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      Visitors to the IRM generally find that at least some 
sample preparation is required prior to many types of 
measurements.  Sometimes this is quite simple (scoop up a 
bit of sediment and mash it into a gelcap), and sometimes 
it is more complex (magnetic separation or reduction of an 
oxidized sample).  To make the most of your visit to the 
IRM, sample preparation should be completed in advance 
to the extent possible; excessive on-site prep work can eat 
into valuable instrument time.  However, in cases where 
it is not possible or feasible to complete all preparation in 
advance, visitors should be aware of what can (and cannot) 
be done at the IRM.  Additionally, while it is possible to 
do certain types of prep work at the IRM, the amount of 
time involved may be prohibitive. It is important to let 
us know in advance if you will have extensive or unusual 
sample preparation needs.  
 Previous Quarterly articles have described some 
sample preparation specifications (see v. 6 no. 4 and v. 17. 
no. 1), mostly regarding sample size and shape.  Here, we 
focus a bit more on the ways and means available at the 
IRM to get your sample into the proper size and shape, 
as well as other types of equipment and procedures.  

Making small samples out of big samples

	 Rock saws (high-speed and slow-speed)
	 Rock crusher
	 Ball miller

 The most frequent sample preparation needs involve 
manipulating the sample into a size or shape compatible 
with a particular instrument. The vibrating sample mag-
netometers (VSMs) when used at room temperature can 

accommodate a wide variety of sample sizes and shapes, 
including standard paleomag mini-cores.  For high- or 
low-temperature VSM work, however, sample size is lim-
ited to ~4 mm x 4 mm x 2 mm, and for high-temperature 
work the sample MUST be attached to the ceramic sample 
mount with a high-temperature cement (provided by the 
IRM).  For work on the Magnetic Properties Measurement 
System (MPMS), the maximum sample diameter is ~8 
mm, but to avoid problems, we recommend staying  under 
6 mm.  A typical MPMS sample configuration involves 
placing the sample in a pharmaceutical gelcap (~5 mm 
diameter x 14 mm length) which is in turn inserted into 
a drinking straw, but other configurations are possible.  
Sample shape issues are typically only a concern with 
the “Roly-Poly” anisotropy bridge and when measuring 
high-field anisotropy on the VSM.  Perfect cubes are ideal, 
but a cylinder with a height/diameter ratio of 0.9 is also 
acceptable.
 For sediments, subsampling is typically fairly 
straightforward, and we have a wide variety of scoops, 
spatulas, knives and other instruments for slicing, dicing, 
and scooping.  For hard rocks, we have both a high-speed 
rock saw and a slow-speed wafering saw.  To make small 
chips, we have a rock crusher as well as an assortment 
of mortars and pestles.  To make a fine powder (e.g. for 
Mössbauer work), we have a ball miller that can be used 
in conjunction with crushing/chipping equipment in the 
main Geology department.  However, it is usually simpler 
to use a mortar and pestle to pulverize the small amount 
of material typically required.
 VSM or MPMS samples need to be firmly immobi-
lized.  Common problems when measuring powders or 
fine-grained sediments include erratic, irreproducible, 
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Seven Secrets to 
Sample Prep Set 

Stage for Success! 
(or: What to Do Before
You Come to the IRM)

IRM Postdoc Maxwell Brown uses the high-speed rock saw to prepare 
basalt cores for paleomagnetic work.
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Undergrad Research 
at the IRM

      Most people are aware that many graduate students and 
post-Ph.D. researchers pass through the IRM each year.  
Fewer people may recognize that the IRM also hosts a 
large number of undergraduate students, providing them 
with access to a large, well-equipped lab and exposure to 
cadre of friendly researchers with diverse interests.  These 
students come to us in a variety of ways, their visits range 
from a few days to many months, and they have explored 
a wide range paleomagnetic and rock magnetic topics.   
 This summer, two students joined us for 10 weeks 
as part of intensive summer internship programs.  Becky 
Smith (U.C. Berkeley) participated in the Department of 
Geology and Geophysics NSF-sponsored summer intern-
ship program and did an experimental mineralogy project 
focused on iron segregation in silicate minerals.  Alissa 
Morson (Carleton College) was a Summer Research Fel-
low from the Hubert Humphrey Medical Institute and 
explored the feasibility of correlating volcanic ash units 
based on magnetic properties.  Both Becky and Alissa 
worked under the supervision of Joshua Feinberg.
 Over the past year six University of Minnesota stu-
dents have worked with IRM faculty, staff, postdocs, and 
graduate students on a variety of projects.  Evan Finnes 
is currently undertaking a senior thesis project focused 
on layering in the Duluth Gabbro for which he was 
awarded funding from the Precambrian Reseach Center 
at University of Minnesota-Duluth.  Charissa Johnson 
received funding from Sigma Xi to pursue investigations 
into the magnetic properties of obsidian.  Leta Schoeller 
has been working on paleointensity of samples from the 
Juan de Fuca Ridge, and Susanna Webb is studying the 
magnetization of cave sediments.  Charissa, Leta and Su-
sanna were all awarded funding through the university’s 
Undergraduate Research Opportunities Program.  Joe 
Cropsey has been assisting with research into different 
paleointensity techniques, and Ryan Swanson examined 
spin glass behavior in oxidized magnetite.  Evan and Joe 
are working with Maxwell Brown and Josh Feinberg; 
Charissa and Susanna are working with Josh Feinberg; 
Leta is working with Julie Bowles; and Ryan worked with 
Bruce Moskowitz.
 Finally, students from neighboring colleges often 
come to the IRM to do work for their senior theses or as 
part of a work-study project.  Recently, Maria Princen and 
Madelyn Mette have visited from Macalester College, and 
Chelsea Scott from Carleton College.
 The work these students do often culminates in a 
presentation at major professional meeting.  Look for 
them this December at AGU, and welcome them into the 
greater rock magnetic community!

A list of current research articles dealing with various topics in 
the physics and chemistry of magnetism is a regular feature of 
the IRM Quarterly. Articles published in familiar geology and 
geophysics journals are included; special emphasis is given to 
current articles from physics, chemistry, and materials-science 
journals. Most abstracts are taken from INSPEC (© Institution 
of Electrical Engineers), Geophysical Abstracts in Press (© 
American Geophysical Union), and The Earth and Planetary 
Express (© Elsevier Science Publishers, B.V.), after which 
they are  subjected to Procrustean culling for this newsletter. 
An extensive reference list of articles (primarily about rock 
magnetism, the physics and chemistry of magnetism, and some 
paleomagnetism) is continually updated at the IRM. This list, 
with more than 10,000 references, is available free of charge. 
Your contributions both to the list and to the Abstracts section 
of the IRM Quarterly are always welcome. 
	
Anisotropy/Magnetic Fabrics

Chadima, M., V. Cajz, and P. Tycova, On the interpretation of 
normal and inverse magnetic fabric in dikes: Examples from 
the Eger Graben, NW Bohemian Massif, Tectonophysics, 
466 (1-2), 47-63, 2009.

Cifelli, F., M. Mattei, M. Chadima, S. Lenser, and A.M. Hirt, 
The magnetic fabric in “undeformed clays”: AMS and 
neutron texture analyses from the Rif Chain (Morocco), 
Tectonophysics, 466 (1-2), 79-88, 2009.

Debacker, T.N., A.M. Hirt, M. Sintubin, and P. Robion, Differ-
ences between magnetic and mineral fabrics in low-grade, 
cleaved siliciclastic pelites: A case study from the Anglo-
Brabant Deformation Belt (Belgium), Tectonophysics, 466 
(1-2), 32-46, 2009.

Hrouda, F., S.W. Faryad, M. Chlupacova, P. Jerabek, and Z. 
Kratinova, Determination of field-independent and field-de-
pendent components of anisotropy of susceptibility through 
standard AMS measurement in variable low fields II: An 
example from the ultramafic body and host granulitic rocks 
at Bory in the Moldanubian Zone of Western Moravia, Czech 
Republic, Tectonophysics, 466 (1-2), 123-134, 2009.

Soto, R., J.C. Larrasoana, L.E. Arlegui, E. Beamud, B. Oliva-
Urcia, and J.L. Simon, Reliability of magnetic fabric of 
weakly deformed mudrocks as a palaeostress indicator in 
compressive settings, J. Struct. Geol., 31, 512-522, 2009.

Archeomagnetism

Ceja, M.R., A. Goguitchaichvili, J. Morales, M. Ostrooumov, 
L.R. Manzanilla, B.A. Reyes, and J. Urrutia-Fucugauchi, 
Integrated archeomagnetic and micro-Raman spectroscopy 
study of pre-Columbian ceramics from the Mesoamerican 
formative village of Cuanalan, Teotihuacan Valley, Mexico, 
J. Geophys. Res., 114, 2009.

Genevey, A., Y. Gallet, J. Rosen, and M. Le Goff, Evidence 
for rapid geomagnetic field intensity variations in Western 
Europe over the past 800 years from new French archeoin-
tensity data, Earth Planet. Sci. Lett., 284, 132-143, 2009.

Gurarii, G.Z., and M.V. Aleksyutin, Wavelet analysis of paleo-
magnetic data: 3. Wavelet analysis of the basic series of 
archaeomagnetic data on the geomagnetic field intensity 
for the past 7500 years, Izvestiya-Phys. Solid Earth, 45, 
527-538, 2009.

Kovacheva, M., Y. Boyadziev, M. Kostadinova-Avramova, N. 
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Hoashi, M., D.C. Bevacqua, T. Otake, Y. Watanabe, A.H. Hick-
man, S. Utsunomiya, and H. Ohmoto, Primary haematite 
formation in an oxygenated sea 3.46 billion years ago, 
Nature Geoscience, 2 (4), 301-306, 2009.

Horng, C.-S., C-A. Huh, K-H. Chen, P.-R. Huang, K.-H. Hsiung, 
H.-L. Lin, Air pollution history elucidated from anthro-
pogenic spherule and their magnetic signatures in marine 
sediments offshore of Southwestern Taiwan, J. Mar Sys., 
76, 468-478, 2009. 

Hu, X.F., J. Wei, L.F. Xu, G.L. Zhang, and W.G. Zhang, Magnetic 
susceptibility of the Quaternary Red Clay in subtropical 
China and its paleoenvironmental implications, Palaeo-
geogr. Palaeocl., 279, 216-232, 2009.

Umbanhowar, C.E., A.L.C. Shinneman, G. Tserenkhand, E.R. 
Hammon, P. Lor, and K. Nail, Regional fire history based on 
charcoal analysis of sediments from nine lakes in western 
Mongolia, Holocene, 19 (4), 611-624, 2009.

Yamazaki, T., Environmental magnetism of Pleistocene sedi-
ments in the North Pacific and Ontong-Java Plateau: Tempo-
ral variations of detrital and biogenic components, Geochem. 
Geophys. Geosys., 10, 2009.

Zillen, L., and I. Snowball, Complexity of the 8 ka climate event 
in Sweden recorded by varved lake sediments, Boreas, 38, 
493-503, 2009.

Extraterrestrial Magnetism

Kletetschka, G., R.J. Lillis, N.F. Ness, M.H. Acuna, J.E.P. 
Connerney, and P.J. Wasilewski, Magnetic zones of Mars: 
Deformation-controlled origin of magnetic anomalies, Me-
teorit. Planet. Sci., 44 (1), 131-140, 2009.

Madsen, M.B., W. Goetz, P. Bertelsen, et al., Overview of the 
magnetic properties experiments on the Mars Exploration 
Rovers, J. Geophys. Res., 114, 2009.

Rochette, P., J. Gattacceca, M. Bourot-Denise, G. Consolmagno, 
L. Folco, T. Kohout, L. Pesonen, and L. Sagnotti, Magnetic 
classification of stony meteorites: 3. Achondrites, Meteorit. 
Planet. Sci., 44, 405-427, 2009.

Suavet, C., J. Gattacceca, P. Rochette, N. Perchiazzi, L. Folco, 
J. Duprat, and R.P. Harvey, Magnetic properties of micro-
meteorites, J. Geophys. Res., 114, 2009.

Geomagnetism and Geodynamo Studies

Barletta, F., G. St-Onge, J.E.T. Channell, A. Rochon, L. Polyak, 
and D. Darby, High-resolution paleomagnetic secular varia-

Jordanova, and F. Donadini, Updated archeomagnetic data 
set of the past 8 millennia from the Sofia laboratory, Bul-
garia, Geochem. Geophys. Geosys., 10, 2009.

Nachasova, I.E., and K.S. Burakov, Variation of the intensity of 
the Earth’s magnetic field in Portugal in the 1st millennium 
BC, Izvestiya-Phys. Solid Earth, 45 (7), 595-603, 2009.

Pavon-Carrasco, F.J., M.L. Osete, J.M. Torta, and L.R. Gaya-
Pique, A regional archeomagnetic model for Europe for the 
last 3000 years, SCHA.DIF.3K: Applications to archeomag-
netic dating, Geochem. Geophys. Geosys., 10, 2009.

Bio(geo)magnetism

Pan, Y.X., W. Lin, L.X. Tian, R.X. Zhu, and N. Petersen, Com-
bined Approaches for Characterization of an Uncultivated 
Magnetotactic coccus from Lake Miyun near Beijing, Geo-
microbiology Journal, 26 (5), 313-320, 2009.

Popa, R., W. Fang, K.H. Nealson, V. Souza-Egipsy, T.S. Berquo, 
S.K. Banerjee, and L.R. Penn, Effect of oxidative stress on 
the growth of magnetic particles in Magnetospirillum mag-
neticum, International Microbiology, 12 (1), 49-57, 2009.

Watanabe, S., M. Yamanaka, A. Sakai, K. Sawada, T. Iwasa, 
Laser Raman Spectroscopic Study on Magnetite Forma-
tion in Magnetotactic Bacteria, J. Jpn. I. Met., 73, 334-339, 
2009.

Environmental Magnetism and Paleoclimate

Ao, H., M.J. Dekkers, C.L. Deng, and R.X. Zhu, Palaeclimatic 
significance of the Xiantai fluvio-lacustrine sequence in 
the Nihewan Basin (North China), based on rock magnetic 
properties and clay mineralogy, Geophys. J. Int., 177, 913-
924, 2009.

Blanchet, C.L., N. Thouveny, and L. Vidal, Formation and pres-
ervation of greigite (Fe3S4) in sediments from the Santa Bar-
bara Basin: Implications for paleoenvironmental changes 
during the past 35 ka, Paleoceanography, 24, 2009.

Blundell, A., J.A. Dearing, J.F. Boyle, and J.A. Hannam, Con-
trolling factors for the spatial variability of soil magnetic 
susceptibility across England and Wales, Earth-Science 
Rev., 95, 158-188, 2009.

Bradak, B., Application of anisotropy of magnetic susceptibility 
(AMS) for the determination of paleo-wind directions and 
paleo-environment during the accumulation period of Bag 
Tephra, Hungary, Quatern. Int., 198, 77-84, 2009.

Chen, Z., W. Yan, X.Z. Tang, J.G. Liu, M.H. Chen, and H.P. 
Yang, Magnetic Susceptibility in Surface Sediments in the 
Southern South China Sea and Its Implication for Sub-sea 
Methane Venting, J. Earth Sci., 20, 193-204, 2009.

Chen, M.R., L.Z. Yu, X.F. Niu, and B. Chen, Application of 
environmental magnetism on crime detection in a highway 
traffic accident from Yangzhou to Guazhou, Jiangsu Prov-
ince, China, Forensic Sci. Int., 187, 29-33, 2009.

da Silva, A.C., C. Mabille, and F. Boulvain, Influence of 
sedimentary setting on the use of magnetic susceptibility: 
examples from the Devonian of Belgium, Sedimentology, 
56 (5), 1292-1306, 2009. 

Hanesch, M., Raman spectroscopy of iron oxides and 
(oxy)hydroxides at low laser power and possible applica-
tions in environmental magnetic studies, Geophys. J. Int., 
177 (3), 941-948, 2009.

Hassold, N.J.C., D.K. Rea, B.A. van der Pluijm, and J.M. Pares, 
A physical record of the Antarctic Circumpolar Current: 
Late Miocene to recent slowing of abyssal circulation, 
Palaeogeogr. Palaeocl., 275, 28-36, 2009.

IRM Graduate Student Jessica Till uses the slow-speed saw to prepare 
a sample for MFM work.
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tion and relative paleointensity records from the western 
Canadian Arctic: implication for Holocene stratigraphy 
and geomagnetic field behaviour, Can. J. Earth Sci., 45, 
1265-1281, 2008.

Canon-Tapia, E., and E. Herrero-Bervera, Is the Pringle Falls 
excursion a product of geomagnetic field behaviour or an 
artefact of sedimentation processes ? Insights from anisot-
ropy of magnetic susceptibility (AMS) analyses, Geophys. 
J. Int., 178 (2), 702-712, 2009.

Donadini, F., M. Korte, and C.G. Constable, Geomagnetic field 
for 0-3 ka: 1. New data sets for global modeling, Geochem. 
Geophys. Geosys., 10, 2009.

Driscoll, P., and P. Olson, Polarity reversals in geodynamo 
models with core evolution, Earth Planet. Sci. Lett., 282, 
24-33, 2009.

Fischer, M., G. Gerbeth, A. Giesecke, and F. Stefani, Inferring 
basic parameters of the geodynamo from sequences of polar-
ity reversals, Inverse Problems, 25 (6), 2009.

Gallet, Y., G. Hulot, A. Chulliat, and A. Genevey, Geomagnetic 
field hemispheric asymmetry and archeomagnetic jerks, 
Earth Planet. Sci. Lett., 284 (1-2), 179-186, 2009.

Korte, M., F. Donadini, and C.G. Constable, Geomagnetic field 
for 0-3 ka: 2. A new series of time-varying global models, 
Geochem. Geophys. Geosys., 10, 2009.

Liu, L.J., P. Olson, Geomagnetic dipole moment collapse by con-
vective mixing in the core, Geophys. Res. Lett., 36, 2009.

Pressling, N., F.A. Trusdell, and D. Gubbins, New and revised C-
14 dates for Hawaiian surface lava flows: Paleomagnetic and 
geomagnetic implications, Geophys. Res. Lett., 36, 2009.

Magnetic Field Records and Paleointensity 
methods

Bohnel, H.N., M.J. Dekkers, L.A. Delgado-Argote, and M.N. 
Gratton, Comparison between the microwave and multi-
specimen parallel difference pTRM paleointensity methods, 
Geophys. J. Int., 177 (2), 383-394, 2009.

Brown, M.C., M.N. Gratton, J. Shaw, R. Holme, and V. Soler, 
Microwave palaeointensity results from the Matuyama-
Brunhes geomagnetic field reversal, Phys. Earth Planet. 
Int., 173 (1-2), 75-102, 2009.

Channell, J.E.T., C. Xuan, and D.A. Hodell, Stacking paleoin-
tensity and oxygen isotope data for the last 1.5 Myr (PISO-
1500), Earth Planet. Sci. Lett., 283 (1-4), 14-23, 2009.

Haldan, M.M., C.G. Langereis, A.J. Biggin, M.J. Dekkers, M.E. 
Evans, A comparison of detailed equatorial red bed records 
of secular variation during the Permo-Carboniferous Re-
versed Superchron, Geophys. J. Int., 177, 834-848, 2009.

Hofmann, D.I., and K. Fabian, Correcting relative paleointensity 
records for variations in sediment composition: Results from 
a South Atlantic stratigraphic network, Earth Planet. Sci. 
Lett., 284, 34-43, 2009.

Huang, Y.S., T.Q. Lee, S.K. Hsu, and T.N. Yang, Paleomagnetic 
field variation with strong negative inclination during the 
Brunhes chron at the Banda Sea, equatorial southwestern Pa-
cific, Phys. Earth Planet. Int., 173 (1-2), 162-170, 2009.

Pilipenko, O.V., Z.V. Sharonova, V.M. Trubikhin, and N. Abra-
hamsen, Anomalous directions and paleointensity of the 
geomagnetic field based on paleomagnetic investigations of 
rocks from the Karadzha Range (Azerbaijan) of the age 45-
20 ka, Izvestiya-Phys. Solid Earth, 45 (6), 508-519, 2009.

Ruiz, R.C., A. Goguitchaichvili, J. Morales, R.I.F. Trindade, 
L.M.A. Valdivia, and J. Urrutia-Fucugauchi, Absolute 
Thellier paleointensities from Ponta Grossa dikes (southern 
Brazil) and the early Cretaceous geomagnetic field strength, 

Geofisica Internacional, 48 (2), 243-252, 2009.
Tanaka, H., and N. Komuro, The Shaw paleointensity method: 

Can the ARM simulate the TRM alteration?, Phys. Earth 
Planet. Int., 173 (3-4), 269-278, 2009.

Yang, X.Q., H. Friedrich, N.Y. Wu, J. Yang, and Z.H. Su, 
Geomagnetic paleointensity dating of South China Sea 
sediments for the last 130 kyr, Earth Planet. Sci. Lett., 284, 
258-266, 2009. 

Zwing, A., N. Clauer, N. Liewig, and V. Bachtadse, Identifica-
tion of remagnetization processes in Paleozoic sedimentary 
rocks of the northeast Rhenish Massif in Germany by K-Ar 
dating and REE tracing of authigenic illite and Fe oxides, 
J. Geophys. Res., 114, 2009.

Mineral and Rock Magnetism

Berquo, T.S., J.J. Erbs, A. Lindquist, R.L. Penn, and S.K. Ba-
nerjee, Effects of magnetic interactions in antiferromagnetic 
ferrihydrite particles, J. Phys. - Condens. Mat., 21, 2009. 

Chang, L., B.D. Rainford, J.R. Stewart, C. Ritter, A.P. Roberts, Y. 
Tang, and Q.W. Chen, Magnetic structure of greigite (Fe3S4) 
probed by neutron powder diffraction and polarized neutron 
diffraction, J. Geophys. Res., 114, 2009.

Channell, J.E.T., and C. Xuan, Self-reversal and apparent mag-
netic excursions in Arctic sediments, Earth Planet. Sci. Lett., 
284, 124-131, 2009.

Dunlop, D.J., Continuous and stepwise thermal demagnetiza-
tion: are they equivalent?, Geophys. J. Int., 177, 949-957, 
2009.

Fabian, K., Thermochemical remanence acquisition in single-
domain particle ensembles: A case for possible overestima-
tion of the geomagnetic paleointensity, Geochem. Geophys. 
Geosys., 10, 2009.

Ferre, E.C., S.M. Maes, and K.C. Butak, The magnetic strati-
fication of layered mafic intrusions: Natural examples and 
numerical models, Lithos, 111 (1-2), 83-94, 2009.

Gong, Z., M.J. Dekkers, D. Heslop, and T.A.T. Mullender, End-
member modelling of isothermal remanent magnetization 
(IRM) acquisition curves: a novel approach to diagnose 
remagnetization, Geophys. J. Int., 178 (2), 693-701, 2009.

Heslop, D., On the statistical analysis of the rock magnetic S-
ratio, Geophys. J. Int., 178 (1), 159-161, 2009.

Kim, W., I.J. Park, and C.S. Kim, Mossbauer study of magnetic 
structure of cation-deficient iron sulfide Fe0.92S, J. Appl. 
Phys., 105, 2009.

Pechersky, D.M., D.K. Nurgaliev, and Z.V. Sharonova, Magnetic 
properties of the boundary layer at the Cretaceous/Tertiary 
boundary in the Gams section, Eastern Alps, Austria, Iz-
vestiya-Phys. Solid Earth, 45 (6), 482-494, 2009.

Porreca, M., M. Mattei, and G. Di Vincenzo, Post-deformational 
growth of late diagenetic greigite in lacustrine sediments 
from southern Italy, Geophys. Res. Lett., 36, 2009. 

Yu, Y.J., Properties of partial thermoremanence in magnetite: 
Testing the blocking versus unblocking temperature spec-
trum using the phenomenological model, J. Geophys. Res., 
114, 2009.

Mineral Physics and Chemistry

Benny, S., R. Grau-Crespo, and N.H. de Leeuw, A theoretical 
investigation of Fe2O3-Cr2O3 solid solutions, Phys. Chem. 
Ch. Ph., 11, 808-15, 2009.

Blanch, A.J., J.S. Quinton, C.E. Lenehan, and A. Pring, The 
crystal chemistry of Al-bearing goethites: an infrared spec-
troscopic study, Mineral. Mag., 72, 1043-1056, 2008.
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Ghiorso, M.S., and B.W. Evans, Thermodynamics of rhom-
bohedral oxide solid solutions and a revision of the Fe-Ti 
two-oxide geothermometer and oxygen-barometer, Am. J. 
Sci., 308, 957-1039, 2008.

Shchennikov, V.V., and S.V. Ovsyannikov, Is the Verwey transi-
tion in Fe3O4 magnetite driven by a Peierls distortion?, J. 
Phys. - Condens. Mat., 21, 2009.

Instrumentation and Numerical Methods

Lelievre, P.G., and D.W. Oldenburg, A 3D total magnetization in-
version applicable when significant, complicated remanence 
is present, Geophysics, 74 (3), L21-L30, 2009.

Lima, E.A., and B.P. Weiss, Obtaining vector magnetic field 
maps from single-component measurements of geological 
samples, J. Geophys. Res., 114, 2009. 

Morris, E.R., W. Schillinger, R.S. Coe, C.J. Pluhar, and N.A. 
Jarboe, Automating the 2G superconducting rock magnetom-
eter for single-solenoid alternating field demagnetization, 
Geochem. Geophys. Geosys., 10, 2009.

Wang, C.H., and Z. Yang, Submicrometer resolution far field 
high sensitivity Kerr microscopy for in-plane magnetization 
detection, Rev. Sci. Instrum., 80, 2009.

Other

Chenet, A.L., V. Courtillot, F. Fluteau, M. Gerard, X. Quidelleur, 
S.F.R. Khadri, K.V. Subbarao, and T. Thordarson, Deter-
mination of rapid Deccan eruptions across the Cretaceous-
Tertiary boundary using paleomagnetic secular variation: 
2. Constraints from analysis of eight new sections and 
synthesis for a 3500-m-thick composite section, J. Geophys. 
Res., 114, 2009. 

Honsho, C., J. Dyment, K. Tamaki, M. Ravilly, H. Horen, and P. 
Gente, Magnetic structure of a slow spreading ridge segment: 
Insights from near-bottom magnetic measurements on board 
a submersible, J. Geophys. Res., 114, 2009.

Tarduno, J., H.P. Bunge, N. Sleep, and U. Hansen, The Bent 
Hawaiian-Emperor Hotspot Track: Inheriting the Mantle 
Wind, Science, 324 (5923), 50-53, 2009.

IRM Sample Prep, continued from pg. 1
or discontinuous jumps in low-temperature remanence 
sweeps. These jumps often occur disturbingly close to 
the Verwey transition of magnetite (120K), and it can 
be unclear whether they result from particle reorienta-
tion, a change in magnetic state, or some combination 
of the two.  To mitigate these problems, gelcaps should 
be tightly packed full, but we have our little tricks for 
partially full gelcaps.  Immobilizing small rock chips or 
crystals often requires the addition of foreign material 
(Kimwipe, quartz wool, calcium fluoride, etc.).  This in 
turn adds new problems, such as magnetic contaminants 
or difficulty in separating the sample out for later work. 
People have also experimented with epoxy, wax, crystal 
bond, glue, gelatine and powdered sugar with varying 
success;  chemical reactions between the sample and some 
of these immobilizing substrates can be an issue.     

Extractions and Separations
	
	 Magnetic extractor
	 Heavy liquid separation capabilities

 Visitors working with sediments occasionally find 
that the ferromagnetic signal is weak either in an ab-
solute sense and/or relative to a dia- or paramagnetic 
signal.  In this case, it may be desirable to concentrate 
the (ferro)magnetic particles.  In other cases, a visitor 
may be interested in a specific mineral fraction that can 
be separated based on its density.  To these ends, the IRM 
has a recirculating magnetic extraction system to separate 
magnetic particles.  Potential users should note that the 
system has a bias in favor of the most magnetic particles 
(i.e. magnetite will be more efficiently extracted than 
hematite or goethite, and large magnetite grains will be 
favored over very fine grains).  Depending on the amount 
of magnetic material present in the original sample, the 
extraction typically takes 1-2 days per sample.  In con-
trast, heavy liquid separation provides a density-based 
separation and involves using a low-toxicity heavy liquid 
(lithium heteropolytungstate; LST) in conjunction with a 
centrifuge.  Again, the process takes 1-2 days, although 
multiple samples can be processed simultaneously.

Changing the state of a sample:  drying, 
oxidizing, reducing

 Drying furnace (100°C)
 Gas-mixing furnace (1400°C)
	 Muffle	furnace	(1100°C)

 Visitors often arrive with wet samples, which in cer-
tain cases absolutely must be measured while wet (e.g. 
magnetosome cultures or other particle suspensions).  For 
such samples, the IRM has non-soluble polycarbonate 
capsules and special handling procedures.  
 For visitors with wet sediments, there are advantages 
and disadvantages to measuring wet, and the choice of 
whether or not to dry may depend on exactly how wet the 

IRM Visiting Student Haitao Wei demonstrates use of the magnetic 
separator. 
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Mark your calendar:  

The Eighth Santa Fe 
Conference on Rock 

Magnetism
June 24 - 27, 2010
St. Johns College

Santa Fe, New Mexico

Program and registration information 
will be announced soon.

samples are.  If the sediments contain a significant fraction 
of water, particles can more easily mobilize and rotate 
during measurement in both the VSM and MPMS.  These 
rotations can lead to noisy data or seemingly mysterious 
variations in magnetization.  A common observation in 
low-temperature remanence measurements is a magnetic 
“transition” at 273K;  as water passes through the freezing 
point, particles rotate, causing a decrease in total moment.  
This is sufficiently close to the Morin transition in hematite 
(260K) to sometimes generate ambiguity in interpretation.  
Finally, to properly measure variations in bulk magnetic 
properties downcore (for example), samples should be 
normalized by their dry mass.  
 It might seem that drying samples in advance of 
measurement is preferred, but unfortunately dry sediments 
can also cause problems.  If the starting sample is wet 
but cohesive, particle rotation during measurement can 
increase after drying the sample, and as mentioned above 
(Making Small Samples out of Big Samples), erratic or 
discontinuous jumps in data often occur in dry sediments 
or powders.  A rule of thumb might be that if your sample 
is oozing water and would experience what we might 
call the “milkshake” effect on the VSM, you may want 
to dry your samples.  Otherwise, it may be wise to leave 
them wet.  Samples can then be dried after measurement 
for dry-mass re-normalization.  If you have questions or 
concerns about whether or not to dry your samples, please 
don’t hesitate to consult with IRM staff prior to arrival. 
 Although the IRM has a drying oven that operates 
at temperatures ≤100°C, if drying prior to measurement 
we usually recommend drying most sediments at room 
temperature, as oxidation and alteration can occur even 
at these low temperatures.  This can take hours to days 
depending on the size of the sample and is preferentially 
done prior to arrival at the IRM.    
 Occasionally, a visitor will have a synthetic sample 
that needs to be oxidized or reduced immediately prior 
to measurement.  For example, a fine-grained magnetite 
powder can rapidly oxidize during storage in ambient 
atmospheric conditions, and the IRM has a gas-mixing 

furnace (Tmax = 1400°C) that can be used to reduce the 
sample.  Reduction to stoichiometric magnetite usually 
takes 4-12 hours at 400-600°C in an appropriate CO-CO2	
mix.  We also have a muffle furnace that can be used to 
heat samples up to 1100°C  in air.

		
Making samples pretty

	 Polishing (and sample mounting) equipment
 Microscopes

 Domain imaging at the IRM with the magnetic force 
microscope (MFM) or with Bitter techniques requires a 
polished sample.  While Bitter can be done on a standard 
petrographic thin section, the MFM requires a sample no 
bigger than 1 cm in diameter.  The polish must be finished 
with amorphous silica which both produces a smooth 
surface and removes stress induced by earlier polishing 
steps.  Because an insufficient polish can result in rough 
topography or stress-dominated domain structures, it is 
often necessary to re-polish after your first attempt at 
imaging if non-ideal features are observed.  This type of 
“touch-up” polishing can be done at the IRM.  Although 
it is possible to mount and polish your samples from 
scratch at the IRM, we typically do not recommend this 
because the process takes a considerable amount of time 
away from imaging.  Visitors generally find that a lot of 
time and patience is required to obtain even a single good 
image, and it is not unusual to spend 8-10 days working 
on the MFM and come away with only a couple usable 
images.  For this reason we suggest that visitors not waste 
valuable time on polishing at the IRM if at all possible. 
 If you do find you need to make use of our polish-
ing equipment, we describe the typical process here.  A 
sample is embedded in a 1” diameter resin cylinder using 
a hot press.  These cylinders (up to 6 at a time) fit in an 
attachment for a Buehler Ecomet 5 Two-Speed Polisher, 
which has an automated, rotating head.  This apparatus is 
typically used to polish samples in diamond slurries down 
to the 1 μm level.  To fit in the MFM, the samples must 
then be cut down on the slow-speed saw to the requisite 
1 cm x 1 cm (x 0.5 cm) dimension.  The final polish is ac-

IRM Graduate Student Yifan Hu prepares a sample mount for high-
temperature VSM use.
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Congratulations to IRM 
Graduate Student Jessica Till

who was awarded one of two 2010 
Mineralogical Society of America Grants for 

Student Research in 
Mineralogy and Petrology

for her work on 

“Rutherford backscattering spectrometry 
studies of Fe chemical diffusion in 

plagioclase”

Bernard Brunhes
b. 3 July, 1867, Toulouse, France
d. 10 May, 1910, Clermont-Ferrand, France

Eldest son of a physicist father, Bernard Brunhes fol-
lowed in his father’s footsteps to become a professor 
at the University of Lille and then the University of 
Dijon in 1897.  During his early career, he focused 
on optics, as well as electricity, acoustics, and ther-
modynamics.  It was not until he was appointed di-
rector of the Puy-de-Dôme observatory in Auvergne 
in 1900 that he became interested in magnetism.  The 
observatory had largely focused only on meteorology 
until Brunhes decided to broaden the research to in-
clude seismology and magnetism.  It was in 1905 that 
Brunhes discovered a magnetization nearly anti-paral-
lel to today’s field in the Miocene basaltic lava flows 
at Pontfarein.  Although he suggested in 1906 that they 
reflected a reversal of the magnetic field, it was more 
than 50 years before this was widely accepted by the 
scientific community.  In honor of his ground-break-
ing discovery, the present magnetic polarity epoch is 
named for Brunhes. 

complished on a Buehler Minimet “finger” polisher, which 
can accommodate one sample at a time and generally 
requires a bit of babysitting.  The entire process will take 
at least one day, and if you do not have much polishing 
experience (or are working with new samples), it can be 
difficult to gauge how much time is required at each step 
of the polishing process.  Samples typically have to be 
removed frequently from the polisher for examination un-
der a microscope to evaluate progress.  The system is not 
presently set up to easily handle standard thin sections, but 
it can be done.  A slide holder allows the user to manually 
hold a thin section on the rotating platen, which requires 
much more user interaction and skill than the automated 
head. 

Other Special Needs

Visitors with needs not described here should not hesitate 
to ask us.  We can usually find a way to make things work 
for you, but we may need advance notice.  In the past, for 
example, we have been able to provide visitors with access 
to a glove box in another lab, or to advanced imaging and 
analytical facilities in the university’s Characterization 
Facility (www.charfac.umn.edu). 

Data Preparation

 In addition to sample preparation, the first day at the 
IRM can go much more smoothly if sample information 
is well organized in advance.  Because the IRM uses a 
centralized, internal database for all data acquisition, a 
minimal amount of sample information must be uploaded 
to the database prior to measurement.  At a minimum, 
each specimen (sub-sample) measured must have a unique 

name and be linked to a sample name.  At a maximum, 
optional metadata includes sample description, mass, 
volume, composition, oxidation state, site location infor-
mation, stratigraphic depth, and more.  A spreadsheet and 
instructions can be downloaded from the IRM website 
so that you may organize your sample information in 
advance.  Upon arrival, it is then a matter of minutes to 
upload the spreadsheet to the database, and data acquisi-
tion can begin.  Visitors often start by weighing samples, 
and the computer-controlled balance will link the mass 
to your specimen in the database;  all data can then eas-
ily be mass normalized and exported in consistent units 
across all instruments.  Database use is optional, but most 
visitors find that it allows for an efficient way of tracking, 
organizing, and processing data.  It also provides tools to 
simplify and automate preparation of datafiles for upload-
ing to the MagIC database (http://earthref.org/MAGIC/). 
Remote database access is now available, though in “beta” 
format.  Past visitors who are interested should e-mail us 
for required software, drivers and password.

Operator Caffeination

	 Coffee grinder
 Automated drip coffee maker (ADCM)
 Espresso machine
 Tea pot

 Because the attentiveness of the operator is a key 
variable in the acquisition and interpretation of data, we 
provide a wide array of equipment to support artificial 
alertness heightening. 

The IRM Quarterly is always 
available as a full-color pdf online 

at www.irm.umn.edu
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	 The IRM Quarterly is published four 
times a year by the staff of the IRM. If you 
or someone you know would like to be on 
our mailing list, if you have something you 
would like to contribute (e.g., titles plus 
abstracts of papers in press), or if you have 
any suggestions to improve the newsletter, 
please notify the editor:
Julie Bowles
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: jbowles@umn.edu
www.irm.umn.edu

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

The	Institute for Rock Magnetism is dedi-
cated to providing state-of-the-art facilities 
and technical expertise free of charge to any 
interested researcher who applies and is ac-
cepted 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 individual 
basis through the Facilities Manager.
 The IRM staff consists of Subir Baner-
jee, Professor/Founding Director; Bruce 
Moskowitz, Professor/Director; Joshua 
Feinberg, Assistant Professor/Associate 
Director; Jim Marvin, Emeritus Scientist; 
Mike Jackson, Peat Sølheid, and Julie 
Bowles, Staff Scientists.
 Funding for the IRM is provided by the 
National Science Foundation, the W. M. 
Keck Foundation, and the	University of 
Minnesota.
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