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Abstract: Shallow seismic measurement, specifically seismic refraction tomography, is

an effective geophysical method that has applications in various sectors. It enables the

search for and determination of the course of the interfaces, thus helping to resolve geolog-

ical, environmental, hydrogeological, engineering, geotechnical and other problems. The

paper demonstrates the possibilities of using these methods through examples of shallow

seismic measurements that have been performed at various four locations in the Western

Carpathian Mountains. The first case study describes Monastery Pond at Kataŕınka. It

was found that, the basement of the Monastery pond is at a depth of 2–3 m below the

surface and the results were also confirmed by electrical resistivity tomography (ERT).

The next measurement through the thermal power station waste storage showed that

the storage area base runs at a depth of about 20 m under the measured profile. The

third case study addresses the depth of groundwater depth in the area of Borská ńıžina.

The measurement confirmed the assumed depth of ground water level at 3.35 m below

the surface. In the last case study, border fault between the Turiec Basin and the Malá

Fatra Mts. was mapped by application of shallow refraction methods. The results show

that shallow seismic methods shed light on the problem and in combination with other

geophysical methods are an effective tool with great potential. They provide very useful

data for shallow mapping applications.

Key words: refraction seismics, seismic refraction tomography, shallow seismic measure-
ments, Western Carpathians, case study

1. Introduction

In the past, seismic methods were mainly associated with hydrocarbon ex-
ploration, whose main benefit is their large depth range. On the other hand
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the shallow refraction measurements were used to determine the parameters
of the low-velocity layer for the treatment of processing for deep reflection
seismic profiles.

Shallow seismic methods have historical roots dating back to the 1930s,
when limited shallow refraction work was performed using the Intercept-
Time method (Steeples, 2000). The development of technology in both the
acquisition and processing has led to substantial progress in the use of shal-
low seismic measurements since 1980 (Steeples, 2000; Steeples and Miller,
1990).

The use of surface waves has also evolved. These waves which overlap
the useful signal and have to be filtered out in reflection and refraction
processing (especially in the shallow parts of the profiles), have found ap-
plication in shallow research methods such as a SASW (Spectral Analysis
of Surface Waves –Nazarian et al., 1983) and MASW (Multichannel Anal-
ysis of Surface Waves – Park et al., 1998, 1999; Xia et al., 1999, 2000).
The use of shallow seismic measurements is excellent, particularly for de-
termining the depth or course of geological interfaces for different purposes:
(a) for geo-engineering, geotechnical investigation and the assessment of
landslide areas (e.g., Beng et al., 1982; Shtivelman, V., 2003; Cardarelli
et al., 2014; Coulouma et al., 2012; Hack, 2000; McClymont et al., 2016);
(b) for hydrogeological purposes (e.g., Haeni, 1986; Gordon, 1997; Gabr et
al., 2012; Osumeje and Kudamnya, 2014; Pandula, 2000; Shtivelman, 2003;
Prekopová et al., 2016); and (c) for archaeological exploration (e.g., Tsokas
et al., 1995; Shtivelman, 2003; Henley, 2003; Shahrukh et al., 2012).

The basic parameter for the successful use of seismic methods for any
purpose is to achieve the possibilities and limitations of these methods.
In some cases, the geological layers cannot be detected (Soske, 1954 and
Sander, 1978 in Haeni, 1986). One of the criteria is an insufficient velocity
contrast of layer or thickness in order to return first arrival energy (Haeni,
1986). This is related to the vertical resolution of the method. Seismic
method vertical resolution depends on the generally accepted one-quarter
wavelength axiom (after Widess, 1973 in Nanda, 2016). If the thickness of
a layer is less than one-quarter of a wavelength of the incidence wave, the
thin bed will not be visible on the time–distance graph (Reynolds, 1997).
Because the wavelength is a ratio of wave velocity and frequency, in a rock
environment with a wave velocity of 2000m/s and a frequency of 50Hz, the
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vertical resolution will be approximately 10 m. Layers thinner than 10 m
will not be detected. The vertical resolution decreases with depth because
of the attenuation signal of the higher frequency component and higher ve-
locities (Nanda, 2016). Better resolution can be expected in shallow parts of
the environment. Vertical resolution is attainable with a reflection of about
10 cm as described in Steeples (1998). The vertical resolution is sometimes
referred to as a percentage of the practical survey depth. For refraction
measurement it is presented as 10–20% of depth (Enviroscan, 2018). Survey
depth for refraction seismic is deposed as 1/5 to 1/4 of the maximum offset
(shot-geophone separation) (Enviroscan, 2018). The appropriate spacing of
geophones is an important parameter for layer detection by seismic refrac-
tion (Reynolds, 1997). If the distance between geophones is too large, there
is not enough sampling for an identification of the layer on time-distance
graphs. This is another layer problem. In planning for the use of seismic
refraction measurement, one must be aware of another limitation of this
method. Based on the principles of the propagation of seismic waves and
the conditions for critically refracted wave occurrence, refraction seismic
measurements are only able to detect layers when velocity increases with
depth (Reynolds, 1997).

The most commonly used shallow geophysical methods, especially for
non-demanding terrain measurement, are electrical resistivity tomography
(ERT) and georadar. However, as one of the selected case studies has shown,
these methods are not always successful. Therefore, the aim of this article
is to demonstrate that shallow seismic methods have a wide range of appli-
cations and are equivalent methods for various shallow survey application.
This paper provides case studies from four different locations in the West-
ern Carpathians (Fig. 1). The first case study relates to an archaeological
research on the marginal part of the Malé Karpaty Mts. The goal is to
map the basment of Monastery Pond. The next case study deals with an
environmental issue, namely, waste storage at a thermal power station. The
third case study maps the tectonic contact of the Turiec Basin with the
Malá Fatra Mts. The last case study features an example of using the shal-
low seismic methods for hydrogeological purposes. It is aimed at searching
for the surface of underground water levels.
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Fig. 1: Geological scheme of the Western Carpathians (after Bielik, 1998 and Geological
map of Slovakia, 2013) with marked case studies localities. MK – Malé Karpaty Mts.,
BN – Borská ńıžina, TB – Turiec Basin, MF – Malá Fatra Mts.

2. Methodology

Refraction seismic methods use controlled source seismic waves, specifically
refraction waves, to determine depths to the interface within the subsurface
and the velocities of the layer between the interfaces (Lillie, 1999). In seis-
mic refraction surveys on land, a number of geophones are laid out along
a cable in a straight line. In the simplest case, the seismic source (shot) is
located at the beginning and end of a geophone line. The source can also be
positioned at a location along the geophone spread, or at a discrete distance
from the end of the spread. The positioning of shots provides adequate lat-
eral resolution (Reylnolds, 1997).

The seismic refraction tomography profile (SRT) requires a higher den-
sity of sources and receivers than in conventional surveys to obtain high
resolution profile.

The seismic waves spread from the source and the arrival of each wave is
detected along the set of geophones. Direct waves and waves critically re-
fracted from interfaces are useful for refraction seismic interpretation. The
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direct wave comes to geophones as the first to the offset known as the
crossover distance. After this offset, critically refracted waves precede the
direct wave. During processing, these first arrivals are marked for each
geophone on a seismograph. They are associated with travel times and
plotted on a time-distance graph. The gradient of this graph changes at
the crossover distance from the slope of direct wave arrivals (characterized
by the velocity of direct wave) to the slope for refracted signals. The time–
distance graphs are then used to calculate the velocity of the interpreted
layers and the depth of the interfaces. Several different interpretational
methods for seismic refraction have been published. In Reynolds (1997), two
methods emerge as the most commonly used are the ‘plus-minus’ method
(Hagedoorn, 1959) and the generalized reciprocal method (Palmer, 1980).

Seismic refraction tomography is an alternative to conventional seismic
refraction analysis methods (Sheehan et al., 2005). Conventional refraction
methods assume that seismic velocity structures are simple and primarily
attempt to map a refractor. Tomography methods calculate travel times
and raypaths in a regular grid model and use an inversion technique to re-
construct seismic velocities (Zhang and Toksöz, 1998). In the case of 2D
refraction vertical tomography, the starting model must first be generated.
Ray tracing is used for the calculation of travel times for this model. The
synthetic data obtained by ray tracing are compared with the field data and
the initial model is modified until the best fit between the model and field
data is achieved.

Acquisition and processing

The data for seismic refraction tomography at the Kataŕınka archaeological
site was obtained by a 24-channel DMT equipment with 10 Hz geophones
and a hammer with 5 stacks as the source served for better resolution. In
the other cases, a 36-channel M.A.E. A6000-S equipment with 4.5 Hz geo-
phones and a hammer as a source was used.

The measured data were processed in Reflexw Version 8.0 software (de-
veloped by Sandmeier, 2016) for the processing of seismic, acoustic or elec-
tromagnetic reflection, refraction and transmission data. At first, the SEG-2
data were imported to the software background for refraction processing and
the first arrivals were picked (see Fig. 6b). Then the time-distance curves
were created from the picked travel times, and the slopes of primary wave
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curves and refracted curves from various interfaces were marked for each
shot (see Fig. 5a and Fig. 6c). After this analysis and interpretation of first
arrivals, the velocity model of the subsurface environment was created. This
served as the initial model for seismic refraction tomography. The result of
tomography is a velocity model with a continuous velocity gradient across
a subsurface which is interpreted depending on the specific case study.

Some examples also show the influence of various factors, such as the
changing humidity of the rock environment or its consolidation, to ob-
tained velocity values in the shallow survey. Interpreted velocity interfaces
have been verified by other geophysical measurements (mainly ERT) in the
Kataŕınka and Bystrička areas.

3. Case studies

3.1. Mapping the bottom of Monastery Pond at the Kataŕınka
site

Kataŕınka is a famous archaeological site around the ruins of Saint Cather-
ine’s Abbey (founded in 1618) on the hills of the Malé Karpaty Mts. near
the village of Dechtice (Figs. 1 and 2). Intensive geophysical research was
conducted in this area in 2009 (INCA, 2009 – International Course on Ar-
chaeoGeophysics) to help find buried ruins of buildings near the monastery,
surrounding chapels, a cavern under the presbytery and others. As a con-
tinuation of this research, seismic refraction measurements and ERT were
applied to identify the bottom of Monastery Pond.

From a geological point of view, the entire archaeological site is located
in the territory of the Brezovské Karpaty Mts., which belong to the Malé
Karpaty Mts. The Brezovské Karpaty Mts. are mostly comprised of Meso-
zoic rocks. Triassic sediments are dominant, while Jurassic and Cretaceous
sediments are less preserved. The Triassic sediments belong to the Ned-
zov Nappe Jablonica Group (Salaj et al., 1987). In area of abbey ruins
bloom out light-grey bedded Wetterstein Dolomite (Ladinian-Kordevolian)
(Geological map of Slovakia, 2013). Neogene and Quaternary deposits ex-
tend to the edge of the mountain range. Quartery deposits are represented
by fluvial sediments of alluvial flats (deluvial and eolic sediments, loesses).
Neogene sediments, in the prospecting area are represented by Lakšárska
Nová Ves Formation – Jablonica Conglomerates (polymict conglomerates,
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Karpatian) (Salaj et al., 1987; Geological map of Slovakia, 2013).
The seismic profile is situated southwest of the Abbey ruins, in the area

where the pond was assumed on the basis of historical documents. Ac-
cording to documents in the State Archives in Bratislava, Matulová (2003)
states that the pond dimensions are about 49 × 31.36 m. Remnants of the
pond barrier are still visible in the terrain. Two 46 m long profiles in the
SW–NE direction with 12 overlapping geophones for seismic refraction data
acquisition were used for this survey (Fig. 3a). Geophone spacing at both
profiles was 2 m. Shot points were placed along each profile at a distance
of 2 m, with a beginning of excitation −2 m from the first geophone and
the final shot being 2m beyond the last geophone. The ERT was measured
at a 94 m long profile with 1-m electrode spacing. The Schlumberger and
dipole-dipole resistance methods were used. The Seismic and ERT profile
began at the same point and had the same course. Measurements were made

Fig. 2: Location of the Katarinka monastery area on a detailed geological map (after Salaj
et al., 1987 and Geological map of Slovakia, 2013).
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on different days. If both methods can be measured together, the parallel
profiles sufficiently distanced from each other should be used because of the
degradation of the signal-to-noise ratio at geophones due to ERT measure-
ment.

The sought after pond floor was interpreted by the velocity refraction
profile, ERT profile, and seismic reflection profile (Fig. 3). Based on the

Fig. 3: Results along the seismic and ERT profile at the Katarinka case study locality.
a) velocity model, b) SRT and c) ERT.
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measured P -wave velocity (Vp < 700 m/s) and the resistance (< 100 Ω.m),
the thickness of the surface sediments (scree, vegetal soil), that probably
filled the pond space after the collapse of the monastery was determined.
The bottom of the pond is anticipated to be at a depth of 2–3 m below
the surface. At the bottom of the low velocity layer the conglomerate or
dolomite rock bottom should be interpreted. In the upper part next to the
surface sediment layer, the disturbed and wetted rocks are assumed due
to a relatively low Vp and resistance values. The velocities m/s measured
mainly in the NW section of the profile at a depth of 7–8m correspond with
standard Vp values for dolomites or conglomerates (dolomites and conglom-
erates have mostly the same standard velocity and resistivity range). In the
case of dolomites, this can be a continuation of the occurrence of a Wet-
terstein dolomite rising to the surface at the church ruins. The same result
can be interpreted on the ERT profile.

3.2. Estimation of the thickness of coal ash and the run of the
bottom at the thermal power station ash storage area

This seismic profile passes through the thermal power station waste storage
area. The area of interest consists of a hill of coal ash stored on loam cover
on a surface of approx. 0.67 km2. The area surrounding the dump is mostly
formed by Quarternary fluvial sediments (Fig. 4), mainly fluvial plain fine-
sandy loam to fine-grained sands or lithofacially undivided loam (Geological
map of Slovakia, 2013).

The acquisition for seismic refraction tomography was performed on nine
overlapping lines each of 175 m in length. The geophones were distributed
at 5 m intervals, the acquisition lines lap was comprised of 12 geophones.
The source position moved at 20 m intervals. The first shot was acquired at
a distance of 20m in front of the first geophone on the first seismic line. The
entire length of the geophone line was 1135m across the waste storage area
(Fig. 4, Fig. 1). There was no ERT measurement because of unsatisfactory
findings from the past.

The velocity model of the seismic refraction tomography section clearly
shows the thickness and geometry of the ash storage area (Figs. 5b,c).
A pronounced change in lithology is indicated by an increase in Vp from
∼ 500 m/s to about 1600 m/s. P -wave velocities in several parts of the ash
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Fig. 4: Location of the thermal power ash storage area and investigated profile on a
detailed geological map (after Geological map of Slovakia, 2013).

storage area vary from 200 m/s to 560 m/s depending on the consolidation
of material, and ultimately to a variation of material moisture (as seen in
Figs. 5b,c). At a length of 520–560 m the storage area is divided into two
parts. The partition is shown on the velocity model as a zone of higher
velocities (450–500 m/s). In the left part of the storage area the velocities
are approx. 350 m/s. The velocities in the right part are very similar, but
there is a depression on the surface and in area of depression slopes the ve-
locities are lower (≤ 300 m/s, 200–300 m/s). The surface water drains from
the slopes and remains at the depression bottom. The velocities are then
slightly higher at the bottom of the depression (∼ 380 m/s) than in other
flat parts. There is also an increase in Vp to values of about 380–400m/s at
the edges of ash storage area. This should also indicate high ash humidity,
but it is likely caused by a consolidation of storage slopes. The storage area
base runs at a depth of about 20m under the measured profile. The velocity
on the ground is about 1600 m/s. Higher values are recorded in the right
part of the section. These values correspond to ambient Quarternary fluvial
sediments.
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Fig. 5: Results along the seismic profile through the ash storage area. a) selection of time-
distance graphs of some shots along the profile and pointing of some account apparent
velocities, b) velocity model with velocity interface interpreted as a storage basement and
c) SRT.

3.3. Determination of groundwater level

The survey was located in the western part of Slovakia near a village in
the area of Borská ńıžina (Fig. 1). Since there was a shallow borehole with
available data close to the measured profile, the velocity output could be
directly correlated with geological information (Fig. 6a).

The thirty-six geophones were spaced at 3 m intervals along a straight
profile with a length of 105 m, and 12 shots were measured 12 m from each
other. The first shot point was at 24 m in front of the geophone line,
while the shallow borehole was in the middle of the geophone line length
(Fig. 6d,e). According to the borehole data, the groundwater level was ex-
pected at a depth of 3.35m below the surface, while an interface of wet sand
and Neogene clay was anticipated at a depth of 8 m.

Results and some examples of processing steps are shown in Fig. 6. The
distribution of velocity values in the seismic section correlates with borehole
data. Both records, the standard refraction model (Fig. 6d) and the tomog-
raphy model (Fig. 6e), clearly reveal the level of groundwater. The low
velocity layer (< 1000 m/s) is interpreted as dry sand. There is an increase
in speed at a depth of 3 m (> 1500 m/s). This indicates the onset of wet
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Fig. 6: Results and data along the seismic profile to determine ground water level. a) Well
situation, b) example of seismogram with picked first arrivals, c) time-distance graphs of
some shots along the profile, d) velocity model and e) SRT.

sand. The next interface – wet sand/Neogene clay, is not recorded at the
velocity sections. We expected such result given the assumed low velocity
contrast between these two layers.

3.4. Mapping of border fault between the Turiec Basin and the
Malá Fatra Mts.

This case study is focused on the development of the tectonic contact of the
Turiec Basin with the Malá Fatra Mts. specifically, the determination of the
position of the Hradǐste fault zone.

The Malá Fatra Mts. is part of the Western Carpathians situated in the
westernmost part of Slovakia. It is a typical core mountain range with a
crystalline core, while its northern side and slopes are overlaid by a Meso-
zoic cover (Földvary, 1988). The Malá Fatra Mts. is divided into two parts
– Lúčanská Malá Fatra Mts. (the southern part) and Krivánska Malá Fatra
Mts. (the northern part). The crystalline core in the Lúčanská Malá Fatra
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Mts. part (Földvary, 1988) consists of granitoids (granite-gneiss, biotite-
oligoclase granite, granodiorite, quartz-diorite, Magura type granite) and
metamorphics (mica schists of Jaraba Group and migmatites).

The south-east Lúčanská Malá Fatra Mts. region is adjacent to the Turiec
basin. The Turiec basin is an approximately 40 km long and 10 km wide lo-
cated between the Malá Fatra Mts. and Vel’ká Fatra Mts. (Földvary, 1988).
The pre-Neogene basement consists of the paleo-Alpine alochthonous Meso-
zoic complexes, and Paleogene post-nappe sedimentary cover in its northern
part (Fusán et al., 1987; Kováč et al., 2011; Bielik et al., 2013). The re-
maining part of the basin (Földvary, 1988) is filled by Neogene (Pliocene
lacustrine and fluviatile deposits, Miocene sandstone and grit) and Quater-
nary sediments (Holocene alluvium, Pleistocene loess and fluvial gravel).

The eastern and western edges of the Turiec Basin are sharply delimited
by fault planes (Földvary, 1988). The north-eastern corner is fragmented by
SW–NE oriented faults considered to be pre-Quaternary in origin (Földvary,
1988). The Hradǐste fault zone is one of the basinal faults. Its course is
not striking on the surface. We attempted to determine its location on a
measured shallow seismic profile.

The NW–SE seismic profile of a total length of 440 meters was located
SW of the city of Martin above the village of Bystrička (Fig. 7, Fig. 1).
Data were measured by three overlapping lines, each 175 meters long with
12 geophones at the cover. The geophone interval for each line was 5 m
and the source points were spaced 10 m along the geophone line starting at
2.5 m in front of the first geophone. For better resolution, 7 to 12 stacks
were used for each shot.

At first, the typical signatures that the fault impacts on first arrivals as
described by Yan et al. (2005) were observed on the time–distance graph.
The reverse branch which exists far from the fault on the footwall on all
shots and an unusual velocity variation pattern for the shot on the hanging
wall can be seen (Fig. 8a).

The lateral change in velocities in the refraction velocity profile indicates
significantly the Hradǐste fault (Fig. 8b and also Fig. 8c). A layer with low
velocities is found at the top along the entire profile. It can be interpreted
as soil and unconsolidated sediments. However, we are interested in the ver-
tical contact of two velocity zones at a depth of approximately 10 m below
the surface. A zone with velocities up to 3000m/s appears on the left part of
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Fig. 7: Location of seismic profile up to the mapped Hradǐste fault on a detailed geological
map (after Geological map of Slovakia, 2013).

the profile and can be interpreted as the granitoid rocks which are common
in this area. The lateral change in velocity of about 160m to the right along
the measured profile and the zone of lower velocities (2000–2500 m/s) are
interpreted as Neogene sediments.

4. Discussion

It is well known that the geophysical results, if possible, would be verified by
complex different geophysical methods. Because of the high sensitivity of
geophones to any noise, doing seismic measurements with other geophysical
measurements on the same profile at the same time can be problematic.
ERT is a frequently used method in combination with seismic measure-
ments in shallow geophysical research (Riddle et al., 2010; Leucci et al.,
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Fig. 8: Results along the seismic profile through the Hradǐste fault. a) selection of time-
distance graphs of some shots along the profile (the dashed line and framed zone highlights
fault impact on first arrivals), b) velocity model and c) SRT profile.

15
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2007; Gabr et al., 2012; Shahrukh et al., 2012; Basheer et al., 2012; Hell-
man et al., 2017). These two methods can be measured together at the same
time, but parallel profiles at a sufficient distance from each other should be
used to avoid the degradation of signal-to-noise ratio at the geophones due
to ERT measurement.

In the case of mapping the Hradǐste fault, well preserved outcrops, bore-
holes and geophysical data were available (Kováč et al., 2011; Kušnirák
et al., 2018). The course of this fault was mapped by several geophysical
methods. The data and results presented in this article were re-measured as
another device with different equipment and acquisition geometry. It fea-
tured the use of 4.5 Hz vertical geophones which are often used for MASW.
Geophones of 10–12 Hz are generally used for such a survey. However,
the use of low frequency geophones and the larger step of geophones and
shots (compared to older measurements during the multimethod geophys-
ical study), did not have a major effect on the results of measurements in
this case. Seismic refraction tomography and the effects on time-distance
graphs map the fault successfully.

There is not always complete agreement between results obtained by dif-
ferent geophysical methods. In shallow measurements, interpretation may
be influenced by various surface factors such as elevated humidity in the
surface areas in a rainy season or by the disturbance and weathering of the
rock bottom. The shallow zones are also often influenced by human activity.
All of these affect the detected velocity values. In the case of the Kataŕınka
measurements, there is no complete match over the interpreted pond bot-
tom in the ERT profile and the seismic profile along the area which is about
50–70 meters of measured profile. The low resistance values recorded in this
area in the surface layer on the ERT profile are apparently associated with
increased humidity. The measurement was made after the rainy season, and
water appears to flow in these places. It also influenced the detected Vp.
There are higher values in this zone, which influences the continuance of
the interpreted interface (it is interpreted at a slightly smaller depth than
ERT).

In the case of the thermal power station, the ERT measurements were
made first for the detection of the bottom of the ash storage area in the
past, but it did not yield the desired results. The entire environment was
too conductive and no interface was recorded. As shown by the results of
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seismic measurements in this paper, seismic refraction tomography was an
excellent alternative to achieving the desired findings.

5. Conclusion

These case studies demonstrate clearly that even shallow seismic refraction
methods are valuable tools for research in several areas. Shallow seismic
refraction tomography is an ideal method for areas characterized by strong
lateral velocity gradients, and thus an effective tool for vertical fault explo-
ration and mapping. It also can play an important role in ground water
level estimation, environmental studies of waste storage and archaeological
studies. By performing shallow refraction methods (especially SRT), a de-
tailed view of velocity distribution and thus the geological structure of a
subsurface can be obtained. It is a cost effective, non-destructive method
which also reduces the cost of surveys that use it. However, as in the case
of other geophysical methods, it requires input geological and geomorpho-
logical information. It is also suitable to verify the seismic interpretation
by other geophysical methods. The SRT and ERT represent an appropriate
combination which brings satisfactory results and can be measured together
by a parallel profile sufficiently distant from each other.
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Földvary G. Z., 1988: Geology of the Carpathian region. World Science Publishing Co
Pte Ltd., Singapore, 124–135.
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Abstract: We report phenomenological inevitable correlation between the Sun’s mag-

netic field oscillation through the Earth and the Jupiter, with sinusoidal geomagnetic

jerks observed at the Earth, additionally aligned with the gravity and length of day si-

nusoidal variations and we observe too that the Sun and Jovian planets alignments with

Jupiter are origin of the observable abrupt geomagnetic jerks whether historical or new,

and experimental results demonstrate a possible explanation on the base of the planetary

induced currents upon the metallic liquid cores of the planets upon the varying external

magnetic fields as the source of heat flows continued by frictional turbulent and convec-

tional fluid fluxes, amplified and expanding by the Earth magnetic field and observations

are showing too that it should be an electric coupling effect between metallic cores of the

planets, under the magnetic field oscillation so that Jupiter conductive metallic region

interacts with Earth metallic core while the Sun’s magnetic field is oscillating through

the Jupiter and we see a relation between secular variation of the Earth’s magnetic field

and long term trend of 5.9-years signals as a new method to measure geomagnetic secular

variation by LOD signals.

Key words: geological and geophysical evidences of deep processes, core dynamics, heat
flow, magnetic and electrical methods, gravity variations, dynamo theory, geomagnetic
field variations, solar-terrestrial interaction, planets alignment, geomagnetic jerks, LOD
variations

1. Introduction

A geomagnetic jerk or secular geomagnetic variation impulse is a relatively
sudden change in the second derivative of the Earth’s magnetic field with re-
spect to time. These events were noted initially by Courtillot et al. (1978),
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Malin and Hodder (1982), Courtillot and Le Mouël (1984). The clearest
ones, observed all over the world, happened in 1969, 1978, 1991, and 1999.
Data before 1969 is scarce, but there is evidence of other global jerks in
1901, 1913, and 1925. Other events at 1932, 1949, 1958, 1986 and 2003
were detected only in some parts of the world and new analyzing has de-
tected some next jerks. We do not want to introduce here a technical version
of the geomagnetic jerk features in detail for example the exact geographi-
cal map of the magnetic field variations or exact inverse engineering of the
secular variations to shape the core flows dynamics because that our paper
is not on the detection of the geomagnetic jerks. But we want to explain
here the origin of the detected geomagnetic jerks in addition with detection
of the LOD variations and relevant gravity changes all on the base of ex-
perimental results and solar system phenomenology and Maxwell equations
and hydrodynamics, and in reality we want to show here that the reported
geomagnetic jerks aligned with LOD variations and relevant gravity changes
are not appeared randomly suppose originated externally out of the Earth’s
atmosphere. But the introduction of geomagnetic jerks features in detail
is visible at multitude of the papers published before and for an excellent
general definition of the geomagnetic jerk features we may refer to the pa-
per Tozzi et al. (2009) and many next papers are included to the relevant
introductions not needed to repeat here.

By the way, measurements are showing the abrupt changes of the sec-
ular magnetic field in some dates (De Michelis et al., 2005; Brown et al.,
2013; Alexandrescu et al., 1996) assumed to be connected to the core flows
(Bloxham and Jackson, 1991; Mandea et al., 2010; Holme, 2007) and at the
paper “The origin of the geomagnetic jerks” (Bloxham et al., 2002), we see
a general explanation of process as noted that:
“The fact that they represent a reorganization of the secular variation im-
plies that they are of internal origin, and their short timescale implies that
they are due to a change in the fluid flow at the surface of the Earth’s core
(as has also been established through mapping the time-varying flow at the
core surface). However, little is understood of their physical origin. Here
we show that geomagnetic jerks can be explained by the combination of a
steady flow and a simple time-varying, axisymmetric, equatorially symmet-
ric, toroidal zonal flow. Such a flow is consistent with torsional oscillations
in the Earth’s core, which are simple oscillatory flows in the core that are

24



Contributions to Geophysics and Geodesy Vol. 48/1, 2018 (23–74)

expected on theoretical grounds, and observed in both core flow models and
numerical dynamo models.”

An analysis on the measurements data is showing a background oscillat-
ing geomagnetic jerk as 5.9 years’ periodic oscillation of the geomagnetic
jerks (Silva et al., 2012; Brown et al., 2013) and as noted at Silva et al.
(2012) paper:
“The first time derivative of residual length-of-day observations is known
to contain a distinctive 6-year periodic oscillation. Here we theorize that
through the flow accelerations at the top of the core the same periodicity
should arise in the geomagnetic secular acceleration. We use the secular
acceleration of the CHAOS-3 and CM4 geomagnetic field models to recover
frequency spectra through both a traditional Fourier analysis and empirical
mode decomposition. We identify the 6-year periodic signal in the geomag-
netic secular acceleration and characterize its spatial behaviour.”

The analysis by scientists on the LOD observations show that the length
of day is changing periodically almost 5.9 years (Vondrák and Burša, 1977;
Liao and Greiner-Mai, 1999; Abarca del Rio et al., 2000; Mound and Buf-
fett, 2003; 2006; Olsen and Mandea, 2007; Holme and de Viron, 2013) as a
verification for oscillation of the Earth’s rotation aligned with geomagnetic
jerk 5.9 years oscillation and not only the 5.9 years periodic signals are
confirmed for times above 1960 suppose as noted at Holme and de Viron
(2013), the 5.9 years signals have been confirmed for times before 1960 as:
“Also plotted (vertically shifted for clarity) are the decadal varying signal
alone and the data with the 5.9-year oscillation subtracted, demonstrating
the separation of the oscillation from the background trend. Inference from
spectral studies suggests that the 5.9-year oscillation is also present prior to
1960.”

We have shown here phenomenological evidences for link of the interplan-
etary external sources and internal core flows, and new reported geomag-
netic jerks and historical geomagnetic jerks (Korte et al., 2009; Qamili et
al., 2013; Matzka et al., 2010) are being detected all in agreement with Jo-
vian planets alignments and observations show the 11-year periodic signals
too and strongly this is correlated to the solar activity and we have shown
here the origin of the planetary semi-annual signals too. On the other hand,
recently it was published an article by Anderson et al. (2015) on the gravi-
tational constant G measurements data, reported in these decades and their
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analysis in the data shows the Earth’s gravity is oscillating at the same pe-
riod the Earth rotation is oscillating and Mandea et al. (2012) has analyzed
the data from continuous satellite measurements made from 1999 to 2010
so that oscillation of the Earth’s magnetic jerk aligns with Earth’s gravity
oscillation and for exact analysis on data we may refer to Schlamminger et
al. (2015).

We need to notice that the main reason of jerks is outside of the Earth.
In the paper it is considered as the interplanetary driven partial quasidy-
namo which, of course, is not the self consistent hydromagnetic dynamo,
mechanism operating in the Earth‘s outer core. This partial quasidynamo
is an of external origin perturbation of flows and magnetic fields on the
CMB.

In the section 1 – in the introduction we have described the annals of the
Geomagnetic jerks and LOD variations and gravity anomalies in relevant
together and we have shown some examples of the occurrences and a simple
definition of the parameters and data and in the section 2. We have dis-
cussed purely the possible mechanism and probable methods and we have
resulted the equations and formulas on the base of the Maxwell equations
and hydrodynamics and in section 3. We have shown the observational data
and experimental results referenced to the published papers and reported
data by scientists to set with pure results aligned with description of the
compatibles included to the relevant figures and tables and this section,
we have referred to the solar system simulators to evaluate the parameters
and ultimately in the conclusions it has been described the most important
motes of the paper in simplest and shortest sentences.

2. Method and theory

For explanation of the observations and experimental reports we put forward
a logical mechanism on the base of the Maxwell equations and hydrodynam-
ics, in addition with some experimental results, actually accepted and we
refer to the scientific references and we have verified the mechanism in result
by reported data and observed phenomena. Generally, the proposed mech-
anism is a quasidynamo, initiated externally by the Sun and Jovian planets
affecting at the Earth’s conductive outer core. But it should be noticed
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that this quasidynamo is not the self consistent hydromagnetic dynamo in
dynamo region of the cosmic body. But in the Earth‘s core it is a partial
dynamo as a perturbation on the CMB.

2.1. Interplanetary induced currents as the origin of the partial
core flows

The geomagnetic jerks reveal presence of the core flows (Bullard, 1948) as
quoted by Bullard that:
“It may be subject to turbulent currents due to thermal convection or to the
shearing forces associated with the secular deceleration of the Earth. Such
motions would cause the conducting material of the core to move across the
Earth’s magnetic field and would produce electric currents. These electric
currents would produce a further magnetic field, and it is the purpose of
this paper to consider the hypothesis that the changes in this field constitute
the secular change. We do not consider the origin of the main field itself,
but merely use the observed fact of its existence as part of the mechanism
required to produce the secular change.”

It has been theorized to exist secular change of the magnetic field, rel-
evant to the chaotic occurrences of the core flows as mentioned in some
papers, for example Qamili et al. (2013). But observations are showing
that partial geomagnetic jerks over time scale of a year or more, almost all
are not random suppose random processes probably are atmospheric (iono-
sphere and magnetosphere) tiny effects and some long time secular vari-
ations might dependent too to convectional heat processes in the mantle
(Biggin et al., 2012) and then based on the Bullard suggested mechanism,
it remains turbulent currents due to the thermal convection as a possible
internal origin of the geomagnetic jerks whereas that we may refer to newer
papers, for example Bloxham et al. (2002), Dumberry and Bloxham (2006).
For geomagnetic jerk extraction from core flows and dynamo driven core
currents, we may refer to a scientific technical report (Wardinski, 2004)
“Core Surface Flow Models from Decadal and Sub decadal Secular Varia-
tion of the Main Geomagnetic Field”.

At all papers the geomagnetic jerks are completely on the Maxwell equa-
tions and hydrodynamics related to the core fluxes and the fluid fluxes cause
to oscillate the gravity and Earth’s spin because of asymmetric change in the
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moment of inertia for change of gravity (Dumberry, 2010) and the exchange
of angular momentum between the outer core and solid mantle (Mound
and Buffett, 2006). For Earth’s spin change and in addition to periodic
geomagnetic jerks we observe, abrupt geomagnetic jerks, reported in some
dates, and these abrupt geomagnetic jerks are aligned with gravity and LOD
anomalies too (Holme and de Viron, 2005; Nakada, 2009).

The cores of the planets are liquid conductors and then a possible expla-
nation is on the base of the eddy currents or generally geomagnetic induced
currents (GIC) (Fink and Christiansen, 1989). Eddy currents are loops of
the electric currents, induced within conductors by a changing magnetic
field in the conductor due to the Faraday law of induction.

A conductor object in a varying magnetic field or upon an AC voltage
will experience dissipation of kinetic energy and braking effect. This mecha-
nism does generate an external driven fluid fluxes as a partial quasidynamo
which might be defined as a perturbation in the whole Earth’s dynamo and
versus a theory published newly on the whole generation of the Earth’s
dynamo by lunar tidal effect (Andrault et al., 2016) which is so far to ac-
cept, the mechanism of interplanetary external driven dynamo here is a
secondary partial dynamo and ultimately, the drag forces are created by in-
duced currents and electrical resistance within conductors cause a dragging
effect analogous to friction which dissipates the kinetic energy as a source
for convectional hydrodynamic flows. In both externally driven and inter-
nally driven secular variations of the magnetic field, the cause are induced
currents and relevant heat convection and core fluid fluxes, based on the
Maxwell electromagnetism and hydrodynamics. However, the braking ef-
fect of the eddy currents too may result, the variation in the length of day.

We should notice that the Earth has internal driven fluid fluxes too and
some of the core flows which they cause to appear secular variation of the
geomagnetic field are relevant to the internal sources as the secondary dy-
namos. But external driven partial dynamos have own relevant induced
currents, penetrative in the Earth’s metallic core and some partial induced
currents are generated by external sources and continued by relevant core
flows. Motion of these external driven core flows through the Earth’s mag-
netic field will generate again, secondary induced currents by dynamo shape
mechanism. The Earth’s magnetic field will expand and amplify the exter-
nally driven heat processes. Thus, the Earth’s magnetic field is reason to
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continue and expand occurrences of the fluid fluxes and then the retarda-
tion of the visible events, and ultimately neutralized in an equilibrium point
by Magnetohydrodynamics as a mechanism initially developed by Alfvén
(1942) which causes to set fluids along the magnetic field lines or return-
ing to ever stable motions in equilibrium points with those relevant secular
change.

On the other hand against the internally driven core flows which moving
at whole inside of the core, on the base of the externally driven quasidy-
namo we understand that the external driven core flows will be generated
near the core mantle boundary (CMB) for that, in a perfect conductor with
no resistance, the surface eddy currents, exactly cancel the field inside the
conductor, so no external magnetic field penetrates inside the conductor and
then, eddy currents will be generated on the core mantle boundary. Recent
investigations of the secular acceleration pulses in the Earth’s magnetic field
have concluded that these events, observed at the Earth’s surface, are re-
sulted at the core mantle boundary (Bloxham, 1988; Buffett et al., 2016;
Chulliat et al., 2010; Mandea et al., 2000; Gire et al., 1986) or, (Voorhies,
1986, 1993, 1995, 2004). Then the core mantle boundary (CMB) is dom-
inant area for external driven fluxes originated by induced currents with
hundreds kilometer diameter to generate geomagnetic jerks as reported and
mentioned by scientists in references. Of course penetration of the exter-
nally driven quasidynamo to the core inside concerns to conductivity of the
metallic core and by decrease of the conductivity, the penetration depth of
external driven quasidynamo will increase proportionally.

In reality, the core flows models are scientific predictions from observa-
tions of the geomagnetic secular variations (with jerks included), accompa-
nied with LOD variations and gravity anomalies, as an inverse engineering
of the geomagnetic jerks’ observations and for a mathematical analysis on
the inverse theory, schematically we may refer in some sections to the paper
Aubert (2013).

Fluid fluxes are not ended after end of the initial generation of induced
currents, but continued by the Earth’s magnetic field. Because of the ab-
sorption and generation of the heat, they do not occur simultaneously and
not in a constant position. They can’t neutralize themselves suppose con-
tinued in the core as the hydrodynamic flows to develop induced currents
upon the Earth’s magnetic field. While it exits several number of the fluid
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fluxes, the event is visible as global. But since there is alone one fluid flux
it seems local event (Bloxham et al., 2002; De Michelis et al., 2005; Duka
et al., 2012).

Mathematical solutions on the base of the Maxwell equations and hydro-
dynamics have been developed for such an inverse theory and the problem
of electromagnetic induction in thin sheets was first formulated by Price
(1949) in terms of the scalar magnetic potentials of the inducing and in-
duced magnetic fields and developed by Ashour (1950) to investigate the
problem of induction of electric currents in a uniformly conducting circular
disk.

But we have a schematic comparable similarity between planetary driven
induced currents and ionosphere induced currents by geomagnetic field os-
cillations (Ashour and Price, 1948). Strong reason of this schematic correla-
tion is conductivity of both ionosphere and liquid cores and the reality that
the penetration of the Solar magnetic fields into the planetary interiors is
possible and similar to this penetration into their ionospheres.

It has long been known that the compass needle daily executes small
regular oscillations and Stewart (1882) concluded that the daily magnetic
variations were due to electric currents in the upper atmosphere and Stew-
art also suggested that convective currents established by the Sun’s heating
influence are to be regarded as “conductors moving across lines of mag-
netic force, and are thus the vehicle of electric currents which act upon the
magnet”. It is convenient to call this hypothesis of Stewart’s the “dynamo
theory”.

The theory received early support from Schuster (1889), who proved that
the greater part of the field of the Geomagnetic variations has its origin out-
side the Earth, and that the remainder may reasonably be attributed to the
Earth’s currents induced by the varying external field and Schuster (1908)
developed a dynamo theory for such an external effect. Improved the the-
ory further, giving special attention to the magnetic variations due to tides
caused by Moon, which are more amenable to theoretical treatment of ex-
ternally driven induced currents. Martyn (1949) showed that the oscillation
of the ionospheric E region was likely to be due to the electrodynamic forces
associated with the currents responsible for the lunar magnetic variations.

The current induction in an anisotropic ionosphere by external fields has
been studied by Ashour and Ferraro (1962; 1964) so that certain distribu-
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tions of freely decaying currents in a spherical shell model of the ionosphere
of non-isotropic electric conductivity would rotate about the geomagnetic
axis. We may refer to the paper Ferris and Price (1965) as the currents in-
duced by periodic and aperiodic magnetic fields in a uniformly ionized spher-
ical shell rendered anisotropic by a permanent dipole field. Schematically
here we consider spherical shell of the Earth’s core, rendered anisotropic
by the permanent dipole field of the Earth, situated to generate induced
currents by initial effect of interplanetary external magnetic fields and the
generation of the eddy currents in the ionosphere by oscillation of the ge-
omagnetic field, mechanically is the same generation of the eddy currents
in the core of the Earth by oscillation of the external magnetic fields and
for motion of the induced currents in the core of the planets by external
magnetic fields, we may refer to the paper Price and Ferris (1962). We
can generalize mathematical equations of the electromagnetic induction in
an infinite plane sheet with a circular hole by an external magnetic field
(Ferris, 1973), with a spherical conductor with a hole in the centre to show
the mathematical equations for induced currents in the conductive cores of
the planets and it needs no to repeat equations again here.

2.2. Jupiter intermediate electric coupling effect upon terrestrial
planets metallic cores

The flows at the top of the core, affect to generate LOD variations as noted
by Holme and Buffett (2015) that:
“We also consider the implications for the connection between core-surface
flow and length-of day variation – a stably stratified layer has implications
for interpretation of core flow and the Earth’s angular momentum budget.”

And we may refer to Holme and de Viron (2013) as noted that:
“Interdecadal periods have been less clear, and have been characterised by
signals with a wide range of periods and varying amplitudes, including a
peak at around 6 years. Here, by working in the time domain, rather than
the frequency domain, we demonstrate a clear partition of non-atmospheric
component into only three components: a decadally varying trend, 5.9-year
period oscillation and jumps at times contemporaneous with geomagnetic
jerks.”

The observations of 5.9 years periodic signals are showing we have geo-
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magnetic jerks in the Earth by varying the Sun’s magnetic field through the
Jupiter and this phenomenology shows that the Jupiter with big metallic
region has an intermediate effect electromagnetically on the Earth’s con-
ductive core and thus, we have the Jupiter driven partial core flows on the
terrestrial planets conductive cores and Jupiter effect is much larger than
that of other Jovian planets for its giant metallic region and nearness to
the Sun and nearness to the terrestrial planets and then mainly we detect
Jupiter-driven core flows at the Earth by the Sun’s magnetic field oscillation
through the Jupiter.

The Jovian magnetic field amplitude at the Earth’s position is very
smaller than that of the Sun and this means that the Jupiter’s magnetic
field is not directly affecting to generate eddy currents at the core of the
Earth and in reality, the period of signals in LOD variations and geomag-
netic jerks, don’t verify such a direct effect suppose the periodicities are
showing that the Jupiter has an intermediate effect on the Earth’s core to
generate geomagnetic jerks and relevant LOD variations and probable grav-
ity anomalies.

Observations are showing that the Sun should be affecting on the Jupiter
electrically conducting region and this Jupiter metallic Hydrogen region is
influencing on the Earth’s metallic core as an indirect intermediate effect.
But what is the mechanism of this interaction between metallic electrically
conducting regions?

It is almost impossible for such an interacting effect of the metallic cores
under the magnetic field variations by Hall effect and then we may refer to
Nipher experiments as a possible explanation. In the Nipher experiments
(Nipher, 1916; 1917; 1918) two metallic spheres were used so that a small
metallic core was in the Faraday cage and a next big metallic core was
outstanding and when Nipher used a AC voltage into the outstanding big
metallic core, it was observed a difference in the atomic level electric field
as a reason to generate electric interaction between these metallic spheres.

As noted in the New York Times (19 September 1917):
“It will be shown that gravitational attraction between masses of matter not
only has been diminished into zero, but has been converted into repulsion
which is more than twice as great as normal attraction.”

In further experiments (1918), Nipher decided to check his results. To do
this he replaced the large solid lead spheres with two metal boxes, each filled
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Fig. 1. Gravitational repulsion caused between large & small masses. Current on.

with loose cotton batting. These hollow boxes (having practically no mass)
rested upon insulators. They were separated from the protective screen by
sheets of glass and were grounded to it by heavy copper wires. The metal
boxes were then charged in every way that the solid lead spheres had been,
but not the slightest change in the position of the lead balls could be de-
tected. This would seem to prove conclusively that the “repulsion” and
“gravitational nullification” effects that he had produced when the solid
balls were electrically charged were genuine and based undoubtedly on a
true inter-atomic electrical reaction, and not upon any form of electrostatic
or electromagnetic effects between the large and small masses. In Nipher
experiments (Nipher, 1920) it was noted that:
“Results obtained on December 12 last are alone sufficient to establish the
fact that enormous local changes in the earth’s potential are constantly oc-
curring and these changes produce variations in gravitational attraction be-
tween large masses and suspended masses.”

In addition, it was noted by Very (1919) that:
“Nipher has shown that electric charges slowly penetrate into the substance
of the leaden spheres of the Cavendish apparatus, producing a repulsion
which is of the same order as their gravitational attraction, and this is no
matter whether the electricity be positive or negative. After equilibrium is
attained, and exhibition of the opposite sort of electricity penetrates most
rapidly into the substance of the smaller spheres and reverses their electric
sign first, when, for a time, there may be electric attraction, or at least a
progressively diminishing repulsion between the large and small spheres; but
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when saturation is reached, the spheres repel each other as before... It is
a misnomer, however, to call the effect as Nipher does, a “gravitational”
repulsion.”

Then we can generalize such a phenomenon to the solar system and if
we consider the Jupiter’s metallic core as the same big outstanding metallic
sphere in the Nipher experiments and Earth’s metallic core as the same small
metallic sphere in the Nipher experiments, then schematically we can wait
for a very small electric interaction between Jupiter’s and Earth’s metallic
cores, while the Sun’s magnetic field is oscillating through the Jupiter as
the same that Nipher used AC voltage into big outstanding metallic sphere.

From Nipher experiments, the metallic atoms show infinitesimal small
electric interaction under the influence of the vibrational magnetic field and
then, when the Sun’s magnetic field is oscillating through the Jupiter metal-
lic region, it appears an infinitesimal small electric interaction as an electric
coupling effect between Jupiter metallic region and other planets electrically
conducting regions.

The electric coupling effect of planets electrically conducting regions how-
ever, is infinitesimal small but in the planetary scales we may see for Jupiter
very big metallic Hydrogen region, a small measurable effect reasoning to
vary the atomic potential energy of other planets metallic regions and too
an electric force between metallic regions to appear braking effect and too
shearing forces between metallic region and surrounding shell (e.g. mantle
in the Earth).

Such a similar mechanism has been revealed newly for super conduc-
tors and we may refer to the famous experiments by Eugene Podkletnov
(Podkletnov and Nieminen, 1992; Podkletnov and Vuorinen, 1996; Podklet-
nov, 1997), known for his claims made in the 1990 of designing devices
consisting of rotating discs constructed from ceramic superconducting ma-
terials. Podkletnov used a superconducting ceramic disc by rotating it above
powerful electromagnets and he noticed something extremely strange. Small
objects above the disc seemed to lose weight.

By the way, strongly the metallic bodies on the influence of the mag-
netic field variation will generate an electric interaction, however not easy
to detect in small scales but we may observe a very small size of electric
interaction between the large scale metallic bodies, for example the cores
of the planets and it has been false idea to consider just the pure gravity
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between planets and we may accept ultimately that there is a partial electric
interaction while the planets are upon the Sun’s magnetic field oscillation.

Then Sun’s magnetic field oscillation through the Jupiter will generate
shearing forces at the CMB as a turbulent flows generated by frictional
forces between solid mantle and molten core, and mechanism of this fric-
tional core flows is the same initially proposed by Bullard (1948) and the
change of atomic level potential energy is creating too, convectional heat
flows.

The primordial heat generation of the planets may be too relevant to the
change of the atomic level potential energy in the metallic cores and this
change of the potential energy possibly may reason to generate heat flows
in the core and their relevant convectional flows and then all geomagnetic
jerks may not be relevant to the shearing forces but directly may be relevant
to convectional flows.

The interaction of the planets cores is visible in the phenomena and
here, we will see that LOD variations and geomagnetic jerk reports and rel-
evant gravity anomalies are verifying external driven quasidynamo included
systematically to the metallic cores electric coupling effect and this is a
proposed mechanism here as a theory on the base of the phenomenologi-
cal reports and physical sciences. But scientists may refer to their theories
however experimental reports show that the Jupiter metallic region has
an influence on the Earth’s core as a coupling effect and Jovian planets
alignments with Jupiter are verifying such a process and this is verified by
analysis of the data here.

2.3. Jovian planets alignments as the amplifier effect

It was understood above that the Jupiter metallic region is active to in-
teract on the terrestrial planets metallic cores, of course since it be upon
the Sun’s magnetic field oscillation. But at the alignment dates which the
Jupiter is aligned with other Jovian planets or the Sun is in the middle of
Jovian alignment, the empirical results are showing that the Sun and Jovian
planets alignments with Jupiter are reason to enhance the electric activity
of the Jupiter to interact upon the terrestrial planets metallic cores. The
mechanism of this amplification phenomenon is not exactly clear yet but as
we will show it in the next sections, the reported data of geomagnetic jerks
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are verifying completely it and we will see that analysis of the scientific re-
ported data shows exactly that the alignment effect is not a direct magnetic
effect suppose it works as an amplification for electric coupling effect and
the size of the planetary magnetic fields is tiny to generate such a direct
effect.

At the alignments, the Jupiter metallic region has the more tendency to
interact with terrestrial planets metallic cores means that the alignment of
active conductive cores cause the electric coupling effect between metallic
cores to be amplified as an electric resonance and such a phenomenon re-
quires to be followed by scientists in detail whereas here on the base of the
jerks data and LOD variations, it is visible that the alignment effect am-
plifies the electric coupling effect between metallic cores of planets means
that the Sun’s magnetic field oscillation upon the electrically conducting re-
gions of planets activates the planets electric interaction and Jovian planets
alignments enhances it.

It was noted above that there exist a schematic similarity between the
ionosphere induced currents by external magnetic field variations and inter-
planetary externally driven quasidynamo and then it is probable to observe
the enhancement effect of geomagnetic variations in the ionosphere too. In
a theoretical discussion of the solar atmosphere, Cowling (1932) considered
the consequences, for the electron conductivity, of the inhibition of the Hall
current by polarization of the medium; he found this conductivity thereby
increased from the Pedersen value to that which obtained in the absence
of a magnetic field. Martyn (1948) suggested that this effect might be re-
sponsible for the high conductivity necessary in the ionosphere to meet the
requirements of the dynamo theory.

As noted Egedal (1947), the daily magnetic variations are considerably
enhanced in a narrow zone near the magnetic equators. Martyn (1949) ex-
amined the data accumulating regarding this equatorial enhancement, with
a view to testing the applicability of the enhanced conductivity to this re-
gion. He found evidence consistent with the existence of a narrow belt of
high conductivity encircling the Earth in a region lying near the equators
and for Hall current polarization on ionosphere at all latitudes we may refer
to Baker and Martyn (1953).

Then it is very probable that Jovian planetary alignments which cause
to enhance the Jovian driven quasidynamo, to be dependent to the induced
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current polarization at Jupiter by Jovian planets alignments with Jupiter
and such a mechanism may be discussed by scientists in detail for that
here, inverse engineering of phenomena shows existence of enhancing effect
by Jovian planets alignments.

3. Results

3.1. Solar magnetic field oscillation and planetary core flows

Schematically referring to the paper Ferris and Price (1965), the idea that
the ionosphere shields the Earth from magnetic field fluctuation outside it
is not entirely valid and then, for induced current driven by variation of the
external magnetic field and the reality that the magnitude of the current
in a given loop is proportional to the strength of the magnetic field, it is
resulted that the magnetic jerks OM in each planet M , it corresponds to the
first time derivative of the external magnetic fields BiM through the planet
which iis i-th magnetic field and M is M-th planet which the magnetic field
passes through in so that:

OM = kM |∂BiM/∂t| . (1)

The influence of the external magnetic fields to the conductive core of the
planets is not equal for different planets suppose coefficient kM seems to be
small for terrestrial planets, probably for those with solid mantle and thus
we should wait for record of the geomagnetic jerks in the Jovian planets
highly, directly by the Sun’s magnetic field variation through them however
this realization is very hard and in this time some scientists are analyzing
large scale variations in Jupiter (Ridley and Holme, 2016). For the Earth by
consideration of the Sun’s inverse cube force of magnetic field and Earth’s
equation of its elliptical orbit we deduce the Sun’s effect on the Earth’s core
by Eq. (1) that:

O3 = K30 r
−4
30 ×

∣∣∣∣sin
(
2π

T3
t+ θ3

)∣∣∣∣ . (2)

So that K30 is a coefficient for penetration of the Sun’s magnetic field
into the Earth’s core and r30 is Sun-Earth distance and T3 is the Earth
orbital period and t is date and θ3 is time phase relevant to the considered
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date however θ3 is almost near to zero for Earth because that year beginning
is at the date that the Earth is almost at the major axis however θ is not
zero for other planets clearly.

By equation (2) we expect relevant geomagnetic jerk and LOD variations
and this equation is showing semi-annual signal for geomagnetic jerk and
LOD variation in the planets relevant to oscillation of the θ’s magnetic field
through the planets, of course actually included to those relevant retarda-
tions. By Eq. (2) we should expect minimum amplitudes for signals when
the Earth is on the major axis because, the sinus function at Eq. (2) is zero
at major axis and for points of the orbit that first time derivative of the
Sun’s magnetic field through the Earth is maximum we should expect peaks
for geomagnetic jerk and LOD variation diagrams and, for orbits near to
circle, these maximum values of the magnetic field time derivative should
lie on the minor axis.

This semi-annual oscillation is just match with first time derivative of
the Sun’s magnetic field through the planets because that the Sun’s fea-
tures similar to the solar wind and heat and radiation are not oscillating at
the planets position in such a oscillation phase which peaks be happened
just at the major axis and minor axis of the orbits and then if the measure-
ments at the Earth are verifying semi-annual signals which the peaks be
happened at the major and minor axes then such an experimental results
will verify completely the reality that the Sun’s magnetic field oscillation at
the planets does generate relevant semi-annual signals.

Now question is that is visible such a sinusoidal semi-annual signals at
the LOD variation and geomagnetic jerk and gravity anomalies?

For such a semi-annual signals we may refer to many papers for example
Le Mouël et al. (2010) or in the paper Höpfner (1998) we observe clear semi-
annual oscillations of the LOD, relevant to reality that the core flows are
dependent on the Sun as a complete phenomenological evidence for exter-
nally driven quasidynamo and we observe in the Fig. 2, complete agreement
of LOD variation semi-annual signals with Sun’s magnetic field sinusoidal
oscillation at the Earth position as a wonderful inevitable paradigm.

As it is visible the sinusoidal functions are completely in agreement and
such a symmetry is impossible to be occurred accidentally and similar semi-
annual variations should be appeared in the other planets too, of course
planetary semi-annual sinusoids in that planets.

38



Contributions to Geophysics and Geodesy Vol. 48/1, 2018 (23–74)

Fig. 2. The comparison of semi-annual LOD signals (Höpfner, 1998) versus the Sun’s
magnetic field oscillation through the Earth’s orbit.
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3.2. The 5.9-years geophysical signals

Jupiter metallic region is able not only to induct flows to the core of the
terrestrial planets suppose even, the induction is being amplified and ex-
panded by planets magnetic field and for Earth we have below equation so
that u53 is showing Jupiter penetration coefficient as the fifth planet on the
Earth as the third planet in the solar system and i is i-th external magnetic
field indices so that:

O3 =
N∑
i=0

u53 |∂Bi5/∂t| . (3)

Of course the Sun’s magnetic field B05 through the Jupiter is much greater
than that of the other external magnetic fields at the Jupiter position and
then this equation is transferred to a simpler equation that:

O3 = u53 |∂B05/∂t| . (4)

Then geomagnetic jerks in terrestrial planets are mainly relevant to the
first time derivative of the external magnetic fields through the Jupiter
with partial effect dependent to the Jupiter distance from the Earth so that
by inverse cube force of magnetic field and the equation of Jupiter elliptical
orbit we deduce for Sun’s effect on Jupiter and Jupiter secondary interaction
effect on Earth that:

O3 = K50r
−4
50 ×

∣∣∣∣sin
(
2π

T5
t− 0.9

)∣∣∣∣ . (5)

And K is additional coefficient different for each planet and r50 is distance
of the Sun from the Jupiter and geomagnetic jerk O3 is relevant just to
the value of the external magnetic fields allowing us to compare the Sun
and planets in their effect to the Jupiter and −0.9 is phase of the Jupiter
in its orbit around the Sun relevant to the considered date. The Eq. (5)
has period as half of the Jupiter orbital period means T5/2 = 5.93 yr for
that, the magnetic field changing through the Jupiter is relevant to radial
distance varying.

Observations confirm tightly both the period and phase of the signals
with partially Jovian driven quasidynamo and such a complete agreement
never could be appeared randomly and for geomagnetic jerk confirmation
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with Eq. (5), we may refer to paper Silva et al. (2012) and as noted by
(Brown et al., 2013), the jerk amplitudes suggest possible periodic trends
which may related to the 6-year periods detected independently in the ge-
omagnetic secular variation and length-of-day. Length of day and secular
variation of the magnetic field are dependent on the core flows (Holme and
de Viron, 2005) as noted in this paper for a time-series that:
“By subtracting computed atmospheric angular momentum from a time-
series for length-of-day variations, we obtain a high-resolution time-series
that is useful for studying the effects of core on length-of-day variations.
Features in time-series are closely correlated with time at which geomagnetic
jerks have been observed, suggesting a role for core in angular momentum
exchange within Earth system on timescales as short as one year, and that
jerks are directly related to processes responsible for changes in core angular
momentum.”

At Fig. 3 we observe correlation between sinusoid of LOD variations and
Jupiter driven geomagnetic sinusoid at Eq. (5) so that the left side dia-
gram contributes to the analysis at Duan (2015) and we may refer to other
databases too.

Fig. 3. Comparison of the LOD variations signals and the Sun’s magnetic field sinusoid
through the Jupiter.

For gravity changes, referring to Schlamminger et al. (2015) as noted
by Anderson et al. (2015), fit shows the period is almost 5.91 years and
agreement of oscillation of the Sun’s magnetic field through the Jupiter and
gravity oscillation is visible at Fig. 4.

Coefficient u53 in Eq. (3) corresponds to Jupiter-Earth distance because
that the electric coupling effect of the cores is relevant partially to the
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Fig. 4. A set of 13 measurements of G exhibit a 5.9-year periodic oscillation (solid curve)
(Credit: Anderson et al. (2015) EPLA) that closely matches the 5.9-year oscillation in
the Sun’s magnetic field through the Jupiter.

Jupiter-Earth distance. but we should notice that the sinusoid of geomag-
netic jerk is not dependent on the parameter u53 for that, peaks are rel-
evant to the first time derivative of the Sun’s magnetic field through the
Jupiter. Coefficient u53 is almost constant for small changes of distance like
the Jupiter-Earth distance as a factor between 1–1.5 however probably de-
tectable in very accurate analysis and it was detected a near period 1.023 yr
in revised G measurement (Schlamminger et al., 2015) as noted in Anderson
et al. (2015).

3.3 Jovian planets alignments as the source of abrupt geomag-
netic jerks

Then the Jovian planets alignments with Jupiter is reason to amplify the
electromagnetic activity of the Jupiter which is the source of 5.93 years
periodic signal. This amplification is a source to generate abrupt geomag-
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netic jerks visible at the Earth surface. It means that the Jovian planets
alignments with Jupiter are reason to enhance the Jupiter metallic region
electromagnetic activity to influence on the Earth’s core so that Jovian
driven geomagnetic jerk is enhanced by an alignment amplifier factor λ as:

O∗
3 = λO3 . (6)

So that O3is geomagnetic jerk at Eq. (4) and O∗ is relevant total geomag-
netic jerk amplified by jovian planets alignments.

We show here in the tables, the correlation of the alignments with ob-
served geomagnetic jerks O∗. The line arc is the angle between Jupiter’s
major axis and Sun-Jupiter line and the geomagnetic jerks are proportional
with sinusoid of line arc of the Jupiter according to the Eq. (5) and corre-
lation of Jovian planets alignments with amplification of the geomagnetic
jerks is an inevitable confirmation.

The geomagnetic jerks are not simultaneous because spatial distribution
of the core flows occur with retardation and usually the event begins from
northern hemisphere and ends to the south (De Michelis et al., 2005). This
may concern to the migration of the flows, and the alignment date should be
almost the beginning time of occurrence. This is an evidence that the core
flows are expanding by Earth’s magnetic field after generation at alignment
epoch. The research of all alignments between 1890 to 2020 is presented in
the next Tables 1–9.

In these tables for alignments dates we have referred to NASA’s solar
system simulator (NASA’S EYES: Jet Propulsion Laboratory). Line arc
is angle between Jupiter’s major axis and Sun-Jupiter line in that orbit
around the Sun and L as the length of the alignment defined as the dis-
tance between left and right planets in the alignment and reports are data
for occurrences of the geomagnetic jerks referring to the published papers
and each mentioned amplitude for an especial geomagnetic jerk in the tables
it is relevant to the detected amplitude referenced in the relevant report in
that table.

Saturn-Jupiter-Uranus is very strong alignment so that it is visible the
reports in the fewer line arcs too and we observe agreement between the
alignments line arcs and amplitudes of the reported geomagnetic jerks as a
verification for Eqs. (5, 6).

For Jupiter-Saturn-Uranus in comparison with Saturn-Jupiter-Uranus we
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Table 1. Saturn-Jupiter-Uranus

Line date Reported jerks epoch Line arc L (AU) Reports

1915.08.30 for event 1915 ∼ 25 ∼ 29 Brown et al., 2013;
Qamili et al., 2013

1922.08.02 Less marked event ∼ 8 ∼ 28 –

1925.02.04 for event 1925 ∼ 77 ∼ 27 Alexandrescu et al., 1996

1958.03.16–
1959.08.12 Tangential event 1958 ∼ 9− 45 ∼ 28 Golovkov et al., 1989

1968.07.09 Related to 1969 event ∼ 37 ∼ 29 Le Mouël et al., 1982;
Malin et al., 1983

2010.07.10 For event 2011 ∼ 25 ∼ 30 Chulliat and Maus, 2014

Fig. 5. The Saturn-Jupiter-Uranus alignments and relevant line arcs.

see that when Jupiter is between the Jovian planets, the generated effect
is almost two times stronger and it is wonder that recorded jerk at 1896 is
exactly for lining up at 1895.08.11.

Again we see that the alignments of Saturn-Jupiter-Neptune with much
less line arcs, have no any jerk reports and generally all relevant geomag-
netic jerks are less marked as a relation between alignment arm length and
amplitude of the geomagnetic jerk.

Jupiter-Saturn-Neptune average arm length is almost equal to Saturn-
Jupiter-Neptune arm length but Jupiter is not in the middle and then the
amplitude is almost half and there is no any reported geomagnetic jerks
relevant to these alignments else a less marked event for 1989.11.11 if it be
possible to discriminate between other geomagnetic jerks occurred almost
simultaneously.

It is visible that the relevant geomagnetic jerks are less marked and this
is completely in agreement with size of the alignments arm length and value
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Table 2. Jupiter-Saturn-Uranus

Line date Reported jerks epoch Line arc L (AU) Reports

1895.08.11 Observed at 1896–1898 ∼ 86 ∼ 24.5 Balasis et al., 2016

1944.05.15 From 1945,
a strong field spreads

until 1949 ∼ 51 ∼ 19.5 Duka et al., 2012

1989.02.04 for a group of events ∼ 49 ∼ 24.5 Cafarella and Meloni, 1995;
centred at 1990.1 Macmillian, 1996;

De Michelis et al., 2005

Fig. 6. The Jupiter-Saturn-Uranus alignments and relevant line arcs.

of the line arcs in the Uranus-Jupiter-Neptune alignment.
Jupiter-Uranus-Neptune alignment is once happened in considered inter-

val and in this alignment, the Jupiter is not in the middle but alignment
length is lesser than that of Uranus-Jupiter-Neptune and then probably less
marked report at 1992 is caused by this alignment.

At the date 1998.06.20, the Jupiter has no any alignment but Saturn
is almost in MOID (Minimum Orbit Intersection Distance) with Jupiter
and Saturn plays the role of Jupiter here so that we have an alignment
Neptune-Uranus-Saturn to activate highly the Saturn, and Saturn influence
on the Jupiter is in the same manner that Jupiter is influencing Earth and
thus, consequently the Jupiter is influencing on the Earth by Saturn align-
ment effect and Saturn should be in its active zone of influence and solar
system simulators are verifying this and the report of geomagnetic jerk at
epoch 1999 (Brown et al., 2013; Mandea et al., 2000) is revealing this. Such
an event is being occurred at the date 1936.06.15 for alignment Saturn-
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Table 3. Saturn-Jupiter-Neptune.

Line date Description Line arc L (AU) Report

1896.01.05 Less marked event ∼ 73 ∼ 39 Balasis et al., 2016

1902.10.26 Less marked event 1902–1903 ∼ 58 ∼ 39 Alexandrescu et al., 1996;
1902–1903 Duka et al., 2012

1904.05.01 – ∼ 6 ∼ 39 –

1933.11.30 – ∼ 10 ∼ 39 –

1971.07.10 For event 1972.1 ∼ 47 ∼ 40 Chambodut et al., 2007;
Duka et al., 2012

2008.11.11 for 2009 (–18.6 nT/yr2) ∼ 80 ∼ 40 Chulliat and Maus, 2014;
Kotzé and Korte, 2016

Fig. 7. The Saturn-Jupiter-Neptune alignments and relevant line arcs.

Table 4. Jupiter-Saturn-Neptune.

Line date Reported jerks epoch Line angle L (AU) Report

1915.12.18 – ∼ 15 ∼ 34 –

1952.08.06 – ∼ 19 ∼ 35 –

1989.11.11 For event centred at 1990.1 ∼ 74 ∼ 35 Cafarella and Meloni, 1995;
De Michelis et al., 2000)

Fig. 8. The Jupiter-Saturn-Neptune alignments and relevant line arcs.
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Table 5. Uranus-Jupiter-Neptune

Line date Reported jerks epoch Line arc L (AU) Jerk reports

1896.06.17 CLF and NGK Y -component ∼ 61 ∼ 49 Balasis et al., 2016

1899.04.10 Much less marked event ∼ 45 ∼ 49 –

1907.05.04 Less marked event observed 1908 ∼ 87 ∼ 50 Qamili et al., 2013;
observed 1908 Balasis et al., 2016

1915.03.14 Less marked event at 1915 ∼ 43 ∼ 49 Balasis et al., 2016

1918.06.08 Less marked observed
event 1919 ∼ 66 ∼ 49 Alexandrescu et al., 1996

Fig. 9. The Uranus-Jupiter-Neptune alignments and relevant line arcs.

Table 6. Jupiter-Uranus-Neptune

Line date Description Line arc L (AU) Jerk reports

1991.09.05 Report around 1992 ∼ 52 ∼ 34 Le Huy et al., 1998;
Brown et al., 2013

Fig. 10. The Jupiter-Uranus-Neptune alignments and relevant line arcs.

Sun-Neptune which the Saturn is almost in minimum distance with Jupiter
and it is observable a less marked geomagnetic jerk for that at epoch 1937
(Golovkov et al., 1989).
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Table 7. Jupiter-Sun-Saturn

Line date Reported jerks epoch Line arc (deg) Jerk reports

1892.01.16 observed event at 1983 ∼ 22 Nevanlinna, 2004;
Balasis et al., 2016

1911.05.14 observed event at 1912–1913 ∼ 25 Alexandrescu et al., 1996;
Ducruix et al., 1983

1930.12.23 observed event at 1932 ∼ 87 Alexandrescu et al., 1996

1951.08.04 observed event at 1952 ∼ 14 Duka et al., 2012

1971.01.12 observed event at 1972 ∼ 36 Chambodut and Mandea, 2005;
Qamili et al., 2013

1990.07.22 observed event at 1991 ∼ 84 De Michelis et al., 2005

2011.02.18 – ∼ 2 –

Fig. 11. The Jupiter-Sun-Saturn alignments and relevant line arcs.

By the way, the Jovian alignments generate geomagnetic jerks propor-
tional with sinus of the line arcs and some very strong alignments are pos-
sible to occur in much less line arcs and null results are in weak influence
zone of the Jupiter and this phenomenology is verifying that Jupiter align-
ments with Jovian planets enhance the Jupiter activity on the Earth’s core
and Jupiter-Sun-Jove alignments are affecting on the Jupiter activity and
while the Sun is not in the middle of alignment we have no noticeable effect
whereas that while the Sun is in the middle of the alignment, the effect is
strong and for Jupiter-Sun-Jove alignments we refer to the below tables and
those relevant figures.

It is manifest that null result is relevant to the much less line arc and all
alignments are relevant to the reported geomagnetic jerks and we see that
jerks of 1913 and 1991 and 1932, are iteration of a unit event.
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Table 8. Jupiter-Sun-Uranus

Date Reported jerks epoch Line arc Jerk reports

1893.05.10 observed event at epoch 1894 ∼ 21 Nevanlinna, 2004;
Balasis et al., 2016

1907.02.15 observed event at epoch 1908 ∼ 85 Qamili et al., 2013;
Balasis et al., 2016

1920.10.20 observed event at epoch 1921 ∼ 43 Duka et al., 2012;
Pinheiro and

Travassos, 2010

1934.08.24 – ∼ 12 –

1948.07.11 Jerk observed in pacific area ∼ 71 Alexandrescu et al., 1996
and American regions at epoch

1949

1962.06.04 this event is similar to 1920.11.02 ∼ 48 Duka et al., 2012;
event and observed at epoch 1963 Qamili et al., 2013

1976.03.30 observed event in the field 1978 ∼ 17 Alexandrescu et al., 1996

1989.12.10 observed event at epoch 1990 ∼ 76 De Michelis et al., 2005;
Balasis et al., 2016

2003.09.06 Much less marked jerk ∼ 49 –

2017.07.07 – ∼ 12 –

Fig. 12. The Jupiter-Sun-Uranus alignments and relevant line arcs.

Reports amplitudes fit with inverse square of the arm length and this is
possible to observe for other Jovian planets alignments with Jupiter too as
a verification for such a correlation between arm length of the alignments
and geomagnetic jerks amplitudes.

The average arm length of the Jupiter-Sun-Neptune alignment is 1.4
times longer than that of Jupiter-Sun-Uranus and then, relevant alignments
to the Jupiter-Sun-Neptune should be almost 2 times weaker and then, all
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Table 9. Jupiter-Sun-Neptune.

Line date Reported jerks epoch Line arc Jerk reports

1901.02.27 Saturn-Jupiter-Sun-Neptune ∼ 71 Alexandrescu et al., 1996
Event at epoch 1901–1902

1913.12.18 Less marked event reported ∼ 80 Balasis et al., 2016;
1913–1914 Alexandrescu et al., 1996

1926.09.15 – ∼ 52 –

1939.05.12 – ∼ 26 –

1952.02.01 – ∼ 0 –

1964.10.13 Revealed by Moscow observatory ∼ 30 –

1977.06.18 Observable in the field 1978 ∼ 57 Alexandrescu et al., 1996

1990.04.19 Much less marked event
between next events ∼ 85 –

2002.12.15 Less marked event observed ∼ 65 Olsen and Mandea, 2007;
at epoch 2003 detected by Balasis et al., 2016;

a new high resolution technique Silva and Hulot, 2012

2015.11.03 – ∼ 39 –

Fig. 13. The Jupiter-Sun-Neptune alignments and relevant line arcs.

alignments of Jupiter-Sun-Neptune should be less marked events and this
is agreement else at 1901 that the alignment is enhanced by Saturn near
lining with Jupiter-Sun-Neptune.

Ultimately we observe that all reported geomagnetic jerks occur at the
alignment dates and too, inversely while we have a Jovian alignment, it exist
a relevant geomagnetic jerk in reports as a very strong confirmation for one
by one correlation between geomagnetic jerks and Jovian alignments. Solar
system simulators are verifying exactly all the correlations between reports
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and alignments, but for shortening the paper we show at Fig. 14, some of
the famous geomagnetic jerks relevant to their Jovian planets alignments.

Of course when the Sun is not in the middle of the Jovian planets align-
ments it is visible that the amplitude of the effect is weak as the same
manner for Jupiter when Jupiter is not in the middle. But for alignments of
Sun-Jupiter-Saturn it seems to exist some relevant Much less marked events
in reports for example for epochs 1901, 1981, 2000 (Balasis et al., 2016) and
1921, 1941 (Duka, 2012; Pinheiro and Travassos, 2010) and 1961 because
of the reality that arm length of Sun-Jupiter-Saturn is short proportionally
and Sun-Jupiter-Saturn effect might be relevant to the Saturn which the
Sun’s magnetic field is rapidly varying at alignment time through the Sat-
urn and this is in agreement with quick succession of geomagnetic jerks at
these epochs.

We observe that there are several consequanet noticeable events as Jupi-
ter-Saturn-Uranus at epoch 1989.02.04, Jupiter-Sun-Uranus at epoch 1989.

Fig. 14. Several alignments concern to relevant geomagnetic jerk dates.
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12.10, Jupiter-Sun-Saturn at epoch 1990.07.22 and these alignments are
very near in time, visible as a unified event centered at 1990.1 (De Michelis
et al., 1998; 2000) and as noted at Chambodut and Mandea (2005) that:
“For the so-called 1969 event a first group of dates is centered on 1969.5
±0 .5 and another one 1972.1 ±0 .5 ; their merging date being around 1971.”

Whereas, here we observe that the reported jerk about 1972 is different
from reported jerk at 1969. Suppose we have a clear event at 1972. We
should notice that the Saturn and Uranus and Neptune metallic cores have
almost equal sizes and then the amplitude of the geomagnetic jerks gener-
ated at Jovian alignment ideally should be proportional with inverse square
of arm lengths and too according to the Eq. (5), the amplitude of the ge-
omagnetic jerks in the alignments should be proportional with sinus of the
line arcs and too we should consider a coefficient for realization between
different alignments structurally and then, almost we have a simple formula
for ideal geomagnetic jerks generated by Jovian planets alignments that:

O3 ∝ 1

L2
β sin(α). (7)

So that β is structure coefficient of the alignments and α is line arc and L
is arm length.

We can’t find an accurate formula for geomagnetic jerks for that the
geomagnetic jerks are relevant to the planets interiors and probably declined
by number of the core flows so that we observe greater amplitudes in quasi-
local events and probably there is a conservation law of geomagnetic jerk’s
amplitudes in an event divided to several number of the events in a global
event.

New exact analysis (Kotzé and Korte, 2016) shows for epoch 2009 we
have a jerk with mean amplitude 18.6 nT/yr2 and we can consider Saturn-
Jupiter-Neptune alignment occurred at epoch 2009 as a standard reference
for other occurences and line arc in this alignment is 80 degree and arm
length is 40AU and by Eq. (7) for pure Jovian planets alignment we have:

O∗
3[J − Jup− J ]/18.6 = sin(α)/ sin(80)× 1600/L2, (8)

O∗
3[J − Jup− J ] ≈ 30000 sin(α)/L2. (9)

Now referring to the reported geomagnetic jerk at epoch 2003 with ampli-
tude 25 nT/yr2 we can calculate structures’ coefficient β. At epoch 2003 we
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have Jupiter-Sun-Neptune with line arc 65 degree and arm length, 35AU.
But 2003 event is almost at middle of the solar maximum activity and then
by consideration of calculations in the next section we find that the Sun’s
alignment effect while the Sun is in the middle, is 1.2 times stronger than Jo-
vian planets alignments while Jupiter is middle and so, structure coefficient
is deduced as:

βJup−Sun−J = 1.2βJ−Jup−J = 2.4βJup−J−J . (10)

Then not only here we can show the correlation of geomagnetic jerks with
Jovian planets alignments suppose we have an almost simple approximate
formula for ideal amplitude of the geomagnetic jerks and by this formula we
get amplitudes for jerks at Fig. 15. For existing alignments in the considered
interval 1980–2020 which confirms again the agreement of the correlations
included to the arm length inverse square and, correlation of the geomag-
netic jerk’s amplitudes to the sinus of the line arcs as the angle between the
Jupiter’s major axis and Jupiter-Sun line and ultimately, inevitable verifi-
cation for essential relation of the Sun’s magnetic field oscillation through
the Jupiter and Earth’s CMB core flows as the sources for the reported
geomagnetic jerks in these decades. It is wonder that there is a complete
one by one correlation between geomagnetic jerks and Jovian planets align-
ments means that for each observable Jovian alignment in the solar system
we have a report for geomagnetic jerk at that time and inversely for each
reported geomagnetic jerk in the data, we have a relevant Jovian alignment
and this confirmation is arguing inevitable correlation of the Jovian planets
alignments and geomagnetic jerks and at Fig. 15. It is visible correlation of
equations with observations carefully.

We need to notice that however the Jovian planets alignments with
Jupiter are to some extent strong that it is possible to measure their rele-
vant geomagnetic jerks at the Earth. But it is possible to observe such a
phenomenon about the Saturn instead Jupiter by improvement of the pre-
cise of the measurements and data analysis. For example, we may detect a
much less marked event for Saturn-Uranus-Neptun, when the Saturn is at
the active zone of its line arc and probably it is possible to detect a very
weak periodic 14.5-years signals, half of the Saturn orbital period. However,
detection of the Saturn dependent effect is easier at its alignment dates.

We see strong agreement between amplitudes of the observed geomag-
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Fig. 15. Geomagnetic jerks reported dates correlated to the Jovian planets alignments.

netic jerks and ideal formula at Eq. (7) above and for alignment at 2017.07.07,
the ideal formula shows 11 nT/yr2 and because that this is a much less
marked event, the visibility of such an event is rare for distribution of geo-
magnetic jerk’s power and because of entopic reasons.

3.4. Historical jerks reports and inevitable agreement with
Jupiter alignments

We refer here to historical reports however unfortunately analysed dates
have been approximate for that there is no magnetic three components time
series of data and we have listed alignments accordance to NASA’s solar
system simulator versus the dates of geomagnetic jerk’s reports (Korte et
al., 2009) and everybody may refer to every accurate solar system simulator
arbitrary.

In the Fig. 16, we see the Table 10 in a diagram to easy visibility of the
correlations between the historical alignments and reported jerks date for
amplitudes of these historical geomagnetic jerks we refr to the ideal formula
at Eq. (7) above.

And for another data base of historical geomagnetic jerks, reported in the
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Table 10. Geomagnetic jerks from 1410 to 1990 in comparison with alignments.

Line date Alignments Arm (AU) Line arc Report date

1409.10.07 JUP-SUN-URA ∼ 25 ∼ 72 1410

1447.01.01 JUP-SAT-URA ∼ 17 ∼ 60 1448

1506.07.02 JUP-SUN-URA ∼ 25 ∼ 53 1508

1597.05.01 SAT-JUP-URA ∼ 27 ∼ 40 1598

1603.02.10 JUP-SUN-URA ∼ 25 ∼ 40 1603

1658.11.15 JUP-SUN-NEP ∼ 35 ∼ 73 1661

1692.10.01 JUP-SUN-SAT ∼ 15 ∼ 55 1693

1706.02.19 JUP-SAT-NEP ∼ 32 ∼ 79 1708

1741.05.05 JUP-SUN-URA ∼ 25 ∼ 90 1741

1764.07.01 JUP-SAT-URA ∼ 19 ∼ 74 1763

1860.10.17 SAT-JUP-NEP ∼ 37 ∼ 65 1861

1888.04.14 JUP-SUN-NEP ∼ 35 ∼ 43 1889

Source: (Korte et al., 2009).

measurements (Qamili et al., 2013; Matzka et al., 2010), we see strong con-
firmations between dates of Jovian planets alignments and reported dates
for geomagnetic jerk as visible at Table 11.

However, the measurements have not generated precise dates but again
correlations are very strong between assumed parameters and we observe,

Fig. 16. The alignments in agreement with reported geomagnetic jerks.
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Table 11. Geomagnetic jerks reported in the interval 1600–1900.

Line date Alignments Arm (AU) Line arc Report date

1603.12.10 JUP-SUN-URA ∼ 25 ∼ 40 1603

1633.10.07 JUP-SUN-SAT ∼ 15 ∼ 64 1635

1659.02.09 JUP-SUN-URA ∼ 25 ∼ 65 1663

1672.09.01 JUP-SUN-SAT ∼ 15 ∼ 21 1672

1700.01.05 JUP-SUN-URA ∼ 25 ∼ 79 1703

1718.01.14 SAT-JUP-NEP ∼ 38 ∼ 90 1719

1733.10.08 JUP-SUN-SAT ∼ 15 ∼ 39 1733

1752.10.16 JUP-SUN-SAT ∼ 15 ∼ 83 1751

1762.12.09 JUP-SAT-URA ∼ 15 ∼ 24 1763

1769.06.05 JUP-SUN-URA ∼ 25 ∼ 37 1770

1778.01.03 SAT-JUP-URA ∼ 28 ∼ 70 1779

1788.09.27 SAT-JUP-URA ∼ 29 ∼ 80 1789

1808.09.09 JUP-SAT-URA ∼ 20 ∼ 33 1810

1824.09.01 JUP-SUN-URA ∼ 25 ∼ 90 1826

1838.02.28 JUP-SUN-URA ∼ 25 ∼ 35 1838

UNKOWN 1844

1852.03.07 JUP-SUN-SAT ∼ 15 ∼ 25 1853

1866 (1868) JUP-SUN-URA (SAT-JUP-NEP) ∼ 25(38) ∼ 87(30) 1868–1870

1879.11.10 JUP-SUN-URA ∼ 25 ∼ 40 1882

1888.05.13 JUP-SUN-NEP ∼ 35 ∼ 43 1888

Source: (Qamili et al., 2013; Matzka et al., 2010).

the data as a diagram at Fig. 17 to see easier the correlations between events
dates and Jovian planets alignments.

Fig. 17. The alignments in agreement with reported geomagnetic jerks.
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Fig. 18. The alignment completely in agreement with reported geomagnetic jerk at epoch
1860 (Newitt and Dawson, 1984).

The iteration of an alignment is iteration of the jerk as a strong confir-
mation and we see the similar events with event at epoch 1901.

It is wonder that all the alignments are a bit occurred before of reports
dates as a verification for ever existing retardation and a verification for
Jovian driven quasidynamo at the Earth because that Jovian driven quasi-
dynamo is in agreement ever with the reality that the alignments should be
prior to the reports date. For example, there is evidence of a jerk around
1860 (Newitt and Dawson, 1984) and when we refer to the solar system
simulators we observe that we have an alignment Saturn-Jupiter-Neptune
at 1859.04.27 with almost 37AU arm length which is proportionally short
and too, Jupiter is at the middle of the alignment as a feature of stronger
effect.

3.5. Solar activity effect on the geomagnetic jerks and LOD vari-
ations

In addition to semi-annual signals generated by oscillation of the Sun’s
magnetic field at the Earth orbiting around the Sun, clearly we should wait
for 11 years’ periodic oscillation of the geomagnetic jerk and LOD, relevant
to the solar cyclical activity which concerns to the absolute oscillation of
the Sun’s magnetic field as noted at Vukcevic (2014) that:
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“Sunspots are associated with rise and fall of the soar toroidal magnetic
field, and normally appear in pairs. Direction of the magnetic field vector
B in the northern hemisphere coincides with the direction of solar rotation
(positive orientation, B > 0) during even-numbered cycles, it is opposite
for the southern hemisphere. Relationship between direction of rotation and
the magnetic field vector orientation is reversed during odd-numbered cycles
(for the northern hemisphere B < 0).”

Then solar cyclical activity will result two shapes of the 11-years periodic
signals in the LOD and geomagnetic jerks as:

1. Direct effect by the Sun’s magnetic field absolute oscillation through
the Earth,

2. Jupiter driven external effect dependent on the absolute variation of
the Sun’s magnetic field through the Jupiter.

Both direct absolute effect and Jupiter driven absolute effect of the solar
cyclical activity will clearly imply 11-years periodic signals on the LOD and
geomagnetic jerks and probably on the gravity too.

This 11 years’ periodic signals have been detected before in several an-
alyzings (for example Gu, 1990; Abarca del Rio et al., 2003; Wardinski
and Holme, 2003; Alexandrescu et al., 1995) and as noted at Le Mouël et
al. (2010):
“We study the evolution of the amplitude A of the semi-annual variation
of the length-of-day (lod) from 1962 to 2009. We show that A is strongly
modulated (up to 30%) by the 11-yr cycle monitored by the Sunspot number
WN.”

Dependency to the solar activity has been detected well in the LOD vari-
ation as mentioned by Ma (2007) that:
“In this present paper, wavelet technique is applied to analyse the time se-
ries of the Earth’s length-of-day series during 1832–1997 and the Sunspot
relative numbers during 1700–2006, with emphasis on investigating external
excitation source of the Earth’s variable rotation. The results show modu-
lation action from solar activity plays an important role in decadal change
of the Earth rotation, and this strengthens the conclusion that the Earth’s
rotation is modulated by the solar activity.”

Or we may refer to work “Possible influence of the 11-year solar cycle on
length-of-day change” (Ma, 2015).
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Up to here in this paper, we have considered constant, the Sun’s absolute
magnetic field but solar activity indexes are showing that the solar magnetic
field is changing by time cyclical as the famous 11 years’ oscillation of the
solar activity and then not only, the Jupiter orbiting causes, the change of
the Sun’s magnetic field through the Jupiter relatively suppose absolutely,
the Sun’s magnetic field is too changing through the Jupiter and through
the other planets too. Then, the change of the Sun’s magnetic field through
the Jupiter is divided to the two realizable origins so that by generalization
of the Eq. (1) we have:

O3 = k53 |(∂B05/∂t)orbital + (∂B05/∂t)absolute| (11)

In some dates for example at epochs 1948.07.11 and 1958 and 1968.07.09
we observe that the reported amplitudes of the geomagnetic jerks are strong-
er than that of calculated by ideal Eqs. (7, 10) for geomagnetic jerk. Ac-
cording to Eq. (11), the geomagnetic jerks relevant to these three dates are
amplified by solar activity because that these events are in maximum solar
activity occurred at solar active cycle period, referring to the NASA reports
for solar activity as visible at Fig. 19. These three events have been com-
pared together before by Golovkov et al. (1989) titled as “Common features
and differences between jerks of 1949, 1958 and 1969”.

Ultimately we see a total equation for external driven interplanetary sig-
nals at the Earth so that:

O3 = k53 |(∂B05/∂t)orbit + (∂B05/∂t)absolute|+
+ k03 |(∂B03/∂t)orbit + (∂B03/∂t)absolute| . (12)

This equation results four kinds of the signal at the Earth as:

1. Direct absolute effect of the Sun at the Earth interior resulting 11-years
signal,

2. Direct orbital effect of the Sun at the Earth interior resulting semi-
annual signal,

3. Indirect absolute effect of the Sun’s magnetic field through the Jupiter
resulting 11-years signal,

4. Indirect orbital effect of the Sun’s magnetic field through the Jupiter
resulting 5.9-years signal.
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Fig. 19. Strengthening of geomagnetic jerks while those are in maximum activities of
solar.

Such a mix of signals with different origins can generate apparent phase
shift in tiny intervals and such a phase shift at the 11-years and 5.9-years
signals is visible some times in the measurements. However, ultimately the
signals return to the pure 11-years and pure 5.9-years signals and now by
understanding of the real sources of the signals it is easier to discriminate
signals at observed data.

The 5.9-years period of LOD signal has been detected accurately in ex-
periments for example at Duan (2015) as quantitatively the 6-years signal,
from 1962∼ 2012, using normal Morlet wavelet (NMWT) method combin-
ing wavelet packet and Fourier analysis technique, for the first time in both
time and frequency domains. But in some experiments it is possible to ap-
pear phase shift in some time intervals as a deviation in the signals, however
the signals trend return to full strength in the next cycles.

While solar activity peak is adequately large, the absolute variation of
the Sun’s magnetic field is prevailing factor and apparently may be reason
to cancel 5.9-years signal as noted by Duan (2015) that:
“Gorshkov (2010) indicated that the 6∼7-year oscillation signals decreased
abruptly in the 1990s and speculates it is due to the stronger signals in a
2∼3-year band cancelling out the 6∼7-year signals; while, Holme and de
Viron (2013) further indicated that the “6-year oscillation” shows an ap-
parent drop in amplitude in the 1990s (but this amplitude returns to full
strength in the next cycle), and they interpreted it as the consequence.”

And at epoch 1990, the solar activity is in its maximum and then the
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solar activity is possible to cancel apparently the six-year signal. However,
this phenomenon is possible too to be appeared by occurrence of the abrupt
geomagnetic jerks related to Jovian planets alignments to cancel apparently
6-year signal from measurements and it is wonder that we observe Jupiter-
Sun-Saturn lining up at epoch 1990.07.02 as the same 2–3 years stronger
signal band covering smaller six years signal.

We have an increase in the additional activity of the Sun between 1830
and 1900 and in this interval we may discriminate easier the geomagnetic
jerks dependent to the solar activity.

Nevanlinna (2004) shows secular variation of the Earth magnetic field
in the interval 1830–1900 dependent to the solar activity oscillation and we
see correlation between the solar activity and reported geomagnetic jerks in
the considered interval in Fig. 20.

The alignment effect can’t amplify direct absolute effect of the Sun’s
magnetic field oscillation through the Earth whereas that indirect absolute
effect through the Jupiter can be amplified by Jovian alignment and then,
such a difference is allowing us to discriminate between indirect absolute
effect and direct absolute effect of the Sun’s magnetic field which both have
11-years signals. On the other hand, observations verify that the indirect
absolute and indirect orbital effect of the Sun’s magnetic field are near to-
gether in size at the Earth measurements because that they are prevailing
each other by small changes. For example, by equality of the indirect ab-
solute and indirect orbital effects at epoch 1969, the reported geomagnetic
jerk at epoch 1969 based on the Eq. (11) is almost 2 times stronger than our

Fig. 20. Annual values of activity indices. Ak(H) (blue) and Ak(D) (red) are derived from
the H- and D-components, respectively, using the Helsinki data reported by H. Nevanlinna.
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calculated amplitude by Eqs. (7, 10) and then by Eq. (11) at epoch 1969
we have almost that:

(∂Bsun/∂t)orbit � (∂Bsun/∂t)absolute . (13)

And then every theory claiming to explain the solar cyclical activity is lim-
ited to this condition at Eq. (13) that averagely, the first time derivative of
the Sun’s absolute magnetic field through the Jupiter is near to its orbital
variation at Jupiter position and this equality at Eq. (13) is showing that
Sun’s magnetic field absolute variation is a noticeable effect, not a partial
change. For example, according to the Eq. (13) on the base of the orbital
variation of the Sun’s magnetic field at Jupiter position we deduce that the
Sun’s absolute magnetic field could to vary 25% at three years, when Jupiter
moves from perihelion to the aphelion. By this noticeable variation of the
Sun’s absolute magnetic field we find that solar cyclical activity should be a
large scale phenomenon at the Sun and such a great change in the magnetic
field amplitude is almost impossible by planetary sources. Of course yet,
the partial effect of the external sources is possible to influence on the gen-
eration of some sunspots at the Sun surface (Ferris, 1969). It is arresting
that the Ferris is who he has discussed the electric current induction in the
ionosphere and metallic sheets (Ferris and Price, 1965; Ferris, 1973).

On the other hand, when we see that the yearly change of the Sun’s
magnetic field is noticeable, then we can deduce a direct relation between
the solar cyclical activity and cosmic radiation. Of course, the correlation
of the solar activity and cosmic ray has been revealed by scientists before
and we may refer to the Balasubrahmanyan (1969) and a newly analysis
by Barlyaeva et al. (2014). Strongly, emissions of the matter and electro-
magnetic fields from the Sun increase during high solar activity, making
it harder for Galactic cosmic rays to reach Earth. Cosmic ray intensity is
lower when the solar activity is high.

By the way, we have revealed here again that the Sun activity relevant to
Sunspots number, approximately is proportional with first time derivative
of the Sun’s absolute magnetic field. But we can consider an accurate factor
for solar activity with Aso that with assuming a constant C we have:

A = C∂Bsun/∂t. (14)

We should notice that A is a pure factor for the solar activity value on
the base of the solar magnetic field absolute variation and this parameter A
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is in relation with the sunspots number approximately, because that SSN is
not a regular parameter. The generation of the sunspots under the change
of the Sun’s magnetic field is an approximate phenomenon might be relevant
to many conditions. It seems that when sunspots number is not small, the
correlation of the SSN to the solar activity factor A is linear too. However,
the scientist can calculate a phenomenological formula as a good approxi-
mation for such a correlation between parameter A and SSN.

Then on the base of the observations (“Extreme Space Weather Events”.
National Geophysical Data Center) we see that the solar activity oscillation
peaks are conformal with peaks of the cosmic ray entrance amplitude. This
phenomenon is showing us that solar activity may be reasonable by cosmic
ray because that cosmic ray is relevant to the Sun’s magnetic field amplitude,
not its first time derivative. If Sun’s magnetic field variation was reason of
the oscillation of the cosmic ray, then cosmic ray oscillation phase should
be conformal with Sun’s magnetic field amplitude, not its time derivative.

The cosmic ray entrance oscillation phase is conformal with first time
derivative of the Sun’s magnetic field leading us to the side that the cosmic
ray may be a wave with its wave period as the same period of solar activity
and this is remembering us the theory of the sea of the electrons (Dirac,
1930) as a theoretical model of the vacuum as an infinite sea of particles
with negative charges.

Such a correlation is so far possible to accept. But if the cosmic ray is
not naturally a wave shape radiation then why the cosmic ray and solar
activity are conformal in both period and phase?

The phase shift is possible to be tiny accidentally, but about the period
of cosmic ray entrance and solar activity, conformal period is not accidental
suppose if we consider Sun’s magnetic field as a mathematical function then
unity of the period means that the solar activity is not a partial change in
the Sun’s magnetic field suppose it should be the change of the whole Sun’s
magnetic field as a strong verification again for Eq. (14). In this shape the
correlation of the solar activity to the cosmic ray amplitude is not a direct
relation suppose direct relation is between the Sun’s magnetic field and cos-
mic ray. But solar activity is conformal with magnetic field and magnetic
field is conformal with cosmic way. Then solar activity is conformal with
cosmic ray as a charming correlation. Then solar activity is whole change
of the Sun’s magnetic field and this shows that the Sun’s magnetic field
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reversal is a real phenomenon and Sun’s magnetic field is really changing
totally and it is not far to see that such a mechanism is impossible else by
self consistent dynamo, in agreement with the Sun.

3.6. Long term decreasing trend of lod signals and geomagnetic
secular variation

On the other hand, referring to the paper Duan (2015) we see the long term
decreasing trend of LOD signals about 0.05ms during the past 50 years
and this decreasing trend should be relevant to the Earth magnetic field
strength’s decreasing trend during past 50 years and reason is that LOD
signals are relevant to turbulent frictional CMB flows which their develop-
ment amplitude is affected by the Earth’s magnetic field amplitude. Inverse
mechanism too is possible to do so that core flows are reason to explain the
variation of the axial dipole as noted by Holme and Buffett (2015) that:
“Buffett (2014) has recently provided a model in which zonal toroidal mo-
tions are associated with the excitation of a zonal poloidal instability. This
model is able to explain the broad variation of the axial dipole over the past
100 years, and also to explain feature of geomagnetic jerks that cannot be
explained by purely torsional motions.”

By comparison of the two different measurements for LOD signals and
secular variation of the geomagnetic field we obtain a relation between secu-
lar variation of 5.9 years periodic LOD signal and geomagnetic field secular
variation as visible at Fig. 21.

We see that the total intensity at Toronto has decreased 14%, from ap-
proximately 64 000 nT to 55 000 nT, during the last 160 years and long term
trend amplitude of LOD signals decreases 0.05ms during past 50 years which
is near to 14% and too, we may refer to the axial dipole measurement of ge-
omagnetic field in comparison with 5.9 years LOD signals secular variation
visible at Fig. 22.

Schematically we see that it should be a relation between LOD variation
and geomantic field and at (Whaler and Holme, 2011) it has been discussed
before correlation between the axial dipole strength and flows in the outer
core.

The geomagnetic field is an amplifier of external driven 5.9-years signal
and this concerns to the reality that the currents are amplified and expanded
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Fig. 21. Long term trend variation of the LOD signals versus Earth secular variation of
magnetic field in Toronto.

Fig. 22. Long-term damping trend of LOD signals versus strength of the axial dipole
component of Earth’s magnetic field from 1600 to 2020 (McElhinny and McFadden, 1998).

by Earth’s magnetic field as a dynamo and similar to the alignments ampli-
fication effect at Eq. (6), here the geomagnetic field is too amplifier of the
external driven LOD variation to generate observed amplified LOD varia-
tion as:

Δ∗LOD = ηBearth ×ΔLOD . (15)

So that observed LOD variation is total amplitude of LOD variation, possi-
ble to observe and η is scale coefficient and now in a limited interval of time,
possible to consider constant, the peak of external driven LOD variation,
we result:
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Δ∗LOD = μBearth . (16)

So that μ is assumed as a constant and by this relation we obtain that:

μ
∂Bearth

∂t
=

Δ∗LOD

Δt
. (17)

And this is visible at Fig. 22 and it is wonderful that LOD variation gradient
is changed at the epoch 1992, exactly at the same date that geomagnetic
field gradient is changed and in reality, the long term trend variation of 5.9-
years LOD signal is unrelated to the AAM effect (Duan, 2015), Atmospheric
Angular Momentum effect. Then it should exist an internal effect as a
variation in generation of LOD signals by core flows.

In addition, at Wilson et al. (2008), we see a spin-orbit coupling between
the Sun and the Jovian planets to generate solar cycle and it seems that
we are now near to resolve the question of the solar cyclical activity and
ultimately we should remember the correlation between geomagnetic jerks
and increase of the earthquakes number detected by Gokhberg et al. (2016)
as a correlation between liquid motion of the Earth and earthquakes and
variations in the Earth’s length of day as a verification for core flows effecting
on the Earth’s spin.

4. Conclusions

It is visible that some of the Earth’s interior partial core flows are external
origin phenomena as the interplanetary driven partial quasidynamo. We
have verified it on the base of the physics and experimental reports and
we see that the oscillation of the external magnetic fields affect the planets
interior too to generate partial effects similar to the geomagnetic jerks and
LOD variations and gravity anomalies. We are seeing inevitably that the
Jovian planets alignments are affecting on the amplification of these effects
and effects are dependent too to the solar activity. The quasidynamo is not
the self consistent hydromagnetic dynamo in dynamo region of the cosmic
body. In the Earth‘s core it is a partial dynamo as a perturbation on the
CMB. The Geodynamo in the Earth ‘s outer core is not of an external origin,
but some variations, for example jerks, have external causes.
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ysis of geomagnetic jerks. J. Geophys. Res., 101, B10, 21975–21994, https://doi
.org/10.1029/96JB01648.

Alfvén H., 1942: Existence of electromagnetic-hydrodynamic waves. Nature, 150, 3805,
405–406, doi: 10.1038/150405d0.

Anderson J. D., Schubert G., Trimble V., Feldman M. R., 2015: Measurements of New-
ton’s gravitational constant and the length of day. EPL (Europhysics Letters), 110,
1, 10002, doi: 10.1209/0295-5075/110/10002.

Andrault D., Monteux J., Le Bars M., Samuel H., 2016: The deep Earth may not be cool-
ing down. Earth and Planetary Science Letters, 443, 195–203, doi: 10.1016/j.ep
sl.2016.03.020.

Ashour A. A., 1950: The induction of electric currents in a uniform circular disk. Quart. J.
Mech. Appl. Math., 3, 1, 119–128, https://doi.org/10.1093/qjmam/3.1.119.

Ashour A. A., Ferraro V. C. A., 1962: Induction of electric currents in a uniform
anisotropie ionosphere. Nature, 196, 4851, 260, doi: 10.1038/196260a0.

Ashour A. A., Ferraro V. C. A., 1964: The induction of electric currents in an anisotropic
ionosphere with a belt of high conductivity running along the equator. J. Atmo-
sph. Terrest. Phys., 26, 4, 509–523, https://doi.org/10.1016/0021-9169(64)90
030-3.

Ashour A. A., Price A. T., 1948: The induction of electric currents in a non-uniform
ionosphere. Proc. Roy. Soc. A, 195, 1041, 198–224, doi: 10.1098/rspa.1948.0114.

Aubert J., 2013: Flow throughout the Earth’s core inverted from geomagnetic observa-
tions and numerical dynamo models. Geophysical Journal International, 192, 2,
537–556, https://doi.org/10.1093/gji/ggs051.

Baker W. G., Martyn D. F., 1953: Electric currents in the Ionosphere. I. The Conduc-
tivity. Phil. Trans. R. Soc. A, 246, 913, 281–294, doi: 10.1098/rsta.1953.0016.

Balasis G., Stelios M., Potirakis, Mandea M., 2016: Investigating Dynamical Complexity
of Geomagnetic Jerks Using Various Entropy Measures. Frontiers in Earth Science,
4, 71, doi: 10.3389/feart.2016.00071.

Balasubrahmanyan V. K., 1969: Solar activity and 11-year modulation of the cosmic rays.
Solar physics, 7, 1, 39–45.

67



Lutephy M.: Interplanetary external driven quasidynamo . . . (23–74)

Barlyaeva T., Bard E., Abarca-del-Rio R., 2014: Rotation of the Earth, solar activity and
cosmic ray intensity. Ann. Geophys., 32, 761–771, https://doi.org/10.5194/an
geo-32-761-2014.

Biggin A. J., Steinberger B., Aubert J., Suttie N., Holme R., Torsvik T. H., van der Meer
D. G., van Hinsbergen D. J. J., 2012: Possible links between long-term geomagnetic
variations and whole-mantle convection processes. Nature Geoscience, 5, 8, 526–
533, http://dx.doi.org/10.1038/ngeo1521.

Bloxham J., Jackson A., 1991: Fluid flow near the surface of Earth’s outer core. Rev.
Geophys., 29, 1, 97–120, https://doi.org/10.1029/90RG02470.

Bloxham J., Zatman S., Dumberry M., 2002: The origin of geomagnetic jerks. Nature,
420, 6911, 65–68, https://doi.org/10.1038/nature01134.

Bloxham J., 1988: The determination of fluid flow at the core surface from geomagnetic
observations. In: Mathematical Geophysics: A Survey of Recent Developments in
Seismology and Geodynamics, edited by Vlaar N. J., Nolet G., Wortel M., Cloetingh
S. A. P. L., chapter 9, 189–208, doi: 10.1007/978-94-009-2857-2 9.

Brown W. J., Mound J. E., Livermore P. W., 2013: Jerks abound: an analysis of geomag-
netic observatory data from 1957 to 2008. Phys. Earth Planet. Inter., 223, 62–76,
https://doi.org/10.1016/j.pepi.2013.06.001.

Buffett B., 2014: Geomagnetic fluctuations reveal stable stratification at the top of the
Earth’s core. Nature, 507, 7493, 484–487, doi: 10.1038/nature13122.

Buffett B., Knezek N., Holme R., 2016: Evidence for MAC waves at the top of Earth’s core
and implications for variations in length of day. Geophysical Journal International,
204, 3, 1789–1800, https://doi.org/10.1093/gji/ggv552.

Bullard E. C., 1948: The secular change in the Earth’s magnetic field. Geophysical
supplements to the Monthly Notices of the Royal Astronomical Society, 5, 7, 248-
257, https://doi.org/10.1111/j.1365-246X.1948.tb02940.x.

Cafarella L., Meloni A., 1995: Evidence for geomagnetic jerk 1990 across Europe. Annals
of Geophysics, 38, 3-4, 451–455, https://doi.org/10.4401/ag-4106.

Chambodut A., Mandea M., 2005: Evidence for geomagnetic jerks in comprehensive mod-
els. Earth Planets Space, 57, 2, 139–149, https://doi.org/10.1186/BF03352558.

Chambodut A., Eymin C., Mandea M., 2007: Geomagnetic jerks from Earth surface to the
top of the core. Earth Planets Space, 59, 7, 675–684, https://doi.org/10.1186/
BF03352730.

Chulliat A., Maus S., 2014: Geomagnetic secular acceleration, jerks, and a localized
standing wave at the core surface from 2000 to 2010. J. Geophys. Res. Solid Earth,
119, 3, 1531–1543, doi: 10.1002/2013JB010604.
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Abstract: So far the field-reversal theory has been accepted to account for the reversed

remanent magnetization (RM) of rocks on the Earth. Orlický (2014) revealed a frequent

occurrence of the antiferromagnetic (AFM) Fe-Ti oxides in the rocks. Now I have re-

named these minerals as the Fe-Ti ferrimagnetic-antiferromagnetic chemical phases (Fe-

Ti FriM-AFM ChPs). They may have either cubic spinel, or tetragonal spinel symmetry,

respectively. They behave as the Fe-Ti polycrystalline materials. These Fe-Ti FriM-

AFM ChPs are the two sublattice A and B ChPs, with some specific magnetic behaviour.

The titanomagnetite (Ti-Mt, Curie temperature, TC = 230 ◦C; FriM alignment) and the

titanomaghemite (Ti-Mgh, Néel temperature, TN = 450 ◦C; AFM alignment) contain-

ing rocks have been identified as the representants of the the Fe-Ti FriM-AFM cubic

spinel ChPs. The interactions with the magnetizing field, with the Weis molecular fields

(Weiss-Heisenberg forces) have generated the reversally oriented internal field. The re-

versally oriented spontaneous magnetization has arosen in the rock. This internal field

has been identified as the most important phenomenon leading to the production of the

reversally oriented magnetization in the Fe-Ti FriM-AFM ChPs containing rocks. The

equations expressing the magnetic behaviour of the magnetic susceptibility (κ) of rocks

versus temperature have been derived. The Fe-Ti FriM-AFM cubic spinel can undergone

the transition in favour of the Fe-Ti FriM-AFM tetragonal spinel in the rocks, due to

a change of the thermodynamic conditions in nature. The reversed RM has supposed

been inparted from the Fe-Ti FriM-AFM cubic spinel during this alteration-transition

processess. Such tetragonal spinel is more stable and it is able to survive in the rocks in

nature. The results of laboratory magnetization of the selected groupings of rocks have

been presented below. The basic laboratory methods for the detection of the magnetic

behaviour of the Fe-Ti FriM-AFM ChPs containing rocks are described as well. The pre-

sented results have shown that we do not need to apply the field reversal theory, because I

have revealed the realistic mechanism which is able to generate the reversed RM of rocks

under a presence of the normal geomagnetic field.

Key words: The Fe-Ti FriM-AFM cubic and tetragonal spinels, exchange interactions,
Weiss molecular field, the reversed magnetization of rocks
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Orlický O.: A new original conception in rock magnetism . . . (75–112)

1. Introduction

The most frequent magnetic minerals in the rocks are the Fe-Ti solid so-
lutions, titanomagnetites (Ti-Mt-es, Fe3−xTixO4) and titanohematites (Ti-
hem-es, Fe2−xTixO3). The Fe-Ti magnetic minerals have been largely stud-
ied by many authors as the carriers of magnetic and paleomagnetic prop-
erties of rocks. Many specialists have believed that these minerals are very
stable and are able to survive from their origin up to the present in an un-
changed state in nature. I have found that most of the magnetic minerals
have undergone dramatic transformation not only in chemical composition
but also structurally.

I revealed a very frequent occurrence of the Fe-Ti antiferromagnetic
(AFM) phases in the rocks (Orlický, 2014). They could be now designated
as the two sublattice containing polycrystalline chemical phases (ChPs). In
such ChPs the ferrimagnetic-antiferromagnetic (FriM-AFM) alignment ex-
ists and they have produced a negative exchange interaction between the
two sublattices (it was anticipated by Néel (1948), in (Goodenough, 1963).

The Fe-Ti FriM-AFM phases originated nearly in each type of rock on
the Earth. Some of them have been preserved, but most of them were either
decayed or transformed to the other type of AFM phase, depending on ther-
modynamic conditions. I discovered the Fe-Ti FriM-AFM ChPs in about
288 samples from 78 localities of volcanic rocks and in about 346 samples
of the sedimentary rocks (Orlický, 2014).

The two basic phenomena: the Fe-Ti FriM-AFM ChPs in the rock, the
local molecular fields with so called Weiss-Heisenberg forces (Néel, 1971) are
decisive for the acquirement of the reversed magnetization in the rock. It
is a completely new field in paleomagneetic research, because such category
of knowledge is missing completely in standard literature.

2. A review about the self-reversal origin of rocks

2.1. The results of rocks having the self-reversed origin of RM

I have completed my results with those of available works of other authors.
A dominant topic is a solution of an of origin of the reversed RM of rocks.
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2.2. The rocks containing the Hematite-Ilmenite solid solutions

Many scientific papers and books were devoted to the self-reversal origin of
the reversed RM of the Haruna rhyodacite pumice, erupted in Japan about
1420 years ago (Nagata, 1952; Ishikawa and Syono, 1963; Stacey and Baner-
jee, 1974; Orlický et al., 2000; Orlický and Funaki, 2000a; 2000b; 2001;
Ozima and Funaki, 2001; Orlický, 2011) and Late Brunhes dacite from
Mt. Natib, from Philippines (Kennedy, 1981) and dacite and dacite pumice
pyroclastics having ages between 9000–10000 years, from Mt. Shasta, Cali-
fornia (Lawson et al., 1987), the pyroclastics and andesitic pumice from the
disastrous 1985 eruption of the Nevado del Ruiz, Colombia (Heller et al.,
1986; Haag et al., 1990), dacite pumice from the 1991 Pinatubo eruption
from Philippines (Ozima et al., 1992; Hoffmann and Fehr, 1996; Bina et
al., 1999; Goguitchaichvili and Prévot, 2000), and the dacite ash from the
1991 Pinatubo eruption from Philippines (Orlický and Funaki, 2001), the
synthetic hematite – ilmenite solutions (Carmichael, 1961; Hoffman, 1975;
Lawson et al., 1981; Nord and Lawson, 1989; 1992; Westcot-Lewis and
Parry, 1971).

The rhyo-dacite pumice from Haruna volcano and from Pinatubo vol-
cano contains the hem-ilm with a composition of ilm45 to ilm75. Many
petrographic types of acidic, intermediate and basic volcanic rocks contain
the hem-ilm-es with ilm composition of ilm5–ilm12 to ilm15–ilm25. Accord-
ing to Nagata et al. (1951) the reversed RM of Haruna rhyodacite pumice
resulted from the hem-ilm phase acquiring a self-reversed thermoremanent
magnetization (TRM). The magnetite-ulvöspinel (Mag-Usp) is also in these
rocks. The ratio of the Mag-Usp to Hem-Ilm was approximately 100 to 1 in
the Haruna rocks (Nagata et al., 1951; Uyeda, 1958). For these rocks it is
typical that their magnetic properties differ from sample to sample. Some
samples have shown only normal polarity, while other samples showed only
reversed RM, due to the different state of Fe-Ti alterations. The authors as-
cribed the dominant remanence signal to the hem-ilm phase. Uyeda (1958),
Ishikawa and Syono (1963) found that the acquisition of the self-reversed
TRM requires that the bulk of the ferrimagnetic sample be ordered and that
it needs to contain a second phase. They called it as the x phase. They
proposed the antiphase-contact-two phase model to explain the self-reversal
TRM of the rocks of Haruna volcano. The striking result is that the reverse
TRM exists in the intermediate state and it is not found in either the fully
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ordered or fully disordered state. I was very surprised that such negligable
amount of the ilmenite-hematite grains – 1 grain among of 100 Ti-Mt grains
is able to generate the relatively intense reversed RM in the rock.

I found the AFMP in these rhyodacites (Orlický, 2011). The Néel tem-
perature of this phase is TN = 420 ◦C and there is also the hem-ilm of TC

= 230 ◦C, and Ti-Mt of TC = 520 ◦C) in the rock. The AFM phase cor-
responds to the anonymous x phase, which was predicted by Ishikawa and
Syono (1963) in the Haruna dacite.

2.3. The rocks containing the titanomaghemites

Havard and Lewis (1965) studied the basalt lava flows from India which
showed self-reversed RM during laboratory magnetization of samples. Oz-
ima and Ozima (1967) studied 8 samples of dredged submarine basalts.
Three samples showed self-reversed TRM when they were heated to 300 ◦C
during 30 minutes and cooled to room temperature in geomagnetic field.
Similar results were achieved by Ozima and Larson (1968). Only normal
TRM was induced after repeated magnetization in the sample. The au-
thors suggested some models and mechanism of self-reversed magnetization
of the rocks, based on either magnetostatic or exchange interactions of the
two Fe-Ti phases, differing by Curie temperatures. Krása et al. (2005)
studied the basalt samples from Olby (France) and Vogelsberg (Germany).
During acquisition of a thermoremanence the two phases are magnetically
coupled, leading to a remanent magnetization of the two Curie temper-
ature phases which is antiparallel to the applied external magnetic field.
They suggested coupling of the two phases by magnetostatic interaction
which resulted in the self-reversal origin of RM in the rock. Heller and Pe-
tersen (1982) studied the self-reversal of young basalts from Olby and La
Shamp area, from Massif Central, France. Doubrovine and Tarduno (2004)
reported on partial and complete self-reversal due to N-type behaviour in
some oceanic basalts. They suggested that this magnetization is carried
by the Ti-Mgh Fe-Ti associations. They detected a normal PTRM until
250–275 ◦C, followed by a component antiparallel self-reversed to the nor-
mal applied magnetic field, between 275–350 ◦C. At higher temperatures
they again observed the acquisition of a PTRM oriented parallel to the ap-
plied field. No self-reversal of the same sample was observed in repeated
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runs. Hemoilmenite, if present, would retain its self-reversing properties
after such thermal treatment. Pan et al. (2006) studied the Thellier-Coe
paleointensity of Al-substituted Ti-Mt-es of the Neogene Hannuoba basalts
from northern China. The laboratory experiments were done in argon gas to
prevent oxidation of Fe-Ti oxides. The samples acquired the thermorema-
nence with the antiparallel direction to the external field, leading to intensity
decreases. They explained the decrease of PTRM as being due to partially
self-reversed thermoremanence carried by Al-substituted Ti-Mt and newly
formed magnetite. Schult (1971) pointed out that the titanomaghemites
undergo self-reversal by ionic reordering. According to Schult (1968) if one
assumes that the vacancies are all on the B-site the magnetization of the
B-sublattice becomes smaller with oxidation and it is possible that for a
certain composition the spontaneous magnetization of B-sublattice equals
that of the A-sublattice or becomes even less. Carvallo et al. (2010) stud-
ied the X-Ray Magnetic Circular Dichroism (XMCD) spectra of magnetite
(Mt), maghemite (Mgh) and natural titanomaghemite (Ti-Mgh-te). For
Ti-Mgh-te, all features of the XMCD spectrum reverse with temperature,
indicating that the magnetization of each individual site is reversed. The
intensities of the three peaks (A,B,C) remain almost in the same ratio for
XMCD at high and low temperatures. This indicates that there are the an-
tiferromagnetic magnetic interactions between octahedral and tetrahedral
sites. In Ti-Mgh-te with a high Ti content, Fe2+ ions are present both in
tetrahedral and octahedral sites, but at room temperature, the ratio of in-
tensities of peak A and B is lower than at low temperature (20K). One
even observes that peak A is dominating the pre-edge XMCD signal. This
can indicate that there is a high magnetic disorder of Fe2+ on octahedral
sites at high temperatures, i.e. the magnetic moments are not aligned along
the direction of external magnetic field. At low temperature, the magnetic
moments from Fe2+ on tetrahedral sites are more ordered and the moments
of Fe2+ on tetrahedral sites overcome the moments of Fe2+ on octahedral
sites, probably causing the magnetization to reverse. The reversal of these
two structures with temperature indicates that the dominant subnetworks
are reversed at high temperature, the magnetic moment of the octahedral
subnetwork is larger than that of the tetrahedral magnetic moment, and at
low temperature the tetrahedral magnetic moment dominates.

A distinguished category of rocks are those having dominantly the mag-
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netite. Balsley and Buddington (1954) discovered a correlation between
magnetic Fe-Ti minerals and that of the polarity of RM of metamorphic
rocks in the Adirondack Mountains. The rocks of reversed polarity invari-
ably contained hematite-ilmenite, the rocks of normal polarity contained
magnetite. These mineralogical differences indicate self-reversal and also
indicate that the geomagnetic field was not reversing its polarity during the
long interval when these rocks were acquiring their RM. Orlický (2002b;
2006; 2010a; 2010b). I revealed that, if there are dominantly Ti-rich quasi
homogeneous titanomagnetites (Ti-Mt-es), or magnetites in the rocks, they
have always normal polarity of RM, in continental and submarine volcanics
(Orlický, 2010a; 2010b).

According to Stacey and Banerjee (1974) even in the 1950’s the reality
of field-reversal theory was not proven. The above presented ideas about
the self-reversed magnetization of rocks have not fully solved the origin of
the reversed magnetization of the rocks in general. Many authors have
solved the problem of the decrease of magnetic characteristics in submarine
basalts, but the origin of the reversed RM of rocks was not a subject of
their interest. The transformation of titanomagnetite to titanomaghemite
(maghemitization of Ti-Mt oxides) due to the low-temperature oxidation
were solved e.g. (Irving, 1970; Kelso et al., 1996; Kirkpatrick, 1979; Lowrie
et al., 1973; Marshall and Cox, 1972; Petersen, 1979; Petersen et al., 1979;
Zhou et al., 2001; Xu et al., 1997).

3. Experimental part

3.1. A temperature oxidation of Fe-Ti spinels and ilmenite

Oxidation of titanomagnetite: Cubic Ti-Mt (Usp-Mt) can be oxidized by
two mechanisms (Lindsley, 1991): (a) oxidation at low pressure and below
600 ◦C to yield cation-deficient spinels of the metastable titanomaghemite
series (Usp-Mt-γ-Fe2O3, which in some cases may then subsequently con-
vert to members of the Hem-Ilm series; (b) Oxidation at low to moderate
pressures and above 600 ◦C with the direct formation of Ilm-Hem. Dis-
tinct textural stages of oxidation are recognized and have been classified
as follows (the prefix C distinguished primary cubic phases from primary
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ilmenite-rhombohedral): C1 stage: Optically homogeneous Usp-rich mag-
netite solid solutions; C2 stage: Magnetite enriched solid solutions with a
small number of exsolved ilmenite lamellae parallel to 111; C3 stage: Ti-
poor magnetite with densely crowded exsolved ilmenite lamellae parallel to
111 of the host. Typical reactions that apply to the C2 and C3 assemblages,
with the partial and more complete oxidation ulvöspinel are as follows:

C2 : 6Fe2TiO4 +O2 = 6FeTiO3 + 2Fe3O4; (1)

C3 : 4Fe2TiO4 +O2 = 4FeTiO3 + 2Fe2O3; (2)

The previous mineralogical composition of rock has been enriched by higher
content of magnetite (Fe3O4) after an oxidation of ulvöspinel and the rock
became more ferrimagnetic. This process has taken place under the influ-
ence of the normally oriented geomagnetic field in the nature. The level of
magnetic susceptibility of rock will be enhanced and the direction of RM
of rock will be changed. If the RM was previously of a reversed nature, it
will become more positive; (a mineral enriched with higher concentration
of Fe3O4 in the rock would acquire the positive RM). Its intensity and the
direction will depend on a portion of transformed Fe-Ti material during the
above described oxidation.

3.2. An explanation of 1/κ curves presented in the article

According to Néel (1971) the magnetic susceptibility of magnetic minerals of
rocks could reflect the effect of magnetic arrangement of active cations and
the internal field in the minerals. The exchange interactions between their
magnetic moments MA and MB will be actual. As an example, the author
considered an alloy composed of two kinds of randomly distributed atoms
A and B. Néel (1971) introduced local molecular field. Weiss’ hypothesis
amounts to writing that the energy Ec of the system of A and B atoms is
expressed in the form:

Ec = − 1

2n
(JA + JB)

2 (3)

where JA and JB denote the magnetizations of the A and B atoms respec-
tively. Actually, since their energy is the sum of the contributions made by
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pairs of close-neighbour atoms, three types of exchange interactions A−A,
A−B, and B −B are involved in the process, so we should rather write:

Ec = −1

2
(nAAJ

2
A + 2nABJAJB + nBBJ

2
B) (4)

Then will be actual the introduced local molecular fields, hA = nAAJA +
nABJB , and hB = nABJA + nBBJB , acting on the A and B atoms respec-
tively. The author has showed that the susceptibility χ of an alloy containing
proportions P and Q of A and B atoms, with Curie constants CA and CB ,
was expressed by:

χ =
T (PCA +QCB)− PQCACB(nAA + nBB − 2nAB)

T 2 − T (PnAACA +QnBBCB) + PQCACB(nAAnBB − nAB2)
(5)

Instead of being represented by a straight line, the temperature dependence
of the reciprocal susceptibility 1/κ was now represented by a hyperbola. It
means that the shape of temperature dependence of the κ or 1/κ curves is in
relation with the proportions of active atoms of A and B sublattices, their
Curie constants CA and CB, portions of other quantities, and also with the
forces of three types nAAJA, nABJAJB and nBBJB exchange interactions
in the two sublattice system. The most intense is the A − B interaction.
The antiferromagnetics are characterized by the critical temperature – Néel
temperature TN . After heating beyond TN the partial or total decomposi-
tion of the AFM phase might occure. A short-range order (a tendency of
atomic moments to be coupled, which are near each other in the lattice), or
long-range order (a tendency of atomic moments to be coupled in the lat-
tice, over many lattice spacings – which is responsible for ferromagnetism
and which disappears at TC).

4. The effective methodical procedures

The magnetic behaviour of the Fe-Ti FriM-AFM chemical phases (ChPs)
can be studied by the: 1) temperature dependent measurements of magnetic
susceptibiliy (κ) of a powdered sample during continual heating (Curie tem-
perature measurements), 2) temperature dependent measurements of κ of
compact sample during stepwise heating, 3) temperature dependent partial
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thermoremanent magnetization (PTRM) and demagnetization of compact
sample during stepwise heating. The Fe-Ti FriM-AFM ChPs are charac-
terized by a Néel temperature (TN , in the Fe-Ti FriM-AFM ChPs cubic
spinels at about 450 ◦C). The results of these methods have shown that
their characteristics and the features of the curves have reflected the two
sublattice (A and B) composition. The temperature dependent behaviour
of κ and the magnetization of the two sublattice FriM-AFM systems are
governed by their Curie constants CA and CB , proportions of their quanti-
ties, and also with the forces of three types nAAJA, nABJAJB and nBBJB
exchange interactions. The most intense is the A− B interaction. We can
say that their behaviour has reflected the principles of the two sublattice
FriM-AFM alignment, respecting the the principles of the local molecualar
field, according to Néel (1971).

4.1. The measurements of Curie temperatures and the detection
of the Fe-Ti minerals in the rocks

The analysis of the magnetic minerals of rocks was dominantly done by
the Curie temperature measurements in air. The first prototype of CS-1
device combined with the KLY-2 susceptibilitymeter was used (the CS-1
device was originally suggested and dominant part of the instrument was
also constructed by the author of this article (Orlický, 1990). Several sam-
ples were measured in argon atmosphere by Tiu Elbra, Geological Institute
of Czech Academy of Sciences, Prague, Czech Republic. The results of X-
ray diffraction analysis, the electron microprobe analysis and that of the
Mössbauer spectroscopy analysis were used as the complementary methods.
The demonstration of the behaviour of the powdered sample is in Fig. 1.

The Curie temperature measurements of softly grinded sample som-
ska3a (κ versus temperature) was mesured in air (Fig. 1 A) and sample
Šomoška3a1g was measured in inert argon gas (Fig. 1 B). The following
magnetic phases were detected: a) heating of sample Fig. 1 A: TC = 230 ◦C
= Ti-Mt (only partly oxidized), TC1 = 570 ◦C = Ti-Mgh; the Néel temper-
ature TN = 450 ◦C of Ti-Mt/Ti-Mgh AFM phase was mostly detected; TN∗

= 530 ◦C corresponds to Ti-Mgh/Ti-He AFM phase; b) cooling of sample:
T′
C1 = 570 corresponds to Ti-Mgh, TN = 450 ◦C reflects the Ti-Mt/Ti-Mgh

AFM phase. B: a) heating of sample: TC = 230 ◦C = Ti-rich Ti-Mt (only
partly oxidized), TC1 = 580 ◦C = Ti-Mgh, TN∗ = Ti-Mgh – Ti-He AFM
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phase; b) cooling of sample: T′
C1 = 580 ◦C = Ti-Mgh, T′

N∗ = Ti-Mgh +
Ti-He AFM phase; T′

C = 120 ◦C = Ti-rich Ti-Mt phase; magnetic suscep-
tibility of magnetic mineral was about twice enhanced of κ before heating
to 700 ◦C and cooling of sample to room temperature. It appeared due to
the partial decay of the Fe-Ti AFM phase and its breaking down to the
two constituents, Ti-rich Ti-Mt and that of Ti-Mgh. No such or similar
behaviour appeared in the case of sample after heating it to 700 ◦C and
cooling to room temperature in air (Fig. 1, A). Instead, a partial oxidation
of the sample took place. A partial decay of the Fe-Ti AFM phase took
place. A dominant part of this AFM phase has been preserved. The Ti-
Mt/Ti-Mgh AFM phase has been then considered as the Fe-Ti FriM-AFM
chemical phase.
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Fig. 1. Demonstration of magnetic behaviour of AFM Ti-Mt – Ti-Mgh phase during
continual heating to 700 ◦C and cooling of coarsely grinded samples; κ versus temperature
of grinded olivine basalt sample Šomoška3a1g mesured at air (A) and in inert argon gas
(B). (Curie temperature measurements).

5. The description of the different magnetic behaviour of κ of
the rocks versus temperature

I have described below the newly established categories of κ versus tem-
perature behaviour, dependently on the inducing fields: 1) The rocks con-
taining only the ferrimagnetic Fe-Ti oxides; 2) The rocks containing the
Fe-Ti FriM-AFM ChPs cubic spinels; 3) The rocks containing the Fe-Ti
FriM-AFM ChPs tetragonal spinels. This knowledge, together with the de-
rived Eqs. (6), (7), (see below), have provided a complete new approach to
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interprete the results in the rock magnetism, paleomagnetism and in the
geomagnetism.

I have pondered the results of the samples like the rhyolite from Malý
Kamenec locality (Fig. 2) having the only normal RM. There is present only
ferrimagnetic phase. I deduce that there is a dominant magnetite in this
rhyolite. The two different cation sites in the structure form two magnetic
sublattices with a strong antiferromagnetic couping. The spin arrangement
can be: (Fe3+↓)A(Fe3+↑)B(Fe2+↑)BO4. We see from a formula that the
spins of the Fe3+ in A and B sublattices are cancelled, so, the resultant
magnetic moment of the magnetite is that of the Fe2+↑ of B sublattice. In
that case the internal field |HT,int| will be of a positive orientation and it will
contribute to the normal field. So, the κ of this rock will decrease gradu-
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Fig. 2. A: The PTRM and κ versus temperature of rhyolite, sample malkam45, B: Curie
temperature measurements of powdered sample mkamerh4, both from locality Malý
Kamenec, Coordinates: 48.360 N, 21.790 E, Easthern Slovakia.
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ally, according to the Eq. (7). There are dominantly the magnetite and the
hematite in this rhyolite sample, respecting the Verwey temperature TV ,
corresponding the magnetite and the Curie temperature TC , corresponding
to the non-stoichiometric hematite (see in Fig. 2).

5.1. The type of the κ curve versus temperature for the rocks with
the ferrimagnetic alignment

The behaviour of the κ versus temperature can be very effectively applied
to define the magnetic state of magnetic mineral. The equations (6) is the
basic one to express the physical nature.

κ = μ
Jm
Hef

(6)

μ – permeability (for (6) and (7) equations μ = 1); Jm – magnetization
of sample; Hef – the effective inducing magnetic field, in our cases the
geomagnetic field H.

We substitute the Jm with the PTRM, and the Hef with the Hef =
H+|Hint|; then it can be expressed by the Eq. (7); Hint – internal molecular
field.

κ = μ
PTRM

H + |HT,int| (7)

PTRM – magnetizations acquired during the temperature dependent mag-
netization of rock.

I have pondered the results of the samples like the rhyolite from Malý
Kamenec locality (Fig. 2) having the only normal RM; the FriM-AFM ChPs
has been missed or it has been completely desintegrated. There are dom-
inantly the magnetite and the hematite in this rhyolite sample, respecting
the Verwey temperature TV , corresponding the magnetite and the Curie
temperature TC , corresponding to the non-stoichiometric hematite (see in
Fig. 2).

I computed the relation of κ/PTRM data versus temperature in the in-
terval from 25 to 700 ◦C. The data of the 16 individual temperature intervals
are in the range 0.558 to 0.493. This relation has shown that the intensity
of the inducing field Hef does generate non-variable, nearly constant κ ver-
sus temperature. The Eq. (7) is valid for the rocks containing the pure
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magnetite or quasi pure magnetite, the Ti-rich Ti-Mt, or the hematite con-
taining rocks (Orlický, 2010a). The interanal field HT,int is of the normal
orientation with respect to the magnetic field H. It is possible to suppose
that the elementary magnetic moments (spins) of these minerals are paral-
lel in the state of the lowest energy of the system. So, the field H will get
gradually more intense, thanks to appearance of the positive internal field
HT,int. The magnetic behaviour of this Fe-Ti ferrimagnetic system will be
similar to that of the ferromagnetic material.

5.2. Short background for magnetic behaviour of the κ versus tem-
perature for the two sublattice Fe-Ti FriM-AFM cubic spinel
ChPs

The results of samples of olivine basalt from a small lava dyke of Šomoška
Castle locality; Coordinates: 48.171 N, 19.857 E, Southern Slovakia. The
results have been applied for an explanation of the antiferromagnetic be-
haviour of the Fe-Ti FriM-AFM ChPs of the cubic spinels (Fig. 3).

5.3. The processing of the data in Fig. 3

The sample Som3A – the olivine basalt was of the reversed RM in situ state,
without demagnetization of sample before its magnetization. There are the
basic descriptions of the respective data, the quantities and the curves below
the Fig. 3. The value of κ NRM, the differences Δm1,2,3,4 of PTRM of the
sample are above, on the top in Fig. 3. The respective values were computed
from the basic data. But I derived the real data, taking into account the
law of additivity of the PTRM after cooling of the sample in the interval
from an applied temperature Tn to room temperature. They are: The Δm1
corresponds to original reversed RM (spontaneous magnetization). It was
completely removed during magnetization by the geomagnetic field and by
the heating of the sample in the interval 25 to 150 ◦C. The Δm2 has a real
value of 905mA/m, because no other magnetic phase has lower blocking
temperature below this phase. The Δm3 phase has shown the value = 779
mA/m of a reversed sense. But, its net value has been summed from the m3
= – 779 and the m2 = – 905, because the measured value – 779 is a result
of reduction of 905 mA/m due to cooling o sample through the m2 phase
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Fig. 3. A: The PTRM and κ versus temperature of olivine basalt from lava dyke, sample
Som3A; locality Šomoška Castle; a – stereographic projection; b – Zijderveld diagram:
arrows along the lines – a direction of either increase (black colour) or decrease (red
colour) of the PTRM within a respective interval; c – susceptibility versus temperature
curve (κ, blue curve) and partial thermoremanent magnetization – PTRM: Δm1,2,4 –
the differences in PTRM between minimal and maximal values within the respective
temperature intervals; Δm1 (green colour) – removal of original reversed spontaneous
magnetization; Δm2 (black colour) – normally oriented magnetic moment of ferrimagnetic
titanomagnetite (Ti-Mt) constituent of the AFM phase; Δm3 (red coloured curve) –
reversally oriented magnetic moment of titanomaghemite constituent of the AFM phase;
Δm4 (black colour) – normally oriented magnetic moment of more oxidized Ti-Mt (Ti-
He) constituent of the AFM phase; soft yellow coloured area – the AFM phase; TN

– Néel temperature at 400 ◦C; κ values are in × 10−6 SI units; all NRM and PTRM
data are in milli Ampere over meter, mA/m; AFMP – antiferromagnetic phase; B: 1/κ
versus temperature of sample Somos3A1; curves of red, blue colour – the measurements
at discrete temperatures and after smoothing of curve respectively.
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to room temperature, respecting the additivity rule. It means that the net
PTRM of Δm3 should be – 779 + (– 905) = – 1684mA/m. The Δm4 =
1011 contains the Δm3 = – 1684 and the Δm2 = 905 = 1790 (106 + 1684).

5.4. Shortly about the law of additivity

According to Stacey and Banerjee (1974), a specimen will acquire a PTRM
if it is cooled in a field through a limited temperature range, being cooled
in a zero field through the remaining ranges. Those grains whose blocking
temperatures are within the range of field cooling acquire the thermorema-
nence, other do not, the resulting magnetization of the specimens, a whole
being known as the PTRM. Tellier first noticed that the PTRMs acquired
in different temperature intervals are independent. This means that the
total TRM acquired by cooling a specimen in a field from the highest Curie
point of its magnetic minerals to laboratory temperature is equal to the sum
of the PTRMs acquired separately in several temperature intervals which
together make up the whole temperature range. This is known as the law
of additivity of PTRM (Nagata, 1961). The sum of PTRM:

Ti=T∑
Ti−1=T0

JTi−1
Ti,Hex

(T0) = JT ,H
T0
ex

Only normal polarity of the PTRM at individual temperature steps was
detected in the stereographic projection. I have presented above also the
corresponding κ and 1/κ curves versus temperature with the TN ≈ 450 ◦C.
These types of Fe-Ti ChPs are characterized by the domain structure in
magnetic grains (Orlický, 2009). The volume κ of this Fe-Ti FriM-AFM
ChPs of the cubic spinels versus temperature has been governed by the
above quantities of A and B sublattices, but also by the internal field HT,int,
at the temperature T, except of the normally oriented magnetizing field (H)
during induction of the PTRM in the laboratory. I deduce that Hef = H +
HT,int are actual for this process.

The internal field HT,int is generated due to an activation of domains
(or spins) and the exchange interction with the two sublattice systems (the
HT,int is a function of the volume of domains in the respective material).
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The orientation of this field is always antiparallel against the normal ge-
omagnetic field. There is gradually generated the spontaneous magneti-
zation of a value proportional to the intensity of the internal field HT,int.
The intensity and the direction of the net magnetization (PTRMnet) will
be the vector sum of the normal PTRM (PTRMnor), corresponding to the
magnetizing geomagnetic field and that of the reversally oriented PTRM
(PTRMrev), corresponding to the intensity and the orientation of the inter-
nal field HT,int, during the laboratory magnetizing of the Fe-Ti FriM-AFM
cubic spinel ChPs containing rock sample.

We can see an elegant example of a certain mutual coupling of both,
the κ and the PTRM magnetic behaviour (the shape of the PTRM curve
and that of the reciprocal 1/κ curve versus temperature are nearly simi-
lar in the interval of temperatures where the AFM character of the sample
has appeared. These characteristics were generated in the same sample
during temperature dependent magnetization. The behaviour of κ versus
temperature has been governed by the Eq. (7), dominantly by the gradual
change of the internal magnetic field HT,int, while the geomagnetic field H
held sustained nearly in a constant level. We see a sharp increase of κ in
the interval 250 to 400◦ C, with a maximum at TN temperature, whereas
the PTRM sharply decreased itself in the same interval, with a minimum
at 400 ◦C (Fig. 3 A, B). This decrease of a previous positive value of the
PTRM corresponds to the gradual increase of the negatively oriented inter-
nal magnetic field in the sample. The PTRM has becommed gradually of
the reversed magnetization of the sponataneous origin in the sample. The
behaviour of the κ and the PTRM is an opposite behind of the TN of the
Fe-Ti AFM phase. The internal field HT,int has gradually disappeared be-
hind the TN . It has been detected by the rapid decrease of κ and increase
of the PTRM in Fig. 3. So, the internal field HT,int, figured in the equation
(7) has playied the decisive role in the magnetizing of the Fe-Ti FriM-AFM
cubic spinel containing rocks in the nature and in the laboratory.

5.5. The transition of the Fe-Ti FriM-AFM cubic spinel ChP to
the Fe-Ti FriM-AFM of the tetragonal spinel ChP

The Fe-Ti AFM cubic inversion spinel phase is supposed to be in a metastable
state. It can be either partly or completely desintegrated, or it can be trans-
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formed for tetragonal symmetry Fe-Ti oxide, due to alteration-transition
mechanism, during heating of a previous material to temperatures about
600–700 ◦C in the field. I have revealed the Fe-Ti FriM-AFM ChPs of a
tetragonal symmetry, or a combined cubic-tetragonal spinel, in the rocks.
One could detect a less striking κ curve versus temperature (mostly only
some remnant of previous phase has been preseved), frequently with a higher
TN than the previous a cubic symmetry Fe-Ti FriM-AFM ChPs. The physi-
cal and chemical features of this Fe-Ti FriM-AFM ChPs have shown that this
type has arisen due to a transition of the previous Fe-Ti FriM-AFM ChPs of
the spinel cubic phase. There are the examples of magnetic behaviour dur-
ing magnetization versus temperature of samples (Figs. 3–5). The results
have shown that the reversed RM has been inparted from the respective Fe-
Ti FriM-AFM cubic spinel ChPs to the Fe-Ti FriM-AFM tetragonal spinel
ChPs.

The results of the sample Pohanský vrch in Fig. 4 A, sample Trebelovce1-
5 in Fig. 5 A and the sample Lošonec 4m in Fig. 6 have shown a very com-
plex behaviour of the PTRM and the κ versus temperature. The samples in
Figs. 4, 5 belong to the grouping involving 9 localities in Cerová vrchovina
of southern Slovakia. About 76 samples of the olivine basalts were stud-
ied. All these samples have shown the physico chemical features similar to
that like the Pohanský vrch and Trebelovce1-5 samples. In all these sam-
ples the AFM behaviour and the reversed RM was either partially or totally
preserved during magnetization of the sample by normally oriented geomag-
netic field of intensity H = 47.5 μT in the laboratory (in sample Pohanský
vrch up to 300 ◦C, Fig. 4). The κ curve has shown also the AFM behaviour
up to the Néel temperature TN = 500 ◦C. The samples of rocks with these
Fe-Ti FriM-AFM ChPs have shown the presence of TN and TN1 different
points. The peaks of the TN1 and TN are suppose to be a rather less con-
spicuous than that in the Fe-Ti FriM-AFM cubis spinel ChPs. These types
have more Ti-Hem containing composition. The rocks containing this type
of the Fe-Ti FriM-AFM ChPs do have the reversed polarity of RM, more
consistent direction of RM and a higher magnetic stability than those of the
previous cubic spinel phases. A very low κ and a relatively high RM are
the dominant chracteristics for the older rocks. Some of them do possess
only one AFM phase with only one TN temperature, others do have the
two AFM phases and the two TN (see in Fig. 6).
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Fig. 4. PTRM and κ versus temperature of olivine basalt, sample Pohanský vrch, locality
Pohanský vrch; Coordinates: 48.200 N, 19.922 E, Southern Slovakia; d – a magnification
of the behaviour of a limited part of the PTRM and κ versus temperature of the sample.

The Fe-Ti FriM-AFM tetragonal spinels are dominantly characterized by
the TN near to 500 ◦C, but in many cases also with the intermediate TN

between 450 to 500 ◦C. I present the example of the combined, the Fe-Ti
FriM-AFM tetragonal spinel and the Fe-Ti FriM-AFM cubic spinels, which
are there in the olivine basalt from the Trebelovce locality, belonging to the
grouping of 9 localities (a description see above).

The Eq. (7) is valid also for this type. But we need to respect some
influence of the RM on the κ behaviour of the sample (the κ versus tem-
perature is lagging behind the RM behaviour versus temperature). This
effect is probably the reflection of the extreme high hysteresis of the RM
of these rocks. I have selected only three examples in the Figs. 4–6, but
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Fig. 5. PTRM and κ versus temperature of olivine basalt, sample Trebelovce2-5, locality
Trebelovce; Coordinates: 48.287 N, 19.716 E, Southern Slovakia; d – a magnification of
the behaviour of a limited part of the PTRM and κ versus temperature of the sample.

I have identified many such types of rocks so far. We see that the stable
RM is linked with the AFM phases of the rock. The hysteresis of the RM
is evident on nearly unchangeable values of the vector projections onto the
x−y and x−z plains versus temperature, in the interval from 25 to 500 ◦C,
(see on the Zijderveld diagrams in Figs. 4–6). The high stability and the
reversed direction of the RM of the sample has been preserved up to 500 ◦C
(see in Fig. 6). The reversed RM of the high Fe-Ti FriM-AFM tetragonal
spinel ChPs in the rocks have been imparted from the Fe-Ti FriM-AFM cu-
bic spinel ChPs containing rocks during the alteration transition processes
in nature.

Many laboratory tests have shown that the oxidation and partial decom-
position of minerals in the rocks take place rather regularly in the field. The
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Lošonec4,mag.,κ=7338,NRM=5493,Q=18.7,
TN=350,TN1=175◦ C

25

450
500

550

40042525050

600 700

100275150200300375325350475

2525

700 700

100 5050 150 200325325250 350400 375375
500500

550550

600600

x

y
z

AFMP

κT/κMax

100 200 300 400 500 600 700◦C

0.2986

0.5972

0.8958

PTRMT /PTRMMax

0.8658

0.9139

0.9620
TN

b

ca

κT/κMax

100 200 300 400 500 600 700◦C

0.0726

0.1452

0.2178

PTRMT /PTRMMax

0.8418

0.8784

0.9150

0.9516
TN1

d

Fig. 6. PTRM and κ versus temperature of the melaphyre (the age about 270 My, the
Upper Permian, the sample Lošonec 4m, the locality Lošonec; Coordinates: 48.438 N,
17.302 E, Low Carpathian Mts., Westhern Slovakia; d – a magnification of the behaviour
of a limited part of the PTRM and κ versus temperature of the sample; green and red
part of the PTRM curve differ the individual AFM phases.

decomposition of the Fe-Ti FriM-AFM cubic spinel phases has taken place
at the temperatures close to TN , or over 450 ◦C to 500 ◦C in the field (the
temperature about 475 ◦C was derived as a typical for the decomposition of
the AFM phase).

6. The summarized results of laboratory magnetization of
rocks

The results were previously published, but not complete explanation of all
characteristics was done. Generally, the pure ferromagnetic and the pure
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ferrimagnetic Fe and Fe-Ti minerals of rocks should acquire a normally
oriented RM under normally oriented magnetizing field. But if there are
the Fe-Ti FriM-AFN ChPs in the rocks, the acquirement of the reversed
sponataneous magnetization can be expected during their magnetization in
laboratory. The reversed magnetization was only seen in the rocks having
the Fe-Ti AFMP, according to Orlický (2014). Generally, the chemico-
physical features and the characteristic behaviour of κ versus temperature
described above can be effectively applied for the interpretation of the re-
sults.

I studied the rocks from Kremnické vrchy Mts., Pol’ana-Javorie Mts.,
Zempĺınske vrchy Mts., Vihorlat Mts., and Bohemian massif (Orlický, 2001;
2002a; 2002b; 2002c; 2002d; 2002e; 2003a; 2003b; 2003c; 2003d; 2003e). I
applied the laboratory induction of PTRM in the rocks by normally oriented
geomagnetic field. The samples were heated to 670 ◦C in a non-magnetic
furnace under a fully compensated field and they were kept there for 30
minutes at this temperature. The PTRM was induced during the cooling of
samples from 640 ◦C to 580 ◦C; the external field was fully compensated in
the interval from 580 ◦C to laboratory temperature; later it was modified;
the geomagnetic field was compensated from 520◦ C during the cooling of
the samples (the description of procedures is in the literature cited above).
The magnetization of samples by the external magnetic field should be ac-
tive only within the delineated interval of 640 to 580 ◦C, temperatures the
geomagnetic field, but it has taken place also at lower temperatures. To-
gether 210 samples were magnetized (194 basaltic andesites and other types
of andesites and 16 samples of rhyolites, all of them aged 9 to 15 My). To-
gether 119 samples were of reversed polarity and 91 were of normal polarity
of RM before laboratory magnetization. The results after the magnetization
of the samples were the following: 102 samples acquired reversed magneti-
zation (63 samples were originally of reversed polarity, 39 were of normal
polarity of RM). Other 108 samples acquired normal PTRM (91 samples
were originally of normal polarity and 17 of reversed polarity of RM). It
is evident from a review that 39 samples acquired reversed magnetization
which were originally of normal RM before laboratory magnetization. Many
other samples of rocks were magnetized as well, but I have analysed only the
results described in papers cited above. Why some samples of rocks, origi-
nally of reversed magnetization have not been magnetized reversally again,
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and why some samples, originally of normal polarity acquired reversed mag-
netization by a normally oriented magnetic field in the laboratory? I have
dominantly applied the results of the temperature dependent measurements
of the magnetic susceptibility of a powdered sample and the compact sample
versus temperature (Figs. 4–9) to explain the answers above. I presented
many such evidences and the thermomagetic curves of selected rocks in the
papers cited above.

I present now a short background to explain a more complex magnetic
behaviour of the magnetic susceptibility versus temperature for the two sub-
lattice systems, for the Fe-Ti FriM-AFM cubic spinel ChPs.

The Fe-Ti FriM-AFM cubic spinel ChPs probably contains the titano-
magnetite, Ti-Mt, partly oxidized, of a ferrimagnetic alignment, and the
titanomaghemite, Ti-Mgh, of the antiferromagnetic alignment. A partial
oxidation and partial decomposition of minerals in the rocks took place
rather regularly in the field. The results have shown that the state of the
Fe-Ti FriM-AFM phases in the rocks has been influenced by the level of
the thermal heating and its time duration. The decomposition of the Fe-Ti
FriM-AFM phases has taken place at the temperatures close to TN , or over
450 ◦C to 500 ◦C in the field (the temperature about 475 ◦C was derived as
typical for the decomposition of the AFM phase. The specific measurements
of a change of the κ of powdered sample at a constant temperature during
100 minutes, at different selected temperature intervals were done to derive
a critical temperature of the probable decomposition of the AFM phase in
the rock. The instrument and the procedure according to Orlický (1990)
were used for these measurements. Most of rocks have been found in the
field with a partly decayed AFM phase. This state of the AFM phase is
then reflected in the intensity and the non-consistent directions (I and D) of
RM of the magnetite and hematite containing rocks and of Ms containing
dominantly the AFM titanomaghemite. The results have shown that there
are present in the rock the individual constituents, as magnetite, hematite,
pseudobrookite and ilmenite, after an alteration and a complete desintegra-
tion of the Fe-Ti AFM phase. Such rocks have possessed dominantly normal
RM. There exists a second type of alteration and a transition of the Fe-Ti
spinel AFM phase to the tetragonal spinel phase in the rocks of our interest.
These effects have appeared on the deformed shapes of κ and PTRM curves
versus temperature.
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I have selected five groupings of rocks, respecting their different magnetic
behaviour. The results for two samples from the different volcanic fields are
presented in the respective figurere. There are considered the results of the
polarity of magnetization (M) in the “in situ state” and the M′ “after the
laboratory magnetization” of sample: 1) Normal, normal, Fig. 7; 2) Re-
versed, reversed, Fig. 8; 3) Normal, reversed, Fig. 9; 4) Reversed, normal,
Fig. 10; 5) Anomalous directions and intensities of M of the autometamor-
phed rocks, Fig. 11.

6.1. Curie temperature measurements, a detection of the mag-
netic phases

The results of measurements of a change of κ of a powdered sample during a
continual heating and a successive cooling of the sample have detected the
Ti-Mt and the Ti-Mgh, which are the constituents of the Ti-Mt/Ti-Mgh
AFM phase. The mentioned constituents were also detected by the X-Ray
diffraction analysis. This is a completely new knowledge. The individual in-
version spinel-cubic constituents Ti-Mt and Ti-Mgh have been coupled into
the Ti-Mt/Ti-Mgh AFM (the Fe-Ti FriM-AFM phase during their existence
in nature. This has allowed to establish a completely new category in rock
magnetism, which has been based on the existence of antiferromagnetically
aligned chemical compounds in nature.

6.2. The self-reversed origin of RM of rocks was proven by the
results of the Curie temperature measurements of rocks

I firstly start with the characteristic features of the thermomagnetic curves.
The presented thermomagnetic curves have concerned the natural sister
samples of the respective rock. The results concern the measurements of a
change of κ of a powdered sample of rock. These curves are combined from
a low-temperature interval (– 190 to 0 ◦C) and a hihg-temperature inter-
val (25–700 ◦C). Characteristic features: (heating curve, red colour), Low-
temperature interval: an increase of κ from −190◦ C) to a peak TV (Verwey
transition temperature) detects the magnetite (Fe3O4); a gradual increase
of κ from −190◦ C to laboratory temperature detects the titanomagnetite; a
gradual decrease of κ from −190◦ C, mostly to laboratory temperature de-
tects ilmenite. The ilmenite is an antiferromagnetic mineral with TN about
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−205◦ C (maximum κ at an ordering temperature). It does not contribute to
the RM of rocks. During heating over TN a κ of the samples decreases. High
temperature interval: The Curie temperatures: TC = 120–230 ◦C – Ti-rich
titanomagnetites; TC ≈ 560◦ C – magnetite (mostly non-stoichiometric),
with the same or very near T′

C and a reversible or, nearly reversible cool-
ing curve, after heating of the sample to 700 ◦C and successive cooling; the
Fe-Ti antiferromagnetic phase is characterized on the curves with the Néel
temperatures TN for an original state, and T′

N after heating of the sample
to 700 ◦C and a successive cooling of the sample; TC′′ and T′′

C correspond to
the Curie temperatures of these Fe-Ti AFM phases, respectively; TC1, T

′
C1

correspond to the Curie temperatures of the most oxidized magnetic phase,
dominantly of the hematite enriched by maghemite. A rapid decrease of κ
within the interval 300 to 450 ◦C, sometimes more (hump) in many samples
corresponds to a transition and alteration of magnetite to maghemite (in
some rocks it is a natural state, in some of them it is due to heating of
samples in the laboratory; also a combined effect).

The interpretation of the results of magnetized rocks call for a detailed
study of each respective sample. We need to pay an attention for the basic
features and magnetic properties of the Fe-Ti FriM-AFM cubic and and the
tetragonal spinels. If they are the stable enough ad they have not been
decomposed during heating and cooling of the sample, the reversed RM
should be preserved. If it has been either partly or a fully decomposed, the
FriM-AFM alignment was disturbed and it was desintegrated in favour of
individual constituents. The shape of the κ curve versus temperaure should
be deformed in such cases (it is actual near to 475 ◦C).

The Fe-Ti FriM-AFM tetragonal spinels are dominantly characterized by
the TN near to 500 ◦C, but in many cases also with the intermediate TN

between 450 to 500 ◦C and there exist the combined, the Fe-Ti FriM-AFM
tetragonal spinels and the Fe-Ti FriM-AFM cubic spinels in some rocks.
These types of rocks contain two critical temperatures, the TN1, harac-
terizing the tetragonal spinel and the TN , characterizing the cubic spinel
(see in Fig. 6). The curves of the κ and 1/κ versus temperature and the
respective N éel temperatures are readable from the figures. A very charac-
teristic feature is the very stable reversed RM (surviving to about 300 ◦C, in
many types of rocks to about 500◦ C, during heating and the magnetizing
of samples in the laboratory. This reversed RM is so stable, that it was
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not removed, or remagnetized totally during cooling of the samples in the
laboratory. The repeated heating of rocks to 670 ◦C did not destroy the
previous RM of the rocks. Some rocks have shown a soft differences in the
inclination (I) and the declination (D) values after heating to 670 ◦C and
cooling to room temperature (see above), but the reversed polarity of the
sample was preserved due to high hysteresis (high coercivity) of the Fe-Ti
FriM-AFM tetragonal spinel ChPs in the rock. This is the basic explanation
for the rocks which possessed the reversed RM before the laboratory mag-
netization and the reversed RM was preserved also after its magnetization
by the normally oriented geomagnetic field in the laboratory.

These characteristics have been used to differ the cubic spinel types of
Fe-Ti FriM-AFM phase carrying rocks from those of the tetragonal types of
the Fe-Ti FriM-AFM phase carying rocks. in general.

As it was mentioned above, the temperature dependent measurements
of κ of the two sublattice Fe-Ti FriM-AFM phase systems are governed by
their Curie constants CA and CB , proportions of their quantities, and also
with the forces of three types nAAJA, nABJAJB and nBBJB exchange in-
teractions. The most intense is the A−B interaction. The actual Eqs. (6)
(7) are above. The isolated ferrimagnetic Fe-Ti oxides are dominantly the
products of both, the oxidation-alteration process of the Ti-Mt containing
rocks, or the products of the decomposition of the Fe-Ti FriM-AFM ChPs in
the rocks. There are present magnetite, hematite as the dominant minerals,
except of the Ti-Mt and the non magnetic ilmenite and pseudobrookite in
the rocks. If the isolated ferrimagnetic products are as dominant magnetic
phases there in the rock, they carry dominantly normal RM. We can de-
tect them at about 565–570 ◦C for magnetite, and at about 600–640 ◦C for
hematite on the thermomagnetic curves during heating to 700 ◦C. If they
have survived after heating, under duration of about 30 minutes. they are
able to acquire the normal RM again.

6.3. Normal before, normal after magnetization (Fig. 7)

I took into account the polarity of the inclination of the RM of rocks. A
similar behaviour concerns the 91 studied samples. All samples of rocks
of this grouping have possessed the more oxidized Fe-Ti magnetic phases,
the hematites, in some of them with magnetites. These hematites are of
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Fig. 7. Normal before, normal after magnetization: The temperature dependence
of κ of sotfly powdered sample during heating to 700 ◦C and cooling to lower temper-
atures. Samples: krv93-1 (93-6, 1/κ curve) – andesite, Sielnica Formation, Kremnické
vrchy Mts.; poj345b1, (jap345a1, 1/κ curve) – andesite Detva Formation, Pol’ana-Javorie
Mts.; data in a picture: κ – magnetic susceptibility ×10−6 in SI Units; M – magnetization
(remanent magnetization for the rocks of normal polarity and spontaneous for the rocks
of reversed polarity) in mA/m – milli Ampere over meter; Q – Koenigsberger coefficient;
I – inclination, D – declination of magnetization, respectively in a ◦; data in a round
bracket – data after laboratory magnetization of the samples; M′ – a value of magneti-
zation in mA/m, I, D – inclination and declination of RM of sample respectively after
magnetization of sample in thelaboratory; TC , T

′
C – Curie temperatures after heating

and cooling, respectively after magnetization of sample; TV – Verwey transition tempera-
ture of the magnetite; TN , T′

N – Néel temperatures of the Fe-Ti antiferromagnetic phase
after heating and cooling of sample respectively; T′′

C – Curie temperature of the Fe-Ti
antiferromagnetic phase after cooling of the sample.

secondary origin and they originated due to the decay of the Fe-Ti AFMP,
the titanomaghemite during its heating over TN in the field. The magnetite,
or the Ti-Mt are the products of the decay of the Fe-Ti AFMP. A successive
alteration of the magnetite, through the maghemite occurs and the hematite
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is the resulting and final product of this alteration. The magnetization is
mostly of chemical (CRM) origin, only in the rare cases could be acquired as
the thermoremanent (TRM) origin in the basaltic and the andesitic rocks.
It means, that if there are present these hematite and the magnetite as
the dominant minerals in the rocks, only the normal magnetization can be
induced in the field and also in the laboratory, during magnetization by
a normally oriented magnetic field. There are 17 samples which possessed
reversed magnetization before laboratory magnetization. We see from Fig. 9
that the Fe-Ti AFM phase has not been preserved during heating to 700 ◦C
and a successive cooling of the samples. So, the Fe-Ti AFM phase was
decayed in the field and the secondary magnetite through maghemite to
hematite were transformed. So the only normal magnetization was induced
in these rocks in the laboratory.
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Fig. 8. Reversed before, reversed after magnetization: The samples: (Bořen3-
2, Bořen3-1, 1/κ curve) – nepheline phonolite, North Bohemia; (krv12-1, krv12-3, 1/κ
curve) – andesite, Turčok Formation, Kremnické vrchy Mts. For further descriptions and
explanations see in Fig. 7.
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Fig. 9. Normal before, reversed after magnetization: The samples: (krv21-1,
Krvr21-2, 1/κ curve) – andesite, Turčok Formation Kremnické vrchy Mts.; poj352c1,
Jap252a2, 1/κ curve) – andesite, Vel’ká Detva Formation, Pol’ana-Javorie Mts. For further
descriptions and explanations see in Fig. 7.

6.4. Reversed before, reversed after magnetization (Fig. 8)

A role in these samples plays the Fe-Ti AFM phase with its magnetic be-
haviour. The Fe-Ti FriM-AFM phase was there in the sample before lab-
oratory magnetization and it has been preserved also after the laboratory
magnetization in the sample. A similar behaviour have shown 63 samples
having the reversed magnetization. In 39 samples of rocks, having a nor-
mal RM before magnetization possessed also a more oxidized phase, mostly
magnetite. This was partially transformed to hematite before the magne-
tization of the sample. But during its heating to 700 ◦C and cooling this
portion was reduced and dominantly the Fe-Ti AFM phase was preserved
in the sample. During repeated heating of the sample a transition of the Fe-
Ti FriM-AFM cubic spinel phase to the Fe-Ti FriM-AFM tetragonal spinel
phase took place in the system. Such behaviour was seen in 39 samples (an
example see in Fig. 9). From Fig. 8 we see that the shape of the 1/κ curve
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Fig. 10. Reversed before, normal after magnetization: The samples: (krv64-2,
Krvr64-3, 1/κ curve) – andesite, Zlatá Studňa Formation, Kremnické vrchy Mts.; poj399-
1, JaP399a3, 1/κ curve) – andesite, Rohy Formation, Pol’ana-Javorie Mts. For further
descriptions and explanations see in Fig. 7.

of sample Boren3-1 is very near to that of a parabola like shape, charac-
teristic for the reversed RM of samples. These more oxidized minerals are
of a secondary origin. There are frequently present some combined Fe-Ti
FriM-AFM phases in these chemical compounds, having partially the Fe-Ti
cubic spinels and those of the Fe-Ti FriM-AFM phase tetragonal spinels.
This feature is indicated by an enhanced TN point from about 450 to about
500 ◦C and by a missing of domain structure in such samples of rocks. But
the preservation of the reversed RM in these types of the Fe-Ti tetragonal
spinel containing rocks is the most characteristic feature (see in Figs. 4–6).

6.5. Normal before, revered after magnetization

There were originally present both, the cubic spinel and the tetragonal spinel
ChPs in these rocks. A partial destroying of these antiferromagnetic phases
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Fig. 11. An anomalous magnetic behaviour: The samples: PoJ323-1, autometa-
morphed andesite, Abčina Formation, Pol’ana-Javorie Mts.; Stf155-5, biotite-hornblrnde
andesite of Studenec Formation; Sk38-5, autometamorphed andesite, Sitno effusive Com-
plex, Štiavnické vrchy Mts.; St-102-13, biotite-hornblrnde andesite of Studenec Formation,
Štiavnické vrchy Mts.; For further descriptions and explanations see in Fig. 7.

produced the individual Fe-Ti oxides which were remagnetized in the field.
The directions (I, D) of the RM are mostly anomalous ones. A high stabil-
ity of a previous reversed RM is a main characteristic which remagnetized
the secondary components and the resultant RM has becommed to be as
the reversed RM of the rocks, after heating in the laboratory. The thermo-
magnetic curves detected the TC of over 600 ◦C and the TN temperatures
at about 450◦ and 500◦, respectively during heating (red curve), and of
about T’C about 550 to 570 ◦C during cooling of sample (blue curves). The
TN temperatures were detected at about 450◦, 500 ◦C, respectively during
cooling of samples. The 1/κ versus temperature curves have shown the anti-
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ferromagetic Fe-Ti FriM-AFM behaviour with a TN temperatures at about
599 ◦C.

6.6. Reversed before, normal after magnetization

There were originally present both, the cubic spinel and the tetragonal spinel
ChPs, differing the TN temperatures in these rocks. A partial destroying of
these antiferromagnetic phases produced the individual Fe-Ti oxides which
were remagnetized in the field in favour of normal directions of the RM
(the directions are close to the direction of the geomagnetic field in the
laboratory). The thermomagnetic curves detected the TC of over 600 ◦C
during heating (red curve), and during cooling of sample (blue curves). The
1/κ versus temperature curves have not detected the antiferromagetic Fe-
Ti FriM-AFM behaviour, no TN temperatures were detected. The X-ray
diffraction analysis identified the tetragonal γ-Fe2O3 spinel, rhombohedral
α-Fe2O3 in the samples of autometamorphed andesites PoJ323-1, Sk38-5,
and in the biotite-hornblende andesite St-102-13. Low portion of magnetite
(in the A sublattice) was also detected by the Mössbauer spectroscopy. The
high portion of FeO and mostly low portion of TiO2 were identified by the
electron microprobe analysis in these samples. We can deduce that the
rocks, as that represented by the samples in Fig. 11 survived the alteration-
transition process in nature. They had originally the reversed RM, which
was dominantly preserved also after the alteration-transition process.

7. Discussion and conslusions

So far, nearly all authors in a study of the magnetism and the paleomag-
netism of rocks have accepted an explanation that the reversed RM of the
rocks originated due to reversally oriented geomagnetic field in the time
the rocks originated. An attractivity of this hypothesis was enhanced after
the publication of geophysical measurements under the seas and oceans and
the interpretation of marine magnetic anomalies. Many variable Geomag-
netic Polarity Time Scales (GPTS) have been constructed, e.g.Heirtzler et
al., 1968; Kent and Grantstein, 1986; Berggren et al., 1995; Candl and
Kent, 1995; Kent and Olsen, 1999; Huestis and Acton, 1997; and oth-
ers. The Pleistocene to Early Miocene Time Scale (Berggren et al., 1995)
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is a very complex one. It is based on the RM polarity intervals of rocks,
complemented by the Planctonic foraminifera and Calcareous nanoplanc-
ton data, ranging in the age from present time to 24.6 My. The GPTS of
Kent and Olsen (1999) was constructed using the stratigraphic and magne-
tostratigraphic analyses from approximately 5000m thick composite section
obtained by scientific coring in the Newark rift basin of eastern North Amer-
ica. Only normal polarity was found in approximately 1000m of interbedded
volcanics and continental sediment of earliest Jurassic age but a total of 59
normal and reverse polarity magnetozones are delineated underlying 4000m
of the Late Triassic continental sediments. Generally the polarity timescale
intervals are very irregular, reflecting also a very irregular dynamics of the
geomagnetic field in the past. The GPTS have been frequently applied by
specialists for the magnetostratigraphic interpretations. As we have known,
the field-reversal theory was applied as a dominant in the paleomagnetism
and in the study of magnetism of the rocks. The geomagnetic polarity
timescales have provided one of the few lines of the empirical evidence of
the geodynamo dynamics (Kent and Olsen, 1999). We do exactly know only
today’s orientation of the field with its short period and long period vari-
ations, applying the observatory measurements. Some known model see in
Olsen and Mandea (2007).

There are presented above the complete new, original approaches for the
explanation of the origin of the reversed remanent magnetization of rocks on
Earth. The explanation is based on the existence of the Fe-Ti ferrimegnetic-
antiferromagnetic chemical phases of the two sublattice systems in the rocks.
There exist the interactions of these Fe-Ti FriM-AFM ChPs with the Weiss
molecular field-Heinsenberg forces, generating the reversally oriented inter-
nal magnetic field. A production of the reversed spontaneous magnetization
is a consequence of these processess. So, the Fe-Ti FriM-AFM ChPs in the
rock, the local molecular fields with so called Weiss-Heisenberg forces (Néel,
1971) are decisive for the acquirement of the reversed magnetization in
the rock. The basic ChPs in the rocks is supposed to be the Fe-Ti FriM-
AFM cubic spinel. But it has a tendency to be altered and transitioned
in favour of the tetragonal spinel. A very important knowledge is that the
reversed magnetization is supposed to be imparted from the cubic spinel to
the tetragonal spinel during this alteration-transitopn process in the rock.
As a result, more stable RM has been preserved in these tetragonal spinels
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(this part of my new idea call for more complex evaluation of knowledge
about this problem). The central point of the above mentioned processess
is the internal field, which is generated by the Weiss molecular field in the
system.

More complex explanation of the reversed magnetization of rocks will
be complemented in a future by analyzing the magnetizing processes ap-
plying the available knowledge (Brož, 1962; Hajko et al., 1982; Vonsovskij,
1971). From the results we see that there have been generated two differ-
ent types of mechanisms during magnetizing of samples versus temperature.
The shifting of the domain walls and the magnetizing vector of spontaneous
magnetization rotation. If it is so, the magnetizing vector of spontaneous
magnetization rotation is exclusively actual only for Fe-Ti FriM- AFM ChPs
in reck.

The effective laboratory methods for the detection of the magnetic be-
haviour of the Fe-Ti FriM-AFM ChPs containing in the rocks are described
as well. I need to empasize that the application of the magnetic methods
and procedures has played the very important role to reveal the presented
new phenomena. A very favourable knowledge is that we are able to study
the Fe-Ti FriM-AFM ChPs containing rocks also by the Curie and the TN

temperature measurements of powdered rocks (see above).
The presented results have allowed to establish a complte new model:

1) Only the normal RM can be find in the rocks, containing the isolated Ti-
rich titanomagnetite, the isolated non-stoichiometric, or pure magnetite,
the isolated non-stoichiometric, or pure hematite.

2) Only the reversed RM can be find in the rocks, containing the Fe-Ti
FriM-AFM ChPs, either of the cubic, or the tetragonal symmetry. The
complementary are the results of the self-reversal origin presented in a
review above.

My final statement: the above presented results have shown that we
do not need to apply the field reversal theory, because I have revealed the
realistic mechanism which is able to generate the reversed RM of rocks
under a presence of the normal geomagnetic field. The presented results
have shown that we do not need to apply the field reversal theory, because I
have revealed the realistic mechanism which is able to generate the reversed
RM of rocks under a presence of the normal geomagnetic field.
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Orlický O., Funaki M., 2001: Magnetic study of individual Fe-Ti oxides separated from
the rhyodacite of the Haruna Volcano (Japan) and the dacite ash of Mount Pinatubo
(Philippines). Contr. Geoph. Geod. 31, 3, 537–556.
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Orlický O., 2002b: Field-reversal versus self-reversal hypothesis: Paleomagnetic proper-
ties, magnetic mineralogy and the reproducible self-reversal RM of the Neogene an-
desites from the Javorie and Pol’ana mountain range (Part III). Contr. Geoph. Geod.,
33, 2, 91–128.

110



Contributions to Geophysics and Geodesy Vol. 48/1, 2018 (75–112)
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Orlický O., 2010b: A realistic approach to explanation of the normal and reversed rema-
nent magnetization of rocks: Application for submarine volcanics. Contr. Geophys.
Geod., 40, 2, 159–172.
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Orlický O.: A new original conception in rock magnetism . . . (75–112)
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