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Location and rationale
For the first time in its 33 year history the IRM held its 
13th biannual Conference on Rock Magnetism at the 
University of Minnesota. While we all missed our home 
away from home at St. John’s College in Santa Fe, New 
Mexico, which has been closed for renovations and may 
not host future conferences, it made sense to finally have 
the meeting in Minnesota. The conference is funded by 
the U.S. National Science Foundation, and while we host 
an international event every so many years, the meet-
ing must attract wide participation from U.S. scientists, 
and therefore the meeting is most often held within the 
United States. 

Format
The IRM meetings distinguish themselves from other 
conferences in their scope and size. They are capped at 
50 registrants (Fig. 1) to create a more intimate and col-
legial environment, and are intended to be discussion-
focused meetings, with just as much emphasis on the 
question and answer sessions as there is on the presenta-
tions. IRM staff propose four topical sessions based on 
emerging trends in magnetism, ensuring a “freshness” 
of topics for each meeting that cover the gamut of mag-
netic research. Once sessions are selected, IRM staff of-
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ficially invite two members of the larger community to 
chair each session and also provide initial suggestions 
for invited speakers. Once conveners have accepted, it is 
entirely up to them to finalize the speaker lists, which are 
by invitation only. Each session runs for an entire morn-
ing or afternoon, with 3-4 talks per session and ample 
time for discussion. We are frequently asked about the 
possibility of volunteering talks, though doing so would 
inevitably affect the distinguishing format of the meet-
ing, taking away time for discussion and/or requiring ad-
ditional days. To allow a greater number of participants 
to present their research and justify their expenses, we 
introduced a poster session in 2019, which has been well 
received by participants.  Our meetings often involve a 
workshop and/or pre-conference field trip, which allows 
participants to meet more informally.
	 This year’s four topical sessions were on: “Iron Cy-
cling in Natural and Anthropogenic Environments”, 
convened by Andrew Roberts (ANU) and Robert Hat-
field (U. Florida); “Frontiers in Magnetic Microscopy”, 
convened by Roger Fu (Harvard) and Rashida Doctor 
(IRM); “Fundamentals in Rock Magnetism - in memo-
riam of Özden Özdemir”, convened by Julie Bowles (U. 
Wisconsin-Milwaukee) and Suzanne McEnroe (NTNU); 
and finally “Grand Challenges in Paleogeography and 
Tectonics”, convened by Dario Bilardello (IRM) and Pe-
ter Lippert (U. Utah). 
	 Lake Shore Cryotronics generously supported a 
pre-conference workshop on first order reversal curves 
(FORCs), and the conference closed with a community 

Figure 1: Group photo taken outside of Nicholson Hall, University of Minnesota. Photo by Maxwell Brown.
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Visiting Fellow Reports
Magnetic fingerprint of hydrothermal al-
teration across the South Atlantic subsea-
floor

Claudio Robustelli Test 
(& The South Atlantic Transect IODP Expedi-
tion 390 & 393 Scientists)

Università degli Studi di Torino and CIMaN-
ALP Laboratory, Italy
claudio.robustellitest@unito.it

Seawater-derived hydrothermal fluid-basalt exchange 
induces alteration of the oceanic crust with oxidation 
of magnetic minerals and changes in the rock magnetic 
signature. Hydrothermal alteration of titano-magnetite 
to less magnetic minerals such as titano-maghemite and 
titano-hematite locally modifies the magnetization inten-
sity, affecting the interpretation of magnetic anomalies 
(Bleil & Petersen, 1983; Zhou et al., 2001; Wang et al., 
2021).
	 IODP Expeditions 390 and 393 (i.e., the South Atlan-
tic Transect - SAT) focused on studying the evolution 
of the basaltic subseafloor and the overlying sediments 
across the western flank of the Mid-Atlantic Ridge (Cog-
gon et al., 2022; Teagle et al., 2023). The SAT provides a 
unique opportunity to investigate the spatial and tempo-
ral extent of the low-temperature hydrothermal evolution 
of the ridge flank recorded in the uppermost ocean crust 
formed at a slow/intermediate-spreading (half spreading 
rate ~13-25 mm/y) ridge between ~7 to 61 Ma (Coggon 
et al., 2022; Teagle et al., 2023).
	 The basement rocks recovered from Expeditions 390 
and 393 preserve evidence of reaction with seawater-de-
rived hydrothermal fluids to varying extents. A spectrum 
of alteration styles was observed, ranging from slight to 
moderate gray background alteration to complete oxida-
tion and replacement of the groundmass and phenocrysts 

by secondary minerals (i.e., yellow-brown clay, carbon-
ate, and Fe oxyhydroxides - for details Coggon et al., 
2022; Teagle et al., 2023).
	 Preliminary magnetic mineralogy investigations (iso-
thermal remanent magnetization experiments) performed 
on board the JOIDES Resolution reveal the dominance 
of low to intermediate coercivity components, with evi-
dence of partially to highly oxidized titano-magnetite 
(e.g., titano-maghemite) in basalts characterized by more 
intense alteration halos. In addition, variations in coer-
civity (Bc), natural remanent magnetization (NRM) and 
saturation isothermal remanence (SIRM) intensity occur 
depending on the alteration type, suggesting changes in 
mineral assemblages and/or grain-size induced by low-
temperature hydrothermal exchange.
	 In this framework, the objective of my visit at the 
IRM was to characterize the rock magnetic properties 
of fresh and variably altered Mid-ocean-ridge basalts 
(MORB) to unravel the link between variations in mag-
netic mineralogy and extent of alteration associated with 
low-temperature fluid-basalt interactions that occurred 
along a crustal flow line across the western flank of the 
southern Mid-Atlantic Ridge. 
	 At the IRM, I performed low-temperature remanence 
(i.e., field-cooled - FC -, zero-field-cooled - ZFC - and 
room temperature - RT-SIRM cooling/warming cycles) 
and alternating current (AC) susceptibility (as a function 
of field amplitude and frequency) measurements using 
the Magnetic Properties Measurement Systems (MPMS-
3) to probe the mineralogy (presence or absence of di-
agnostic transitions) and to infer variations in Ti content 
of titano-magnetite and its grain-size distribution. Hys-
teresis loops and First-Order Reversal Curves (FORCs) 
were acquired using the Lake Shore VSM 8600 to fur-
ther characterize the coer¬civity distribution and their 
magnetic domain state. Additional Mössbauer spectros-
copy at room temperature was performed on represen-
tative samples to help identify the magnetic minerals 
(titano-magnetite, maghemite, titano-hematite, and Fe 
oxyhydroxides).
	 The main findings confirm the dominance of low-
coercivity minerals with Mrs/Ms ratio and Bc values 
typical of titano-magnetite (Figure 1A). The freshest 
basalts show a linear distribution with a relatively high 
slope, suggesting higher Ti content compared to altered 
samples. With alteration, Bc increases toward the trend 

Figure 1. (A) Squareness plot (Mrs/Ms vs. Bc) of a suite of fresh and variable altered basalts. TM60 and TM0 linear trends from Wang et al., 2004 
are plotted for reference. FORC diagrams of fresh (B, C) and altered (D) MORB.
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of pure magnetite (TM0 - Figure 1A), and further to-
wards higher coercivity, confirming the overall oxidation 
trend of original titano-magnetite into titano-maghemite 
(Wang et al., 2004).
	 FORC diagrams reveal variations in grain-size among 
fresh samples showing different emplacement styles. 
Fresh massive flows show a vertically dispersed distribu-
tion toward the Bu axis and a central peak along the Bu 
= 0 axis with three weaker lobes (Figure 1B) typical of a 
mixture of multi-domain (MD) and vortex state particles 
(Harrison et al., 2018). In contrast, FORC diagrams of 
fresh pillow lava (Figure 1C) are characterized by sin-
gle-domain (SD) grains with a central ridge and a weak 
negative distribution over the negative Bu axis (Newell, 
2005). In general, altered basalts show the dominance of 
(titano)magnetite SD particle features and an additional 
broader coercivity distribution over 200 mT (Figure 1D). 
The higher coercivity dispersion can be associated with 
the progressive oxidation of titano-magnetite into titano-
maghemite and/or the occurrence of small amounts of 
hematite.
	 Low-temperature cooling/warming cycles of the 
RT-SIRM (Figure 2A-D) show reversible curves with a 
slightly pronounced hump around 200 K which can be 
related to variations in magnetic anisotropy of Ti-rich 
titano-magnetite (Wang et al., 2021). 
Other evidence of high Ti content in fresh basalts are 
visible in the ZFC-FC curves that show suppressed to 
absent Verwey transitions and divergent ZFC and FC 
curves around ~50 K (Moskowitz et al., 1998). The ab-
sence of a Verwey transition and a smoother ZFC curve 
(Figure 2B, C) can also be a result of partial maghemiti-
zation (Özdemir & Dunlop, 2010).  Fresh basalts also 
show frequency-dependent susceptibility between 50-
100K and both frequency- and amplitude-dependence 
above 150K, supporting the occurrence of MD titano-
magnetite (Carter-Stiglitz et al., 2006; Church et al., 
2011). In addition, both in-phase susceptibilities increase 
parabolically above 100 K, indicating the presence of 
SD particles.
	 In contrast, highly altered pillows (Alteration level 
6 – Figure 1D) shows a large separation between FC 
and ZFC curves, suggesting the possible contribution 
of goethite. The low-temperature susceptibility shows a 
dominant paramagnetic contribution with the local oc-
currence of frequency-dependent susceptibility but no 
field dependence, typical behaviour of pure magnetite or 
more oxidized Titano-magnetite (Figure 2F).
	 Data collected during the IRM fellowship agree well 
with petrological observations of the alteration style. The 
freshest basalts have rock magnetic properties typical of 
Ti-rich titano-magnetite occurring in MORB with most-
ly grain-size variation related to the origin of the volca-
nic units. The magnetic properties suggest a progressive 
oxidation of original titano-magnetite into titano-ma-
ghemite during alteration, with additional formation of 
secondary minerals (as paramagnetic clay minerals and 
Fe oxyhydroxides) produced by low-temperature ridge 
flank fluid-basalt interaction.
	 These newly acquired data will serve to better under-

stand the link between changes in magnetic mineralogy 
and the extent of hydrothermal alteration that occurred 
along the SAT, unravelling its influence on the stability 
of the subseafloor magnetization over time.
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Tracking the evolution of iron mineral-
ogy in mid-ocean ridge hydrothermal 
plumes using magnetics

Hannah Robutka

University of Victoria
hannahrobutka@uvic.ca

Elemental fluxes from hydrothermal vents at mid-ocean 
ridges play important roles in global ocean biogeochem-
ical cycles (Speer et al., 2002). Recently there has been 
increasing interest in the contribution of hydrothermal 
Fe to oceanic reservoirs and its role as an essential mi-
cronutrient in the ocean (Tagliabue et al., 2017). As Fe-
rich hydrothermal fluids (~350°C) vent from the crust 
and mix with cold seawater (~2°C) Fe-bearing minerals 
rapidly precipitate (Mottl & McConachy, 1990). Addi-
tional chemical and mineralogical transformations con-
tinue as the plume travels off-axis transporting dissolved 
and particulate Fe into the open ocean (Fitzsimmons et 
al., 2017). A recent study has investigated the mecha-
nisms of hydrothermal Fe transport on a 100 to 1000 km 
scale (Fitzsimmons et al., 2017), but here I focus on the 
initial ~10 km of transport where the most rapid changes 
in minerology and chemistry occur. It is critical to un-
derstand this region in detail because: (i) the near-vent 
evolution of the plume sets the mineralogy, grain size 
and composition of particles that can be transported into 
the far field; and (ii) near-axis sediments are used as 
records of changes in hydrothermal processes, and cor-
rectly interpreting such sediments requires understand-
ing of the early hydrothermal plume. The Endeavour 
ridge segment of the Juan de Fuca ridge, located in the 
North Pacific Ocean, is an ideal site to investigate this 
problem due to ongoing monitoring through the Ocean 
Networks Canada’s cabled observatory providing back-
ground physico-chemical data and annual sampling op-
portunities (Juniper et al., 2019). 
	 The goal of my fellowship was to track changes in 
the mineralogy of Fe-bearing phases within the first 10 
km of the lifetime of a hydrothermal plume. Sediment 
traps were deployed on-axis and 3 and 9 km off-axis in 
the direction of plume travel, sampling 21-day intervals 
of sedimentation throughout the year and providing the 
opportunity to investigate spatial and temporal variabil-
ity of hydrothermal sedimentation. A sediment core from 
~120 km off-axis, in the opposite direction of suspected 
plume travel, was included to investigate the magnetic 
signal from non-hydrothermally derived detrital mate-
rial. 
	 For each sample, I obtained room-temperature mag-
netic properties by generating hysteresis loops and direct 
current demagnetization (DCD) curves on the Lakeshore 
8607 VSM. I utilized the Quantum Designs MPMS3 to 
measure field-cooled (FC) and zero-field- cooled (ZFC) 
low-temperature (LT) and room-temperature (RT) satu-
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ration remanent magnetization (SIRM) on select sam-
ples from each location. Saturation magnetization (MS) 
obtained from hysteresis loops positively correlates 
with the concentration of iron in the sediment (Figure 
1), both of which are lower in samples collected off-
axis. However, the slope of the correlation between Fe 
concentration and MS varies between sample locations 
which I interpret as differences in mineralogy and grain 
size between sediments collected at different locations. 
The deviation from a positive correlation in MS-Fe2O3 
observed in samples collected 3 km off-axis suggests 
mineralogical changes over the year as MS is grain-size 
invariant and each sample reflects a discrete time inter-
val (Peters & Dekkers, 2003). This interpretation is fur-
ther supported by the observation of an abrupt change in 
MS/Fe concentration of samples collected 3 km off-axis 
in early 2022 (Figure 1).  
	 MPMS3 measurements and DCD curves were par-
ticularly helpful in investigating the mineralogical dif-
ferences between sampling sites. Within each sampling 
location, there is variability in the magnitude of magne-
tization and exact temperature of LT transitions; how-
ever, the mineralogy interpreted from LT transitions is 
consistent within a location. Samples collected on-axis, 
and 3 km off-axis exhibit Besnus and Verwey transitions, 
indicating the presence of monoclinic pyrrhotite and 
magnetite (Figure 2a-b). The magnitude of the Besnus 
transition is larger in samples from on-axis compared to 
those collected 3 km off-axis (Figure 2a), suggesting a 
large abundance of pyrrhotite in the particulates formed 
immediately as hydrothermal fluids vent into the ocean 
in this location. The 9 km off-axis sediment trap samples 
show no evidence of the Besnus transition which I in-
terpret as either aggregation and settling or dissolution 
of pyrrhotite with distance from the ridge axis. In these 
samples the Verwey transition is smoothed, curved, and 
shifted relative to that observed in samples collected 
closer to the vents, indicating potential maghemitiza-
tion (Özdemir & Dunlop, 2010) or cation substitution in 
magnetite (Jackson & Moskowitz, 2020). 
	 Prior work on hydrothermally-derived particles has 
focused on synchrotron radiation, X-ray diffraction, or 

X-ray fluorescence analyses for mineralogical character-
ization; however, magnetic measurements offer a highly 
sensitive alternative for characterizing these typically 
low mass samples for the Fe-minerals of great interest. 
Ongoing interpretations of the data collected during this 
IRM Fellowship as part of my PhD is providing invalu-
able insight into the changing mineralogy of particles 
formed during the evolution of mid-ocean ridge basalt-
hosted hydrothermal plumes.

Acknowledgments
I would like to thank Max Brown, Peat Solheid, Plinio 
Jaqueto, and Josh Feinberg for their assistance and help-

Figure 1. Scatter plot of MS and bulk Fe concentration for the 
samples studied. The inset shows the ratio of MS to bulk Fe 
concentration throughout the sampling period. Note the in-
crease in MS independent of Fe concentration observed in the 
sediment samples collected 3 km off-axis.

Figure 2.  LT (red y-axis) and RT (blue y-axis) SIRM results from represen-
tative samples at each location: (a) on-axis, (b) 3 km off-axis, and (c) 9 km 
off-axis. 
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workshop/discussion on topics of Justice, Equity, Diver-
sity and Inclusivity: “Implementing JEDI in Rock Mag-
netism.”
	 IRM conferences also include keynote talks from 
speakers from disciplines distinct from rock magnetism, 
but complementary to problems investigated within our 
community, with the goal of stimulating curiosity and 
building bridges. The first keynote speaker was Tim Ly-
ons (University of California-Riverside), who set the 
stage for the session on Iron Cycling, while the second 
keynote speaker was Emily Cooperdock (Brown Uni-
versity) whose talk on (U-Th)/He dating of magnetite 
complemented the session on paleomagnetism.
	 Before diving into workshop and session specifics, 
it’s worth mentioning that almost all the talks were re-
corded and have been uploaded to the IRM’s YouTube 
channel (https://www.youtube.com/channel/UCjzG-
yAnzKHZneeSL1kFpmw) for everyone’s viewing plea-
sure. Please note that the captioning on the videos is 
automatically generated through Zoom, and while it is 
sometimes comically non-accurate, it would be too oner-
ous to adjust. 

Pre-conference FORC Workshop
The pre-conference FORC workshop was introduced by 
IRM’s Josh Feinberg, and occurred over almost the en-
tirety of June 5th.  
	 The first presentation was given by Andrew Roberts 
(Australian National University) and was titled “Fun-
damentals & Theory of FORCs”. Roberts provided 
an extensive overview of First-Order Reversal Curve 
diagrams, which helped emphasize the significance of 
FORC distributions, the different types of diagrams that 
can be measured or calculated (e.g., “regular”, “irregu-
lar”, classic, remanent, transient, transient-free), and the 
expressions of  different magnetic mineralogies and do-
main states.
	 Next up, Ramon Egli (Geosphere, Austria) talked 
about “FORC measurements and processing: A guided 
tour through pitfalls and optimization” (Fig. 2). Egli 
gave a more practical talk, walking the audience through 
the processing of FORC diagrams, what parameters are 
involved and selected, from smoothing factors to lower-

cont’d. from pg. 1...

Figure 2: Ramon Egli. Photo by Maxwell Brown.
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branch subtractions, and their effects on the final FORC 
distribution, and described the most recent innovations 
implemented in his processing code.
	 The next presentation by Ioan Lascu (Smithsonian In-
stitution), titled “A practical guide to using FORC-PCA” 
was exactly that. Lascu provided a dataset which could 
be downloaded in advance, and after describing the 
theory and significance of FORC Principal Component 
Analysis, Lascu guided the audience through the nec-
essary processing steps. FORC-PCA coauthor Richard 
Harrison also assisted with the demonstration remotely.
	 The final presentation was delivered by Victorino 
Franco (University of Seville), who offered a perspec-
tive on the applicability and novel avenues for FORC 
diagrams from outside of rock magnetism (Franco is a 
physicist who works extensively with synthetic magnetic 
materials). The title of the talk was “Temperature FORC 
(TFORC), magnetocalorics, and potential applications 
in rock magnetism”. The rationale behind this part of 
Franco’s research is that most of society’s energy waste 
comes from the conversion of primary energy sources 
into electricity, with most of this conversion performed 
by magnetic material-based devices. Magnetic materials 
reversibly heat up when placed in magnetic fields (the 
magnetocaloric effect) owing to the conjunct of lattice 
vibrations and relaxation of magnetic moments, work-
ing to maintain the bulk material entropy balanced. Cap-
turing such thermal energy by a heat-transfer fluid can 
allow magnetic refrigeration, but can also be used for 
thermomagnetic motors or generators, cooling data cen-
ters, car-battery life extension, biomedical applications, 
hydrogen liquefaction… as well as potential applications 
for rock magnetism.

Sessions and talks
In the first keynote talk of the conference, Timothy Ly-
ons delivered a talk on “Iron cycling through time”, 
where he provided a detailed overview of the models 
that have been proposed for iron availability in early 
Earth oceans. From there his talk ranged widely to dis-
cuss factors such as the richness of dissolved iron in 
the absence of dissolved oxygen, based on the temporal 
distribution of iron and banded iron formations (BIFs), 
and the latter’s subsequent disappearance due to reduced 
iron solubility. Lyons also discussed evidence from iron 
mineral speciation studies that suggest persistent iron 
abundance in anoxic Precambrian deep oceans. The talk 
also addressed how  preservation of primary iron redox 
environments can be obscured by subsequent burial and 
metamorphic overprinting. Lyons described fundamen-
tal iron formation and iron oxidation pathways, includ-
ing  microbiological implications for greenhouse gas 
contributions affecting the presence of dissolved iron 
and ocean productivity. Importantly, paleoenvironmental 
iron proxies are central to our understanding of marine 
redox landscapes throughout the balance between oxic, 
ferruginous and euxinic conditions, making a strong case 
for rock-magnetic approaches to fingerprint the primary 
and secondary signatures of the iron cycle.

	 The first talk within the “environmental magnetism” 
session on iron cycling was delivered by Allyson Tessin 
(Kent State University), also not strictly a rock-magne-
tist: “The roles of redox and reactive iron supply in ac-
tive benthic iron cycling.” Using case studies from the 
Barents Sea and the Eurasian Arctic margin, Tessin de-
scribed the complex feedbacks between anthropogenic 
climate change, ocean productivity and element remobi-
lization, making the case for multiproxy techniques and 
the usefulness of rock-magnetic techniques.
	 Next up was Courtney Wagner (Smithsonian Institu-
tion), who gave a talk on “Decoding marine records of 
past global warming events using environmental magne-
tism.” Wagner described how magnetofossils might be 
indicators of iron cycling and other ocean environmental 
conditions and how rock-magnetic techniques offer a 
prime tool to identify and quantify magnetofossils.
	 David Heslop (Australian National University) fol-
lowed with a talk titled “Quantifying the role of iron 
minerals in climate change.” Heslop also described the 
complex feedbacks between atmospheric dust, climate 
and ocean fertilization, with a focus on how the uncer-
tainties of mineral dust composition limit our ability to 
accurately model its climatic impacts. Heslop also high-
lighted the standing problem of quantifying goethite and 
hematite in dust using environmental magnetism and 
how these tools are often overlooked by dust-climate re-
searchers outside of the magnetic community.
	 France Lagroix (Institute de Physique du Globe, 
Paris) concluded the session with a talk on “Loess and 
Paleosols in the Global Iron Cycle” (Fig. 3). Lagroix 
steered the audience from the oceanic realm towards 
continental archives of atmospheric dust and their grain 
sizes, exploring how loess-paleosol sequences provide 
opportunities for studying/understanding local climate 
changes and the interplay between mineral dust, the iron 
cycle and climate.

	 The topical session on Magnetic Microscopy was 
opened by Eduardo Lima (Massachusetts Institute of 
Technology): “Estimating net moment from magnetic 
microscopy data for paleomagnetic studies” (Fig. 4). 
Lima described the problems associated with estimating 
the moment of particles through inversions from planar 

Figure 3: France Lagroix. Photo by Maxwell Brown.
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grids of measurements, and presented three estimation 
techniques. Of these he focussed on a spherical har-
monic multipole expansion technique that has been used 
widely within his group on multiple materials.

	 Alec Brenner (Harvard University) gave a more ap-
plied talk, titled “Revealing Archean seafloor hydrother-
mal magnetizations with magnetic imaging, or: how I 
learned to stop worrying and love CRMs.” Here, Brenner 
described a paleomagnetic study conducted at the micro-
scopic scale using the Quantum Diamond Microscope 
on 3.3-3.2. Ga volcanic rocks from the Archean East Pil-
bara Craton. Paleomagnetic “field” tests, coupled with 
textural analysis and U-Pb thermochronology allowed 
Brenner to identify the remanence carrier as secondary 
magnetite, and constrain its time of formation and the 
mineralization pathways leading to its formation.
	 Next, Lennart de Groot (Utrecht University) talked 
about “3D interpretations of 2D magnetic scans: where 
do we stand?” Addressing the non-uniqueness of 2D to 
3D magnetic map inversions, de Groot made the case 
that independent information needs to be integrated. 
Microcomputed tomography (microCT) allows users 
to constrain the size and location of individual grains, 
which informs the inversions and allows grains to be 
fitted with dipoles, quadrupoles or octupoles using 
spherical harmonics. Octupoles generally minimize the 
residuals between modeled magnetizations and surface 
scans, yet from a directional standpoint, not all inver-
sions appear to be correct. Performing MERRILL mi-
cromagnetic models from the starting grain shapes and 
volumes identified with microCT, and then converting 
these into spherical harmonic representations, allows for 
a comparison between the inversion solutions.
	 The session was ably wrapped up by Suzanne McEn-
roe (Norwegian University of Science and Technol-
ogy), who talked about “Multiscale Magnetic Surveys: 
Can SMM contribute to our understanding of the bulk 
magnetic response mapped at large scales?” Scanning 
magnetic microscopes (SMMs) represent the finest scale 
of observation, whereas satellite and airborne magnetic 
surveys capture much larger scale phenomena . McEn-
roe described, in particular, the advances made using 
unmanned aerial vehicles (UAVs) in carrying out high-

Figure 4: Eduardo Lima. Photo by Maxwell Brown.

resolution surveys, eliminating many terrain-related 
challenges. At the microscopic level, SMMs provide 
direct information on the sources of those magnetic 
anomalies, and joint 3D magnetic inversions of data al-
low identifying even multiple magnetization sources. 

	 The third session on Rock Magnetism was opened by 
David Dunlop (University of Toronto) who provided a 
perspective on the fundamental research performed by 
his life partner: “Özden Özdemir: A Life in Science” 
(Fig. 5). David provided a very personal and touching 
perspective on Özden’s scientific achievements, who, 
throughout her career, dedicated a significant amount of 
energy to study the magnetic stability of oxidized (tita-
no)magnetite and the acquisition of viscous and chemi-
cal magnetizations, as well as many other topics, such as 
low temperature transitions, magnetic domain imaging, 
and behaviors in magnetite and other magnetic miner-
als. In fact, much of her research was conducted at the 
IRM as she and David made splendid use of the Visiting 
Fellowship program. Fitting in with the conference and 
Emily Cooperdock’s  keynote talk in particular, was Öz-
den’s pioneering work on 40Ar/39Ar dating of magnetite.

	 Ramon Egli (Geosphere Austria) doubled down on 
FORCs after his pre-conference workshop presentation, 
with: “Beyond FORC: Identification of reversible and ir-
reversible magnetization changes in hysteretic curves.” 
In his talk, Egli describes a new modification of the 
FORC protocol combining FORC and Raleigh loops, 
which measures the reversible, irreversible and viscous 
magnetization changes. This protocol led to the discov-
ery of single domain particles with no anisotropy and 
allowed for discrimination between two populations of 
isolated and clustered pedogenic particles, respectively. 
Further, the protocol is particularly useful in investigat-
ing the edges of the FORC diagram’s memory region 
when the measurements may be affected by the switch-
ing from ascending to descending second order reversal 
curves.
	 The next talk by Annemarieke Beguin (Norwegian 
University of Science and Technology) was “Magnetic 
recording properties of dendritic iron-oxides and their 
three-dimensional characterization, investigated the 

Figure 5: David Dunlop. Photo by Maxwell Brown.
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magnetic recording properties of dendritic structures in 
titanomagnetite.” Using high-resolution X-ray comput-
ed tomography, Beguin showed that the 3-dimensional 
structures of these grains and their connectivity are more 
complex than can be appreciated from two-dimensional 
images and what the implications are for paleomagnetic 
and paleointensity studies.
	 Finally, Adrian Muxworthy (Imperial College, Lon-
don) discussed the influence of stress on the magnetic 
stability of single vortex grains and assemblages in a talk 
titled “Quantifying the effect of stress on magnetic sig-
natures.” While it is now understood that single vortex 
(SV) grains have more thermal and temporal stability 
than single domain (SD) grains, and while it has been 
demonstrated that SD grains do not respond to applied 
pressure as Néel theory would predict, the response of 
SV grains to applied external pressure is still largely un-
known. Muxworthy addressed this limitation through 
numerical simulations performed using the micromag-
netic modeling tool MERRILL, showing how single SV 
and assemblages of such grains behave under pressure.

	 The second keynote talk by Emily Cooperdock, 
with useful ties to paleomagnetism, was titled: “Dating 
magnetite in ultramafic systems” (Fig. 6). Cooperdock 
described the (U-Th)/He dating method that can be ap-
plied to magnetite, which measures 8 helium daughter 
atoms produced during alpha decay of each uranium 
atom. While magnetites are not particularly rich in ura-
nium, together with thorium and samarium they make up 
enough material to obtain robust statistical analyses.
	 The technique is limited by the mobility of helium 
within the crystal lattice, providing low thermal sensi-
tivity in estimating closure temperatures, which are a 
function of the mineral’s specific He diffusion kinetics, 
mineral grain size and cooling rates and is typically 250-
300°C for magnetite. Thus, relatively large, >80 µm crys-
tals with no impurities are needed for the technique and 
can produce  ages on the order of millions of years, from 
~1 Ma (youngest) to 500-700 Ma (oldest) with ~10% 
uncertainty. Cooperdock provided two case studies from 
the dating of serpentinized ultramafic mantle peridotites 
associated with ophiolites, often carbonated, containing 
magnetite as a byproduct, and aimed at answering ques-
tions such as: How long does it take to exhume portions 
of the mantle? When and at what temperatures do ser-

Figure 6: Emily Cooperdock. Photo by Maxwell Brown.

pentinization and carbonation processes occur? Answers 
to these questions provide insight into how readily these 
systems contribute to geochemical, climate, biological 
cycles on Earth and other planets. While it is very dif-
ficult to date serpentinites, the first case study from the 
Wadi Fin Samail ophiolite in Oman targeted cross-cut-
ting magnetite-bearing carbonate veins, and obtained 
an unexpected Miocene age. The second example from 
Syros, Greece, examined  subducted and subsequently 
exhumed oceanic crust, and observed two generations of 
magnetite: one population of larger grains older than 16 
Ma, which formed during alteration above 400°C; and 
a secondary generation of finer grains, formed around 
3 Ma during fluid circulation associated with Pliocene 
faulting. Cooperdock also made the case that the (U-Th)/
He dating method is also being used for hematite and 
goethite, and that other magnetite dating techniques also 
exist, such as 3He, 36Cl and 10Be radionuclide dating as 
well as others, all bearing their own unique challenges. 

	 The conference's final topical session on Paleogeo-
graphic Reconstructions was opened by Bram Vaes 
(Utrecht University) with the talk “On pole position: 
new approaches to quantifying polar wander and rela-
tive paleomagnetic displacements.” Vaes described 
an approach to calculate apparent polar wander paths 
(APWPs) from synthetic site-level, rather than forma-
tion level data, generated from an updated database of 
published paleomagnetic poles. Vaes discussed the ad-
vantages of such a method, processed using a free -and 
open source- web application, in terms of eliminating 
weighing-biases to the data, as well as incorporation of 
age uncertainties.
	 Next up, John Tarduno (University of Rochester) de-
livered a talk titled: “Hadean to Eoarchean stagnant lid 
tectonics recorded by the paleomagnetism of zircons.” 
The talk was based on the paleomagnetic signal recov-
ered from zircon single crystals from the ~3.9 to ~3.4 
Ga metamorphic rocks of the Jack Hills from Western 
Australia, which avoids the high-grade metamorphism 
experienced by these rocks. Results indicate near con-
stant paleolatitude for the time period, consistent with 
a fixed lithosphere regime for the time period and are 
validated by results obtained from zircon single crys-
tals from South Africa. Further, preliminary numerical 
models suggest the viability in long-lasting stable mantle 
plumes in generating the observed zircon ages and stable 
paleolatitudes.
	 Moving closer to the present day, Yiming Zhang 
(University of California - Berkeley) presented: “New 
approaches to apparent polar wander path development 
constrain the late Mesoproterozoic assembly of Rodin-
ia.” Zhang compared two very different approaches for 
calculating apparent polar wander paths for Laurentia 
in the late Mesoproterozoic: the first being a Bayesian 
inverse problem involving Euler pole analysis, and the 
second being a Monte Carlo resampling to propagate 
uncertainties from from site-level data to paleopoles. 
Both techniques take into account the uncertainties of 
pole positions and ages, whereas the second technique 
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also includes the uncertainty of inclination shallowing for 
sedimentary rocks. Nevertheless, and despite the funda-
mentally different assumptions, both methods are in good 
agreement with each other, and improve existing Rodinia 
reconstructions.
	 The last talk of the conference was delivered by Derya 
Gürer (University of Queensland): “Embracing uncertain-
ty and noise in paleomagnetic data: application to global 
tectonics” (Fig. 7). Gürer discussed issues with construct-
ing apparent polar wander paths (APWPs) and presented 
the advantages of the Monte Carlo resampling technique 
using a compilation of Cenozoic North American data. 
Gürer then used the same approach to re-evaluate the up-
per Paleozoic-Mesozoic APWP portion from East Gond-
wana, which has historically been problematic and in-
congruent with data from Laurussia and West Gondwana. 
Next, Gürer shifted to the difficulties of reconstructing 
Africa-Eurasia kinematic plate reconstructions during 
the Cretaceous Normal Superchron. Using geomagnetic 
intensity variations rather than reversals, data show that 
convergence rate changes correlate with the initiation and 
arrest of a plume-induced subduction zone. On a regional 
scale, changes in plate motion constrained by mantle dy-
namics appear to drive a self-perpetuating plate circuit.

Community Workshop
The last day of the conference was dedicated to a work-
shop on: “Implementation of Justice, Equity, Diversity & 
Inclusivity (JEDI) Principles within the US based paleo- 
and rock magnetism community.” Workshop goals were 
to identify collaborative strategies for improving justice, 
equity, diversity, and inclusion within the US(geo) mag-
netic communities. The workshop was kicked off with 
a summary of diversity data that was collected prior to 
the meeting (e.g., from AGU, IAGA VI, recent publica-
tions, and a recent public survey). Participants presented 
examples of ongoing DEI activities at their home institu-
tions in which they are involved and that are potentially 
scalable across the entire community. In an informal 
discussion, results of these findings were synthesized to 
identify cross-institutional strategies for improving di-
versity in our communities, with the goal of producing 
a white paper to be shared with NSF and other organiza-
tions. While the Community Workshop was not recorded, 
here is a final reminder that all other talks are viewable on 
the IRM’s YouTube channel (https://www.youtube.com/

Figure 7: Derya Gürer. Photo by Maxwell Brown.

channel/UCjzG-yAnzKHZneeSL1kFpmw).

Who was there?
This year’s conference was widely attended by partici-
pants from institutions located in 13 different countries. 
A total of 59 people attended in-person, including IRM 
staff, postdocs and students, as well as other interested 
University of Minnesota students. 4 people traveled 
from Australia, 2 from Norway and 2 from the Nether-
lands. 1 person participated from Austria, Brazil, Czech 
Republic, Finland, France, Israel, Italy, Spain and the 
UK, respectively, whereas 42 people participated from 
the US. Of the latter, 7 were from non-academic organi-
zations.  Of the remote participants, 8 were from India, 
6 from the UK (1 non-academic), 4 from France, 4 from 
Norway, 3 from Australia, 2 from Italy, 1 from Brazil, 
the Czech Republic, Finland (non-academic), Iran, Is-
rael, and New Zealand. 12 people from the US partici-
pated remotely (3 of which non-academic).
	 While oral presentations at the conference were by 
invitation only, anyone could present an in-person post-
er (an online poster session was not offered this year 
due to limited interest): 15 people contributed a poster, 
12 of which were from the US (1 non-academic), and 
1 from the Czech Republic, Finland and Italy, respec-
tively. 
	 Finally, from a demographic survey we sent to all 
registrants, 63 people responded indicating that 38 
identified as “Male”, 23 as “Female”, 1 as “Female,  
gender queer / gender nonconforming, neither exclu-
sively male nor female”, and 1 as “Male, Female”. 
Of 61 respondents, 11 indicated that they identified as 
“Asian”, 1 as “Black or African American”, 6 as “His-
panic or Latino”, 45 as “White”, and 1 as “European”.

Conference post-participation Survey
A post-conference survey was sent to all participants 
to gauge satisfaction on all aspects of the meeting and 
gather feedback for future meetings. The FORC work-
shop received an average rating of 9.0/10 from 21 re-
spondents, with a handful of these specifically asking 
to expand the workshop’s practical components. In 
general, the conference was highly-rated, with an aver-
age score of 9.5/10 from 24 respondents. Participants 
enjoyed the format, variety of topics, and balanced 
participation from people at different stages of their ca-
reers. The poster session received a broader spectrum 
of scores, but was ultimately received positively: out of 
21 respondents, it received an average score of 9.0/10. 
Participants enjoyed the space, but some thought it felt 
crowded at times and weren’t able to see all the posters.
The JEDI community workshop received an average 
score of 8.6/10 from 14 respondents, and  while par-
ticipants generally appreciated the presentations and 
discussion on top of seeing this addition to the confer-
ence, the time set aside for the discussion and work was 
relatively short and some regretted not being able to 
participate remotely.
	 Skipping the responses about food and board, which 
were overall positive, holding the conference in Min-
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neapolis also proved a successful choice with 23 respon-
dents giving an average rating of 9.4/10: it was obvious 
from the comments that many participants missed Santa 
Fe, but on the upside found Minneapolis to be a very 
convenient location, which helped keep costs low. Of the 
two key questions “how likely are you to attend another 
IRM conference” and “would you recommend an IRM 
meeting to others”, out of 24 responses for each question 
the scores were 9.9/10 and 10.0/10, respectively. Nailed 
it.

	 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 some-
thing you would like to contribute (e.g., 
titles plus abstracts of papers in press), or 
if you have any suggestions to improve 
the newsletter, please notify the editor:

Dario Bilardello
Institute for Rock Magnetism
University of Minnesota
150 John T Tate Hall
116 Church Street SE
Minneapolis, MN  55455-0128
phone: (612) 624-5049
e-mail: dario@umn.edu
www.cse.umn.edu/irm

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 Emeritus/Founding Director; 
Bruce Moskowitz, Professor/Director; 
Joshua Feinberg, Professor/Associate Di-
rector; Maxwell Brown, Peat Sølheid and 
Dario Bilardello, 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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Last but not least, the conference was funded by US Na-
tional Science Foundation grant NSF-EAR Geophysics 
#2317261. We also kindly acknowledge all of the confer-
ence sponsors, in alphanumerical order: 2G Enterprises, 
ASC Scientific, AGICO, Lake Shore Cryotronics, Quan-
tum Catalyzer (Q-Cat), and Quantum Design.

	


