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Archaeomagnetic and Luminescence Dating as a hint towards
the re-usability of an archaeological site: Example from a
ceramic kiln in Kirrha, Central Greece.
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Abstract: An archaeomagnetic investigation was performed in the archaeological site
of Kirrha close to Delphi. Rescue excavations brought to light domestic remains of four
successive construction phases as well as three pottery kilns, built entirely of mud
bricks. Kilns 1 and 2 are small and date between 1700 and 1450 BC. Kiln 3, of circular
ground plan, dates to the Late Helladic I-II period (1600-1400 BC). Though the
settlement was abandoned during 1200 to 1100 BC, a group of graves dated to the 4th
century BC according to pottery findings inside the graves, was excavated about 20m
from the kilns area. Sampling for the present study was performed in the last kiln (no. 3)
and provided 10 oriented samples uniformly distributed around the kiln. The
archaeomagnetic investigation revealed the presence of one stable component of
magnetization indicating that the kiln samples were burnt ‘in situ’. The magnetic
cleaning (AF and thermal demagnetization) isolated the characteristic component of the
magnetization which represents the record of the geomagnetic field during the last use
of the kiln. The archaeomagnetic dating, obtained from the calculated direction is not
convergent with the archaeological estimations. A much younger period is suggested
(~350-400 BC) in comparison with the available data from Greece and Bulgaria.
Additionally, thermoluminescence and OSL dating were performed in several samples
from the same kiln. Two different plateaus are revealed, indicating the possibility of a
double TL age indication. The first equivalent dose plateau corresponds to an age of 375
(±187) BC, while the second plateau at higher temperatures corresponds to the age of
1650 (±237) BC. This feature could be considered as a hint towards re-usability of the
site. The corresponding OSL age was 430 (±146) BC. This age seems to be in a very
good agreement with the archaeomagnetic results. The big discrepancy observed
between the archaeological estimation and the results of the archaeomagnetic and
luminescence investigation will be discussed and possible explanations will be
proposed.
Keywords: archaeomagnetism, luminescence dating, kiln, Greece.
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New archeointensity data from late Neolithic Halafian
settlement Yarim Tepe2 (Northern Iraq): geomagnetic and
archeological implications.
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Abstract: The main goal of this study is to recover the geomagnetic field intensity
variations in the Middle East during the 6th millennium BC, with a particular interest on
rapid variations. We will report on new archeointensity data obtained from Yarim Tepe
2 (Northern Iraq), an ancient multi-layered settlement dated from the Late Neolithic
Halaf period (~5950 – 5300 BC). Unearthed by Soviet archeologists between 1969 –
1976, this site revealed a 7-m thick sequence of cultural deposits, divided into 9
archeological levels (building horizons). A very important collection of artifacts from
Yarim Tepe 2, in particular several thousands of potsherds, is stored at the repository of
Archeological Institute in Moscow, where our sampling was undertaken.
We collected 29 groups of fragments from superimposed stratigraphic layers of about
20 cm thickness in average. Each group consists of at least 3 (up to 10) fragments. All
data were carried out using the three-axis vibrating sample magnetometer Triaxe, which
allows magnetization measurements of a small samples (< 1 cm3) directly at high
temperatures. Archeointensity results were obtained using the experimental protocol
developed for the Triaxe magnetometer. This protocol takes into account both the
anisotropy and cooling rate effects on thermoremanent magnetization acquisition.
Together with other data, previously obtained from Syria and Bulgaria the new
archeointensity results show the occurrence of a short-lasting geomagnetic field
intensity peak around ~5500 BC, with intensity variation rates as high as ~ 0.35 – 0.15
µT/year over a few decades. We will also present X-ray data obtained on a set of
potsherds from Yarim Tepe 2, which provide interesting new constraints on the heating
temperatures reached during the production of the ceramics.
Keywords: archeomagnetism, Halaf, Late Neolithic, rapid geomagnetic field intensity
variations, x-ray diffraction.
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Figure 1: Late Neolithic Halafian multi-layered settlement Yarim Tepe 2, nowadays
situated in Northern Iraq (Munchaev and Merpert, 1981).
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HISTMAG: A database that combines historical,
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Abstract: Historical measurements provide instrumental information on geomagnetic
field evolution dating back to the late Middle Ages. The oldest declination value for
Central Europe is a mark on a sundial compass designed by Georg von Peuerbach in
1451 (Zinner, 1939; Korte et al., 2009). Overlapping with these historical records and
further back in the past, geomagnetic field reconstructions are based on the
magnetization acquired by human artifacts, rocks and sediments.
Here, a new combined HISTMAG database of historical, paleo- and archeomagnetic
records is presented, that meets the challenge to include sufficiently meaningful
metadata to assess quality and reliability of these widely different data types.
The historical records in HISTMAG encompass all previously available compilations
(e.g. Jonkers et al., 2003), but also add more than 3000 newly collected records from
monasteries, mining areas, maps, and other sources from Central Europe.
Archeomagnetic and volcanic records in HISTMAG are directly integrated from the
GEOMAGIA50.v3 database (Brown et al., 2015) and additional 150 new directions and
60 intensities from Central Europe are provided by E. Schnepp. HISTMAG is a
relational database, implemented in MySQL. It is accessible online, offers a keyword
query and provides the possibility for a record-dependend user discussion.
Because datasets of different origin can be analyzed while taking into account their
varying quality and reliability, HISTMAG allows to construct a more comprehensive
view of the geomagnetic field evolution. A striking example results from a detailed
statistical comparison of archeomagnetic and volcanic records with their historical
counterparts that reveals a systematic inclination shallowing of lava data. The accuracy
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of historical field readings can be estimated from the collected information about the
measurement instruments and techniques. Furthermore, the reliability of several
historical sources has to be scrutinized. Declination values given by compass roses on
topographic maps or reconstructed from mining adit directions are investigated. These
uncertainty measures for the presented HISTMAG data collection are indispensable for
future geomagnetic field modelling approaches.
Keywords: historical records, archeo- and paleomagnetic records, data analysis, data
quality.
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From global warming to the astronomical theory of
paleoclimates.
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Abstract: The climate predicted to occur over the next centuries by the
Intergovernmental Panel on Climate Change appears to be unprecedented over the last
150 years. This requests therefore to go back in the past history of the Earth looking for
analogues. As we are presently in an interglacial (the Holocene), the interglacials of the
late Pleistocene are particularly well suited. This is why we have investigated the
response of the climate system to insolation and CO2 at the peaks of the interglacials
over the past 800,000 years using models of different complexity.
These simulations show that the relative contributions of insolation and CO2 to the
intensity and duration of each interglacial vary from one interglacial to another. They
also show that CO2 plays a dominant role on the variations of the global annual mean
temperature and of the southern high latitude temperature and sea ice, whereas
insolation plays a dominant role on the variations of monsoon precipitation, of
vegetation and of the northern high latitude temperature and sea ice. In the explanation
of the warmer climate during the interglacials after about 430,000 years ago than those
before, boreal winter is found to be a key season, a phenomenon similar to the warm
winters occurring during the present-day global warming.
If we identify the peaks of the interglacials with Northern Hemisphere summer
occurring at perihelion, MIS-1, MIS-11 and MIS-19 (respectively 12, 409 and 788
thousands of years ago - ka) show a pretty similar latitudinal and seasonal distribution
of the incoming solar radiation (insolation). When compared to the average of the last 9
interglacials, they are under-insolated over the whole globe during boreal summer and
are over-insolated during boreal winter with a maximum at the South Pole. This
insolation distribution leads to a cooling over all the continents in boreal summer and to
a warming over the whole Earth, except the Arctic, in boreal winter. A warming over
the Southern Ocean in austral winter occurs during MIS-1 and MIS-19 due to the
summer remnant effect of insolation. However, this does not happen during MIS-11
because the large global cooling during this season is dominating the remnant effect of
the austral summer. This leads to MIS-11 being a cool insolation-induced interglacial
and thus not as good an analogue of MIS-1 as MIS-19, at least as far as insolation is
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concerned. Its higher CO2 concentration allows it however to be finally classified
among the warm interglacials and as such to be compared to MIS-1.
Looking now for analogues of the whole Holocene and its future (the Anthropocene), it
must be stressed that the shape of the Earth's orbit is approaching a circle. With this and
a CO2 concentration at the interglacial level, and even larger under human influence,
our interglacial was predicted to be exceptionally long as was MIS-11 in EPICA record.
The interglacials MIS-9 and MIS-5 (respectively 334 and 127 ka ago) are the warmest
interglacials and, as such, are considered as analogues for our CO2-induced future warm
interglacial, but their astronomical forcings are largely different from MIS-1 and its
future. The results also show that, compared to today, the past interglacials are warmer
during boreal summer and cooler during boreal winter leading to a warmer annual mean
with varying length for different interglacials. The best analogue to MIS-1 depends
therefore upon the criteria used to select such an analogue.
If we compare the climate of these interglacials to the climate of a 2×CO2 atmospheric
concentration simulated under Pre-Industrial conditions, both MIS-5 and MIS-9 during
boreal winter are cooler over the whole Earth, especially over the continents. During
boreal summer, they are much warmer over the continents, but remain cooler over the
oceans. This shows the importance of the insolation which is much larger at MIS-5 and
MIS-9 (even at MIS-11 and MIS-19) with boreal summer occurring at perihelion than in
the next future with boreal summer occurring at aphelion. By all means, this sensitivity
of climate to the latitudinal and seasonal distribution of insolation must be kept in mind
for the climatic projection at the century-millennium time scales.
These results underline the diversity of the warm climates of the past one million years
and therefore the potential but also the difficulty to find exact analogues for our
interglacial and its future.
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A Mössbauer spectroscopy investigation of Al-doped goethite.
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Abstract: Goethite (alpha-FeOOH) is one of the thermodynamically most stable iron
oxides at room temperature. Its occurrence in nature results from direct precipitation of
iron or as end product of many transformations. It is an antiferromagnetic phase below
its Néel temperature (TN) at 400 K, and the presence of isomorphic substitution of
foreign ions such as Al and Ni is reported to reduce TN. This work was focused on
investigating the magnetic properties of aluminum-doped goethite in order to get a
better understanding of the contribution of aluminum substitution to the magnetism of
goethite. Two batches of samples were synthesized with different aluminum
substitution (0, 5, 10, 15%) and different aging temperatures (7, 24, 70oC). The Algoethite was obtained by mixing the constituents in a high alkalinity solution, and
leaving it to age for 16, 22 and 35 days. Mössbauer spectroscopy data was collected at
room temperature and 4.2 K, and a MPMS magnetometer was used to obtained
hysteresis loops in the temperature range of 80 K – 300 K and curves of magnetization
vs. temperature.
Our results from Mössbauer spectroscopy indicated that the aluminum content and the
different aging temperatures may be related to decreased particle size. Another
interesting feature suggested by the decrease of the magnetic hyperfine field and the
lowered Néel temperature is the presence of poorly crystallized goethite particles. More
work is necessary to gain a better understanding of the role of aluminum, and if its
contribution could be associated as a coating agent on the goethite particle instead of
iron replacement.
Keywords: goethite, Mössbauer spectroscopy, magnetization.
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Figure 1: Mössbauer spectra at 300 K show the contribution of doublets and sextets
indicating the presence of superparamagnetism and magnetic order, respectively.
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Effect of magnetic anisotropy on remanent magnetization in
the Bjerkreim Sokndal Layered Intrusion, Southern Norway.
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Abstract: Magnetic anisotropy can affect the direction and intensity of magnetization,
with important consequences for e.g. paleomagnetic studies or the interpretation of
magnetic anomalies. Natural remanent magnetization (NRM), and anisotropy of
magnetic susceptibility (AMS), have been measured on ca. 500 samples from the
Bjerkreim Sokndal layered intrusion (BKSK), Southern Norway. In addition, anisotropy
of anhysteretic remanence (AARM), and anisotropy of partially demagnetized
isothermal remanence (ApIRM) have been measured on a selection of these. The BKSK
follows a synform structure, and thus different orientations of mineral and magnetic
fabrics are observed in different locations of the intrusion. Both AMS, and AARM
where significant, reflect the mineral fabric; the minimum susceptibility or anhysteretic
remanence are generally normal to the macroscopic foliation, or parallel to the
orthopyroxene [100] direction. The AMS is dominated by magnetite where it is present,
and carried by a combination of pyroxene and hemo-ilmenite exsolutions within
pyroxene in magnetite-free samples. The NRM is deflected towards the maximum
susceptibility or maximum anhysteretic remanence with respect to the mean paleofield
as defined by Brown and McEnroe (2015). Therefore, the direction of the NRM changes
simultaneously with the orientation of the mineral and magnetic fabrics. The MCU IVe’
layer is of special interest due to the strong negative anomaly it creates. In this layer, the
NRM is strongest where it outcrops in the south, and decreases northwards. This is
related to a combination of the concentration and grain size of the magnetic minerals in
the rock, magnetite and hemo-ilmenite, and magnetic anisotropy. A more thorough
understanding of the interplay between mineralogy, mineral and magnetic fabrics, and
the direction and intensity of NRM will help to better interpret the strong magnetic
anomalies associated with some layers of the BKSK, or other remanence-dominated
anomalies in deformed rocks.
Keywords: magnetic fabric, AMS, AARM, NRM deflection, layered intrusion.
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Revision of the secular variation curve in Mexico for the last
50,000 years.
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Abstract: Tracking changes occurring in the earth’s magnetic field (EMF), known as
paleomagnetic secular variation (PSV), has become a key objective for paleomagnetists
over the last few decades, in particular including paleointensities. While Mexico
presents excellent opportunities to study PSV in volcanic rocks and archaeological
materials, available data are still scarce. The last compilation of PSV data from lavas is
given by Böhnel and Molina-Garza (2002) and was used to construct a preliminary PSV
curve for Mexico during the last 40 Ka. Since that time age data for volcanic rocks
became available, which allow to update PSV curves. The present study provides new
full vector geomagnetic field record for the last 50,000 years from 33 well dated lava
flows located within Central Mexico. These data have been selected in two ways: 1)
published paleodirections and paleointensities are evaluated for their credibility, 2)
previously published age data as used by Böhnel and Molina-Garza (2002) will be
revised using new information.
Keywords: paleomagnetic secular variation, Mexico, Late Quaternary.
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Magnetic biomonitoring of particulate pollution in the city of
Montpellier (France): The relative contribution of vehicles
and trams.
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Abstract: This study can be described as a community-based participatory research
project in which a local association advocating for the construction of a new tramway in
the city of Montpellier (France) asked us to evaluate the relative contribution of
vehicles- and trams-derived air pollution. Scientific research conducted in partnership
with civil society is a concrete tool to address societal challenges such as the adverse
health effects of exposure to fine-grained pollutant particles. In the present partnership,
about 60 civil volunteers contribute to data collection at unprecedented spatial
resolution by sampling roadside tree leaves that play the role of passive collectors of
particulate pollution in urban area. There is no industry in the city and around
Montpellier. However, with about 450,000 inhabitants, air pollution from traffic can be
significant. Our approach is based on measurements of the magnetic properties of the
particulate matter deposited on leaves. Rapid and inexpensive, such measurements
allow a large number of analyses (i.e., up to several hundred in few days depending on
the magnetic parameter measured). Air quality biomonitoring using urban trees is a
known practice for environmental monitoring. Among all the techniques used, the
magnetic approach is seldom employed. Yet, since the pioneering work by Matzka and
Maher (1999) a number of studies have shown that the magnetic biomonitoring is a
robust technique for quantifying the pollution particles produced by combustion and/or
abrasion processes, toxic metals (Maher et al., 2008), and ambient concentrations of
PM10 levels (Mitchell et al., 2010). In the present study, we will present the results
obtained from a magnetic biomonitoring carried out during six months (from December
2015 through May 2016) on different urban evergreen trees species (Quercus ilex,
Nerium oleander, Elaeagnus xebbingei, Viburnum Tinus, Hedera helix). A magnetic
biomonitoring at high temporal resolution was carried out during the spring. Beyond the
primary issue that is to evaluate the relative contribution to air pollution of vehicles and
trams, we wish to evaluate to what extent the studied tree species within different urban
environments can significantly improve urban air quality.
Keywords: magnetic biomonitoring, particulate matter, urban traffic, environmental
quality.
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Figure 1: Example of studied station where Quercus ilex are facing the road and are
facing the tramway.

Figure 2: Preliminary measurements of Isothermal remanent magnetization acquired at
400 mT from about 15 leaves of Quercus ilex collected on several adjacent trees
collected in pedestrian zone (background, green), along the tram side (orange) and along
the road side (red).
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Urban green as indicator of metal pollution.
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Abstract: Among air pollutants, particulate matter (PM) poses the greatest risk to
human health. Throughout Europe, a network of air monitoring stations provides
continuously gravimetric-based concentrations of atmospheric PM. However, its
chemical composition is often neglected. Moreover, the spatial resolution of these
conventional air monitoring stations is too low to properly monitor the high spatial
variability in atmospheric PM exposure within urban environments. Urban vegetation
can play herein an important role as pollution bio-indicator, as it provides a natural
surface for deposition and immobilization of small airborne particles. The use of e.g.
plant leaves as passive urban PM collectors submitted to magnetic analyses, provides a
robust and cost-effective PM monitoring, as an alternative and complement to the
conventional air monitoring systems. Several studies confirmed the saturation
isothermal remanent magnetization (SIRM) of leaves to be a suitable magnetic bioindicator to investigate PM pollution at high spatial resolution as correlations were
found between leaf SIRM and e.g. cumulative atmospheric PM concentrations (Hofman
et al., 2014) or PM mass (Mitchel and Maher, 2009; Muxworthy et al., 2003). Because
this methodology is rapid and inexpensive, it can be used to identify and delineate highpolluted areas in urban environments (Moreno et al., 2003). However, particle analysis
such as in terms of composition and size should not be overlooked, as these factors
closely influence the PM effects on human health, and may be decisive for source
attribution purposes.
In this study, SIRM-magnetic analysis and scanning electron microscopy (SEM-EDX)
were used to investigate PM deposition on plant leaves collected from different land use
classes in the city of Antwerp, Belgium. Ivy leaves were collected from a forested area,
a rural area, an urban area next to a high trafficked crossroad, an industrial complex and
next to a train line. SEM-EDX was applied to ca. 40 000 leaf-deposited particles (Figure
1) to estimate the elemental composition per site, considering the adaxial and abaxial
leaf sides. The relation between leaf SIRM and the deposited metal content (Figure 2)
suggested that these particles are mostly source-dependent. Further research is to be
pursued on the comprehensive characterization of the main emission sources of urban
PM.
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Keywords: particulate matter; urban pollution; biomonitoring; magnetic properties;
scanning electron microscopy.

Figure 1: SEM images from the abaxial (left) and adaxial (right) leaf surface of ivy,
showing leaf-deposited particles (as in the delimited dashed white circles).

Figure 2: Plot of the mean leaf SIRM results against the estimated mean Fe content for
the different land use classes (F – forest; R – rural; RD – roadside; I – industrial; T –
train).
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Safyr7: Complex treatment of magnetic susceptibility data.
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Abstract: Safyr7 is a major update of already widely-used computer program for a
complex treatment of magnetic susceptibility data as acquired (not only) by several
generations of AGICO Kappabridges (KLY2-5, MFK1). The software treats both inphase and out-of-phase magnetic susceptibility data (if provided). The graphical user
interface is very simple and straightforward and consists of two tabs enabling to access
either "Instrument Control" or "Data Viewing" modes. The Instrument Control mode
includes measurements of anisotropy of magnetic susceptibility (using manual 15direction design, or automatic 1-axis, or 2-axis rotators) and its field dependence, or
bulk susceptibility and its field or temperature dependence. The Data Viewing mode
visualizes and processes the acquired data according to the respective mode of data
acquisition. For anisotropy data, the principal directions of anisotropy tensors are
calculated and visualized together with the quantitative anisotropy parameters, and
mean tensors and their confidence ellipses are calculated. Bulk susceptibility data are
presented in a pivot table in which various frequency dependence parameters are
calculated (if multiple frequency data are available) and visualized in a log plot,
histogram and parameter inter-correlation plot. The field and temperature dependence
data are visualized as respective curves and various quantitative parameters are
calculated. Each graphical output can be exported into vector or raster graphical formats
or, via clipboard, pasted directly into a presentation or publication manuscript.

Keywords: magnetic susceptibility, anisotropy of magnetic susceptibility, field
dependent susceptibility, frequency dependent susceptibility, temperature dependent
susceptibility.
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First-order reversal curves and principal component analysis
of bulk rock and cloudy plagioclase separates from the
Bushveld layered intrusion.
Nathan S. Church1, Suzanne A. McEnroe1, Christian Tegner2
NTNU, Trondheim, Norway
University of Aarhus, Denmark
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Abstract: The gabbro-norites of the Bushveld layered intrusion, South Africa, have
been shown to contain highly stable remanence carriers, attributed to abundant
elongated oxide particles exsolved from the silicate phases (e.g. Hattingh, 1986).
However, these phases – here primarily plagioclase grains 'clouded' by abundant
magnetite needles – are not the only candidates for stable and strong magnetic
recorders. Many cumulate layers contain co-existing magnetite grains with a variety of
microstructures, including oxy-exsolution of ilmenite and spinodal decomposition of
ulvöspinel. Such microstructures have been found to enhance the stability and intensity
of remanence, but the contribution of the discrete oxides to bulk magnetic properties of
these rocks has not been investigated.
To observe the magnetic behaviour and discriminate between the phases, magnetic
mapping techniques of first-order reversal curves and nonlinear Preisach maps (Church
et al., in review) were applied to a suite of samples from three sites in the eastern
Bushveld Complex. The samples include both bulk rock and plagioclase mineral
separates, allowing the signature of exsolved magnetite in the silicate to be isolated.
Principal component analysis (Lascu et al., 2015) of the bulk samples was used to
unmix this signal from that of the other magnetic phases.
The mapping techniques indicate that the magnetite needles in plagioclase are
responsible for the highest-coercivity signal, but that the discrete oxides with exsolution
microstructures may also exhibit coercivities up to 200 mT. Those samples containing
submicron magnetite with ulvöspinel exsolution preserve natural remanent
magnetisation values that are unusually strong even for ultramafic cumulates. The
results, while providing further evidence confirms that magnetite needles in silicates are
exceptional paleomagnetic recorders, also suggest that the coexisting oxides may also
be effective magnetic carriers on a geologic timescale.
Keywords: Bushveld layered intrusion, cloudy plagioclase, first-order reversal curves,
oxide exsolution.
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Paleomagnetic investigation of J-K boundary in Kurovice
(Czech Republic).
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Abstract: Sedimentary rocks of Jurassic-Cretaceous age from Kurovice quarry are one
of the key study materials for the first year of the new research project “Integrated
multi-proxy study of the Jurassic-Cretaceous boundary in marine sequences:
contribution to global boundary definition”. This research combines
magnetostratigraphy, biostratigraphy, geochemistry and sedimentology in order
to provide detailed record of the last boundary without global stratotype and thus find
suitable combination of biostratigraphic zonation with global magnetoevents. The
Kurovice section belongs to the Magura Group of Nappes within Carpathian Flysch
Belt. Rocks of the interest comprise of Kurovice limestones and overlying Tlumačov
marlstones in medium to thick beds. Fossil record consits of calpionellids, foraminifers,
radiolarians, calcareous nannofossils, dinoflagellate cysts, aptychi, rhyncholites
of nautiloids and rare belemnites. The calpionellid zones, ranging from
the Crassicollaria to Calpionella elliptica zones (Eliáš et al. 1996) may be correlated
with the M20 to M18 interval.
Pilot samples, collected in 2013 and 2014, were subjected to various rock-magnetic and
paleomagnetic measurements: acquisition of remanent magnetization, thermal and
alternating field demagnetization, including goethite elimination using preheating
followed by alternating field demagnetization. The results of 58 studied samples
revealed very low remanent magnetization (average = 0.15 mA/m) and susceptibility
(average = 14.8 SI×10-6). Acquisition of remanent magnetization suggests presence
of weak and strong coercivity fractions (see Fig. 1.). Both magnetic polarities are
present in characteristic remanent magnetization (component C) with highly scattered
mean direction. After tilt correction (dip of the strata 30 – 50°) the recorded data hold
normal (D = 201°, I = 41.5°, α95 = 9.7°, 25 samples) and reverse (D = 15.1°, I = -69.8°,
α95 = 12.5°, 16 samples) polarities carried in temperature range of 200 – 440°C and field
range of 20 – 50 mT. The thermal demagnetization proved to be more convenient
method as expected for limestones. The paleolatitude (ca. 35° N) and site rotation (ca.
150°) counterclockwise is in agreement with that obtained from the Brodno section
(Houša et al. 1999).
Detailed sampling of 75 m long profile, conducted in May 2016, will provide more
material for further analysis. This research is supported from the Institute of Geology
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of the CAS, v.v.i. RVO67985939 and The Czech Science Foundation GAP
210/16/09979.
Keywords: Kurovice, Jurassic-Cretaceous boundary, paleomagnetism, rock-magnetism

Figure 1: Examples of alternating field (AF) and thermal demagnetization (TD): Left –
stereographic projection; middle – Zijderveld diagram; right – magnetization plot or
susceptibility plot or acquisition/demagnetization of saturation remanent magnetization.
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Low-temperature magnetism to characterize iron mineral
transformations in a progressing oxidation front in Early
Pleistocene fluvial clay.
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Abstract: Because of their low permeability, clay-rich sedimentary formations are
considered as potential host rocks for the disposal of radioactive waste. Disposal
facilities are thus designed taking into account the very low permeability and high
sorption capacity of clay-rich strata. In general, after their deposition, the clay-rich
layers have been exposed to reducing conditions during (early) diagenesis and contain
redox sensitive Fe minerals which might become oxidized during construction and
operation of the disposal facility.
Oxidation of Fe minerals, in turn, might affect the properties of the host clay regarding
the retardation of radionuclide migration. Because iron is redox-sensitive, studying its
speciation provides insight into the prevailing redox conditions. Further, quantification
of the various Fe-phases gives clues to which extent actual Fe-migration in the course of
changing redox conditions might have occurred. Here, we report on the Fe speciation
along a progressing redox front in an Early Pleistocene fluvial clay. Samples were
collected from a vertical transect perpendicular to an oxidation front at the Maalbeek
quarry (Tegelen, the Netherlands). The fluvial clay is presently covered by
unconsolidated sand. However, there is an hiatus of ~1 Myr or even longer between the
clays and the sand. The current redox front with the oxidized layer on top and the
reduced layer below could be a composite of present-day influx of oxic meteoric waters
and the relicts of ancient oxidation that has occurred during the sedimentary hiatus.
Eighteen samples were processed from the transect over the redox front. Further, some
samples from a parallel section were included as well as two samples from siderite
concretions. The samples were subjected to a combination of geochemical,
mineralogical and magnetic techniques to characterize and quantify the iron minerals.
Techniques included XRD, several sequential extractions to allocate Fe to various
mineral phases according to a scheme modified after Claff et al. (2010), and X-ray
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absorption spectroscopy. Here we will focus primarily on the magnetic properties of the
samples: we will discuss acquisition curves of isothermal remanent magnetization
(IRM) and low temperature data acquired with a magnetic property measurement
system (MPMS). In general, acquisition of remanent magnetization in samples from
below the oxidation front was higher than in samples above the oxidation front.
Deconvolution of the IRM acquisition curves indicates that a ferrimagnetic phase, with
a coercivity that is unusually high for magnetite, accounts for the majority of the
obtained magnetization in un-oxidized samples. Presence of authigenic, acicular
magnetite might explain this observation.
Changes in magnetic properties at low temperature with the MPMS turned out to be a
valuable indicator for detecting and quantifying siderite, which has a Néel temperature
of around 35 K. Quantification of siderite was performed with a series of mixtures with
known siderite content. Siderite can be quantified with magnetic means down to
concentrations below 0.5%. It shows a pronounced Hopkinson peak just below 35 K
enabling its detection. The applied magnetic methods were particularly useful for
measuring magnetite and siderite. These minerals were difficult to be detected with the
other techniques but are of particular interest in the context of radioactive waste
disposal due to their reactivity towards radionuclides.
Keywords: siderite, magnetite, IRM component analysis, MPMS low temperature
measurements.
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New duration constraints for the Lochkovian and Pragian
Stages (Lower Devonian) from sections in the Prague
Synform (Czech Republic).
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Abstract: Perhaps unavoidably, the uncertainty associated with geological stages
becomes larger when going further back in time. In the Cenozoic, stages are well
constrained in age; in the Paleozoic Era typical uncertainties are around a few millions
of years. The Early Devonian stages in particular suffer from rather poor age control;
uncertainties concerning their duration range between 2.5 and 4.2 Myr. Unravelling
orbital cycles from sedimentary successions is a very powerful chronometer to test and,
where appropriate, improve age models. Here, we focus on the Lochkovian and Pragian,
the two lowermost Devonian stages. High-resolution magnetic susceptibility (χin) and
gamma ray spectrometry (GRS) records with sampling intervals of about 10 cm were
obtained from two limestone sections, both in the Czech Republic: Požár-CS (~130 m,
spanning the Lochkov and Praha Formations) and Pod Barrandovem (~170 m; Praha
Formation). An additional section (Branžovy, ~110 m, Praha Formation) was sampled
for GRS in lower resolution (sampling interval ~50 cm). χin variations appear to be
driven by variations in the samples’ paramagnetic clay mineral content, i.e. they reflect
detrital input variations. This inference is supported by the strong similarity of in and
GRS records. Therefore, climatic variations are very likely captured in our records.
We apply several spectral analysis techniques (Continuous Wavelet Transform,
Evolutive Harmonic Analysis, Multitaper Method and Average Spectral Misfit) to reach
the best astronomical interpretation possible. The Požár-CS section appears to show
distinctly varying sedimentation rates, which forced us to subdivide the record into six
intervals with similar sedimentation rate. Two intervals have particularly low
sedimentation rates of < 0.3 cm/kyr, one of them in the Lochkovian and the other in the
in the upper part of the Praha Fm. (in its Emsian portion). The whole Požár-CS section
is interpreted to include a total of 33 long eccentricity cycles (405 kyr) constraining its
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duration to ~13.3 Myr. The Lochkovian or Lochkov Fm. includes a total of 19 long
eccentricity cycles constraining its duration to 7.7 ± 2.8 Myr. Because of the interval
with very low sedimentation rate the uncertainty of its duration is still rather large but
considerably smaller than current (GTS 2012) estimates: our new estimate reduces the
uncertainty by a factor of 2.5.
The Praha Fm. includes 14 long eccentricity cycles in all three sections constraining its
duration to 5.7 ± 0.6 Myr. The Pragian Stage is much shorter and lasts about 4 long
eccentricity cycles, with a duration of 1.7 ± 0.7 Myr. The precision of the floating time
scale is much better: its uncertainty is ~8 times smaller than the GTS 2012 estimate.
Keywords: High-resolution geological time scale, Lower Devonian, Pragian synform,
astronomical tuning.
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The multispecimen paleointensity protocol.
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Abstract: This century has seen a considerable improvement in paleointensity
methodology. Classic Thellier-style protocols were optimized by the so-called IZZI
approach; sets of more consistent quality criteria were adopted. Microwave excitation as
an alternative to classic thermal treatment was developed and systems with reproducible
microwave power transmittance now exist enabling pTRM checks incorporated in
microwave paleointensity protocols. Attention was paid to sample pre-selection criteria
in order to carry out the actual paloeintensity experiment on the most suited sample
material thereby enhancing the success rate. Further, non-heating paleointensity
methods were calibrated and the multispecimen paleointensity (MSP) protocol was
introduced. The MSP approach circumvents the single domain (SD) criterion that is
inherent to most paleointensity protocols, in principle attractive because rocks with
mostly or ideally only SD particles are rare. Here we sketch our current view on how to
carry out an optimal MSP experiment. The workflow is based on our experience with
historic lavas from four volcanic edifices: Mt. Etna, Hawaii, the Canary Islands, and the
Azores.
As with all paleointensity experiments the NRM must be a TRM. Further directional
overprints should not be present; otherwise the lining up of specimens parallel to the
furnace field is pointless. An MSP experiment is carried out at a single temperature
selected to avoid thermochemical alteration. Several specimens are heated and cooled in
various applied furnace fields oriented parallel to the specimen’s NRM. They are heated
only once to avoid magnetic history effects that occur in non-SD particles. The furnace
field value at which no change in NRM occurs is the paleofield. While the rationale of
the MSP approach is surprisingly straightforward, some of the original claims (Dekkers
and Böhnel, 2006) are by now shown to be untenable. This pertains to the claimed
domain state independence in the original MSP method. The Fabian and Leonhardt
(2010) extended protocol largely corrects for domain state effects as shown by their
experiments with laboratory-imparted full TRMs serving as the NRM: by introducing
three additional steps it is possible to charter domain state effects. Fabian and Leonhardt
(2010) also pointed out that an alteration check can be built-in in the procedure as
potential thermochemical alteration might occur due to prolonged annealings at the
MSP temperature.
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By comparing the experimental outcome derived from historic flows with known
paleointensities we found that technically acceptable experiments may yield
overestimates, correct determinations, as well as underestimates of the paleofield. The
over- and underestimates can be substantial, up to over 50% of the expected outcome.
The so-called “ARM test” (de Groot et al., 2012) can distinguish between those three
options. Based on the analogy of TRM and ARM, this test compares ARM acquisition
curves of sister samples before and after heating to the MSP experiment temperature.
The workflow of an MSP paleointensity experiment is as follows: 1) check for absence
of directional overprints in the NRM, 2) establish the temperature above which
thermochemical alteration occurs, 3) carry out the ARM test at one or more
temperatures below this alteration temperature, 4) carry out the actual MSP experiment
after a positive ARM test. Historic flows with a positive ARM test yield the correct
paleointensity, at least in our data base. Also simulated paleointensity experiments
following this workflow consistently deliver the correct answer (Monster et al., 2015).
Keywords: absolute paleointensity, historic lava flows, multispecimen method, ARM
test.
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Paleo – and rock-magnetism of the Lower Triassic rocks from
the Hornsund – Sørkapp area, Spitsbergen.
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Abstract: Rock samples were collected from 13 sites of the Lower Triassic Vardebukta
Formation from the Hornsund – Sørkapp area in the southern part of West Spitsbergen
Fold and Thrust Belt (WSFTB). The aim of this study was to recognize the secondary
magnetization directions and correlate them with possible WSFTB related tectonothermal and/or fluid migration events. The AMS method was also employed to
recognize the magnetic fabric in the sites and identify the orientation of the paleostress
pattern imposed during the formation of the WSFTB.
The rock compositions of the examined sites vary from siltstones with minor amount of
carbonates in the southern part of the study area to almost pure carbonates further to
north. The magnetic susceptibility amongst the sites was found to vary over a 20 –
400×10-6 SI range. The results of the magnetic susceptibility vs. temperature and
analyses of the hysteresis parameter suggest that the magnetic susceptibility is
controlled mainly by the paramagnetic minerals, except of site Cond1, where the
ferromagnetic minerals predominate slightly. Although all investigated sites are
involved in the WSFTB, microscopic observations have revealed no significant
deformation in the samples. However, a small tectonic imprint was preserved in the
magnetic fabric and a considerable variation in the shape of the AMS ellipsoids was
noted. A normal magnetic fabric of sedimentary origin was detected in ten sites in
which a strong foliation parallel to the bedding plane is present. Most of the sites also
show a NNW-SSE orientation of the magnetic lineation. This feature was interpreted to
be related to the orientation of the maximum tectonic strain, which is roughly parallel to
the regional trend of the WSFTB. The three other sites possessed mixed and inverted
fabrics that were attributed to the occurrence of iron-bearing carbonates (siderite).
The preliminary NRM results suggest that magnetite and pyrrhotite are the main carriers
of the magnetic remanence. The sampled rocks record several NRM components with
partially overlapping unblocking temperatures in the low – (LTC), medium- (MTC) and
high – temperature (HTC) component ranges. It is concluded that the mediumtemperature component, carried by pyrrhotite, is of pre-folding origin and records most
probably a Triassic remagnetization event. In turn, the HTC recorded by magnetite was
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recognized to be of post-folding origin and may be associated with remagnetization
episodes related to the formation of the WSFTB
Keywords: paleomagnetism, AMS, West Spitsbergen Fold–and–Thrust Belt,
paleotectonic stress

Figure 1: Examples of the AMS results in investigated sampling sites. Stereographic
diagrams show the results before the tectonic correction; Km – mean magnetic
susceptibility, T-shape parameter, P-anisotropy degree. The red line on the schematic
map of Spitsbergen indicates the main trend of the WSFTB.
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Physical Aspects of Application of Magnetic Nanoparticles in
Magnetic Hyperthermia for Tumor Therapy.
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Abstract: Medics have known of the healing effect of heat for a long time. About 150
years ago it was found that tumors cease to grow for temperature above 42 °C whilst
healthy tissue is not affected by such temperatures. Magnetic particle hyperthermia
(MPH) enables local heating by embedding the heating source (magnetic particles) into
the tumor tissue and heating it by using an external alternating magnetic field. This
means a clear advantage of MPH therapy compared to other heating techniques with
respect to localization of heat. In this contribution, a critical view on the state of the art
of magnetic particle hyperthermia as a minimal invasive tumor therapy is presented. On
the basis of current knowledge from the literature and own investigations of treating
cancer by thermal damaging, this talk elucidates possibilities, prospects, and challenges
for establishment of MPH as a standard medical procedure. Magnetic principles of
heating mechanisms are discussed with respect to the optimum choice of nanoparticle
properties and applied magnetic field. In particular, the relation between
superparamagnetic and ferrimagnetic single domain nanoparticles is clarified in order to
choose the appropriate particle size and size distribution. The role of particle mobility
inside the tissue for the relaxation path is discussed. This knowledge of the effect of
particle properties for achieving high specific heating power provides necessary
guidelines for development of nanoparticles tailored for tumor therapy.
Keywords: ferrimagnetism, hyperthermia, hysteresis, reversal losses.
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The use of magnetic method to study the spread of air
pollution accumulated in passive samplers.
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Abstract: The aim of the project is to design the passive traps of pollution, that
effectively accumulate in particular traffic pollution and their composition corresponds
to properties of soils occurring near the streets. The magnetic methods were
successfully used to evaluate the level of air pollution. This methods are based on
investigation of magnetic properties of pollution such as magnetic susceptibility,
parameters of hysteresis loops and temperature-dependence of magnetic parameters etc.
The studied material was model soil profiles which composition and the structure well
corresponds to the soil structure in urban areas which is differ from agricultural,
industrial and anthropogenic unchanged ones. An urban soil is a mixture of naturally
occurring soils and the components supplied in the construction of roadsides, parks,
squares, green belts as well as ingredients such as sand with different granulometry, the
layers of peat and rubble which proportions and manner of use depend on the
destination of the formed soil.
To verify the usefulness of the method preliminary studies was conducted. These
laboratory tests involved the preparation of five types of passive samplers differ in
proportion of peat and sand with variable grain size. The mixtures were placed in the
PVC pipes and were dig into the ground for 12 months. The places were chose
according to the intensity of vehicle traffic. After one year exposition the magnetic
parameters, content of heavy metals and physico-chemical properties were measured
and compared to background values obtained at the beginning of the exposition period.
These tests allow evaluating which components are the most effectively accumulate the
traffic-related pollution.
The other stage of preliminary studies was to collect 240 samples of street dust in
Warsaw in order to create the map of spatial distribution of magnetic susceptibility. The
map was useful to selection of locations for new collection of passive samplers (27
areas).
In order to evaluate and direct comparison the local level of pollution the model profiles
were placed in different parts of the city with various (intensity) level of pollution. The
surface layers of passive samples shows the distribution of magnetic susceptibility (χ) in
wide range of 40–160 × 10−8 m3 kg−1, while the initial value of χ(BG) was ~2 m3 kg−1.
The measurements of heavy metal content showed that the contribution of iron is up to
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300 times higher (max. ~6000 mg/kg dry matter, initial value (BG) ~200 mg/kg dry
matter), chromium up to 14 higher (max. ~43 mg/kg dry matter, initial value (BG) ~3
mg/kg dry matter), cuprum up to 600 times higher (max. ~ 600 mg/kg dry matter initial
value (BG) ~1 mg/kg dry matter). The most common mineralogical component is fine
grained magnetite with significant contribution of pure iron. The study showed that the
distribution of magnetic susceptibility of dust from passive samplers correlate with the
intensity of magnetic susceptibility of street dust taken from the road surfaces in
Warsaw. After 12 months exposition the passive samplers showed significant growth in
the contents of heavy metals and magnetic susceptibility.
This work was supported by National Science Centre (NCN), project No. UMO2013/11/N/ST10/01767.
Keywords: magnetic method, magnetic susceptibility, soil pollution, transport
pollution.

Page 33 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

The magnetic properties of granulometric
fractions of street dust from Warsaw.
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Abstract: The aim of this study is to identify the variations of the magnetic properties
and the chemical composition of different granulometric fractions of street dusts
collected at four locations in Warsaw: a city center, a suburb, near the tramline and a big
crossroad. The study material was chosen on the basis of map of spatial distribution of
magnetic susceptibility of street dust. The map was the result of magnetic susceptibility
measurements for 240 locations in Warsaw (Poland). Data show a distribution of
magnetic susceptibility in the wide range of 80–1000 × 10−8 m3 kg−1. Comparison of
magnetic parameters shows that the street dust contains the pollution characteristics for
air and soil. The samples were characterized by uniform magnetic mineralogy, typical
for fine-grained magnetite, in a grain size range between pseudo-single-domain and fine
multi-domain, with a small contribution from ultrafine superparamagnetic particles (χfd%
∼2-3.5 %). The street dust contains, as usual for the urban areas, spherical magnetic
particles produced by fossil fuel combustion processes and mixture of irregular angular
iron-oxides grains containing other elements.
The granulometric fractions of street dust samples were obtained by the mechanically
sieve using the laboratory shaker with a standard sieve set (0.5 mm, 0.25 mm, 0.1 mm
and 0.071 mm). The magnetic susceptibility and the hysteresis loops parameters of the
granulometric fractions were analyzed in detail. The results show that (i) magnetic
properties of the street dusts are significantly influenced by their grain-size; (ii) the
magnetic susceptibility of the finest fraction (d <0.071 mm) is about 2 times higher than
the coarsest fraction (d>0.5 mm) for all the locations and (iii) the coarsest fractions (0.5
and 0.25 mm) have the highest values of coercivity. The temperature variation of the
temperature variations of induced magnetization and of the magnetic susceptibility
revealed that the main magnetic mineral, for all the fractions, is almost stoichiometric
magnetite. Moreover, the finest fractions (d=0.1 mm, 0.071 mm and d<0.071 mm)
additionally contain magnetic minerals with a Curie temperature about 765oC, probably
metallic iron. First Order Reversal Curves diagrams of granulometric fractions generally
pointed out a significant viscous component of magnetization, arguably carried by
multi-domain (MD) and/or superparamagnetic magnetic particles. The FORC’s
contours are very similar, probably the magnetic grain size is a mixture of singledomain (SD) to MD particles. The study of the magnetic properties of the street dusts
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can offer a significant contribution to their characterization, with interesting
implications on the definition of their environmental impact.
This work was supported by National Science Centre (NCN), project No. UMO2013/11/N/ST10/01767.

Keywords: magnetic method, magnetic susceptibility, street dust, transport pollution.
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Brick kilns as good recorders of the geomagnetic field.
S. Ech-chakrouni1 & J. Hus1
Centre de Physique du Globe de l’IRM, 1 rue du Centre Physique, B-5670 Dourbes
(Viroinval), Belgium
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Abstract: Several brick kilns were discovered during rescue excavations the last years
on the territory of Belgium in Asse, Aalst, Tournai, Landenne, Ieper, Ophasselt and
Veune (six brick kilns in 2015). These kilns were often large in size and rectangular in
shape with several fire channels and partly below the terrain surface. Although the nonfired bricks were piled up before firing, this resulted afterwards in a baked wall in the
parent material.
Brick constructions appear at the end of the 12th century in the coastal area along the
North Sea for monasteries and Churches and later in towns for the erection of city walls,
public buildings and finally for houses.
Brick kilns are difficult to date as they were erected extra muros for safety reasons
because of the risk of fire and because lack of artifacts related to the brick making that
can be dated or often missing (Hus et al. 2002. 2003). In some cases mineral coal was
used as fuel in the brick kiln and hence the 14C dating method could not be used.
Archaeomagnetic analysis of the ten kilns proved that brick kilns recorded the
geomagnetic field with high fidelity. The individual remanent magnetisation directions
are well grouped for most of the kilns with a high precision factor K (645 < K < 3776)
and high confidence level (α95<1.2°), guaranteeing high quality of the estimated
geomagnetic field directions and contribute to the secular variation of the field. The
archaeomagnetic age of all the kiln has been obtained to referring to standard curves of
the secular variation of the direction of the geomagnetic field during the last 3 ka for
France (Gallet et al. 2002) and applying RENDATE software (Lanos et al. 2005) and
distribute the ages between the 12th century and end of the 18th - beginning of 19th
century.
A14C dating on charcoal collected in Asse brick kiln confirmed the archaeomagnetic
dating obtained for baked clay. The archaeomagnetic results of this site may hence be
considered as reference data for the middle ages in Western Europe.
When baked bricks were still left in the abandoned kiln, the magnetic field recorded in
the undisturbed baked clay wall and floor can be compared with the record in baked
bricks. In two cases Tournai and Ieper sites, many pieces of non-oriented brick samples
were collected from the waste and infillings and their firing position and magnetic
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inclination determined and compared with the inclination of oriented brick samples. The
magnetic inclinations are similar in the both materials.
Also the intensity determinations of pilot specimens of each kiln support the idea that
brick kilns are good recorders of the geomagnetic field.
Keywords: Brick kiln, baked clay, high fidelity, geomagnetic field, secular variation,
C dating and field intensity.
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Fundamental models on sedimentary NRM acquisition
mechanisms.
Ramon Egli
Central Institute of Meteorology and Geodynamics, Vienna, Austria
Corresponding author: ramon.egli@zamg.ac.at

Abstract: Recent theoretical and experimental work on the role of bioturbation for
sedimentary records of the Earth magnetic field provided for the first time a unified
view of syn- and post-depositional processes responsible for the acquisition of natural
remanent magnetizations (NRM). In particular, it was proven that microbially-driven
diffusion is the key factor controlling the randomization of an initially acquired detrital
remanent magnetization (DRM) and the approach to a new equilibrium through a postdepositional remanent magnetization (PDRM). The surviving DRM fraction, as well as
the depth and consequent time delay of PDRM acquisition, is regulated by a relatively
simple parameter that quantifies the extent of diffusive particle reorientation during the
time required to cross the topmost sediment layers affected by bioturbation. Here, I will
discuss further aspects governing the final NRM intensity and their relation to the
physical properties of sediment and to environmental parameters. This “absolute
relative paleointensity” approach is helpful for rationalize possible mechanisms
responsible for the introduction of environmentally driven relative paleointensity
artifacts. Even if absolute paleointensity determinations on sediment are far from being
realizable, this approach provides clues for identifying possible environmental proxies
that can be used to improve sedimentary paleomagnetic records.
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The use of FORC diagrams in environmental magnetism:
recent developments.
Ramon Egli
Central Institute of Meteorology and Geodynamics, Vienna, Austria
Corresponding author: ramon.egli@zamg.ac.at

Abstract: First-order reversal curve (FORC) diagrams have proven to be a valuable tool
for characterizing magnetic minerals in geologic materials, especially when ambiguous
mixtures of two or more magnetic components need to be resolved. For instance, they
have provided one of the key tools for proving the widespread occurrence and
preservation of magnetofossils in sediments. Until very recently, FORC diagrams have
been used in a qualitative manner for distinguishing magnetic contributions according to
the domain state of the associated particles. However, the large amount of information
provided by high-resolution FORC measurements enable fully quantitative analyses,
and, at least in some cases, a precise numerical separation of magnetic components (e.g.
authigenic vs. detrital/aeolic contributions). In combination with micromagnetic models,
FORC measurements can also resolve controversial interpretations about the biogenic
origin of single-domain magnetite particles, for instance in sediments from the Paleocene-Eocene thermal maximum. Key examples will be discussed on the basis of results
obtained with the VARIFORC processing software.
http://www.conrad-observatory.at/zamg/index.php/downloads-en/category/3-variforc
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Preliminary rock magnetic and paleomagnetic investigations
across J/K boundary in St Bertrand, France.
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3
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Poland
1
2
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Abstract: A new research project to study the Jurassic-Cretaceous (J-K) boundary was
launched in the beginning of 2016. The project comprises of magnetostratigraphic and
biostratigraphic investigations of several marine sequences across the Europe in order to
determine the boundaries of magnetozones and narrow reverse subzones, and thus
contribute to global definition of J-K boundary. One of the key locations of this research
is St Bertrand's Spring in France. St Bertrand is a part of Vocontian depositional basin
which extends across Languedoc and Provence with an elongation northwards until
Lake Geneva. A sequence of deeper-water pelagic and hemipelagic sediments with
occasional marginal marine or terrestrial Purbeck facies, including evaporites, occurs in
the upper Jurassic to lowest Cretaceous (Wimbledon et al. 2013).
Pilot sampling of St Bertrand locality has been carried out. A series of rock magnetic
measurements, such as magnetic susceptibility and its temperature dependence as well
as natural and isothermal remanent magnetizations (NRM and IRM, respectively),
combined with paleomagnetic investigations are conducted. The results show mainly
dia- and paramagnetic behavior of magnetic susceptibility and low NRM for
St Bertrand's samples. Preliminary paleomagnetic results reveal the presence of three
main polarity zones: two normal and reversed. The acquisition of remanent
magnetization shows the presence of two (≤ 100 mT and > 2 T; Fig.1) magnetic
fractions: the first is typical for magnetite while magnetically strong fraction can
correspond to either goethite or hematite.
This research is supported by the Czech Science Foundation GAP grant 210/16/09979.
Keywords: Rock magnetism, paleomagnetism, Jurassic-Cretaceous boundary, St
Bertrand's Spring.
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Figure 1: Example of alternating field demagnetization and acquisition of saturation
remanence. Top - stereographic projection (left) and Zijderveld diagram (right); bottom
– intensity decay curve (left) and acquisition/demagnetization of saturation remanent
magnetization (right).
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Calculating micromagnetic energy barriers with MERRILL.
Karl Fabian1, Wyn Williams2, Valera P. Shcherbakov3, Lesleis Nagy2
Geological Survey of Norway, Norway
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3
Geophysical Observatory 'Borok', Russia
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Abstract: MERRILL (Micromagnetic Earth Related Rapid Interpreted Language
Laboratory) is a script controlled open source code for applying micromagnetic
modeling to rock magnetic problems. It was developed by the first two authors and is
named in honour of Ronald T. Merrill, who was one of the first geophysicists who
systematically applied micromagnetic modeling to rock magnetism. MERRILL
performs micromagnetic energy calculations, based on a boundary-element method, for
arbitrary particle shapes. It requires:
1) The particle geometry (e.g. a cube or octahedron) as a tetrahedral mesh. Ready to use
meshes are provided together with MERRILL, but arbitrary meshes can be loaded. 2)
Material parameters of the magnetic material to be modeled and the scaling constant
determining the particle size. Material properties for common natural magnetic minerals
can be directly accessed. 3) To visualize the resulting output files, MERRILL easily
interacts with the open-source 3D viewer ParaView.

Figure 1: Energetically optimal thermally activated switching transition from a zaligned vortex state (1) to a y-aligned vortex state (6) during a hysteresis loop with
increasing field in y-direction. Colors indicate y-component of the magnetization
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vectors (red = field aligned). Calculations were performed with MERRILL,
visualization with ParaView.
Here we introduce the additional option to calculate micromagnetic energy barriers that
makes MERRILL a cutting edge research tool for studying viscous magnetization
changes or thermal activation in natural magnetic nanoparticles (Figure 1).
The micromagnetic background of this method is a fast relaxation algorithm for finding
optimal transition paths between local energy minima in a finite element threedimensional micromagnetic model. It combines a nudged elastic band technique with
action minimization. Initial magnetization paths are obtained by repetitive
minimizations of modified energy functions. For octahedral pseudo-single domain
magnetite particles, all different local energy minima are identified and all optimal
energy barriers between them are numerically calculated for zero external field. These
results allow to estimate energy barriers in weak external fields, and to construct time
dependent transition matrices which describe the continuous homogeneous Markov
processes of VRM acquisition and decay.

Keywords: Micromagnetic modeling, rock magnetism, viscous magnetization.
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Magnetic properties of natural pyrrhotite: Superstructures,
microstructures and phase transitions.
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Abstract: Pyrrhotite is a non-stoichiometric magnetic iron sulfide of composition
Fe1-xS with x < 0.125. It occurs widespread in Earth’s crust and significantly contributes
to its magnetization. At room temperature two pyrrhotite types can be distinguished:
monoclinic ferrimagnetic 4C-pyrrhotite Fe0.875S and ‘hexagonal’ antiferromagnetic NCpyrrhotite Fe0.88-0.92S. 4C-pyrrhotite has a well-defined composition and crystal
structure, but NC-pyrrhotites strongly vary and show complex crystallographic
superstructures that arise from the ordering of vacancies on Fe lattice sites. In both
varieties the ordering of Fe vacancies determines the magnetic properties, but exact
mechanisms, especially in case of NC-pyrrhotites, are not well constrained. Little is
known about the nature of the Besnus transition near 30 K, and the Lamda transition at
about 470-540 K in NA- and MC-pyrrhotites. In order to elucidate how the different
pyrrhotites and their intergrowths affect the bulk magnetic properties, we have
performed low- and high-temperature magnetic studies on a suite of natural samples that
have been extensively characterized by electron microprobe analysis transmission
electron microscopy, electron backscatter diffraction, and X-ray diffraction. The set
includes pyrrhotite from Drag at the Tysfjord, Norway (TYS, NC plus troilite
exsolution lamellae), Bodenmais, Germany (BOD, nearly pure NC with subordinate 4C
and magnetite exsolution), Nyseter Mine near Grua, Norway (NYS, NC with 4C
exsolution), Sta. Eulalia, Mexico (EUL, NC with 4C exsolution), and Dalnegorsk,
Russia (DAL, 4C with subordinate NC exsolution). Zero-field cooling and field cooling
warming curves of all samples show the low-temperature transition of pyrrhotite, close
to 30 K, but some also show a transition near 15 K. For EUL and DAL the nature of the
Besnus transition was studied in detail revealing surpring changes in magnetocrystalline
anisotropy (Figure 1). For samples from BOD and TYS, the two cooling procedures
lead to different warming curves. The high-temperature NC-NA transition close to
493K occurs in all samples, but with widely varying intensity. The NC-NA transition is
clearly visible in BOD, TYS, NYS. In EUL it only leads to a small increase in
saturation magnetization, while in DAL it is almost only recognizable in the low-field
susceptibility. The Ms(T)-curves fade out near 600 K without a clear transition, but all
Mrs(T)-curves show a zero transition between 580 K and 590 K. The data suggest that in
addition to the relative proportion of 4C- and NC-pyrrhotite, the magnetic properties are
influenced by subtle differences in the total NC superstructure or the NC/4C interface.
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Figure 1: Low-temperature VSM measurements of 4C pyrrhotite across the Besnus
transition. The central part shows the saturation-initial curve Msi(H) (0<H<1.4 T) along
the crystallographic c-axis as a function of temperature from T=150K (right) down to
10K (left). At the Besnus transition (~32K) the anisotropy energy along the c-axis
changes abruptly. Circular inset diagrams show Msi(H) (0<H<1.4 T) as a function of
rotation angle within the basal plane at three temperatures. They indicate that also the
hexagonal symmetry within the basal plane is lost at the transition.
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Absolute geomagnetic paleointensity at ~1.1 Ga using a
combined Shaw and pseudo-Thellier protocol.
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Abstract: Data on the intensity of the Earth’s magnetic field during the Precambrian are
important for understanding many aspects of the Earth evolution. However,
paleointensity determination represents one of the most challenging aspects of
paleomagnetic research. As a result, the paleointensity database remains rather limited,
especially for older epochs. The most commonly used paleointensity method is the
Thellier double-heating method (Thellier and Thellier, 1959) which compares the
natural remanent magnetization (NRM) recorded at the time of rock formation with a
laboratory induced thermal remanent magnetization (TRM). However, many rocks
undergo magneto-mineralogical alteration during the successive heating steps required
by the Thellier method and hence cannot be investigated using this method.
Various alternative methods have been elaborated to reduce the number of heatings. The
LTD-DHT Shaw method (Tsunakawa and Shaw, 1994; Tsunakawa et al., 1997;
Yamamoto et al., 2003) compares the coercivity spectra of NRM and a laboratory TRM
to retrieve absolute paleointensity estimates. This method requires only two heatings;
one for the paleointensity estimate and the other to estimate the alteration produced by
heating. Another alternative method, the pseudo-Thellier technique (Tauxe et al., 1995)
compares the coercivity spectrum of NRM with the ARM acquisition. This method,
originally developed for relative paleointensity determinations, involves no heating
steps but requires the comparison of coercivity spectra of the NRM and ARM to assess
if they are carried by the same grains.
We investigated the paleointensity recorded by the ~1.1 Ga Baraga-Marquette mafic
dike swarm located in Michigan, USA. These east-west trending dikes intruded during
the formation of the North-American Mid-Continent Rift (MCR). Paleomagnetic and
rock magnetic investigations have shown that the Baraga-Marquette dikes contain a
stable primary magnetization carried by predominantly single to pseudo-single domain
magnetite and/or low-Ti titanomagnetite. Three protocol were used on sister specimens
from selected dikes; IZZI Thellier (Tauxe and Staudigel, 2004), LTD-DHT Shaw and
modified pseudo-Thellier (Foucher et al., 2015). The use of a multi-protocol strategy on
the Baraga-Marquette dikes was aimed to provide well-constrained estimates of the
intensity of the Earth’s magnetic field at ~1.1 Ga.
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The preliminary analysis of seventeen Baraga-Marquette dikes yield low paleointensity
estimates with a mean value of ~15.8 µT, which corresponds to a virtual dipole moment
of ~2.4 x 1022 Am2. This value is low compared to the modern value (~8.0 x 1022 Am2)
but seems to agree with some low paleointensity determinations from other Precambrian
rocks. However, paleodirectional and paleointensity data retrieved from some
Precambrian rocks suggest the existence of a stable dipolar geomagnetic field during the
Proterozoic. The Baraga-Marquette dikes could have been affected by thermochemical
remanent magnetization which may result in underestimation of paleointensity estimates
in intrusive rocks (Smirnov and Tarduno, 2005). Yet at this stage of our investigation,
we cannot exclude the possibility that the Baraga-Marquette dikes intruded during a
period where the geomagnetic field was weak.
Keywords: Shaw, Pseudo-Thellier, Absolute Paleointensity, Precambrian.
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Chemical and magnetic tracing of pollutants in the Mrežnica
River (Croatia).
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Abstract: Coal slag and ash from coal-burning in a former textile factory at Duga Resa
(Croatia) was discharged directly into the clean, karstic tufa-forming Mrežnica River for
110 years (1884-1994). The study area can serve as a model area to study pollutant
transport downstream from the pollution source to the confluence with other rivers.
Preliminary results from river sediments (grain size < 2 mm) were reported by
Frančišković-Bilinski (2008). Meanwhile, more dense sampling and more extended
magnetic measurements were performed (Zhang, 2014; Appel et al. 2016). In the
present work, we aim to investigate which major and minor elements show an anomaly
in particular locations of the investigated region, in addition to the distribution of
magnetic susceptibility data. Applying statistical methods we analyze the possible
correlation of anomalous elements with magnetic susceptibility.
The study area with the 30 sampling locations is presented in Figure 1. Sampling of
DR-1 to DR-24 was performed during May 2014, and DR-25 to DR-30 during
September 2014. Sediment samples were first dried in open plastic boxes for one week,
and afterwards milled using an agate mortar. Bulk non-sieved sediments were used for
chemical analysis. Approximately 0.1 g of sediment was dissolved with 2.5 ml of suprapure HNO3 and 7.5 ml of purest HCl in an Anton Paar Multiwave 3000 Oven. The
elements contents were measured by ICP-MS (Elan 9000, Perkin Elmer, USA) with a
solution of 20 µgL-1 Ge, Rh, In and Re as internal standard. For magnetic measurements
the sample material was put into cylindrical plastic boxes (2.5 cm diameter). The mass
of samples was determined for calculating mass-specific values. The measurements
were carried out on a multifunction kappa-bridge MFK1-FA (AGICO, Brno, Czech
Republic) using a CS-3 furnace apparatus for thermomagnetic cycling.
From the results of the chemical analysis of 30 elements and from magnetic
susceptibility data, a correlation matrix was determined. Anomalous values (extremes
and outliers) were for each element identified for the corresponding sampling sites.
Magnetic susceptibility shows extremes in stations DR-5, DR-1 and DR-3. At the same
sites Fe and Al have extremes. Ba, Na, Sr, B and U appear as extremes or outliers at
same sites. Other elements like Cd, Ni, Cr, Mo show extremes at sites further
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downstream. The spatial distribution in the river sediments of both magnetic particles
and trace elements from coal-burning is obviously complex (transport hydrodynamic
conditions and possible transformations due to redox conditions). There is a need for
further research by statistical sampling and for additional analyses, especially
determination of mineral composition.
Keywords: Magnetic susceptibility (χ), chemical composition, coal combustion
products, river sediments.

Figure 1: Study area with sampling locations. The small sketch-map shows the Kupa
River drainage basin, to which the studied Mrežnica River belongs.
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Paleointensity studies using a fully automated spinner
magnetometer TSpin.
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Abstract: A three-component spinner magnetometer equipped with a thermal
demagnetizer, which is called "TSpin", is now used for routine remanence
measurements including Thellier paleointensity experiment. Three components of
remanent magnetization of a standard size (1-inch) specimen can be measured by a
single fluxgate sensor without changing specimen orientation. A specimen mounted on
a quartz tube holder is rotated by a single axis and translated along the axis. We can
obtain the magnetization components on the plane perpendicular to the rotating axis as a
conventional spinner magnetometer, and also the axial component is determined by
translating the specimen along the axis. The quartz tube is designed to be connected to
the rotating axis by a chuck, so we can precisely set the specimen by using a laser level.
The effective sensitivity is currently of 1.0×10-8 Am2 that enables us to measure not
only basalts but also more weakly magnetized samples. An electric furnace is available
in line to heat a specimen up to 700 °C. Cooling chamber is set between the furnace and
the sensor. After a measurement step, the specimen is inserted into the furnace that is
already maintained at the next temperature step. This procedure makes sure that the
specimen always follows the same heating treatment, which is especially important for
zero- and in-field processes during Thellier experiments. A home-made software coded
on LabVIEW was developed to control the TSpin. We just need to specify temperature
steps and a dwell time in the furnace before running the software. Zijderveld and Arai
diagrams are drawn on a display in the course of measurements. Because we do not
need to change the specimen orientation and a series of heating, cooling and
measurement is performed without taking out the specimen from the mu-metal shield,
we can see extremely beautiful straight lines on Zijderveld or Arai diagrams. By
introducing TSpin, we expect laborious Thellier paleointensity experiments are carried
out much more easily and precisely. Already we have used the TSpin to perform
Thellier experiments on hundreds of specimens, and the paleointensity results on recent
volcanic rocks will be shown.
Keywords: Thellier method, paleointensity, spinner magnetometer.
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Figure 1: Two TSpin systems at Doshisha University. Each system is composed of a
three-component spinner magnetometer and a thermal demagnetizer with a solenoid
coil. With a home-made LabVIEW software we can control the system.
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Orienting paleomagnetic drill cores with a GPS compass.
Koji Fukuma1 and Tetsuo Muramatsu1
Doshisha University, Japan
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Abstract: Azimuths of paleomagnetic drill cores are usually determined with magnetic
compasses, and sometimes verified with sun compasses and back-sighting. Weather
condition or geographical obstacles often do not allow to perform these subsidiary
measurements. Strongly magnetized volcanic rocks can generate local magnetic field
that deflects magnetic declination from the regional value. This time we tested a
compact GPS compass that is directly mounted on a orientation device and crosschecked the azimuth values of volcanics drill cores by several orienting methods. When
placing the GPS compass in a location with good visibility, the azimuth measurement
showed excellent performance with the RMS of 0.44 degrees and the angles deviation
with the sun compass were less than 2.5 degrees. To achieve such a high precision, we
needed to wait about 5 minutes for initializing the RTK measurement and to ensure no
obstacle in an angle of elevation more than 35 degrees. The azimuths of the GPS
compass were consistent with those of the sun compass and back-sighting, although an
outcrop itself often acted as an obstacle for the GPS compass. The magnetic compass
also provided accurate azimuths after correcting regional magnetic declination, but
sometimes showed relatively large deviations more than 5 degrees. The amounts of
deviation were variable from sample to sample even within a same single site. When
collecting volcanic rocks for archeomagnetic studies, we need to verify the azimuth of
each drill core by using an orienting method other than a magnetic compass.

Keywords: sampling, azimuth measurement, GPS compass.
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Figure 1: A compact GPS compass ssV-102 mounted on an orientator of a
paleomagnetic drill core. The GPS compass data are acquired by a smartphone, and the
home-made battery case contains ten 1.2 V rechargeable batteries in series.
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Speleothem paleomagnetic data from Mchishta cave, Western
Caucasus.
Dmitry Gavriushkin
Institute of Physics of the Earth RAS, Moscow, Russia
Corresponding author: dmitry.gavriushkin@gmail.com

Abstract: This research will present some results obtained from paleomagnetic research
of speleothems collected from cave Mchishta, Abkhazia, Western Caucasus. Six
relatevily young stalagmites were collected in March 2016. Each stalagmite was cut in 8
ccm samples, number from 4 to 13 according to their length and measured on 2G
cryogenic magnetometer. Additional measurements of magnetic properties were
performed on MicroMag VSM 3900. All the measurements were done in Laboratory of
Paleomagnetism of Schmidt Institute of Physics of the Earth, Moscow, Russia.
The report will tell about results of this study, which seems to be the first paleomagnetic
data obtained from speleothemes from Russia.
Keywords: speleothemes, speleothem paleomagnetism, geomagnetic field secular
variations, cave minerals.
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Magnetic and chemical parameters of andic soils and their
relation to selected pedogenesis factors.
Hana Grison1, Eduard Petrovský1, Aleš Kapička1, Šárka Stejskalová1
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Abstract: Although volcanic rocks are usually rich in highly magnetic Iron oxides,
knowledge about these minerals in andic soils with respect to the soil development is
missing. The aim of this contribution is to investigate the relationship between magnetic
and basic chemical properties of andic soils developed on volcanic basement and
parameters related to the pedogenesis factors. The studied sites are located on basaltic
lava flows in the eastern part of the French Massif Central. Investigated pedons with
alu-andic, sil-andic and vitric properties were analysed by a set of magnetic and soilchemical methods. Magnetic parameters include low-field volume-specific and massspecific magnetic susceptibility, frequency-dependent magnetic susceptibility, remanent
properties (including S-ratio) and coercivities. Chemical parameters include the pHH2O,
soil organic matter, total cation exchange capacity, base saturation, and content of Fe
and Al extracted in dithionite-citrate, acid-ammonium oxalate, and pyrophosphate
solutions. Micro-morphology of Andosols (Fig. 1) and parent material was observed by
scanning electron microscope with energy dispersive spectrometer. The pedogenesis
factors are represented by parent-rock age, annual precipitation, and soil thickness.
Our findings suggest that (1) precipitation is the most important pedogenesis factor with
a strong relationship to the relative magnetic grain-size, concentration of ferrimagnetic
minerals, aluminium dissolved in pyrophosphate and acid-ammonium oxalate, and
content of organic matter; (2) parent-material age shows a well-pronounced relationship
with magnetic grain-size parameters represented by the frequency-dependent
susceptibility and ratio of saturation remanent to saturation induced magnetisation
(Mrs/Ms), selective dissolution parameters, and pHH2O; (3) thickness of soil profile
shows a link to Mrs/Ms, pHH2O, and content of organic matter.
Keywords: Iron oxides, magnetic susceptibility, frequency-dependent susceptibility.
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Figure 1: Scanning electron microscope images of andic soils. a,b) Alu-andic Andosol
from a depth of 5 cm and 40 cm, respectively. c,d) Sil-andic Andosol from a depth of 6
cm and 40 cm, respectively.
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Magnetic properties of surface sediments around small
shipwrecks (Munin and Abille) in relation to heavy metals
contamination.
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Abstract: In this paper we present, the results of magnetic analysis carried out on
samples of surface sediment from the bottom around the small shipwrecks (Munin and
Abille) in the Gulf of Gdańsk (Southern Baltic Sea). The values of magnetic
susceptibility (χ) are not very high, however they reveal significant differences between
investigated sites. Magnetic susceptibility values vary from 5.33 to 8.02 ×10-8 m3/kg for
Abille and from 3.07 ×10-8 m3/kg to 12.92 ×10-8 m3/kg for Munin. It is mainly carried by
fraction <0.1 mm in the case of Abille, whereas for Munin χ for <0.1mm shows
different distribution of values. Fraction <0.1mm is between 6 and 18% of mass of
Abille samples, and from 1 to 36% of mass for Munin samples. Therefore, this fraction
influences the value of bulk susceptibility for all samples in the case of Abille and only
for part of samples in the Munin case.
Additionally, the contents of 20 elements (Al, As, Ba, Be, Cd, Co, Cr, Mn, Mg, Mo, Ni,
P, Pb, Sr, Ti, Tl, U, Zn, Cu, Fe) were measured using the Inductively Coupled Plasma
Mass Spectrometry (ICP-MS). The correlation between magnetic properties and heavy
metal concentration was determined by the Tomlinson Pollution Load Index (PLI).
Sediments in the vicinity of Munin wreck are characterized by higher values of PLI
index than sediments around Abille but lower value of χ for fraction <0.1 mm. The
multiplied values of χ for fraction <0.1 mm and PLI index by percentage of this fraction
correlate with the direction of spatial variability of χ for bulk samples, which in turn is
coincided with near-bottom water currents distribution in the western part of the Gulf of
Gdańsk.
Keywords: environmental magnetism, magnetic susceptibility, heavy metals,
shipwrecks.
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Application of magnetic method to study Werenskioldbreen
recession (SW Spitsbergen) – preliminary results.
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Abstract: The paper presents the preliminary results of use of magnetic properties of
glacial-marine sediments to define processes of transport and deposition of mineral
material which is melted from Werenskioldbreen during its recession. Sediment samples
have been taken from Nottinghambukta and two main proglacial streams, separated by a
medial moraine. Nottinghambukta sediment collection was performed with boat
equipped with the Van Veen grab holder. Samples were collected in 2015. Furthermore,
measurement of the glacier edge range was performed by means of GPS receiver.
Magnetic mineralogy of samples evaluated by magnetic susceptibility dependence on
temperature experiments, showed magnetite as a main magnetic mineral.
Magnetic parameters such as χ, χARM, HIRM, hysteresis parameters were used for
characterisation of surface sediments, description of distribution and affinity of material
transported by main proglacial streams flowed from the glacier.
Relatively large variation of magnetic susceptibility occurred in all samples (Fig. 1).
The highest values of magnetic susceptibility exceeded χ >60 × 10-8m3/kg. The average
value of χ was between 20 and 30 × 10-8m3/kg. Diversification of χ values is a result of
glacier abrasion of the bedrock with different geological structure in areas separated by
the medial moraine.
Keywords: magnetic susceptibility,
Nottinghambukta, Werenskioldbreen.
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Figure 1: Distribution of magnetic susceptibility in investigated area (based on the map
of Norsk Polarinstitutt, http://toposvalbard.npolar.no/).
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Stress induced magnetic fabric inferred from AMS analysis
and complete Cenozoic remagnetization found in samples
collected in the Billefjorden fault zone (Svalbard), A Case
study in Early Cretaceous sills from the Diabasodden suite
(HALIP), Svalbard.
Halvorsen, Erik1,2
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Abstract: Early Cretaceous sills constituting the Diabasodden Suite (DBS), crop out all
over Svalbard, Arctic Canada and Franz Josef Land. Resent dating of the sills using UPb and Ar-Ar methods suggest a magmatic event around 125 Ma. The effects of
different petrological processes on the magnetic fabric of sills from the Diabasodden
suite in eastern and central Svalbard were studied by means of the AMS technique.
Magnetite is believed to be the main carrier of the magnetic fabric in the sills and
crystallized late, after the main rock-forming minerals.
The anisotropy of magnetic susceptibility (AMS) is an indicator of the strain
experienced by a rock changing the orientation or shape of the magnetic grains so that
the susceptibility becomes anisotropic. Igneous rocks forming sills can display a
magnetic anisotropy derived from the viscous flow, and AMS measurements can thus
be used to study their emplacement mechanisms.
Magnetic data from sills sampled in eastern Svalbard indicate a mean susceptibility of
about 10-2 SI and a mean anisotropy (P) degree of about 1.03. The magnetic foliation
plan is horizontal and parallel to the sill margins. The maximum (K1) and intermediate
(K2) susceptibility directions are even distributed in the foliation plan. The minimum
direction (K3) is well defined and vertical.
Magnetic data from sills sampled in the Billefjorden Fault zone (central Svalbard)
exhibit well defined nearly horizontal K1 directions trending east - west. The K2 and
K3 directions are distributed in the vertical plan trending north – south. The
susceptibility is about 10-2 Si and the magnetic fabric is of higher anisotropy (P = 1.04).
The magnetic fabric measured in the samples from eastern Svalbard is believed to
represent fabric caused by magma flow. During the ascent, emplacement and postemplacement deformation of igneous rocks, two or more phases of deformation may
that overprint each other. The fabric found in samples from central Svalbard is
suggested to represent fabric related to regional stresses during reactivation of the
Billefjorden Fault zone.
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Demagnetization and magnetomineralogical studies on a new suite of samples from
central Svalbard reveal two well defined clusters of paleomagnetic directions. The
paleopoles of these two clusters are interpreted to represent the 125 Ma event and a
complete post Early Cretaceous overprint. Sills collected in or near the Billefjorden
fault zone in central Svalbard carrying steep magnetization directions (reverse polarity),
are suggested to represent a post Early Cretaceous magnetization overprint that may be
related to fault activity prior to and during the Eocene West Spitsbergen Fold-andThrust Belt.
Svalbard and the North Western Barents Sea have seen regional uplift in the late
Cretaceous and flank uplift caused by the Paleocene-Early Eocene sea floor spreading.
The entire Barents shelf was uplifted and eroded during Neogene time. The North
Western Barents sea and Svalbard are characterized by high heat flow, young
magmatism and a thin lithosphere. It is discussed if the extensive regional
remagnetization found in magmatic rocks on Svalbard was due to uplift, erosion and
tectonics in the Late Cretaceous or in the Neogene.
Keywords: Paleomagnetism, AMS, Remagnetization, Norway.
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Towards a better understanding of Phanerozoic geomagnetic
field variation; Palaeointensity data for the Late SilurianEarly Carboniferous from the northern UK.
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Abstract: Based on palaeomagnetic record for the past ~300Ma, it has been suggested
that variations in geomagnetic field behaviour occur on timescales of 10s to 100s of
million years and are related to mantle convection influencing the geodynamo (Biggin
et al., 2012). This includes a transition in the time-averaged geomagnetic field
behaviour observed in the Mesozoic Era from a peak in reversal rate in the Jurassic
(~170Ma), associated with a weak geomagnetic field, going into an apparently stronger
than average field during the Cretaceous Normal Superchron (CNS; 84-121Ma).
Further data collection is needed to improve the record going back to ~400Ma to
determine if a similar transition in field behaviour occurred preceding the PermoCarboniferous Reversed Superchron (PCRS). Initial work has concentrated on
determining palaeointensity estimates from Late Devonian (~362-377Ma) samples from
the Viluy Traps and the Zharovsk complex of the Patom Margin, Siberia (Hawkins et
al., 2015). Results from these experiments give low site mean values between 2.6-14µT
(Virtual Dipole Moments 7-25 ZAm2). The aim for the next stage of the project is too
expand the age range that the palaeointensity data covers leading up to the PCRS.
Samples ranging from the Late Silurian to the Early Carboniferous have been collected
from Scotland and northern England. All of the sites have previously been used for
determining the pole position for “Stable” European Plate e.g. Baltica, with Q factors of
6-7 (Torsvik et al., 2012). The suitability of the samples for palaeointensity experiments
has been tested, specifically; confirming the site directions/VGP’s, performing
palaeomagnetic tests and confirming the magneto-mineralogy. Initial palaeointensity
results have also been determined from the Microwave Thellier-IZZI protocol with
pTRM checks.
Keywords: palaeointensity, Devonian, Scotland.
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Magnetic and mineralogical properties of salt rocks.
Frances C. Heinrich1, Volkmar Schmidt1, Michael Schramm2, Michael Mertineit2
University of Münster, Institute of Geophysics, Corrensstr. 24, 48149 Münster, Germany.
Federal Institute for Geosciences and Natural Resources (BGR), Stilleweg 2, 30655 Hannover,
Germany.

1
2

Corresponding author: f_hein12@uni-muenster.de

Abstract: The magnetic properties and their mineralogical origin of most rock types
have been investigated, but this has not been widely done for salt rocks. Therefore, we
studied the magnetic properties of Permian salt rocks from the Northern German Basin.
Salt rocks consist predominantly of diamagnetic salt minerals such as halite, sylvine,
carnallite and anhydrite, but also contain accessory minerals including ferromagnetic
and paramagnetic minerals. Various magnetic and mineralogical methods were used to
determine the magnetic properties and composition of salt rocks. Investigating the
source of magnetic susceptibility for different salt rock types can be useful for
understanding the rock’s composition, especially its content of accessory minerals.
A total of 133 different salt rock samples, like rock salt, carnallitite and sylvinite, from a
salt mine in Sondershausen (Thuringia) and from the Gorleben salt dome (Lower
Saxony) were investigated. The values of the low-field magnetic susceptibility generally
increase from white rock salt (max. -14 × 10-6 SI) over carnallitite (max. 134 × 10-6 SI)
to red sylvinite (max. 270 × 10-6 SI). The susceptibilities of pure synthetic KCl and
NaCl single crystals were measured to get reliable reference values.
The whole rock analysis suggests that all of the paramagnetic and ferromagnetic
minerals are included in the insoluble residues of the salt rocks. Therefore, we filtered
the insoluble residue with membrane filters with a pore size of 0.1 µm. The fraction of
insoluble residue of salt rock samples is very low; the amount for reddish rock salt is
even < 0.1 wt.-%. Determining the composition of the insoluble residues, we used
electron microscopy and X-ray diffraction. Paramagnetic phyllosilicates, like chlorite,
occur in all salt rock types. The only ferromagnetic mineral that was found was
hematite, which occurs in sylvinite and reddish rock salt as a minor constituent.
Due to the detection limit of these mineralogical methods, advanced magnetic methods
such as FORC analysis, temperature dependent susceptibility and isothermal remanent
magnetization were used to improve the characterization of ferromagnetic minerals.
Magnetite and hematite are contained in varying proportions in salt rocks. A correlation
between susceptibility and maximum of magnetization of carnallitite and gray rock salt
suggests that magnetite dominates the susceptibility values. But paramagnetic minerals
contribute significantly to the bulk susceptibility in gray rock salt.
Keywords: susceptibility, salt rocks, rock magnetism.
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Improving our knowledge of the geomagnetic field intensity in
South America: New archaeointensity data from potsherds
coming from three archaeological sites in Ecuador.
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Abstract: Obtaining new, high-quality archaeomagnetic data is very important to enrich
our knowledge about the geomagnetic field behavior in the past, especially for the
geographic areas where available up to now data are still scarce. We present here new
archaeointensity data from pottery fragments from dated prehistoric archaeological sites
in northern highland Ecuador (South America). Potsherd fragments come from the
excavations of two archeological earthen mounds located at Atuntaqui and Otavalo
cities, and from three test pits located close to the hacienda La Chimba. The studied
pottery presents the advantage of being well dated based on archaeological evidence,
excavation stratigraphy and available radiocarbon dating. We obtained samples
covering the Late Formative period (700 BC – AD 100) and the Late Period (AD 1250
– 1525) respectively. All the samples are perfectly dated by combining C14 ages,
stratigraphic relationships, and ceramic phases. Successful archaeointensity data have
been obtained from eighty two potsherds by means of the Thellier-Coe protocol. Rock
magnetic experiments including low-field versus temperature (k-T) plots, Isothermal
Remanent Magnetization (IRM) acquisition curves, as well as hysteresis loops and
back-fields, have been performed in order to characterize the magnetic behavior of the
samples and determine their main magnetic carriers. The Curie temperatures indicate
the presence of at least two magnetic mineral phases (i.e. 220-255oC and 560-590oC),
with predominant Curie temperatures typical of magnetite. In all samples, the presence
of hemoilmenite carrying a partial self-reversed thermoremanent magnetization
(SRTRM) seems to prove true by means of remanence measurements at liquid nitrogen
temperature. However, such a spurious component is not clearly evidenced in the
Thellier experiments; either it was not detected at all or was so minimal that it posed no
problem for the interpretations. The results of the magnetic grain size analyses suggest
the presence of particles in the Pseudo-Single Domain (PSD) range, according to the
distribution on the modified Day et al. diagram (Dunlop 2002 a and b) for magnetite.
The successful absolute palaeointensity determinations yielded archaeointensity values
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of 43.9 ± 1.4 µT [AD 1329-1500], 37.6 ± 0.8 µT [AD 1227-1429], 29.6 ± 1.1 µT [AD
1125-1345], and 38.0 ± 3.1 µT for La Chimba, level 7. The effect of the anisotropy of
the thermoremanent magnetisation (TRM) and cooling rate upon TRM intensity
acquisition have been investigated in all specimens. The new results are in good
correlation with archaeomagnetic data from the Palpa area in South Peru, located within
a 900 km radius around the Ecuadorian sites in question. These data are the first
archaeointensity results from Ecuador for the last 1500 years and aim to enrich our
knowledge of the geomagnetic field intensity variations in the south hemisphere,
together with previously published data from South America. They aim to enrich our
knowledge of the geomagnetic field intensity variations in the south hemisphere.
Keywords: Absolute archaeointensity, Ecuador, Pottery, South America.

Figure 1: Location map of the area covered by the current archaeomagnetic sites
including the Ecuador and Peru areas.
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Figure 2: Absolute paleointensity results from four sampling sites from the northern
highland Ecuador.
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Paleosecular variation (PSV) and rock magnetic
characterization of
Baltic Sea IODP Expedition 347 Sites M0059 and M0060.
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Abstract: We have studied the rock magnetic and paleomagnetic properties of a ~205
meter-long core from Site M0059 (Little Belt, BSB3) and ~210 meter-long core from
Site M0060 (Anholt Loch, BSB1) recovering for the most part clays, (silty) sands,
sandy clays and gravel. We deployed 454 (Site M0059) and 297 (site M0060) 8-cc
discrete samples at approximately every 50 cm down-core from inside the respective
site splices. The magnetic susceptibility (χ) of the total of 751 samples was normalized
to sample mass We also performed stepwise alternating field demagnetization (AF) of
the NRM up to a maximum field of 80 mT and the results show that the characteristic
remanent magnetization (ChRM) was isolated by weak AF’s, typically between 0–25
mT, and that a low field of 5 mT is sufficient to remove a weak viscous remanent
magnetization (VRM). After the removal of the VRM overprint the NRM intensity of
the two sites is characterized by a general positive relationship with (χ). The inclination
data from both sites show positive and negative inclination values with a certain degree
of scattering around 0°. For Site M0059 the upper lithologic units show inclinations that
vary within 10 degrees either side of the geoaxial dipole prediction for this location. In
contrast the inclinations of Site M0060 show large scatter and only a few of the samples
from the lower units approach the GAD prediction for this site’s location. In contrast,
the inclination values in the upper lithologic units are closer to the GAD prediction.
Measurements of the temperature dependence of bulk susceptibility (k-T analyses)
indicate the presence of at least three magnetic mineral phases, which display
characteristic Curie point temperatures of 360-400°C, 520 and 575°C for both sites and
an additional Curie temperature of 610°C for Site M0060. For site M0059 we have
obtained an age model and 14C radiometric ages which are independent time control
points that have allowed us to have a detailed comparison to the lake Byestadsjön
(Snowball & Sandgren, 2004) inclination results from about present back to ~9,000
years. We have obtained an age model based on 14C radiometric ages which are
independent time control points that allowed us to have a detailed comparison to the
FENNOSTACK regional master curve from ~246 years to ~18200 years BP (Snowball
et al. 2007, Lougheed et al., 2014). On the other hand, it may be possible that the
interval of steepest inclinations between approximately 18 m and 16 m depth in Site
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M0060 corresponds to the period of steep inclination experienced in Fennsocandia
between 3090 and 2590 Cal. a BP, which is delimited by inclination features ε and ε1,
respectively, in FENNOSTACK.
Keywords: IODP Expedition 347, Paleo Secular Variation, Baltic Sea.
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How easily can magnetic nanoparticles be aligned.
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Abstract: The alignment of magnetic nanoparticles has been an area of interest since
the earliest palaeomagnetic investigations. Different approaches have been used to
assess the effect of particle alignment on the magnetic properties of an assemblage of
particles, and these include both theoretical models and experimental results. Synthetic,
well-defined systems are an interesting experimental approach to compare with
theoretical predictions. In this study we examine the magnetic properties of samples
made up of individual magnetosomes that were deposited either in the Earth’s field
(RS), or in an applied 300 mT field (OS). Magnetosomes from MSR-1 wild type strains
were deposited on a 4 x 4 mm Si-wafer (Fig. 1 a, b). Hysteresis loops were measured by
rotating the wafer every 10° either in the plane of deposition (in-plane) or in and out of
the deposition plane (out-of-plane) with a Princeton Measurements Corporation VSM.
For sample RS there is no discernable difference in hysteresis parameters as a function
of position in-plane, but OS shows a change as a function of the angle between the field
direction and aligned magnetosomes (Fig. 1c, d). The change in the hysteresis
parameters is much less than predicted by the micromagnetic models of Li et al. (2013),
but similar to what was already observed by Li et al. (2013) and Alphandéry et al.
(2009). Rotating the sample from in-to-out of plane, however, shows that the magnetic
parameters vary in a manner predicted by micromagnetic models.
The degree of alignment of the magnetosomes was determined from the anisotropy of
magnetic susceptibility (AMS) measured in low and high field. Both samples have an
AMS dominated by the plane of deposition. Lineation is weak (ca. 3%) but significant
in RS, but stronger in OS, where it reaches 14%. High-field AMS is also dominated by
the anisotropy arising from the plane of deposition. The in-plane anisotropy consists of
a 2θ- and 4θ- component. The 4θ-component reflects the orientation of the [111] axes
or the magnetocrystalline anisotropy, whereas the 2θ-component arises from the fact
that we are not rotating about the [100] axes.
Keywords: aligned magnetite particles, magnetic anisotropy.
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Figure 1: SEM images showing a) the distribution of individual magnetosomes in the
Earth’s magnetic field (RS), and b) in the presence of an aligning field (OS), scale bar
100 nm. Variation of c) the magnetization ratio, and d) coercivity as a function of the
chain alignment with respect to applied field (ϕ). Black dotted line shows the in-plane
measurements for RS, blue circles are the data for the in-plane measurement and red
circles for the out-of-plane measurements for OS.
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Saturation Isothermal Remanent Magnetisation (SIRM) of
urban tree leaves as a proxy for the spatial distribution of
atmospheric particulates: an overview of experiences.
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Abstract: In contemporary cities, the appearance of vegetation exerts many so-called
ecosystem services. Apart from carbon sequestration, micro-climate regulation, noise
reduction, rainwater drainage, psychological and recreational values, a significant
amount of research has focussed on the air pollution mitigation potential of urban
vegetation (Beckett et al., 1998; Litschke and Kuttler, 2008; McPherson et al., 1997;
Nowak et al., 2006; Vos et al., 2013). But what if we would be able to use the particlecapture efficiency of tree leaves as a proxy for the ambient air pollution? Throughout
my PhD research (Figure 1), I evaluated biomagnetic monitoring, using Saturation
Isothermal Remanent Magnetisation (SIRM), of leaf-deposited particles for air quality
monitoring and modelling purposes, on both spatial and temporal resolutions.

Figure 1: Schematic overview of our biomagnetic monitoring research.
We evaluated the applicability of biomagnetic monitoring using SIRM, examining both
spatial and temporal variability in Antwerp (BE) and Ghent (BE) (Hofman et al., 2014d,
2013). In addition to the spatiotemporal SIRM variation, we characterized the
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relationship between the gravimetric foliar dust load, within 0.2 - 3, 3 - 10 and >10 µm
particle size fractions, and the resulting leaf SIRM (Hofman et al., 2014b, 2014c) and
evaluated the applicability of biomagnetic monitoring for comparison with air quality
models (ENVI-met® and IFDM-OSPM modelling chain) at the urban and street-level
scale (Hofman and Samson, 2014; Hofman et al., 2014a).
Next to our experimental research, we demonstrated the application potential of
biomagnetic monitoring, implementing a large-scale citizen science project, named
AIRbezen, in Antwerp (BE). During this campaign, 1063 volunteers exposed a
strawberry plant at their window sill for two months. After exposure, leaf SIRM was
determined resulting in a high-resolution leaf SIRM map of Antwerp. Especially in
heterogeneous urban environments, where traditional telemetric monitoring networks
are limited in terms of spatial resolution, biomagnetic monitoring seems like a
promising methodology to obtain high-resolution air quality information. Current
limitations and future research challenges enabling implication of biomagnetic
monitoring in urban air quality assessments will be presented as well.
Keywords: SIRM, urban, air pollution, leaves, biomonitoring.
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On the use of the anisotropy of out-of-phase magnetic
susceptibility in rock fabric.
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Abstract: The magnetic susceptibility measured in alternating field can in general be
resolved into a component that is in-phase with the applied field and a component that is
out-of-phase. While in non-conductive diamagnetic, paramagnetic and many
ferromagnetic materials the phase is effectively zero, in some ferromagnetic minerals,
such as pyrrhotite, hematite, titanomagnetite or small magnetically viscous grains of
magnetite, it is clearly non-zero. The anisotropy of out-of-phase susceptibility (opAMS)
can then be used as a tool for the direct determination of the magnetic sub-fabrics of the
minerals with non-zero phase.
In rocks, whose magnetism is dominantly carried by two minerals, one showing zero
phase (e.g. magnetite) and the other showing non-zero phase (e.g. pyrrhotite), the
standard AMS (in fact the AMS of the in-phase component, ipAMS) is controlled by
both the magnetic minerals, whereas the opAMS is solely controlled by the mineral
with non-zero phase. The opAMS then serves as a tool for determination of the
magnetic sub-fabric of the mineral with non-zero phase. Various examples are presented
to illustrate the potential of the opAMS in this respect.
A disadvantage of the opAMS may be its imprecise determination in specimens with
very low phase angle. Consequently, it is highly recommended to inspect the results of
the statistical tests for anisotropy of each specimen and to exclude the specimens whose
opAMS is determined with insufficient precision from further processing.
Keywords: in-phase susceptibility, out-of-phase susceptibility, magnetic fabric.
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Magnetic properties of highly oxidized amphibolite-facies
rocks from Modum, Norway.
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Abstract: Recent high-resolution aeromagnetic surveys in South Norway have revealed
numerous remanent anomalies over Mesoproterozoic metamorphic rocks. Studies on
the nature of the minerals that are the remanent carriers has led to discoveries of
titanohematite samples with unusual magnetic properties, such as extreme exchange
bias caused by nanoscale exsolution lamellae with their related lamellar magnetism.
Here we explore the silicate and oxide petrology and magnetic properties of a selected
set of samples from the Mesoproterozoic amphibolite-facies metamorphic rocks Modum
area, South Norway. These are of particular interest for studying nanoscale exsolution
processes and the related fundamental magnetic properties in the hematite-ilmenite
system. Titanohematite with micron and nanoscale exsolution lamellae has been shown
to be the primary source of a remanent magnetization and correlative aeromagnetic
anomalies in the area. The remanent anomalies range up to nearly 2000 nT (below
background) as mapped in ground magnetic traverses (McEnroe et al 2007, 2016).
Modum lies within Mesoproterozoic basement, in the western part of the Oslo rift,
Southern Norway. The area is characterized by supracrustal rocks with gabbroic
intrusions, which are metamorphosed to amphibole facies. In one unit studied thin
sections show clear foliation, with quartz, feldspar, talc, tourmaline and what is believed
to be cordierite present in all samples. Titanohematite is present in varying amounts,
commonly as discrete grains, and as small inclusions in cordierite. In addition, chlorite,
pyroxene, kyanite and apatite has been found in some samples. An interesting reaction
involves chlorite + quartz = cordierite + talc, and the place of talc could be occupied by
an amphibole. Breakdown of cordierite-amphibole to talc-kyanite indicates cooling at
isobaric conditions or under increasing pressure. Also included in this study are 60
samples from a rock unit dominated by quartz-plagioclase-biotite granulite, and a
sillimanite gneiss containing titanohematite grains with a strong lattice-preferred
orientation parallel to regional foliation. The titanohematite grains have nanoscale (1-2
nm) exsolution of ilmenite lamellae (McEnroe et al., 2007, 2016; Fabian et al., 2008).
In addition to characterization by optical microscopy and scanning electron microscope
(SEM), a number of rock magnetic analyses were made, including measurements of
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NRM, alternating field (AF) demagnetization, temperature-dependent susceptibility,
room- and high-temperature hysteresis loops. In many samples ilmenite and rutile
lamellae in titanohematite were observed in thin section and in SEM.

Figure 1: Reflected-light image of titanohematite with ilmenite lamellae.
The samples are all highly oxidized with titanohematite as the main magnetic mineral.
Bulk magnetic susceptibility values are low and range from 3.9*10-5 to 8.3*10-3 (SI).
There is a correlation between susceptibility; NRM and density indicating the densest
rocks have the largest amount of oxide. Temperature-dependent susceptibility indicates
at least two phases. NRM intensities range from 1 and 65 A/m.
NRM vs density shows two distinct groups; low NRM for density <2.7 g/cm3 and much
higher NRM. The combination of very low susceptibility values, mainly due to the high
oxidation state of the rocks, and moderate to high NRM values in most samples result in
the ratio between the NRM and induced magnetization (Q-value) being extremely high.
The mean Q-value is 91. The NRM component, which is negative, dominates the
magnetic response of the anomalies seen in the units studied here. The average mean
demagnetizing field is variable from 20 mT to above 80 mT and may depend on the
amount and size of exsolution in the titanohematite.
Keywords: remanent anomalies, exsolution lamellae, titanohematite.
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Restrictive conditions in the detection for unexploded
ordnance (UXO) – potential for the use of environmental
magnetism.
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Abstract: The EOC (Explosive Ordnance Clearance) methodology is usually based
on the principle of the use of metal detectors. Experience around the world revealed
some factors limiting or completely preventing their use. Electromagnetic detection
is based on the Faraday’s rule of mutual induction.
A phenomenon, which limits the detection of metals, was called land "mineralization".
Scientific studies showed that "mineralization" of soils corresponds to the presence
of ferromagnetic minerals, primarily magnetite. From the point of view of metal
detection the petrological composition of rocks is insignificant. Contrary to that,
response of the substance to the magnetic field produced by the detector plays crucial
role.
Unexplored ammunition abandoned in the country represents serious risk. During
the clearance of such ordnance, one can’t completely rely on the detector, which was
developed and tested in ideal “laboratory” conditions. Magnetic properties of the rock
basement and soils and their effect on the performance of different types of detectors
have not been considered for a long time. In this presentation we will summarize
the principles of different UXO detectors. In the case of one Czech military area, map
of magnetic susceptibility of soil was produced. Along with the geological map,
this information is used to assess the efficiency of two types of detectors – pulse
and continuous-wave induction. Our results suggest that the latter one is able
to compensate magnetic response of the soil caused by its high magnetic susceptibility.
Keywords: Metal detection, geology, magnetic susceptibility, basaltic effusions.
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Abstract: Basaltic lapilli-rich tephra from drill cores of the 0.3 Ma old Mýtina maar in
the Cheb basin (Czech Republic) contain microscopically homogeneous titanomagnetites (tmt). Temperature dependent magnetic susceptibility (k-T) curves are
mostly complex and show a strong irreversibility of Curie temperature (TC) in the
heating and cooling legs (Fig. 1). While TCs below 300 °C indicate intermediate
compositions of homogeneous tmt, the higher TCs indicate subtle maghemitization.
Interestingly, TC from the heating and cooling curves differs significantly and three
types were observed (Fig. 1). Jackson and Bowles (2014) interpreted similar
irreversibility behaviour like the one we observed for type II to reflect variations in the
degree of cation ordering in tmt.
Magnetic susceptibility and TC depend on the chemical composition of tmt, but it is also
reported that TC depends on the cation ordering (Lattard et al., 2006; Bowles et al.,
2013). Although in principal the cation distribution varies with temperature and at high
temperature cation ordering is randomized, it is complicated by its time dependence,
temperature, cooling rate, and thermodynamic stability due to oxygen fugacity,
composition and cation site occupancy (e.g. Bowles et al., 2013). Despite these
uncertainties Bowles et al. (2013) have shown that TC of titanomagnetite in pyroclastic
flows is strongly influenced by the thermal history just above or below TC and that the
degree of cation ordering during its primary cooling history change the TC. Bowles et al.
(2013) and Jackson and Bowles (2014) recently suggested a model how the
irreversibility of Curie temperatures from k-T curves can be used as a tool for
constraining thermal histories of titanomagnetite-bearing pyroclastic volcanic rocks.
Based on these considerations type I from our study seem to indicate sections with very
rapid cooling, while type II indicates slower cooling. Type III is very different and is
characterized by a significant amount of maghemitization, indicated by strong
differences in heating and cooling TC. The basaltic tephra do not show significant signs
of hydrothermal alteration, and we assume that tmt is not only prone for cation
reordering phenomena during explosive volcanism but also for subtle magma-water
interaction. Therefore we propose that it might be possible to distinguish between
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different types of explosive volcanism (flow and fall out deposits, phreatomagmatic)
using the knowledge on cation reordering, cooling rate and Curie temperature.
Keywords: titanomagnetites, pyroclastic rocks, irreversible Curie temperature, cooling
rate, Mýtina maar/Czech Republic.

Figure 1: Curie temperature (TC) from the heating (black) and cooling (gray) curves of
temperature-dependent magnetic susceptibility measurements from the My-6 (left) and
My-3 (right) drill core (basaltic tephra unit) into the Mýtina maar (Flechsig et al., 2015).
According to TCs from heating and cooling curves three different types I, II, III can be
discriminated in My-6 core, while only type I occurs in My-3 core. Filled and open
symbols denote major and minor TCs.
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Abstract: The pattern of degree of change in rock magnetization during heating is
shown, based on thermomagnetic analysis of rock samples from Permian bitumen
deposits. When bitumen samples are heated, the degree of magnetization may increase
significantly due to conversion of iron-bearing minerals. In the kinetics of magnetite
formation in rocks, the main players are oxidation of light and heavy hydrocarbons,
which determine both temperature and redox conditions.
The subject of the investigation was a core from the Ashalchinskoe deposit (Republic of
Tatarstan). Core specimens are extracted from three holes (conditionally 1, 2, and 3),
within the depth interval from 78 to 103 m for the investigation. The specimens are
represented by the cover (specimens from hole 2 are grey clay argillites), and the
reservoir rocks (specimens from holes 1 and 3 are asphalt-containing sandstones).
The method of differential thermomagnetic analysis (DTMA) is used to investigate the
thermochemical transformations of the iron-containing minerals. The investigations
included measurement of the rate of change in the inductive magnetization of a sample
in a 500 mT magnetic field. Heating rate is 25 deg/min from 20 to 800°C. Figure 1
shows examples of the DTMA curves of the first (Fig., 1, a) and second (Fig. 1, b)
heating. Different iron-containing minerals are recorded in the specimens prior to
heating: pyrite, magnetic iron sulfide (Curie point of approximately 310-330°C), most
likely hematite, iron hydroxide in small amounts, siderite, etc. Ferrous iron (Fe2+)
predominates in the region of the deposit and cover due to highly reductant conditions.
Several processes occur during heating: dissociation of the pyrite at temperatures above
500°C with the formation of magnetite; the formation of magnetite and maghemite from
the iron oxides and hydroxides that have been preserved, starting from temperatures of
350 to 400°C; and dissociation of siderite is also possible at temperatures above 500°C
with the formation of magnetite. Thus, the highly magnetic mineral magnetite is formed
during heating of the specimens. It is apparent that inductive magnetization of the
specimens is increased tenfold on average after the first heating.
Thus, the existence of hydrocarbons in the rock specimens determines not only their
temperature, but also the partial oxygen pressure, causing, respectively, new formation
of magnetite and its retention. This suggests a difference in the initial temperatures of
the increase in magnetization on the thermomagnetic curves. As the lithology of the
specimens converges, the values of this temperature differ considerably; this is most
likely caused by the dissimilar content of light and heavy hydrocarbons in the
specimens.
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Figure 1: Curves of thermomagnetic analysis of first (a) and second (b) heating (figures
on curves correspond to core specimens). Temperature (°C) on horizontal coordinate
and magnetization (A/m) on vertical.
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Abstract: The MSP-DSC protocol (Biggin & Poidras, 2006; Dekkers & Bohnel, 2006,
Fabian & Leonhardt, 2010) is an up-and-coming development in the methodology for
documenting the intensity of the ancient Earth’s magnetic field. Applicable both on
rocks or archaeological artifacts it allows us to use samples that until now were not
measured because their magnetic properties do not meet a selection criteria required by
conventional methods. In the present study, we apply the MSP-DSC protocol on a set of
very particular samples of Ecuadorian archeological ceramics carrying a partial SelfReversal of the TRM. Roperch et al. (2012) have already reported such unusual
remanent magnetization in baked soils and ceramics from Ecuador. They identified the
carrier as detrital hemoilmenite originating from the numerous Ecuadorian volcanoes.
Because the rock magnetism experiments are still in progress, we hypothesize that
hemoilmenite is also the carrier of the SRTRM found in our collection of potsherds. To
document the presence of SRTRM, we imparted a pTRM[370-Troom] with a dc field of
80µT to samples initially fully demagnetized by means of thermal and/or AF magnetic
treatments. Subsequently, we removed the low-temperature fraction of this pTRM by
heating and cooling in zero field up to a dwell temperature of 280°C in order to obtain a
pTRM in the blocking temperature interval of the “self-reversed” hemoilmenite, i.e.
[370-280°C]. All the analyzed samples acquired in this temperature interval a TRM
antiparallel to the laboratory field. As shown by Roperch et al. (2012) these selfreversed TRMs are strongly enhanced when the measurements are performed at the
liquid nitrogen temperature (Figure 1).
The MSP-DSC experiments were performed with the FUReMAG furnace, developed in
Montpellier, France. It is a very fast-heating furnace with infrared rays dedicated to the
MSP protocols. Two key points determine its characteristics. The first is to heat
uniformly a rock sample of a 10-cc-standard volume as fast as possible. The second is
to apply to the sample during the heating (and the cooling) a precise magnetic induction
field with a measured precision better than 1° in direction and better than 0.1µT in
intensity. Ceramics from three different archeological levels were analyzed by testing
different pTRM temperature intervals, [500-Troom], [500-200°C], [500-280°C], and
[500-370°C]. We obtained very good MSP diagrams (R-squared > 0.97) regardless of
the temperature interval involved in the experiment (Figure 2). However, the
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archeointensity determinations depend on the temperature interval, with difference
between the estimated values up to 25 percent. We recommend that the field strength
has to be estimated in a temperature range above the hemoilmenite Curie temperature,
i.e., by imparting a pTRM between 500 and 370°C.
Keywords: Self-reversed TRM; MSP-DSC paleointensity protocol; archeological
ceramics; Ecuador.
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Figure 1: A reversed magnetization is clearly observed when measurements are
performed at 77 K (here, 3 samples from La Chimba pit test TUA, level 7 are
represented). Note the complete recovery of the pre-cooling state magnetization
(pTRM[370-280]) after cooling to the liquid nitrogen and subsequently reheated in zero
field to room temperature (pTRM[370-280@293K]).
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Figure 2: Example of MSP-DSC diagram obtained with pTRM[500-200°C].
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Abstract: The tell from Taraschina corresponds to a stratified sequence of
Chalcolithique habitats with some burnt buildings. Located in the middle of the flood
plain of the Danube delta (Romania), this site is partially flooded (Carozza et al., 2013).
For this reason, the study of this archaeological site is approached by numerous coring
with Cobra system (small and light motor driven percussion coring device).
The walls of raw earth of the buildings are made of lœss sediment. For this site, burnt
raw earth presents very high magnetic susceptibility (>10×10-3 SI) compare to unburnt
raw earth (<0.7×10-3 SI) and lœss sediment (<0.3×10-3 SI). This very high magnetic
enhancement offers a very good proxy to characterise burnt building material in
sediments.
Acquiring an efficient information on the spatial extension of building and their
stratigraphic chronology needs a high spatial density of coring and a high vertical
resolution. This approach requires numerous magnetic measurements with a good
spatial resolution.
Certainly, the most accurate magnetic susceptibility information will be obtained by
measures of discrete samples (with KLY4, AGICO in the present study), but it is time
consuming to sample the whole core with cubic plastic box of 2 cm edge (6.8 cm3
internal volume).
In order to reduce the procedure, tests of magnetic susceptibility core logging are done
on whole-core with MS2C (Bartington) sensor and split-core with MS2E and MS2K
(Bartington) sensors. The whole-core logging is certainly the most efficient to obtain a
prompt information after coring and can be done on the field. The convolution effect is
determined for sensors diameter of 85 and 60 mm (compared to sediment core diameter
of about 50 mm and 55 mm with plastic casing). The space interval of convolution is
reduced with the 55 mm sensor but the error induced by the heterogeneity of the
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sediment is increased. For the split-core logging, and with the heterogeneity of the
sediment which generate irregular surface of the half-core, the MS2E sensor appears not
adapted. The volume of detection of the MS2K remains small and an important sources
of variability of the measures.
Another limit concerns the depth precision. The Cobra coring system used generates
compaction which depends of the sediment water content. The ideal would be to
measure the magnetic susceptibility in the hole with centimeter resolution.
Unfortunately such apparatus do not exist. The alternative is to measure magnetic field
anomalies in the hole. Such a purpose, magnetic logging is realized with a three axis
fluxgate Mag-03MSSL70 Bartington connected on a Conversion Unit DLM24Mag-Cx
STL Systemtechnik Ludwig GmbH and laptop-controlled. A scalar calibration of the
sensor is done at the beginning of each logging series as described in Olsen et al., 2001.
The sensor is fixed at the end of a rigid aluminum structure covering the cable. At the
opposite, a 360° prism is fixed in order to determine the vertical coordinate thanks to
the tracking by a total station. Measurements are done to an arbitrary cadence of 357
Hz. The structure is inserted and removed manually in the coring hole. The logging is
repeated 2 or 3 times in order to check some problems, for instance induced by a
possible imperfect centering of the device in the hole. It takes less than 10 s for a
backward and forward.
The magnetic field bore-hole logging appears as a good alternative to magnetic
susceptibility measures, but an inversion of the data must be realised to reach an
information of high spatial resolution on the magnetization of each layer. In case of
burnt building close to the bore-hole, magnetic susceptibility information appears
complementary.
Keywords: magnetic logging, magnetic
archeological site partially flooded.
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Abstract: The remains of a boat with its loading of amphorae were detected during the
excavation of a segment of the left dike of the channel of the ancient ports of Narbonne
(France, Mediterranean Sea). A magnetic survey of a shipwreck was realized after its
loading take off during its excavation. These 3D surveys, of infra-decimetre resolution,
reveal magnetic anomalies with regular distribution. Iron nails are used for the boat
construction. These nails have been totally corroded and the corrosion products have
diffused. The positive anomalies are located on ghost nail location.
The main minerals observed with XRD are Pyrite and Marcasite (FeS2) for sulfide and
Siderite (FeCO3) for carbonate. Local analysis with Raman allows identifying also
greigite in sample close to ghost nail location.
A wood plank with ghost nail was divided in cubic samples of 1.9 mm edge and place
in cubic plastic box for magnetic analysis. Magnetic susceptibility was measure with
KLY4 (AGICO) and the modification of the magnetization is done with an alternative
field generator (DTech D2000, ASC Scientific) for anhysteretic remanent magnetization
(ARM) and a pulse magnetizer (MMPM10, Magnetic Measurements) for isothermal
remanent magnetization (IRM) and measured with a JR6 spinner magnetometer
(AGICO).
Intensity of IRM at 3T presents a wide range above 4 orders of magnitude. All curves
are very similar and correspond to the signature of a unique magnetic phase which
corresponds to single domain greigite. The greigite is supposed to be a precursor of the
pyrite made by microbiological activity (Hunger and Benning, 2007).
In order to check if the greigite is a marker for the presence of microbiologically
influenced iron corrosion in anoxic condition and waterlogged archaeological organic
materials, few samples of another ancient shipwreck from fluvial condition are studied.
Greigite was also identified but the contribution of a lower coercivity phase is detected
and attribute to magnetite. The conditions of conservation of these samples are not well
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constrain and some complementary investigation are necessary to confirm the presence
of magnetite at the origin before sampling.
The spatial variation of greigite concentration, one of the minor corrosion product,
generates important magnetic signal. This signal offers a good tool to monitoring
corrosion product concentration in the wreck and for future conservation process if we
can demonstrate that this mineral, in trace amount, reflect corrosion products
concentration. This seems to be not validated for wood directly in contact with the nail
position which presents a weak attenuation of the magnetic signal compare to the
samples just beyond.
Keywords: Shipwreck, 3D magnetic survey, Iron corrosion product, magnetic
mineralogy, wet archaeological wood.
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Abstract: A recent methodological development was done to answer to question for
archaeological hearth research in prehistoric caves (Burens et al., 2014). A magnetic
prospection is realized above the archeological soil and all the space is covered in order
to detect influence of topographic effect compare to magnetic enhancement induced
thermally. The space resolution must be adapted to the characteristic size of the
topographic variations and the archeological hearth dimensions. The limit of the
approach is in one side the presence of sedimentary detritic material with high magnetic
signal like pisolite rich in iron oxides, which can generate similar deformation of the
local earth magnetic field, and in the other side the absence of iron in minerals form
precursor of magnetite or pyrrhotite with thermal elevation. In absence of iron, no signal
can be expected.
The case of caves with the presence of plenty white calcite concretions seems to
converge with the second case. The studied case demonstrates that the conditions are
probably the best to obtain a good signal. The decalcification clay present a weak signal
with magnetic susceptibility about 0.2×10-3 SI. The tests of thermal transformation
realised generate a small elevation of this signal, below a factor 2. Some bones burned
and few reddish stalagmites can be observed in some places. Local measurements
realized with hand sensors reveal a weak but significants variations associated to these
suspected burned structures. The instruments used are the SM30 (ZHinstruments) for
magnetic susceptibility and MVM1 magnetic viscosity meter for magnetic viscosity.
The magnetic point cloud reveals some dipoles associated to the main burned structures
visually observed (Jaubert et al., 2016). The weak amount of iron appears sufficient to
generate magnetic minerals by thermal transformation of the precursors and a thermal
remanent magnetization. The weak influences of the walls (diamagnetic limestone) of
the caves on the earth magnetic field facilitate obtaining a relevant signal. This study
case offers new horizon for study of prehistorical caves.
Keywords: prehistorical caves, magnetic prospection, 3D, hearth, magnetic viscosity,
magnetic susceptibility.
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Abstract: The anisotropy of magnetic susceptibility (AMS) reflects the internal
structure of deposit, which is determined by minerals’ orientation and minerals’ own
magnetocrystalline anisotropy. However, the anisotropy may be determined by
numerous geological factors, including sedimentation, new minerals crystallization
during diagenesis, tectonic deformation, weathering and drying of exposed sediments,
as well as the process of sampling (summary in Parés, 2015). The sedimentary factor is
expected to be especially important within varied terrestrial deposits. This has been
positively verified within the well-constrained terrestrial Neogene section of the Oravica
River (Slovakia) within the Orava-Nowy Targ Basin (Łoziński et al, in press). Various
lithofacies (Łoziński et al., 2015) represented by: massive/laminated claystones,
siltstones and heterolithic deposits (lacustrine), claystones and laminated coaly
claystones (swamp), massive siltstones (flood-plain), trough cross-bedded sandstones
(river bed) and breccia (colluvium) have been sampled (322 specimens). The equal
tectonic impact has been assumed for all lithofacies comprising over 80 m-thick weakly
deformed sedimentary sequence.
The bulk magnetic susceptibility (Km) of 75% specimens falls within the range of 160 to
300 × 10-6 [SI], which suits well mineral composition of quartz and clay minerals (illite,
chlorite, smectite and kaolinite) obtained from XRD study. Surprisingly, the bulk
susceptibility correlates poorly with the chlorite/illite to quartz ratio calculated from
XRD reflection intensities (Pearson coefficient r=0.59). The other 25% representing the
range of 300 to 5560 × 10-6 [SI] seem to contain a ferromagnetic component having low
anisotropy. It does not occur in offshore lake setting, which may have a
sedimentological explanation: assuming it is a detrital component, it could have been
separated out during sediment transport. Alternatively, it can be an early diagenetic
mineral originated in geochemical processes within palaeosol. The off-shore lacustrine
lithofacies have revealed very narrow ranges of bulk susceptibility, anisotropy degree P
(1.02-1.05) and shape T (0.5-1.0) within each group of specimens, showing that wellsorted material deposited in stable conditions over relatively long time. The flood-plain
massive siltstone has low anisotropy P (1.00-1.04) and various shapes T (-0.7 to 0.8).
20-30% of negative T ellipsoids appear probably as an interplay of weak tectonic
deformation and low initial foliation resulted from root bioturbation and/or the presence
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of muddy clasts having their own anisotropy oriented randomly. In turn, swamp coaly
claystones have high anisotropy P (1.06-1.12) and oblate shape T (0.5-1.0), which is
probably related to significant plant detritus admixture. The chaotic ellipsoid
orientations have been found within the matrix of breccia, suggesting that this
lithofacies could have been deposited from cohesive sediment flow.
The total mean anisotropy ellipsoid is oblate with k3 axis normal to outcrop’s mean
bedding. Local deviations of ellipsoids and bedding are up to 10°, which allows using
the k1-k2 planes as bedding approximation. This may be useful if the true bedding is
not visible, e.g. within massive siltstones and claystones common in the Orava-Nowy
Targ Basin. The k1 and k2 axes are separated from each other within all lithofacies, thus
this feature has been interpreted as one of tectonic origin. However, axes distribution
varies from perfect triaxial to spread. Some deviations within k1 and k2 directions may
be related to deposition from flowing water, however palaeotransport directions
measured on ripple-cross lamination cannot be convincingly correlated with the AMS
directions.
Keywords: anisotropy of magnetic susceptibility, facies analysis, terrestrial
environments, Neogene, Orava-Nowy Targ Basin.
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Abstract: Application of soil magnetometry for study of spatial distribution of pollution
in soil organic horizons in urban and industrial areas was proposed by many authors
(Spiteri et al. 2005, Magiera et al. 2007, Jordanova et al. 2008; Kapička et al. 2008).
The main part of magnetic signal comes from technogenic magnetic particles (TMPs)
deposited on the soil surface and/or in uppermost soil horizon. TMPs are mostly
ferrimagntic iron oxides with different potentially toxic elements (PTEs) adsorbed on
their developed specific surface area or incorporated into their crystal structure. This
feature makes possible to use TMPs as indicators of anthropogenic pollution with trace
metals, as their presence in soils, even in trace amounts, can be easily detected by
magnetic measurements. Volume magnetic susceptibility (κ) is a reliable parameter for
estimating impact of dry and wet deposition of PTEs from industrial and urban sources
on soil (Magiera et al. 2011, Wang et al. 2014, Cao et al. 2015). The aim of this study
was to validate the application of soil magnetometry on five different scenarios (areas
affected by different pollution sources, different soil and geological background,
climate, land use etc.). In all studied areas located in Norway and Poland the same
measurement procedures were applied. As a first step, the surface magnetic
susceptibility (κ) was measured using MS2D Bartington loop sensor and spatial
distribution of κ values was presented as a map. On the basis of acquired maps the
topsoil cores up to 30 cm depth were collected from magnetic “hot spots” and areas
with medium and low κ values (the only exception was area located in northern Norway
where the soil layer was too thin to use the Humax sampler). The vertical distribution of
κ in topsoil cores was measured using the MS2C Bartington sensor, and the layers with
maximum values were selected for geochemical analyses. The content of 50 elements
was determined with ICP-MS after digestion in HNO3. Mass magnetic susceptibility (χ)
was also measured in soil samples before chemical analyses. To assess pollution level
the Pollution Load Index (PLI) was calclulated. Different sets of elements were chosen
for PLI index calculation in different scenarios dependently on the pollution sources.
For better characteristic of TMPs responsible for magnetic signal of studied soils
thermomagnetic analyses of selected samples were carried out using multifunctionkappabridge MFK1. Also magnetic initial curves, upper hysteresis curves, acquisition
curves of induced remanent magnetization (IRM), and backfield (BF) curves have been
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measured using a J-meter coercivity spectrometer, which synchronously measures
induced and remanent magnetization curves at room temperature between -1.5T and
1.5T. Values of soil magnetic susceptibility (κ) were different and dependent on the
main pollution source affected an area of study. The highest κ values were measured
close to the iron mine and metallurgical plant - up to 550 ×10-5 SI units. The lowest
values were observed in areas influenced by nickel plant (Svanvik area, Finnmark,
northern Norway) where the TMPs were mostly paramagnetic iron sulphides and in
Sudeten mountains over 800 m.a.s.l., where the long range transport of pollution was
the main source of TMPs. Also the strong geogenic source (magnetite-rich granites in
Vest-Agder southern Norway) can increase the topsoil κ up to 400 ×10-5 SI units. In
forest soil profiles, the highest increase of κ value was observed within uppermost 5 cm
of organic horizon, whereas on arable land, κ values were also high but more stable in
the whole area within the range of 80 – 250 ×10-5 SI units (in Piekary, Upper Silesia,
Poland). Different pollution sources emit different elements which are transported by
TMPs, therefore the kind of pollution source has to be considered in calculation of PLI
index and correlation with particular PTEs. In case of areas influenced by urban source
the highest correlations were observed for and Zn, Pb, Cd, Cu, while in case of iron
metallurgy mostly Fe, Cr, Ni and W were connected with TMPs. Around the Ni-Cu
smelters the positive correlations of κ and χ with Cu, Ni, Sn, As, Se, Mo, Co, W and S
were observed, whereas Pb-Zn ore processing wastes could be the sources of Zn, Pb,
Cd, Sn, Cu, Tl, Ba As and Se. TMPs emitted from different sources had also different
magnetic properties (e.g. hysteresis parameters). Analyses of Day’s diagram and other
bi-plots of magnetic parameters revealed data clustering in different clouds in relation to
the origin of TMPs. Also thermomagnetic curves exhibited different magnetic
mineralogy observed for TMPs in different areas of study.
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Abstract: Spatially, most of the archeointensity (AI) database has been derived from
the northern hemisphere, which in turn, diminishes the ability of different global
geomagnetic field models to be comparable to other regions (e.g., southern hemisphere
and also regions with latitudes less than 30° in the northern hemisphere, including
Mexico). Therefore, this study provides new archeointensity data obtained from a group
of 40 pieces of pottery and ceramic fragments coming from four different archeological
sites in Central Mexico. Investigated time intervals for these collections (based on
radioactive analyses and archeological constraints) range from ~ 1450 BC to 1800 AD.
A total of 200 specimens were treated with the classical Thellier experiments (ZI and
IZZI) for the paleointensity determinations. For a set of representative samples, rockmagnetic measurements (Mass-specific magnetic susceptibility at low frequency (XLF)
and high frequency (XHF) before and after heating, high-field thermomagnetic analyses,
and IRM acquisition) have been carried out to identify the actual magnetic carriers and
their domain states. In most time interval, our new data are internally consistent; agree
with the available data for the studied region and also concur well with the ARCH3k.1,
CALS3k.4, and CALS10k.1b models. Importantly, for the period between ~1450-900
BC, congruent AI results were obtained from two independent archeological sites
(which in turn boost the credibility of their 14C-age data) and suggested a low intensity
values about 75% of the present geomagnetic field strength. These data are in contrast
with recent claims of extremely high intensity (archeomagnetic spikes) reported in more
than one place in the Near East for this time period and therefore argue against the
global nature of this feature.

Keywords: archeointensity, geomagnetic field models, secular variation, Central
Mexico, Earth's magnetic field, intensity low, archeointensity spike.
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Abstract: The Starunia oil-ozokerite deposit occurs in the Boryslav-Pokuttya Unit of
the Carpathian Foredeep, which is the main oil- and gas-bearing part of the Ukrainian
Carpathians. International practice has demonstrated that using magnetometry in oil and
gas prospecting can be successful in various oil and gas basins (Porsch et al., 2014).
The anomalies of soil magnetic susceptibility were detected in close proximity to the
productive hydrocarbon areas in Western Ukraine (Menshov et al., 2015). The study
area is located in the outer zone of the Carpathian Foredeep (Fig. 1).

Figure 1: Sketch-maps of the major units of Starunia site (Kotarba, 2009)
The studied landscape is virtually more typical of the adjacent Polesie (Woodland). The
mountains are located 10-20 km from the study area. The landscapes include local
catenas showing no significant variations in height, with small rivers and springs
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flowing through them. We performed measurements of the magnetic field and magnetic
susceptibility of the soil along the MAG1 profile. The magnetic data acquired over the
study site have confirmed the existence within the MAG 1 profile of a local negative
magnetic anomaly of 30-35 nT with a width of about 700 m. The magnetic anomaly
peak is associated with the area where one of the largest mud volcanoes of the Starunia
structure is located. The magnetic susceptibility of soils was studied over a landscape
profile (Fig. 2) that consisted of three distinct landscape features: a patch of forest with
phaeozem and χ=20-45×10-8 m3/kg for the surface topsoil; an area near the volcano and
the Nadiya-1 well with visible hydrocarbon microseepage to the surface and the topsoil
showing no visible evidence of hydrocarbon presence, with χ=20-50×10-8 m3/kg; and a
lowland area with gleysols and χ=10-20×10-8 m3/kg. We have determined the vertical
distribution of magnetic susceptibility in the hydrocarbon containing clays and soils
near the Nadia-1 well. Hydrocarbon containing soils and bedrock clays showed
extremely high MS values with χ up to 440×10-8 m3/kg.
Magnetic susceptibility χ×10-8 m3/kg

60

Forest with
phaeozem
predominance

50

Area of the
possible
hydrocarbon
influence

Lowland with gleysols predominance

40

30

20

10

0
140

340

540

740

940

1140

1340

1540

Distance, m

Figure 2: Top soil mass specific magnetic susceptibility along the MAG 1 profile
Keywords: magnetic susceptibility, magnetic field, soil, hydrocarbons
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Abstract: The Central Atlantic Magmatic Province (CAMP) is one of the largest
identified Mesozoic basalt provinces formed approximately 200 Ma ago as a preamble
to the Pangea dismemberment. Recent 40Ar/39Ar dating and geochemical analyses of
dolerite sills and dykes and basalt lava flows in southwestern Algeria (Bechar area,
Reggane, Hank and Tindouf basins) showed that these rocks are parts of the CAMP.
These data represented good arguments to perform geological field observations and
sampling for paleomagnetic and magnetic fabric (AMS) investigations in the Tindouf
basin CAMP formations. Three NE-SW oriented long doleritic dykes (198.9 ±1.8 Ma)
in this basin were targeted in order to find out the structural context of their
emplacement (magnetic fabric) and to determine a new reliable Jurassic pole. The
magnetic fabric, in almost the whole sampled sections, is defined mainly by clustering
of k1 and k2 axes on the dyke plane whereas the k3 axis is nearly perpendicular to it.
This fabric is therefore interpreted as due to magma flow. The new Jurassic
paleomagnetic pole, of a good quality, is very close to those obtained from coeval
detrital Algerian Saharan formations and those recently determined from coeval
Moroccan igneous formations, it is also very close to the 200 Ma mean African pole.
These results constitute a considerable contribution to a more precise knowledge of the
geodynamical context during this period.
Keywords: CAMP, Paleomagnetism, AMS.
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Abstract: The Leka Ophiolite Complex is of special interest because there is excellent
exposure of rocks, which represent both the petrologic and geophysical Moho allowing
sampling across both boundaries. A detailed magnetic study was conducted on the Leka
Ophiolite Complex (U-Pb zircon age 497±2 Ma from Dunning & Pedersen (1987)) on
the island of Leka, Norway (65°05’11’’ N, 11°37’45’’). The purpose of this study is to
help constrain the timing of emplacement and serpentinization of the ophiolite. It is
comprised of five rock units; (1) strongly deformed harzburgite (2) unconformably
overlain by ultramafic cumulates, with a sequence of olivine, chromite, clinopyroxene
and orthopyroxene. These cumulates are covered with (3) metagabbros, which are cut
by an increasing amount of (4) metabasalt dykes and within the dykes is the (5) pillow
lavas forming the ancient oceanic floor (Furnes et al. 1988).
Samples were taken from 86 sites as either oriented blocks, or oriented drill cores for
laboratory tests. Measurements included natural remanent magnetization (NRM),
magnetic hysteresis parameters, temperature-dependent susceptibility and magnetic
susceptibility on 567 samples. NRM values range from less than 0.01 to 34 A/m with a
mean NRM of 2.58 A/m and susceptibility values ranges from 1×10-4 to 0.22 (SI) with
an average magnetic susceptibility of 2.9×10-2 (SI). 121 magnetic hysteresis
measurements show a range in behavior from multi-domain to pseudo single-domain
states. The range of Mr/Ms is 0.03 to 0.3 and Hcr/Hc is 1.1 to 11.5.
Samples were demagnetized using both thermal and alternating field techniques. Hightemperature magnetic moment measurements and temperature-dependent susceptibility
confirm a dominant Curie temperature of approximately 580°C, indicating an
endmember magnetite as the typical oxide. This is also seen in the thermal
demagnetization that magnetite is the primary carrier for the magnetic remanence.
Another potential carrier is chromite found in some of the dunitic rocks, though
preliminary tests suggest the chromite to be paramagnetic at room temperature. The
chromite is of interest as the samples with high concentrations have an average NRM
direction that is different from the other dunite samples by approximately 28 degrees.
The chromite samples have a stable mean direction that is resistant to AF
demagnetization and may retain a primary TRM. During alternating field
demagnetization many samples have a median destructive field less than 20 mT and an
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average NRM direction that is near the present day field, suggesting that the rocks
contain multi-domain magnetite that has been remagnetized, or that the original TRM
has been altered due to the creation of new magnetite from recent serpentinization.
These data will help to constrain the evolution of the Leka Ophiolite Complex: by
comparing paleomagnetic poles from both the harzburgite and dunite we should be able
to narrow down the age of emplacement.
Keywords: Leka Ophiolite Complex, Moho, Magnetic Properties, Paleomagnetism.

Figure 1: Outcrop of Harzburgite.
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Abstract: In order to reliably interpret paleomagnetic measurements, the mechanisms
of thermoremanent magnetization (TRM) must be fully understood. Currently, most
models of TRM processes only exist for the smallest, uniformly magnetized grains,
termed single domain (SD). However, the magnetic signal from rocks is often
dominated by slightly larger grains containing non-uniform magnetization states,
termed pseudo-SD (PSD) grains.
Magnetite (Fe3O4) is the most magnetic naturally occurring mineral on Earth, carrying
the dominant magnetic signature in rocks and providing a critical tool in
paleomagnetism. TRM in Fe3O4 grains is acquired in the direction of the ambient
geomagnetic field as they cool below their Curie temperature (TC) of ~ 580 ˚C. The
latest transmission electron microscopy (TEM) techniques like electron holography
allows for the imaging of magnetization in nano-scale minerals during in situ heating
under vacuum and controlled atmospheres.
In the present study, the thermomagnetic behavior of Fe3O4 particles in the PSD size
range is also investigated using off-axis electron holography. Magnetic induction maps,
which are recorded during in situ heating up to above the TC, reveal the PSD nature of
several Fe3O4 grains by visualizing their vortex domain states. The vortex states in
small Fe3O4 grains (Fig. 1a & b) are shown to rotate or collapse into a single-domain
state close to its unblocking temperature (Fig. 1c), rather than remaining thermally
stable as seen in the vortex states of larger Fe3O4 grains.
Keywords: PSD-magnetite, thermoremanence, electron-holography.
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Figure 1: (a) TEM image of the particle, (b) electron-holography image of an SIRM at
20 ˚C and (c) at 500 ˚C.

Page 107 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

Thermoremanent magnetization in pseudo-Single domain
grains.
Lesleis Nagy1, Wyn Williams1, Karl Fabian2, Adrian Muxworthy3, Trevor Almeida4
The University of Edinburgh, United Kingdom
Norges Geologiske Undersøkelse, Norway
3
Imperial College London, United Kingdom
4
The University of Glasgow, United Kingdom
1
2

Corresponding author: l.nagy@ed.ac.uk

Abstract: The reliability of paleomagnetic remanences is well understood for fine
grains of magnetite that are single-domain (SD, uniformly magnetized). In particular
Néel’s theory (Néel, 1949) outlined the thermal energies required to block and unblock
magnetic remanences. This leads to determination of thermal stability for magnetization
in fine grains as outlined in Pullaiah et. al. (1975) and a comprehensive understanding
of SD paleomagnetic recordings.
It has been known for some time that single domain magnetite occurs in the grain size
range 30 – 80 nm, which accounts for a small fraction of the grain size distribution in
any rock sample. Indeed, rocks are often dominated by slightly larger grains at
approximately 80 – 1000 nm, which nucleate inhomogeneous domain structures and are
called pseudo single domain (PSD). Toward the top end of this range multi-domain
(MD) features begin to dominate. In contrast to the small remanence exhibited by MD
grains, PSD grains are likely to be a significant contributor to the net magnetisation of a
paleomagnetic sample.
In order to determine thermomagnetic stability (and thus reliability) of a PSD grain we
need to identify the energy barrier between its stable state any and any other domain
state that it could occupy. We have attempted to do this using the nudged elastic band
(NEB) method (Sheppard et al. 2008) which searches for minimum energy paths
between any given pair of stable domain states (illustrated below). Using this technique
we have determined, for the first time, complete thermomagnetic stability curves for
PSD magnetite.
The work presented demonstrates the evolution of blocking temperature for grains of
magnetite as a function of size. PSD grains contain large numbers of possible LEM
states. However the number of likely (lowest) energy transition paths are few and can be
shown to behave similarly to SD grains. For larger grain sizes the results provide a basis
for a much more rigorous understanding of the fidelity of paleomagnetic signals in
assemblages of PSD grains and their ability to retain ancient recordings of the
geomagnetic field.
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Figure 1: Typical minimum energy path produced using the nudged elastic band for a
100 nm cuboctahedral grain at 20°C. The energy values at each structure (path index)
are shown for orientations of the magnetization along the minimum path. Start and end
points are illustrated along with an intermediate magnetization corresponding to the
energy maximum. The height of the barrier may then be used to calculate the relaxation
time for this geometry at the given temperature.
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Abstract: The characterization of magnetic susceptibility in laterite soil taken in
Pallangga Ultramafic Complex (PUC) has been performed. PUC is a nickel ore mining
area located in the southeast arm of Sulawesi Island, INDONESIA. Laterite soil is the
result of weathering of ultramafic rocks which are the main rocks that form ultramafic
complex. Four profiles of laterite soil were taken vertically further characterization of
magnetic susceptibility. In general, the results show that the parameters of the magnetic
properties increase in line with the development of laterite soil. The value of lowfrequency magnetic susceptibility (χLF) obtained ranging from 1.699 × 10-6 m3/kg - 23
814 × 10-6 m3/kg, frequency-dependent susceptibility (χFD) is higher than 7.91%. The
increase of the magnetic susceptibility value in accordance with the pedogenic
development of laterite soil, so it was concluded that increasing grain SP associated
with higher enrichment oxidation of iron minerals in the soil weathering process. The
results showed that some of the parameters of laterite ground magnetic, like χLF, χFD
and ARM can be used as tools to correlate the soil weathering processes.
Keywords: magnetic susceptibility, laterite soil, Palangga Ultramafic Complex.
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Profil P3

Figure 1: The magnetic susceptibility of soil profile (Profile: #P3)
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Abstract: We present preliminary results from Wenlockian shales of Pelplin formation
from the Pomerania region. These dark, organic-rich marine shales were deposited on
the western shelf of the Baltica paleo-continent within so-called Baltic Basin. The
studied Silurian shales now constitute the cover of East European Platform, lie almost
completely flat and do not show clear signs of tectonic compressional deformations.
Given that these rocks represent a potential source of shale gas in our studies we focus
on issues of potential importance for exploitation of unconventional gas resources.
Accordingly, we investigate magnetic anisotropy that reflects the preferred orientation
of minerals in shales, which may have its significance in the context of hydraulic
fracturing. Additionally, we carried out rock magnetic studies with the aim of
recognizing ferro- and paramagnetic minerals in shales and thus fully understanding the
origin of the magnetic anisotropy.
The research was performed in rocks derived from two boreholes. We sampled both the
typical Wenlockian dark shales and spherical calcareous concretions. Our macroscopic
observations of cores imply that such concretions were formed in the early stage of
diagenesis, before the final compaction and lithification of surrounding shales; shale
beds bordered with a concretions show evident deflection related to the compaction. We
obtained similar rockmagnetic results for both of rock types. The preliminary results of
thermal variation of magnetic susceptibility and hysteresis loops show that magnetic
susceptibility is mainly controlled by paramagnetic minerals (in all probability
phyllosilicates) with smaller impact of ferromagnetic phase. The results of the
hysteresis studies documented the domination of low coercivity ferromagnetic minerals,
most probably magnetite or pyrotite.
The AMS (anisotropy of magnetic susceptibility) results from all shale rocks show
distinct bedding parallel foliation related to deposition alignment of phyllosilicates and
further compaction. In one of the drill core the maximal AMS axes are almost randomly
distributed in the bedding plane and show only a weak tendency for grouping. In the
second drill core magnetic lineation is better defined.
In the case of concretions the bedding parallel magnetic foliation is also evident but is
much weaker than in shales. In turn, in both of drill cores magnetic lineation is well
developed and maximal AMS axes are well-grouped. In both of the cores orientations of
lineation from concretions agree with site mean lineations from shale rocks.
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To conclude, the results imply that phyllosilicate minerals from shales are well aligned
in the bedding plane by compaction processes. In case of calcareous concretions
foliation is less development due to their earlier cementation occurred before the end of
sediments compaction. Good grouping of maximal AMS axes within early cemented
concretions suggest that magnetic lineation is rather sedimentary then tectonic in origin.
This work has been funded by the Polish National Centre for Research and
Development within the Blue Gas project (No BG2/SHALEMECH/14). Samples were
provided by the PGNiG SA.

Keywords: rock-magnetism, Silurian, shale rocks, Pomerania, concretions.

Figure 1: Anisotropy of magnetic susceptibility results: on the left projections (A, E)
there are the results of shales, on the right (B, F) there are the results for concrections
only. Charts C, D, G, H shows the results for all (shales and concretions) samples.
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Abstract: In this work we perform results of magneto-mineralogical and paleomagnetic
investigations of Lake Plescheevo sediments. The origin of the lake is glacial. Lake
sediments is composed of fine grained sands, silty sand and black silt. We obtain
coercitive parameters and thermomagnetic curves which were used for determining
carriers of magnetization and their domain structure; the NRM was also measured. 14C
dating was made for 4 samples. Measurements were made in the paleomagnetic
laboratory of Kazan University. Thermomagnetic curves measured on Curie express
balance, coercitive parameters on J-coercivity spectrometer and NRM (module and
direction) on cryomagnetometer.
NRM values vary within 0.442-39.1 mА·m-1, magnetic susceptibility 0.125×10-5 20.63×10-5 SI. The carriers of magnetization are magnetically soft minerals such
magnetite and iron sulphide (greigite). According radiocarbon dating results was
reconstructed sedimentation rate. Variations of magnetic parameters along the sediment
column are shown in Figure 1. During investigated period (more than ten thousand
years) was two periods with different sources of magnetic minerals in sediments.
Results of paleomagnetic investigations were used for paleosecular variations
reconstruction (PSV).
The work is performed according to the Russian Government Program of Competitive
Growth of Kazan Federal University. This work was partially funded by the subsidy
allocated to Kazan Federal University for the state assignment in the sphere of scientific
activities and RFBR according to the research project № 14-05-00785.
Keywords: lake sediments, magnetic properties, magnetic minerals, PSV.
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Figure 1: Magnetic parameters of the core 3: a) – NRM (mA/m), b) – magnetic
susceptibility (10-5 SI), c) – inclination (°C), d) – declination (°C).
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Abstract: Micromagnetic modelling is a useful tool for understanding the behaviour of
magnetic grains on a nanometer scale under different conditions. One effect that is
typically rather roughly approximated in these models however is the magnetostrictive
effect. Experimental studies show that external mechanical force applied to grains tends
to increase their coercivity. Since the typical treatment of magnetostriction in a
micromagnetic model comes from solutions for an infinitely large grain, any surface
effects are effectively ignored. It has, therefore, not previously been possible to study
the effects of these external stresses in a micromagnetic model. I will present a method
for including magnetostriction in a micromagnetic model in a way which allows pure
stress conditions to be defined on the surface and included in the calculations. This can
be used to explore the effects of lithostatic pressure and shear forces, for example, on
the magnetic properties of a grain, like remanent states and coercivities. In particular,
micromagnetic modelling allows us to see the exact remanent magnetization of a grain,
so the effects of external mechanical forces on Pseudo-Single Domain states can be
explored in detail. The models presented here have been realised using the freely
available micromagnetics program MERRILL and will be included in it in an upcoming
release.
Keywords: modelling, magnetostriction, pseudo-single domains, MERILL.

Page 117 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

Paleosecular variation from Upper Miocene lava flows of the
East Carpathians (Romania).
C.G. Panaiotu1, M. Vişan3, D. Dimofte2, C. Necula1 , A. Dumitru1, R. Roban2
University of Bucharest, Faculty of Physics, Bucharest, Romania
University of Bucharest, Faculty of Geology and Geophysics, Bucharest, Romania
3
Institute of Geodynamics, Romanian Academy, Bucharest, Romania.
1
2

Corresponding author: cristian.panaiotu@g.unibuc.ro

Abstract: Investigations of the paleosecular variation (PSV) of the geomagnetic field
on geological timescales depend on globally distributed data sets from lava flows. The
East Carpathians volcanic chain is around 330 km long and the volcanic activity
gradually migrated to the south between the Late Miocene and the Quaternary. Due to
this migration this post-collisional volcanic chain is an excellent place to study the PSV
from lava flows over the last 12 Ma in time steps of 1 – 2 Ma. We report new
paleomagnetic results from lava flows of the East Carpathians Mountains (23.6° E,
46.4°N) erupted between 6 and 9 Ma. After AF and thermal demagnetizations, we have
selected, using the quality selection criteria for PSV studies of Johnson et al. (2008), 89
sites in the age interval 7-10 Ma and 44 sites in the age interval 6 -7 Ma. The virtual
geomagnetic poles (VGPs) for both data sets are Fisherian distributed and have a
positive reversal test. Both mean poles include the rotation axes showing the absence of
significant rotation. The dispersion of VGPs from this study and previous results from
the East Carpathians lava flows (Vişan et al., 2016 and reference there in) are plotted in
Fig. 1. The angular dispersions in the East Carpathians are not significantly different
from each other, with the exception of the angular dispersion between 1.5 – 4 Ma,
which is larger than that recorded between 4 - 6 Ma. We did not observed significant
difference between the reversed and normal polarity dispersion parameters as those
reported for the age interval 6 to 15 Ma in the Columbia River Basalt Group, USA
(Dominguez and Van der Voo, 2014). Our angular dispersions do not show any
increases systematically with increasing age as the data from southwestern USA
(Mankinen, 2008). More data are needed at a global level to determine if the differences
between the angular dispersions from Fig. 1 reflect the behavior of the geomagnetic
field or an artefact of inadequate number of sites. This work was supported by a grant of
the Ministry of National Education, CNCS – UEFISCDI, project number PN-II-IDPCE-2012-4-0177.
Keywords: paleosecular variation, lava flows, Miocene, East Carpathians.
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Figure 1: Dispersion of the VGPs from lava flows (Sb) and their 95% confidence limits
in the latitudinal band 36°N – 48°N. Blue symbols represent the data from the East
Carpathians (Vişan et al., 2014 and references there in; this study). Red symbols
represent data from the United States (Johnson et al., 2008; Mankinen, 2008;
Dominguez and Van der Voo, 2014). Near symbols are shown the age interval in Ma.
The number of sites is represented with bold italics fonts.
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The Curie temperature of magnetite nanoparticles.
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Abstract: Measuring the Curie temperature is a standard technique in determining the
mineralogical content of a magnetic sample. The Curie temperatures of magnetic
nanoparticles have been observed to both decrease and increase with reducing particle
size in agreement with finite scaling theory. However, due to the complex interplay
between finite-size and surface effects, predictions as to the exact behaviour of any
given material are difficult. A more quantitative understanding of the change in
magnetic ordering temperature for minerals of interest is important for interpreting the
data acquired from rock magnetic studies.
The ordering temperature for magnetite nanoparticles was investigated using an
atomistic mean field model applied to a realistic crystal structure, with experimentally
determined values for the exchange energies. The arising system of coupled non-linear
equations was numerically solved using the SNES library of the Portable, Extensible
Toolkit for Scientific Computation (PETSc).
Some preliminary calculations have shown a reduction in both Curie temperature and
surface magnetisation for magnetic nanoparticles, in qualitative agreement with both
experimental and computational results.
Keywords: nanoparticles, Curie temperature, magnetite.
References:
Bourdonnay, M. (1971). Experimental Determination of Exchange Integrals in
Magnetite. Le Journal de Physique Colloques, 32(C1), C1–1182–C1–1183.
Sadeh, B., Doi, M., Shimizu, T., & Matsui, M. (2000). Dependence of the Curie
temperature on the Diameter of Fe3O4 Ultra-fine Particles. Journal of the Magnetics
Society of Japan, 24(42), 511–514.
Shcherbakov, V. P., Fabian, K., Sycheva, N. K., & McEnroe, S. A. (2012). Size and
shape dependence of the magnetic ordering temperature in nanoscale magnetic particles.
Geophysical Journal International, 191(3), 954–964.
Tang, Z., Sorensen, C., Klabunde, K., & Hadjipanayis, G. (1991). Size-dependent Curie
temperature in nanoscale MnFe2O4 particles. Physical Review Letters, 67(25), 3602–
3605.
Page 120 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

Anisotropy of Hysteresis Loops of Hematite-Rich Samples.
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Abstract: In rock magnetism, induced magnetization measurements (hysteresis loops
and FORC diagrams) as well as remanent magnetization measurements are often used
to identify the carriers of magnetic signal. Unlike magnetic susceptibility, which is in
the case of solid rock samples in general assumed to be anisotropic, the above
mentioned measurements are often performed in one direction only. Anisotropy of
remanent magnetization has been studied and reported in several papers. However, this
is not the case of directional dependence of hysteresis loops. The aim of this
presentation is to provide evidence that hysteresis loops may be significantly
anisotropic. Thus, the interpretation of standard hysteresis loop (and FORC)
measurements, along with the remanent magnetization acquisition curves, may be
significantly biased and erroneous, if anisotropy is ignored. We studied hematite ore
samples (98 % Fe2O3) from the Superior-type banded iron formations (BIFs) from the
Sishen Mine, South Africa, deformed in torsion at 400 MPa confining pressure and
constant temperature of 950°C, with constant strain rate of 4.2-4.4 × 10-5s-1. The finite
shear strain ranged between 0.5 and 4.5. The samples were cut in small specimens
following the strain gradient. The samples showed high magnetic susceptibility (in the
order of 10-3) and thermomagnetic curve characteristic for hematite. Angular-dependent
hysteresis loops (Fig. 1) were measured using EV9 VSM vibrating sample
magnetometer (max. applied field of 2 T, rotation around each of three axes with a step
of 30°). Set of partial loops for FORC diagrams were measured in few cases along
perpendicular directions (Fig. 2). In addition, remanent magnetization acquisition
curves were measured along perpendicular directions determined on the basis of
hysteresis loops as hard and soft. Our results clearly show that deformation induced
significant anisotropy of both remanent and induced magnetization, degree of
anisotropy being higher for more deformed specimens. Therefore, interpretation of
measurements performed in one direction only may be subject to significant bias in
interpretation and one should always check for the effect of anisotropy, even if the
anisotropy of magnetic susceptibility is negligible.
Keywords: magnetic hysteresis, FORC diagrams, magnetic remanence decomposition,
anisotropy.
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Figure 1: Hysteresis loops measured along two perpendicular directions (magnetic field
axis truncated at 1 T). Left: Undeformed sample, right: deformed sample, strain 2.3.

Figure 2: FORC diagrams of weakly deformed sample (strain of 0.45) measured along
two perpendicular directions.
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Frequency-Dependent Magnetic Susceptibility:
How Trustworthy It Is in Proving Superparamagnetic
Particles?
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Abstract: In rock and environmental magnetism, frequency-dependent magnetic
susceptibility became the primary indicator of presence, or significance, of ultrafine
superparamagnetic (SP) magnetite (maghemite) particles. The use of this parameter has
been historically determined by the availability of Bartington dual-frequency meter,
measuring at 470 Hz and 4700 Hz and amplitude of 80 A/m (about 0.1 mT). Later on,
more sensitive and accurate AGICO kappabridge MFK1 became available, using three
frequencies (976, 3904 and 15616 Hz) and various amplitudes in the range between 2
and 700 A/m (0.0025 and 0.88 mT, respectively). This approach may be considered as
rather simplified, because is based on the assumption that the frequency dependence
under these measurement conditions is solely due to viscous relaxation of rotation of
magnetic moments (i.e. neglecting Brownian motion, present in ferrofluids, and
reversible motion of domain walls, which are absent in SP particles). In general, the
initial susceptibility, which corresponds to the static susceptibility in the reversible
range, has two origins; one is reversible domain-wall motion, and the other is reversible
magnetization rotation. Hence, both mechanisms should be considered as the origins of
the reversible relaxation, which may be frequency-dependent under the measurement
conditions using either Bartington or AGICO instrument. As discussed by Yoon and
Kim (2001), in the case of amorphous alloys measured along the easy axis at field of 0.3
A/m, the relaxation at low frequency is regarded as the domain-wall component, and
dominates over that due to reversible rotation of magnetization moments until frequency
of about 360 kHz. Although this is specific case of amorphous ribbon, it suggests that
also in other magnetic materials reversible domain wall motion may play significant
role. Domain walls may change position from one pinning site to the other. This
mechanism depends on the density of pinning sites and energy barrier in between, and is
mostly irreversible (Barkhausen jumps). The other mechanism of (reversible) domain
wall motion is their vibration (studied, e.g., in iron garnets, Gornakov and Snyogach,
1994) and breathing (e.g., Matsushita et al., 2012). Although these mechanisms were
described in technical materials and for different measurement conditions, it seems that
they (or similar ones) may play role also in multi-domain maghemite (magnetite). In our
contribution, we will show an example of sample of andic soil developed on basalt,
which was supposed to be controlled by lithology, but exhibited significant frequencyPage 123 of 176
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dependent magnetic susceptibility (6% obtained from the MFK1 first and third
frequency, volume susceptibility of 16×10-3 SI), while no other studied parameter
indicated significant pedogenesis. This frequency dependence is comparable to samples
which show high values of pedogenesis-related geochemical parameter (organic
Carbon). Despite the fact that Canon-Tapia and Cardenas (2012) reported on presence
of SP particles in igneous rocks (obsidians), in our case frequency-dependent
susceptibility is the only indicator suggesting the presence of SP particles. Thus the
question is to what extent we may trust this parameter as reliable indicator of presence
of SP particles. In order to find alternative, we used amplitude dependence of
susceptibility, assuming simple model of linear magnetisation acquisition, saturated al
low fields in the case of SP particles, combined with non-linear magnetization curve
related to multi-domain (MD) particles. By comparing with behavior of reference SP
and MD materials, we found that amplitude dependence of magnetic susceptibility of
samples of andic soils reflects clear features of SP particles for amplitudes below about
100 A/m, while at higher amplitudes the pattern reflects MD features only. Thus we
suggest using amplitude dependence as additional indicator of SP particles.
Keywords: magnetic susceptibility, frequency dependence, amplitude dependence,
superparamagnetic particles, reversible processes.
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Abstract: Upper Silesia (Poland) is an area where concentrated many kinds of industry
constitute a source of industrial dusts containing technogenic magnetic particles (TMP).
TMP introduced by Magiera et al. (2011, 2013), thanks their specific mineral and
magnetic properties, and well developed specific surface area, are characterized by an
affinity for some elements like heavy metals. TMP are mostly iron oxides with
ferrimagnetic or antiferromagnetic properties, therefore their presence in dusts, soils and
sediments can be easily detected by magnetic susceptibility measurements (Thompson
and Oldfield, 1986). Conditions of dust formation (e.g. temperature, oxygen
availability, kind of fuels and additives used) specific for different technological
processes determine the properties of TMP (Gupta et al. 2007). For the purpose of this
study fly ashes from two power plants, dusts from non-ferrous metal smelting and two
steelworks were collected and subjected to magnetic (bulk magnetic susceptibility and
temperature dependence of magnetic susceptibility) and mineralogical (X-ray powder
diffraction and scanning electron microscopy with energy dispersive spectroscopy –
SEM/EDS) analyses.
Values of magnetic susceptibility (χ) varied in a broad range: from 6 to above 10000 ×
10-8 m3kg-1 (median values). The lowest χ was obtained for dusts from non-ferrous
metal smelting and the highest for metallurgical dusts. The χ of fly ashes was at the
level 1000-1300 × 10-8 m3kg-1. Thermomagnetic analyses reveal differences between
samples from particular industries. Inflection at 580 °C of the curve of TMP emitted by
power plants indicated that magnetite was the main magnetic phase. In case of nonferrous metal smelting additional curve deflection at 130 and 210 °C occurred relating
to intermediate titanomagnetite (Vahle &. Kontny, 2005).
Analyses of mineral composition exhibited that fly ashes were composed mainly of
anhydrite (2-46%), quartz (18-33%), muscovite (0-8%), feldspars (0-8%) and hematite
(2-8%), while dusts from non-ferrous metal smelting contain Pb and Zn minerals
(zincite – 1-95%, lanarkite – 0-45%, anglesite – 0-24%, gordaite – 0-10%, challacoloite
and sphalerite). Different spinels (19-53%), hematite (0-38%), wüstite (0-40%) and
additives of calcite, halite, sylvite and graphite are the components of metallurgical
dusts. The major constituents of fly ashes were glaze (mullite and quartz), porous
vesicular coke, calcium sulfates and aluminosilicates with inclusions of Fe and Mg
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oxides occurred mostly in spherical forms (Fig. 1). Small rods and irregular beads
consisting of Pb and Zn oxides or sulfates were found in dusts form non-ferrous metal
smelting. Whereas metallurgical dusts contain in the predominant amount Fe, Zn, Ca
and Mn oxides of varied morphology (spherules, needles, aggregates, sharply edged).
The research project received funding from the National Science Centre of Poland on
the basis of the decision number DEC-2013/09/B/ST10/02227.
Keywords: magnetic susceptibility, X-ray powder diffraction, scanning electron
microscopy, industrial dust, soil.

Figure 1: SEM images of fly ashes (A, B), dust from non-ferrous metal smelting (C, D)
and metallurgical dust (E,F) with main elements determined by EDS.
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Abstract: Different methods are available for monitoring of air particulate matter High
Volume Active Samplers (Hi-Vol) are designated as one of the reference techniques by
environmental agencies. Such samplers require highly skilled personal and specific
supplies to operate, increasing the cost of their use and maintenance. Also the
conditions of function, such as the need of electrical current, make them outside their
particular area of operation difficult to transport. Biological materials as tree leafs, bark,
and mosses among others have been used as passive collectors of air particles, allowing
the study of much more densely distributed locations than with Hi-Vol samplers
(Muxworthy & Petersen, 2001). Compared to such passive collectors, previous work
(Flanders, 1994) has already shown that permanent magnets can increase collection
rates from particulates directly from the atmosphere, however no studies are known
where this method was compared e.g. with results from Hi-Vol samplers, and if the
magnetic fraction of particles by magnets could be a proxy for the total concentration of
particles in the air (PM10 or PM2.5). In this study NdFeB permanent magnets are used
in order to create a strong magnetic field and field gradient. We show analytically and
experimentally the variation of the field with the distance and how it changes when
several magnets are combined. From the measurements we determined the magnetic
moment (m) of 2 different types of magnets of the N50 composition: ten cylindrical
magnets with 30 mm diameter and 10 mm thickness, and two magnets with a diameter
of 47 mm and a cylindrical hole of 6mm and a thickness of 4 mm. The field was
measured parallel to the axis of magnetization with a Gaussmeter GM-2. The inverse
cube of the distance vs the magnetic field was plotted and the magnetic moment was
found from the best fitting curve for each group of magnets, beginning with one magnet
with an m = 0.29 Am2 until ten magnets. Two magnets together were found to be the
best option (m = 0.52 Am2) as the magnetic moment didn’t increased significantly from
the three magnet combination (m = 0.54 Am2) until the 10th (m = 0.73 Am2).For the
other pair of magnets the magnetic moment was one order of magnitude lower (m =
0.082 Am2), and therefore they were discarded. Further on, spatial arrangements of
these magnets were modeled using the finite element method Software FEMM v4.2
(Meeker, 2015) to examine the field gradient with the distance and the position of the
magnets. Finally, magnets were collocated in the field using different vertical and
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horizontal distributions, and at locations where a comparison with traditional methods
of determination of particle concentration is available. Particles are collected on a
plastic substrate wrapped around the Magnets and their magnetic properties will be
characterized before after particle collection. The study is conducted in the City of
Santiago de Queretaro, Mexico, with a population of approximately 800,000. According
to other studies, the two main sources of air particulate pollution are the industry and
vehicles (Secretaria de Medio Ambiente y Recursos Naturales (SEMARNAT), 2014).
Keywords: gradient field, permanent magnets, particles.
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Abstract: Air quality is considered as a major environmental risk to health where
individuals have little control for the exposure. Industrial activities, along with
transport, are identified as the main air quality threats (TNS Political & Social 2013).
Moreover, industrial point-like sources stand out in the ambient environment and draw
more attention than traffic pollution. Together with emerging demands for tighter
emission or discharge limits for industry, detailed and spatially accurate data are
increasingly needed. However, automated air monitoring stations alone can’t respond to
these requirements due to their typically high costs, limited number and, thus, spatially
limited data.
Biomonitors or surrogates collect simultaneously several pollutants. This approach is an
efficient, practical and economical alternative for air quality and pollution
investigations. Advantages of active biomonitoring include known collection periods,
initial pollution levels and spatially accurate data, not limited by the lack of native
species in the area of interest.
In this study, Sphagnum papillosum -moss bags and vertical snow samples are
seasonally applied for the first time. The purpose is to compare these two different
sampling methods in relation to air pollution monitoring. Hypothesis is that both
monitoring methods will show similar spatial trends in pollution dispersal and that the
moss bags can be used in winter time. Moss bags, exposed in January, were collected
together with snow samples by early March 2012 near the Harjavalta Industrial Park in
southwest Finland. Sampling targeted the most contaminated area identified in previous
studies (e.g. Salemaa et al. 2001, Jussila 2009, Salo & Mäkinen 2014).
Magnetic, chemical, scanning electron microscopy-energy dispersive X-ray
spectroscopy (SEM-EDX), K-means clustering and Tomlinson pollution load index
(PLI) data show parallel spatial trends of pollution dispersal for both materials. The
heaviest air pollution load settles to and the pollution gradient decreases with increasing
distance from the Industrial Park. Sites next to dust emitters in the industrial area, such
as concentrate depository, show distinctive peaks on magnetic susceptibilities, element
levels and Tomlinson PLIs. Outside the Industrial Park, higher pollution loads are found
at sites in open areas near the highway while background levels are reached at the
furthest sites. Both materials are efficient collectors of air pollutants. Even though
accumulation processes are different, similar spatial dispersion or air pollutants in and
statistically significant variable correlations between the sample materials indicate that
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moss bags can be used in winter conditions. Results strengthen previous findings that
concentrate and slag handling activities are important (dust) emission sources while the
impact from Cu-Ni smelter’s pipe remains secondary at closer distances.
To summarise, both methods (active Sphagnum papillosum -moss bags and vertical
snow samples) work well for sampling and are efficient pollutant accumulators. Moss
bags can be used also in winter conditions and they provide more homogeneous and
better controlled sampling method than snow samples.
Keywords: biomonitoring, industrial pollution, heavy metal, magnetic susceptibility
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Abstract: The plan-view curved structural trends of fold-and-thrust belts may occur at
different scales, as documented in the Apennine-Maghrebide orogeny (e.g., Johnston
and Mazzoli, 2009). Here, the first-order Arc is a hundred-kilometric-scale salient with
convexity toward the Adria/Africa foreland. This orogen can be further divided into two
second-order arcs: the Northern Apennines Arc and the Southern Apennines-Calabrian
Arc. In their turn, both these second-order arcs show minor curved structures,
characterized by changes in structural strike at the kilometric scale. At even a smaller
scale, arcuate structures characterized by different-trending limbs are still recognizable
(Figure 1). While first- and second-order arcs have been extensively studied, few
attentions have been paid to small-scale structures in the literature. Nevertheless, the
detailed investigation of small arcuate structures hosted in major arcs could contribute
to understand pervasiveness of deformation mechanism.
In order to investigate local arcuate structures at kilometric scale, a paleomagnetic
analysis integrated with geological and structural study was applied in an inner sector of
the Northern Apennines. The study area is characterized by an arcuate shape concentric
to the second-order arc, with structural trends varying from N-S to NW-SE. The change
in the structural trend is greater than the maximum difference in tectonic rotation. Also,
in a structural trend versus site rotations plot, data are roughly aligned along a
horizontal line, approaching a non-rotational arc behavior. These values suggest that
tectonic rotations are not correlated to the local structural trend.
The local arcuate shapes in the study area are mostly primary features, slightly
accentuated by the occurrence of tectonic rotations, with a mechanism similar to the one
documented at the scale of the Northern Apennines second-order arc (e.g., Cifelli and
Mattei, 2010; Satolli and Calamita, 2012).
The integration of paleomagnetic and structural data is essential for understand the
kinematics of arcuate structures at different scales, particularly the influence of
inversion tectonics, and could be applied to unravel the structural style of other arcuate
fold-and-thrust belts.
Keywords: Northern Apennines, inversion tectonics, tectonic rotations, arcs.
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Figure 1: Tectonic sketch map showing the first-order Apennine-Maghrebide Arc, the
Northern Apennines and the Southern Apennines-Calabrian second-order arcs and some
local arcs.
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Abstract: The early Toarcian is globally characterized by extensional tectonic,
volcanism, greenhouse conditions, marine transgression, anoxic conditions, mass
extinction and increase in the total organic carbon that have been commonly related to
the eruption of the Gondwanaan Karoo-Ferrar igneous province (e.g. Hesselbo et al.
2000). This concomitance of events generally results in an organic rich facies, known as
the Toarcian oceanic anoxic event (T-OAE; Jenkyns, 1988).
Here we present a characterization of the T-OAE based on the analysis of magnetic
mineral content, and supported by mineralogical analysis. The investigation has been
performed in the Marne del Serrone Fm. (Northern Apennines, Italy), characterized by
micritic limestones, red-green marls and the presence of ca. 50-cm-thick black shales in
its bottom part. The age of the section has been constrained using the ammonite
assemblages in the Spinatum to Variabilis zone.
Paleomagnetic analyses were performed on 164 specimens through thermal
demagnetization. The characteristic component of magnetization has been usually
isolated in the 250°C-580°C range in the micritic limestones and limestones marl
alternations and in the 250°C-580°C range in the red-green clay-marl and marly
limestones.
Additionally, NRM, susceptibility, S-ratio, IRM acquisition curves and X-ray powder
diffraction were measured on non-oriented samples. The interval across the black shales
is characterized by quartz and relative low amounts of calcite, montmorillonite and
illite, whereas samples below and above these layers show calcite and little amounts of
quartz and illite. Furthermore, the black shales show the highest value of S-ratio.
The preliminary results evidence that T-OAE can be properly characterized by
complementary magnetic and mineralogical analyses.
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Figure 1: Schematic log of the Monte Serrone section and photos of sampled
lithologies: A) Upper Pliensbachian Corniola Formation; B) Lower Toarcian Marly
limestones; C) Marls and micritic limestone; D) Black shales; E) Grey marls; F) Clayey
marls and marly limestones.
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AMS of salt rocks: Which mineral is the cause and does it
reflect deformation?
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Abstract: The anisotropy of magnetic susceptibility (AMS) of rocks reflects the
mineral fabric. Therefore, it is often measured to study the deformation history of
various types of rocks. There are almost no studies of the AMS in salt rocks, although
they play an important role in deformation processes. The expected AMS in salt rocks is
very low, since the main minerals are diamagnetic and isotropic. The AMS must
therefore be generated by minor constituents.
We have studied different types of salt rocks from the Upper Permian (Zechstein)
originating from a weakly deformed salt deposit and an intensively deformed salt dome.
The aim was to check, if there is an AMS in these salt rocks, how it is related to
deformation and which minerals are responsible for the AMS.
Low-field AMS measurements have been done using a kappabridge (AGICO) and
increased accuracy was gained by measuring the samples 10 times in each orientation
using the method of Biedermann et al. (2013). A weak but significant AMS was found
in gray rock salt, sylvinite and carnallitite samples. The difference of minimum and
maximum susceptibility is on the order of 0.5 x 10-6 SI, but can reach values up to 2.5 x
10-6 SI. We tried to identify the minerals, which cause this anisotropy, by using
mineralogical and rock-magnetic methods. The mineralogical analysis showed
phyllosilicates and hematite as anisotropic minerals. Magnetite was identified in IRM
acquisition measurements. By high-field torque measurements, ferromagnetic and
paramagnetic contributions to the AMS could be separated. The paramagnetic
contributions dominates the AMS in most samples, which indicates alignment of
phyllosilicates. The correlation of the magnitude of the AMS and the bulk susceptibility
in rock salt is weak, and significant in carnallitite.
The shape of the AMS ellipsoid in sylvinite, which contains much phyllosilicates, is
oblate and the magnetic foliation is in the bedding plane. In weakly deformed rock salt,
the AMS ellipsoid is mostly oblate, but the magnetic foliation in inclined to the
macroscopic bedding. In stronger deformed carnallitite samples, the AMS ellipsoid is in
general prolate. The strength of the AMS in the salt dome samples reaches higher values
than in samples from the weakly deformed deposit. We compare the AMS of samples
from a strongly deformed part of the salt dome with the microstructure (e.g. grain size
distribution, grain alignment, crystallographic preferred orientation).
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Magnetostratigraphy of the Miocene sediments
at Háj u Duchcova (Most Basin – West Bohemia).
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Abstract: Magnetostratigraphic investigation was realised on the newly excavated drill
core. The drill core HD50 was sampled near the old deep coal mine 1.Máj at Háj u
Duchcova. From the geological view the area belongs to the Most Basin which is the
largest sedimentary basin of the Eger Graben. The sediments are mostly Burdigalian age
(lower Miocene), approximately between 17 and 18 Ma (Matys Grygar et al. 2014),
belonging to the Most formation – Holešice and Libkovice Members. The lithology is
composed mainly by fossil free clays above the main coal seam, with few phosphatic
horizons full of mineral crandalite, and several layers rich in paramagnetic siderite.
Anisotropy of magnetic susceptibility (AMS), alternate field demagnetization (AF) and
remanent magnetization was measured on all the samples. Unusually behaving samples,
e.g. with extremely high magnetic susceptibility (siderite), prolate AMS and samples
with angle of main AMS axis exceeding 20 degrees, were excluded from further
evaluation.
Even after excluding samples rich in siderite, the differences in magnetic susceptibility
varied by three orders of magnitude (Fig. 1). Two reverse zones and normal zone
between were found in the studied strata. Very interesting are long transitional zones
between normal and reverse polarity zones. The average magnetic inclination is -48°for
reverse and 51° for normal polarity samples. The calculated paleolatitude for the site is
30°. The apparent low latitude is caused probably by compaction of the clay sediments
and not by real paleogeographic position.
The research was funded by Czech Science Foundation GAČR, project n. 210-1600800S.
Keywords: Magnetostratigraphy, Holešice and Libkovice Members, Most Basin.
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Figure 1: Basic paleomagnetic parameters. MS – volume magnetic susceptibility,
NRM – natural remanent magnetization, I – paleomagnetic inclination, polarity:
normal – black, reverse – white, transition – grey, crossed area – distraction caused by
coal-mine collapse.

References:
T. Matys Grygar, K. Mach, P. Schnabl, P. Pruner, J. Laurin & M. Martinez, 2014 :
A lacustrine record of the early stage of the Miocene Climatic Optimum in Central
Europe from the Most Basin, Ohře (Eger) Graben, Czech Republic. Geol. Mag. 151 (6),
1013–1033.

Page 138 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

A micro-CT conglomerate test.
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Abstract: The paleomagnetic field recorded by chondrules can provide insights into the
physical history of the meteorite's parent body and the processes and conditions of the
early solar system. By using micro-CT scans in order to re-orientate chondrules to their
in-situ position, we present a full-vector paleomagnetic study of the chondrules in
Bjurböle (L/LL4) and Vigarano (CV3). Chondrules formed before the parent body
accreted, so the magnetic fields recorded by individual chondrules would be expected to
be unique and random in direction, unless there was a stable dynamo field active on the
parent body. Previous work [1-3] has aimed to re-orientate chondrules to determine
whether the magnetization is of nebular or parent body dynamo origin. We attempt the
conglomerate test by initially micro-CT scanning the bulk meteorite samples prior to
disaggregation. The chondrules were subsequently micro-CT scanned and AF
demagnetised in a 2G SQUID after disaggregation in order to then accurately mutually
re-orientate the magnetic directions of each individual chondrule to their in-situ
positions. We present results of the micro-CT aided conglomerate test of these
chondritic meteorites, as well as palaeointensity analysis by the Preisach palaeointensity
method.

Keywords: Conglomerate test, micro-CT, Preisach palaeointensity, meteorite
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Abstract: Kamacite-bearing dusty olivine grains found within unequilibrated chondritic
meteorites have the potential to have recorded early Solar System magnetic fields
(Leroux et al. 2003). Estimates of the palaeomagnetic field from dusty olivine suggest
magnetic fields played an important role in turning the protoplanetary disk into a
planetary system (Fu et al. 2014). Off-axis electron holography is a transmission
electron microscopy technique that can be used to generate a magnetic induction map of
the sample at the nanoscale (Midgley et al. 2009). Using electron holography, synthetic
dusty olivine has proven to be a credible recorder of palaeomagnetic fields, and vortex
state magnetite is capable of recording reliable thermoremanent magnetization (Lappe et
al. 2011, Almeida et al. 2016). Dusty olivine was prepared for TEM analysis by focused
ion beam milling lamellae from a polished section of Bishunpur (BM 80339) onto
DENS Solutions heating chips. We find highly magnetic, non-interacting vortex
structures within the chondrule dusty olivine kamacite. By heating the lamella in-situ up
to 800˚C and cooling back to room temperature, we present results from the full heating
and cooling sequence of kamacite found in dusty olivine. Despite chemical alteration
above 600˚C, stable remanence and thermal unblocking are observed, as well as a
recovery of remanence upon cooling. The heating and cooling sequence demonstrate the
nanoscale thermoremanent stability and suggested credibility of dusty olivine as a
palaeomagnetic recorder. Coupling these experimental observations with nudged elastic
band (Sheppard et al. 2008) micromagnetic models, we investigate dusty olivine’s
credibility as a palaeomagnetic recorder over Solar System timescales.
Keywords: Electron holography, micromagnetic modelling, extraterrestrial, dusty
olivine.

Page 140 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

References:
Leroux, H., Libourel, G., Lemelle, L., and Guyot, F. 2003: Experimental study and
TEM characterization of dusty olivines in chondrites: evidence for formation by in situ
reduction. Meteoritics & Planetary Science, 38(1), 81-94.
Fu, R. R., Weiss, B. P., Lima, E. A., Harrison, R. J., Bai, X. N., Desch, S. J., ... and Le
Sage, D. 2014: Solar nebula magnetic fields recorded in the Semarkona
meteorite. Science, 346(6213), 1089-1092.
Midgley, P. A., and Dunin-Borkowski, R. E. 2009: Electron tomography and
holography in materials science. Nature materials, 8(4), 271-280.
Lappe, S. C. L., Church, N. S., Kasama, T., da Silva Fanta, A. B., Bromiley, G.,
Dunin‐Borkowski, R. E., ... and Harrison, R. J. 2011: Mineral magnetism of dusty
olivine: A credible recorder of pre‐accretionary remanence. Geochemistry, Geophysics,
Geosystems, 12(12).
Almeida, T. P., Muxworthy, A. R., Kovács, A., Williams, W., Brown, P. D., and DuninBorkowski, R. E. 2016: Direct visualization of the thermomagnetic behavior of pseudo–
single-domain magnetite particles. Science Advances,2(4), e1501801.
Sheppard, D., Terrell, R., and Henkelman, G. 2008: Optimization methods for finding
minimum energy paths. J. Chem. Phys. 128, 134106.

Page 141 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016

The causes of occurrence of false antipodal component of
NRM in dolerites.
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Abstract: Thermal demagnetization of about 350 paleomagnetic samples of dolerites
from Permian-Triassic intrusive bodies from the Nizhnyaya Tunguska river (Siberian
platform) showed the good paleomagnetic signal. However, performing the standard
stepwise thermal demagnetization, we found the mass occurrence of the middletemperature component at temperatures 250-450 °С, antipodal to the high-temperature
component. At the same time, the antipodal components were not detected during either
alternating field cleaning or continuous thermal demagnetization. Results of
experimental researches and numerical modeling proved that the observed reversed
middle-temperature component is an artifact originating from the presence of
hemoilmenite grains with the properties of self-reversal and magnetic memory.
Existence of both these properties are conditioned by two-phase structure of the
nanosize hemoilmenite grains as was proposed by Prevot et al. (2001). It is precisely the
magnetic memory stored up in the high-temperature phase with Curie temperature Tc ≈
450 °С restoring the magnetic signal of the reversed low-temperature phase (Tc ≈ 150
°С) on cooling from T = 250-450 °С, which leads to the appearance of the reversed
middle-temperature component.
Keywords: stepwise continuous thermal demagnetization, self-reversal.
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Palaeointensity and palaeodirection studies of Devonian
volcanic rocks from Russia: was the Devonian field spatially
complex?
Shcherbakova V.V.1, A. Biggin2, A. Shatsillo 3, R. Veselovskiy3,4 , L. Hawkins2 ,
V. Shcherbakov1, G. Zhidkov1
Geophysical Observatory Borok IFZ RAS, Russia
University of Liverpool, Department of Earth- Ocean and Ecological Sciences, Liverpool,
United Kingdom
3
Institute of the Physics of the Earth RAS, Russia
4
Geological Department, Lomonosov Moscow State University, Moscow
1
2

Corresponding author: shcherbakovv@list.ru

Abstract: Paleomagnetic studies of Devonian rocks reveal a very complex situation
with respect to the Devonian paleofield. There are only a few data available for this
geological period and they show unusual characteristics for both paleodirections and
paleointensity. New palaeointensity results from Devonian-aged rocks from
Minusinskaya valley, Siberia, and Kola Peninsula are presented and discussed. These
estimates are nearly exclusively low which combines with results of previous
directional studies of these units suggest a highly complex non-uniformitarian
palaeofield in the Devonian. Eleven sites from Minusinskaya valley indicate either low,
from 10 to 20 µT or very low < 10 µT field intensity in the Devonian. Remarkably, very
low intensities can be traced in different sections (Cox, Sisim, Trumpet, Tuba), and in
different clusters (S, N, P, NWSE) as well as in outliers.
For the Kola collection paleointensity determinations on 4 sites were also successful,
yielding very low < 10 µT field intensity.
These findings being true bring a challenge to interpret them from the point of view of
geodynamo generation. Indeed, according to our results, the characteristic field intensity
in Devon falls down by an order of value. In the case that the Earth’s magnetic field has
dipole-dominated geometry, the scaling rule predicts the corresponding decrease in the
convection power by a 2-3 orders of value which is certainly not possible as such the
drop simply will stop the geodynamo generation. Hence, the only logical conclusion is
that such low field must be of multipolar geometry. According to Olson and
Christensen, 2006, the dipole-dominated geometry gives way to the multipolar one
when the buoyancy flux increases. Then the high degree of turbulence generates highly
variable field which is dominated by multipoles, while the dipole moment is reduced by
a factor of 10 or more relative to the dipolar regime.
Admission of existence of long on the geological time scale epochs of low intensity
multipolar magnetic field raises a question about the shape and properties of the
paleomagnetosphere formed at these peculiar conditions of strongly reduced dipole
moment and of a predominantly multipolar configuration of the geomagnetic field.
Obviously, such the topology of the field will greatly decrease the size of the
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magnetosphere and increase the impact of solar particles on the Earth’s ionosphere and
atmosphere. Then the characteristic dayside size Rm of magnetosphere for the Devonian
time field should be about 4-5 RE. This can drastically affect the geomagnetic shielding
efficiency as it gives way for easy penetration of solar protons of several tens of MeV to
Earth’s atmosphere when one of the poles is located in equatorial area opening new
wide particle-entry regions. The accumulation of charged particles of wide energy
spectrum in the magnetosphere and ionosphere can considerably affect the processes in
middle atmosphere and cause climate changes and evolution of biota. Remind that the
Devonian was the period when life was well underway in its colonization of the land.
Also one can suggest that the peculiar topology of the geomagnetic field associated with
its great time variability configuration could be a reason for the major mass extinction
occurred at the beginning of the last phase of the Devonian period.
Keywords: Devonian, palaeointensity, multipolar field.
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Nankai Trough and their implications for the forearc basin
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Abstract: Kumano basin located in the Nankai margin of southwest Japan is receiving
more attention as sources of great thrust earthquakes and commercial utilization of gas
hydrates (Tobin et al., 2006; Toki et al., 2012). To improve understanding of
environmental or sedimentary evolution of the Kumano forearc basin, a high-resolution
environmental magnetic study was conducted, based on EFSED-EDS analyses of
sediments at Site C0002, IODP Expedition 315, located at the southern margin of the
Kumano Basin. The sedimentary sequences recovered at this site were divided into four
lithologic units (Expedition 315 Scientists, 2009): Unit I (basin-plain facies), Unit II
(forearc basin facies), Unit III (forearc or trenchslope deposition, basal forearc basin),
and Unit IV (upper accretionary prism).
Our study showed that magnetic minerals and parameters in these four units were
significantly different. (Ti) magnetite is the main magnetic mineral in the upper 120
mCSF, authigenic iron sulfides are predominant in the forearc basin sediments in Unit
II, PSD magnetite is dominant components in sediments of Unit III, while rare PSD (Ti)
magnetite and iron sulfides (greigite) are dominantly presented in the older accretionary
prism. Consequently, a small amount of ferromagnetic minerals present in sediments of
Unit IV. It was further recognized the magnetic heterogeneities might be due to
variations of diagenetic degree related to the gas hydrate formation.
These results suggested that a combined study of magnetic minerals and parameters
could be a promising tool for discriminating sedimentary processes in percepts dealing
sedimentary genesis, source, transport and diagenesis processes.
Keywords: magnetic minerals; Nankai Trough, basin evolution, subduction zone.
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Abstract: The formation of submarine mass transport deposits (MTDs) along
seismically active continental margins plays an important role on geo-hazards. Their
identification and multidisciplinary characterization is crucial to understand their
sources, dynamics, frequency and spatial distribution. In order to bring new insights
about this subject, two piston cores located at the slope (2876 m water depth) and at the
base (3520 m water depth) of the south flank of Portimão Bank (Portugal, Gulf of
Cadiz, SW Iberia) underwent detailed magnetic (fabric and rock magnetism) and
sedimentological (grain-size, carbonates, organic matter) analyses complemented by
AMS 14C dating. Such multidisciplinary study identifies for the core collected on the
slope, about one meter of sediments that is unconformable with the ages obtained above
and below this layer. Its magnetic fabric, as determined by anisotropy of magnetic
susceptibility, indicates sharply changes from oblate to neutral shape, decrease of the
anisotropy and preferred orientation of the magnetic susceptibility ellipsoid. Such layer
is also individualized by sedimentary parameters, especially in its upper part by a lighter
colour and decrease of the mean grain size than the rest of the core. The core collected
at the base of the Portimão Bank slope rather shows magnetic, sedimentological and
geochronological results in better agreement with apparent regular hemipelagic
sedimentation, despite this area be a preferential pathway for a turbiditic flows coming
from East. The authors wish to acknowledge MONTERA (CTM2009-14157-C02)
project for its major contribution without which this work wouldn’t be possible.
Publication supported by project FCT UID/GEO/50019/2013 - Instituto Dom Luiz.
Keywords: Submarine mass transport deposits, magnetic fabrics, Portimão bank, Gulf
of Cadiz.
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significance for proxies of past climate.
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Abstract: In the Earth’s climate system, the East Asian monsoon (EAM) comprises a
major component of heat and moisture transfer towards higher latitudes and is thus of
essential importance for understanding global climate processes. Past EAM variations
are well recorded by windblown sediments - loess - of the famous Chinese Loess
Plateau (CLP) providing a remarkable record of EAM rainfall through the Quaternary.
The pre-Quaternary EAM history, however, is poorly known, and intensely debated.
Underlying the Quaternary sequences is the Miocene/Pliocene Red Clay Formation,
also of aeolian and pedogenic origin, but finer-grained, more reddened and less
magnetic. Changes in Red Clay magnetic susceptibility and sediment particle size were
used to infer EAM onset at about 8 Ma, associated with Tibetan Plateau uplift. Much
earlier EAM initiation (approx. 23 Ma) was later linked to loess deposition in the
Qinling Mountains.
In order to shed some light on the climatic regime on the CLP during the late Neogene,
high-resolution magnetic property measurements, covering the interval from 4 to 5
million years, were carried out and compared with geochemical indices indicators.
The interpretation of these data allows concluding that the climate during this period
was not only more humid but definitely much warmer, forcing intensely chemical
weathering of carbonates and magnetic minerals.
Keywords: Neogene Red Clay, Central Chinese Loess Plateau, East Asian Monsoon.
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Abstract: The Stardalur volcano is located 20 km northeast of Reykjavik on the Esja
Peninsula, Iceland. The volcano consists of Quaternary lavas which have revealed a
high magnetic anomaly in both ground- and aeromagnetic surveying, due to extremely
strong natural remanent magnetizations (NRM). The mean NRM intensities are 61 A/m,
with the highest intensity measured up to 128 A/m (Kristjansson 1970). These values
are exceptional compared to the average for Icelandic basalts, which are known to be 4
A/m (Krisansson et al. 2013).
In order to understand the high and variable NRM, we completed a range of rockmagnetic measurements on 60 samples from a drill core traversing 138 meter through
the Stardalur lava flows. We used a vibrating sample magnetometer (VSM) to measure
hysteresis properties, first – order reversal curves (FORC), and nonlinear Preisach
maps. Susceptibilities were measured at low temperature to look at Verwey transition,
and high temperatures to calculate the Curie temperatures. These measurements indicate
that end-member magnetite is the primary magnetic carrier.
We used reflected-light and scanning electron microscopy (SEM) to look at the oxides
and microstructures within. Magnetite content was detected both by saturation
magnetization (Ms) values obtained by the VSM and image analysis of SEM images,
displaying a mean magnetite content of 2-3 %, slightly above other Icelandic basalts of
1-2 % (Krisansson et al. 2013). A significant amount of these magnetite grains show
very small sizes (<1 µm), and are mainly of dendritic shape, indicating rapid
crystallization. In addition, most magnetite grains show fine oxy-exsolution of ilmenite
(Figure 1). The high amount of small grain sizes, as well as microstructures both leads
to more single-domain to pseudo-single domain behaviour which is thought to be an
important contributor to the high remanence.
To test this theory, we used micromagnetic modelling to investigate the domain state of
the individual magnetite grains and to study the predicted hysteresis properties in the
magnetite and magnetic interactions between particles. These models allow us to test if
the microstructures are responsible for the dramatically enhanced remanences.
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Figure 1: SEM image from sample ST63
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Abstract: The Earth’s magnetic field behaves like a geocentric axial dipole (GAD) field
when we average over enough time. The evidence from global palaeomagnetic data
during 5 Ma shows that the time-averaged field (TAF) deviates highly from the GAD at
high latitudes and non-dipole field contributes to the TAF of the order 5%, which causes
500 km error on tectonic plate reconstruction. This research aims to determine full
vector of palaeomagnetic field during 3-7 Ma from pristine basalt samples from
Northern Iceland (65°N) and eventually tests the persistence of the GAD.
Approximately 1709 palaeomagnetic cores were taken from 7 rock units in
Eyfjardardalur valley and one representative sample per lava flow was subjected to
strong field thermomagnetic measurements. Four distinct magnetic mineral types: Tipoor titanomagnetite, Ti-rich titanomagnetite, titanomaghemite and 2-phases
titanomagnetite were identified from thermomagnetic curves. Alternating field (AF) and
thermal demagnetisation techniques were used to determine the GAD field directions.
The Thellier-IZZI protocol with partial thermoremanent magnetisation (pTRM) check
was used to study ancient field intensity. Arai plots show straight line, zigzag line,
concave-up curve and S-shape curve indicating single domain and pseudo-single
domain behaviour. We determined the directions and intensity of the palaeofield.
Preliminary directional results show a significant 20% non-dipole field contributes to
the GAD field during 3-7 Ma.
Keywords: geocentric axial dipole, northern Iceland, palaeodirection, palaeointensity.
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Magnetic measurements on sediments from the Vistula River
in Warsaw - preliminary results.
Iga Szczepaniak-Wnuk1, Beata Górka-Kostrubiec1
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Abstract: In recent years, the magnetic method has been widely used to determine the
environmental pollution. Magnetic particles can be considered as markers of
anthropogenic pollution emitted into the environment by industry, power plants, vehicle
traffic and other local sources. Many works (Górka-Kostrubiec 2015; Górka-Kostrubiec
et al. 2014, 2012; Król et al. 2013) which presented the study of the level of pollution in
Warsaw were based on measurements of indoor dust, street dust and soils samples.
This work presents the magnetic properties of sediments collected from the Vistula
River bank within Warsaw from the surface and from the interval depth of 0-20
centimeters. For individual granulometric fractions of sediments several magnetic
properties such as mass magnetic susceptibility χ, temperature dependence magnetic
susceptibility and hysteresis loop parameters were analyzed in order to determine the
concentration and grain size of magnetic particles and magnetic mineralogy. The aim of
the study is to find the link between the magnetic particles accumulated in sediments
and the pollution levels.
Preliminary results show that magnetic particles are mainly present in the fine fractions
i.e. between 0.1mm and 0.071mm (“0.07”) and below 0.071mm (“<0.07”). The analysis
of the finest fractions shows a wide variation of magnetic susceptibility values. For the
fraction granulometric “<0.07” taken from the surface, the magnetic susceptibility
values are higher than for the surface fraction of “0.07”. Furthermore, for the sediments
from the outside the city center (marked in Fig.1 as the regions 1, 2 and 6) the mass
magnetic susceptibility is lower than in the city center (marked in Fig.1 as the regions 3,
4 and 5). The thermomagnetic analysis revealed magnetite in the multi-domain state as a
primary magnetic phase. To characterize the morphology of magnetic particles from the
fine “0.07” and the finest “<0.07” fractions the observations of optical microscope were
carried out. The images demonstrated a surprisingly large amount of spherules (Fig 1d)
which were recognized in the sediment from each of the six regions.
The possibility of using magnetic methods for the study of river sediments is very
important for understanding the processes of pollution accumulation in rivers. The
results can supply previous studies of soil, indoor and outdoor air pollution conducted in
Warsaw.

Keywords: magnetic susceptibility, river sediments, magnetic particles, pollution.
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Figure 1: The map of Warsaw showing the six regions included in the study (a). The
average values of mass magnetic susceptibility for granulometric fraction of < 0.071mm
(b) and granulometric fraction of 0.1-0.071mm (c) taken from the surface of the each
region. The optical microscope images of magnetic extract of sediments taken from
region number 6 (d). Comparison of the average values of mass magnetic susceptibility
of fine granulometric fractions (“0.07” and “<0.07”) of the surface sediments taken
from the each region (e).
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Geomagnetic field Secular Variation in Pacific Ocean: A first
Bayesian reference curve based on Hawaiian Lava Flows.
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Abstract: During the last decades, the increased number of high quality reference
palaeomagnetic data from archaeological artifacts and lava flows permit the
reconstruction of the past secular variation path of the geomagnetic field at regional and
global scale. Such reference secular variation curves are particularly important as they
consist of a unique source of information about the variations of the Earth's magnetic
field and the geodynamo processes at the mantle-core boundary. Nevertheless, in most
cases the available data are discontinuous and cover only the last few millennia. The
long and continuous volcanic activity of the Hawaiian Islands, however, offers a unique
opportunity to obtain continuous regional secular variation curves that cover a much
longer time interval. We present here the first, full geomagnetic field vector reference
curves for central Pacific Ocean based on historical and radiocarbon dated Hawaiian
lava flows from the last 10000 years. Most of the reference data come from the Big
Island of Hawaii, but some directional data came also from the Island of Maui. The new
curves are calculated using the most recent developments on the reference curves
building based on hierarchical Bayesian modeling (Lanos & Philippe, 2015). As
expected, the obtained curves are well established for the last 5 millennia, where most
of the reference data are concentrated while for older periods they are accompanied by
larger error envelopes. The new curves are compared with global geomagnetic field
models predictions and are used for the identification of sharp and rapid variations of
the Earth's magnetic field in the central Pacific. They clearly show some interesting
variation features in both direction and intensity of the Earth's magnetic field in the
Pacific area that however are not always contemporaneous with sharp geomagnetic field
variations previously observed in Europe. The possible non dipolar origin of such
fluctuations is an interesting feature of the geomagnetic field behavior.
Keywords: Secular Variation; Bayesian modeling; Lava flows; Hawaii.
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A Continuous High Resolution Directional Secular Variation
Record from Italian Speleothems: Rio Martino Cave, Western
Alps, Italy.
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Abstract: The Rio Martino cave, situated at Western Alps (Italy) represents an
exceptional site for the reconstruction of the Secular Variation (SV) of the Earth's
magnetic field in the past through speleothems analyses. The metaophiolite environment
of the area provides an important magnetic detrital input thanks to iron particles
transported into the cave through water penetration and flooding events. A flowstone
core of around 60 cm long was directly drilled and oriented in situ with a compass and
an inclinometer. Available U/Th dating indicates that the flowstone's deposition started
at the beginning of the Holocene while an estimation of its growth rate is around 1 mm
per 15 years. Samples were prepared by cutting a quarter of the core in slices of 3 mmhigh, that represent a time interval of 45 years. Rock magnetic analyses on
representative samples suggest the presence of magnetite as the main remanence carrier.
All specimens were stepwise alternating field demagnetized up to 100 mT while
thermal demagnetization was performed on selected twin specimens in order to control
the record reliability. The Characteristic Remanent Magnetization (ChRM) was easily
isolated and it is generally well defined, with Maximum Angular Deviation (MAD)
lower than 10°. The obtained results offer a continuous and high resolution record that
can be used to reconstruct the directional SV path in the area during the Holocene.
Comparison of the new data with archaeomagnetic data from Italian artifacts and with
the predictions of the CALS10k.1b, SCHA.DIF.14k and pfm9k.1a global geomagnetic
field models, shows that the Rio Martino flowstone represents an excellent recorder of
the Earth’s magnetic field in the past and demonstrates the potential of speleothems on
palaeosecular variation studies and on the investigation of short term variations of the
geomagnetic field.
Keywords: Speleothem; Secular Variation; Rio Martino Cave; Italy.
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From scanning-electron microscopy to MERRILL hysteresis
modeling - A case study of oxy-exsolved magnetite
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Abstract: The Stardalur volcanic complex in Iceland consists of young basaltic lavas
which stand out due to a strong magnetic anomaly, produced by exceptionally high
natural remanent magnetizations (NRM). The Stardalur basalts have NRM intensities up
to 120 Am-1, whereas the average for the Icelandic tertiary lavas is 4 Am-1 [1]. An
extensive sample set from a drill core traversing 138 m of the Stardalur lava flows has
been analyzed by optical and scanning electron microscopy (SEM). Magnetic
measurements suggest magnetite as the only magnetic remanence carrier, but indicate
magnetic fractions of unusually high coercivity. Microscopy provides the additional
information that the abundant magnetite commonly has a dendritic structure or can be
finely subdivided by oxy-exsolved ilmenite. Micromagnetic model calculations using
MERRILL are used to confirm that the unusually high NRM values can be explained by
the microscopically observed structures. To this end domain states of several individual
magnetite grains are investigated using micro magnetic modeling.
Currently, particle size and oxidation-exsolution structures are obtained by stacking
electron microscopy images to create an approximate three-dimensional finite-element
mesh of the grain (Figure 1). In the next step, a slice-and-view procedure on a dual
beam focused ion beam SEM will be applied to accurately represent the grain
geometries by combining several cross sections of the selected grains. The created mesh
is then imported into the open source micromagnetic modeling software MERRILL.
The code calculates realistic magnetization structures and can predict how these change
with applied external field or temperature. It thus characterizes the magnetic domain
states, predicts hysteresis properties including magnetic interactions between particles.
Keywords: FIB, SEM, micromagnetic modeling, magnetic minerals.
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Figure 1: SEM image of sample ST-88 from the Stardalur complex, Iceland. The
corresponding micromagnetic model of their magnetization structure has been
calculated by MERRILL for an approximate 3D mesh of the selected grains.
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Rock magnetic properties of a deep crustal volcanic system:
The Reinfjord Ultramafic Complex, Seiland Igneous
Province, Northern Norway.
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Abstract: The Reinfjord Ultramafic Complex is part of the 5000 km2 Seiland Igneous
Province in Northern Norway. The intrusion was emplaced during three magmatic
events at 22-28 km depth at pressures of 6-8 kb, with associated temperatures 14501500°C (Roberts, 2006; Robins and Gardner, 1975). The Reinfjord Ultramafic Complex
represents a deep crustal conduit system which consists of cumulates of dunite,
wehrlite, lherzolite and websterite (Grant, 2016). The rocks are divided into several
formations: the central series (CS) consisting of mainly dunites, upper layered series
(ULS) consisting of dunites and wehrlites, a lower layered series (LLS) containing most
pyroxene-rich rocks and a marginal zone (MZ) which formed where the ultramafic
melts intruded the gabbro-norite and metasediment gneisses.
Deep exposures such as the Reinfjord Ultramafic Complex are rare, therefore this study
gives a unique insight in the rock magnetic properties of a deep mantle system.
Localized serpentinized zones provide an opportunity to observe the effect on magnetic
properties of this alteration process in deep-seated rocks.
Blocks and drill cores from each of the series were collected and extensive analysis of
their rock magnetic properties was carried out. We investigated the lateral variations in
density, susceptibility, natural remanent magnetization (NRM) throughout each of the
formation. Hysteresis properties were measured to constrain the magnetic mineralogy
and domain states. The main carrier for the magnetization is magnetite, and some of the
gabbros contain hemo-ilmenite. Optical microscopy and scanning electron microscopy
(SEM) were used to further characterize the oxides. Magnetic anisotropy was measured
on 200 samples, which all show significant anisotropy, with P-values (ratio between
maximum and minimum susceptibility) up to 1.45. The maximum susceptibility is subhorizontal and points NE in surface samples.
The unserpentinized rocks of the CS are characterized by an average susceptibility
1.2×10-2 (SI) and mean NRM of 2.2 A/m, with an increase in NRM towards the central
part of the conduit. In the ULS and LLS average susceptibilities are 4.4×10-3 and
6.0×10-3 respectively and mean NRMs are 0.9 A/m and 1.3 A/m. Within the gabbro we
observe large variations in NRM (mean: 1.5×10-2) and susceptibility (average: 1.48×102
) between the different samples. In general there is a larger variation within than
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between the formations, suggesting magnetic mineralogy or amount of oxide is
independent of rock type. Samples from the MZ display different magnetic properties
depending on whether the country rock is gabbro or gneiss. This indicates a strong
influence of the bulk composition host rock and the subsequent oxides produced during
the contact metamorphism which occurred during emplacement of the UM complex.
Studying the rock magnetic properties throughout the formations and on both sides of
the intrusion provides insight in primary processes associated with the intrusion as well
as secondary processes like serpentinization. This study will increase our understanding
of the magnetization of deep crustal rocks in the lithosphere. This data will be
incorporated into ongoing studies for paleomagnetism, interpretation of magnetic
anomalies for ground-magnetic and aeromagnetic surveys, and aid in a refined
geological interpretation of the Reinfjord Ultramafic Complex.
Keywords: rock magnetism, ultramafic intrusion, Reinfjord Ultramafic Complex,
Seiland Igneous Province.
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Abstract: Taking relative plate motions into account, palaeomagnetic data from all the
major continents can be combined in a global apparent polar wander (APW) path but
the choice of an appropriate reference plate is critical. The ‘zero-longitude' Africa
approach makes use of the observation that Africa has remained the continent that has
moved least in longitude since the break-up of Pangea. To build a global APW path
(GAPWap) we must first compile all reliable palaeomagnetic data worldwide (from
stable cratons) and rotate all the raw poles to South Africa co-ordinates to calculate a
GAPWap. Next we calculate Euler poles from the GAPWap to reconstruct South
Africa, and then the remaining plates are reconstructed with plate chains relative to
South Africa. This is termed a palaeomagnetic reference frame, the ‘zero longitude’
Africa approach.
Using Africa as a quasi-stationary reference plate with respect to longitude is not
tenable before Pangea as relative plate circuits are unknown; except for times where
continents are known to have come together (e.g. in the Silurian Caledonide Orogeny
and the formation of Laurussia, when Laurentia collided with Baltica/Avalonia).
Fortunately, Gondwana was mostly one coherent block during most of the Palaeozoic
and Early Mesozoic (core-Gondwana with known plate circuits) except for the periGondwanan terranes which rifted off at various times. Since Pangea formed at about
320 million years ago, plumes that sourced large igneous provinces and kimberlites
have been derived from the edges of two stable thermochemical reservoirs at the core–
mantle boundary. This is a degree-2 Earth with two major up-wellings (associated with
plumes from the margins) and two down-wellings, the subduction graveyards which
have essentially been confined between Tuzo and Jason for the past 320 Myr. Taking an
uniformitarian approach we can test whether it is possible to maintain this remarkable
planet before Pangea; the alternative is a ‘geodynamic dead end’ because there are no
other ways to build quantitative reconstructions. Palaeozoic plate reconstructions are
based on APW paths for the major players such as Gondwana, Siberia, Laurentia,
Baltica and their later combinations into Pangea. Euler poles were calculated from the
APW paths; continents were then reconstructed in latitude and azimuthal orientation
and subsequently calibrated in longitude using the plume generation zone method.
Ambiguity in the choice of plume generation zone was resolved through geological,
palaeontological, and kinematic considerations, and using a novel iterative approach for
defining a palaeomagnetic reference frame corrected for true polar wander, we have
developed a model for “absolute” plate motion back to earliest Phanerozoic time (540
Ma).
Page 161 of 176

15th Castle Meeting New trends on Paleo, Rock and Environmental Magnetism Dinant, 2016
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Abstract: Precise measurement of the fundamental magnetic parameters of high
crystallinity, highly pure synthetic greigite samples has recently allowed for
micromagnetic models of sub-micron greigite particles to be formulated. We present the
results of a finite element model of stress-free, zero-field single-domain (SD) to pseudo
single-domain (PSD) greigite (30 nm to 300 nm) and magnetite (30 nm to 120 nm)
particles with a range of equidistant polyhedral, cubic, and spherical morphologies. We
report how the SD and PSD states energies depend on shape and size and identify a
diverging behaviour of the chemical remanent magnetizations (CRM) of greigite and
magnetite at room temperature. This CRM scenario is such that, under crystal growth,
magnetite particles nucleate a vortex initially along a hard axis and only after further
growth does this vortex travel to its more standard alignment, along an easy axis; while
for greigite, direct nucleation of a vortex state aligned with an easy axis was found and
the less standard vortices only when a PSD particle grows smaller, e.g. after chemical
alteration to a non-magnetic phase. These PSD states in greigite are stable on a
relatively large range of sizes, depending also on shape, suggesting that the domain
structure of greigite in the early SD-PSD range (40 nm to 80 nm) is highly sensitive to
its chemical history. In greigite we further identify a mechanism for the PSD to multidomain (MD) transition which is of a continuous nature and occurring in the 200 nm to
300 nm range, when structures typically associated with MD behaviour like closure
domains are formed.
Keywords: Greigite, Magnetite, PSD, Magnetic vortex, Micromagnetics.
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Abstract: Paleomagnetic records of field variations are mostly obtained from sediments
or from sequences of lava flows. Both rock types are characterized by very different
temporal resolution and therefore their signals are difficult to compare between each
other and frequently present large dissimilarities. This is particularly obvious from
reversal records. We attempt to define the suitability of the records and the limits
imposed by the processes involved in magnetization acquisition by considering different
approaches. The first one relies on magnetization of sediments in presence of low field
intensity and very fast geomagnetic changes such as those that prevail during
geomagnetic field reversals and excursions. In most situations failure to properly record
the geomagnetic field variations results from the limit imposed by low accumulation
rate of most marine sediments. Surprisingly, evidence for smearing generated by postdepositional reorientations of magnetic grains is not so frequent. A second aspect
involves the depth offset generated by the bioturbated layer that can be seen as
indicative of post-depositional reorientation of the magnetic grains. Interesting
documentation is provided by the stratigraphic offset between 10Be production and
relative paleointensity records in the same sediments. The response of magnetization to
field intensity is another aspect that is not without possible impacts for records of
relative paleointensity. The linearity of the magnetization response to the geomagnetic
field intensity and its sensitivity to sediment composition will be discussed. Finally,
recent studies of turbidites and laboratory experiments give interesting clue concerning
the fastest deposition rates that provide suitable records.
Keywords: magnetization.
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Abstract: The Aktau Mountains in SE Kazakhstan are a terrestrial archive well suited
for paleoclimatic research on the role of Central Asia in Miocene climate evolution. The
over 400 m thick succession exposes lake deposits, mudflat and alluvial sediments. An
integrated magnetostratigraphic and cyclostratigraphic approach is used to establish a
temporal framework for the succession as a basis for interpreting the proxy record. The
Aktau succession is a sensitive recorder of changes in atmospheric moisture supply as
well as transgression of the Paratethys. The lower part, i.e. the Bastau Fm., likely falls
into the Middle Miocene, a period favorable for magnetostratigraphy. The principle
magnetic carriers are magnetite and hematite as indicated by the thermomagnetic
behavior of the clayey siltstone, sandstone and marl samples. Thermal and alternating
field demagnetization of the natural remanent magnetization show a partly complex and
multicomponent behavior. The paleomagnetic results show a typical sequence of
polarity zones. The characteristic directions are consistent with those expected for the
Miocene in Central Asia. Magnetic properties such as susceptibility, remanence and
hysteresis parameters are used to analyze the nature of the characteristic remanent
magnetization, and will further serve as climate and environmental proxies. Here we
present first rock magnetic results and a preliminary magnetostratigraphic interpretation
of the Aktau succession.
Keywords: natural remanent magnetization, magnetostratigraphy, sediments, Miocene.
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Magnetic characteristics of PM deposited on air filters and
indoor dust as indicators of outdoor and indoor pollution.
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Abstract: The aim of the research is to compare pollution of outdoor and indoor air by
means of magnetic characteristics of dust settled on the floor inside closed spaces and
that gathered on outdoor air filters and to research differences between outdoor and
indoor dust: the contribution of outdoor dust to indoor one, the influence of the way of
infiltration. Outdoor dust (particulate matter PM) was collected on air filters in dust
samplers placed at the yard of buildings in three locations in Warsaw (ING, CBK, IGF)
selected according to the pollution map of Warsaw (Górka-Kostrubiec et al., 2014).
Samples were collected for the one year period. Dust seated on the floor inside the
buildings was collected with a vacuum cleaner and taken from bags once a week.
The time dependence of mass of PM deposited on air filters is consistent for three
sampling sites. However, such time dependence of the total magnetic susceptibility к is
not coherent for these sampling sites and do not occur at the same time moments.
The comparison of mass specific susceptibility χ of PM and of indoor dust demonstrated
differences between χ for PM approximating outdoor pollution and χ for indoor dust
approximating indoor pollution. High values of χ for PM at ING yard did not
correspond to high values of χ for dust inside the building which is the lowest one
among three studied places. Also, low values of χ for PM at CBK yard did not
correspond to high values of χ for indoor dust.
The study of magnetic mineralogy and structure of magnetic particles – the carriers of
pollutants revealed several differences between magnetic properties of PM and indoor
dust. The diversity of magnetic mineralogy of indoor dust was confirmed by high
temperature experiments. κ(T) curves are similar for PM deposited on air filters in three
sampling places showing magnetite as main magnetic mineral. κ(T) curves for indoor
dust showed two magnetic components: magnetite and metallic iron in various
proportion. Samples of indoor dust collected in ING building contained the least amount
of iron. The indoor dust samples containing smaller amount of iron have also smaller
content of organic matter expressed by loss on ignition parameter LOI. Hysteresis
parameters showed that PM deposited in CBK yard contained the magnetically hardest
particles whereas for indoor dust the hardest particles were collected inside ING
building. Generally, the values of the coercivity of remanence Hcr for PM were much
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higher and better clustered than those for indoor dust which were more spread and
linearly related to coercive force Hc. That suggests diversified mineralogy of indoor
dust and homogenous mineralogy of outdoor PM.
The separation of indoor dust samples into 5 fractions: 0.5mm, 0.25mm, 0.1mm. 0.071
mm and <0.071 mm revealed that the fraction 0.25 is the most representative in all
samples and the contribution of the fraction 0.071 is the smallest. The content of
particular fractions in the total mass of sample showed also differences in grain size
distribution between three locations. The samples from ING have the finest particles.
The contents of 20 elements measured in the selected dust and PM samples with the
Inductive Coupled Plasma Mass Spectroscopy (IPC-MS) confirmed the diversity
between outdoor and indoor pollution and its dependence on the location.
The study was financed by the Polish National Science Centre project No
2013/09/B/ST10/02780
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The Hunting of the ‘Psark' - 40 Years On.
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Abstract: In 1977 David Dunlop published his influential paper "The Hunting of the
‘Psark’", in which he speculated on the nature of the magnetic structure in pseudosingle-domain (PSD) grains and their contribution to paleomagnetic recordings. Almost
40 years on, and although there has been significant progress in our understanding of
magnetic properties of small particles, we are only just beginning to understand the
detailed magnetic structure of PSD grains and their ability to hold stable
thermomagnetic recordings.
In this presentation we will explore the evolution of magnetic domain structure in
magnetite from the smallest uniformly magnetised grains below 30nm in size through
the PSD grain size range and demonstrate how PSD structures evolve into well defined
multi domain (MD) grains in sizes above a few microns. The simulation of magnetic
structures will be made using a new parallelised micro-magnetic model, capable of
modelling magnetite particles up to ~3µm, and with element sizes well below the
exchange length. The results show that PSD grains are dominated by vortex structures
where the net magnetisation resides in the vortex core. These vortex cores have SD-like
properties similar to that imagined by Dunlop’s ‘Psark’s’, and their stability is governed
by the barriers to ‘coherent’ vortex core rotation. Evolution to MD states is seen to
occur by distortion of the vortex core to generate wings along the hard 〈100〉
direction that eventually form into well defined domain walls separating 〈111〉
domains. We will illustrate this domain state evolution in cuboctahedral grains where
the formation closure domains at the surface can also be identified.
The identification of all possible domain states in PSD grains and the calculation of
energy barriers between them paves the way to extend Néel’s relaxation theory beyond
the SD states and allow us to build a far better understanding of thermomagnetic
processes in rocks. We will discuss some early results that uses the nudged elastic band
method to calculate energy barriers, and discuss the relaxations times and blocking
temperatures for PSD grains of magnetite as a function of grain size.
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Keuper magnetostratigraphy in Poland:
preliminary results from the Holy Cross Mountains.
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Abstract: Paleomagnetic studies of the Upper Triassic (Keuper) sediments in Poland
are the subject of the PGI-NRI project no. 61.2401.1502.00.0. Here, we present the
preliminary results from two sites from SE marigin of the Late Triassic German-Polish
Basin (Figure 1). The Brzeziny and Wolica sections are located in the SW Mesozoic
border of the Holy Cross Mountains and crop out about 170 m thick succession of the
Upper Gipsekeuper and Upper Keuper deposits (Fijałkowska-Mader et al. 2015). The
succession is composed of two series of red siltstones separated by complex of
sandstones (Kozłowska et al. 2015). Magnetic susceptibility measurements and gammaray spectrometry are used to preliminary correlation of the sections (fig. 1).
Paleomagnetic results are performed from 125 geographically oriented samples. Almost
all of them bring well defined magnetization component with D/I = 4/56 (k = 17.36, α95
= 5.76°), typical for postfolding (Laramide) early Paleogene direction. The
characteristic Late Triassic hematite-bearing component was isolated only in 30
samples, bringing normal (D/I = 38/59, k = 56.15, α95 = 4.53°; 20 samples) and reversed
(D/I = 222/-30, k = 17.95, α95 = 10.45°; 10 samples) polarity (compare to Nawrocki et
al. 2015). Four magnetozones are identified and correlated with the Late Triassic – Late
Carnian to Early Norian interval.
Keywords: Triassic, Keuper, magnetostratigraphy, paleomagnetism.
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Figure 1: Magnetic susceptibility record and magnetostratigraphic results in two
sections from the SW Mesozoic border of the Holy Cross Mountains, Poland.
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Detrital paramagnetic (clays) minerals controlling the
magnetic susceptibility signal and detection of detrital
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Abstract: The abandoned Loubieng quarry located close to Pau (France) encompasses
the Danian/Selandian boundary (DSb). The section could be subdivided into three parts:
i) the basal part of the section consists mostly of Danian whitish carbonate beds with
only scarce and thin marly layers, ii) several limestone/marl alternations at the
uppermost part of the Danian, and iii) the Selandian marls. The transitions between
those divisions are linked to the Late Danian Event (LDE) and the DSb interval
respectively. The three parts are clearly distinguishable in the low-field magnetic
susceptibility curve established on 272 samples collected every 10 cm along the section
up to 23 m (including the first three meters of the Selandian) and then every 25 cm in
the marls.
The low-field magnetic susceptibility (XLF) curve could be subdivided into eight major
trends (orange arrows noted from 0 to 7) as highlighted in figure 1. The lithology has
clearly an influence on the XLF values as the marls have always higher XLF values
compared to the Danian limestones and the Selandian sandstones. Moreover, some
specific carbonate beds have very low XLF values, sometimes even negative suggesting
a diamagnetic behaviour. Some of these beds clearly corresponds to mass-gravity
deposits (probably debris flows) as confirmed by microfacies (thin sections) analysis.
To better constrain the XLF fluctuations, hysteresis data have been obtained with a Jcoercivity magnetometer on 55 samples selected along the section including all the
different lithologies and the whole range of XLF values. A very strong correlation (r =
0.93) is highlighted between XLF and XHF values suggesting that the paramagnetic
particles (i.e. the clay minerals) are clearly controlling the signal. Nevertheless,
ferrimagnetic particles are also detected indicating a clear contribution of these minerals
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on the XLF curve. The magnetic viscosity (Sd), the remanence coercive force (Hcr) and
the contribution (%) to the high-field remanence parameters have generally good
correlations between them. These parameters reveal two specific intervals where their
values are higher: i) around the LDE in an interval displaying yellowish colours and ii)
during the DSb interval characterized by reddish marls and limestones. The behaviour
of the remanent magnetization was determined in eight samples during cooling and
warming cycles on a MPMS3 – VSM (vibrating sample magnetometer). These analyses
confirm the presence of goethite and hematite minerals present essentially during LDE
and DSb time interval, respectively. We suggest that the paramagnetic (clay minerals,
i.e. illite, kaolinite and smectite) and the ferromagnetic minerals are essentially primary
minerals (detrital) deriving probably from extensive soils developed on the surrounding
continental areas bordering the marine realm.
Keywords: Danian/Selandian boundary, magnetic susceptibility, magnetic mineralogy,
goethite, hematite.
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Figure 1: Low-field magnetic susceptibility and magnetic parameters deduced from
hysteresis curves reported in front of the lithological column of the Danian-Selandian
interval in Loubieng (France).
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Biomagnetic monitoring in an urban environment using tree
branches.
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Abstract: Environmental magnetism, and the magnetic signal of plant leaves in
particular, is amply investigated and applied as proxy for atmospheric particulate matter
pollution. Leaf magnetic properties such as magnetic susceptibility and saturation
isothermal remanent magnetization (SIRM) have shown to vary between land-use
classes (e.g. green area vs. urban area and industry), with distance to sources such as
traffic-bearing roads, railways and industry and with motorized-traffic intensity or
volume (e.g. Mitchell & Maher 2009, Hansard et al. 2011, Kardel et al. 2012). Leaf
SIRM is considered a good proxy for time-integrated PM exposure, but leaves of
deciduous trees only provide an indication of PM exposure throughout the in-leaf
season only. Evergreen species could give an indication of PM exposure over longer
time periods, but in temperate climate zones, evergreen species are uncommon in urban
environments.
We report on the SIRM signal of tree branches, which are, contrary to leaves, available
during leaf-off seasons and exposed to air pollution year-round. We investigated the
intra- and inter-tree variation in SIRM of branch internodes of London plane (Platanus
x acerifolia Willd.) trees in an urban environment, i.e., Antwerp city, Belgium. In a first
campaign (September 2012), four trees were sampled in a quiet street canyon, in a city
park surrounded by roads with medium intensity traffic and next to the crossing of
highly traffic-intensive roads. In each tree, branches were collected at 20 positions in
the crown, i.e., at three heights, four wind sectors and two crown depths (periphery and
interior). Internodes were cut from the branches and separated according to their year of
development (internode age). In a second campaign (August 2015), branches were
sampled from 50 London plane trees throughout the same city. In both campaigns,
leaves were sampled simultaneously with the branches. SIRM was determined from
branch internodes and leaves using a Molspin Minispin magnetometer following
magnetisation at 1 T with a Molspin pulse magnetizer.
In our first sampling campaign, the branch SIRM, normalized by total surface area,
ranged from 18 to 650 × 10-6 A and the median amounted to 106 × 10-6 A. Most of the
branch magnetic signal (on average 86%) was attributed to the bark or epidermis of the
shoots. This validates our hypothesis that magnetic particles are deposited on branch
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surfaces, just like on leaf surfaces. The location of the trees and the height, depth in the
crown and the age of the branches significantly influenced the branch SIRM. The
median branch SIRM was 135% higher near the intersection of roads with high
motorized-traffic intensity and 18% higher in the city park than in the quiet street
canyon. Within tree crowns, the branch SIRM generally decreased with increasing
height, and was 22% higher in the interior than at the periphery of the crowns. Branch
SIRM thus reveals similar spatial intra- and inter-tree variation patterns as exhibited by
leaf SIRM [as observed by e.g. Hofman et al. (2014)], and seems to enable
differentiating between sites differently exposed to traffic-related magnetic particles.
Within the branches, the branch SIRM increased with each year of exposure, even after
five years. On a projected-area basis, branches exhibited more than two times higher
SIRM than simultaneously exposed leaves. These results imply that the particleintercepting capacity of branches is higher than that of leaves and that tree branches
keep on accumulating magnetic particles for several years. Data of the second sampling
campaign are currenly being processed.
The results of our first sampling campaign provide the first indications that branches
can be a valuable alternative for biomagnetic monitoring. This is of importance
particularly in times when deciduous trees are leafless, e.g. due to drought or in
wintertime conditions when air pollution often reaches even higher levels than in the
growing season. Moreover, it is clear that article interception by branches should not be
overlooked in the particle-mitigation service that urban trees provide.
Keywords: environmental magnetism, air quality, urban trees, biomonitoring,
saturation isothermal remanent magnetization.
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