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	 The solar eclipse occurred on August 21st , and 
the sun set permanently on our home in Shepherd Labs. 
Almost five weeks have gone by since then, and in that 
time setting up the new space has gone, if not swiftly, at 
least without major complications.
	 The IRM per se is not yet “open for business” 
but the instruments are one by one being re-assembled 
and coming online, and undergoing testing and recali-
bration. The three susceptibility meters (KLY-2, MFK, 
Magnon) are now all working and the technician from 
Quantum Designs brought the MPMSs back to life last 
week.
	 Because more than a dozen Earth Science labs 
are being set up at the same time, it is understandably 
somewhat chaotic.  Electricians and plumbers have been 
busy all through the building finalizing connections for 
various lab instruments; in the IRM that has included 

installing wall-mounted electrical transformers for the 
VSM electromagnets, and connecting cooling water 
lines to the rock-synthesis furnaces and to the helium 
compressors for the 2G magnetometers and the helium 
liquefier.  The connections have finally all been made 
and passed inspection, allowing the final instrument set-
ups: namely, initial cooling of the SRM and U-Channel 
magnetometers, and testing the VSMs.
	 We are hopeful that by the end of October ev-
erything will be fully functioning and we are confident 
that we’ll be ready to host visitors in the new year. The 
largest feat, however, will probably be tidying up and 
finding a new (permanent) home for every item, mak-
ing the lab REALLY functional. As I write, September 
25th, surprises aside we should not require electricians 
or plumbers anymore, and only minor fixtures need in-
stalling around the lab by contractors.
	 So having said that, it is probably a good time 
to start showing the public what the new space actually 
looks like.

Fig. 1. Layout of the new Institute for Rock Magnetism. Plan is oriented with North at the top of the page. See text for details.
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Low Temperature AMS protocol using 
the MFK Kappabridge
Ran Issachar 
Tel Aviv University, Israel
ranissachar@gmail.com

	 Measuring AMS at low temperature has the potential 
of characterizing the rock-magnetic fabric carried by 
paramagnetic minerals [Martin-Hernandez and Ferre, 
2007]. Following to Curie-Weiss law, low temperature 
AMS (LT-AMS) enhances the effect of paramagnetic 
minerals because the volume susceptibility k increases 
as the temperature decreases (T) as k= C/(T-θ); where 
C is the specific mineral Curie constant and θ is the 
paramagnetic Curie temperature, which is zero for pure 
paramagnetic materials [e.g., Cullity, 1972]. Accord-
ingly, at 77K (boiling temperature of liquid nitrogen) the 
paramagnetic susceptibility increases by a factor of ~3.8 
relative to room temperature AMS at 295K. Diamagnet-
ic susceptibility does not show temperature dependence 
[e.g. Cullity, 1972], whereas ferromagnetic minerals 
often show susceptibility changes at low temperatures, 
(e.g., Verwey transition in magnetite-titanomagnetite or 
Morin transition in hematite). Nevertheless, in rocks with 
low ferromagnetic components relative to the paramag-
netic component, the paramagnetic minerals dominantly 
govern the susceptibility changes at low temperatures. 
Consequently, the measurements at LT-AMS amplify the 
contribution of the paramagnetic minerals in the rock 
specimen. Additionally, the LT measurements may help 
in separating the AMS into its paramagnetic, diamag-
netic and ferromagnetic components [Martin-Hernandez 
and Ferre, 2007].
	 LT-AMS measurements are carried out by either 
measuring while the specimen is immersed in liquid 
nitrogen [e.g. Pares and van der Pluijm, 2002; Schmidt 
et al. 2007], or by cooling the specimen in liquid nitro-
gen prior to measuring in air [e.g. Lüneburg et al., 1999; 
Oliva-Urcia et al. 2010]. The former has the advantage 
of keeping the specimen at homogeneous and constant 
temperature but requires a custom-made holder, which 
is not suitable for most susceptibility meters. For the 
latter, the measurement procedure is much simpler but 
an increase in temperature during the measurement is 
inevitable, together with other complications involving 
instrument failures. Many studies [Cifelli et al., 2004, 
2005, 2009, 2011; Debacker et al., 2009; Oliva-Urcia et 
al., 2012, 2013, 2011; Soto et al., 2012, 2014; Garcia-
Lasanta et al., 2013; Haerinck et al., 2013; Izquierdo-
Llavall et al., 2013; García-Lasanta et al., 2014; Santo-
laria et al., 2015] followed Lüneburg et al.’s [1999] and 
Oliva-Urcia et al.’s [2010] protocols, characterizing the 
LT-AMS of rocks, mainly due to the standardization of 
the equipment used and the popularity of the Agico Kap-
pabridge susceptibility meter.
	 We propose a protocol to measure the LT-AMS in air 
using the Agico Kappabridge with the spinning speci-
men holder, which allows fast and consistent measure-

ments. The protocol tackles two main instrumental ob-
stacles, which are caused by the low temperature of the 
specimen and leads to significant measurement errors or 
even failure:

1. Operation of the spinning specimen holder. In the 
slowly spinning specimen method, the directional 
susceptibilities are measured for 5 or 8 revolutions as 
the specimen rotates around three perpendicular axis 
[Jelinek, 1995; Gee et al., 2008]. Susceptibilities are re-
corded in 64 positions per revolution and averaged for 
all revolutions [Gee et al., 2008]. The measurement is 
completed with an addition of one bulk susceptibility 
measurement. The spinning specimen method is faster 
and more accurate than the manual 15 positions method. 
Nevertheless, while introducing the cold specimen, the 
holder mechanically underperforms as friction is in-
creasing. This can cause increased measurement errors 
or even failure. 

2. Instrument drift. The cold sample, which is placed in 
the coil, leads to cold air convection and drift of the elec-
trical components. This leads to significant errors and 
halt of measurements for an hour or more.
The proposed protocol is detailed as follows:

Preparing the instrument
● Prepare a silicone sleeve using a silicon sheet, widely 
available in kitchen supply stores, that is ~3mm thick. 
Seal the sleeve using Kapton tape, also closing off the 
bottom of the cylinder (see Fig. 1.). The sleeve plus tape 
outer diameter will fit snugly inside the kappabridge 

Fig. 1. Silicone sleeve to be inserted in the sample cavity of the 
susceptibility bridge.
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bore.
● Immerse the samples in liquid nitrogen for about 50 
minutes.
● Insert silicone sleeve inside the kappabridge, if not 
done so already.
● Put thin Teflon wire on the left side of the holder (see 
Fig. 2.) to prevent this from rapid cooling when sample 
is fixed.
● Turn on the kappabridge, following the AGICO start 
up procedure with the rotator enabled.
● Run the holder correction (repeat if bad).
● Move the holder counterclockwise, run empty axial 
measurement and spray gently TFL-50 (or other Teflon 
based lubricant) in the two points (see Fig. 3.) while the 
holder is rotating, to lubricate the holder.
● Run at least three more empty axial measurement runs 
so the lubricant will distribute itself evenly between the 
rotating sample holder and the white plastic bracket 
above

Measuring the samples
● Place a small sheet of paper over the kappabridge’s 
sample cavity to prevent condensed air from entering the 
coil while fixing the sample in the holder.
● Take a sample out of liquid nitrogen and quickly place 
it in the holder.
● Remove the paper and run first axial measurement.
● After measurement, quickly place the sample back into 

liquid nitrogen.
● Wait at least 5 minutes to allow the instrument to sta-
bilize and the sample to cool.
● Measure the second and third axial measurements as 
above.
● For the bulk susceptibility measurement, remove the 
sheet of paper as the holder goes down and replace it as 
the holder comes up.

Errors
● If the CHECKING ROTATOR PERIOD message ap-
pears at the end of an axial measurement for longer than 
two seconds, then the rotator need lubricating.
● If the instrument fails ZEROING, then the coil is too 
cold and needs to equilibrate longer.
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Visiting Fellow Reports
Evaluating paramagnetic anisotropy 
through low temperature susceptibility 
measurements.
Ran Issachar
Tel Aviv University, Israel
ranissachar@gmail.com

	 We studied the magnetic fabrics (i.e. AMS) of car-
bonate samples from the deformation zone of the Dead 
Sea Fault plate boundary, Israel. These samples display 
the competing effect of paramagnetic and diamagnetic 
minerals, so that the mean susceptibility (km) is close 
to zero (1 to 25 .10-6SI). In order to enhance the para-
magnetic anisotropy we took advantage of the suscep-
tibility increase at low temperatures (Curie-Weiss law). 
We examined two approaches: (1) measuring the full 
susceptibility tensor at a constant temperature of ~77K 
(LT-AMS) and (2) measuring susceptibility versus tem-
perature curves, between 20K to room temperature, for 
two orthogonal sample orientations. 
	 In the first approach, we measured the LT-AMS using 
the MFK Kappabridge, after the samples were cooled 
in a liquid nitrogen bath. We followed the protocol of 
Lüneburg et al. (1999) that was further developed by 
Oliva-Urcia et al. (2010) and Issachar et al. (2016). We 
compared the manual and spinning holder methods and 
found that the spinning holder method is more precise. 
We formulated a technical protocol for the low tempera-
ture measurements (see companion article in this Quar-
terly issue). The results reveal that the LT-AMS differs 
from the room temperature AMS (RT-AMS) (Figure 1). 
Mean susceptibility values increased dramatically, by 
factor of 4.5 to 20. The minimum susceptibility axes (k3) 

are more clustered and vertically oriented. The maxi-
mum (k1) and intermediate (k2) axes are more horizon-
tally foliated. Moreover, the shape of the anisotropy at 
LT-AMS is constantly oblate (T≈1) and the anisotropy 
degree (P) is lower than RT-AMS and relatively constant 
between samples of same site. The LT-AMS fabrics are 
comparable to fabrics resulting from depositional and 
compaction processes (Parés et al., 1999; Aubourg et al., 
2004). 

	 In the second approach, orientation dependent k(T) 
curves (susceptibility versus temperature) were mea-
sured, from 20K to room temperature. Small cubes 
(~4mm) were cut from the cylindrical samples in such a 
way that the faces of the cubes are perpendicular to the 
RT-AMS principal susceptibilities (Figure 2). 
	 Using the MPMS instrument, k(T) curves were mea-
sured along the k1 and along k3 directions separately. 
The hypothesis was that if paramagnetic minerals are the 
source of anisotropy in the sample, then the anisotropy 
degree (P = k1/k3) will inversely increase with tempera-
ture. This approach was also performed by Biedermann 
et al. (2014 a,b). The advantages are the ability to per-
form measurements at very low temperatures (close to 

Figure 2. 4mm cube specimen cut along the principal suscep-
tibility axes.

Figure 1. LT-AMS and RT-AMS results of four sampling sites 
within the DSF plate boundary. km is average mean susceptibility. 
Stereograms are lower-hemisphere, equal-area projection of princi-
pal susceptibilities axes maximum (blue), intermediate (green) and 
minimum (pink). The graphs shows shape of anisotropy (T) versus 
anisotropy degree (P). 
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absolute zero), high accuracy, and high certainty regard-
ing measurement temperature. The disadvantages are 
reduced sample volume and difficulties in precisely ori-
enting the samples. Figure 3 shows the results for one 
specimen. Unfortunately the results are unreliable. The 
P values obtained at room temperature did not match 
the values obtained by RT-AMS. Furthermore, for some 
specimens the susceptibility along the k1 direction was 
lower than along the k3 direction, indicating a funda-
mental problem in the experiment design. We suggest 
that tiny differences in sample positioning within the coil 
between the two curves (namely differences in center-
ing) would lead to differences in the measured suscep-
tibility, which are greater than the expected anisotropy 
degree. Therefore, although the greater measurement 
precision, a direct comparison between the two curves is 
unreliable.
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Rock Magnetic Analysis of the early Paleo-
cene Upper Nacimiento Formation, San Juan 
Basin, New Mexico
Caitlin Leslie
Baylor University, Waco, TX
Caitlin_Leslie@baylor.edu

The San Juan Basin in New Mexico contains extensive 
outcrops of alluvial foreland basin deposits with a robust 
record of early Paleocene mammalian evolution within 
the Nacimiento Formation. Work is ongoing to recon-
struct the depositional environments and climate through 
time to understand the potential extrinsic controls on 
mammalian turnover between the Torrejonian 2 (To2) 
and Torrejonian 3 (To3) North American Land Mam-
mal Ages (NALMA). An essential part of this research 
is creating a precise chronostratigraphic framework for 

Figure 3. k(T) curves of a sample from EP site.

Figure 1. Rock magnetic analyses for representative lithologies of the Upper 
Nacimiento Formation. 
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goethite is demagnetized at 400 K, likely titanohematite 
(Fig 1F). RTSIRM curves for a representative sample 
from Pedotype D (tan, weakly-developed paleosol) sug-
gest magnetite, supported by the presence of the Verwey 
transition (Fig. 1G). FC-ZFC-LTSIRM curves converge 
at 190 K which indicates Al-substituted goethite is pres-
ent (Fig 1H). RTSIRM curves for a Pedotype G sample 
(tan, silty paleosol) have a separation at 90 K indicating 
titanomagnetite and a slight Morin transition indicating 
hematite (Fig. 1J). 
	 Triaxial-IRM Lowrie tests were necessary to deter-
mine the primary magnetic carrier in each sample, given 
the evidence for multiple mineralogies outlined above. 
For all samples analyzed the majority of the IRM is held 
by grains whose coercivities are greater than 1 T (Fig. 2). 
The largest remanence drop occurs between 100-150°C 
suggesting goethite is the primary carrier. Some samples 
also show a decrease in remanence between 150-200°C 
suggesting titanohematite may also be present. Rema-
nence remaining after 200°C is likely held by pigmentary 
hematite for samples TW23 and KC12, supported by the 
loss of remanence between 600-650°C, red coloring, and 
the low temperature rock magnetrometry experiments. 
In all other samples, the remaining remanence is likely 
maghemite that converted to hematite with heating. All 
samples except TW06A also show remanence held by 
the 300 mT curve up to ~300°C, supporting the presence 
of magnetite/maghemite. 
	 Rock magnetic experiments performed while visiting 
the IRM helped determined that the Upper Nacimiento 
Formation has a mixed magnetic mineralogy with goe-
thite as the dominant carrier. Although titanohematite 
is likely present in most samples, and together with 
magnetite constitutes the primary mineralogy, it does 
not appear to be the dominant remanence carrier. These 
results helped with interpretation of the paleomagnetic 
data which is a critical part of the broader research goals 
of understanding environmental, climatic, and biotic 
changes over this time interval. 

Acknowledgements:
	 I would like to thank Dario Bilardello, Mike Jackson, 
and Peat Solheid for assistance and guidance at the IRM. 
This study was funded by an IRM Visiting Student Fel-
lowship, NSF EAR-132552, ACS-PRF #52822-DN18, 
SEPM, Colorado Scientific Society, Fort Worth Geologi-
cal Society, and Baylor University.
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these deposits using magnetostratigraphy to calculate 
sedimentation rates, constrain mammal locality ages, 
and document the timing of climate changes. 
	 Understanding the dominant magnetic carriers is im-
portant to accurately interpret the paleomagnetic data and 
fully characterize the deposits. Rock magnetic analyses 
by Butler and Lindsay (1985) documented intermediate 
composition titanohematite as the dominant ferrimagnet-
ic mineral from nine stratigraphic levels throughout the 
Late Cretaceous to middle Paleocene deposits in the San 
Juan Basin. Given the broad spacing of their sampling, it 
is unclear if any samples overlap with the study interval 
presented here and fully characterize the deposits. 
	 To characterize the magnetic mineralogies and as-
sess whether titanohematite was the primary magnetic 
carrier, I visited the IRM to use the Kappabridge, high 
temperature VSM, and MPMS. Representative samples 
were run for each analyses which involved lumping the 
various paleosols throughout the formation into repre-
sentative pedotypes. 
	 Rock magnetic analyses show that the Upper 
Nacimiento has a mixed magnetic mineralogy. Low 
temperature magnetometry for a representative sample 
of Pedotype A (black, slickensided paleosol) shows a 
two-fold increase on warming, the Verwey transition, 
and possibly the Morin transition (when evaluating the 
derivatives of the RTSIRM and FC-ZFC curves) indicat-
ing goethite, magnetite, and hematite are present (Fig. 
1A and 1B). Pedotype B samples (red, calcareous paleo-
sol) suggest goethite, titanomagnetite, maghemite, and 
hematite from high temperature susceptibility and low 
temperature magnetometry measurements (Fig. 1C, 1D, 
and 1I). Low temperature magnetrometry measurements 
from a Pedotype C sample (brown, weakly-developed 
paleosol) show a Verwey transition indicating magne-
tite (Fig. 1E). A goethite test performed using low tem-
perature magnetrometry indicates the presence of goe-
thite along with another high-coercivity carrier after the 

Figure 2. Thermal demagnetization of orthogonal isothermal remanent magneti-
zations for six specimens. 
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Current Articles
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 are taken from ISI Web of Knowledge, after 
which they are  subjected to Procrustean culling for this news-
letter. 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 Current 
Articles section of the IRM Quarterly are always welcome. 
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Gailler, L., D. Arcay, P. Munch, G. Martelet, I. Thinon, and J. 
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cont’d. from pg. 1...

John T Tate Laboratory of (Geo)Physics.
The location. 
	 As disclosed in the IRM Quarterly v25-2, the 
IRM has moved to the second floor of the newly reno-
vated Tate Hall, on the University of Minnesota Mall. 
The previous  building plan was U shaped*, and the ex-
terior “shell” of this structure was preserved, while the 
interior spaces were completely gutted and redesigned, 
for offices and labs. The center of the building was filled 
by a new addition, which hosts the larger lecture the-
aters on the ground and basement levels, smaller class-
rooms/meeting rooms, and graduate student offices on 
the “higher” levels. A spacious naturally lit atrium and 
side corridors separate the old building from the new ad-
dition, which also means that all labs and offices (other 
than the few in the sub-basement…) have natural light 
shining through HUGE windows (often looking onto 
other offices…). For a map location of Tate Hall please 
visit our website, http://www.irm.umn.edu/IRM/loca-
tion.html

The works. 
	 Probably the biggest change within the new 
set-up is brought about by the open floor plan that we 
chose for the IRM (fig. 1). The main lab space is located 

Fig. 2. Sample preparation area.

in room 240, in the southern wing of Tate Hall. Walk-
ing through the lab main entrance one finds the sample 
prep area, with fume hood, sinks, balance and supplies 
directly to the left (fig. 2). To the right is the “susceptibil-
ity corridor”, which lines the outer wall of the shielded 
room, with KLY, MFK and Magnon available to measure 
low-field susceptibility and its dependence on tempera-
ture, orientation, frequency and AC field strength (fig. 
3). At the end of the corridor, room (240-02) houses the 
compressors for the 2Gs and our rock saws and polish-
ers, our “dirty prep” lab in a nutshell, literally. 
	 The brand new feature of the lab is, of course, 
the new shielded room, located in the southwest corner. 
The new room is somewhat narrower but longer than the 
old one (11 by 22.5 feet), for a total area a few square feet 
larger. The arrangement has the old 2G (RF SQUIDs) 
on the south and U-Channel along the north wall, with 
the furnaces stacked up in between (fig. 4). This leaves 
ample space towards the entrance for the D-Tech (de)
magnetizer and sample storage and maybe a new SQUID 
microscope, if proposal reviews and NSF budget con-
straints are sufficiently favorable. 
	 In front of the shielded room entrance are a 
“meeting” area and mobile workstations which host/de-
fine the imaging area of the lab, notably the MFM and 
other microscopes.
	 On the opposite side of the lab is the high-field 
area, technically room 244-01. Here the MPMSs and the 
VSMs are located (fig. 5). The MPMSs are right in front 
of a sound proof room, which hosts the noisy helium liq-
uefier system, hopefully making the MPMS experience 

Fig. 3. The "susceptibility corridor"
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a more pleasant one altogether. Likewise, the AGM now 
has a dedicated sound-proof room of its own in the in 
southeast corner.
	 The Mössbauer lab is enclosed in its own secure 
space located next door to the helium liquefier room and 
will feature our brand new Mössbauer spectrometer (for 
a grand total of three spectrometers), awaiting its first 
ever specimen. Last but not least, Peat Solheid’s office is 
situated within the lab space, in the far northeast corner.
The rest of the IRM faculty/staff and post-doc offices are 
opposite the lab, including the Visiting Fellow office that 
is shared with the founding father, Subir Banerjee.
	 That sums up a “tour” of the new lab, so I leave 
you with a reminder of the new mailing address for the 
IRM:

IRM, Department of Earth Sciences,
150 John T Tate Hall,
116 Church St. SE,
Minneapolis, MN 55455.

Phone numbers remain unchanged, and if you are visit-
ing the lab, come straight up to the second floor: #240 

Fig. 4. The shielded room.
marks the spot. We look forward to seeing you there!

*The original 1930s building consisted of the west wing, 
facing Northrop mall; the north and south wings were 
added in the 1960s.

The Next 
Visiting Fellow

Application Deadline 
is

October 31st

Visit our website for details and application 
information:

www.irm.umn.edu
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Fig. 6. The high field area.

Fig. 5. The magnetic imaging area.
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