rock magnetic work on
the Masonic Park and Chiquito Peak
samples, but it appears that magneti-
cally they are indistinguishable!

Gauss, Carl Friedrich
Apr. 30, 1777-Feb. 23, 1855

A wunderkind who became one of the
greatest mathematicians of his or any
time, Gauss developed the method of
least squares as a student, and gave the
first valid proof of the Fundamental
Theorem of Algebra in his dissertation.
In 1839 he carried out the first
spherical harmonic analysis of the
Earth’s magnetic field, determining
values for the 24 potential coefficients
up to degree and order 4.  The cgs unit
of magnetic induction is named in
honor of Gauss (1 Gauss = 10-4 Tesla),
along with the Gauss geomagnetic
polarity chron, Gauss geomagnetic
potential coefficicents, Gauss’ Law of
electrostatics, Gaussian statistical
distributions, and Gaussian integration
methods.

At the recent Western Pacific
Geophysics Meeting (Brisbane 23-
27 July 1996) a session entitled
Glacial/Interglacial Records of the
PEP transects was  held (for further
details see EOS, Transactions
American Geophysical Union, 77,
May 28, 1996). The goal was to
promote dialogue between scien-
tists of wide-ranging interests and
thus to foster mutual understanding
and co-operation. This is necessary
if effective progress is to be made
on such broad inter-disciplinary
endeavours. For example, where
else could one learn of progress in
quantifying paleo-precipitation by
means of magnetic climofunctions,
of obtaining paleo-temperature
from racemization measurements
on ancient emu eggshells, and of
determining changes in the volume
of the oceans from U-series ages on
fossil reefs? Other presentations
dealt with the difficult task of
linking the Chinese Loess proxy
record to the oceanic oxygen
isotope record, and on the exten-
sion of the "classic" proxy (mag-
netic susceptibility) by exploiting
other mineral magnetic parameters
such as coercivity (which may
provide a paleo-wind indicator),
and continuous depth profiling of
frequency dependence of suscepti-
bility. Before there is a rush to
apply the "Chinese model" indis-
criminately however, the important
point was raised that the Chinese
record, although internally self-
consistent, may in fact, represent
an "anomalous" set of circum-

stances. Mineral magnetism was
also the focus of a report concern-
ing climatic fluctuations recorded
in the Queensland Trough.
Holocene sea-level changes in
Japan were monitored in a study
involving radiocarbon dating of
intertidal biota, with important
consequences for understanding
crustal tilting and proper examina-
tion of the (now submerged) Jomon
archeological sites. Two papers
dealing with Australian lakes
completed the session. The first
reported a comprehensive
paleohydrological study  of Lake
Eyre which allows the history of
past monsoon activity to be worked

out  for the last 130,000 years. The
second illustrated how volcanic
crater lake sediments (and their
climate proxies) can now be dated by
comparisons with recently reported
palynological results from Germany
by appealing to the concept of
supercycles. This capsule summary
can do no more than indicate some
of the methodologies being exploited
to improve our understanding of
glacial/interglacial cycles. It is clear
that progress is being made on a
broad front, but there is a pressing
need for high-latitude sites if a
complete Pole-Equator-Pole transect
is to be forthcoming.

Conference Report: PEP at WPGM
Ted Evans
University of

Alberta
evans@phys.ualberta.ca
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RAC Rotates

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

The IRM’s Review and Advisory
Committee (RAC) is undergoing a
scheduled change of membership,
with veterans David Dunlop and
Chair Bob Butler stepping down.
As the last of the charter RAC
members, both have helped guide
the IRM for the entire six years since
its inception in 1990, and among
other duties, they have each
reviewed nearly 100 Visiting
Fellowship proposals.  We offer

The latest round of Visiting
Fellow applications was extremely
competetive, praised by the RAC as
an unusually strong group of
proposals, perhaps the best to date.
Congratulations to all those who
submitted entries.  Emerging from
the selection process for fall and
winter visits are the following new
Fellows (in alphabetical order, with
slightly abridged project titles):
Maria Cioppa (Lehigh University):
Variations in magnetic mineralogy
in three NE Pennsylvania lakes
Rob Coe (UC Santa Cruz):  Case
study of fidelity of sedimentary
magnetization
Xiaomin Fang (University of
Michigan / Lanzhou University):  Rock

Collectors Series #2.
Clip and save!  Collect
them all!
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Welcome to the World, Wilson
Housen!  IRM Webmeister Bernie
Housen and his wife Beth beat the odds
with a baby boy, on July 22.  A healthy
8 lbs, 1 oz., Wilson becomes the second
“son of the IRM,” joining Karel
Kletetschka, and casting doubt on
previous speculations connecting the
IRM environment and a propensity for
producing daughters (six to date!).
Look for Wilson and his sister Rachel on
the Web!

www.offspring.housen

warm thanks and hearty con-
gratulations on a job well done.

New members Ken Kodama
(Lehigh University) and
Friedrich Heller (ETH, Zurich)
will join Dan Dahlberg (Univer-
sity of Minnesota, Physics), Sue
Halgedahl (University of Utah),
Dennis Kent (LDEO-Columbia
University), and John King
(University of Rhode Island) on
the reconstituted RAC.

Visiting Fellows Selected
For Fall - Winter Term

magnetic studies of a high-
resolution loess-paleosol se-
quence, western China
Bodo Katz (University of Okla-
homa):  Paleomagnetic dating of
smectite-illite ordering during
clay diagenesis
Catherine Kissel (Centre des
Faibles Radioactivités):  Rock
magnetism and magnetic fabric of
Icelandic dikes
Adrian Muxworthy (University of
Oxford):  Metastability of partial
thermoremanent magnetization
in multidomain magnetite
Harald Petermann (Universität
Bremen):  Biogenic magnetite in
deep-sea surface sediment samples

The next deadline for
Visiting Fellow
applications will be in
mid-December (for visits
during spring and
summer, 1997).  For
application forms, write
to IRM or get them from
our Web site.

An index to the first five years of the
IRM Quarterly is now available on our
Web site.  Compiled by Indexing,
UnLtd. of Brattleboro VT, the index
provides easy multiple points of access to
the myriad topics covered in issues 1-5: a
cross-referenced subject index, a
“people” index, topic and author indices
for the Abstracts section, and an
exhaustive bibliography of abstracted
articles.  We anticipate that this
organization of reference material will
prove useful to students and senior
researchers alike.

Index Online


