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Fig. 1. Trabecular magnetite grain shown in: a) tomographic TEM reconstruction, b) cross 

section of the STEM-HAADF dataset, and c) electron holography. 
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A b s t r a c t  

A paleomagnetic study of a Middle/Upper Jurassic stromatolite section from the Zalas 

quarry was conducted and revealed a well-defined structure of natural remanent magnetisa-

tion (NRM) comprising: (1) a viscous component (20–100°C), (2) a normal secondary com-

ponent (100–275°C), and (3) normal and reversed primary components (275–500°C) 

(Fig. 1A). Scanning electron microscopy (SEM) studies of magnetic extracts revealed that 

the vast majority of the recovered magnetic mineral fraction consists of spherulitic iron-

nickel grains of 10 to 300 µm in diameter. These spherules are identified as micrometeor-

ites. We present a comprehensive rock magnetic and microscopy study of the micrometeor-

ites and discuss their potential as NRM recorders.  

A suite of over 50 individual micrometeorites within the 100–200µm grain size range 

were selected for the study. FORC diagrams show a “wishbone” signature characteristic of 

strong magnetostatic interactions between grains in the stable SD grain-size threshold 

(Fig. 2A). A SEM study of the micrometeorites reveals a highly complex internal structure 

(Figs. 2B, 3) of closely packed iron-containing grains which may explain the source of the 

strong interaction features observed in the FORC diagrams. These grains display high intra- 

and inter-sample variability. Despite the textural complexity and non-trivial magnetic prop-

erties of the micrometeorites they are potentially stable paleomagnetic remanence carriers.  

FORC diagrams of bulk stromatolite samples show a low coercivity “central-ridge” SD 

signature. The source of this SD carrier remains largely unknown with magnetotactic bacte-

ria being a likely explanation. Further examination of the magnetic extracts is required to 

conclusively determine the main source of the bulk rock magnetisation. 

Keywords: micrometeorites, stromatolite, NRM carriers, FORC. 



J. MURASZKO  et al. 

 

108 

 
 

Fig. 1: A) Thermal demagnetisation results of the stromatolite sample. S – secondary com-

ponent of NRM, Pr – primary (reversed) component of NRM; B) Ferromagnetic grains sep-

arated from the Zalas stromatolite. 

 

Fig. 2: A) Wishbone FORC diagram measured on an individual micrometeorite; B) second-

ary electron image of cross-section of micrometeorite.  

 

Fig. 3: A) Secondary electron; and B) backscatter electron image examples of internal tex-

tural features in two individual micrometeorites. 
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A b s t r a c t  

Measurements of the anisotropy of whole-rock magnetic susceptibility (AMS) have 

been conducted to define the palaeowind strength and directions. For the AMS studies more 

than 1000 geographically oriented cylindrical samples were taken from 22 loess sections lo-

cated in the area between the Vistula and Dnipr rivers, and the Black Sea. In order to define 

sources of dust and to verify directions of wind obtained from the AMS studies the U-Pb 

ages of detrital zircons extracted from 20 loess horizons have been also estimated. An oblate 

magnetic fabric is prevalent in all the horizons of loess studied. Such a feature is characteris-

tic of loess sediments. The value of anisotropy P is proportional to the foliation parameter F, 

indicating a subordinate role of lineation. There is an inverse relationship between half-

angular uncertainty in the direction of maximum susceptibility ( 12) and the magnetic linea-

tion parameter L, and between half-angular uncertainty in the direction of minimum suscep-

tibility ( 23) and the magnetic foliation parameter F caused by increased measurement errors 

for weak lineations (foliations). On the other hand, the absence of correlation between 12 

and foliation indicates that the lineation and foliation sub fabric are probably defined by the 

orientation distribution of separate minerals. Only part of the samples had statistically sig-

nificant magnetic lineations, with F12 > 4 and  12 < 22.5
o
. The AMS of the loess from the 

Black Sea region is very weak, i.e., almost 5 times weaker than noted in the periglacial loess 

of Western Ukraine and Poland, and comparable to that noted in the Chinese loess. The im-
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brication of Kmin axes is not so distinct in the older loess horizons, probably because of 

compaction. Nevertheless in this case also, the distribution of magnetic susceptibility axes 

allows to define prevailing wind directions. Migration of the Kmax axes due to variable 

wind strength limit their usefulness for the determination of aeolian transport directions. 

They may not be used alone for this purpose, but may support the information obtained from 

the imbrication directions of the Kmin axes.  

Keywords: magnetic susceptibility, anisotropy, loess, wind directions. 
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A b s t r a c t  

Paleomagnetic studies of lunar samples collected during the Apollo missions suggest 

the Moon had an active core dynamo for at least 2 billion years (Tikoo et al. 2017). The 

early lunar dynamo (4.25–3.56 Ga) was intense, recording paleointensities of 20–110 µT 

(Garrick-Bethell et al. 2009, Shea et al. 2012, Suavet et al. 2013, Weiss and Tikoo 2014). 

The lunar dynamo field subsequently declined to 5±2 µT at 2.5–1 Ga (Tikoo et al. 2017). 

The strength and longevity of this dynamo field is challenging to explain via a single 

mechanism. Thermal convection could not have driven a dynamo for such a sustained pe-

riod of time, whilst thermochemical convection during core solidification is unlikely to have 

started so early (Christensen et al. 2009, Nimmo 2009). Alternative mechanisms of dynamo 

generation, such as mechanical stirring driven by gravitational coupling to the Earth may 

also be plausible (Dwyer et al. 2011).  

There is also debate surrounding the dipolar nature of the lunar magnetic field. A re-

cent study of lunar crustal magnetization found paleopoles oriented with both the rotation 

axis and the equator (Oliveira and Wieczorek 2017). On the other hand, evidence has also 

been found to support the presence of a dipolar field on the Moon oriented along the present 

day rotation axis (Cournède et al. 2012). 

Providing a robust constraint on the direction of the lunar magnetic field over time is 

essential for establishing: (a) the mechanism by which the lunar dynamo was driven, 

(b) whether the magnetic field underwent reversals, and (c) whether the Moon experienced 

true polar wander.  

Here we present results for the paleoinclination of the lunar magnetic field recorded 

3.8 Ga (Kirsten et al. 1973) by sample 75055, collected during the Apollo 17 mission. This 

sample, along with samples 75035 and 75075 were collected from the Camelot crater. They 

were sampled from boulders which are thought to represent an overturned flap formed dur- 
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ing impact cratering, or may represent in-place 

subfloor basalts exposed by recent mass wast-

ing (Schmitt et al. 2017). Sample orientations 

were reconstructed in lunar coordinates using 

astronaut photographs from the Apollo 17 mis-

sion and personal correspondence with astro-

naut H.H. Schmitt. 

At the latitude of the Camelot crater 

(20.19 °N), a dipolar field aligned along the ro-

tation axis should return a paleoinclination of 

36.3°. Preliminary results (Getzin et al. 2018) 

(Fig. 1) support this hypothesis, suggesting the 

Moon had a dipolar, dynamo-generated field 

that was stable for extended periods of time, 

undergoing reversals less frequently than the 

geodynamo. 

Keywords: Moon, paleoinclination, dynamo, 

Apollo 17. 
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Fig. 1. Preliminary data for sample 75055 

suggest that 3.8 Ga, the lunar magnetic field 

was dipolar and aligned along the Moon’s 

rotation axis (Getzin et al. 2018). 
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A b s t r a c t  

Our goal was to investigate rockmagnetic properties of two lithofacies of Silurian gas-

bearing shales from Northern Poland: Pelplin Formation and Jantar Member which both rep-

resent a potential source of unconventional hydrocarbons. The studied rocks are character-

ized by similar burial evolution, but different amounts of organic matter (Jantar – up to 7 

percent, while in Pelplin not exceed 1.5 percent). Moreover, in the Pelplin Formation 

spherical calcareous concretions were examined. The differences in magnetic minerals 

composition, if any occur, may help better understand the determinants, which control water 

chemistry at the bottom of sedimentary basin and thus the preservation of organic matter.  

Therefore, low temperature measurements of SIRM in the 10–300 K range were per-

formed, in order to recognize nano-particles, which are not detectible in basic rockmagnetic 

studies. We detected presence of magnetite (Fig. 1), MD and SP, what we attribute most 

probably with detrital and chemical origin (illitization or organic maturation), respectively. 

However, the most interesting observation is the occurrence of hematite in the Pelplin For-

mation (with lower amount of organic matter) and its absence in organic-rich Jantar Mem-

ber (Fig. 1). We propose that hematite (mostly SD grains) in mudstones and carbonate 

concretions, was formed as a product of magnetite reaction in oxic conditions (with prob-

able activity of oxidizing bacteria). This hypothesis is in line with the precipitation of cal-

careous concretions from Pelplin Formation in oxic conditions at the bottom of the 

sedimentary basin. Moreover, this is also consistent with lower values of organic matter and 

the presence of hematite. Furthermore, an occurrence of hematite in mudstones and concre-

tions in the Peplin Formation suggests that during sedimentation of clastic material as well 

as compaction and cementation of concretions, stable oxic conditions were present at the 

bottom, allowing preservation of this mineral. 

As a main conclusion, we suggest correlation between hematite content and organic 

matter in sedimentary rocks, what may be a useful factor in understanding the preservation  
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Fig. 1. Results of MPMS measurements of remanence in low temperature range (10–300 K) 

for selected samples from Pelplin Formation and Jantar Member. Note, typical for magnet-

ite, the Vervey transition in all samples and characteristic for hematite – the Morin transi-

tion, which occurs only in Pelplin Formation. Abbreviations: Zero Field Cooled (ZFC), 

Field Cooled (FC), Room Temperature SIRM, the ‘other’ curves are results of the RT-

SIRM, which was performed in small (+5 µT) induced magnetic field.  

 

of organic matter in shales. However, further investigation is necessary to fully recognize 

this complex problem.  

Keywords: magnetic mineral assemblage, LT measurements, organic-rich shales, deposi-

tional system of Baltic Basin. 
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A b s t r a c t  

Magnetic hysteresis loops are an important tool in theoretical and applied rock magnet-

ism with applications to paleointensities, paleoenvironmental analysis, and tectonic studies, 

among many others. Hence, information derived from these data is amongst the most ubiq-

uitous rock magnetic data used in the Earth science community. Despite their prevalence, 

there are no general guidelines to aid scientists in obtaining the best possible data and no 

widely available software to allow the efficient analysis of hysteresis loop data using the 

most advanced and appropriate methods. Here we provide a brief outline of detrimental fac-

tors and simple approaches to measuring better hysteresis loops as well as introducing a new 

MATLAB software package called Hysteresis Loop analysis box (HystLab) for processing 

and analyzing loop data. This graphical user interface software is capable of reading the 

wide range of data formats that are generated by the multiple types of equipment typically 

used to measure hysteresis loops. HystLab provides an easy-to-use interface allowing users 

to visualize their data and perform advance processing, including loop centering, drift cor-

rection, linear and approach to saturation high-field slope corrections, as well as loop fitting 

to improve the results from noisy specimens. A large number of hysteresis loop properties 

and statistics are calculated by HystLab and can be exported to text file for further analysis 

or can be explored using the in-built bi-plot functionality of HystLab. All plots generated by 

HystLab are customizable and user preferences can be saved for future use. In addition, all 

plots can be exported to encapsulated postscript files that are publication ready with little or 

no adjustment, greatly enhancing the workflow productivity when processing and analyzing 

large data sets. 

Keywords: rock magnetism, hysteresis, software. 
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A b s t r a c t  

The effect of wood-ash fertilization on forest soils has been assessed mainly through 

geochemical methods (e.g., content of soil organic matter or nutrients). However, a simple 

and fast method of determining the distribution of the ash and the extent of affected soil is 

missing. In this study we present the use of magnetic susceptibility, which is controlled by 

Fe-oxides, in comparing the fertilized soil in the forest plantation of pine and oak with intact 

forest soil. Spatial and vertical distribution of magnetic susceptibility was measured in an 

oak and pine plantation next to stems of young plants, where wood-ash was applied as fertil-

izer. Pattern of the susceptibility distribution was compared with that in non-fertilized part 

of the plantation as well as with a spot of intact natural forest soil nearby. Our results show 

that the wood-ash samples contain significant amount of ferrimagnetic magnetite and has 

susceptibility higher than that of typical forest soil. Clear differences were observed be-

tween magnetic susceptibility of furrows and ridges. Moreover, the dispersed ash remains 

practically on the surface, does not penetrate to deeper layers. Finally, our data suggest sig-

nificant differences in surface values between the pine and oak plants. Based on this study 

we may conclude that magnetic susceptibility may represent a simple and approximate 

method of assessing the extent of soil affected by wood-ash. 

Keywords: forest soil, wood ash, fertilizing, tree plants, iron oxides. 
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A b s t r a c t  

Airborne particulate matter (PM) that originates from the combustion of fossil fuels is 

of concern due to adverse effects on the environment and human health (Rogula-Kozłowska 

2015). Classic monitoring methods based on PM collectors and subsequent chemical analy-

ses are expensive and time consuming. As a result, time- and cost-effective methods were in 

demand. Results from several studies have identified spider webs as an excellent source of 

biomonitors (Flanders 1994, Rybak 2015). Spider webs accumulate pollutants to which hu-

mans are exposed; thus, they are a reliable source of information about the quality of the en-

vironment in a way that is similar to other bioindicators. Compared to conventional 

atmospheric pollution monitoring, the assessment of air quality with the use of spider webs 

is cheap, non-invasive and easy as webs are abundant and they are woven in secluded loca-

tions, which prevents them from exposure to rain and wind. The basis of the present study 

was an assumption that because spider webs are diamagnetic (with negative magnetic sus-

ceptibility), the increased value of their magnetic susceptibility that results from exposure to 

the polluted atmosphere may be a sign of contamination by particulates (of which some are 

metallic). Therefore, the proposed hypothesis is that magnetic susceptibility of spider webs 

reflects the level of ambient air pollution. 

The study involved the investigation of indoor and outdoor webs made by six types of 

spiders. Additionally, street dust was the subject of study. Volumetric magnetic susceptibil-

ity (ĸ) of dried and weighted samples was measured using an MFK1 Kappabridge device 

(Agico Advanced Geoscience Instruments Co., Brno) and afterwards, recalculated into 

mass-specific magnetic susceptibility (χ). 

The χ values varied from −1.7 × 10
−8

 m
3

 kg
−1

 (obtained for samples of clean spider 

webs treated as reference diamagnetic samples) to above 400 × 10
−8

 m
3
 kg

−1 
obtained

 
for 

samples collected in very busy district of Grunwaldzki Square in Wrocław, which is a large, 
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congested traffic circle with bus stops and tramways. Similarly, the χ of street dust collected 

from the same location was the highest as well. When comparing the outdoor and indoor 

data, outdoor samples of spider webs exhibited higher values of magnetic susceptibility. 

Therefore, the magnetic susceptibility of webs was directly related to the presumption that 

webs—with the exception of fine particles that originate from anthropogenic emission—are 

able to trap particles greater than 10 μm, which are characteristic of road or street dust and 

soil dust (or a mixture of both), and they generally do not occur in an indoor atmosphere 

(Rogula-Kozłowska 2015). Moreover, the magnetic susceptibility values differed depending 

on the species of the spider as well as on the exposure period. Results obtained for the out-

door samples seem to be influenced mainly by the road traffic and industrial emissions, 

while the results observed from the indoor samples seem to be related to some internal 

sources of PM, such as combustion of various fuels in domestic furnaces, dust from vacuum 

cleaners, printers, cooking and smoking (Rachwał et al. 2018). 

The results support the statement that magnetic biomonitoring with spider webs is an 

useful approach to delineate airborne PM pollution that originates from sources such as traf-

fic emissions, industrial activity, and emissions from domestic heating systems. Such a tool 

is needed because we currently rely mainly on time-consuming analyses when assessing air 

quality. With the use of magnetic biomonitoring, we are able to generate quick and reliable 

information about the quality of the air both outdoors and indoors. 

Keywords: spider webs, magnetic susceptibility, airborne particulate matter, indoor air, 

outdoor air. 
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A b s t r a c t  

The studies that we have achieved in the last 40 years in the Danube – Danube Delta – 

Black Sea hydrosedimentary system have revealed strong connections between the charac-

teristics of sedimentary environment, sediment quality and their magnetic properties. The 

paper analyses a large magnetic susceptibility (MS; k) database resulting from ca. 20 expe-

ditions carried out during 1981–2015 time period in the lakes of two aquatic units of the 

Danube Delta (DD), i.e., Gorgova – Uzlina and Lumina – Roşu Depressions. These are 

placed in the DD southern wing, westwards and respectively, eastwards of the Caraorman 

Sand Ridge (Fig. 1). For the MS characterisation of the recent sediments, an original k scale 

with 5 classes (I to V, from k values lower than 10 × 10E-06 SI to k values higher than 

1000 × 10E-06 SI) is used. The lithological (LITHO) support related to the magnetic sus-

ceptibility calibration of the lake sediments is equally analysed, and it is defined by three 

main LITHO components: SILiciclastic/minerogenic fraction (SIL), Total Organic Matter 

(TOM), and CARbonates (CAR). The LITHO classification of the lake sediments is illus-

trated by using ternary diagrams, and a LITHO scale (with 5 classes), based on SIL con-

tents, is applied for the lithological characterisation, as well. To assess the relationship 

between the magnetic and the lithological parameters, a scale with 6 ranges spanning the in-

terval from (-1) to (+1) systematizes the calculated correlations coefficients (r). In the first 

part, the results concerning the enviromagnetic characteristics and the lithological composi-

tion of the lake sediments (surficial and cores) of the Gorgova – Uzlina Depression (I, in 

Fig. 1), placed in the Fluvial Delta Plain, are discussed. The latest MS results are compared 

with the magnetic susceptibility data achieved in the first sampling campaign in the Gor-

gova, Uzlina and Isacova Lakes, in 1979, relatively close of the beginning times of such 

types of researches in the world (e.g., Thompson et al. 1975). In the second part of the arti-

cle, the data obtained by applying of this methodological version of environmental magnet-

ism for a series of lakes and swamps belonging to the Lumina – Roşu Depression (II, in 

Fig. 1) are discussed. This area situated eastward of the previously approached deltaic unit is 
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Fig. 1. Location of the two interdistributary depressions in the Danube Delta and position of 

the water bodies under attention in the paper. I. Gorgova  Uzlina Depression: 1  Gorgova 

Lake, 2  Gorgovăţ Lake, 3 – Obretinu Mic Lake, 4  Obretinciuc Lake, 5  Cuibeda Lake, 

6  Isăcel Lake, 7  Isacova Lake, 8  Uzlina Lake, 9  Gorgoştel Lake. II. Lumina  Roşu 

Depression: 10  Iacub Lake, 11  Lungu lake, 12  Vătafu Lake, 13  Lunguleţ Lake, 14  

Porcu Lake, 15  Puiuleţ Lake, 16 – Lumina Lake, 17 – Puiu Lake, 18 – Potcoava Lake, 

19 – Roşu Lake, 20 – Roşuleţ Lake, 21 – Erenciuc Lake. Note: The figure support  Google 

Earth image. 

 

particularly located in the Marine Delta Plain. The LITHO classification of the lake sedi-

ments is illustrated by using ternary diagrams, while the variability of the magneto-

susceptibility régimes is exemplified by a series of MS maps. The k anomalies generated by 

the deposits from the channel entry mouths into the lakes are revieled inside of such maps. 

The effects of silting up or of polution are decreasing as much as the transport distance is 

increasing. The presented data prove the magnetic susceptibility as a sensitive marker for 

monitoring the natural environmental changes or the anthropic impacts taking place in the 

lakes. Moreover, the capability to detect and to define – magneto-lithologically – some ma-

rine deposits, located very close of the water/sediment interface, is exemplified. The mag-

neto-litho archive constituted for surficial sediments and cores sampled from this lacustrine 

area (i.e., southern Danube Delta wing) is very important in the context of deciphering of 

the spatial and temporal evolution of the deltaic geosystem.  

Keywords: magnetic susceptibility, lithology, surficial lake sediments, short cores, Danube 

Delta (Romania). 
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A b s t r a c t  

The Paleoproterozoic is a fascinating period of Earth history. Inception of plate tecton-

ics, first supercontinents, inner core nucleation, eukaryote appearance, atmospheric great 

oxigenation event and other first order global processes likely ocurred during this period. 

Reliable and well-dated paleomagnetic data from the Paleoproterozoic is scarce, which 

hampers global paleogeographic and geodynamic models. The characteristics of the Earth 

Magnetic field in such old times are also known very schematically due to data paucity. In 

order to contribute to a better understanding of the Paleoproterozoic paleogeographic, geo-

dynamic and geomagnetic evolution, a systematic paleomagnetic study is being carried out 

on a series of numerous late to post-tectonic igneous bodies of mid-Paleoproterozoic age 

exposed in the Piedra Alta terrane of Uruguay, which is considered as the core of the Rio de 

la Plata craton (e.g., Oyhantçabal et al. 2018 and references therein). First results from this 

research were published by Rapalini et al. (2015) who presented a schematic apparent polar 

wander path for this craton for the late Rhyacian to the early Orosirian, based on three pa-

leomagnetic poles obtained from three of these plutons. They also suggested that when 

compared with coeval data from the Sao-Francisco, Guyana and West Africa cratons it sup-

ported an unorthodox configuration of the hypothetical Atlantica continent. Available U-Pb 

(both SHRIMP and LA-ICPMS) from several of these igneous bodies strongly suggest that 

they were intruded in a relatively short period between ca. 2.1 and 2.05 Ga. Further paleo-

magnetic results on several other plutons are presented. After stepwise AF and/or thermal 

demagnetization, consistent characteristic magnetic components were isolated from the Cu-

fré-Cerro Albornoz granites (2.086 Ga), Carreta Quemada Gabbro (2.086 Ga), Arroyo 

Marincho Granite (2.081 Ga) and the yet undated Tía Josefa Tonalite, Arroyo Grande Gran-

ite and GM4 pluton. Our results permit to compute individual paleomagnetic poles from 
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each body that together with those already published from Mahoma (2.1 Ga), Isla Mala 

(2.076 Ga) and Soca (2.056 Ga) plutons are distributed along a simple track composed of 

eight poles. It suggests that the Río de la Plata craton was at polar latitudes during the mid-

Paleoproterozoic but experiencing a fast displacement and rotation. Only the Tia Josefa pole 

seems to be an outlier of this single track. Most bodies show a unique polarity, either normal 

or reverse, which, according to their position along the track, suggest at least five reversals 

of the Earth Magnetic Field during that time span and a dominant dipolar field. Since all re-

liable radiometric datings are U-Pb, precise magnetization ages depend on the cooling rates 

of these bodies. Few thermo-barometric determinations suggesting shallow intrusive levels 

and old Rb-Sr ages on these igneous bodies falling in the range 1.95–2.1 (with large uncer-

tainties between 50 and 75 Ma) point to a relatively fast cooling. Comparison with coeval 

poles from other blocks in South America and Africa support the unorthodox Atlantica re-

construction and point to magnetizations ages somewhat 20 to 30 Ma younger than U-Pb 

ages. Ar-Ar datings on amphibole are under way to better constrain the magnetization ages 

of these plutons. 

Keywords: Paleoproterozoic, Río de la Plata craton, Piedra Alta terrane, Atlantica, paleo-

geography. 
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A b s t r a c t  

Palaeomagnetic studies of deep marine sediments have made a significant contribution 

to the development of secular variation and relative paleointensity records which are useful 

to both understand the behaviour of the geomagnetic field and to date marine sediments at 

very different time scales. However, the complex mechanisms of remanence acquisition in 

sediments, involving complex sequences of interactions between Depositional Remanent 

Magnetisation (DRM), Post-Depositional Remanent Magnetisation (PDRM) and early 

Chemical Remanent Magnetization (CRM) commonly results in inclination errors and in a 

time discrepancy between the magnetic and stratigraphic ages. Subsequently, the validation 

of individual records requires the acquisition of detailed palaeomagnetic, rock-magnetic and 

geochemical data to detect the occurrence of different magnetic phases and their lock-in 

ages. 

The sedimentary sequence deposited over the last 80 kyr in the Galicia Bank slope 

(Eastern North Atlantic) provides an interesting case in this regard. These sediment are the 

result of local turbiditic/contouritic processes, the regional pelagic and hemipelagic sedi-

mentation, the deposition of exotic IRD layers, and redoxomorphic diagenesis, which are all 

unsteady as a result of climate-driven forcings. This also leads to variable contributions 

from magnetic sources as well as spatial and temporal changes in depositional rates in the 

region. This sedimentary complexity, however, seems not to have compromised the preser-

vation of a detailed secular variation record. This record can be correlated over hundreds of 

km to the distal slope and abyssal-plain sequences of very different sedimentary rates. These 

correlations lead, however, to age discrepancies of several thousand years when compared 

with the 14C-based age models of the cores. 

The material discussed comprises three gravity cores with lengths of 67, 286, and 274 

from the south-western flank of the Galicia Bank, extracted at water depths of 3363 to 

4171 m. Standard cylindrical boxes were taken continuously for the uppermost 50 cm and 

each 10 cm throughout the remaining core. A full array of magnetic susceptibility, hystere-

sis, remanence, thermomagnetic measurements and geochemical analyses are used to mag-

netically characterise each sedimentary environment, their associated depositional rates and 

depth of redox boundaries.  
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Fig. 1. Remanence record of cores TG8 and TG10 showing the discrepancy the discrepancy 

between PSV inferred and 
14

C ages (after Rey et al. 2008, Coimbra 2007). 

The results show a delayed acquisition processes which depends on the sedimentary 

redoxomorphic diagenesis rates which are specific of each coring site. Subsequently, and at 

least for marine sediments, detailed palaeomagnetic, rock-magnetic and geochemical studies 

are necessary to judge the validity of secular variation records to date sedimentary se-

quences, even when a recognisable secular variation pattern is present 

Keywords: environmental magnetism, delayed remanence acquisition, North East Atlantic. 
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A b s t r a c t  

The Chichinautzin Volcanic Field (ChVF) is located at the southern boundary of the 

Trans-Mexican Volcanic Belt (TMVB), in central Mexico. It shows an E–W trend, c.a. 

1000 km long volcanic arc, from the Pacific Ocean to the Gulf of México (Gómez-Tuena et 

al. 2007). The ChVF volcanism is related to the subduction of Cocos under North American 

plate. Their ages range from 1.25 Ma to < 05 Ka (Arce et al. 2013). Paleomagnetic cores 

were collected from 22 sites through the entire volcanic field. Rock magnetic experiments, 

such as susceptibility vs. temperature, hysteresis curves and FORC were done to identify the 

magnetic carriers of magnetization and the thermal stability during a heating-cooling 

processes. AF and termal demagnetization processes were conducted to investigate the mean 

paleomagnetic direction: Declination = 356.4°, Inclination = 49.7°, α95 = 5.2 and Kappa = 

49.6. The paleointensity process was conducted using the Thellier-Thellier method (Thellier 

1959). Results will contribute to develop a secular variation curve for Central Mexico, 

mainly the results of the youngest lavas (< 5 Ka).  

Keywords: paleointensity, paleomagnetism, Mexico, Chichinautzin. 
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A b s t r a c t  

The growth of the South Atlantic Magnetic Anomaly (SAMA) during the last 2 centu-

ries has generated very large geomagnetic secular variation in Chile (Roperch et al. 2015). 

Most global geomagnetic models suggest very low secular variation in southern South 

America during most of the Holocene but this result may simply be due to the lack of data to 

constrain the models. In order to better describe the poorly known secular variation during 

the late Pleistocene-Holocene, we sampled 21 dated lava flows or pyroclastic flows from 

several Chilean volcanoes (Lonquimay, Llaima, Solipulli, Villarrica, Mocho-Choshuenco, 

Osorno, Calbuco) located in the southern volcanic zone (~39°S–41°S). We also sampled 56 

sites in Holocene lava flows with only relative ages with respect of the dated units. The pa-

leomagnetic results obtained in the present study indicate little geomagnetic secular varia-

tion in direction during the Holocene except near 750–1000 AD. The steepest inclination of 

the geomagnetic field (-71.6°) and the highest intensity (70µT±5) are recorded in a pyro-

clastic flow from the Osorno volcano (calibrated age range of 782–966 AD) (Roperch et al. 

2014). A dated lava flow (720–980 AD) to the north of the Llaima volcano records also a 

steep inclination. The corresponding VGPs are not much different from the VGP recorded at 

European sites suggesting a significant dipole wobble at that time. 

High paleointensities in the range 50–70µT are observed in the time interval 2000 BC–

1500 AD in agreement with global models showing geomagnetic moments above  

10 10
-22

 Am
2
. In contrast, paleointensity results from juvenile clasts of the late Pleistocene 

Lican ignimbrite at Villarrica (24.7±1.3 mT) and of the Curacautin ignimbrite at Llaima 

volcano (33±1.9µT) show that the magnetic field strength was low during (14,000 BC–

15,000 BC). A geomagnetic configuration (low inclination, low intensity) similar to the pre-

sent-day field is also observed at the Pleistocene-Holocene boundary in silicate glasses from 

a site in northern Chile (Roperch et al. 2017). 

Thus the large and rapid secular variation during the last three centuries palso occurred 

at the end of the Pleistocene. Thus, the SAMA is probably not the speculated precursor of a 

geomagnetic reversal. 

Keywords: geomagnetism, paleointensity, South Atlantic Magnetic Anomaly. 
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A b s t r a c t  

A Late Jurassic 30° gap in the Apparent Polar Wandering Path (APWP) of the North 

American plate has been recently evidenced (Kent and Irving 2010, Kent et al. 2015), and is 

interpreted by these authors in term of plate motion (referred as to the “Jurassic monster 

shift”). This unusually fast plate motion was previously undetected or only resulted in 

smooth variations around the Jurassic/Cretaceous boundary in previous composite APWPs, 

due to the smoothing of data intrinsic to the method of construction, or in the inclusion of 

lower quality Jurassic paleopoles. The Jurassic shift started between 183 (Pliensbachian-

Toarcian boundary) and 160 Ma (Oxfordian) and ended between 151 (early Tithonian) and 

145 Ma (Tithonian/Barremian) (Kent and Irving 2010, Muttoni et al. 2013). 

In this work, we take advantage of the magnetostratigraphic-constrained Salto del 

Cieco Section (Italy; latitude 42.61°N, longitude 12.86°E) to ascertain and precise the dura-

tion and amplitude of the shift. The polarity zone pattern, biostratigraphic and facies analy-

sis from Salto del Cieco section (Satolli et al. 2015, Satolli and Turtù 2016) were used to 

define the age of paleomagnetic directions and paleopoles. The mean directions were com-

puted using the magnetozones, or the stage boundaries when magnetostratigraphy was not 

defined. Furthermore, we evidence an almost perfect agreement between our new set of data 

and former discrete paleomagnetic studies from Northern Apennines and Southern Alps 

(e.g., Satolli et al. 2007, Channell et al. 2010). We computed from this set of data, a com-

posite paleolatitude curve for Adria which displays first a slow southward motion of some 

15° from 190 to 170 Ma, strongly accelerating between 175 to 160 Ma (a minimum paleo-

latitude of 11.9° is found at 160 Ma), followed by a slower northward motion up to 130 Ma. 

Despite minor differences, this curve is in global agreement with the expected paleolatitudes 

from the composite APWP proposed by Kent and Irving (2010), and from the Adria-Africa 

APWP proposed by Muttoni et al. (2013). The changes of direction found in our section are 

thus not related to some local event, but probably to a global motion of the lithosphere with 



S. SATOLLI  and  J. BESSE 

 

132 

respect to the earth rotation axis (True Polar Wander). Finally, we derived an APWP from 

our data, showing first a standstill, followed by a track between 171.8 and 150.4 Ma with a 

velocity of some 20 cm/yr, followed by other standstill between 142 and 150 Ma and finally 

a hairpin turn with a rather complex direction pattern. Should these data represent TPW, the 

velocity would be nearly twice faster than the presently geodetically measured TPW 

(10 cm/yr) but well below TPW in excess of 40 cm/yr suggested at the end of Precambrian 

(McCausland et al. 2011, Robert et al. 2017). 

Keywords: paleomagnetism, apparent and true polar wander path, Adria. 
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A b s t r a c t  

The complex magnetic mineralogy of fluvial sediments reflects the environmental and 

climatic evolution of their catchments and is thereby a potential source of information in  

areas were no other archives are available. However, the analysis of these sediments with 

rock magnetic methods is a challenging task. The contributions from various sources along 

the course of the rivers results in a multi-component magnetic mineralogy. Additionally, 

variable and frequently unsteady redox-conditions during multiple burial-transportation cy-

cles may alter individual grains differently. As a result of these diverse pathways, grain size 

variations of the bulk sediment material as well as of the magnetic components induce fur-

ther complications to the analyses. Nevertheless, the identification of the magnetic mineral-

ogy is vital for both, palaeo-magnetic investigations, and enviromagnetic analyses.  

Here, we present an outline of the course of action used to analyse drill cores from 

three sites (Viernheim, 350 m; Heidelberg, 500 m; Ludwigshafen, 300 m) within the Hei-

delberg Basin (Scheidt et al. 2015, 2017). The Heidelberg Basin is a large subsiding struc-

ture in the northern part of the Upper Rhine Graben (URG) in Germany and hosts a quasi-

continuous sedimentary sequence of > 2000 m thickness (Buness et al. 2008). The sedi-

ments are delivered from the River Rhine and the Palaeo-Rhine, respectively, and their 

tributaries. The site Heidelberg is additionally heavily influenced by Triassic red clastics of 

the River Neckar alluvial fan.  

Since no template for mineral magnetic analyses of fluvial clastics was available, our 

approach was not straight forward at all. At the beginning, the measurement routine sched-

uled the following procedure: determination of the NRM and the susceptibility, AF-

demagnetisation for palaeomagnetic analysis (for results see Scheidt et al. 2015), ARM ac-

quisition measurement with subsequent AF-demagnetisation and IRM acquisition measure-

ment with subsequent back curve determination. Finally, the hysteresis loop was observed 

before thermal experiments (IS(T) and к(T)) were started. These first analyses indicated that  
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Fig. 1. Illustration of the analytic procedure applied to unravel the multi-component magnet-

ic mineralogy of fluvial sediments. The main objectives of the individual methods are short-

ly mentioned with bullet points. 

 

the distribution of antiferromagnetic and ferromagnetic minerals cause the Pliocene sedi-

ments to be magnetically much weaker than the Pleistocene sediments. However, due to 

natural variances in grain size, content, and composition of the magnetic components, clas-

sical rock magnetic proxies were not able to provide detailed information on magnetic grain 

sizes or magnetic mineralogy. Only a combination of alternative approaches led to unravel-

ling of the multicomponent systems and identification of involved magnetic minerals. In the 

first instance, the coercivity analyses of the IRM acquisition curves indicated the simultane-

ous presence of up to five magnetic components. The identification of these components 

succeeded by linking the data with the results of the evaluation of their IS(T) heating curves. 

SEM/EDX analysis of magnetically extracted minerals gave additional hints on the interpre-

tation of the measured data. FORC analyses of selected samples were finally applied to con-

firm the finding and specify the magnetic grain size ranges. 

In this study, the applied combination of data allowed for unravelling of the multi-

component magnetic mineralogy, and for reconstructions of palaeo-environmental processes 

and settings (for details see Scheidt et al. (2017)). The combination of magnetic polarity 

stratigraphy and detailed magnetic mineralogy provided thus, new insights into the devel-

opment of the climatic conditions of continental Western Europe (Scheidt et al., in prep.). 

Despite the challenges fluvial sediments reveal for rock magnetic methods, we therefore 

propose the systematic environmental magnetic analysis of geologically young fluvial se-

quences throughout Europe in order to enhance our understanding of the 

palaeoenvironmental evolution of the recent past.  

Keywords: magnetic mineralogy, fluvial sediments, palaeoclimate, palaeoenvironment. 
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A b s t r a c t  

Several drill cores were studied in order to correlate Sokolov and Most basins.  

Both magnetostratigraphy and cyclostratigraphic investigation was conducted on the 

drill core JP585. The new drill core from of opencast coal mine Jiří in the Sokolov Basin. 

Both basins are parts of eastern segment of the European Cenozoic Rift System (ECRIS). 

The sediments in both basins are of Burdigalian age (lower Miocene). Their lithology 

mainly comprises fossil-free clays/silts above the main coal seam, with three phosphatic ho-

rizons with mineral crandallite in the Most Basin and several greigite layers in the Sokolov 

Basin. 

The sedimentation rate was computed by multivariate spectral analysis on data ac-

quired by X-ray fluorescence (Fig. 1). The spectral analysis was performed with our original 

software solution for identification of typical frequencies and their assignement to Milank-

ović cycles. The sedimentation rates (after compaction) were around 12.6 cm/ky for the up-

per 25 m of the drill core JP585 and around 27 cm/ky for lower part. 

The most important methods were: alternate field demagnetization, anisotropy of mag-

netic susceptibility (AMS), measured in all sediment samples. Unusually behaving samples 

with extremely high magnetic susceptibility and inverse AMS structure (siderite) were omit-

ted from further evaluation. Samples with the angle of the main AMS axis exceeding 20 de-

grees were excluded from further evaluation. The multicomponent analysis was performed 

after alternate field demagneization.  

The drill core JP585 begins with 14 m of magnetically disturbed zone (94–80 m), then 

continues by ca. 12 m of normal polarity (69–80 m). Above that, after a small gap of mag-

netically disturbed sediments, there are 60 m of sediments with reverse polarity (62–2 m) 

with short residue of normal geopolarity zone at the upper half (24–17 m). 
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Fig. 1. The figure on the left shows X-ray fluorescence data and fitting curves calculated 

from the eccentricity signal defined by sedimentation rate found by multivariate spectral 

analysis (right). The grey line represents the main hiatus and sedimentation rate boundary. 

The dashed line was calculated as a mean data deflection for different sedimentation rates. 

The thin black lines represent fit of artificial data defined by sedimentation rate, noise and 

changes in the sedimentation rate. 

 

Fig. 2. Paleomagnetic inclination at the upper 80 meters of the JP585 drill core and its corre-

lation to HK591 drill core. 

According to comparison with detailed analysis of drill core HK591 (Matys Grygar et 

al. 2014), we suppose, that the most probable succession in JP585 begins in C5En, and ends 

in the zone C5Cr. The time span in the studied core for JP585 should be approximately 17.1 

to 18.2. The second possibility dates the sedimentary infill between C5Dn and C5Cn.2r 

while the time span is 16.5–17.3 (Fig. 2). The marked hiatus around 25-meter depth repre-

sents time gap between 400 and 700 thousand years. 

Keywords: magnetostratigraphy, cyclostratigraphy, Holešice and Libkovice Mb., Cypris 

Mb., Miocene. 
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A b s t r a c t  

Five sections in the Vocontian basin have been studied for magnetostratigraphy and 

biostratigraphy (Le Chouet, Charens, Tre Maroua, Haute Beaume (Belvedere), and St Ber-

trand’s Spring). The profiles together provide a robustly connected composite sequence 

across the J/K boundary. 

The studied sections consists of well-bedded mostly micritic limestone with minor bio-

clastic interlayers. In the upper parts of all studied sections there are intercalations of marl 

(Elbra et al. 2017). In the Le Chouet, Charrens and the St Bertrand section there are intra-

basinal breccias, which have been omitted from further evaluation. Preliminary results on 

the distribution of the age-diagnostic ammonite taxa show that Belvedere and St. Bertrand 

span most of the B. jacobi Zone auctorum, and the Le Chouet and Charens profile starts in 

the Microcanthum ammonite zone (Wimbledon et al. 2013, Frau et al. 2016). 

All the sections show a sequence of magnetostratigraphic normal and reverse polarity 

zones. The base of C. alpina zone and the FAD of Nannoconus wintereri fall in a normal po-

larity zone, which is thus identified as M19n. The span of the studied sections is: i) M19n to 

M17r (Intermedia to Ferasini Sz.) for Belvedere, ii) M19n to M17n (Intermedia to Elliptica 

Sz.) for St Bertrand’s Spring, and iii) M20n to M19n (Remanei to Alpina Sz.) for Le 

Chouet. Magnetic susceptibility rises from the negative values in the Tithonian intervals to 

positive values in the Berriasian, which might be caused by an input of terrigenous material. 

Keywords: Vocontian Basin, magnetostratigraphy, Jurassic-Cretaceous boundary. 
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Fig. 1. Correlation of the J/K boundary sections between Vocontian Basin and other parts of 

the western Tethys and the geopolarity timescale. 
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A b s t r a c t  

Magnetostratigraphy is an important building block for age-models of scientific cores. 

Due to the rotational movement of the coring process the azimuthal orientations of the cores 

is lost hindering the construction of magnetostratigraphy based of correctly orientated pa-

leomagnetic samples. For high latitudes a high quality magnetostratigraphy can still be re-

constructed on the basis of the inclination of the paleomagnetic direction alone. For example 

in northern latitudes a downward inclination is interpreted as normal and an upwards incli-

nation as reversed paleomagnetic directions of the core samples. 

However, at low latitudes near the equator the inclination of the (paleo) magnetic field 

are near zero. As a result a magnetostratigraphy on the basis of inclination alone cannot be 

made. 

Here we present two methods that can be used to build a core based magnetostratigra-

phy at low latitudes. First, the anisotropy of the magnetic susceptibility (AMS) can be used 

in certain cases to reorientate the paleomagnetic samples by identifying the bedding of the 

sediments throughout the core. 

Second, the present/recent low temperatures –low coercivity overprint can be used to 

reorientate the ChRM directions by orientating these LT/LC components towards the north 

and recalculate the ChRM directions. 
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Both methods have been used on the ICDP Hominin Sites Paleolakes Drilling Project 

(HSPDP) cores taken in Ethiopia and Kenia. Here we will present data of four HSPDP cores 

as case study to help illustrate the effectiveness of these two methods for building a magne-

tostratigraphy for low latitude cores. 



Publications of the Institute of Geophysics, Polish Academy of Sciences 
Geophysical Data Bases, Processing and Instrumentation 

vol. 423 (C-112), 2018, pp. 141-142 
DOI: 10.25171/InstGeoph_PAS_Publs-2018-072 

16th Castle Meeting New Trends on Paleo, Rock and Environmental Magnetism, Chęciny, Poland, 2018 
 

________________________________________________ 

© 2018  The Authors. Published by the Institute of Geophysics, Polish Academy of Sciences 

Quaternary Slope Instability and Mass Movement Deposits 
Characterization (Portimão Bank, SW Iberia)  

Pedro F. SILVA
1,2,, C. ROQUE

1,3
, T. DRAGO

1,4
, A. LOPES

4
, B. ALONSO

5
, 

J. VÁZQUÉZ
6
, CASAS

7
, and N. LOPÉZ

6 

1
IDL – Instituto Dom Luiz, Lisboa, Portugal 

2
ISEL – Instituto Superior de Engenharia de Lisboa, Lisboa, Portugal 

3
EMEPC – Estr. de Missão para a Extensao da Plataforma Continental, Paço de Arcos, Portugal 

4
IPMA-Instituto Português do Mar e da Atmosfera, Tavira, Portugal 

5
CSIC– Instituto Ciencias del Mar, Barcelona, Spain 

6
IEO – Instituto Espanol de Oceanografia, Málaga, Spain 

7
IGME – Insituto Geológico y Minero de España, Madrid, Spain 

 pmfsilva@fc.ul.pt 

A b s t r a c t  

Submarine slope failure and associated mass movements are common processes 

worldwide, some of them with high economic impact and societal consequences. This work 

represents an approach to the more suitable proxy’s in order to identify and characterize 

mass movement deposits and the respective deformation. As case study was selected the 

Portimão Bank, a submarine E–W elongated structural high with prominent slide scars, lo-

cated offshore southern Portugal in the Gulf of Cadiz. The used methodologies enabled a 

two different scales approach. On a broad scale, we look for the occurrence of mass move-

ments deposits through accurate geomorphological mapping and seismic interpretation. At 

local and detailed scale we looked for the vertical characterization and development of 

MMDs along piston core (PC-07, 338 cm long retrieved in the centre of a slide scar) by 

means of sedimentological, environmental magnetism, paleomagnetism and magnetic fabric 

studies, complemented by bioturbation analysis and C
14

 dating. Our results show that: i) The 

Portimão bank is characterized by a series of important on-going landslides; ii) The sedi-

mentary column retrieved from piston core is replicated; iii) Anisotropy of magnetic suscep-

tibility is able to identify a segment with approximately 90 cm that accommodated the 

deformation associated with the replication of the sedimentary column. Important to empha-

size that such deformation goes unnoticed by mesoscopic analysis; iv) in the deformed seg-
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ment, the AMS lineation represents an intersection lineation that can not be interpreted as 

the preferred direction of grain alignment. This work was supported by project FCT 

UID/GEO/50019/2013 to Instituto Dom Luiz. 

Keywords: mass movement deposits, Gulf of Cadiz, magnetic fabric, rock magnetism. 
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A b s t r a c t  

Anisotropy of magnetic susceptibility (AMS) and anisotropy of anhysteretic remanent 

magnetization (AARM) data have been obtained from a vertical, two meters thick, mafic 

dyke (intruding volcanic lava flow pile dated between 190 and 125 ka – Costa et al. (2015), 

Silva et al. (2018)), located on the southern margin of the Pico Island (Azores Archipelago). 

Its central part is constituted by different volcanic “facies” characterized by discontinuous 

cores with concentric rings. Locally, the latter form an almost circular sub-horizontal “struc-

ture”. This “composite” magmatic “dyke” seems to correspond to a sequence of lateral 

magma pulses. Comparison between AMS and AARM fabrics indicate that inverse fabric 

related to single-domain grains has negligible effects on AMS. According to the scale used, 

different interpretations of the flow regime are possible: 

At the dyke scale, AMS fabric is dominated by oblate shape and scattering of the 

minimum axes K3 along a vertical plane perpendicular to the dyke plane, suggesting a verti-

cal magma movement according to global foliation imbrication (Geoffroy et al. 2002). 

However, when considered the maximum principal axes K1 as flow indicator (Knight and 

Walker 1988), horizontal magma flow is suggested. The same remark can be made on a sec-

tion across the dyke at the scale of one concentric horizontal magmatic structure. However, 

when considered distinct domains of the dyke, i.e., looking at a smaller scale, different pat-
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terns appear. On a dyke border, K1 presents various inclinations, suggesting oblique flow. 

Some samples give vertical magnetic foliation perpendicular to dyke plane and, in another 

part of the dyke, K1 presents strong plunge in a direction oblique to the dyke plane.  

Looking in more detail at the results in different parts of the dyke, magnetic data show 

a certain coherence. Magnetic foliation in the concentric rings follows the ring shape, ex-

plaining the K3 distribution with a vertical plane. On a dyke border, foliation imbrication 

clearly points out horizontal flow vector, an interpretation that is reinforced by a well de-

fined sub-vertical magnetic zone axis (Henry 1997); K1 presents directions scattered be-

tween this magnetic zone axis and the horizontal direction obtained in most sites and then 

appears to be “composite”, explaining its oblique orientation in part of the samples. The 

other plunging K1 axes also coincide with the corresponding magnetic zone axis. Magnetic 

foliation perpendicular to flow corresponds to the middle of circular structures and likely to 

particular flow conditions in restricted “channels”, likely with a dominant pure shear stress 

regime. 

All this complexity can be therefore simply explained by horizontal propagation of 

magma (related to successive magma pulses) towards the South, i.e., from its volcanic cen-

ter toward its limit. The observed sub-horizontal “tube” then does not represent a “rolling” 

embedded structure during an upward magma movement, but a kind of horizontal pipe in 

the core of a partly “cooled” dyke. This particular dyke shows how complex the flow can be 

and how important is a dense sampling strategy. 

Keywords: AMS, Dyke, Flow, Imbrication, Magnetic zone axis. 
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A b s t r a c t  

Magnetic nanoparticles (MNP) have a wide range of application. They are used for in-

stance as contrast agent for magnetic resonance imaging, as drug delivery vehicle, for mag-

netic hyperthermia, for sewage treatment, as ink for bank notes, in high-quality loud-

speakers or for research purposes. The demand for custom tailored MNPs fosters the devel-

opment of new MNPs with specific biological and physical properties. Accurate and precise 

magnetic property characterisation is thus required for quality control of newly developed 

MNPs at laboratory scales but also for optimising scale-up production procedures, i.e., the 

production of MNPs in commercial quantities. International standards for definition and 

measurement of the magnetic properties of MNPs do not exist. This reduces the trust of 

magnetic nanoparticle consumers in safety, reliability and functionality of magnetic 

nanoparticle products and increasingly hampers the market chances of magnetic nanoparti-

cle producers.  

Internal and external sources of uncertainty of induced magnetisation curves will be 

analysed and their consequences on the uncertainty of corresponding parameters discussed, 

i.e., saturation magnetisation, saturation remanence, coercive force and as well as low and 

high-field susceptibility. Example measurements performed with a Magnetic Property 

Measurement System will be presented for the calibration standard, natural samples, artifi-

cial MNP powders and MNP suspensions. The example below refers to two different mag-

netic nanoparticle samples. One consists of ≥ ≈ 150 nm magnetite (Fe3O4) particles and the 

other of maghaemite (γ-Fe2O3) particles with a size of 34 nm. In order to detect possible 

sources of uncertainty, four different sub-samples were made from each of the two samples. 

Uncertainty analysis reveals that the actual measured values, i.e., the magnetic moments are 

not affected by large uncertainties. For individual subsamples they range between 0.001 and 

0.009%. However, the standard deviation of the mean Ms of the four sub-samples is much 

larger, i.e., between 2 and 4% for magnetite and maghaemite, respectively. The uncertainty  
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Fig. 1. Magnetic hysteresis measurement of a maghaemite sub-sample (left side) and a 

magnetite sub-sample (right side). Both lower diagrams are a zoom into the low-field region 

of the upper diagrams. The measurement cycle starts by increasing the applied field step-

wise from 0 to +5 T (red curve). The field is then stepwise decreased from +5 T to -5 T and 

again increased to +5T (blue curves). At each field step, five individual measurement were 

recorded. The black points are average measurement values. Both samples differ significant-

ly in grain size, which is reflected by Hc. 

 

of the coercive force, is not affected by the mass and is much smaller, i.e., 0.01 and 0.3% for 

the maghaemite and the magnetite sample, respectively. Regarding accuracy, the average 

values obtained differ between 3 and 5% from the reference values published in the scien-

tific literature (e.g., Fock et al. 2017), for Hc and Ms respectively; for both samples. Con-

cluding can be said so far that the mass determination of the individual subsamples, which is 

in the order of a few milligrams, is the largest source of uncertainty. 

Keywords: DC-magnetometry, uncertainty budget, magnetic hysteresis, magnetic nanopar-

ticles. 
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A b s t r a c t  

Long-term variations (> 10 Ma) in Earth’s magnetic field have been postulated to re-

flect the influence of mantle forcing, bound to changes in heat flow at the core mantle 

boundary. One of the best documented records of long-term changes in Earth’s magnetic 

field is the Geomagnetic Polarity timescale (GPTS). Examination of the GPTS demonstrates 

that the occurrence of polarity reversals is stochastic, however there is evidence that the fre-

quency of magnetic field reversals varies in a periodic manner. This observation is the foun-

dation for the 200 Ma cyclicity hypothesis, which proposes that periods where the field 

undergoes rapid transition from a highly unstable state (high reversal frequency) to a more 

stable state (superchrons) is on a 200 Ma cycle, hypothesized to reflect periodic superplume 

growth and collapse in Earth’s mantle (Amit and Olson 2015, Olson and Amit 2015). 

Documented transitions from a highly unstable state to a more stable state are observed be-

tween the Middle Jurassic (high-reversal frequency) and the Early Cretaceous (Cretaceous 

Normal Superchron). Other records of extended non-reversal have been recognized in the 

Phanerozoic, and they appear to follow a ~200 Ma periodicity. However, better records 

documenting magnetic reversal frequency preceding these intervals, particularly in the Pa-

leozoic, are needed to appropriately test this hypothesis. 

Here we present preliminary magnetostratigraphic data collected from Carboniferous 

age sediments outcropping in the United Kingdom (Cumbria and Scottish Borders), which 

span the 40 Ma preceding the Permo-Carboniferous Reverse Superchron (PCRS). The 

PCRS is an extended period of reverse polarity that begins around the Mississippian-

Pennsylvanian boundary (~323 Ma) and extends into the Permian, covering an interval of 

~50–60 Ma (Davydov et al. 2012). Besides the PCRS, there is only one well-constrained pe-

riod of polarity reversal history in the Carboniferous ~333–327 Ma (Opdyke et al. 2014). 

Records of polarity patterns for other parts of the Carboniferous exist, but many of these re-

cords are derived from regional-based studies which lack the means to confidently correlate 

the records to the global framework (Hounslow et al. 2004). Furthermore, there is evidence 

that many of these records are biased by remagnetization and do not record a Carboniferous 

signal. Overall, the existing magnetic polarity record for the Carboniferous is not robust  
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Fig. 1. Reversal rate through the Phanerozoic estimated from existing paleomagnetic data. 

 

enough to test whether there was a period of high reversal frequency before the PCRS. By 

constraining the polarity reversal history in the Carboniferous between 360–320 Ma, our 

work will help test the 200 Ma cyclicity hypothesis, in addition to helping establish a reli-

able global polarity timescale for this time period. 

Keywords: Paleomagnetism, magnetostratigraphy, reversals, carboniferous. 
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A b s t r a c t  

The river sediments have high cappasity to acumulate heavy metal pollutions origi-

nated a.o. from industrial wastewater, fossil fuel combustion and atmospheric deposition. 

The purpose of this research was to estimate the concentration of magnetic particles to as-

sess the level of heavy metal pollution using magnetic methods.  

The research was conducted on Vistula’s sediments collected in the Warsaw’s areas in-

cluding the city center (area B, Fig. 1a) and out of the urbanized area (area A and C, 

Fig. 1a). For individual granulometric fractions of surface (0–2 cm) sediments several mag-

netic properties such as mass magnetic susceptibility (χ), changes of magnetic susceptibility 

in low and high temperature ranges and hysteresis loops were analyzed in order to determine 

the concentration and grain size of magnetic particles and their magnetic mineralogy. To 

characterize the morphology and chemical composition of magnetic particles the micro-

scopic observations and chemical measurements were carried out. 

The results of test study show that magnetic particles are mainly presented in the fine 

fractions of 100–71 m and below 71 m. Therefore, both fine fractions were taken account 

in the study of pollution level.  

Distributions of χ along the Vistula river show the maximum in the very center of the 

city and relatively low values out of the urbanized area. The increase of χ in the city center 

and the decrease of χ outside the city center indicates that pollution level is mainly affected 

by local sources.  

Significant correlations between the Pollution Load Index calculated for Pb, Zn, Al, Fe, 

Cr, Co, Cu, Ni and the magnetic susceptibility showed high heavy metal pollution level in 

very center. Outside the city heavy metal pollution level were relatively low and close to the 

background value. 

The thermomagnetic analysis revealed magnetite as a primary magnetic phase in the 

city center (area B) and maghemite or cation deficient magnetite in areas outside of Warsaw 

(area A and C). The results show that in the area of Warsaw the magnetic extract is enriched 

in spherical-shaped particles (Fig. 1b). It was observed that fraction below 71 m contained  
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Fig. 1. Distribution of average magnetic susceptibility (χav) of surface Vistula River sedi-

ments for the Warsaw area (B) with corresponding subareas (from 1 to 6) and for two areas 

outside of Warsaw (A and C) (a). Scanning Electron Microscope images for fraction below 

71 μm of surface sediments for area B (b). 

 

more spherules than fraction of 71 m. In both fractions a few types of surface morphology 

were observed such as particles with smooth, glossy, matt, orange-peel and druse-like sur-

face.  

Our research demonstrate that magnetic methods can be apply for detecting and map-

ping pollution in sediments around modern industrial cities. 

Keywords: magnetic susceptibility, sediments, spherules, heavy metals. 
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A b s t r a c t  

The aim of this work was to determine impact of a former glasswork using magnetic 

methods, conductivity and electrical resistivity tomography (ERT) as well as to distinguish 

between soil pollution from long-range (LRTAPs) and local transport of atmospheric pollut-

ants using soil magnetometry supported by geochemical analyses (i.e., content of the poten-

tially toxic elements – PTEs). The study area was located in the Izery region of Poland – the 

Izery Mountains (within the “Black Triangle” region, which is the nickname for one of 

Europe’s most polluted areas, where Germany, Poland, and the Czech Republic meet) and 

examined soils were developed from the Izera granite. The major site of the study area was 

situated in the Forest Glade and was exposed to the anthropogenic pressure from a former 

glasswork that was active here from 1754 until 1891. Whereas, the second site of the study 

area was located on a neighboring hill (Granicznik), whose western, north-western, and 

south-western parts of the slope were exposed to the long-range transport of atmospheric 

pollutants from the Czech Republic and Germany. Our results indicate that the Forest Glade 

site was characterized by many anthropogenic translocations and confirmed by a relatively 

high value (0.61) of the Topsoil Transformation Factor – TTF (Łukasik et al. 2015). More-

over, TTF and the initial study of ERT revealed existence of anthropogenic layer of wastes, 

dumping during the glasswork activity. The highest contents of Cu, Ni, Pb, Sn, and Zn in 

the Forest Glade site correspond to the local sources of pollutants and anthropogenic influ-

ence (i.e., former glasswork), whereas, the highest concentration of As, Cd, Hg, In, Mo, Sb, 

and Se on the Granicznik Hill site are likely a result of long-range transport of atmospheric 

pollutants. The principal component analyses (PCA) analysis showed that χ value is in-

versely correlated with the contents of Nb, Th, U, and Zr, indicating a natural origin of these 

elements.  
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A b s t r a c t  

An updated catalogue of Italian palaeomagnetic data published in international journals 

and small archaeological reports or university thesis during the last decades has been com-

piled. The new dataset includes data from both archaeological artifacts and volcanic rocks 

and aims to better constrain the full vector geomagnetic field secular variation (SV) in Italy 

during the last 8000 years. In respect to the previously published Italian directional SV 

curve, 24 new directional data from archaeological baked clays have been added while the 

contribution of directions coming from volcanic rocks importantly enrich the dataset mainly 

for the last millennium. One of the main problems with the Italian volcanic data is their pre-

cise dating and for this reason all data coming from lava and pyroclastic flows have been 

controlled. Only data with undisputable age have been accepted for further considerations. 

The available intensity dataset from Italy still remains poor, even when the intensities from 

volcanic rocks are included. The updated dataset shows that reliable considerations about 

the SV in Italy can be done only for the last three millennia while data from older periods 

are extremely scarce for any further elaboration. Comparison of the Italian data with the 

predictions of European and global geomagnetic field models shows a good agreement sug-

gesting the great potential of the Italian SV dataset for reliable dating of archaeological arti-

facts, and lava flows emplaced during the last 3000 years. 

Keywords: geomagnetic field records, volcanic rocks, archaeological artifacts, Italy. 
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A b s t r a c t  

The first directional archaeomagnetic results from Cyprus are presented, based on the 

study of seven baked clay structures excavated at the copper smelting site of Agia Varvara- 

Almyras, situated some 20 km south of Nicosia. This ancient copper working site represents 

a unique example of complete primary production of the copper metal in Cyprus. In total 

five furnaces, one ore roasting pit and an oven were sampled in situ for an archaeomagnetic 

investigation. All the studied structures are well dated, based on pottery finds and radiocar-

bon analyses, with ages ranging from 600 BC to 50 BC. Several rock magnetic experiments 

were performed to determine the main magnetic carrier and to investigate the thermal stabil-

ity of the studied material. The direction of the Characteristic Remanent Magnetization 

(ChRM) for each structure has been determined by demagnetization of 7 to 15 specimens in 

alternating magnetic fields up to 100–120 mT. Mean directions were calculated assuming a 

Fisherian distribution and are very well defined for five out of the seven structures studied. 

The new directions are compared with the few directional data available for the area, mainly 

coming from Greece, and with the predictions of global geomagnetic field models. They are 

an important contribution to improving our knowledge of the geomagnetic field variations in 

the eastern Mediterranean and emphasize the need for more directional data from well dated 

structures in order to acquire a better understanding of the geomagnetic field’s short-term 

variations in this region. 

Keywords: archaeomagnetism, secular variation, Cyprus; Eastern Mediterranean. 
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A b s t r a c t  

Balkan-Carpathia Ophiolite is the dismembered pieces of ancient oceanic crust crop-

ping out in Romania, Serbia and Bulgaria. Although a pioneering work dated the Bulgarian 

Cherni Vrah massif as Late Neoproterozoic (von Quadt et al. 1998), more recent studies re-

ported Early Devonian ages for multiple massifs in the ophiolite (Zakariadze et al. 2012, 

Balica et al. 2014, Plissart et al. 2017, Kiselinov et al. 2017). Consequently, little is estab-

lished for the tectonic history of the ophiolite. We investigated the paleomagnetism of the 

gabbroic rocks and sheeted dykes in the Cherni Vrah massif sampled near the village of 

Gorni Lom. Both types of rocks exhibit similar characteristic remanence direction with 

West declination and moderate negative inclination (geographic coordinate). Natural rema-

nent magnetization (NRM) are completely demagnetized by 150 mT of alternating field 

(AF), indicating that titanomagnetite is the primary remanence carrier. Gabbros are stable 

against AF demagnetization with median destructive field often exceed 50 mT. Microscopic 

observations revealed that rare, unaltered plagioclase in gabbros contain fine rods of ex-

solved magnetite. It is yet to be investigated if these exsolved magnetite are the volumi-

nously important carrier of the stable NRM in gabbros. Anisotropy of magnetic 

susceptibility of gabbros revealed consistent pattern of magnetic foliation with c. 50° strike 

and c. 50° dip to the South. Assuming that this AMS fabric approximate the paleohorizontal, 

the characteristic remanence direction after tilt correction shows inclination of c. -38°.  

Keywords: ophiolite, gabbro, Balkan, AMS, exsolved magnetite. 
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A b s t r a c t  

Industrial emissions are very important source of technogenic magnetic particles 

(TMPs) – mainly, oxides and hydroxides of Fe. TMPs 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. They are 

generated in a wide variety of high temperature industrial processes where different iron 

minerals, present in raw materials, fuels and additives are transformed to highly magnetic 

iron oxides. TMPs are emitted to the atmosphere and then deposited on the soil, plant, and 

building surfaces.  

The main objective of the research was identification of iron and manganese minerals 

(mainly oxides and hydroxides) occurring in TMPs. For the purpose of this study fly ashes 

from two power plants, dusts from non-ferrous metal smelting and two steelworks were col-

lected and subjected to magnetic (bulk magnetic susceptibility and temperature dependence 

of magnetic susceptibility) and mineralogical (Mössbauer spectroscopy and scanning elec-

tron microscopy with energy dispersive spectroscopy – SEM/EDS) analyses.  

The χ of fly ashes was at the level of 1000–1300 × 10
-8

 m
3
kg

-1
. Dusts originated from 

electrofilters were characterized by very diversified values of magnetic susceptibility. The 

highest values were obtained for furnace bottom ashes from coal-fired power plant (above 

10000 × 10
-8

 m
3
kg

-1
) and the lowest – for dusts from non-ferrous metal smelting (below 

1000 × 10
-8

 m
3
kg

-1
). Thermomagnetic analyses revealed differences between samples from 

particular industries. Inflection at 580 °C of the curve of TMPs emitted by power plants in-

dicated that magnetite was the main magnetic phase. In case of non-ferrous metal smelting 
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additional curve deflection at 130 and 210 °C occurred relating to intermediate titanomag-

netite (Vahle and Kontny 2005). 

Mössbauer spectra showed that the magnetic phase accounted for 50–70% of fly ashes 

samples (mainly ferrihydrite and hematite), for 47–57% of bottom ashes (mainly ferrihy-

drite, magnetite and magnesioferrite), and for more than 90% dusts from electrofilters 

(mainly magnetite and maghemite). The smallest content of magnetic phase was character-

ized by steel dust from non-ferrous metal smelting: 11–30%. The main compound present in 

these dusts were franklinite, γ-FeZn and goethite.  

SEM analysis revealed that the main components of fly ashes were glaze (mullite and 

quartz), quick cokes, calcium sulfates and spherical aluminosilicates with inclusions of Fe 

and Mg oxides. Iron and manganese were the main elements in almost all dust samples, 

however, the zinc and lead, as well as cadmium and copper prevailed in samples of dusts 

coming from Zn and Pb works. 

Keywords: magnetic susceptibility, SEM, Mössbauer spectroscopy, TMPs, dusts. 
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A b s t r a c t  

Cenozoic collision between India and Eurasia produced the Himalayan-Tibetan orogen, 

which is commonly considered as the archetypical orogen for continent-continent collision 

systems. However, there is still no consensus on the amount and mechanism of post-

collisional convergence, as well as on the roles of the numerous tectonic terranes comprising 

the orogen (Jagoutz et al. 2015, 2016; Replumaz et al. 2013, Royden et al. 2008, van Hins-

bergen et al. 2011). The West Burma block exhibits a unique geodynamic evolution within 

this system, influenced by oblique subduction of the Indian plate and significant strike-slip 

motions along the dextral Sagaing Fault. Furthermore, it is at a key location for paleoenvi-

ronmental reconstructions (Cai et al. 2016, Licht et al. 2013). Despite this, robust paleo-

magnetic data from the West Burma block is largely absent. 

Here we report new paleomagnetic, petrological and U-Pb age data to constrain the 

latitudinal displacement of West Burma. To this end, 45 sites were drilled in the intrusives, 

extrusives and sediments of the Wuntho arc, Myanmar. Paleomagnetic results were obtained 
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at 30 sites. In addition, 135 paleomagnetic results were obtained from a Late-Eocene mono-

clinic sedimentary section in the Chindwin basin, Myanmar. 

Wuntho arc U-Pb ages cluster in the range 110–90 Ma, indicating a Late-Cretaceous 

age. Paleomagnetic results from this area show declination values of around 50°–100°, im-

plying clockwise rotation of the overall arc dispersed by local-block rotations related to 

faulting, and inclination values close to zero, corresponding to near-equatorial paleolatitude. 

Tilt corrections are not available for sites in intrusive rocks. However, the sampling is dis-

tributed over a large area (1000 km
2
) and the results are found inconsistent with regional tilt-

ing of the arc. The occurrence of remagnetization after tilting of the country rocks in several 

sites by the intrusive batholith also support the clockwise rotations and the low paleolati-

tude. In the Late-Eocene sediments, normal and reverse polarity magnetizations, alongside 

the occurrence of numerous ~10 cm thick siderite-rich layers with stable magnetizations, in-

dicate a primary detrital or a very early diagenetic origin for the acquisition of the magneti-

zation. The sediments constrain a low inclination after tilt correction, which is coherent with 

the inferred near-equatorial position from the older Wuntho arc rocks. Based on these re-

sults, we suggest that accretion of the West Burma block occurred at near-equatorial lati-

tude, and that it subsequently underwent significant clockwise rotation and northward 

translation during the Cenozoic. 

Keywords: paleomagnetism, plate tectonics, Wuntho arc, West Burma block, Himalayan-

Tibetan orogen. 
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A b s t r a c t  

In-situ conversion process for recovery of hydrocarbons from shales requires heating 

the rock formation to 320°C in order to break down kerogen polymer into fragments small 

enough to permeate toward collection facility. Thermal analysis is essential for understand-

ing the properties of shales as they change during heating to the target temperature (Grę-

bowicz 2014). The study involved kerogen rich samples derived from the Late Famennian 

rocks representing global anoxic events: Annulata and Hangenberg. The Upper Famennian 

Annulata (ABS) and Hangenberg (HBS) Black Shales are exposed in the successions of the 

Kowala Quarry in the Holy Cross Mountains. The twin Annulata anoxic events are manifest 

as two organic-rich (TOC up to 23 wt.%), finely laminated black shales, each up to 0.6 m 

thick, separated by marl or nodular limestone layers (Racka et al. 2010). The sampled HBS 

succession (TOC c.a. 10 wt.%), is divided into seven layers, each being around ten to fifteen 

centimeters thick (Marynowski et al. 2012). For this study a thermomechanical analysis 

(TMA) and an analysis of anisotropy of magnetic susceptibility (AMS) vs temperature was 

used. Thermal expansion measurements were conducted in two different directions: perpen-

dicular (vertical) and parallel (horizontal) to the layers from room temperature to 800°C at a 

rate of 10°C a minute. In AMS analysis samples was measured from room temperature to 

600°C, taking measurements every 25°C. The expansion pattern (Fig. 1A) could be divided 

into three main temperature ranges: (1) low temperature: between 25 and 340–360°C (pre-

pyrolysis), (2) transition range: 350–500°C, with the peak around 415–430°C (pyrolysis), 

and (3) high temperature: above 500°C (post-pyrolysis). Those three ranges are best seen in 

vertical measurements. At 450°C, overall increase of sample size has reached more than 

30%. After passing the peak expansion, the samples quickly shrinks by about 10% at 500°C, 

followed by slow decrease in size until 800°C. AMS fabrics show typical sedimentary pat-

tern with K1 and K2 axes in a bedding plane and a vertical K3 (Fig. 1B). Magnetic susceptibi- 
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Fig. 1. (a) Thermal expansion results for the Annulata Black Shale sample (vertical), 

(b) AMS fabrics, P/K, and P/T diagrams for Annulata and Hangenberg Black Shale samples. 

 

lity values at a room temperature ranges from 36 to 50 × 10
-6

 [SI] and the anisotropy degree 

(P) ranges from 1.05 to 1.09. After heating the anisotropy degree (P) rapidly rises between 

250–425°C reaching the peak value (1.47) at 300–325 °C. During further heating (450–

600°C) the anisotropy degree (P) falls to the previous values but magnetic susceptibility 

strongly increases up to 6.60 × 10
-3

 [SI]. This suggests the presence of iron sulphides and, 

after pyrolysis, the formation of superparamagnetic magnetite grains. 

Keywords: oil shales, in-situ conversion process, thermomechanical analysis, anisotropy of 

magnetic susceptibility. 
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