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CURIE TEMPERATURES OF THE Fe-Ti OXIDES OF BASALTS:
IS IT POSSIBLE TO USE CURIE TEMPERATURES TO ASSESS

THE SOURCE OR THE DEPTH OF ORIGIN OF THE Fe-Ti
OXIDES AND RELATED BASALT MAGMAS?

OTO ORLICKY

Geophysical Institute, Slovak Academy of Sciences, Dibravsk4 cesta 9, 842 28 Bratislava, Slovak Republic
(Manuscript received March 16, 1995; accepted in revised form October 10, 1995)

Abstract: The Curie temperatures (T of magnetic Fe-Ti oxides of basalts from 31 localities of Central and Southern
Slovakia were measured. Titanomagnetites (TMs) are magnetic minerals in basalts with an ulvospinel content in the range
from 30 te 70 %. The results of the laboratory tests proved a specific property of the TMs. They are able to change very
easily their previous composition depending on either oxidative or reductive conditions. The original magnetic phases (of
low T < 300 °C) have been preserved in most of basalts. We suppose that the original — quasi homogeneous TMs were
formed within a "dry magma”. The basalts from 19 localities contain two magnetic phases. One of them has the Te<
300 °C (it is supposed to be the quasi-primary one), and the second — more oxidized phase (T~< 490-610 °C). There are
basalts of eight localities containing only one, more oxidized phase (T < §38-600 °C). Fe,0,, Fe,0, and other Fe-Ti
oxidized products are present in these basalts. These basalts are located near Kysihybel-Kalvéra, Savol, gid, Konrddovce,
Blhovce, Blhovee Buda, Pohansky vrch (most of them are located in the NE part of the Cerova vrchovina Upland). The
basalts with only one, more oxidized magnetic phase (T < 538-600 °C) were formed probably from a "wet” (saturated
by magmatic water) magma. | tried to'assess the depths of the origin of basalt magmas, based on the T of the TMs of ba-
salts, applying an idea of Petchersky et al. (1981). (The T of the quasi-primary phase — T <300 °C of the TMs oxides
were used). The assessed depths are in the range 35-59 km in Central and Southern Slovakia. Huraiovd & Kone¢ny
(1993) estimated that xenoliths were uplifted from depths of 35-85 km in Southern Slovakia. Fediuk (in Bucha &
BliZkovsky et al. 1994) deduced from the evaluated results of thermodynamic calculations that balancing of lherzolite
nodules took place at depths of about 50-80 km (i.e. under conditions of the uppermost mantle) — in the north of Bohe-
mia, north of Moravia and south of Slovakia. The upper mantle/lower crust boundary lies ca. 27-29 km (Bezik et al.
1995) and melted asthenospheric material lies in the depth ca. 80-60 km, according to Sefara et al. (in press).

The assessed depths of origin of basalt magmas based on the Curie temperatures of the TMs are compared with the data
obtained by other authors. Geological phenomena and physico-chemical conditions have been considered in this contribu-
tion, to support or deny an idea for deriving the depth of origin of basalt magmas based on the Curie temperatures of the
TMs of the basalts.
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Introduction

Alkali basalt volcanism in Central and Southern Slovakia was
active from the Late Miocene to Quaternary time (Koneény et
al. 1995). Effusive forms prevail over the explosive or intru-
sive products.

Basaltic volcanics come from the area of Central Slovakia
(Kalvéria Basalt Complex; 8.0-6.6 Ma). The products of Po-
drecany Basalt Formation, extending on the western part of the
Ludenec Basin, are slightly younger, being dated to 7.2-6.4 Ma.
The alkali basalts of Cerova Basalt Formation are younger
(Pliocene to Quaternary age, dated to 5.43-1.16 Ma, Konedny
et al. 1995). Majority of basalts of the Cerova Basalt Formation
were activated in the course of the reverse polarity of the geo-
magnetic field — in the intervals: 2.09-2.48 Ma (minor portion);
0.97-1.65 Ma (dominant portion of basalts, Orlicky et al. in
press). Cinder cone Putikov viok and related lava flows in
Central Slovakia are the youngest products of basaltic activity

in Slovakia (0.53+ 0.16 Ma — K/Ar data; 0.13-022 Ma, according
to the geological position of the basalts; Koneény et al. 1995).

Recently, the composition, and the Curie temperatures of
the magnetic minerals of basalts were sudied by Nairn (1966),
Kropdcek et al. (1981), Orlicky et al. (1982, 1992, in press).
The main magnetic minerals of basalts from Central and South-
em Slovakia are the titanomagnetites (TMs) — Fe; Ti,0,, with
the compositional parameter x = 0.3-0.7, according to Orlicky et
al. 1992. While there is quite comprehensive knowledge about
the evolution of the Neogene-Quaternary alkali basalt volcanism
of Central and Southern Slovakia, information about the source
of the basalt magma, as well as its depth level are very poor.

Pechersky et al. (1981) derived an empirical formula to esti-
mate the depth of a basalt magma chamber, using the mean
Curie temperature (T) of the Fe-Ti oxides of basalt lava
flows. They found linear dependence between the value of the
mean T of the TMs of basalts and the mean depths of basalt
magma chambers.
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Fig. 1. Sketch map: Basalts of the Central and Southern Slovakia. 1 — Putikov ViSok Complex, 2 — Basalts of the Ostra lika, Dobra Niva
and Devicie, 3 — Kalvdria Basalt Complex, 4 — Podrecany Basalt Formation, 5 — Cerova Basalt Formation, 6 — number of locality, 7 —
mean Curie temperature of the Fe-Ti oxides of basalts, 8 — derived depth of the origin of basalt magma, 9 — volcanic phases 1-7.

The Curie temperatures of the TMs of basalts, as well as the
data of Pechersky et al. (1975, 1981) were used to contribute
to the solution of the problem concerning the deriving of the
depth of the basalt magma sources in the areas of Central and
Southern Slovakia. We also present some results for basalts
from the Bohemian Massif, Syria and Nigeria.

Methods and basic results

The studied basalts were collected from 31 localities (loca-
tion of basaltic bodies see Fig. 1). The detection of the Curie
temperatures (To) of the Fe-Ti oxides of basalts was per-
formed using the apparatus and the procedure described by
Orlicky (1990). Most samples of the magnetic fraction were
measured in the air (in the interval -196 to 700 °C, or 20-
700 °C; Fig. 2). Several specimens were measured in vacuum
( 10410 ° Torr.,, Fig. 3) to detect the alteration of the TM
without the presence of oxygen. Some samples (placed into
the quartz ampoule, vacuum 10" 4-10 3 Torr) were heated up
to 850 °C, kept there about 2 hours in the furnace at the con-
stant temperature 850 °C, and cooled to room temperature.
Thermomagnetic curves show that natural Fe-Ti oxides of ba-
salts mostly contain two magnetic phases of different T One
of them is the dominant phase, the other is only a minor por-
tion. Samples from several localities contain only onc mag-
netic phase with high T (Tab. 1). The TMs contain magnetic
phases with different T~ (120 °Cto ca. 610 °C, Tab. 1).

Short description of the titanomagnetites and their alterations

The TMs have a variable composition between magnetite
(Fe40,) and ulvospinel (Fe,TiO,). Both of these minerals
have the cubic crystal structure which allows a complete solid
solution, the titanomagnetite series (Fe; ,Ti, O,) to exist be-
tween them. The change in composition from magnetite to-
wards ulvospinel is marked by an increase in size and distor-
tion of the cell, also by a change of magnetic and other
characteristics, including their Curie temperatures (T().

The composition of TMs is also influenced by alteration
processes. Two main alteration processes can determine the
state of the Fe-Ti oxides in basalts. These processes have been
termed — deuteric oxidation, which is active between 800 °C
and 500 °C during initial cooling, and regional hydrothermal
alteration, acting between 0 °C and 300 °C, during post-erup-
tive burial of younger material (Ade-Hall et al. 1971).

Readman & O’Reilly (1970) studied the alterations of the
TMs in detail. The authors revealed that an original TM was
inverted into the two-phase intergrowth (spinel and rhombo-
hedral phase) after heating to 700 °C and successive cooling.
The spinel phase comprises a mineral close to magnetite (in
composition) containing a small quantity of Ti and vacancies,
and a mineral richer in iron than the original TM. The rhom-
bohedral phase compriscs a mineral near to ilmenite (less Ti
rich in composition than ilmenite), a mineral near to hematite
in composition, pseudobrookite — Fe,TiOg, and anatas —
TiO,. We sce that complex Fe-Ti oxide also originated duc to
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Fig. 2. Thermomagnetic curves of magnetic Fe-Ti oxides of basalts: 1/2 — number of sample, X, Ky, —

magncetic susceptibility of the sample at

the temperature T and maximal value of magnetic susceptibility from the set of data (xy4,,); —, <=, heating, cooling of the sample respectively.

heating and cooling of the previous — quasi homogeneous
TM in the oxidative conditions.

The results of the fully automated measurcments of a
change of the magnetic susceptibility (x) of samples of the
TMs induced by temperature in both, oxidative and reductive
conditions are given in Fig. 3.

The TM No. 101/7: this TM was scparated from basaltic
rock from Central Slovakia. The Méssbauer spectrum of the
sample has shown very broad, non-Lorentzian lines (Fig. 4).
The following portions of both Fe and Ti were detected using
the electron microprobe analysis: FeO = 73.06 % and TiO, =
25.24 %. The compositional parameter (x) of the TM No.
101/7 sample was evaluated on the basis of the Fe/Ti ratio, ac-
cording to Reidar et al. (1982), and Furuta (1993). Its value is
x = 0.71. The composition of this TM is Fe, ,¢Ti; 7,0, The
content of the ulvospinel in this sample is 71 %. The Curie tempera-
ture of the sample in its basic state is T-= 100 °C. The compo-
sition of this TM is very close to that of a homogeneous TM.

The results presented in Fig. 3 (samples 1017, 101/7,a-
101/7,g; samples of compact picces of basalts — less than
5 mm — 21/2, 21/4, 21/4,k; samples 101/7,k and 21/4,k were
measured at an alternative preselected constant temperature)
have shown that new — more oxidized magnetic phases origi-
nated during heating and successive cooling of the sample in
the oxidative conditions. For example while sample 101/7 has
Te= 100 °C, sample 101/7,g has T(-= 520 “C, after its heating
to 700 °C and successive cooling to room temperature. The
sample composition is 24.38 % hematite, 18.41 % maghemite,
19.12 % an oxide close to Fe4Oy, and 38 % of paramagnctic
components in the sample, according to evaluated data of the
spectrum (in Fig. 4). The sample corresponds to titanomaghemite
in composition. The T of the converted Fe-Ti oxide does not
correspond to that of the magnetite, or hematite.

The samples 101/7,v; 1/11,v; 1/20,v were measured in vac-
uum 10 *-1073 Torr (heating to 600 °C; cooling from 600 °C
down to room temperature). The T of the main magnetic
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Fig. 3. Thermomagnetic curves of magnetic Fe-Ti oxides of basalts: xp, X\,, and —, ¢« see as in Fig. 2. 101/7 — number of TM of composi-
tion Fe, 5oTi; 7,0, of basaltic rock; 101/7-101/7a-g, 21/2, 21/4 — measurements of samples in air from room temperature to different maxi-
mal temperatures; 101/7,f,g, 21/4 — repeated measurements whith samples which were firstly measured to 350 °C (101/7,f; 21/4) and to
700 °C (101/7,g); 101/7,k, 21/4,k — measurements in alr at constant temperature 312 °C (101/7,k) and 430 °C (21/4) during 90 minutes;
101/7,v, 1/11,v, 1/20,v — measurements in vacuum (10 4107 Torr) from room temperature to different maximal temperaturm 1/16,v,T,
1/17,v,T, 1/20,v, T — measurements in vacuum (10 ‘10 Torr) after homogenization of samples of TMs in vacuum (10° 4,10 T(wrr) at con-

stant temperature over 850 °C during 2 hours.

phase is very close to that detected during heating of the same
samples in air: The second magnetic phase usually has a lower
value of T compared with that obtained by measurements of
the same sample in air. The second, more oxidized phase (if
any) of the sample has been removed and new quasi homoge-
neous TM of lower T originated during heating and succes-
sive cooling down to room temperature (Fig. 3, 101/7,v — T =
75 °C, instead of T~ 100 °C; 1/11,v — T= 150 °C, instead of
Te=220°C; 1/20,v — T= 170 °C, instead of T-= 220 °C).
Samples 1/16,v,T; 1/20 v,T, 1/17,v,T; (20 400 °C; 20-
200 °C; 20-700 °C, respectively). The samples were placed
into a quartz ampoule — (vacuum 10°*-10-% Torr). The sam-
ples were heated to 850 °C, kept there for 2 hours at constant
temperature in the furnace, and cooled to room temperature.
The shape of the thermomagnetic curve is the same during
heating and cooling (1/16,v,T; 1/20,v,T;). The T of the sam-
ples was lowered with respect to those obtained by measure-
ments of the same samples in the air (in air: 1/16 — T
=220°C, 1/20 — T¢ = 220°C; in vacuum: 1/16 — T
100 °C, 1/20 — T = 98 °C). The measurements of sample

1/17,v,T were taken up to 700 °C (Fig. 3). Evidently a lower
T of the sample has been obtained during heating, compared
with that detected by measurements of the same sample in air
(in air: T~= 220 °C; in a vacuum: T~= 120 °C — during heat-
ing, T= 96 °C — during cooling of the sample).

The presented results have verified that the composition of
the TMs and the Curie temperatures of the TMs depend on the
presence/absence of oxygen, during their heating or cooling.
We can postulate that the TMs have a very specific property
— they are able to change their previous composition very
casily depending on oxygen fugacity.

Basic results

The basic results are presented in Tab. 1, in Fig. 2 and fig-
ured in Fig. 1. We sce from Tab. 1 and Fig. 2 that the original
magnetic phases (of low T-< 300 °C) have been preserved in
most of basalts (single phase, or together with a more oxidized
one). The basalts from 19 localitics contain two magnetic
phases. One of them with the T(.< 300 °C (it is supposed to he
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Num- - [Num- Domi- |Depth
Volca- ber ber Geographic |73, |Tc, [nant |of mag-
nic |Age |of Name of locality of coordinates |[°C]|[°C]|phase jma
phase |(m.y.)|loca- sam- | o AL Tc[°C]|chamber
lity ples [km]
2 |Kalvaria 2 [48.46018.917} 580| 580 -
. {76 4 |NW of Dobra Niva 2 |48.486119.067|160}570| 570 54
1 |- 5 |Devifie 5 148.317]19.030160 1570 | 570 54
6.3 6 |Podrecany 5 148.399119.608{220560| 220 45
7 |Podrecany - ToméaSovce 4 148.390119.625{1901570| 190 50
8 |Maskova 2 148.320119.576140 {560 140 58
5.7 21 |Steblova skala 4 148.250119.986 {140 570 140 58
2 |- 23 |[Belina 2 148.237/19.863|180 {560 | 560 51
4.5 28 {Pohansky vrch 2 148.200119.922 600| 575 -
31 |Somoska 7 148.170119.842]220}580| 220 45
3 [3-25 | 24 |Hajnalka - Castle 3 [48.219}19.957|160}490| 490 54
14 |Bulhary 3 ]48.288]19.862|190 {560 190 50
15 |NV of Sid 2 |48.287|19.873 - | 570 -
2.5 16 |Trebelovce 4 148.287119.716{150|580| 150 56
4 |- 17 {Filakovské Kovale 3 148.284119.747|170 {570 | 170 53
1.7 18 |Blhovce 2 148.278119.957 590 | 570 -
19 |Blhovce - Buda 2 148.266119.957 5901 590 -
20 |WWS of Filakovo, Ratka| 3 [48.264(19.790{120|560| 120 61
22 {SW of Filakovo, Ratka 2 148.250119.786{120 560 120 61
9 |SE of Velké Dravce 3 148.348119.8421150/550| 550 56
10 |NE of Savol 2 [48.310]19.855 580| 570 -
1.7 11 {Konrddovce 3 [48.296]19.879 5801| 540 -
5 - 12 |Konradovce 4 148.294]19.883 5761 538 -
1.0 25 Hajnacka - Ragal 2 148.224119.990|170 {550 170 53
27 1Sovi hrad 3 148.228119.908|130{610| 610 59
30 {Duniva hora 3 148.176(19.8711280|570| 280 35
7 (()(.)52) 1 |Brehy 14 148.410118.6501220 { 560 | 220 45
T4, - values used for the deriving of the depths of the magma chambers.

the primary one), and the second oxidized phase with the T
=~ 490-610 °C. There are basalts from eight localities contain-
ing only one, more oxidized phase (T.~ 538-600 °C) with a
higher content of Fe;0,, Fe,O5and other Fe-Ti oxidized prod-
ucts. These basalts are located mostly near Kysihybel,
Kalvéria, Savol, 8id, Konradovce, Blhovce, Blhovee Buda,
Pohansky vrch. The basalts with only one magnetic phase
(with higher T ) probably arose from a "wet” (saturated by
magmatic water) magma.

Only the T of the non-oxidized magnetic phase (probably
the primary one) of the TMs of basalts can be used to derive
the depth of the basalt magma source. Petchersky et al. (1975,
1681) have presented an idea that primary composition of the
TMs of basalts can be reached by the rehomogenization of
natural TMs within neutral media at about 1000 °C. I have of
course used the T of the TMs in their natural state. The depth
(D) of the magma sources were calculated according to the
empirical formula of Pechersky et al. (1975, 1981):

D 4m)= 80-0.16 x T(- (in °C).

The derived depths of the basalt magmas are presented in
Tab. 1 and Fig. 1. The mean T~ and calculated depths of basalt
magma sources are as follows:

— Putikov viSok Complex (loc. 1 — Brehy) — T= 220 °C;

D =45 km

— Basalts of the Dobra Niva and Devicie localities (loc. 4, 5)
— Te= 160 °C; D = 54 km

— Podrecany Basalt Formation (loc. 6, 7, 8) — Te= 185°C;

D = 50 km

— Cerova Basalt Formation (loc. 16, 17,20, 22) — T= 140 °C;
D =58 km

— Cerové Basalt Formation (loc. 21, 25) — Te= 155 °C;

D =55 km

— Cerova Basalt Formation (loc. 27) — T= 130 °C;

D =59 km

— Cerova Basalt Formation (loc. 30) — Te=280°C;

D =35km

— Cerovd Basalt Formation (loc. 31) — T = 220 °C;

D =45 km
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Fig. 4. Mssbauer spectra of samples 101/7 and 101/7,g; sample 101/7 has a composition Fe, 54Tij 7/0,; sample 101/7,g originated from sam-
ple 101/7 during its double heating from room temperature to 700 °C and successive cooling.

The following depths of basalt magma sources for the indi-
vidual volcanic formations and complexes are estimated:
— Putikov viSok Complex (loc. 1, Central Slovakia) —
D =45 km
— Basalts of the Dobra Niva and Devicie localities —
D = 54 km
— Podre¢any Basalt Formation (Southern Slovakia) —
D = 50 km
— Cerovi Basalt Formation (Southem Slovakia) —
D 35-59 km.

Some examples of the study of the Fe-Ti oxides
of basalts from another countries

I also studied Fe-Ti oxides of basalts which were collected
from other countries (Orlicky et al. 1992). Quite low values of
the T of the TMs were detected in several basalts. Several
values of the T of the TMs and related depths of the basalt
magma sources are presented to make some comparison.

Bohemian Massif: olivine basalts and picrite basalts (age
— Tertiary to Quaternary). Obrnice locality — T = 60 °C;
D = 70 km.

Syria: albitized basalts and hyalobasalts (age 99.15-119.85 Ma
— Cretaceous). Latakya area, locality 8/1 — T, = 70°C;
D =69 km.

Nigeria: nepheline basanites (age 121.0-163.0 Ma — Cre-
taceous-Triassic). Runka locality RK-1 — Tq = 120 °C;
D =61 km.

We see from these results that primary TMs have been pre-
served in comparatively very old basalts and basanites.

Discussion

The composition of the TM is extremely dependent on the
T-fO, conditions of the last stable magma state (last chamber
where the magma has been for a sufficiently long time), con-
sidering the creation of the basalt magma in general. Equilib-
rium redox (fO,) conditions in the place of accumulation or
long standing of magma (primary or intermediate magma
chamber) are thought to be preserved in magma up to its out-
flow on the Earth’s surface (Pechersky et al. 1981). Differ-

ences in the depth conditions of rock formation and their in-
fluence on the magnetic properties, including T are known in
basalts of two types of tectonic structures: rift zones and is-
land volcanic arcs. The first ones are tension regions and are
characterized by a high penetration of litosphere (last magma
rising from the primary source; absence of interaction with
surroundings). According to statistics the primary TMs of ba-
salts in rift zones have T = 100-200 °C as a rule. The vol-
canic arcs (pressure regions) are defined by slow rise and
magma accumulation at relatively small depths (intermediate
chambers). Here the T of primary TMs varies from 100 to
500 °C in space, and especially in time (Pechersky et al
1681). The composition of the TM is influenced by water con-
tent and by other volatile oxidants which can be present
within the magma. Pechersky et al. (1981) found, that during

* "dry” melting of basalts in air crystalized TM with the T <

360 °C, while after water addition from 1 % to 10 % into the
melt (P = 3 kbar) TMs with the T = 500-540 °C were
formed. Pechersky et al. (1975, 1981) found that the composi-
tion of the primary titanomagnetites of basalts are correlated
to the depths of their magmatic sources, as proved by seismic
data in Kamchatka and Hawaii.

The question of the origin of basalt magma and related
magnetic Fe-Ti oxides is very important.

The basalts and the nepheline-rich rocks contain xenoliths
which indicate that these rocks have their source within the
mantle (Ehlers & Blatt 1980). The depth of origin is placed at
40-100 km in depth (Ehlers & Blatt 1980). Researchers have
found that seismic waves travel through the upper mantle at a
rate of more than eight kilometers per second, far faster than
they would pass through basalts (Bonatti 1994). The only ma-
terial that could possibly allow such a high velocity is a peri-
dotite. The specialists showed that gradual decompression of
very hot peridotite (1200-1300 °C, at pressures more than
10,000 atmospheres, which exist in the suboceanic upper
mantle roughly 100 km below the seafloor) melts up to 25 %
of the rock. The melt has a basaltic composition. It rises rap-
idly toward the surface. Peridotites consist mostly of the three
silicon-based minerals: olivine, silicate containing magnesium
and iron; ortopyroxene and clinopyroxene. Peridotites also
have small quantities of spinel, an oxide of chromium, magne-
sium and iron (Bonatti 1994). Fediuk (in Bucha & Blizkovsky
et al. 1994) have presented the results of the investigation of
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peridotite xenoliths of volcanics from the Czech and Slovak
Republics. The analyzed peridotite lherzoliths contain olivine,
orthopyroxene, clinopyroxene and spinel While olivine con-
tains only Fe (except for other Si-, Al-, Mg-, Ca-cations) cli-
nopyroxene and spinel contain both the Fe- and Ti-cations
(besides Si-, Al-, Mg-, Ca-cations, in both minerals, and Cr-,
Na-, K -cations in spinel). The results have shown that both the
Fe- and Ti-cations were present, as the basic components for
the formation of the TMs within the peridotites. We can pre-
sume that the TMs of basalts arose from minerals, which were
originally present in the peridotites.

Hoemle at al. (in Downes & Wilson 1995) showed that the
ultimate source of alkaline magmas of central and western
Europe is an upwelling which stretches from the Canary Is-
lands to Poland. The isotopic signature of this upwelling man-
tle can be detected in all Neogene alkaline magmatic activity
in Europe, including the Western Carpathians and the Pan-
nonian Basin. The location of magmatism is affected by local
tectonics (e.g. rifting and back arc extension). Downes & Wil-
son (1995) have shown that the alkali basaltic volcanism is the

product of an asthenospheric mantle source mixed with com-

ponents from the lithosphere.

Huraiova & Konecny (1993) studied the xenoliths of the spinel
Therzolits of alkali basalts of the locality Filakovské Kovade of
the Cerova vrchovina Upland (Southern Slovakia). The xenoliths
came from depths of about 35-85 km. Slightly reduced condi-
tions, compared to the alkaline province are confirmed by the
oxygen fugacity as well as by the presence of N,, CO in CO, rich
inclusions, according to the authors.

Fediuk (in Bucha & Blizkovsky et al. 1994) presented the
temperature balance and pressure values of lherzolite xeno-
liths of volcanics from the north of Bohemia, the north of
Moravia and south of Slovakia. He deduced from the evalu-
ated results of thermodynamic calculations that balancing of
lherzolite nodules took place at depths of about 50-80 km, ie.
under conditions of the uppermost mantle. The ultramafic
nodules of the three quite distant regions (Northern Bohemia,
Northern Moravia, Southern Slovakia) are "basicly identical
with partial diversities”. It has been deduced that a particular
layer of the uppermost mantle is, in the Czech and Slovak part
of Central Europe, homogeneous, in the first approximation.
In detail, however, it is characterized by inhomogenities
which are mainly quantitatively mineralogical, but derived
from that, also of a chemical nature.

Bezdk et al. (1995) and Sefara et al. (in press) modelled a very .
low thickness of the Earth’s crust (attaining ca. 24-26 km) in the -
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region. The upper mantle/lower crust boundary lies about 27-29
km beneath the Earth’s surface in the Cerova vrchovina Upland
area, according to their interpretation. Similarly, Hegediish et al.
(1993) modelled a very low thickness of the Earth’s crust in the
Pannonian Basin (22 km). The melted astenospheric materials
have risen to very low depths beneath the surface (ca. 80-60 km),
according to Bezik et al. (1995).

The derived values of the depths of the basalt magma
sources based on the Curie temperatures of the TMs of basalts
of Central and Southern Slovakia are in the range 35-59 km.
Ehlers & Blatt (1981) have supposed that the xenoliths have
their source within the mantle, at depths of 40-100 km.
Huraiovd & Koneény (1993) have derived that the xenoliths
of spinel lherzolits of alkali basalts of Southern Slovakia rose
from depth of about 35-85 km. Fediuk (in Bucha & Blizkovsky
et al. 1994) has deduced that balancing of lherzolite nodules

took place at depths of about 50-80 km (under conditions of
the uppermost mantle) in the north of Bohemia, north of
Moravia and south of Slovakia. We see that the derived depths
of basalt magma sources based on the Curie temperatures of
the TMs correspond quite closely with those presented by
other authors. But Koneény P. (written communication) has
deduced that basalt magma is supposed to be in liquid state at
such a depth under Southern Slovakia, hence the crystelliza-
tion of the Fe-Ti oxides could hardly be expected in su::h con-
ditions. In this respect we can also consider the other possibil-
ity for the origin of the TMs with the low Curie temperatures
(homogeneous TMs). Laboratory tests have verified that the
TMs are able to cha=_¢ their previous state (the compos:tion),
depending on cither oxidative or reductive conditions. W.> can
assume that if there are reductive conditions during an up-
welling of basalt magma (even during its standing on the
Earth’s surface), TMs of low Curie temperatures should be
formed at any depth level. In such a case the derived depths of
basalt magma sources based on the Curie temperatures of

- .TMs will be ambiguous.

I expect that the method of deriving the depth of the basalt
magma source based on the Curie temperature of the TMs will
be perfected in the future.

References

Ade Hall J. M., Palmer H.C. & Hubbard T.P., 1971: The magnetic and
opaque petrological response of basalts to regional hydrothermal
alteration. Geophys. J. Roy. Astron. Soc., 24, 137-174.

Balogh K., Mihalikovd A. & Vass D., 1981: Radiometric dating of
basalts in Southern and Central Slovakia. Zdpad. Karpaty, Ser.
Geol,, 7, 113-126.

Bezdk V., Sefara J., Bielik M. & Kubes P., 1995: Lithospheric struc-
ture in the Western Carpathians: geophysical and geological in-
terpretation. Miner. slovaca, 27, 169-178.

Bonatti E., 1994: The Earth’s mantle below the oceans. Scientific
American, March 1994, 44-51.

Bucha V., Blizkovsky M. et al., 1994: Crustal Structure of the Bohe-
mian Massif and the West Carpathians. Academy of Sciences of
the Czech Republic, Prague, 277-288.

Downes H. & Wilson M., 1995: Alkaline Basalts in Pancardi - are
they Plume-Related? Abstracts, EUROPROBE Workshops-Pan-
cardi, Stard Lesnd, 7.

Ehlers E.G. & Blatt H., 1980: Petrology, Igneous, Sedimentary, Meta-
morphic. W.H.Freeman & Company, San Francisco, 240-245.
Furuta T., 1993: Magnetic properties and ferromagnetic mineralogy

of oceanic basalts. Geophys. J. Int., 113, 95-114.

Huraiovd M. & Konecny P., 1993: P-T conditions and oxidative state of
the Upper Mantle 6n the Southern Slovakia. In: Geodynamical
model and deep structure of the Western Carpathians. Konferencie-
Sympdzia-Semindre, GUDS, Bratislava, 169-173 (in Slovak).

Konetny V, Balogh K., Odicky O., Lexa J. & Vass D., 1995: Evolution
of the Neogene-Quaternary alkali basalt volcanism in Central and
Southern Slovakia. XV Congress of the Carpatho-Balkan Geo-
logical Association, Sept. 17-20, Athens, Greece, 533-537.

Kropdlek V., La¥ovi¢kovd M. & Bochni&ek J., 1981: Magnetic and
electrical properties of basaltic rocks from South-Eastern
Slovakia. Shor. Geol. Véd, R UG, 17, 87-100.

Mihalikovd A., 1966: Petrographical & petrochemical characteristic
of basalts of SW Slovakia. Shor. Geol. Vied, Rad ZK, 151-190
(in Slovak).

Naim A.E.M., 1966: Paleomagnetic investigations of the Tertiary and
Quaternary igneous rocks; a paleomagnetic study of the Central
Slovakian Province. Geofyz Sbor., 252, 359-431.

Orlicky O., Kropdlek V. & Vass D., 1982: Palaeomagnetism and ra-
diometric ages of alkaline basalts of SW Slovakia. Miner.
slovaca, 14, 97-116 (in Slovak).



58 ORLICKY

Orlicky O., 1990: Detection of magnetic carriers in rocks: results of
susceptibility changes in powdered rock samples induced by
temperature. Phys. Earth. Planet. Inter., 63, 66-70.

Orlicky O., Cafio F, Lipka J., Mihalikova A. & Toman B., 1992: Fe-
Ti magnetic minerals of basaltic rocks: A study of their nature
and composition. Geol. Carpathica, 43, 5, 287-293.

Orlicky O., Balogh K., Kone¢ny V., Lexa J., Tinyi I. & Vass D.,
1996: Palacomagnetism and radiometric ages of basalts of the
Central and Southem Slovakia. Geol. Carpathica, 47, 21-30.

Pechersky D.M., Bagin VI., Brodskaya S.Yu. & Sharonova Z.V.,,
1975: Magnetism and formation conditions of igneous rocks.
Nauka, Moscow, 1-253 (in Russian).

Pechersky D.M., Tikhonov L.V. & Sharonova Z.V., 1981: Influence
of magmatic condition and secondary alterations of volcanic

rocks on titanomagnetite properties. Review of works of petro-
magnetic group of the Institwe of Physics of the Earth , Acad.
Sci. USSR, Moscow. Preprint N 8, 1-26.

Readman P.W. & O’Reilly W., 1970: The synthesis and inversion of
non-stoichiometric titanomagnetites. Phys. Earth. Planet. Inter.,
4,121-128.

Reidar L. & Mitchel J.G., 1982: Complete remagnetization of some

Permian dykes from western Norway induced during burial up-
lift. Phys. Earth. Planer. Inter., 30, 415-421.

Sefara J., Bielik M., Konelny P, Bezdk V. & Hurai V. (in press): The
youngest stage of the evolution of the lithosphere of the Western
Carpathians Mts. and its interaction with the Asthenosphere (in
Slovak).



