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PREFACE 

In the present stage of investigations of the geomagnetic field questions of the fine 

structure are of particular importance. For characterizing the geomagnetic field of any 

epoch it is essentially not only to determine the mean position of the virtual geomag­

netic poles and the mean intensity of the field but also to explain the distribution of 

excursions, to determine the spectrum of secular variations and to analyse the transi­

tion regime of inversions occuring within the investigated time interval. 

Frome the elements of the fine structure the processes of the course of inverslons are 

best investigatod. The main peculiarities of the transition regime of the Cainozoic in­

versions can be seen to be established. A main complication of the investigation of 

secular Variations is the determination of their periods. The incompleteness of dating 

methodn, among them the ph;ysical ones, don't allow to determine the periods exactly. 

V/i thin the margin of dating errors sometimes is is necessary to select a combination 

of periods analysed by archaeomagnetic methods. As for excursions this phenomenon isn•t 

described exactly up till now. 

Investigating the fine structure of the geomagnetic field the scientist has to answer 

a series of questions and without their resolution it is impossible to install a real 

concept about the peculiarities of the field. 

There is to add, that in the layers of sedimentary rocks - and even they are the carrier 

of information about the fine structure of the geomagnetic field - there are hiatuses, 

erosion gaps and changes in sedimentation rate, and for their recognition we did not 

succeed up till now. 

When centering the attention of the participants of the present investigation within the 

frame cf the Commission of the Academies of Sciences of the Socialist Countries for 

Planetary and Geophysical Research (KAPG) has concentrated first of all on excursions 

we hoped to increase the reliability of the results by combining various concepts and 

methods applied in the different laboratories. 

G. N. Petrova 
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CHANGES IN THE GE0MAGNETIC FIELD AND CLUfATE 

Vaclav Bucha, Geopbysical Institute, Prague 

Changes in the geomagnetic field as well as in the climate include a relatively 
broad spectrum of periods starting with hundreds of millions years up to the fluctuati­
ons with several years periods. Let us try to discuss the main of them and to contri­
bute to the explanation of their causes. 

Long-Term Fluctuations 
It is known that during the Phanerozoic only four times the continents were re­

peatedly glaciated. It was between 800-600 million years ago (Precambrian - Cambrian), 
450 - 410 million (Silurian), 320 - 250 million (Carboniferous - Permian) and during 
the past 10 million years. The most probable cause taken into account is the continen­
tal drift, the main characteristics of which can be explained by the model of the dy­
namic system of the world-wide plate tectonics and of its developments (1 ). The dis­
tribution of continents in the subsequent geological periods investigated by paleo­
magnetic methods agrees well with palaeontological facts about the occurrence of warm 
climate (when nearly all continents were either on the equator or close to it, e.g. 
in the Ordovician) and about the glaciations (when several continents were close to 
the pole, e.g. in the lower Cambrian and Carboniferous - Permian) [1,2]. 

Long-term climate changes are caused according to the astronomical theory by the 
variations in the geometry of the Earth's orbit including the dominant cycle of 100 
thousand years due to variations in eccentricity, the cycle of 41 thousand years cor­
responding to axial tilt and 21 thousand years (precession) [3]. 

Several researches believe that all these astronomical perturbations can induce 
such changes in monthly insolation which can cause also largest and most abrupt clima­
tic changes including glaciations. The question however, remains why the present dey 
climatic changes, especially abrupt coolings and warmings cannot be explained as due 
to insolation although they can even be high.er (up to ± 30°c) than they were in the 
past. This indicates that insolation is not efficient enough and, moreover, no con­
vincing statistical links were found. 

Accordin.g to our results we can judge [ 4 - 7] that the changes in the Earth' s or­
bital geometry have an effect ou the processes in the Earth's core on the core-mantle 
boundary. Most probably the Ea�th's core has a different period of precession compared 
to tliat of the mantle. This is reflected in the changes of the geomagnetic field in­
cluding changes of the geomagnetic poles and reversals of polarity. The spectral ana­
lysis of paleomagnetic data from the Stirone river showed periods 100, 140 and 20 - 30 
thousand years [7]. 

The changes in the position of the geomagnetic pole as a centre of the auroral 
oval can significantly influence the long-term climatic changes ineluding the alterna­
tion of glacial and interglacial periods. The processes occuring in the auroral oval 
seem to have an effect on the types of atmospheric circulation and on the weather chang­
es. During the last period of claciation the geomagnetic pole was located in the Paci­
fic and meridional circulation prevailed in Europe and North America at that time. 

As we showed [4 - 7] the geomagnetic pole centre of the auroral oval moved from 
the Pacific to the eastern part of North America in the interval of 12 to 10 thousand 
years ago when also the last period of glaciation terminated. The auroral oval moved 
towards Europe too. The processes in the auroral oval at the time of increased corpus-

1 
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cular radiation led to the zonalization of atmospheric circulation connected with the

increase of temperature in Europe andin the eastern part of North America and the

integlacial period occurred. 

For the time interval of the past 20 thousand years, more precise palaeomagnetic

results were obtained, showing for three territories on the Northern Hemisphere that

the geomagnetic pole was located several times in the Pacific during the interval 18-12

thousand years ago [3, 4, 6, ?] (Fig.1). Also the intensity of the geomagnetic field

was described. This pole moved from the Pacific to the eastern part of North America

in the interval of 12 to 10 thousand years ago when also the last period of glaciation

terminated. 
This correlation seems to provide one possibility of explaining the alternation 

of glacial and interglacial periods. But it does not answer the question what is the 
role of the geomagnetic pole wnether there is any \and what is the physical mechanism lead­
ing to such expressive changes in temperature between glacial and interglacial periods. 

The next spectrum of climatic changes includes 1000 - 600 years. The approximate 
position and wandering of the virtual geomagnetic pole between 200 B.C. and the present 
as well as variations of the geomagnetic inclination in the Caucasus and Bulgaria bet­
ween 1,200 B.C. and the present closely indicate that the approach of the geomagnetic 
pole in the direction to Europe and the dip maxima are practically identical with the 
temperature maxima and vice versa [3, ?j . 

If we want to understand the changes in the past, we must be able to explain day 
climatic and weather changes, which are documented in the more reliable direct obser­
vations that the long-term changes in the past represented by sporadic and indirect 
data only. 

In addition to the above-mentioned effects there is another factor-solar activity 
- which seems to influence climatic changes as well as fluctuations of weather [1, 2,
4-7], Changes in geomagnetic activity, solar activity - R numbers- and in temperature
defined by changes in the distribution of Alpine glaciers show periods of 200-250 and
450-600 years which are chronologically synchronous with orbital variables of the pla­
nets and the sun. In addition to it, the periods cf 80 and mainly 22 and 11 years occur
in the changes cf geomagnetic activity, in temperature and in agricultural production
in Europe (see Fig.2), [7].

Thus both long-t�rm fluctuations cf climate and weather proved to have very simi­
lar causes [ 4-7] • 

At extratropical latitudes in every season there ru.•e basically two types of atmo­
spheric circulation [s]: the meridional type with blocking pressure highs over the 
Atlantic, but also over the eastern Pacific, extending northwards, and pressure lows 
extending from the polar region (l.h.s. of Fig. 3), and the zonal type with a central 
cyclone over the polar region (r.h.s. of Fig.3), with one type changing to the other 
many times in the course of the year. Two examples are given in Figs. 4a, b. We know 
that the temperature difference, which we observe when the meridional flow changes into 
zonal, is quite appreciable in some regions; the increase in temperature due to the 
zonal flow from the southern Atlantic may amount to as much as 30°c in Europe. At the 
same time cold air comes to the western part of North America. The abrupt decrease of 
temperature when corpuscular radiation is low occurs due to a sudden invasion of arc­
tic air and may be as much as 30°c in Europe and in the east of North America. Simul­
taneously, the warm air from the Pacific comes to the western part of North America 
where we observe increased temperatures as was proved mainly for winter periods (Fig.2). 

DOI: https://doi.org/10.2312/zipe.1990.062
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Short-Term Changes 
The general circulation of the atmosphere has been defined as the description and 

explanation of the large-scale behaviour of the atmosphere transforming the potential 
energy represented by the heat differences into kinetic energy of the mean motion. 

Direct meridional circulation would take place on the longitudinally uniform non­
rotating Earth due to the exchange of warm and cold air between equatorial and polar 
areas [s]. 

The effect of the Earth's rotation is to call Coriolis forces into play. Thus the 
air particles at upper levels, which began to move poleward under the influence of the 
meridional pressure force, now experience a deflecting force to the east. As a east­
ward velocity component develops, an equatorward Coriolis force sets in, and this tends 
to counteract the initial poleward pressure force. Thus the Coriolis force serves an 
important fu.nction of &stablishing zonal flow on the g}-obe. Due to the orographic ef­
fect the meridional flow occurs, however, mainly in thenorthern hemisphere. 

According to Namias t9l high index cycle represents a state of the general circu­
lation with strong westerlies in mid-latitudes and weak meridional flow. This leads to 
weak meridional heat transport in mid-latitudes. Thus strong meridional temperature 
gradients develop across mid-latitudes. When this gradient exceeds some critical value, 
meridional flow begins to increase rapidly with time (Fig. Ja). 

As new temperature contra�ts develop and intensity near latitude 60° a zonal flow 
begins to increase again. This could imply an impression, that this process is spon­
taneous and that it is a property of the closed atmosphere. However the duration of 
individual cycles (occupying normally a period of 4 to 6 weeks but including cycles 
sufficiently long to account for glacial-interglacial cycles ice-ages) represents too 
large time•span and therefore �t could not be used for any forecasts. Further it is 
known that the zonal flow steadily prevails on the southern hemisphere, while periods 
either with zonal or meridional flow alternatively occur on the northern hemisphere. 
The main reason for it are differences in the orographic effect due to continents and 
oceans. This can expressively influence the flow to such degree that wa should consider 
the meridional flow with atmospheric blocking (Fig. Ja) to be basic in middle latitu­
des of the northern hemisphere due to orography and not the zonal flow as was consi­
dered till now. During several winter periods (e.g. 1962-65) the meridional circulati­
on with expressive blocking high pressure areas prevailed on the northern hemisphere. 
It remains to answer the question why the zonal flow with a high index cycle can per­
sist during some other winter periods (e.g. 1959, 1960, 1974, 1975, 1982).when the 
continents do not change their positions and the altitudes of mountains are the same 
and influence the atmospheric circulation in the same way as in case of occurrence of 
the meridional flow. 

Our results indicate [4-7] that the reason for this peculiar behaviour of the at­
mospheric circulation are the processes which take place along the auroral oval at the 
time of enhanced corpuscular (geomagnetic) activity characterized by the penetration 
of energetic particles and bremsstrahlung as far as the lower stratosphere [9], re­
sulting in direct increases of temperature and pressure even in the troposphere, and 
causing the zonalization of atmospheric flow to increase [6, �. Let us try to prove 
this statement. 

Relatively unstable active regions, particularly variable filaments, occur at the 
solar disk centre prior to the enhancement of geomagnetic activity l4-aj. 
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The solar-energy flux for meteorological phenomena 1s

p
EM 

=WriF (1-A) = B.9 x 1 016w

(if we assume the Earth to have an albedo A = 0.5, rE is the radius of the Earth, F is 

solar constant). The available corpuscular energy flux is less than one millionth that

of the solar electromagnetic energy flux absorbed by the Earth [1 tj • 
• 

1 01 5w nur· 
· 

For the win.ter hemisphere, however, PEM might drop to 6 x • ing an in-

tense magnetic storm, the corpuscular energy flux could increase to Pc(max) =1012-1014W,

which might be enough to use this energy as a trigger. Thus there appears to be enough

power within the magnetosphere to cause such changes in the vorticity of the lower at­

mosphere if the power can be directed and coupled effectively. 

In order to prove that meridional flow changes to zonal as a result of penetrat­

ing electrons and bremsstrahlung, leading to an increase in temperature and pressure 

even in the troposphere, we determined the average pressure values read at 12 points 

along the auroral oval (Fig.5). Here, the consequences of pressure effects are most 

pronounced after the heating in the higher layers of the atmosphere, being directly 

reflected in the troposphere in the change of the meridional type of atmospheric cir­

culation into zonal (Fig.3). It is known [6, 7} that very pronounced meteorological 

changes, occurring as a result of Rossbys waves, obscure with their much larger ampli­
tudes the said effect which can, however, be immediately observed at nearly all points 
(a pressure increase of 4-8 hPa). In an effort to prove that enhanced geomagnetic ac­
tivity, indicating enhancement of corpuscular radiation, leads to an increase of atmo­
spheric pressure and temperature along the auroral oval and to a change of meridional 
flow into zonal, we calculated the correlation coefficient between geomagnetic acti­
vity (Kp-indices) and the average values of atmospheric pressure first derived for 12 
points at the 500 hPa level, for the period of September to December 1977. The corre­
lation coefficient equal to 0.643 proves that this correlation is relatively good 
(Fig.5). 

After the temperature and pressure have increased around the auroral oval, the 
cyclogeuesis intensifies at sea level during the following days and the pressure lows 
that are generated move to the north, towards the geomagnetic pole as the centre of 
the auroral oval; this leads to a pronounced secondary warming (as much as 30°c) along 
the inside of the auroral oval with a time lag of 2-4 days after the increase of geo­
magnetic activity, as a result of warm air penetrating from the Atlantic and Pacific 
to the north (correlation coefficient 0.65). A low is created in the region of the pole 
and this leads, on the one hand, to the occurrence of sudden stratospheric warmings 
and to the intensification of the flow from the above-mentioned polar cyclone due south, 
between Canada and Greenland, across the Atlantic and into Europe, on the other hand 
[5-7]. The warm air from the Caribbean, which proceeds along the east coast to North 

America to the north during low geomagnetic activity, is deflected to the easc by the 
flow from the Davis Straits proceeding south over the Atlantic once the geomagnetic 
activity has increased, and together they proceed along the parallele across the At­
lantic towaras Europe [5-7] • 

With a time lag of 1 3-20 days relative to the commencement of the geomagnetic 
storm, depending on the rate at which the meteorological processes involved proceed, 
a pronounced increase in temperature and precipitation occurs in Europe and North 
America due to the enhanced zonal flow. When the corpuscular radiation displays a mark­
ed decreaee, meridional flow increases in intensity again and with the same time lag 
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relative to this decrease Arctic air penetrates into Europe and North America (Fig.4a

top), where this is then reflected in an abrupt and pronounced drop in temperature. We 
may refer to these intervals as "short glaciation periods in the present" because they 
cover practic�lly the same regions which were subjected to glaciation during the last 
glacial period [6, ?] as the distribution of temperature deviations from normal, (Fig.9 
in [?] ) shows. Under very low geomagnetic activity the processes in the auroral oval 
are very weak, meridional flow, carrying cold Arctic air from the north Europe and 
North America, being prevelant in the northern hemisphere. 

One of the most expressive features of anomalous climatic changes occurs in the 
equatorial eastern Pacific where the sea surface temperature can reach substantially 
above normal values. It defines the El Nilio-Southern Oscillation (ENSO) phenomenon 
which goes through aperiodic oscillations of roughly 2 to ? years [11] and whose

strength was exceptional in 1982-83 (Fig.6c). The anomaly of the pressure difference 
between Tahiti and Darwin has been used as an index of the SO. Usually when this in­
dex is below normal then the sea surface temperature off the coast of South America 
(Peru) is substantially above normal, and is a disaster for the Peruvian fishery ri • 
Big floods occur in Ecuador and Peru. SO is considered to be a cause of fluctuations 
of the global climate system. 

If we want to prove the role corpuscular (geomagnetic) activity in the climate 
and weather changes we have to know how to explain all types of anomalous climatic 
fluctuations not only in Europe but also in global scale including the causes of the 
SO which is the second greatest climatic variation (the annual cycle being the largest). 

Fig. 6 shows relations between the increase of geomagnetic activity (curve a) and 
the increase of the SO (curve b) usually anteceding the occurence of El Nino. The de­
crease of the geomagnetic activity corresponds to the decrease of the SO - at �he same 
time increased sea surface temperatures of waters in the e&stern Pacific (El Nino) 
occur - see the curve c. These conn&ctions can be explained as follows: 

Under enhanced geomagnetic activity, especially in fall (see e.g. fall 197L�, 1982), 
zonal flow in the northern hemisphere intensifies considerably, contraction of polar 
vortex, as well as intensified flow along the southern side of the mighty Pacific high 
take place and cause the easterly trade winds in low latitudes to strenghten. These 
winds drive the ocean circulation from the central (equatorial) Pacific westward to 
Australia. That is wb;y sea level is about 40 cm higher in the western Pacific than the 
eastern Pacific coast line. The pressure difference between Tahiti and Darwin is posi­
tive at that time (high index of the SO). 

When the corpuscular (geomagnetic) activity displays a marked decrease, meridio­
nal flow increases in intensity and helps to create West Canadian, Azores and East 
Siberian high pressure areas (Fig.3b) blocking the zonal flow. That is wb;y the Aleutian 
low pressure area in winter depends still more expressively, moves southward and along 
its southern side the eastward flow intensifies. At the same time East Canadian and 
European low pressure areas develop as l.h.s. of Fig.3 and winter teleconnections [12] 
show. This causes the easterly winds in the western equatorial Pacific to diminish 
under low geomagnetic activity, and even to change the direction, blowing from west to 
east (see e.g. Januar;y 1977 and Januar;y 1983). The pressure in the central Pacific 
(Tahiti) begins to drop and in A.ustralia (Darwin) to increase. This results in major 
changes in the equatorial current system. Oceanographers suggest that a rather fast 
Kelvin wave moves eastward in the ocean to the South .American coast and then is reflec-
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ted as a slow westward moving and laterally spreading Rossby wave. 

is to create a much thicker mixed layer and warm ocean surface off 

El Nino warm sea surface temperature (SST) anomaly.

The combined effect
Ecuador/Peru - the

The sequence of individual phenomena ensues clearly from Fig.5 which shows that the

majority of El Nino/Southern Oscillation episodes since 1935 were anteceded by the in­

crease of geomagnetic activity in spring and fall and increase of the SO index (about

half a year ahead). The decrease of geomagnetic activity in summer is connected with

the meridionalization of atmospheric circulation on the northern hemisphere due to the

weakening of processes in the auroral oval; this stimulated the deepering of the Aleu­

tian low and the strenghening of the West Canadian high pressure ridge. The consequence

of these changes in atmospheric circulation on the northern hemisphere is the typical 

ENSO phase with falling SO index (pressure tends to be low in the Pacific (Tahiti) and 

rises over the Australian-Indonesian region). The reversed equatorial current system 

stimulates the expressive SST anomaly near the South American coast and later farther 

west (El Nino - Fig.6). 
We have shown [1,2,4-? "] that cold winters over Europe and eastern North America occur 

at the time of meridionalization of atmospheric circulation (Fig. 3,4) due to arctic 
outbreaks as a consequence of decreased corpuscular (geomagnetic) activity (Fig.7 a,b). 
While below-normal winters sometimes occur simultaneously over Europe and eastern North 
America (e.g, 1962-63), in other years the winter was much colder in North America (e.g. 
1976-??, 1964-65) and in other years in Europe (1939-1942). What can be the cause of 
these differences? Vecy cold winters over eastern North America were anteceded by the 
successive decrease of corpuscular (geomagnetic) activity from spring to winter. This 
caused that the meridionalization of the atmospheric circulation (see Fig. 7a) started 
already in summer and increased during fall. In other words, according to Namias 12 
the quasi-stationacy long-wave pattern developed from the North Pacific eastward and 
this helped "lock-in" the anomalous pattern because seasonal forcing did not oppose the 
factors leading to the abnormal forcing. Thus, at the time of an extremely low corpus­
cular (geomagnetic) activity the summer deep through off the west coast and the down­
stream ridge over central North America (which led to drought) are favored in summer but 
are unlikely to hold these positions in fall. Then, in,iwinter the ridge of high pressure 
over western North America was vecy pronounced and the polar front over the east was 
displaced far to the south by persis��ntly recurreut arctic outbreaks (Fig. 7a). Why 
this is so was still an unsolved problem although it is a useful empirical tool in long­
-range forecasting. Similar but not as sharp temperature declines in the east of North 
America as in Januacy 197? occurred in the winters of 1957 and 1964. 

We can show that the geomagnetic activity was relatively high in spring and in fall 
and decreased considerably in summer and in winter. This led to the above mentioned ab­
normal forcing (due to the change of the prevailing zonal type to the meridional type 
of circulation) with features given in Fig. ?a. Below-normal pressure values are observ­
ed around the auroral oval, above-normal values in the polar region. 

In case of cold winters occuring simultaneously in Europe and eastern North America 
(e.g. 1954-55, 1962-63) we observe vecy expressive decrease of corpuscular (geomagnetic) 
activity between September-October (when it was high) and November-Decemper (Fig. 7b). 
Thie causes that the zonal flow is very intensified due to the processes in the auroral 
oval; after the expressive decrease of corpuscular (geomagnetic) activity in November­
December and after repeated alternation of an expreesively increased (for 3-7 days) and 
decreased (for 5-10 da;ys) activity recurrent arctic outbreaks are enabled across Scan­
dinavia towards Europe because the quasi meridional flow is increasing as characterized 
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by a meridionally extensive ridge over the east Atlantic. Between the Azores high and 
the Scandinavian low arctic air penetrates to Europe and leads to the expressive de­
crease in temperatures. Iu this war, the recurrent and expressive decrease of corpuscu­
lar (geomagnetic) activity stimulates the factors leading to the abnormal seasonal forc­
ing not only above central North Americs (where usually high pressure area occurs in 
winter but also above central Europe which is usually under the influence of the Atlan­
tic. Then we observe below-normal temperatures in winter both in eastern North America 
and Europe because the polar front was here displaced far to the south in both areas 
(Fig. 7b). 

Above-normal winter temperatures over central Europe and eastern North America, e.g. 
1949-1952, 1956-7, 1958-1962, 1971-1975, 1982-1984 occur at the time of enhanced corpus­
cular (geomagnetic) activity (Fig. 7c). 

The enhanced cyclogenesis as a result of penetrating electrons increasing temperatu-
• re in auroral oval intensifies the zonal flow which prevails over North America and

Europe and eliminates external forcings such as orography: in other words arctic out­
breaks over eastern North•America and Europe to the south are suppressed by intensified
westerlies at the time of enhanced corpuscular (geomagnetic) activity which is reflected
in above-normal temperatures above both territories. Positive pressure departures from
normal are observed around the au:boral oval while they are negative in the polar region
(Fig. 7c).

1 

:j/ 

1 1 
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Fig. 1. Changes in the position of the geomagnetic pole over the last 

18 000 years determined from palaeomagnetic investigations 

in Czechoslovakia (left top), in Japan (middle top), andin the 

u.s.A. (right top). The glaciation of the northern hemisphere

during the last glacial period approximately 20 000 - 13 000

years ago (left bottom) and the present distribution of gla­

ciers (right bottom)
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Fig. 2. Comparison of geomagnatic activity (Ci indices - ave�ages

for November, December, January, February) with the average 

temperature values-deviations from the normal in Europe (Prague, 

Budapest), in the Atlantic region of the U.S.A. (Charleston, 

New Orleans) and in the Pacific region of the u.s.A. (Havre, 

Walla-Walla). The positive correlation coefficient was obtained 

for Ci 
indices and temperature in Prague (+O.632 for the

interval 1949 - 76) and the negative coefficient for Havre 

(-0.457 for the interval 1949 - 64). The deviations in Char­

leston and New Orleans have a similar character as in Prague 

and Budapest but opposite to Havre and Walla-Walla 
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Fig. 3. Example of meridional (l.h.s.) and zonal (r.h.s.) type of atmo­

spheric circulation shown on a 500 mb level map 

L 
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Fig. 4a. Meridional type of atmospheric circulation (12.1.1980 - top) 
as a result of decreased geomagnetic activity (on 22. to 25. 
12. 1979) and zonal flow (18.1.1980 - bottom) which developed
at a time of enhanced geomagnetic activity (on 29. to 31.12.
1979). The arrows indicate cold, Arctic (top) and warm, wes­

terly (bottom) flow in Europe and eastern part of North Ame­
rica (500 mb level)
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Fig. 4b. Zonal type of atmospheric circulation (18.12.1978 - top) as a 
result of enhanced geomagnetic activity (on 25. to 27.11.1978) 
and meridional type (29.12.1978 - bottom) �hich developed at 

... 
OI 

a t:iJlle of very low geomagnetic activity (on 10. to 12.12.1978). 

The arrows indicate warm, westerly (top) and cold, Arctic

(bottom) flow in Europe and eastern part of North America 

(500 mb level) 
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Fig. 5. Region of the auroral oval (hatched) in which the most pro­
nounced increase of atmospheric pressure occured (500 mb le­
vel) at the time isolated geomagnetic storms occurred in the 
latter third of 1977. The values of pressure at points 1 - 12 
were used to calculate the correlation coeffici�nt between 
geomagnetic activity (L�) and deviations of pressure from 
the normal (r.h.s.). The graph of the changes of geomagnetic 
activity (EK

P 
- 3 daily moving averages) and pressure de­

viations (averages from points 1 - 12) given at the bottom 
of the figure indicates for zero time lag the correlation 
coefficient equal to 0.61�3 
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Fig. 6. Changes in geomagnetic activity (curve a) and in Southern 
0scillation (curve b) showing positive correlation while 
increased sea surface temperatures (El Nina - curve c) show 
negative correlation with curves a, b 
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Hig. 7a. Janua.ry 1977 500 bPa contours (top) and 500 bPa height de­

partures from normal (bottom) showing above-normal pressure 

area in the polar region 

Pig. 7b. Janua.ry 1963 500 bPa contours (top) and 500 bPa height: ue­

partures from normal (bottom) sbowing above-no.rmal pressure 

area in thepolar region, and a surrouoding ring of below­

normal pressure in middle latitudes 

\ 

Fig. ?c. January 1975 500 bPa contours (top) and 500 bPa height de­

partures from normal (bottom) show1ng below-no.rmal pressure 

area in the polar region and a surrounding ring of above­

normal pressure in middle lati tudes 
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SOME DATA CONCERNING ANISOTROPY OF MAGNETIC SUSCEPTIBILITY 
OF THE PALAEOMAGNETICALLY INVESTIGATED LOESSES 

S.C.Radan and Maria Radan, Institute of Geology and Geopbyaics,
Buchareat, Romania 

The collection of oriented samplea taken from the sections palaeomagnetieally inves­

tigated during the joint KAPG apecialists also in respeet of magnetic susceptibility ani­
sotropy. 

Measurements have been carried out in the Laboratory of paleomagnetism of Institute 
of Geology and Geophysics in Bucharest, with a Kappabridge KLY-1 (Jelinek, 1973), The 
specimen has been placed in the pick-up unit in 15 positions; principal susceptibilities 
parameters were o�tained maximum (K

1
), intermediate (�) and minimum (k3), their direc­

tions and six anisotropy parameters being evaluated by using the program ANISO lo (Jeli­
nek and Frankova, 1977). For representing the magnetic fabric the magnetic anisotropy 
plot has been used in which the magnetic lineation is taken as ordinate and the magnetic 
foliation F as abscissa (Hrouda and Janak, 1976), the image representing the shape of 
the ausceptibility ellipsoid. The orientation of principal susceptibility parameters have 
been represented on the lower hemisphere of an equal-area projection (k1 - • , � - ■ ,

k3 -• ). For investigating the dependence of the changea in shape of the susceptibility
ellipsoide on the degree of magnetic anisotropy, the F/P plot has also been used, the 
magnetic foliation F being taken as ordinate and the degree of anisotropy P as abscissa 
(Hrouda and Janak, 1976). 

It is the Iangyiul'. section that is taken as an example in this paper concerning 
the results of the investigations of the teams participating in the KAPG palaeomagnetic 
expedition in the Tashkent zone. 

In figure (A and C) magnetic susceptibility anisotropy data are (after the modal 
of Czechoslovakian school of anisotropy), in its central part (B) the variation of the 
palaeomagnetic parameters are given, (D0 and J0 " declination, inclination of primary 
remanent magnetization, In and c€ - intensity of natural remanent magnetization and
magnetic susceptibility; Q • In/I1 - Koenigsberger ratio).

For the Iangyiul' section oriented samples have been collected (by the "classical 
method") from the two neighbouring profiles: the western one - sample UZ 17-27 and the 
eastem one, samples UZ 28-35. On the westem profile the samples have been taken at 
intervals of about 0,50 m, on the eastern one collecting was continuous in the limits 
of the zone recommended by the palaeomagnetician researches from the Institute of Seis­
mology in Tashkent for identifying the palaeomagnetic anomaly. The data obtained after 

. ** thermal demagnetization (see figure B), point out a "palaeomagnetic anomaly" in the 
central part. The results of investigation of magnetic susceptibility anisotropy are' 
presented in the upper half of the figure for the two profilies Wand E (fig. A1 and 
A2), in its lower half (fig.C) being situated the anisotropy data provided only by samp­
les UZ 28-29 which described the "palaeomagnetic anomaly" (isolated by dashed line in 
figure B). 

*) In the present comment three anisotropy factors have been taken into consideration: 
magnetic lineation (L=k1/k2), magnetic foliation (Fzk-/k ) and the(P•k1/�) _ see Hrouda (1982). -� 3 degree of anisotropy 

**) The magnetic thermowashing has been made with a TSD-1 SchÖnstedt thermal specimen
demagnetizer. 
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The orientation of the directions of the principal susceptibilities indicates for 
the two profiles wand E (fig. A1, A2) that the magnetic foliation is practioally ho­

rizontal, the minimum susceptibilities (situated practioally vertioally) having the 
orientation perpendicular to the bedding (the position of the Pleistocene loesses 
sampled in the Iangyiul' section has bsen considered to be horizontal), confi:rming 
that the ferromagnetio grains are oriented parallelly to the bedding plane •. 

The magnetic anisotropy plot L/F indicates for both profiles N and E (fig. A1, 
A2) that most susceptibility ellipsoide are predominantly oblate, the majority of plots 
being situated into the field of flattening. As for relation between the parameters F 
and P, the latter ehoNing a elight degree of anisotropy (P < 4,5%), an increase in the 
F values is noticed, accompanied by an increaee in the degree of anisotropy P. In order 
to evaluate objectively the measure of dependence between these two parameters, in quan­

titative te:nns, the correlation coefficient was calculated: it is equal to r � 0,799, 
which provee that the meaeure of dependence between the F- and P- parameters is high. 
The correlation ie better defined in the eitiation of profile E (fig. A2), where the 
number of samples collected continuously from the interval cf interest of the Iangyiul' 

section was greater. The measure of dependence between the F- and P- parameters is very 
high (r a 0,940). 

As to the rock samplee selected from the level where the "palaeomagnetic anomaly" 
has been identified (UZ 28-29), it can be noticed (see fig. C) that the data cf the 
magnetic sueceptibility anisotropy associated only to this set of samples which have 
the same characterietics as the whole palaeomagnetic collection from the Iangyiul' sec­
tion: 

- horizontal magnetic foliation, with the orientation cf minimum susceptibilities
in practically vertical direction (perpendicular to bedding); 

- most eusceptibility ellipsoide are predominantly oblate, the majority of plots
being eituated in the field of nattening; 

- the very good correlation of parametere F and P ie maintained, the degree of ani­
eotropy ranging between limite characterizing the whole eection (P < 4,5%); the correla­
tion between these two parameters is very high: r � 0,952). 

Taking all thie into account we think we can consider that in the situation of the 
loeesee in the Iangyiul' section, the magnetic anieotropy did not influence the directi­
on of the vector cf remanent magnetization, the "palaeomagnetic anomaly" identified, pos­
sibly representing, at least in this respect, an anomaly of the direction of the ancient 

magnetic field of the Earth. 0f couree, for this hypothesis to be valid, for increasing 
the degree of certainty that the "palaeomagnetic anomaly" identified is geomagnetically 
controlled, eome other factors should also be excluded (for instance, sedimentogenetic 
ones) that could determine "the recording" of the anomalous parameters cf primary rema­
nent magnetization by the Pleistocene loesees in the Iangyiul 1 section. 

References 

Hrouda, F. (1982) - Magnetic anisotropy cf rocke and its application in geology and 
geophysica, Geophys. SUrv., 5, 37-82. 

Hrouda, F. and Janak, F. (1976) - The changes in ehape cf the magnetic susceptibility 
ellipsoid during progressive metamorphism and deformation, Tectonophys., 34, 
135-148

Jelinek, V. (1973) - Precieion a.c. bridge set for measuring magnetic susceptibility of 

rocke and its anieotropy, Stud. Geophys. Geod., 17, 36-45. 
Jel!nek, V. and Frankova M. (1977) - Program ANIS0 lo, Geofyzika Brno, 1-20. 

DOI: https://doi.org/10.2312/zipe.1990.062



21 

N uz 17-27 

L 

1.0 
uz 17-27 

// 
/ 

1.010 ·/" 

1.000 Äti .. =:.
1.005 t0f5 

F 

L 
f.040 uz 28-35 

1.030 / 

f.020 / 

• >

/ 

/ .  

/ 
/ 

// 

t010 .,/ •: • 
• --�V'llt :-...• • - • • 
,�: V . : . ... . F 

tOOO • • •• 
1.005 1.015 1.025 f.035 

L 

1040 

1.0JO 

1.020 

1.010 

t.000 

o· r 

200 ?80 360 80 160 -10 -30 fO 

{ 

uz 28-29 

/ 
/ 

/ 
/ 

/ . 
.( t- .... 

.,/ -:· , ... : 
l005 1.015 

/ 
/ 

/ 
/ 

• 

. . 
. . 

1.025 

/ 
/ 

/ 

F 

to35 

F 

1,0. 

1.010 

uz 17-27 

.,: : 
�r •.. ... 

1.000c_�����• 

F 
!040 

to30 

to2 

1.010 

1005, 1[)15 1.025 

uz 28-35 

. . " 
... 

p 
f.OOO 

1.005 t0f5 1.025 1035 f.045 

In ae a 

2a6t01.41.82.22.6 

�-

F 

1.040 UZ 28-29 •• 
1.030 

.. . 

. . 
1.020 

! 

-·
• .4 1.010 ...

p . 
l.ooo f.005 1.015 1JJ25 f.035 1. 45 

• 

. 

Fig. 1. Magnetic anisotropy and palaeomagnetic results 

obtained from the loess in the Iangiyul' section 
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ANISOTROPY OF MAGNETIC SUSCEPTIBILITY m THE LOESSm OF 

THE TASHKENT REGION (LOCALITIES: KARASU, JANGIJUL, MmGTEPE) 

Pavel Pagä�, Geopb;ysical Laboratory, Bratislava 

For palaeomagnetic research of sedimentary rocks, it is very important to know the 
spatial and directional distribution cf the detritic particles being the carrier of the 
natural remanent magnetization (NRM). The possibility to use magnetic parameters for 
palaeomagnetic interpretation depends on the degree of palaeomagnetic stability, on the 
possibility of revealing the primary (syngenetic) RMP by means of laboratory and field 
tests and on correspondence of the primary NRM with the intensity and direction of the 
geomagnetic field at the place and time of origin of the rock. The study of magnetic 
susceptibility anisotropy is very usef'ul for this problem, because it is a suitable and 
effective method off analysing the directional pattern of the particles (grains, minerals, 
magnetic domains). 

The sources of magnetic anisotropy can be divided into two main groups: a) magneto­
crystalline anisotropy which depends on the arrangement of the lattice elements (includ­
ing changes caused by mechanical stresses which are frequently anisotropic), b) the ani­
sotropic arrangement of large particles of the rock with different magnetic properties. 
Both groups of sources are run into sediments, the second being most frequently the do­
minant, namely the anisometric shapes of the detritus. 
The results of measuring the RMP and anisotropy of magnetic susceptibility after rese­
dimentation under various pb;ysical conditions, reproducing the conditions of the origi­
nal sedimentation, can l�ad to a deeper understanding of the process of formation of the 
primary RMP and thus indirectly to determining the palaeointensity of the geomagnetic 
field. Also experiments with resedimentation under extreme conditions can give usef'ul 
information about the characteristics of the sediment's components. In a strong magnetic 
field, which intensity has increased sufficiently slowly, the grains of the detritus 
become nearly completely oriented in the direction of their original magnetization. 
Grain� with a large moment of inertia begin to remagnetize under a rapidly increasing 
magnetic field before they have had time to become re-oriented in the direction of the 
original magnetization; they may cause deviations in the process of grain orientation. 

A careful choice of laboratory conditions for the experiment (intensity of the mag­
netic field, its time and space gradients, viscosity of the sedimentation medium, the 
rate of sedimentation, the time over which the magnetic field acta until sedimentation 
is concluded, conditions of consolidation and compaction of the laboratory sediments 
etc.) provides the possibility of penetrating deeper into the essence of the phenomena, 
to discover more precise relations and parameters of the internal magnetic sttru.cture of 
the rock. The largest deficiency of these experiments is the impossibility of reproduc­
tion of natural processes over periods acceptable for laboratory investigations. 

The loesses collected by the expedition of the KAFG Project 2 in Tashkent region in 
1982, were created by the deposition of dust particles probably in a dry environment. It 
was necessary to determine the manifestations of magnetic susceptibility anisotropy and 
to determine the relations between its origin and the conditions of Sedimentation. It 
was also possible tp apply laboratory resedimentation under conditions which enable the 
experimental work to be accelerated (dry method). The sediment itself was weakly or very 
weakly consolidated which meant that the particles, after the reck had been disintegrat­
ed, would correspond sufficiently well to the particles of the original {unconsolidated 
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natural detritus. 
2. Results of measuring magnetic susceptibility anisotropy of the samples

_
in their

original condition. 
The samples were collected by metal pipes driven in the horizontal plane in the di-

rection chosen by the help of the compass. The samples thus obtained were prism-shaped,

length 40 to 70 mm, of square cross-section 22 by 22 mm; after their surface had been

cleaned, they were cut into 2 or 3 cubes with sides of 20 mm (series !, � and �). After

NRM and RMP of the series ! samples had been measured, following A.C. demagnetization

maximum inductions of 5 1 10, 15, 20 to 80 mT in ateps of 10 mT, also the parameters of

magnetic susceptibility anisotropy were determined using a KLY-2 bridge (produced by Geo­

fyzika of Brno). T.n calculating the parameters of the magnetic !;llisotropy, the relations

given by Jelinek /2/ were used. The individual values of the volume magnetic susceptibi­

lity have a natural scatter (see Table 1). The main parameters of the anisotropy of mag­

netic susceptibility of the separate samples are shown in Fig.1 and 2. Fig.1 shows the 

directions of the maximum and minimum susceptibility for each locality, the latter the 

parameters p = k1/k3, i.e. the degree of anisotropy, E = k�/k1/k3 - the parameter of the

shape of the susceptibility ellipsoid after Hrouda /1/, as well as the diagrams of the 

directions of the principal susceptibilities � and k3, the separate profiles at the

localities being divided by depth into groups of 5 to 7 samples. 
At the Karasu locality, the directions of the minimum magnetic susceptibility run 

mostly from N to S, which is surprising and cannot be explained. The axes of the maximum 
susceptibility show preference for the EW direction. This could be indicative of the di­
rection of transport of the material, in this particular case probably to, the west. The 
plastic deformation of samples prisms might have an effect on the magnetic anisotropy as 
well. The distribution of the parameters of the susceptibility anisotropy along the pro­
file is roughly stabilized, the predominant orientation being planeparallel (E > 1). The 
degree of anisotropy is relatively low and varies between 1.005 and 1.02, in three cubes 
around 1,03 and in one it is 1.038. 

At t:O.e Jangijul locality, the axes of maximum susceptibility run 'EW, the minimum sus­
ceptibility has scattered directions mostly from vertical to south. Although the separa­
te groups have certain characteristic directions of minimum susceptibility, no distinct 
correlation could be found between parameters and directions of susceptibJlity anisotropy 
and the NRM and RMP vectors; this would support the opinion that a palaeomagnetically 
different layer (corresponding to the sections of the western part of profiles J2 and J3, 
and to the sections of the eastern part J7 and J8) is not related with evident change of 
the dynamic parameters in the process of Sedimentation. A similar conclusion can also be 
made from analysing the data on the mean susceptibility k and NRM or RMP (20 mT), see 
Table 1. The correlation coefficients r0/k of corresponding parts of the profiles what
ma;y indicate certain consistence of the magnetic parameters in the horizontal direction; 
the considerable variability of the correlation coefficients of vertically consequence 
la;yers has no particularly significance in interpreting a small number of elements (5-7). 
For example, section J5 has a high negative coefficient r (-0.95, and -0.90) and, at 
first sight, it seems that a statistical explanation is simpler that a physical one. 

The directions of maximum susceptibility of the samples at locality Mingtepe are in 
the horizontal plane with no further distinct differentiation. The minimum magnetic sus­
ceptibility mostly in the vertical direction corresponds to the assumed sedimentation 
model with low values of the velocity of the transport medium. At this locality the bot­
tom two sections were sampled by cutting cubes from monolithic blocks, so that the samp-
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les were not a.i'fected by the deformation which may be expected in sampllng with samples. 
After comparing the results from both parts of the profile, we can assume that the me­
thod of sampling with samplers is satisfactory with regard to preserving the measured 
magnetic parameters, at least in rocks of mechanical properties similar to those from 
this locality. 

3. Results of measuring the anisotropy of magnetic susceptibility of the resediment­
ed samples. 

For a better understanding magnetic structure of the studied loesses the anisotropy 
of magnetic susceptibility and RMP of samples resedi.mented in laboratory fields were in­
vestigated. To begin with, the geomagnetic field (B = 50,µT) and the induction between 
the pole-pieces of an electromagnet (square cross-section 60 by 60 mm, magnet gap 50 mm, 
B = 200 mT, current 15 A from a 12 V battery) were chosen. Eight samples were selected 
for the experi.ment (Karasu J: KllA, K32A, K63A; Mingtepe 2: Ml3A, M21A; Jangijul 3: J27A, 
J37A, J85A) with di�tinctly defined parameters of magnetic anisotropy in the natural con­
dition of the samples. After,a check measurement of the directional susceptibilities, the 
samples were crushed (they�sintegrated easily in their natural condition due to small 
consolidation) and resedi.mented. The reconsolidation remained problematic. To avoid the 
more tedious wet way, which did not correspond probably to the original process, full 
dry sedimentation was applied together with consolidation by pressure in the vertical di­
rection. Under pressures of 10 to 100 MPa, samples were obtained with roughly the same 
density as those in the original condition, also the mechanical strength, required for 
handling the samples in measuring with the JR-4 and KLY-2 inst.ruments, being renewed. 
After the first two resedimentations (B = 50)1T and B = 200 mT) two check resedimenta­
tion in the same order were made. Whereas the results of the measurements a.i'ter the 1st 
and 3rd resedimentation displayed considerable difference in most samples (apparently 
due to the magnetization of particles by the strong field during the 2nd resedimenta­
tion), the 2nd and 4th resedimentations yielded a relatively good agreement of the RMP 
vectors, the directions of the maximal susceptibilities, but, as a rule, a district in­
crease in the parameters P and E. Some interesting results are illustrated in Fig.3 
for which the mean values of the 1st and 3rd, and the 2nd and 4th resedimentation were 
used. Although the original values of parameter P varied within a relatively small 
limit, the resedimented samples displayed distinct differences. Parameter E after rese­
dimentation in a weak field, is always larger than 1 (E > 1) (the preferred planar-pa­
rallel orientation), whereas after resedimentation in the strong field a conspicuous 
linear parallelness occurred, probably caused by the high percentage of single-domain 
grains or multidomain grains with linear-parallelly arranged structure. The degree of 
parallelism (� =�E/A P) decreases, on the average, from Karasu (0.7) to Jangijul (0.5) 
to Mingtepe (0.2). The degree of planeparallelism displays the same regularity under 
resedimentation in the weak field. 

These results prove the distinct difference between the localities apparently due 
to the different internal magnetic structures of the loess particles, probably caused by 
the directional orientation of the domain in the particles. This arrangement, magnetic 
fabric, which is also dependent on the particle size, could have been generated at dif­
ferent times, when the parental rock originated, during weathering and, finally, also 
after sedimentation, which could have caused a certain differentiation in the internal 
magnetic structure. 

1 

1 
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4. Conclusion
The measuremente of magnetic susceptibility anisotropy in the samples of loesses

from the Tashkent region have shown that they provide valuable information for a more 

detailed classification of these sediments and for a better understanding of their in­

ternal magnetic structure. The orientation of the ellipsoid of magnetic susceptibility 

displayed partly different characteristic features for the separate localities, pr parts 

of the profile, and we can assume that it can be used to determine the direction of the 

transport flow. 

The experiments with resedimentation under various magnetic fields have proved that 

the magnetic structures of the loess particles from various localities are differentiat­

ed and have underlined the perspectives for a more detailed development of the method 

of resedimentation controlled by the magnetic field, and for utilizing this method in 

studying the detritic RMP. 
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Table 1 

locality .10-6 SI .10-5 SI correl. coeff. 

section k k 
Ht1P

o RMP
RMP20 RMP rO/k r20/k

K 1 24 1006 209 421 123 244 '71 0.35 0.16 

K 2 25 981 172 422 190 . 185 132 -0.10 -0.24
----

---------------------------------
------------------

Karasu 49 993 189 422 159 214 109 0.09 -0.06

J 1 7 547 33 353 124 237 90 0.73 0.53

J 2 7 491 35 278 106 191 85 0.28 0.32

J 3 5 481 35 146 45 79 35 -0.54 0.29

J 4 5 543 48 325 220 240 190 0.87 0„89

J 5 5 512 45 271 89 189 63 -0.95 -0.90

J 6 5 580 23 428 165 293 115 0.95 0.95

J 7 5 495 54 200 118 160 102 0.16 0.08

J 8 5 529 47 145 55 88 19 -0.50 -0.41
-----------------------------------------------------------------

Jangijul 44 522 49 275 148 187 113 0.49 0.50 

Mingtepe 21 469 41 286 107 177 69 0.06 -0.05

1 1 

n 
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THE REIATION OF MAGNETIC SUSCEPTIBILITY TO THE CARBONATE r.ONTENT 
IN SEDIMENTARY ROCKS 

Vladimir Cerny, Geophysical Institute, Prague 

This study deals with the relation between the magnetic and physic-chemical proper­
tie� of sedimentary rocks of Quaternary to Plio-Pleistocene age. The·magnetic mineral 
that predominates in the magnetic product of these rocks is magne�ite. The set of samples 
of eolian and fluvial origin comes from central Moravia. The sample rocks originated most­
ly by the resedimentation of the sedimentary rocks of flysch nappes of Neogene to Palaeo­
gene age. The set also contains a group of samples from the locality of Dolni Chabry, 
north of Prague. 

The primary source of the rock-forming material of these flysch sediments were the 
weathering processes of a crystalline complex, especially of the eastern slopes of the 
Bohemian Massif. Drawing on the extensive geochemical and geophysical data, collected 
by Adamova (1980) and Dolezal et al. (1977), it can be claimed that the magnetic suscep­
tibility of crystelline rocks is, on the average, two orders higher than the magnetic 
susceptibility of the sedimentary rocks of the flysch. The average iron content in both 
cases is practically the same, It may thus be assumed that the redistribution of the iron 
from the rocks of the crystalline complex in the sedimentary rocks of the flysch was 
accompanied by substantial changes in the properties of the magnetic minerals in the 
course of the diagenetic processes. Under this assumption, the author has analyzed the 
relation between the magnetic and physic-chemical properties of sedimentary rocks. Their 
magnetic minerals were already considerably affected by diageneais from earlier sedimen­
tation stages at the time of the Quaternary resedimentation. 

The set of investigated samples. The black dots on the correlation diagrams indicate 
the eolin sedimentary rocks of Eemian to Holocene age (loess and fossil soils of locali­
ties Lutopecny and Vazany near Kromeriz, Zopy near Holesov, Predmosti near Prerov and 
Dolni Chabry near Prague). The fluvial sedimentary rocks are marked by white dots (the 
middle reaches of the River Morava, Holocene to Plio-Pleistocene age. Redeposited fossil 
loams, loess and clays in the gravel terraces of the last three glacial cycles in the 
basin of the River Rusava). 

The physical and chemical quantities measured 
1. Mass magnetic susceptibility � (in situ).
2. Mass magnetic susceptibility dlh after annealing the specimen in air at 80o0c

for 3 hours. For this purpose, a nonmagnetic furnace was used and an electronically sta­
bilized magnetic field of intensity H = 80 Am-1 was applied.

3. Carbonate content A (in °/4 by wgt. ).
Assuming that a magnetically monomineral system is involved (magnetite in the in

situ samples, haematite after annealing), the factor D = �/� can be considered, in 
the first approximation, to be proportional to the paramagnetic phase present in the rock. 
Correlation of the measured parameters, experiments and discussion, 

By investigating the re.lation between � and A i.."1 a set of more than 6000 speci­
mens of sedimentary rocks of Quaternary to Palaeozoic age from various geological units 
in Czechoslovakia, the following boundary exponential was derived statistically: 

X. = 3.315x10-7 exp (-0.048 A), A < 6,�o;:,. (1)
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It has the property that more than 85 of the specimens in the diagram analogous to Fig.1 

lie to the left of it. The remaining specimens, which were to the right of the curve, 

contained: a) magnetic detritus of allothigenic origin and clasts with magnetic effects, 

b) more strongly magnetic rocks as a result of the filling in of cavities left by roots

of recent vegetation, or of' the underground activity of animals, c) an increased content

of carbonates of post-depositional calcification, especially in eolites. The correlation

diagram (Fig. 1) of the magnetic mass susceptibility � and the carbonate content A is,

to a considerable extent, a supplementary image to the relation between dC'.- and the con­

tent of the clastic component, The clasts and carbonates in the specimens with a small

content of organic matter form, to a certain extent, a complementary system. However,

the (�, A) and (df.,, clasts) correlation diagrams differ substantially if the carbonate

content A < 6%. This is an interval in which the chemical properties of the carbonates

have a smaller effect,

The granulometric investigations of the clastic component of the rocks has shown 

that � depends, to a large extent, an the total surface area of the clasts and corre­

lates fairly well with the surface area of silicate clasts and their gels, Microscopic 

analysis has prove� that the magnetic minerals are mostly bound to the surface of the 

silicate particles and especially to the gels which surround them. It was also found 

that the mean size of the magnetite particles decreases and the content of hydrated fer­

romagnetic minerals increases very rapidly as the carbonate content in the rock increases 

above 40%. The upper limit of the content of ferromagnetic minerals when the surface of 

the silicate clasts and their gels is saturated by these substances can be identified 

with the boundary exponential (1). This is also supported by the fact that Eq. (1) holds 

in rocks abundant in organic substances, To determine the ratio of the ferro- and para­

magnetic phases, it was assumed that the investigated rocks practically contain only 

magnetite in their magnetic product and that both phases can be reduced to a single ferri­

magnetic mineral (haematite), 

Fig, 2 shows the (dt, D) correlation diagram in wh5ch the parameter D at first in­

creases rapidly wi th decreasing � (the percentage of the paramagnetic phase increases), 

reaches :i.ts maximum at X = 5x1o-8 SI, and this, with a view to Fig. 1, corresponds to

the upper limit of the carbonate content of 40%, The subsequent rapid decrease of D 

can be attributed to the displacement effect of the carbonates on iron comnounds Okac, 

1961). In the region of the displacement effect, it is necessary to recken with the con­

tent of the ferro- and paramagnetic phases changing, as well as with their qualitative 

changes in the course of the existence of the sedimentary rock, We found that the in­

terval in which D increases with decreasing � is closely related to the changes in 

the ratio of the ferro- and paramagnetic phases with the palaeotemperature at the time 

of sedimentation, This phenomenon is observed in magnetic products of authigenic origin 

in which the magnetic mineral is magnetite, and its origin is synchronous with sedimen­

tation period of the rock, 

In the interval of carbonate content up to 40%, the üsplacement of the highly dis­

persive paramagnetic phase is blocked to a large extent by the consevation effect of 

the surface of the silicate clasts and gels which envelope the ferromagnetic phase. The 

gels are considerably enriched by the absorbed paramagnetic minerals. The conservation 

effects of the silicates and their gels prevent larger changes of the ferro- and para­

magnetic phases, especially during post-depositional recalcifications, 

Quite different conditions apply during drift and sedimentary sorting when the ferro­

magnetic and paramagnetic minerals are deprived mechanically of the protective effects 
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especially of the silicate gels. If carbonates are present in the resedimented rock, mag­
netite usually changes to Fe colloids. After the colloidal silicate and gel component 
has been renewed, these adsorb and coagulate on them, and this is associated with changes 
in the redox potential and pH factor. Provided the coagulates are sufficiently large, the 
coagulated colloids of the paramagnetic Fe minerals recrystallize into magnetic minerals. 
The paramagnetic coagulates are mostly immobile and, under spontaneous recrystallization, 
they are able to associate only to a limited extent. Many do not achieve the size neces­
sary for the ferromagnetic state to originate. 

The microscopic analysis of the studied set of samples proved that the· spontaneous 
recrystallization of the paramagnetic minerals into ferromagnetic minerals was closely 
linked to crystallization nuclei, mostly silicate. They have the character of silicites 
which are formed from colloidal Si02 a....�d are a manifestation of the initial stage of
diagenesis (Petrfuiek, 1963). The relict of chemical etching of magnetite particles (more 
than 300 experiments were made) was in each case a silicate particle. Larger magnetite 
particles had a l&rger number of silicate crystallization nuclei. The etching proved 
that these magnetite particles were in fact conglomerates of smaller particles cemented 
by the silicate gel. This is evidence that the conglom�rates were generate by the cong-, 
lomeration of independently crystallized magnetite particles. 

The results reported above were derived from experiments we carried out, many of 
which went on without int,erruption :for as many as 12 years. This concerns particularly 
the processes of disintegration of magnetite into colloidal phase due to the effect of 
carbonated,· the proce_sses of coagulation under various redox and pH conditions, the pro­
cesses of spontaneous recrystallization of paramagnetic minerals, the renewal of sili­
cites in the rock and the temperature dependence of parameter D .  These experiments can 
be used to estimate the time required for the new ferromagnetic phase to be generated in 
dependence on temperature. The estimated time is between 50 and 200 years, reduced to na­
tural conditions. 

One of the factors which support the predominantly authigenic origin of the magnetic 
product in the Quaternary sedimentary rocks being investigated is the dependence of the 
magnetic mass susceptibility � on the temperature atthe time the rocks settled. We ob­
served this relation along several geological profiles in whose rocks the silicate clasts 
have been sorted, and that there exist specimens with nearly the same weight ratio of 
clasts - carbonate - iron. The locality of Dolni Chabry, which has these properties, dis­
plays a high degree of correlation of the magnetic mass susceptibility d{ with the in­
-phase values of the curve of changes of concentration of isotope 180 in the planktonic
foraminifera of marine sediments (Fig. 3). It is kncwn that the ratio 16

o;
18

;o is a f'unc­
tion of the temperature at the time of the sedimentation of the plankton (John, 1979). 
Fig. 3 shows the values of the magnetic mass susceptibility ;}{'.., the concentration of iso-

18 • 
tope O, the total content of Fe in the rock and parameter D for the interval o:f 0 
to a.3x104 yrs B.C. The percentage of the :ferromagnetic phase and, consequently, also
the value of X decrease with the palaeotemperature at the time of the origination of 
the authigenic magnetic minerals. On the contrary, the percentage of the paramagnetic 
component, represented by the parameter D ,  increases. 

Let us assume that the intensity of the geomagnetic field did not change over a lon­
ger period of sedimentation (H = const.). The value of the Königsberger factor Q for the 
samples of the sedimentation period being considered will also be constant, provided the 
stable component of the magnetic polarization is assigned an adequate part of the value 
of the magnetic mass susceptibility ;}t.. . As already mentioned above, the magnetic mass 

1 
1 

ll 
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susceptibility of the whole product dpends on the paleotemperature at the time of sedi­
mentation. If we substitute the value of X into Q at H = const., we subject the Q-fac­
tor to this temperature dependence. In studying the magnetic properties of ferrites, ob­
tained chemically and by crystallization on the surface of the pores of ceramic frits at 
H = const but under various temperatures we found that the stable component of tbe mag­
netic pol�ization has to be assigned a value of X proportional to the factor n-1/2• 
For H = const., also Q was then constant within a certain interval of � • One may 
assume that an analogous relation for compensating the effect of the palaeotemperature 
will also hold for sedimentary rocks. In this case, one must bear in mind particularly 
that a) the magnetic product must be of authigenic origin, b) the palaeotemperature 
and the period in which the magnetic product originated must be in phase, c) the dis­
placement effect of carbonates must have no influence an�, therefore, specimens with 

5x1o-8 SI must be excluded, and d) the physical and chemical properties of the spe­
cimens must be sufficiently homogeneous. 

The method of compensating the dependence of the magnetic mass susceptibility 
of rocks on the palaeotemperature at the time the magnetic product originated by means 
of the parameter D was used to determine the value of the Q-factor. Localities of 
eolites and nival sedimentary rocks whose sedimentation could be quaranteed to be in pha­
se to a sufficient extent were selected for this purpose. The values of the Q-factor for 
localities spaced at about 300 km where the sedimentation took place under different 
conditions were nearly the same at the in-phase points of the time scale. These values 
of the Q-factor were also correlated with the synchronous values of the total geomagne­
tic intensity F/F0, determined by the method of double consecutive heatings of archaeo­
logical samples (Bucha, 1975). For (Q, F/FO) the correlation coefficient r = O.92. If 
the susceptibility was not compensated for the palaeotemperature, r = 0.32. 
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DISPLACEMENT OF VGP DURING REVERSALS 

G.N.Petrova 

Discussing processes during reversals we usually speak about VGP's path or trajec­
tory, meaning systematic shift of VGP in some direction. It seems that this characteris­
tic is not real. 

We have compiled a catalogue of reversals with the data from all papers, published 
from beginning of reversals' investigation till 1983 /1/. The Catalogue contains 126 
cards, 95 for Cainzoic. Only 12 records show directional systematic shift of VGP. From 
these 12 cases 3 cases are averaged curves, where inhomogeneities of VGP's distribution 
are smoothed. In 5 cases VGP's displacement is in the limit of one hemisphere only. 
There are only 4 cases of real eystematic meridional VGP's displacements. 

The real pioture of VGP's distribution is concentration of VGP in some region. The 
concentration can be very narrow ("sNarm of VGP"), not narrow but quite distinct or dif'­
fused one (only predominance of VGP's in some area). The concentrations make 70per cent of 
all cases, when it is possible to speak about VGP's distribution. It should be said that 
VGP's shift in limit of one hemisphere is intermediate case between displacement and con­
centration. 

The reality of characteristic of "VGP concentration" can be seen in fig.1 and ). 
Matuyama-Brunhes reversal was studied in 18 differen_j sections. The location of concen­
tration zones for these 18 cases is shown in fig.1. The figures signif'y the number of' 
hits in the same zone taking into account the weight of each case. It means that for re­
versal records of class I (the number of intermediate VGP's is more than 25 and the scat­
ter is not lurge), the·number of cases are multiplied ). For class II (it is either the 
number of intermediate VGP is less than 25, or scatter is large), the multiply coeffici­
ent is 2. For class III (when because of a feN number of VGP and large scatter it is not 
possible to speak surely on VGP 1 s distribution) coefficient 1. Maximal pqssible number 
of hits ie Pmax. 

Concentration zonee for mos: records of Matuyama-Brunhes reversal hit in the same 
region. As fig.2 showe the distr.bution of concentration zones is independent on longi­
tude of sampling in the limits of the eastern hemisphere (from Chechoslovakia till Japan), 
but sections in western hemisrhere have other region f'or concentration zones. 

It means: firstly, concentration zone is useful characteristic of a reversal proces­
ses; secondly, geomagnetic field during Matuyama-Brunhes reversal was not dipole one, but 
its nondipole terms have space scale as large as world magnetic anomalies. 

In fig.3 all VGP's outside of concentration zones for all records of Matuyama-Brunhes 
reversal are shown including VGP of records with no distinct distribution of VGP. The ab­
sence of any regularity confirms possibility to use only concentration zones as a charac­
teristic of the processes during reversala. 

The locations of concentration zones for reversal of different ages are not the 
same. For reversal older than Gauss-Matuyama distribution of concentration zonee begins 
to be less diatinct. It is underatood becauae, firstly, each picture includes several 
reversals of not the same but near age and, �econdly p the datings in many cases are not 
sure and sometimea doubtful. 

Fig.5 shows the concentration zonea distribution on the background of world magnetic 
anomaliea. Most zones are located on the periphery of world magnetic anomaliea, mainly 
their east alopes (aidea). Generally speaking, there are two regions of concentration 
zonea nearly opposite. The first (east) region is also the region of magnetic centres 
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projection for the whole Cenazoic and maximal equatorial Earth's radius lays also in 

thie region. 

For explanation of this dietribution euch a hypotheeie can be proposed. World mag­

netic anomaliee are the reflection of coremantle boundary inhomogeneities. Near these in­

homogeneitiee small•scale turbulence takee place. During atationary field the secular va­

riations are conneoted with this small-scale turbulence. Before a reversal magnetic mo­

ment of Earth decreases approximately trice. There is no supposition about the case of 

this decrease but such variation of magnetio moment is known even from archaeomagnetic 

data. Small-scale turbulence is suppreesed by geomagnetic field. When magnetic field de­

creases, small-scale turbulence develops and drives down main convective motions. 

Convective motions begin to occupy lese part of liquid core comparing to stationary 

regims that is why magnetic moment decreases further. Small-scale turbulence is more 

energetic process in comparison with main convection, it goes down in the course of time. 

This scheme corresponds to experimental picture: decreasing geomagnetic field, on its 

background increasing variation, further decreasing of intensity and then the displace­

ment of VGP in low latitudes. Dipole field does not vanish completely: in some cases we 

oan see variation of intensity about 10th years, whioh is considered as eigene oscillati­

on of dynamo-mechanism. 

According to this scheme VGP during reversals 1s to be connected (one way or ano­

ther) with world anomaliea. Thua, the existence of concentration zonea is more possible 

than any trajectory of VGP /2/ • 
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ESTIMATI0N 0F NRM 0RIGIN IN QUATERNARY SEDIMENTS 

G.N.Petrova, T.B.Nechaeva, Institute of Physics of the Earth, 
Moscow 

A.A.Vardanian, Institute of Geophysics and Injeneering Seismology, 
Leninakan 

Correct estimation of NRM origin is of especially importance in a case of fine struc­

ture of geomagnetic field study. At the same time many statistical and consistent tests 

used in paleomagnetism for primary magnetization revealing begin to be less useful by 

fine structure investigation. The test which is considered to be the best for sediments -

laboratory resedimentation - is not always possible and sometimes its results are un­

certain, 

We use some other tests. 
1. If value of anhysteretic magnetization in 3-6 times greater than In, but In demag­

netization curve in alternate field In(h) is located higher than that of Iri after I
rv 

excluding, I most probably is DRM. More distinct results can be obtained for sediments 

with only one ferromagnetic. This test is quick and suitable ·for all sediments, but it 

should be kept in mind that comparison of natural and unhysteretic magnetization is not 

accurate because of ignorance of ancient field intensity. This test is illustrated in 

fig.'1. The demagnetization curves of In and Iri were obtained by averaging data for 20

samples. Natural magnetization is 5 tim.es less than anhysteretic one but its curve is 

deposed lower. 

Zijdervield temperature diagrams show that Irv is about 50 per cent of In. lt means

that the curves must be compared after demagnetization both In and Iri by alternating

field of '15 rn T • After such a demagnetization In (h) is disposed higher than Iri (h). It

can be considered as an indication on detrital nature of NR!ii. 

2. If a rock contains two or more ferromagnetics, the comparison of thermodemagne­

tization curves of Irs and In shows whether these two ferromagnetics have the same kind

of magnetization or not. If two ferromagnetics have the same magnetization the ratio of 

their contributions in In would be the same as in Irs' If according to some peculiari­

ties of ferromagnetic grains (composition, shape, location, distribution) one of these 

ferromagnetics can be considered as a carrier of definite magnetization - the detrital 

one, for example - such comparison allows to judge about magnetization of another ferro­

magnetic. 

In fig.2 a thermocurve of Irs is given. The figurative points represent In for dif­

ferent samples. Point '1 is for the samples which obtain magnetite and titanomagnetite. 

Direction of magnetization does not change after Tc of titanomagnetite. The grains' shape

both for magnetite and titanomagnetite evidences about their detrital origin. As can be 

seen, figurative points I coincide with the Irs-curve. Figurative points 2 for a sample

with both titanomagnetite and magnetite, but magnetite is the secondary one and does not 

carry any remanent magnetization. Figurative points 3 for a sample, which has two stable 

magnetization with different directions. This Sediment contains magnetite and titanomag­

netite as well. Magnetite grains are very fine·, their distribution is inhomogeneous. Di­

rection of In component connected with magnetite changes from a sample to the neighbour­

ing one more sharp that titanomagnetite component. We consider the magnetite magnetizaT 

tion as CRM. 

n 
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3. In a section where sediments contain magnetite and titanomagnetite and their re­

lative contain varies significantly along the section, the absence of correlation bet-

and I value is an argument in
n ween ratio of magnetite and titanomagnetite components 

the favour of detrital origin of NRM. The reason of it

only DRM and if magnetite has CRM, NRM of samples with

greater. 

Fig.3 shows the dependence of In from the ratio of

is that titanomagnetite carries 

predominance of magnetite must be 

titanomagnetite and magnetite com­

of titanomagnetite and magnetite ponents. The ratios were estimated upon the amplitudes

maxima on the curve of thermodifferential analysis. As can be seen, by change of rela­

tive concentration of magnetite and titanomagnetite from 1,2 to 18,0. In varies in narrow

limits. Less values correspond to magnetite, it would be impossible in case of chemical 

magnetization of magnetite. The detrital nature of NRM for these sediments was checked 

up by resedimentation. 
4. In a section where large variations of Her are noticed the dependence of In value

from He can be used for estimation of NRM nature. In a case of CRM In value increase with

Her increasing (that is with grain size deminishing). In of detrital magnetizati'on reach­

es its maximum by middle grain size. Both by decreasing and increasing of Her In de­

creases. It is easy to understand such dependences from general consideration, but never­

theless they were discussed theoretically and checked up experimentally by Dunlop, Scher­

bakov, Bagin, Pechersky, Nguen and others [4, 5, 6, 8, 9J. 

Fig.4 shows the dependence of In from Res for investigated Sediments. In order to

exclude the concentration effect not In, but In/Iri are plotted on ordinate axis.

Her about 100 mT for titanomagnetites or magnetites evidences the presence of fine

grains approaching single domain region. The great decreasing of I
0 

for these grains 

contradict the supposition about CRM but is in agreement with the DRM characteristics. 

DRM must obtain its maximum when the grains are small but far from single domain ones, 
Her~ 40-50 mT characterizes the grains of this diapazone. The grains about 0,01 

are seen with the help of microscope. 

Chemical magnetization characteristics are not yet studied enough but last years two 

groups of researchers of Institute of Physics of the Earth have investigated them: Pe­

chersky and Nguen for magnetite f 4, 8, 9) and Bagin, Gendler, Avilova for haematite [ 5 J. 

Chemical magnetization appears to be in all cases similar to anhysteretic one. For mag­

netite ratio of chemical magnetization to anhysteretic one can vary from 0 ,5 to 1,5. lt 

depends on the origin of magnetite: if ·magnetite is a product of some paramagnetic dis­

truction (crystallization magnetization) its magnetization would be a few greater than 

lri; if magnetite is a product of primary ferromagnetic grain change its magnetization

would be a few less than lri" Demagnetization curves practically coincide.

For soft haematite chemical and anhysteretic magnetization have similar demagneti­

zation curves, but chemical magnetization can be twice less. lt is impossible technical­

ly to obtain the f'ull anhysteretic magnetization in the case of bard haematite. The de� 

pendence of chemical magnetization value on grain size and correspondingly from H iser 
distinct just for hard haematite. 

In order to be sure we alwa;ys try to use a collection two or more tests mentioned 

above. 
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EXCURSIONS OF THE BRUNHES CHRON AS THE BASE OF MAGNETOCHRONOSTRATIGRAPHICAL 
SCALE FOR THE QUATERNARY 

(REVIEW OF SOVIET AUTHORS DATA) 

G.A.Pospelova (the USSR, Moscow, IPE AS USSR)

Introduction 

Geomagnetic field excursions, investigations of which began 10 - 15 years ago, can 
be considered as a new characteristic of geomagnetic field (GF) changes. Ex:cursions en­
large our lmowledge of GF changes and are of great importance for 1:111derstanding the 
Earth's magnetic field origin and the processes in the Earth's core� The excursions, as 
time marks with great resolution ability have a wide application in the other branches 
of the Earth's sciences: stratigrapb;y and geochronology, sedimentation processes and 
tectonics (vertical motions of the cru.st), paleontology and climatology and, even in 
archaeology. 

The excursions are short-time changes of GF with high amplitudes exceeding normal 
deviation level by 3 times up to reverse direction. Ex:cursion duration is very limited: 
of an order of n.103, sometimes n.102 years (that is lass than the main dynamo period
104 y ). Ex:cursions have as common, so essentially different features comparing with
secular variations, reversals and polarity intervals. Amplitude of GF direction change 
for excursions is intermediate one between the secular variation and polarity interval 
amplitudes. In the case of excursions a complete field reversal is observed often enough, 
but it occupies very short time. Duration of excursion is significantly shorter than 
that of polarity intervals, it is similar to reversals duration. Unlike reversal process, 
excursion develops on a background of not a decreased but varying - sometimes increasing, 
sometimes decreasing - field intensity. A sharp intensity decrease is obtained sometimes 
if a complete field reversal occurs in time of excursion. Ex:cursion could be described 
as a number of impulses, between which "stationary" secular variations are seen. 

The geomagnetic field changes are illustrated in fig. 1, where straight lines with 
circles at the ends represent excursions. 

Magnetochronostratigraphical scale for the last 4,5 m1n y does not contain geomagne­
tic excursions ( Cox, 1969) • The geomagnetic chron Brunhes represents polarity interval 
in which GF is similar to the present day one� Not so long ago discovering of an excur­
sion in paleomagnetic section has been considered as uncommon occurence. Numerous inves­
tigations that have been carried on during the last years, showed that as in the 
Brunhes chron , so in chrons of the another polarity the geomagnetic excursions are 
presented. Ex:cursions are revealed in different sites of the globe as on the continents, 
so on the oceans. Ex:cursions are found within different geological times: Palaeozoic, 
Mesozoic, Cainozoic. 

The main information is for the Quaternary period, what can be easily explained: 
the younger rocks are less altered, excursion records are not wiped off by superposi­

tion of the secondary magnetizations� 
I.Investigation of geomagnetic field excursions
In the end of sixties detailed paleomagnetic studies, together with biostratigra­

phical works, were carried out with the Pleistocene-Quaternary continental sediments 
southward of the western Siberia ( Pospelova, 1971) and in some sections in Czecho-
slovakia (Bucha, 1976). It was shown, that in sections which could be refered to 
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Matu;yama and Brunhes times, besides intervals of d.irect and reversed polarity, tran�i­
tional zone and secular variations, some new GF oscillations were recorded - excursions. 
Wi thi.n sections o:f great thickness were revealed 7 - 10 layers having anomalous di­
rection of the primary magnetization. 

Usually, under clasaical paleomagnetic investigations the sha.rp deviations of 
direction in some samples out of a great number examined, is ascribed to a random errors 
and such data are either rejected or averaged with the adjacent ones. At first a sug­
gestion was offered, that anomalous direction of magnetization are due to experimental 
errors. Special drilling carried out close to the outcrop and additional sampling 
ahowed that this suggestion was groundless. 

It was confirmed, that the anomalous direction of the primary magnetization was 
observed at the aame depths1 the magnetization peculiarities being seen more clearly 
when cores from the bore were used (fig. 2). Some layers having the anomalous magne­
tization directions were traced over a large distances. Field and laboratory examina­
tions indicated to the fact that such anomalous magnetization could be explained only

by the GF behaviour during the rock formation, though the excursion existence itsel:f 
appeared to be impossible: from the view point of eydroeynamo theory changes of the 
field directions up to the opposite ones during such a short time span could not be 
explained. At present, there is an attempt to bind up the GF excursion with phenome­
non on "the oceans" - stratiphisized layer of decreased density at the core-mantle 
boundary ( Braginsky, 1984-) •

The study of excursions 1s a matter of a great difficulty first of all due to 
their shortness. Besides, not all the anomalous directions, found in sections, are o:f 
geomagnetic nature, False excursion can arise due to sedimentation under turbulent 
flows, particle accumulation on a steep-declined plane, in result of post-sedimen­
tation ieformations. In bores, especially in bottom ones, :false excursions can 
occur in result of crampling and deformation of rocks in a core. Change in compo­
sition and structure of magnetic minerals during their life-time m� lead to forma­
tion of anomalous magnetization direction. So processes going to freeze ground 
within cryolithogenesis zone can change direction of the primary magnetization and 
its value (Minyuk, 1986). Pseudoexcursions occur unq.er de:formation in sediments 
with draino.ge lines ( Bakbmutov, 1986) , as well as in a result of soil-formation 
of certain loess-soil complexes ( Faustov, Virina, 1986) • On the other hand the 
true excursion records may be partly or as a whole concealed on account of magnetic 
viscosity, chemical changes during rock erosion, repeated wetting and so on. There­
fore it is not surprising that sections containing excursion records are revealed more 
seldom, than sections without excursions. Naturally a great attention is paid to 
clearing out the pseudoexcursions and to proof of the data reliability. Ex:cursion 
examination requires special methods as during sampling, so when laboratory experi­
ments are carried out. The true excursions are to be confirmed by the inner agreement 
between the data for each outcrops (it should be traced througb. some excavations) and 
there should be time-spatial fitting of data throughout the whole region. 

Three methods can be used for geomagnetic excursion investigations: 
I. To estimate a number of excursions during a certain time-interval the most complete
and long sections, enveloping a great time-interval, are taken - for example, a part
of Ma.tu;yama chrone snd the whole Brunhes chrone. Detailed continuous sampling of sec-
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tions with thicklless more than 100 m, allowed to discover a series of excursions ( Pospe­
lova, 1971; Bucha, Sibrava, 1977; Creer, 1980; Pospelova, 19811 T�e\yak, 1983). 
(see fig. 3). A deficiency of this method is a possibility, that by examination of a 
single section, in the case of bottom sediments especially, some pseudoexcursions, that 
are not connected with the geomagoietic field cha.nges can be taken as true ones. 

The second method, that is popular in the USSR, allows to define true excursions 
within the given region. This method consists in a choice of sections being stratigra­
phicaily of the same age and enveloping a limited time-interval, so that they can be 
correlated rather surely over a great area. The excursions, revealed in these sections 
can be surely correlated too and then assumed to be certain stratigraphical marks within 
large areas. Using this method the regional magnetochronostratigraphical scales were 
compiled of the Quaternary time for the Caspian and the Black Sea basins Eremin, 
19861 Zubakov, Pisarevskii, 1982; et al. ) for Moldavia and the Ukraine (Tretyak , 
1983; Adamenko, Pospelova et al., 1982 ) for south of the Western Siberia ( Pospelova 
et al., 1982) , for the GDR and Bulgaria ( Wiegank, 1979, present monograpby) ; in the 
other countries this method was not utilized. 

The third method - paleomagnetic investigation of rocks within separate outcrops, 
which are dated geochronometrically at not less than two points. Such investigation 
allows to define accurately enough the excursion age and duration ( Nachasova, Burakov, 
1984; Ms.isuradze et al., 1986; Dudkin, 1986; Pospelova, 1986). 

The third method is widely used in a number of countries; the investigations 
carried out on Japan tu:t'fs of 30 t�ousand years dating by c

14 are of great interest 
( Tanaka, Tachibana, 1981) , on basaltic flows in Idaho, USA, their age estimated as 

450 ± 50 thousand years with the K-Ar method ( Champion et al., 1981) and a number 
of the others. To compile the magnetochronostratigraphical scale investigations, based 
on the third method, are quite necessary ones. 

Each of methods, described above, possesses its own advantages and defects, but 
their joint application appeared to be success:ful for compilation of magnetochrono­
stratig:raphical scale of the Pliocene-Quaternary time. 

For the excursion investig&tion interpretation of linear magnetic sea-anomalies 
is of g:reat importance. The design of the linear magnetic anomalies, when compared with 
the BrUDhes chrone, showed evi<lently enough an existenoe of excursions within this chrone. 
An improved analysis method, that has been developed during last years, allowed to out­
line within the Brunhes chrone the Blake excursion. This excursion is confirmed by re­
versly magnetized samples, collected in the Middle Atlantic valley in the zone of this 
anomaly and Emperio excursion, its age ~ 490 ± 50 thousand years and duration similar 
to that of the Blake excursion (Wilson, Hey, 1981). 

2. Excursions of the BrUDhes ehren , based on the Soviet investigations

Up to the present in the USSR a great number of experimental data is obtained on
geomagnetic field excursion during the Pliocene-Quaternary time. As investigation objects 
sedimentary rocks of different genesis were used: continental, sea, bottom lake sedi­
ments, sea and ocean floor and even cave sediments, more seldom volcanic rocks. Excur­
sions are revealed in rocks from outcrops and bore-specimens. New data have emerged 
excursions, that could be marked out in archaeological objects. The g:reater part of 
data on the BrUDhes chron excursions, which is based on the Soviet investigations, is 
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systematized in tables I - IJ. For some large regions, where a number of independent 

studies have been carried out, for the Brunhes zone summa.ry paleomagnetic sections 

are compiled. Each table could be considered as a regional magnetostratigraphical 

scal.e. Some of these tables contain regional stratigraphical schemes. These schemes, 

as well as their correspondence with the Pleistocene subdivisions, should be consi­

dered as a rough and preliminary ones. Their will be improve in process of future 

investigations. 

The data, presented in the tables are of different significance and re1iability. 

Ex:cursions found an territories of the Ukraine and the Western Siberia and especially 

within the Caspian Basin are traced in a g:reat number of sections distributed over 

vast area, but as well there are excursians investigated in isolated sections only. 

For better understanding the tables are accompanied by a scal.es of outcrops and ex­

cavatians, where these excursions were recorded. The results, obtained for excursions 

revealed in rocks from the Eastern Siberia, the Far East, the Okhotsk Sea are rather 

scanty and therefore combined into one table. Due to the same reason one table is 

given for the results from the north-european part of the USSR: the Priladojie, the White 

Sea, Lithuania. Ex:cursions, revealed in morains are gathered in a separate table, 

because for such kind of sediments a method for estimation of the GF fine structure 

is not developed sufficiently well. Data lacking even rough age estimations and re­

vealed in the region in a single section only, are not included in the tables. If age 

estimations are not sufficiently accurate, the limits of their possible changes are 

shown by a line, arrows correspond to displacement up and down the scale, which may 

be connected with age errors. 

Excursion that are not based an several sections or excavations data are shown 

by dotted line, those not reliable ones by broken line. 

In the USSR the better elaborated and widely known stratigraphical scheme of 

the Quaternary sedimentation is the scheme of the Black Sea - Caspian region, based 

on exploratian of sea-fauna. Paleomagnetically the Black Sea - Caspian Basin is in­

vestigated fundamentally and over a vast area. Table I illustrates the scheme of 

Quaternary sediments of the Caspian Basin ( The USSR Stratigraphy, Quaternary System, 

1982, 1984-) . This table contains the result of excursion investigations, carried 

out within the Caspian Basin, including data for the Russian Plain and bottom columns 

of the Caspian Sea. Within vast territory of the Caspian Basin different scientists 

have obtained excursion records in deposits of the upper and lower Khvalin, in diffe­

rent facieses of the upper and lower Khazar, deposits of which are spreading over 

many hundred kilometers ( Eremin, 1986) • In this region time and spatial agreement 

between excursians is settled. Within the Middle and Late Pleistocene 5 excursions 

are marked out with certainty which can be correlated roughly with excursions re­

veal.ed previously. Early Pleistocene Post Baku and Baku sediments are studied in­

sufficiently. The first attempt of more detailed examinations of Baku deposits 

showed a presence of one excursions (table I). 

Not less interesting are studies carried out within the Black Sea Basin 

(table 2). During the Brunhes ehren there were settled nearly II excursions, 6 of them 

related to the Middle and 2 to the Early Pleistocene. It is possible that some of these 

excursions, located close in time represent one excursion with two jumps similar to the 
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Upper Khazar excursion in the Pricaspian region. It should be noted, that in sea­
sediments of the Black and the Caspian Seas are revealed some regular, sometimes 
rather long. gaps, which occured during glacial-eustatic sea-regressions. Seven re­
gressions were revealed in sea sediments of regions adjacent to the Black Sea; these 
regressions occured during the last ?00 thousand years. Sedimentary rocks, corres­
ponding to these time-intervals, are either absent or breaks in sedimentation se­
quence are filled up with continental sediments. As result a number of excursions, 
revealed in sea-sediments, can be incomplete. 

During Quaternary time continental deposits predominate on land and it appears 
that just they provide more complete geomagnetic field record. Detailed areal in­
vestigations of the continental Quaternary sediment with the aim to detect excur­
sions and to trace their inter-correlation,'were carried out on the following 
territories: the Ukraine, Moldavia (table 3), in Zacarpathian region (table 4), in 
the Predurals '(table 5), the Western Siberia (table 6) in the GDR and Bulgaria 
(the present monograpey) and the others. 

Paleomagnetic data for the flat part of territories of the Ukraine and Mol­
davia are given in table 3. It appears, that table 3 is the most complete data col­
lection for these regions. The table is based on A.N. Tretyak' s results ( Tretyak , 
19?6-1983) filled up with the other authors' data on Middle and Late Pleistocene, 
which confirmed his results. As stratigraphical scheme is adopted Veklich's scheme. 
In this scheme ortostage boundaries of loess formation are adjusted to "the abso­
lute" age using a complex of methods ( Veklich, 1985) • Chronology of the Dniestr 
terraces is given taking into account the results, given in ( Chepalyga, Kulikov, 
1985 ) and the data of IV All-Union Quaternary Conference ( Guidebook, 1986). Thi.s 
allowed to improve the age estimations of excursions within separate stratigraphi­
cal horizons and time scale. Ex:cursions in the Middle and Late Pleistocene a.re re­
vealed surely enough, while those, belonging to the Early Pleistocene are defined 
with some uncertainty. 

There is an opinion, that subaerial complex of loess-soiled sediments of the 
Ukraine and the south of Moldavia cannot be used to study the geomagnetic field 
fine structure ( Faustov, Virina, 1986) • In fact fossil soils are very complicate 
objects that require special methodical examinations. Strong viscous magnetization 
in soils conceals sometimes the primary magnetization and thus prevents to obtain 
the real ancient geomagnetic field pattern. However, there is the another opinion, 
based on the following information: excursion records, existing both in soils, 
from different climatic zones and in loesses; comparison of excursions, found at 
the same horizons of widely spaced sections; a rough time agree1:1ent of excursions 
distributed from the Ukraine up to Siberia; fixation in soil-loess complexes of 
the Ma.tuy8llla zone, not anomalous but reversed magnetization. The summary paleomag­
netic section, representing this region, has nearly 16 excursions. As has been men­
tioned above and 1n an agreement with Tretyak's suggestion (Tretyak: 1 1983) it is 
quite possible that two - three closely spaced horizons, characterized by reversed 
or anomalous direction of the primary magnetization, represent actually one excur­
sion of a very complicate structure. In tables such excursions are marked by dotted 
bracket. 
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In the Zaca.rpathia.n sections (table 4) a comparison of fossil soils with time 
scal.e was based on thermoluminescence analysis (TL ), carried out by V.N.Shelkoplias 
for rocke from the Korolevo-section. In the Korolevo-sections 14 cultural. horizons 
are reveal.ed, which are distributed up to al.luvium (fig. 3). Tb.e Korolevo summary­
section contains II excursions, most of them are traced at several. excavations and 
widely spaced outcrops. 

Ten excursions are recorded in the summary-sections of the Predurals, the Wes­
tern Siberia and the .lltai (tables 5 and 6). Some of "the Ural.s" and "the Siberian" 
excursians is of no doubts as from paleomagnetic point of view, so by dating accu­
racy (c

1 4, TL). 
In connection with the fact that in the Middle Asia there are .110 da.ta on Qua.ter­

nary system (excluding Ta.jikistan), the summary pa.leomagnetic section for the Middle 
.lsia is the most problema.tic one. At present it should be considered only as an il­
lustra.tion of excursion records within loess thickness, this illustration being 
based on the Tajikistan information, ( Dodonov, Penkov, 1977 ) , (see table 7). How­
ever, the results obtained by the International Expedition ( the present monograph.-v' 
should be noted: in two sections within the Pritashkent region different authors, 
using different methods, have recorded excursions1 their age defined by TL method 1s 

100 thousand years • .l lithological. and thickness confirmation of these excur­
sions is obtained in pa;-al.lel exca.vations of the Yangiul section, a.s well as by 
time coincidence of excursions in the Yangiul a.nd Mingtepe sections, which are lo­
cated at a. distance of 40 km. 

Ta.blas 8,9,10,11 well not be described in detail. Tb.ey illustrate presence of 
excursions of different ages recorded in sedimentar;t rocks on vast territory of 
Eurasia a.nd in bottom sediments of seas and oceans. The results� that should be con­
sidered as the unical. ones are listed in table 12 • .111 info:rmation described above 1s 
obtained an sedimentary rocks, but for the Caucasus the investigations are carried 
out on archaeological. objects a.nd lava flows1 dating is realized with the K-Ar 
method. Information on excursions of the Middle Pleistocene, recorded on igneous 
rocks, agrees rather well with that obtained for sedimentary rocks. Studies, carried 
out an archaeological. objects of Georgia have confirmed Folgheraiter's suggestion, made 
in the last century, that only 2700 years ago in Ital.y, Greece and now in Georgia has 
been reveal.ed short-time geomagn.etic field reversal. 

In spite of the fact, that method of examination of GF fine structure within 
morainic debris is rather poor developed, the results of such investigations are of 
interest as there is an agreement of the data obtained by different authors andin 
different sections (table 13). 

It is established, that morains of the Moscow glaciation possess normal magneti­
zatian only, while in morainic debris of the Dnieper, the Oka and the Don glaciations 
layers of both nomal and reversed magnetization are observed. It is suggested, tbat 
the reversed magnetization is connected with geomagnetic field excursions (Isaev, 

Trukhin et al. , 1978 ) • 
Summing up the USSR data one can conclude, tbat the maximal. number of geomagne­

tic field excursions in the summary paleomagnetic section for a separate region 1s 
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16 - 11 , some of them have a very complicate structure. Most of these excursions 
is repeated at remote points: from the Carpathian to Prichernomorie and the Okhotsk 
Sea1 from the White Sea to the Caucasus and the Middle Asia; on the Atlantic and 
Indian Oceans and the Mediterranean Sea� 

The Middle - Late Pleistocene and Holocene are investigated in details a.nd 8-9 
excursions are reveal.ed1 the Ea:rly Pleistocene has not been studied so :far (tables 
9,10,11,12) or has been explored only :fragmentary (tables 1,2,5,7,s,13). Within the 
Early PJ.eistocene there are revealed 4 excursions, but their dating is not sure one. 
A dil:ficulty of excursion establishment in the beginning of the Early Pleistocene 
is connected with the :fact� that sometimes it is impossible to distinguish clearly 
between the end of Matuyama - Brunhes transition and excursion, since the last could 
be interpreted as a part of transitional zone (see fig: 2). 

Data, listed in tables, have been analyzed taking into account their signifi­
cance. As a reliability of different excursions is not the same, each of them is 
given corresponding weight: The weight depends on accuracy of dating and reality of 
excursion definition: In turn, estimation of an excursion reality depends on the 
followings number of samples and stratigraphical levels used to study excursion; 
number of excavations and sections where excursion is found; number of excursions 
within the given section; laboratory examination of Jn origin; magnetic mineral
composition and so on. 

A histogram is plotted, illustrating a dependance of excursion number on their 
age, their weights being taken into account. For time-interval of 50 thousand years 
4 na.rrow max:ima are clearly seen in this histogram (fig. 4a). The first of them 
fal.ls within time-span 2700 - 2900 yrs. Though this fact requires an additional 
confirmation , an accuracy of excursion dating, as well as the fact, that it was 
revealed on dil:ferent objects (continental sediments, bottom silts, archaeological 
objects) indicates to the existence o:f this excursion. The second maximum falls 
within•time-interval o:f II-I3 thousand years, the third and the fourth are located 
in time-interval of 24-26 and 40-45 thousand years correspondingly. Duration of the 
first maximum is 102 years (100 - 300 yrs), :for the following three maxima this
duration does not exceed 2.103 yrs for each of them. Time-interval of 50 - 150 
thousand years is characterized by one sharp maximum wi thin time range of 100-120 
thousand years (:fig. 4b), the maximum duration is sufficiently greater comparing 
with the previous ones. 

Data available :for the next long interval 150 - 730 thousand years are rather 
limited, accurate de:finitions o:f excursion age are not numerous excursion ages are 
defined approximately, using stratigraphical inform0tion, fauna, spore-pollen ana­
lysis, pal.eophytology examinations and the other evidences available. 

The histogram showing a dependance of excursion number on their age, the ex­
--ursiOL weights being taken intc account, allows to suggest that during more than. 
500 years continuous excursi.on is going an without stati.unary field intervals 
(fig. 4c), but in fact excursions are short-time c11ang,"r. of GF. In accordance with 
data f'rom tht south of Western Siberia excursion duration in cections, occupies only 
12% of the full thickness (fig. 2). Evidently, this dif:ference represented on time­
scal.e, would be seen still sharper, as sedimentation processes themselves have 
breaks. Th same :field patterns are soen in the other sections. In histogram (fig. 

1, 
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4) 5 marlma could be outlined: 2?0-290, 300-380, 4-40-460, 500-530, 580-600 thousand
years. In time-interval 320-430 thousand years, due to large error in e:x:cursion age
definition, two maxim.a could be combined into one.

t pr�sent stage of excursion phenomenon investigation, it should not be correct 
to compare excursions an the base of their roughly defined ages. To clarify number 
o ,xcursions within the given time-interval and to estimate their durations visual
analysis of the �ore complete summary sections with the addition of stratigraphical,
paleontological and the other information (tables 1 - 5,8) being available, should
provide better results than statistical an'llysis.

The carried out comparisons allowed to suggest that during time-interval 580 
thousand years there were at least 7 - 8 excursions. 

It seems, that different excursions have different durations: some of them are 
short, the others, such as Blake excursion, are longer. The duration of first type 
short excursions - is 103 yrs, the second one is longer, its duration is about 104 

years. 

During excursions of the first type geomagnetic field has one - two deviations 
of large amplitude with roturns to the initial state. Such behaviour is similar to 
t:tu v �t omerang, Ex:cursions Mono, Gotenburg, Kargapolovo belong to that type. lt is 
possible that up to the present not all short e:x:cursions - 0boomerangs" type - are 
rev�aled. This suggestion is supported by. data of the Ukraine (Dudkin, 1986). 

Elccursions of the second type are like subchrones - events - but they have 
shorter duration and don't contain the complete field reversal, or this reversed field 
is a vecy short one. It is of great importance that "excursions of the same age" are 
revealed at different, far spaced points of the Earth's sw.•face. It is the evidence 
of their global origin. 

SUJLming up all said above, the following conclusions could be suggested: there 
were not less than 12 excursions during Brunhes chrone (fig. 6). The previous scheme 
of the J3runhes chron remains (Gurarij et al. 1983; Fotiadi, Pospelova, 1982), but wi th 
certain supplements (excursion Etrussia) and improvements (proposed combination of 
4 excursions (Biwa I and Jamaica and the Biwa II and Chagan-Dniepr ) into two types with 
c 1111plexe structure. Age of these excursions is estimated only approximatly especially 

th Early and Middle Pleistocene. 
hy �eriodicy in excursion occurences during Brunhes chrone is not revealed, 

w at cßn be conne�ted with the dating errors. Elccursions occured over intervals of 
50, 60 d.Ild u:p to 100 thousand years. Evidently, if there is an:y quasiperiod, this 
period would be less than 100 thousand years. During La.te Pleistocene, where age -
estimates are accurate enough, excursion periodicy is 14 - 16 thousand years (fig. 5). 

3. Relation between the geomagnetic field excursions and the other
Earth's phenomena 

Problems of relations between the geomagnetic field variations and the other 
Earth's phenomena have discussed more than once. (Jacobs, 1981) mentioned existence 
of correletion between frequency of the geomagnetic reversal occurence and the Earth's 
heat :flow variations during the last 150 million yea.rs, what may indicate to relation 
between p7.>eesses in upper mantle and in the Earth's outer core. Correlations 

observed between b;yperzones of polarity intervals and tectonic processes, recur-

C 
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rence of the field intensity and geologicaJ. eras (Bolshakov, Solodovnikov, 1981), 

long-period geomagn.etic field variations and climatic changes (Bucha et al., 1977). 
Naturelly, relations of geomagnetic field excursions with different changes 

within biosphere and geosphere are investigated too. The greatest attention is drown 
to correlation between the geomagnetic excursions and climatic changes. Such inves­
tigations are carried out on concrete sections, containing geomagnetic field excur­
sions. The perfect example is study of bottom deep-sea columns :from the northern 
part of the Pacific Ocean; this study envelopes the last 'V 450 thousand years. By 
studies of this kind reck magnetic parameters, In values, and inclinations are 
compared with o:xygen-isotope curves and patterns of climatic changes reflected by 
Variations of the temperature-indicative foraminifera Globorotalia menardi (Wollin 
et al., 1971). Analogous comparisons are carried out with columns from the Caribian 

and the Mediterranian Seas. The clear correlation between corresponding curves is 
revealed as within each region, so between far-spaced ones. The largest Jn values 
are associated with temperature falls, while sharp changes of inclination up to the 
reverse ones (excursions) correlate with temperature rises. This pattern of corre­
lation is characteristic for all the mentioned basins during the last tv450 
thousand years. On the other hand, in accordance with the data on oceanic columns 
and continental sedimentations, geomagnetic field of weak intensity during Matuyama­
Brunhes reversal correlates rather well with cold climate (Adamenko et al., 1981). 

In sections of continental sediments during the Brunhes chrone excursions are 
recorded as in soil horizons, so in loess and glacial deposits - moraines. 

Besides examination of correlative relations between excursions an.d climatic 
changes using separate sections, such studies are carried out on the global scale, 
too. Tim.es of excursion occurences, corrected arbitrary by Rampino, are compared 
with changes of the Earth's orbite eccentricity. Close coincidence between excursions 
and peaks of eccentricity curve suggests a causal relation between these phenomena 
(Rampino, 1981). A model of excursion mechanism is suggested, though rather 
speculative one. In accordance with this model a mechanism of excursion modulation 
is related with the changes in the Earth's core convection, the cause of wW_ch is 
an increase of difference in prccession velocities and moments of the core and 
mantle near maximum of oscillations of the Earth's orbite eccentricity. 

Thus there is correlation between the parameters of the Earth's orbit, magne­
tism and climate. However, any global comparisons would be speculative ones, till 
the excursion dating become accurate enough. 

Such comparisons make sense only for the last 120 thousand years, when excur­

sion ages are rather accurately estimated. Comparisons of excursion pecularities 
depending on tillle with temperature rises and falls indicate to the fact, that 
within the last 120 thousand years each excursion correlated with temperature rise 
( Arslanov, 1985) , (see fig. 6). The same picture is observed for sGparate co­

lumns of the Middle-Late Pleistocene. An existence of correlation between geomagne­
tic field excursions and climatic changes indicates to relation of the processes 
iu the Earth's core and the near Earth's space. 

In conclusion I take an opportunity to thank professor G.R. Petrova far va­

luable advices and :fruitful discussions of the present paper. 
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81 

THE ANALYSIS OF THE NATURAL REMANENT MAGNETIZATION 
COMPONENTS OF SEDIMENTARY ROCKS IN TRANSITIONAL ZONES 

A.N.Khramov 

Paleomagnetic studies show that a simple model of natural remanent magnetization Jn
of sedimentary rocke treated as a sum o:f the primary and secondary components especial­
ly when applied to old rocke is only a :first approximation and as auch inaufficient for 
understanding of paleosecular variations and reversals of the geomagnetic field and can­
not be also applied to the solution of magnetostratigraphic problems in detail. A more 
general model incorporates some temporal components Jn• viz., synchronous (fast primary),
orthochronous (slow primary), metachronous (ancient secondary), and recent to mention a 
few /2/ •

Two important questions arise what is the occurrence of "intermediate" age NRM-compo­
nent in particul�r in redbeds as an important object of paleomagnetic studies and what is 
the contribution of the components in the record of geomagnetic reversals. One should ana­
lyze a lot of data available to solve the problems so we limit ourselves to special cases. 
In this respect of great interest are the Ordovician and Upper Cambrian redbeds of the 
southern Siberian platform where joint investigations were carried out by the paleomagne­
tologista within the scope of the Comission o:f the Academies of sciences of the Socialist 
Countries for Planetary geopbyaical Research (KAPG) /3/ • The study of the rocke ahowa that 
despite similarity of magnetic properties caused by fine-dispersed hematite and bydroxides 
incorporated into pigment and small grains of hematite (specularite) and magnetite of a eilt 
:fraction, there is a drastic difference in Jn component composition /3/ • The redbeds of
the southern Siberian platform are dominated by primary magnetization while :farther north 
in trappean magmatic provinoe is heavily obscured and even replaced by magnetization of 
Early .Mesozoic age / 1/ • 

The study carried out during the joint KAPG-project have not solved the problem about 
the relationship between the slow and fast components involved in the primary magnetization 
of the Ordovician-Upper Cambrian redbeds in the southern Siberian platform and have not al­
so assessed the rate at which the magnetization is :formed. 

The paper presents some data pertinent to the solution of the problem based on the 
NRM-component analysis using detailed step-wise demagnetization of rock samples. The results 
obtained during joint studies and listed in /3/ were added by the new experiments data from 
the samples remained in our disposal. 

During the joint project rocke were sampled from outcrops at the Lena River near the 
villages of Chertovsk:aya, Polovink:a, and Khamra. Some samples were collected :froru the trans­
sitional beds separating zones o:f different magnetic polarity. Many rock specimens were 
subject to detailed step-wise thermal demagnetization up to 500-600°0 or alternating field 
demagnetization up to 64 kA/m and in some cas s up to 120 kA/m. 

Zijderveld diagrams and stereonets of removed and remained vectors show the presence 
of three NRM-components - normal, reversed, and intermediate (transitional) polaritiea - in 
transitional or close to them beds (Fig. 1 and 2). We have not observed that components are 
related to certain stability intervals: "lagging" component both in N-+ R transitions and 
in R+N transitions may b& recognized in the beginning, middle or in the end of the demagne­
tization process. However, transitional directions are rare at the final stages o:f demagne­
tization. 

Figura 3 shows the better known N -+R transition in the section of the upper Verkho­
lensk Formation at Khamra village, here, transitional directions occur throughout the spec­
trum of NRM-component stability. An interval of transitional directions based on a net mag-

e 
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netization (to be exact, its non-viscous part) accounts for about 90 cm, however, the di­
rections in various components occur over a thicknees of 2 m. lt is noteworthy that rever­
se polarity componente starting from a level of 2.2 m where they cover the entire stability 

spectrum "penetrate" to a depth of about 2 m. It is likely that time corresponding to accu­
mulation of 2 m of sediments - at maximum in this case 150 Ka /1/ is a typical time inter­
val necessary for the termination of the post-depositional magnetization process, i.e. for 

the formation of orthochronous detrial and chemical magnetization. 
Of interest also are two time estimates, viz., duration of geomagnetic reversal and 

time corresponding to a shift of N and R - zone boundaries due to post-depositional magne­
tization. The former may be an interval between last events of normal polarity and transi­
tional directions, in this case levels 1.7 and 2.2 m. In other words, Ne get time interval 
during which geomagnetic field reversal takes place of 35-40 Ka. The boundaries of N- and 
R- zones in magnetostratigraphy are drawn at a lev�l equivalent to a zero paleolatitudecpa
of a virtual geomagnetic pole extimated from typical magnetization. In this caee <Po<. = 0

corresponda to declination D � 230°, i.e. a level of 1.3 m (Fig.3). The level is 0.4 m be­
low the level of normal polarity disappearance and 0.9 m below that of transitional pola­
rity. Hence the middle part of a N �R transition is determined in a section (according to
characteristic magnetization) o.6-0.7 m below its actual poaition, i,e. a shift of a mag­
netoatratigraphic boundary ia at 50 Ka.

A later, metachronous, magnetization known in the Siberian platform only from trappean 
magmatic province is a predominant component in the Ordovician redbeds of that place and 
occupies often the entire spectrum of blocking temperatures and fields. NRM-component with 
a peculiar Ordovician direction is observed in some cases only at a temperature close to 
the Curie temperature for hematite. 

Estimates of peculiar time in the formation of slow component of primary magnetization 
of redbeds and the effect of the component on a record pattern of the geomagnetic field re­
versal is undoubtedly ranked as a special case of the last geomagnetic reversal during the 
Late Cambrian and its record in sections of the Verkholensk Formation on the southern Sibe­
rian platform. The estimates, however, are similar those obtained by deep-sea cores inves­
tigations in particular, at boundaries of magnetic zones and to those obtained in laborato­
ry and by numerical simulation /4/ . Therefore we may draw some general conclusions. First, 
the NRM-component analysis of all the samples chosen seems necessary both when a fine tempo­
ral structure of the geomagnetic field is studied and, in particular, of the field reversals 
in sections of old redbeds and for better understanding of magnetostratigraphy of the latter. 
Second, one should take into account a "lengthening" of the record of a reversal process by 
the assessment of its duration and moreover it is assumed that "a transitional regime of 
geomagnetic field" based on a characteristic magnetization is taken to be a mode of record 
and re-record by a sediment of some transitional states of the field whose time sequence re­
mained unknown. Finally, diachronism of magnetostratigraphic boundaries recognized using 
primary (on the basis of all the characteristice) magnetization of red terrigenous rocke 
may be tens of thousands yeare and to decrease the diachronism the boundaries ehould be 
placed at a level 6f a complete abeence of the earlier polarity in all physical componente 
of the primary magnetization. 

The author ie very grateful to all the participante of the joint paleomagnetic studies 
under the auspeciee of KAPG whose reeulte allowed us to do thie werk. 
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D plot of characteristic magnetization after /3/, to the 

right - polarity of NRM-components; their stability increase 

from the left to the right. 
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GEOMAGNETIC FIELD AT THE TIME OF REVERSALS 

Alois Ko�i, Geophysical Institute, Prague 

The locality of Öerveny kopec (near Brno), consisting of sediments of Quarternary 
age [ 1 1 was chosen to study the variations of the geomagnetic field at the time of re­
versals. The measurements of the magnetic polarization of the samples with the aid of 
a rotational magnetometer enabled the changes of the magnetic declination (D), inclina-
tion (I), NRM intensity (Ir

0
) and DRM intensity (Ir16) to be determined. The bulk sus-

ceptibility (�) of the samples was measured with the aid of KLY 2 -bridge. In measur­
ing the magnetic polarization of the undemagnetized samples, deposited in a position 
corresponding to the in situ position, it was found that most of the rock samples were 
magnetized in the positive sense. This is due to the high magnetic viscosity of the 
investigated sediments. It follows that the ratio Ir

0
: Jt:- cannot be used to assess the 

changes in the intensity of the Earth's magnetic field because higher values of Ir
0 

are 
obtained if the two vectors act in the same direction (positive polarization of the geo­
magnetic field at the time of sedimentation) that if the sedimentation took place under 
the reversed geomagnetic field. The results of the paleomagnetic investigations of the 
set of smnples collected from the profile involved, are presented in Fig.1. 

Three reversals of the geomagnetic field and an interval which is characterized by 
rapid changes in the position of the Earth t s magnetic axis were found in the investi­
gated section, represented a time interval of 0.4 mil. years. The most recent reversal 
recorded in the loess layer of climatic cycle J corresponds to the boundary of the Ma­
tuyama epoch of negative field polarity with Brunhes positive epoch, and on the magneto­
stratigraphic scale it is dated at 0.73 mil. years B.P. [21. The interval preceding 
this boundary t characterized by rapid and irregular changes in the direction of D and 
by changes of polarity of I, was discovered in the soil of climatic cycle J and in the 
loess of cycle K; it corresponds to the Jaramillo event, limited by the dates 0.9 and 
0.97 mil. years. For this event, studied at various Central European localities [3, 4l , 
it is characteristic that it is not an event with typical positive polarity, but of in­
tensive unrest in the geomagnetic field reflected in the rapid changes of the field's 
polarity. The Jaramillo event is preceded by two short positive episcdes, which were

not included on Cox's paleomagnetic dating scale. This episodes were labelled b.J.1 
(before Jaramillo) and b.J.2. They can be dated and their time span determined only in­
directly on the basis of the. average duration of one climat.ic cycle, which has been de­
termined as 90 thousand years. The younger episode, b.J.1, occurred about 1 mil. years 
B.P. and other older episode, b.J.2, about 1.1 mil. years B.P. The b.J.2 episode corre­
lates with the positive interval of the polarity of the geomagnetic field, found by Ko­
chegura and Zubakov f 5J in the sediments of the Ponto-Caspian region. The occurrence of 
b.J.1 episode has not been observed yet. The durations of these two episodes are bet­
ween 5 and 10 thousand years.

The path of the virtual magnetic N paleopole was derived in order to be able to 
study the changes in the position of the Earth's magnetic axis and the variations of 
the intensity of the geomagnetic field accompanying this change, and compared with the 
changes of Ir16 and ;}f (Figs.2-4). To be able to compare the changes in d( and Jr16
better, and to be able to distinguish the difference in their behaviour, which would 
be indicative of changes in the magnetic field, the values of these quantities are gi•­
ven in per �ent. �e parts of the section consisting of soils in which considerable, 

/ 
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non uniform, secondary increas�s of the viscous component of RM occured, and sections 
wi·th coarse-grained admictures had to be omitted from the comparison. The value 100% 
was assigned to both quantities in the part of the loess layer of cycle J whose sedi­
mentation occurred at the beginning of Brunhes positive epoch, at the time the field 
was stabilized (sample No.1). The sections corresponding to the reconstructed path of 
the paleopole are bounded by dashed lines in the graph. 

A gradual movement of the N paleopole from southern geographic latitudes, along me­
ridian 120°E, towards the north is characteristic of the B/M reversal (Fig.2). This 
path is smooth as far as 20 °s. At the Central European localities, this motion is accom­
panied by a gradual change in D from 180° to 90°. On reaching 20°s, the N paleopole be­
gan to move rapidly to the NE as far as 20°N and 120°w. From here the N paleopole moved 
to 40°N and along meridian 120°E to the N, where its position stabilized. Prior of the 
reversal (samples 57-43) and after it (samples 8-1) the values of � and Jr16 are
roughly in a ratio of 1 : 1. Beginning with sample 40 1 Ir16 is considerably higher than
°de. , in some cases as much as three times. At the time of the change of I from positive 

polarity to negative, between 20 ° and 40°N, Ir16 decreases to less than 20% of the value
before the reversal with ?e.. = 120% (Ir16 : d€.. = 1 :6). The ratio Ir16 : � = 1 :1 is again
achieved gradually at the time the position of the paleopole stabilized in the northern 
geographic latitu�es. The places where it is assumed that the intensity of the geomag­
netic field increased along thc path, are marked A, and where it is assumed to have de­
creased, B. 

At the time of the Jaramillo event (Fig,3), very low values of Jr16 can be observed
relative to the values of X , the ratio Jr16 : X = 1 :10. The considerable decrease of
Jr16 as compared to 'df. could be indicative of a weak moment of the geomagnetic field
at the time of the sedimentation of the loess of cycle L. This would explain the in­
stability of the geomagnetic field manifested by the rapid changes in the position of 
the Earth's magnetic axis, documented in Fig.2 by the fluctuation of D and I values. 

The movement of the N paleopole at the onest of episode b,J,1 took place along a 
path similar to that of the B/M reversal, however, the paleopole moved faster (Fig.4). 
The reverse change from positive to negative values took place along roughly the same 
path. A sudden change in polarity again occurred around 30°N. In the b.J.1 reversal 
and Jr16 cannot be compared because the type of reck is different in samples 155 to 107.
This change is reflected only in the magnetic susceptibility � (soils, coarsegrained 
material), but not in the values of Jr16• The low values of the intensity of the geo­
magnetic field (B) at the time of the change in polarization and the increase in inten­
sity (A) before and after the reversal can only be assumed as a result of the change 
in Jr16"

Episode b,J.2 represents an incomplete reversal of the geomagnetic field, although 
a change in the polarity of I from negative to positive values, and vice versa, can be 
observed at the Central European localities. The path of the paleopole during this epi­
sode traced meridian 80°N, and the change from positive values of inclination to nega­
tive took place at 20°N. The b.J.2 reversal took place in slope loams whose character 
corresponds to loesses; this enables the change and the Jr16 values to be compared� The
onest of the reversal is proceded by a twofold increase of the Jr16 values as compared
to dl. in samples 176-169 (A). The change in the polarity of I is accompanied by extre­
mely low values of Jr16 (Jr16: dt'.- = 1 : 10). The assumed decrease in the intensity of
the geomagnetic field (B) can be observed when the N paleopole was located at 2o°N. 
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The reverse change of polarity is characterized by as much as a threefold increase in 
the Jr16 values as compared to (A1) in samples 163-155.

Based on the detailed paleomagnetic investigations of Quaternary sediments of the 
Cerveny kopec locality, the manifestations of the geomagnetic field at the time of re­
versals can. be summarized as follcws: 

1. The path of the virtual magnetic N paleopole during the reversals investigated
ran along the Eastern Hemisphere along meridians 120° and 80°E geographic. 

2. The reve:rsal of the geomagnetic field is proceeded by an increase in the intensi­
ty of the field. 

3. Du.ring the :reversal, an extreme decrease of the intensity of the geomagnetic
field can be observed as the virtual magnetic N paleopole moved between 20° and 40°N.

4. The reversible reversal is accompanied by another increase in the intensity of
the geomagnetic field; during the irreversible reversal the field intensity stabilized 
at the p:re-reversal value. 

5. The rapid changes in the pola:rity of the geomagnetic field during the Ja:ramillo
event were caused by the very low intensity of the field. 
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PALEOSECULA.R VARIATION OF THE EA.RTH'S MAGNETIC FIELD IN THE SHORE PART 
OF HOLOCENE SEDIMENTS IN KRUKLm LAKE (NE POLAND) 

E.Kr61, Institute of Geophysics, PAN, Warsaw
T.B.Nechaeva, A.G. Fein, Institute of .Pb;ysics of the Earth,
Academy of Sciences of the USSR, Moscow

The present work has been taken aiming to find out the possibility of PSV-revealing 
in the shore outcrops of lake sediments and their later correlation with the data ob­
tained for the depth lacustrine sediments. 

§ 1. Description of site-section and method of sampling

The profile chosen as a subject for the present study is located on the western
side of the Kruklin Lake (8 km NW from Gijitsko-town; 'f = 21°53', ),, = 54°03• E, 135 m 
above the sea level). As a result of building a canal, connecting Kruklin Lake with 
neighboring one in 1854 a water level has been lowered (about 6 m) and the lacustrine 
sediments have been emerged. 

Stratigraphy of deposits of the Kru.klin Lake and their lithological characteristics 
were worked out in Institute of Geography PAN on the basis of the detailed investigations 
of several profiles. Thickness of deposits 'in different profiles changes in 3-7 m limits, 
which is connected mainly with various rates of sedimentation in some parts of the lake. 
In the lower part of the profile there is a peat layer with the tree-trunk remnants 
dated by c14 method in Hannover Laboratory as 11390 ± 21 0 B:• Many studies have been done:
pellen, granulometric, chemical and other analyses, which have been summarized by dr 
Stasiak, who constructed a Holocene climatic scale for the site /7,8/. The thickness 
of the profile under consideration is 2,5 m. 

Unfortunately, the lower layers containing peat are not exposed. That's wh;y we have 
a maximal evaluation of time-interval only. The climatic scale after Stasiak with the 
corresponding estimation of the duration of each period were applied to the given pro­
file.(fig. 2-1). A lithological column is given too. 

The total duration of the studied interval can be estimated as 7000 years and the 
average rate of sedimentation teing equal about 0,5 mm per year. 

Sampling was performed by two methods. Some sampling was done with the use of pla­
stic cubic boxes (2x2x2 cm) pushed into the vertical profile wall,which azimuth was 
fixed by a compass. 

Another way of sampling was performed with the help of a special tool, made at 
Warsaw laboratory. This tool consists of a massive frame, which can be fixed to a ver­
tical profile wall. Three rows of directing cylinders (� 2,5 cm, ten in a row) are 
connected with the frame. A pipe of a smaller diameter is pushed into the deposit 
througb. each directing cylinder. Afterwards it is extracted together with the kern. The 
kern is cut into subsamples with nonmagnetic knife. 

The frame azimuth is determined with the help of compass. The sampling through 
the frame makes safe that the accidental errors are minimalized. The whole collection 
has more than 550 subsamples from 81 levels of sampling (each level 3 cm thick). A 
great number of samples (up to 20) was taken from certain levels for checking the sta­
tistic parameters. 

DOI: https://doi.org/10.2312/zipe.1990.062



94 

§ 2. Paleomagnetic measurementa

The collection was devided into two even parts and measured independently at 
Moscow and Warsaw laboratories. 

A set of parameters typical for paleomagnetic investigations was obtained: 

Jn , D , I , oe • Spin - magnetometers (type JR-3 and JR-4) and a kappa-bridge 
(type KLY-2) were used. While comparing the results it turned out that the data 
got through two methods of sampling (cubes and cylinders) as well as the data of 
different laboratories are in full accordance with each other in the limits of the 
unitype data scatter on each level. The good accordance of the above results allowed 
to calculate the mean values of paleomagnetic parameters and statistical coefficients 
for the whole collection. The results are given in Appendix (Table I)� Precision -
parameter ( k ) of Jn -directions lies in limits 40 „ 400, mean value being 
175 and angle of confidence ( o:.95 ) is changing within 2 1 4 ° - 13°, which is satis­
fying. k -values, calculated for the same level, k1 , and between the levels, k2
(by n = 20 in each oase) showed, that k

1 
> k2 

consistently, though they don't 
different significantly� It is suggested, that PSV are present in our record. 

Mean values o:f JD 
, 'ae , D and I , were used for construction of the logs 

in fig. 2-1. More detailed analysis of the these logs will be given in§ 4. The dis­
tinct correlation of Jn and ce drows a special attention� It means that J

0-
changes along the profile first of all reflects the ferromagnetic concentration in 
the sediment, To decrease the influence of concentration the Königsberger's factor 
was calculated ( Q = Jn/� ). But in this case the role of numerous fine ferromag-
netic grains is not taken into account. Probably the more correct esti.mation of field 
intensity change is the relation Jn/ J ri • J ri values for two sam.ples from
each level was obtained. In fig, 2-2 Jn , ae , Jri logs, as well as Q and

J0/ Jri curves, drawn through running means of seven points, are shown. It is 
evident, that there is a close correlation of three first parameters. It means, that 

J� -variations are connected mainly with a change of the concentration of ferromag­
netic grains both fine and great, the concentration changing considerably with the 
depth. If we use Q or J0/Jri values, the influence of concentration is reducing 
and the curves have more smooth character. If variations of geomagnetic field inten­
sity with period of about 10000 years are real, we can observe of about one half of 
this oscillation (according to cli.matic time-scale). From such point of view Q 
change and J0/Jri - change especially are seen as a real field intensity records.

§ 3. Carriers and nature of NRM

Studying of ferromagnetic fraction is necessary to elucidate of NRM nature. 
Thermodifferential magnetic analysis (DTMA) was used as a first step in this way. 
It was carried out at Kazan State University after method, suggested by Burov and 
Jasonov / 3/ • Rate of heating in that experiment is rather high - to reach the 
to o ""700 C takes about one hour. The vnlue of a magnetizing constant field 1s 
about 2000 Oe • For rocks with a great coercive force such fields are not strictly 
the saturation fields. Due to a considerable inertion of the device Curie-points 
are defined within the accuracy of about 50°c. Method DTMA because of its technical
simplicity can be used as a convenient way for preliminary estimation of ferromagne-
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tic fractions and their stability to heating (but not for the accurate determination 
of the composition). The DTMA-curves were got for a pilot collection ( 10%) - see 
fig. 3-1. Their analysis showes that the composition of magnetic fraction of Kruklin 
Lake sediments is not simple but homogenious. The curves of two types are distributed 
along the whole profil�. Two typical t0-areas are fixed 300-350°0 and 450-600°, what 
proved the existance of at least two ferromagnetics in the rock� The first one while 
heating has undergone some changes, possibly destroyed, because the curve of the 
aecond heating is smoothed in this t0-area. The second ferromagnetic (which av.cording 
to its Curie-point could be magnetite, maghemite, hematite) is also changed while 
heating, T�II being more than T�r• To all appearance this process is connected
with a new formation of hematite and its T0 is seen more distinctly on the curves 

C 

of the second heating. This process is more remarkable in the subsamples of the se-
cond group (fig. 3-1b), where on the curve of the first heating the intensive process 
of the new formation is reflected (typical "zigzag") and on the curve of the second 
heating we see two-humped maximum, which could mean the presence of magnetite and 
hematite simultaniously. 

The same phenomenon is confirmed by the curves Jrs (t� of the first and second 
heatings obtained in Warsaw laboratory for subsampels from five various levels of 
sampling. 

Fig. 3-2 demonstrate 2 pairs of typical curves. On the curves of the first 
heating is possible to notice the presence of a :f'er.romagnetic with t� in the area 
200-4-00 c

0
, and the second one with t� > 500°0, more probably of a magnetite. The

growth of J rs after the first heating is not considerable: J II/ J changesrs rsI 
from 1 up to 1,5. It means, that a new :f'erromagnetic phase appears in the process of 
the first heating, being a weak ferromagnetic phase. 

Probably it is a hematite, not very noticable against a more strong ferromagnetic. 
The shape of curves itself is characteristic for a fine grained magnetic. Curves 
Jrs (t0

) of similar type were received in sediment studying of other Northern Poland
lakes / 4/ • 

The comparison of mean values of same magnetic parameters for Kruklin and nearly 
Mikolaiskie lakes sediments (table 3-I) confirms the ferromagnetic composition simi­
larity of these lakes sediments. 

Mikolaiskie 

Kruklin 

15 

12 - 20 

b/2 (Oe) 

175 

160 - 170 

TABLE 3-I 

Her (Oe)

290 

240 

The presence of fine grained magnetite in cores of North Poland lakes is establi­
shed by X-Ray method as well. 

For some samples so-called saturation parameters method was used (Moscow labo­
ratory)� It is following: the change of saturation remanent magnetization ( Jrs ) 
and remanent coercive force ( Her ) after heating, cooling and a new magnetization 

i 1 

1 

1 
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is observed; at each new heating, the temperature was increased by 100°0 /6/ • 0orres­
ponding curves are seen in fig. 3-3. They show the growth as Jrs as Her beginning. 
with 100°0, Her growing from 20 up to 60 mT. The given change of saturation parame­
ters with heating is characteristic for amorphic h;ydroxides transformation into hema­
tites. 

Thus all magnetomineralogical investigations brought us to the conclusion that 
the ferromagnetic fraction contains probably amorphic ferric bydroxides, fine grained 
magnetite and hematite. 

As the magnetic methods allow to define the composition of a ferromagnetic frac­
tion only, it is pertinent to use some nonmagnetic method of diagnostics of Fe-mine­
rals as a whole1 in the given case Mössbauer spectroscopy analysis was made by T.S. 
Gendler /10/ in Moscow Lab. It is important to lmow the composition of a sediment as 
a whole, because the safety of natural remanent magnetization depends considerably on 
paragenesis of minerals in reck. Within the reck life new ferromagnetics can appear 
due to the changes of paramagnetic material especially silicates contained in the 
sediment in big quantities. The total part of ferromagnetic minerals in the studied 
sediments is very little what excluded the possibility of magnetic separation, there­
fore the analysis of the ferromagnetic failed to be done. It was fullfilled on a 
samples of the sediment under consideration. According to types and parameters of 

0 -resonant spectra the main minerals are silicates (montmorillonite) and amorphic 
ferric hydroxides covering fine clay grains with thin layers. Typical spectrum of 
studied sediment are seen in fig. J--4. They consist of two nonresolved doublets with 
parameters corresponding Fe3+ and Fe2+ in silicate octaedric environment latice. 

The presence of Fe2+ along the whole section and constant relationFe2+/Fe3+calculated 
according to spectra area says about a partially reducing conditions in the sediment 
consolidation. This supposed a relative safety of primary ferromagnetic minerals. 
After heating up to 400°0 the spectra are changing: broadening of central doublet 
and disappearence of Fe2+ doublet occur. All this respond to the process of inten­
sive silicate oxydation whole heating. As a rule under such o idation of montmorillo­
nite losening of Fe 3+ ions and Fe -oxides formation, mainly hematite of'diffe­
rent ordering degree, take place. Debydration causes formation of secondary hematite 
as well / ?/4 Thus, the peculiarities seen on curves dJ

8
/dt (t0) and Jrs (t0

) 

of second heating as well on saturation parameters curves (typical growth of J rs 
and H�r ) correspond to the changes in paramagnetics but not in primary ferromag-
netic.s. 

The above said confirmed that the main NRM-carrier in fine grained magnetite 
(input of Fe-h;ydroxides and hematite is very little by contrast to magnetite) 
which has not suffered any noticable changes since sedimentation period. Using 
another words NRM has the orientational (detrital) nature (DRM). 

To confirm this hypothesis another experiment was performed (Moscow Lab.). 
Fig. 3-5 demonstrates typical Jn(h) -curves in comparison with Jri(h) 
curves before cleaning (a), after cleaning up to t0 = 100°0 (b) and up to to = 
200°0 (c). In the f1;:st case curve Jn Ch) lies higher than Jri(h) after 
demagnetization by h = 30 mT only. During thermocleaning a viscous remanent magne-
tization is removing, and relation between Jn and Jri becomes more typical 
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for DRM: Jn < Jri in 4-6 times but more steady in alternating field. In this 
experiment a direction of natural remanent magn.etization dont change considerably 
(within the standart error). It shows·that has only one component. 

This feature of J is seen more distinctly in Zijderveld-diagrams on temperatures

(Warsaw Lab.), which de!onstrate (fig. 3-6) that the vector change occurs- up to 100°0 

and then the direction of J becomes stabilized. It is connected with removing of 
n 

viscous remanent magnetization. 
Mass thermocleaning (100° and 200°0) of sub-samples (2 out of level) demonstrated 

that the direction change is neglectable. Therefore Jrv 
is law and is easily

removed by heating or alternating field. Postsedimentational magnetization (PDRM) if 
exists has a not remarkable difference in time of formation. Thus none of disturbed 
magnetization (VRM, ORM and PDRM) is important. 

All described results of study of NRM confirm that gyttia sediments of Kruklin 
Lake along sampled profile are fully useful for the measuring magnetic declination 
and inclination and deducing the PSV variations on this base. 

§ 4. Spectral analysis of PSV for magnetic declination and inclination
records 

The periodical character of declination and inclination records along the studied 
profile of lacustrine sediments is demonstrated in fig. 2-1� 

However it is difficult to isolate by eye the periods of D and I variation 
traced in the :function of time, as the rates of sedimentation are different in the in­
dividual sub-periods of Holocene. To change the depth to the real time-scale is not 
simple and usually is carried out with assumptions about rates of sedimentation. In

our case we have not absolute data, that is wlcy" time-scale can be adopted on a base 
of a climatic scale only. If the sedimentation rate could be uniform its value can be 
adopted being equal about 0,5 mm/year (inverse value) more suitable by time-series ana-
lysis w � 50 year/level)� But the main part of sampled profile was deposited in 
Subboreal and Atlantic periods, when mean sedimentation rate was higher, and 
w = 35 year/level. If we use for analysis Atlantic-period only, w = 33,5 year/ 

level. All versions were used in further calculations � 
The spectral analysis was fulfiled using the MEM-spectrum after Burg /2/.

The MEM spectrum of a stationary random uniformly sampled process is found as that 
speQtrum that results from maximizing the entropy of that process. We use a program 
worked out by S.Fillipov. 

Three appreciable maxi.lila were revealed in power spectra of declination curves 
(in arbitrary units) computed separately. Results (for 3 version of sedimentation 
rate value) are demonstrated in Table 4-I. Only steady maxima of power spectra repea­
ting for different filter lengths were taken into consideration and put into table� 

1 1 
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TABLE 4-1

Results of spectral analysis (MEM) 

12 30-33 69-75

Whole section 600 yea.r 1500-1660 yea.r 3500-3700 yea.r 

= 50 yea.r/level 

Subboreal + Atlantic 420 yea.r 
a:: 35 yea.r/level 

1050-1150 yea.r 2500-2650 year 

Atlantic 
= 33,5 yea.r/level 400 yea.r 1000-1100 yea.r 2300 year 

In our opinion most reliable results a.re these, computed for Atlantic and Sub­
boreal periods. All harmonic obtained: 420, 1050-1150 and 2500-2650 years, correspond 
to these, well known due to world data, archaeo- and paleomagnetic 

Conclusions 

Paleomagnetic results from Holocene lake sediments are available for many parts 

of Europe ranging from Greece, northwards through Poland, Finland and westwards 
through Switzerland, France and England� Spectral analysis of this set of paleomagne­
tic data from rapidly deposited lacustrine lake sediments (Barton, 1982) places the 
principal periods of D and I variations recorded in them in the range between 
1 o2 and 104 years • 

Our results for Kruklin Lake sediments lie in this range. The direct compari­
sion course of D and I records as well as other parameters (mean susceptibility 
and intensity of NRM) along the studied profile of Kruklin Lake sediments with the 
same parameters for any core of bottom sediments from any lake from North Poland 
/ 4/ , is impossible as in the individual cores the different rates of sedimentation 
were noted and the different time spans were studied, so it is difficult to find the 
coincided segments particullary without absolute dating in our studied section� On 
the other hand it is worth while to say that the spectral analysis of inclination 
records from cores from Mikolajskie Lake /5/ and later study of short-periods 
variations noted in north polish lakes /9/ confirm the periods determined in se­
diments from Kruklin Lake. 

Thus sections of shore sediments give the results which correspond satisfacto­
rily to the bottom sediments. 
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APPENDIX 

TABLE I 

RESULTS OF NRM MEA.SUREMENTS FOR INDIVIDUAL SAMPLmG LEVELS

OF KRUKLm IAKE SEDIMENTS 

Nr !Number I Intensi-1 Mean !Mean ! Statistical !Mean !Königs-
of !of' sam-!ty of' ldecli- !incli- l coef'i'icients lsuscep� lberger 
level !ples INRM lnation lnation 1 1( x10 lcoef'f'i-

l 1 1 l !SI2 !cient
1 2 ,2 1 4 2 1 6 2 1 8 2 

1 5 4.8 80 70° 68 80 14.5 0.35 
2 5 7.4 -12 80 176 5 
3 8 6.7 0 79 132 4 16.4 0.41 
4 6 5.3 8 79 177 4 
5 7 5.8 -2 76 105 5 17.0 0.34 
6 5 4.6 -7 82 138 5 

7 7 7.6 0 74 105 5 22.5 0.32 
8 6 11.6 -6 80 427 3 
9 8 7.7 2 73 103 5 27.8 0.30 

10 4 5.3 22 77 370 4 
11 7 5.3 -10 71 75 6 19.1 0.27 
12 7 9.3 +1 71 211 4 
13 8 9.8 -15 65 98 5 27.3 0.35 
14 8 9.5 -11 73 166 4 
15 7 8.4 -15 64 72 6 26.5 0.29 
16 6 10.5 -2 78 237 4 
17 10 9.3 -6 60 76 5 27.2 0.35 
18 8 13.1 -9 67 203 4 
19 9 8,9 -7 68 98 5 25.4 0.34 
20 3 9.0 -8 61 39 13 
21 8 8,9 -10 65 101 5 25.2 0.35 
22 6 9.3 9 73 85 6 
23 6 9.5 --11 67 55 8 30.0 0.33 
24 6 9,9 -4 65 118 5 
25 7 7.2 -12 62 97 5 25.3 0.29 
26 6 9.0 -6 67 98 6 
27 5 7.7 -4 65 90 7 24,7 0.33 
28 6 10.6 -? 71 138 5 
29 20 11.0 -10 64 175 2 47.2 0.28 
30 5 8.5 -11 68 66 8 
31 4 10.9 -10 69 336 4 40.2 0.28 
32 6 10.4 14 64 122 5 
33 6 13.7 -16° 61° 41 90 42.9 0,34 

11 

; 

34 6 12.5 4 65 114 5 
35 5 14.0 -2 64 70 8 43,7 0.34 
36 6 10.0 5 70 375 3 
37 7 7.9 -11 68 71 6 21.8 0.38 
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1 2 3 4 5 6 7 8 9 

38 6 8.3 8 71 237 4 

39 7 8.0 10 71 110 5 20.6 0.41 

40 4 9.0 9 75 307 4 

41 4 11.0 12 75 328 4 29.8 0.42 

42 8 5,4 4 67 69 6 

43 7 8,3 17 70 408 3 17.7 0.51 
44 6 6,7 4 70 123 5 

45 5 7,7 6 71 183 5 21.5 0.35 
46 5 7.5 -1 71 144 5 
47 8 10,8 12 68 173 4 38.0 0.29 
48 7 13.2 4 69 148 4 
49 7 14.4 9 71 338 3 47.5 0,41 
50 5 15.2 -4- 71 246 4 
51 5 19.7 -5 72 87 5 51.1 0.41 
52 6 14,9 2 66 105 6 
53 6 18.7 -5 62 63 7 52.5 0.39 
54 5 7.1 0 61 149 7 
55 5 6.0 -18 65 77 7 18.8 0.35 
56 5 6.1 -2 66 268 4 
57 5 5.2 -11 62 59 8 16.4 0.36 
58 8 6.7 -11 71 321 5 
59 12 6.1 -2 71 83 5 21.8 0,36 
60 6 6.6 -15 66 244 4 
61 6 9,0 6 63 51 8 18,5 0.56 
62 6 16,7 -10 71 352 3 
63 7 18,5 12 64 240 3 55.0 0.34 
64 6 20.2 -10 62 89 6 
65 7 11,5 13 65 182 4 44.J 0.27 
66 8 5,9 -10 64 113 5 
67 8 4.8 -4 64 62 7 18.5 0.24 
68 5 5,4 -7 65 113 6 
69 7 7.0 -2 70 64 6 24.J 0.29 
70 5 24.8 -6 70 84 

3 2.8 -12° 
64 385 4 16.0 0.16 

72 4 1,6 -4 74 64 9 
73 6 7.9 -7 72 156 5 28.5 0.29 
74 2 18.2 -8 72 
75 7 5.3 3 68 75 6 28.5 0.23 
76 5 2.3 -12 66 42 10 
77 5 1 .5 2 66 34 11 18.0 0.09 78 4 1.0 -3 63 
79 6 1.2 -9 63 21 12 20.2 0.06 
80 3 1,6 21 72 89 9 
81 3 6.5 8 71 103 8 47.7 0.14 

71 
? 
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SECULAR VARIATIONS OF THE GEOMAGNETIC FIELD FROM PALEOMAGNETIC 

STUDIES OF THE KARELIAN VARVED CLAYS 

v.G.Ba..'lchreutov, G.F.Zagni, Institute of Geophysics, Kiev

The most detailed records of the behaviour of the geomagnetic field can be obtained 

by instrumental observations, covering the time span of no wider than 500 years. However 

the experience in theoretical analysis shows that the fine structure of geomagnetic field 

for more ancient epochs should be investigated within a wider time span. Archaeomagnetic 

studies permit to extend it to 10000 years with earlier periods being studied with the 

use of paleomagnetic data, which are less exact and less informative than the archaeo­

magnetic and, all the more, instrumental investigations. Nevertheless these investiga­

tions are of the utmost importance for the study of geomagnetic field behaviour during 

long periods of time as well as for the development of the geomagnetic dynamo theory. 

In order to obtain the detailed curves of the variations of the geomagnetic field 

component - declination and inclination -, and to compare the archaeo- and paleomagne­

tic data we have studied such specific formations as postglacial lake deposits - the 

varved clays. 

Lake-glacial deposits are characterized by great sedimentation rates (from units 

to dozens of millimeters per year), wide areal distribution, fine stratigraphy derived 

from varvometric palynologic and radiocarbon analyses, a possibility to study them in 

natural conditions, high paleomagnetic informativity. All these features make these de­

posits more attractive for paleornagnetologists as compared with other objects. Note­

worthy is a unique possibility of determining the absolute duration of the varved cla;ys 

accumulation from the number of annual varves and comparing different objects according 

to varvometric data. It is possible to obtain information about the variations of an­

gular components of the geomagnetic field in several thousand years with an accuracy 

approaching that of archaeomagnetic determinations. 

Lake glacial deposits. The object of our paleomagnetic studies is varved clays of 

the Karelia (the north-west of the European part of the USSR), form�g during the re­

treat of glacial margin from the Valdai glaciation maximum. The scheme of the stage-by­

stage retreat of the last glaciation from this territory permits to identify several mar­

ginal zones of glacial formations the age of which has been established with a rather 

high accuracy, /1,2/. 

The release of the Karelian territory from the active glacial blanket took place 

17000-9500 years ago progressing from south-east to north-west. In this direction one 

can trace successively the adjacent areas of sedimentation related to different zones 

of deglaciation, and coordinate them in a single continuous chain. Fig,1 shows the lo­

cations of objects studied relative to the margin zones of glacial formations which can 

be useQ as geochronological reference. Since the cross-sections show moraine strata under­

lyL�g varved clays - the time of the onset of the varved clay formation can be establish­

ed for each of them. For example, the retreat of glacier margin from the terminal moraines 

at the Neva stage is estimated to occur approximately 12250 years ago. At this very time 

the varved clays formation in the cross-section 3 located near this zone, might begin 
to form. 

The stages of Salpausselkä I, II, III have been studied in most details, their ages 

being estimated in Finland from the results of the varvometric, radiocarbon and sporopol­

len analyses. The retreat of the glacier margin in vicinity of Salpausselka II range is 

estimated to occur 102000-103000 years ago. The analysis of the geological evidence at 
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hand as well as the results of the varvometric and sporopollen studies (the latter have 

been carried out in the Karelian Branch of the Geological Institute of Academy of Sciences

of the USSR) show this age to mark the end of the varved clay sedimentation on the cross­

-section I, so we can tie it chronologically to the time scale/J,4/. 

Investigation �echnique. The number of winter and SU.IlL�er varves has been determined 

for each section after deep clearing. Then a continuous samp�ing was made, the samples 

being oriented relative to magnetic meridian. Every 5 cm through the whole strata of 

sediments 3 cubic samples were cut out 5 cm long. At clearing parallel with principle 

one pilot sampling of doublicates spaced verticallyat 0.25-0.5 m has been made/5/. 

We took more than 2000 samples of varved clays from si:x sections, located in diffe­
rent deglaciation zones and providing a most completely coverage of the time span. Labo­

ratory studies permit to find that fine-grained magnetite is the main ferromagnetic com­

ponent-carrier of the remanent magnetization. 

Measurements of the collection were made with the help of astatic magnetometer, the 
first measurements showing good consistency of the results for the specimens of the same 

age. Nevertheless, all the samples were subject to temperature cleaning at t=150°C; the
change of the angle component did not exceed 10°, being generally smaller than 5°. All

results were plotted using the same time scale. At sedimentation rates > 0.3 cm/year 

averaging was made over 30 year interval, while for the rates <0.3 cm/year the averag­

ing intervals were 50-year. The results are shown in Fig.2; the declination are related 

to the geographic meridian. Each point in Fig.1 corresponds to the mean value for 30 to 

50 years which is the results of an averaging over 6 to 15 samples, depending on the 

sedimentation rates. In most cases o<. 
95 ranges from 1° to 3° , and data-point density

parameter K exceeds 500. 

Secular variations, Comparison of the paleomagnetic results with account of the age 

of each section show a good agreement between the declination and inclination curves. 

The section nwr�ers in Fig.2 are the same as in Fig.1. We have no exact age correspondence 

for each object with the time scale; geochronological researches similar to those in Swe­
denV6/ or Finland /4/ have faile�. That is why for a more exact- stratification of sediments 

we have used the results of our paleomagnetic studies, together with age data available. 

On the one hand, that has permitted us to refine the formation time for each section, 

and to make a more exact correlation between them, on the other hand we have obtained 

the proof of the geophysical nature of the declination-inclination variations. A good 

agreement of.the results for the sections relatrj to different deglaciation zones with 

different sedimentation rates (from 0,15 to 1.0 and more cm/year) allows to state that 

the curves obtained reflect the changes in the geomagnetic field components for almost 

6000 years. The amplitude of the declination variations reaches 70°, while that for

inclination is nearly half as large. In general declination changes asymmetrically about 

the geographic meridian with dominating westerly displacement. The mean inclination va-

lue is equal 66°. Some data on inclination indicate its possible systematic decrease by 

a value no larger than 10°. Noteworthy is a great amplitude of the declination change 

about 12000 years ago. The declination direction changed sharply (by 70° ) from the

eastern to western one for a time span of about 300 years, the change in inclination 
being insignificant. 

The drift of the virtual geomagnetic pole for 6000 years is characterized by a com­
plicated loop like trajectory; it was both counted clockwise and anticlockwise the, 

first is dominating. During its migration the pole drifted no lower than 55°N.
There are no results for time about 12600 years ago. On the cross-section 4 the clays 
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are strongly deformed at this level due to landsliding. Here the duration of the inter­
ruption is estimated as maximum two - three hundred years, and there is no reason tobe­
lieve that the behaviour of the geomagnetic field could change drastically for such 

a short period of time. 
The analysis of the declination-inclination variations with the account of the re­

sults of the earlier archaeomagnetic studies /7/ allowed us to draw preliminary conclusions 
about the existence of a substantial effect of a nondipole source of the geomagnetic 
field. Moreover, this effect grows when passing from the older sediments to the younger 
ones. The discussion of the problems, related to the morphology of secular variations, 
their spectra, nondipole components separation, etc. is beyound the scope of this paper. 

In conclusion it should be noted that the detailed information obtained about the 
declina.tion-inclination variations in the time span of 10000-16000 years and based on it 
detailed scale of the angular component variations constructed on this may be successi­
vely used and is being used now to solve the problems of geochronology and stratigraphy 
of the late glacial sediments on the territory of the North-West of the European part 
of the USSR. 
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PALAEOMAGNETIC INVESTIGATIONS OF PLEISTOCENE FORMATIONS IN ROMANIA AND 

THEIR MAGNETOSTRATIGRAPHIC SIGNIFICANCE 

S.C.Radan, C.Ghenea, Maria Radan, Institute of Geology and Geophysics,

Str.Caransebes,1, R-79678 Buchsrest, 

Romania 

Introduction 

The detailed geological mapping of the Homanian territory raised the problem of 

chronostratigraphic division of the Upper Neogene-Quaternary interval. The stratigra­

phic markers frequently used are primarily determined by the biostratigraphic data 

based on a representative paleontologic content of molluscs and fossil vertebrates. 

Some geochronological determinations (K/Ar and thermoluminescence) have also been per­

formed on certain volcanic products and loess sequences. Taking into account these 

characteristics, the palaeomagnetic study of some Upper Pliocene and Pleistocene type­

sections has been achieved these last years. Two areas consisting of Quanternary for­

mations characterized by different genetic types were chosen for study. Thus, the 

ma.gnetostratigraphic investigation of loess and paleosol sequences envisaged the 

southern Dobrogea area where the loess cover is continuously developed probably in­

cluding, at the section base, the oldest deposits of this type from Romania. The se­

cond area is the Brasov Basin, an intermountainous depression filled with lacustrine 

and fluvio-lacustrine formation in the Upper Pliocene and the Pleistocene time. In 

the Pleistocene time, the western border of this depression was ma.rked by volcanic 

activity which resulted in the emplacement of some basalt eruptions mostly represen­

ted by lava flows and subordinate pyroclastics. As there are geochronological determi­

nations of these volcanic products, the palaeoma.gnetic studies regarded the eruptions 

from the Persani Mts. 

1. Southern Dobrogea Loess

The sections selected for the magnetostratigraphic study are located in Southern

Dobrogea (Fig.1). This unit coresponds structurally to the eastern area of the Moesian 

Platform, with a metamorphic basement overlain by Paleozoic formations and a sedimen­

tary cover, starting from the Upper Jurassic transgression till the Cretaceous and the 

Neozoic. The Quaternary formations are exclusively represented by loess and loess-like 

deposits well exposed on the Black Sea shore and on the Dobrogea bank of the Danube. 

Between the Danube and the Black Sea, within the Dobrogea Plateau, the loess, chiefly 

accumulated in depression areas, is discontinuously developed. In spite of facies uni­

formity, there are variations of grain size, carbonate content and thickness of loess 

horizons. The Southern Dobrogea loess usually preserves the features typical of simi­

lar deposits in the world: lack of bedding, high porosity (45-50%), carbonate content 

commonly ranging from 15 to 20%, yellow colour (lo YR). According to the grain size, 

there are several loess types: a) typical loess, with siltic fraction exceeding 70%, 

argillaceous fraction of 5-25%; b) sandy loess, with sandy fraction reaching 50% and 

c) highly argillaceous loess ( > 30%) which marks the transition to loess-like depo­

sits. The loess-like deposits are polygenetic, as a result of the alteration of pri­

mary loess by syn- or postsedimentary processes.

The outcrops in the Black Sea coast and in central Dobrogea (characterized by com-
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plete sequences) show several loess horizona delimited by paleosola. At the top of the 
aequence there are three loeas horizona delimited by two fossil soils, usually of cher­
nozem type. They overlie a sequence characterized by alternating loesa and argillic or 
argillic-illuvial paleosols. At the lower part of thia sequence, the _loeas is alter­
ed, diagenetically transformed and the brown-red paleoaols are difficult to recognize 
the top or bottom. 

The loess and paleosol succesaion in Southern Dobrogea seems to point to climatic 
evolution characterized by two stages: a) a steppe stage, with low humidity and tem­
peratures typical of periglacial areas, which favours the deposition of loess, while 
chernozem soils formed during precipitation periods; b) a stage marked by increasing 
annual precipitation and temperature and differentiated dry and humid periods, which 
favoured the growth of forest vegetation an! the constitution of brown-red argillic­
illuvial soila.·The cooling of climate accompanied by the reactivation of eolian dust 
resulted in the initiation of a new cycle of loeas deposition. 

The stratigraphic interpretation o! this general view of Dobrogea climate shows 
that the brown-red argillaceous soils formed during the interglacial periods, while 
the chernozem soils represented Würm interstadials. The identification of seven fos­
sil soils which break off the loess sequence led to the elaboration of a stratigraphi­
scheme according to which the last paleosol is assigned to the Günz-Mindel intergla­
cial ( 1). This stratigraphic image based on climate variations inferred from the 
study of different fossil soils cannot be related to the available archaeological 
data nor to palinological data. 

These inconsistence implied additional investigations, such as the palaeomagne­
tic study of some characteristic sections of loess and paleosol sequences from Southern 
Dobrogea. The following aequences have been investigated starting from the Black Sea 
coast (east) to the Danube (west): A - Continesti, B - Nazarcea, C - Cu.za Voda, D -
Mircea Vodä, E - Cernavodä (Fig.1). 

The results pf paleomagnetic studiea are presented in figures 2 and 3. 
The remanent magnetization was measured by the spinner-magnetometer JR-4 and the 

magnetic susceptibility and its anisotropy by Kappabridge KLY-1. The primary remance 
was isolated by Schonstedt TSD-1 thermal demagnetizer. 

The diagrams which show the Tariation of palaeomagnetic parametera point out 
the normal polarity of all the loess and paleosol sequences investigated, correspond­
ing to the Brunhes epoch. The available archaelogical data (Mousterian industry at 
Nazarcea-0vidiu; Fig.3B) and thermoluminescence ones (13000+20000 years B.P., for -

*paleosol III and 65000:t,90000 years B.P. for paleosol VI at Continesti; Pig.2AL) 
confirm the paleomagnetic interpretation and account for the assignment of these 
formations to the Middle-Upper Pleistocene stratigraphic interval. 

It is worth mentioning that at Nazarcea, the base of the loess and paleosol se­
quences exhibits along 4-6 m a horizon of red and grey clays with frequent gypsum 
fragments (Fig. 3B) which could stand for the Lower Pleistocene. This characteristio 
was also mentioned for the loess seotions in Hungary (3). 

•) The thermoluminescence determinations were performed at the Laboratory of the Fa-
culty of Geology, University Marie Curie-Sklodowska in Lublin (Poland) owina to

,. 
• ·•--o 

Dr. E.Krol from the Institute of Geophyaics of the Polish Acadeucy- od Sciences in
Warsaw, by using the samples collected during the international KAPG palaeomagne­
tic excursion in Romania (2). 
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Considering the variation diagrams of magnetic parameters In and äe (before 11mag­

netic cleaning"; Fig.2,3) it is to note the palaeoclima.tic significance of the varia­

tions of intensity of natural remanent magnetization and of magnetic susceptibility 

recorded for the Southern Dobrogea loess and paleosols. Thus, the higher values of 

In and cie. parameters of paleosols compared to those of loess are due to increased 

ferromagnetic mineral content of the former favoured by pedogenetic processes of pa­

leosol constitution in humid climate and it high temperature, different from the 

loess deposition in cool and dry climate (4-6). Similar data have been reported by 

Fernex et al. (7) and Poutiers (8) with respect to Quaternary loess and paleosol se­

quences from France, and by Heller and Liu Tung-Scheng (9) regarding the Pliocene 

and Pleistocene loess and paleosol deposits from China. 

2. Eruptions in the Persani Mts

The Persani Mts lie on the north-western border of the Brasov Basin, an intra­

mountainous depression in the bend area of the Fast Carpathians. The depression ba­

sement of tectonic origin consists chiefly of Cretaceous flysch and several lithostra­

tigraphic complexes from the Middle Pliocene till the Upper Pleistocene. The mentioned 

lithostratigraphic units are characterized by an illustrative fossil fauna similar to 

other characteristic assemblages from European basins. These allowed the elaboration 

of a magnetostratigraphic scheme, including the chronopalaeomagnetic interval Gilbert­

Brunhes (10-13). Taking into account these data, the subsequent investigations were 

concerned with the north-western border of the basin built up of igneous products 

from the Persani Mts. The volcanic products are commonly represented by basaltic 

lava flows 2-20 m thick, pyroclastics, scoria and volcanic bombs. This sequence in­

cludes sedimentary rocks and lithologically complex successions resulted from terri­

genous rocks associated with epiclastics and volcanic pyroclastics (vulcano-sedimen­

tary formations). The relations between the basaltic lava flows and the volcano-sedi­

mrntary complexes point to a lower volcano-sedimentary sequence delimited from an up­

per volcano-aedimentary sequencQ by basaltic lava eruptions. The sections studied by 

magnetostratigraphic methods correspond to the quarries from thw Bogata area and to 

the outcrops next to the Hoghiz locality (Fig.1). According to geochronological de­

terminations (14) these eruptions were emplaced during the interval of 0.75 m.y. 

(Bogata) and 0.5 m.y. (Hoghiz). The boundary between Matuyama and Brunhes epochs pla­

ced in this period of time favoured the use of the palaeomagnetic method to separate 

the igneous and volcano-sedimentary formations. The results concerning the magneto­

stratigraphic position of bas�ltic eruptions and of volcano-sedimentary formations 

from the Persani Mts are rendered in Fig.4. The synthesis data show that the lower 

volcano-aedimentary aequence and the basaltic lava eruptions from Bogata area be-

long to Matuyama epoch, while the upper volcano-sedimentary formations and the Hog­

hiz basalts pointing to normal magnetization are assigned to the Brunhes epoch. 

The magnetostratigraphic data obtained for the Southern Dobrogea loess deposits 

and the eruptions in the Persani Mts have pointed to the importance of the palaeo­

magnetic method to the elaboration of some local stratigraphic models assigned to 

general chronologic schemes of the Quaternary. The chronologic assignment Qf loess 

deposits in Romania was also achieved aa part of the approach of this problem on 

global sclae. 
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SPATIAL VARIABILITY OF THE NATURAL REMANENT MAGNETIZATION OF L0ESSES 

IN CERNA VODA AND COSTINESTI (ROUMANIA) 

Pagac, P. 

1. Introduction

\Vhile collecting palaeomagnetic samples of sediments, it is assumed that the vec­

tor oI· the natural remanent mti.gnetization (NRMP) is the same at a particular level of 

sedimentation and, consequently, a sample of suitable size will be a good representation 
in the first approximation, of the layer as a whole. Check sampling is mostly carried 

out along parallel profiles, spac � as far apart as possible in order to reflect any 

lithological, tectonic and other changes in the extensive object being studied. Verti­

cally continuous sampling is employed by studying rapid changes of the palaeomagnetic 
field (secular variations, the transition regime in inversions, during reversals events, 

excursions), or in sediments of small thicknesses. 

The expedition of the KAPG Project 2 to the Dobrudzha area (SE Roumania) collected 

samples of loesses and palaeosoils for the purpose of palaeomagnetic investigations of 

the Upper Pleistocene. An oriented block (monolith) of reck, height 250 mm, base 120 by 

110 mm, was collected just above a thin layer of pelite, located at a depth of 15,30 � 

below the upper surface of the exposure, near the profile sampled by Dr. P.Marton, in 
order to determine a more detailed distribution of the HMP vector in the macroscopically 
homogeneous layer of loess at the locality of Cerna Voda. The block was divided by hori­

zontal sections into 11 plates (see Fig. 1a) from which 20 (from the uppermost and bottom 

most only 16) cubes, 20 mm cubed, were obtained. Considerable attention was devoted to 

the accuracy of the planes dividing the block, and the error in the orientation of the 

samples thus did not exceed 1°. Besides this block, also samples were collected with the 

aid of metal samplers along two short sections of another profile, sampled mostly by the 

other members of the expedition at depths of 3,90 to 4,30 m and 7,65 to 8,10 m. The first 
section was sampled twice at depths of 0,30 to 0,50 m from the surface of the original 

wall of the exposure, the second section at a depth of 0,40 m. 

At the Costinesti locality, samples were only collected with a sampler along the 

profile at steps of 0,20 to 0,40 m in the usual Nay. The upper part of the profile was 

sampled in the SW part of the wall (about 60 m SW of the placed sampled by the group of 

Pazderkova, Dr. Chvojka of the Geological Institute of the Czechosl. Acad. Sei. in Pra­

gue), the bottom part at the SE margin of the land promontory at the place sampled by 

the other groups of the expedition. 

2. Results of measuring the NRMP and RMP (5 mT) of the loess block

Before the first measurement of the RMP, the samples (and block) were stored in the 

in-situ position apart from the time they were transported and handled. Before further 

HMP meaeurements, the samplee were stored in the inverse position for about 4 weeks. 

Later, all the samples were demagnatized by an A.C. field of 5 mT and then measured. The 

orientations of the RMP (5 mT) for the individual samples are illustrated in Figs 1b and 

1c·, which clearly show the large sactter of directions ( eee parameter k in Tab. 1) • 

In order to determine whether the RNP directions display some inertia in space, the 

mean directions were calculated for three systems (a,b,c) of smaller groups of samples 

(see Fig. 2, Tab.1). These systems were created by dividing the original block of samples 
by parallel planes at distance of 1 sample and with the normal pointing 

10 

IO-JO O J0 ~ ID() ff all 11 #JOO SD fD(J'l$01</I 

@ 
( 1o·•cssu / {10·6CGSu) 

l 

' 
1 

.' 

1 1 

' 
l ·, 

:-.... -, 
1,,.L-' 

" 

.. 

J 
1 

1 

t 
11 

DOI: https://doi.org/10.2312/zipe.1990.062



121 

SPATIAL VARIABILITY OF THE NATURAL REMANENT MAGNETIZATION OF L0ESSES 

IN CERNA VODA AND COSTINESTI (ROUMANIA) 

Pagac, P. 

1. Introduction

While collecting palaeomagnetic samples o:f sediments, it is assumed that the vec­

tor 01· the natural remanen,; IIU:lgnetization (NRMP) is the same at a particular level of 

sedimentation and, consequently, a sample of suitable size will be a good representation 

in the :first approximation, of the layer as a whole. Check sampling is mostly carried 

out along parallel profiles, space� as :far apart as possible in order to reflect any 

lithological, tectonic and other changes in the extensive object being studied. Verti­

cally continuous sampling is employed by studying rapid changes of the palaeomagnetic 

field (secular variations, the transition regime in inversions, during reversals events, 

excursions), or in sediments of small thicknesses. 

The expedition of the KAPG Project 2 to the Dobrudzha area (SE Roumania) collected 

samples of loesses and palaeosoils for the purpose of palaeomagnetic investigations of 

the Upper Pleistocene. An oriented block (monolith) of rock, height 250 mm, base 120 by 

110 mm, was collected just above a thin layer of pelite, located at a depth of 15,30 m 

below the upper surface of the exposure, near the profile sampled by Dr. P.Marton, in 

order to determine a more detailed distribution of the HMP vector in the macroscopically 

homogeneous layer of loess at the locali ty of Cerna Voda. The block ·,vas divided by hori­

zontal sections into 11 plates (see Fig. 1a) from which 20 (from the uppermost and bottom 

most only 16) cubes, 20 mm cubed, were obtained. Considerable attention was devoted to 

the accuracy of the planes dividing the block, and the error in the orientation of the 

samples thus did not exceed 1°. Besides this block, also samples "Nere collected with the

aid of metal samplers along two short sections of another profile, sampled mostly by the 

other members of the expedition at depths of 3,90 to 4,30 m and 7,65 to 8,10 m. The first 

section was sampled twice at depths of 0,30 to 0,50 m from the surface of the original 

wall of the exposure, the second section at a depth of 0,40 m. 

At the Costinesti locality, samples were only collected with a sampler along the 

profile at steps of 0,20 to 0,40 m in the usual way. The upper part of the profile was 

sampled in the SW part of the wall (about 60 m SW of the placed sampled by the group of 

Pazderkova, Dr. Chvojka of the Geological Institute of the Czechosl. Acad. Sei. in Pra­

gue), the bottom part at the SE margin of the land promontory at the place sampled by 

the other groups of the expedition. 

2. Results of measuring the NRMP and RMP (5 mT) of the loess block

Before the first measurement of the RMP, the samples (and block) were stored in the 

in-situ position apart from the time they were transported and handled. Before further 

RMP measurements, the samples were stored in the inverse position for about 4 weeks. 

Later, all the samples were demagnatized by an A.C. field of 5 mT and then measured. The 

orientations of the RMP (5 mT) for the individual samples are illustrated in Figs 1b and 

1c, which clearly show the large sactter of directions (see parameter k in Tab. 1). 

In order to determine whether the RNP directions display some inertia in space, the 

mean directions were calculated for three systems (a,b,c) cf smaller groups of samples 

(see Fig. 2, Tab.1). These systems Nere created by dividing the original block of samples 

by parallel planes at distance of 1 sample and Nith the normal pointing 
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a) vertically ( 11 layers horizons: A,B,C,D�E,F,G,H,I,J,K),

b) N-S (4 zones: N, N2, S2, S).

c) E-IV (5 sectors, E, E2, M, .V2, ,V).

The coefficients of concentration k obtained in this way, indicate the considerable

but differentiate scatter. In system b minimum k in zone N is affected mainly by the 

extreme directions G14, H15, 111, 112, J11, which distinctly decrease k also in the ap­

propriate layers and sectors. Tlie values of k in the other zones and all sectors vary 

between 8.0 and 15, 7, i,e, close to the value appropriate for the block as a ,vhole 

(k z 10,1). 
One may expect a higher concentration of directions in the layers. This applies to 

horizons A to E and K. In viewing the graph of mean directions for the layers, .it appears 

that the direction of the geomagnetic field changed along the loop KJIHGFE, reserobling 

the secular variation. This part of the curve corresponds to layers ,vi th a lower value 

of k. It is still difficult to tel1 what the essence of this relation is, whether it is 

the result of a hitherto undefined quasi-random process, or whether it reflects the dif­

ferent behaviour of the geomagnetic field as observed in the loesses of the Tashkent re­

gion, where the scatter of the RMP directions in the part of the profile corresponding 

to the geomagnetic excursion was substantially higher than in the adjacent sectors where 

the direction or· the field was stabilized. The magni tude of the RMP fluctuates conside-

.. :ably also in the average by layers, which is also evidence of the higher homogenety of 

the parameters in the horizontal direction, However, the RMP is distinctly higher in 

the sector of layers G to J. Since the values of the magnetic susceptibility are not 

available so far, this increase in RMP cannot be explained by using coefficient Q in 

connection with estimating the variation of the magnetic field intensity. Given the same 

volume magnetic susceptibility, the Q of this sector would be tNice that of layer E. 

If we consider the minimum and maximum values of RMP in layers 

A B C D E F G H I J K 

min, 3.3 2.9 3.2 1. 9 1. 9 1. 7 3,0 2.3 2.1 1.8 1.8 

max. 6.2 5.8 5.6 4.8 3.7 5.2 9.2 9.0 7.9 11.7 6.4, 

the sector GHIJ becomes anomalous only due to the part of the samples with higher RMP. 

A more detailed analysis will disclose a certain tendency to create clusters of samples 

with similar values of RMP. A similar tendency is also displayed by the RMP directions. 

To conclude, we may summarize as follows: In the loess block the RMP directions 

display a considerable scatter which is distinctly lower if the block is divided into 

horizontal layers. It is probable that the mean directions of these layers are mostiy 

affected by the secular variation or another variation of the geomagnetic field. 

3. Results of determining the RMP along tbe Cerna Voda profile

Selected pilot samples were demagnetized in an A.C. field with a maximum indic­

tion of 80 mT. The analysis of the directions thus obtained indicates two facts. Demag­

netization at an induction of 5 mT is not always sufficient to eliminate the viscous 

RMP, induced in the reverse poaition of the sample over the 4 weeks. The magnetically 

hard component (RMP after demagnetization at 80 mT) in some samples displays a deviation 

of 10° to 20° relative to the normal field. The values of D,I and RMP (after demagneti­

zation at 5 mT) are shown in Fig. Ja. The characteristic features, found in the loess 

block at a depth of 15,JO m, are manifest in a similar way: by distinct differences 

between the directions of the two collections, accompanied by a certain inertia trend. 
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4. Results of determ.ining the RMP along the Costinesti profile

The upper part of the profile (Upper Pleistocene) sampled at steps of 0.40 m 

yielded RMP directions exclusively of normal polarity (see Fig. 3b) with several de­

viations, mostly to the west. The largest deflection of the vector from the normal 

direction was observed in specimen C57; a considerable part of this deflection can 

be explained by the high percentage of viscous RMP, or by its residue after demag­

netization at 5 mT. The magnitude of the RMP is distinctly affected by soil-forming 

processes: in the palaeosoils the RMP is roughly 5 times as large as in the loesses. 

The specimens from the lower part of the profile (Middle Pleistocene) sampled at 

steps of 0.20 m also display RMP only of normal polarity. The hardest component in 

the pilot samples demagnetized at 80 mT was reflected in a sma.11 westward trend. The 

NRMP is very soft; under demagnetization at 20 mT the RMP decreases to 5-8% of the 

oridinal value. The NRMP of the palaeosoils is roughly twice as large as of the uin­

termediate loess layer. 

5. Conclusion

The results of the palaeomagnetic investigation of the loess at locality Cerna 

Voda indicate the following: 

a) a considerable scatter in the RMP directions of the separate samples;

b) distinct differentiation of the scatter according to the direction of the

division; 

c) the possibility of studying palaeosecular variations;

d) normal polarity along the profile investigated.

The ms.in results for profile Continesti:

e) normal polarity along the whole profile;

f) RMP of the palaeosoils is 2 to 5 times higher than the RMP of the loess;

g) the NRMP contains a high percentage of the soft component;

h) the hard component in the NRMP displays certain deflections mostly with a

mostly wi th a westward southwarcl tendency. 

Table 1 

group n D
o Io

k 
<X 95 

RMP/5/ gro.up n Do Io
k 

95 
RMP/5/ 

horizon zone 

A 16 349.3 60.8 54.4 5.0 4.503 0.873 N 53 354.6 56.7 6.3 8.5 3.561 1.069 

B 20 7.5 63.7 35.3 5.6 4.189 

C 20 3.0 58.7 20.9 7.3 4.080 

D 20 357.1 60.6 14.2 9.0 3.064 

E 20 0.4 60.4 23.7 1.0 2. 777

F 20 2.3 46.5 9.9 10.9 3.135 

G 20 326.5 59.0 10.9 10.4 4.586 

H 20 301.4 68.8 8.7 11.7 6.060 

I 20 334.2 71.4 4.6 17.6 5.415 

J 20 359.5 61.2 5.7 14.6 5. 720

K 16 0.3 66.5 26.1 7.4 4.130 

5 mT 212 351.8 62. 6 10.1 3.2 4.342 

0.797 

0.101 

0.813 

0.511 

0.906 

q.497

1.866 

1.805 

2.260 

1.172 

1.675 0 

N2 53 353.7 60.9 

S2 53 351.7 64.3 

s 53 347.1 67.4 

sector 

E1 44 350.4 63.6 

E2 44 357.3 60.8 

M 44 349.4 63.2 

11. 8 4.413 

11. 8 4.561 

15.75.1 4.815 

8.5 7.8 4.411 

9.7 7.4 4.241 

11.9 6.5 4.407 

1.730 

1.836 

1.731 

1.543 

1. 377 

1. 743 

W2 44 352.5 66.6 13.7 6.0 4.543 2.111 

,.v 36 349.0 57.2 8.o 9.0 4.053 1.505 

RMP/0/ 

mT 212 357.4 65.5 9.6 3.3 6.732 2.307 
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GEOMAGNhTIC FIELD INTENSITY IN HUNGARY DURING THE LAST 2 000 YEARS. 

S.P. Burlatskaya, Institute of Physics of the Earthm Moscow 
P. Marton and E. Maroon, ELTE, Geofizikai Tansek, Budapest

The investigation of the ancient geomagnetic field intensity was carried out on
the samples, which were collected from 40 objects of different agBs; they were 
bricks from ancient structures in Estergom, Visegrad, Di6sgyör and Gorsium. Thellier 
method was used. The standard error averaged 3}'-T• The results refer to two time­
intervalls: 2nd - 4th cent. and 13th - 19th cent. For the 5th - 9th cent. there are 
only two determinations with dating error about 300 yrs. No data are available for 
the 10th - 11th cent. 

The black dots on fig. 1 indicate the average 100-years values of the geomagnetic 
field intensity in Hungary. These values were compared with their analogies for the 
Ukraine-Moldavia (triangles /1/, for Bulgaria-Yugoslavia (open circles /2/, and for 
summarized world data (squares connected by solid line) /3/. 

The data on Variation of the ancient geomagnetic field intensity in Hungary con­
firmed the earlier conclusion based on the world data set, that points to a monoto­
nous decrease of intensity during the last 2 000 yrs. /3/. 

Since it was the curve of the changed ancient geomagnetic field intensity drawn 
on world determinations that served as the basis for estimating the principle period 
viewed as the fundamental period of the hydromagnetic dynamo, the new conformation 
of earlier conclusions is important. 

Data discrepancy for different territories averages 3 - 4 T; this may be attri­
buted to both determination errors and to regional characteristic features of ancient 
field Variations. 

The latter is hardly feasible however as there is a greater discrepancy in the data 
for the three neigbouring territories which from the stand-point of the processes 
in the core are making one limited region on the surface of the Earth, than the 
discrepancy between each of the territories and the world curve. 

The paper is published in its full in /4/. 
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ARCHAEOMAGNETIC RESEARCH IN BULGARIA AND 
THE FINE STRUCTURE OF THE 

GEOMAGNETIC FIELD 

Mary Kovacheva, Geophysical Institute, Sofia 

One of the main objectives of archaeomagnetic studies is the construction of curves 
describing secular variations in both direction and intensity of tbe past geomagnetic 
field. The main difficulty in solving this problem is the relatively rare occurrence 
of suitable archaeological sequences with adequate chronologies. Here the research on 
tbe lake sediments has the privilege of long continuoue records. On the other hand euch 
a research cannot give the absolute values of t m  ancient field intensity. And which i s  
more important the baked clays acquire their NRM almost instantaneously whereas the NRl1 
of sediments is acquired over an extended period of time. Taking into account the re­
cent works of Creer and Tucholka [1] we can see the co�plementary role of archaeomag­
netic records and those from sediments. 

In the last 18 years intensive archaeomagnetic etudies have been carried out in 
Bulgaria. The richness of ancient monuments and archaeological discoveries in our land 
helped ue to gather many collectione of different archaeological structures. The majori­
ty of them are from ancient fireplaces, furnaces, kilns, burnt earth layers after a fire 
with a known age. All these collections enabled us to find out the three geomagnet:ic 
characterietics (I, D and FA/FD). For the historic period of time (the last 2000 years)
bricks are also used far obtaining the ancient inclination and intensity ratio. 

In 1980 all Bulgarian resulte including the results from some collection from South­
eastern Yugoslavia have been summarized [ 2 J • The secular varia tion curves (Fig. 1) 
cover 8000 years. Each point represents a century average between eites synchronous in 
time. 
time. In order to fill up the gaps in our previous curves meny new sites were examined, 
mainly from the prehistori c past L3, 4, 5 J . 

To reveal better the fine structure of secular variations, all results included in 
century averaged curves (Fig. 1) were revised in order to rep:resent them as site means. 
On the other hand we wanted to give a weight to every individual result, as far as tl:e 
intensity is concerned. Intensity is determined using tbe classical Thellier methai L6] 
in a combination with the susceptibility measureDents, which we carry out in the last 
few years. The difficulties which arise in the application of the above mentioned me­
thod oblige us to be very careful with the obtained results. First, the temperature in­
terval af eome Thellier experiment is chosen on the basis of the demagnetization curves, 
the old direction behaviour and the successive susceptibility measureDBnts. Then, tm 
ratio FA/FD is evaluated by the least square best fitted line. The weight of such an 
individual resul t is taken as an inverse variance of t lB above mentioned best fi tted line. 
In Fig. 2 an example ot the Thellier experiment is shown. The selected temperature in­
terval is mentioned on the graph near to corresponding experimental points. 

Once the site average values estimated, the question of their distribution on t:te 
absolute scale of time arose especially for the prehistoric past. It is well kncmn al­
ready that the 14

c datings cannot give an absolute date in spite of their calibration be­
cause of the short term variations in the -atmospheric radiocarbon concentration in the 
course of time. We consider as most valuable prehistoric sites used in our study tm 
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the multileveled ones, when a sufficient number of samples is collected from every le­
vel. The disposition of such results on the time scale according to theu- vertical stra­

tigraphy is very helpful. Nevertheless the distribution of the obtained site means re­
sults is not regular. There are intervals of time which are very well cove:red with 

experimental data and others which are scarce. Fig. 3 shows tl:B distribution af our re­
vised intensity resul ts for the last 2000 years. Each result is given w:ilh two bare 
depicting the experimental errar (vertical) and the dating interval (horizontal). It is 
obvious that tl:B picture is qui te complex. The si tuation wit h the other two characte­
ristics (the inclination and the declination) is quite similar. The only basic diffe­
rence is that the data about the declination variation are much more scarce. 

In order to draw out the sought for fine structure of the geomagnetic field,  again 
a certain smoothing of the raw data is necessary. This smoothing has to reflect both 

the experimental errors and the length of dating intervals. We are just at tlE beginning 
of this state of our werk and our previous resul ts show that i t is difficul t to find o ut 
a common departure for the whole time interval studied (8000 years). The principal dif­
ficulty is that the accuracy of dating intervals is very different in the historic past 
(last 2000 yrs) from those in the prehistoric one. Also the available e:iq:erimental data 
in the prehistoric past do not cover entirely the time scale and the:ir distribution is 
more irregular. Thus the mathematical approaches have to be done separa tely. On tre other 
hand this will again diminish the length of the studied interval of time. 

Whatever approaches will be taken the most important thil'.ß is to have sure basic 
results distributed in the most accurate way on the absolute scale of time. We consider 
that in the near future our sequence of archaeomagnetic data will be sufficiently com­
pleted to represent a solid base for discovering the geomagnetic field fine structure. 
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ANOl.l.ALOUS BERAVIOUR OF THE GEOMAGNETIC FIELD IN THB 1ST THOUSAND YEARS B.P • 

K.S. Burakov, I.E. Nachasova, Institute of Physics of the Earth, Moscow 

In process of archaeomagnetic investigations it was discovered that the direction of 

the magnetization of some baked places differs remarkably from that of the modern geo­

magnetic field up to the change of the sign. The Namchedury (Kabuleti) cult hill is 

characteristic for this phenomenon. According to daua of Prof. D.A. Khakhutacshvili (chief 

of the digging) this hill consists of 7 strata and was populated from the 14th - 1st cen­

tury B.C. In all strata some burnt places (fireplaces) were discovered, but anomalous 

directions of magnetization wel'e recorded in places of the upper part of the third stra­

tum only, dating back to the 9th - 6th century B.C. 

We have taken .orientated samples from central parts of 20 burnt places, in which clay 

looking like red bricks is "ell baked. The distribution of the NRM vectors of these samp­

les is given in fig. 1. In some cases two magnetization vectors in one sample have been 

recorded. The high-temperature component of this magnetization type corresponds to the 

geomagnetic field which existed during the period of' the first heating. The lower tempe­

rature vector corresponds to the geomagnetic field of a second heating period. Arrows 

between connected points in fig. 1 indicate the change from the first to the second direc­

tion of the magnetization for these samples with two vectors. 

Another peculiarity of these burnt places is the anomalous high intensity of the magne­

tic field as defined by means of the Thellier method. The results of measurements of 
sample N 1712 according to the Thellier method are given in fig. 2. This sample is reliably 

orientated as during the sampling there was a cross-cut of the fireplace in which heating 

decreases from the surface down and to the sides. lt is evident that at small changes of 

magnetic susceptibility (o<.) with heat, good linear dependence of NRM/TRM, constancy of the 

NRM vector ancient field intensi ty j s equal J6J,±11 mkT. Data for other Namchedury samples 

are given in the table. 

On the whole, for the direction dispositon of the NRM vectors western declinations D 

are characteristic, and maximum field intensity is characteristic for samples with incli­

nation I close to zero. The latter peculiarity suggests the possibility of formation of 

the magnetization by lightning. To exclude this possibility we used a Z-gradientometer for 

analysing the magnetization of clay in this region taking into account that lightnings 

magnetize not only the burnt places but the unburnt either. However, we didn't discover 

such effects. 

Laboratory experiroents with thermodemagnetizing of samples with equal values of ARM, 

TRM and NRM show that the TRM curve is higher than the rest curves close to NRM. This fact 

testifies the thermomagnetic origin of the NRM. 

Another object with anomalous direction of NRM is the archaeological memorial Pichory, 

dated to the 8th - 6th century B.C. Samples of the burnt places from the upper stratum (1) 

show a high disper,·ion of declination D with high mean inclination I. One specimen (N 2278) 

resembling specimen N 1702 of füunchedury h.is u negati.ve inclinc:tion. In I ht non-d1.1: Ged area 

of this locality some othtr burnt places were discovered by means of the ma6netic Z­

gradientometer used for reconnoi tring some areas perspective for diggi:,g. 

Many other burnt places have been discovered nea1• the village Tamish, one of tbem has 

negative magnetization. A comparable place has been recorded near Zugdid town. According 

to the measured field gradient these places lie 0,5 m below the surface. They have been 
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dated preliminary to the 8th - 6th century B.C. 
High preferable western deviations of the declination D are discovered in material 

of hearthes from Narekvavi (eastern Georgia). Thus the data obtained confirme apparently 
the fact discovered by Folgerhaiter during the investigation of the magnetization of 
Etruscan vases, that the geomagnetic field was reverse at any time during the 8th cen­
tury B.C. and indicate that a large region at last between Italy and the Caucasus was 
af.fected by this phenomenon. However, the absence o.f precise dating o.f the investigated 
material in the Caucasus doesn•t permit not only to trace this phenomenon in detail but 
also to define its exact age. Statistically .from all available data for the 9th - 6th 
century B.C, only the continuance of the disturbed field during some decades can be 
approximately de.fined. 

The importance of investigation of this phenomenon is evident. The number of archaeo­
logical definitions must be widen both in the regions were this phenomenon has been 
discovered and in other regions for the solution of the problem on the global or regio­
nal character of the given datum. All available burnt places of that time should be 
chosen and investigated for this purpose. 

Table 

Site, data 
Number of 
specimen 

1 

Namchedury 

Results of archaeomagnetic investigation of the specimens 
from sites Namchedury and Pichory: declination D, incli­
nation I and intensity of the ancient magnetic field B. 
When two vectors are in the specimen, parameters of the 
field at low temperature (lesser than 350°) are given in 
brackets • .± standard error of the mean. 

2 

Io

3 

9th - 6th cent. B.c.

1010 

1011 
1012 

1695 
1696 

1697 

1698 
1699 
1700 
1701 
1702 
1703 
1704 
1705 
1708 

268 
(264-) 
281 
324 

(256) 
71 

310 
(320) 
352 

(358) 
337 
163 
308 

25 
262 

2 
352 
19 

135 

-65 71,9+1,9 
(-20) (148,2±4,6) 

-2 760,0,±52 
58 61,7+2,7 

(20) (197,03:11)
-52 78,7,±2,3
-61 75,2,±0,6 

(-54-) (72, 1,±2,2) 
-3

(16)
73,5+1,9 

(83,8±0, 9) 
57 75,3,±0,7 

-60 75,8,±1,1 
75 74,2,±0, 3 

-50 69, 3.±1,0 
0 66,5,±0,3 

39 80,0,±0,3 
49 76, 3,±1, 0 
27 70,6,±0,7 
72 74,4,±1,0 
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----- ----

1 2 3 4 

1709 69 -35 75,0±2,0 

1710 335 41 76,2±0,6 

1711 270 43 78,9±1,9 
1712 340 -12 363,0±11 

Pichory 
7th - 6th cent. B.C.

2218 58 70 74,7±0,7 
2219 76 83 80,8,±1 1 2 
�220 100 81 80,3±0,6 
2275. 237 85 71,6±0,9 
2276 314 72 80,8±0,6 
2278 260 -11 80,,2,±0,9 
2281 12 68 82,7,±0,6 
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Fig. 1. Distribution of the NRM vectors of baked cleys of 

the Namchedury cult hill. Open circles - negative 

inclination, closed circles - positive inclination, 

cross - modern field direction at the site. 
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PALE0MAGNETIC INVESTIGATI0NS 0F THE L0WER 
PLI0CENE SEDIMENTS FR0M SOUTHERN BULGARIA 

P.B. Nozharov, V.B. Kalcheva, N.I. Petkov 

Geophysical Institute, BAS, Sofia, Bulgaria 

The investigation of the geomagnetic field during tbe Pliocere is of' important 
scientific and applied significance. During the Pliocene three geomagnetic epochs have 
been established: [1, 2, J, 4] Matuyama (R) with absolute age 0,72 - 2,47 my, Gauss (N) 
- 2,47 - J,41 my and Gilbert (R) - J,cl-5,44 my. Each geomagnetic epoch contains short­
term geomagnetic epieodes with an inverse polarity with respect to the epoch, which are
well etudied and dated. These geomagnetic episodes find out a possibility fcr dismember­
ing and paleomagnetic age correlation of rocke with unknown age.

In 1981 the authors collected a set of samples (claye) of the so called gravel-sand­
clay geocomplex in Southern Bulgaria[5]. In the Upper Thracian depression this complex 
has a total thickness to 500 m and is presented by gravels, sands, clays and lignite 
coal. The found fossil fauna and flora determine the age of the geocomplex as a pliocenic 
one [6]. The sediments of the gravel-sand-clay geocomplex are formed in freshwater lake 
basins of a valley type [5].

The samples with numbers from 1 to 35 are gathered by means of non-magnet:icwedges 
of three parallel profiles at a distance 20-J0 m from each other in the upper part of 
the clay quarry near the town of Harmanli. The vertical distance of the samples from 
each other is about 10 cm so that the maximal thickness included is about 1,JO m. The 
samples are oily clays, brown in colour, which upwards in the section pass into sandy 
clays of the same colour. The supposed age is lower Pliocene (Pontian ?). 

The samples with numbers from J6 to 55 are also gathered with wedges from two pa­
rallel profiles at a distance J0 m from each other in the open mine for lignite coal at 
the village of 0bruchishte (upper over-coal horizon). They are oily grey-bluish clays 
which un in the eection pass into faintly welded sandstones. Their supposed age is 
Maeotian-Pontian. 

The laboratory paleomagnetic investigations of the samples included: 
1. Measurement of Jn with a spinner magnetometer JR-4 three times: after bringing

the samples in the laboratory, after keeping them along the geomagnetic fieJd 45 days 
and against the field 90 days. 

2. Measurement of the magnetic eusceptibility 'Jf by a kappa-bridge KLJ - 1.
J. Temporal cleaning 90 days.
4. Temperature cleaning - 100°c.
The results of these measurements showed that the clays from tre quarry near Harman�

li possess a faint natural remanent magnetization Jn which varies within tre boundarl.111
of 0,21 to 1,16 nT (average 0,49 t 0,21 nT). Their magnetic susceptibility ge. is 
within the boundaries of 179 to 295.10-6sI (average 219 ± 29.10-6sI) and Q - the fac­
tor from 0,02 to 0,29. In the upper part of the three profiles where the clays pass into 
sandy clays an abrupt increase of the J and � values is observed 
(Jnav = 5,20 ± 0,63 nT; 'dl av = 590 ± 167.10-6sI).

The analyeis _of the Jn directions according to the original measurements showed
that in the profiles there are normally inverse and anomalously magnetized samples. With 
the purpose to clean the secondary magnetizations a temporal and thermal cleanings were 
made. After keeping the samples 90 days against the geomagnetic field some of them 
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(mainly of the I and II profile) change the Jn direction and turn out to be inversely
magnetized. The size of the viscose magnetization varies in large boundaries - from 0 

to 48% from J (average �rv = 0,22 t 0,12). The least possible magnetization (O -
0,17% of Jn) i� observed in n the upper part of the profiles, where the samples posses
an inverse magnetization "in situ". 

The thermomagnetic cleaning at 100°c confirms, to a certain extent, the resu1ts af 
the temporal cleaning. The inversely magnetized "in situ" samples preserve their in­
verse magnetization. In some of the samples with low inclinations after a thermal clean­
ing an inverse magnetization is found out. The intensity of the natural remanent magm­
tization J after the thermal cleaning at the inversely magnetized "in situ" samples 
from the u;per part of the p�ofiles usually grows (107-130% from Jn)' which is explained 
with the cleaning of the viscose magnetization with a normal polarity. In the remaining 
samples (with normal and anomalous polarity) the intenaity ofJn decreases (from 35% to
90% from Jn)• After the thermal cleaning the mean value of the Jn inteneity is Jnav = 

= 0,37 t 0,25 nT (for the normally and anomalously magnetized samples) and Jnav = 
= 4,87 ± 1,99 nT (for the inversely magnetized ones). 

These results from the laboratory paleomagnetic investigations give us grounds to 
suggest that the clays from the region of Harmanli contain magnetite (in the upper part 
of the profiles), hematite and magnetite and iron hydrooxides (the rest of the samples). 
It can be supposed that the clays possess three types of remanent magnetization: orien­
tation, chemical and viscose ones. The primary magnetization of the samples of tm pro­
files largest part is formed in a geomagnetic field with inversed polarity. The inverse 
polarity with some of the samples is covered by the viscose magnetization Jrv• The final 
results are presented in Tab. 1 and Fig. 1. 

The clays from the region of the open mine at the village of Obruchishte possess a 
weak natural remanent magnetization - from 0,29 to 0,87 nT (average value 0,55 ± 0,15nT).
Their magnetic susceptibility "Jf.. is of 95 to 157.10-6s1 (average value 135 ± 17.lO�SI)
and Q - the factor is small - from 0,02 to o,oa.

The analysis of the Jn directions along the original measure11Bnts sho.ved that all 
samples are normally magnetized. After the temporal and thermal cleaning up to 100°0 t he 

J
0 

directions are not significantly changed. A more stable element is the inclination 
of J

0
• The size of the viscose magnetization varies within the boundaries af 20% to 36%

from Jn (average J
rv

/Jn = 0,27 t 0,05). After the thermal cleaning the average value
of the J

0 
intensity is Jnav = 0,25 ± 0,10 nT). 

As seen from the average values of Jn and a-e. the samples from treboth profiles in­
dicated above are magnetically homogeneous. They contain magnetite and their original 
magnetization is formed in a quiet period of the geomgnetic field with a norml pola­
rity. 

The final results from the laboratory paleomagnetic investigations of these rocke 
are presented in Tab. 2 and Fig.2. 

Here we should note that the samples from the different profiles presented in Figs. 
1 and 2 are not at one and the same hypsometric level. The samples from each profile 
have an independent position in the section. It is possible to male a correlation among 
the three profiles at Harmanli by J size and direction, but sich a correlation is not 

n 

made. The two profiles at the village of Obruchishte cannot be juxtaposed because of the 
near values and directions of J • 

Table 3 presents the coordinates of the paleomagnetic poles separately for the clays 
at Harmanli and the ones at Obruchishte as well as the coordinates of tlE common paleo­
magnetic pole, calculated along the Jn directions after a temporal cleaning, and in
Table 4 - after a thermo-cleaning. As seen from the tables the grouping of the virtual 

n 
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geomagnetic polee ie better after the thermocleaning. The coordinates of tre paleomag­
netic pole for the two revealings very well agree with the Coordinates of the paleomag­
netic pole determined by the investigations of the Pliocene basalts in Northern Bulgaria 
( cp = 82°, (\ = 14J0E).

On the baeis of the obtained results from the laboratory paleomagnetic inveetigatione, 
the following more important conclusione can be drawn: 

1. The clays from the quarry at Harmanli with a supposed age Pontian are magnetized
no:rmally, inversely and anomalously and are probably formed during tre geomagnetic epoch 
Gilbert (R). A more exact dating ie poseible after detailed paleomagnetic investigations 
of samples from the whole section. 

2. The clays from the open mine for lignite coals at Obruchishte are magnetized only
normally and are probably formed during the geomagnetic epoch 5(N). Their age can be de­
termined as Maeotian. Here too more detailed paleomagnetic studies of samples from t]Ee 
whole section are needed. 

In conclusion we should note that the results of the paleomagnetic investigations 
of Pliocene sediments in Bulgaria presented in this paper are a first attempt in this 
field. In future these investigatione will continue and will include also other sectione 
of Pliocene and Quaternary sediments in Bulgaria. 
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No Do 

9 6 

8 166 

7 76 

6 .32 

5 64 

3 83 

2 22 

1 11 

Harmanli - I profile 

viscous 

cleaning 

I0 Jn (nT)

-.3 1,71 

-64 6,76 

-70 1,0.3 

-7 0,15 

-24 0,28 

64 0,34 

-9 0,33 

-5 0,28 

i 
j__. 

VGP 

positions 

46 198 

-79 140 

-25 166 

.3 6 165 

11 14.3 

33 82 

.39 177 

45 191 

Harmanli - II profile 

1 ' viscous VGP 

cleaning positions 

No Do Io 
JD(nT)

22 .38 80 4,46 56 49 

21 167 -1.3 5,76 -5.3 47 

20 180 -.39 6,24 -70 25 

19 254 15 0,21 -7 31.3 

17 164 -28 0,17 -60 .302 

16 198 -29 0,24 -59 351 

15 203 -17 0,26 -51 348 

12 221 55 0,35 -4 353 

10 210 -26 0,12 -52 334 

T.ABLE 1 

1 
l, 

1 

1 

No 

.35 

.34 

.3.3 

.32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

Harmanli - III profile 
---·7 

1 
VGP viscous 

cleaning 
i positions 1 

-· - -· ---------- ·-· ___________ 4 

Do Io J (nT)
J1 

-· --

112 .3.3 .3,98 -3 89 

193 -8 5, 6,3 -50 5 

22.3 19 0,43 1 -25 .338 

219 50 0,95 -9 .353 

136 49 0,27 -7 6,3 

169 75 0,33 14 32 1 

211 6 0,33 -37 347 

354 62 0,31 86 308 

287 45 0,30 30 306 

265 16 0,70 2 305 

40 67 0,25 61 87 

96 41 0,35 11 94 

198 41 0,21 -23 8 

---- - ------� _______ _J 

N 
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Maritza - Eastern - I profile Me.ritza - Eastern - II profile 

viscous VGP viacous VGP 

cleaning positions cleaning positions 

No D
o 

1
0 

J
n

(nT) cP /\
No Do

1
0 

Jn(nT) cp !\ 

46 317 69 0,32 60 329 55 256 43 0,17 7 323 

45 321 74 0,32 60 347 54 285 78 0,16 44 354 

44 328 53 0,21 64 288 53 273 69 0,21 34 338 

43 290 70 0,35 44 335 52 264 68 0,2.3 28 .341 

42 313 51 0,41 51 296 51 275 61 0,29 30 327 

41 347 64 0,36 80 318 50 278 63 0,33 3.3 328 

40 352 47 0,38 74 2.34 49 59 67 0,18 49 84 

39 344 65 0,50 78 324 48 326 67 0,35 65 .326 

38 335 61 0,.36 72 304 47 298 63 0,34 46 321 

37 358 55 0,54 83 218 

36 345 72 0,49 72 359 

TABLE 2 

TABLE 3 

After viscous cleaning 

site age N D I K c/. 95 

Harmanli pliocene 21 176,9 66,o 4,3 17,.3 
Maritza- Eastern pliocene 19 330,6 61,0 9,9 11,1 

Jujna Bulgaria pliocene 40 279,1 82 ,8 4,0 1.3,0 

T A B 1 E 4 

After thermocleaning 

site age N D I K C\95 

Harmanli pliocene 18 157,0 64,8 4,5 18,1 
Maritza - Eastern pliocene 18 12,4 85,6 21,1 7,6 

Jujna Bulge.ria pliocene 36 148,2 80,4 6,3 10,2 
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FINE STRUCTURE OF GEOMAGNETIC FIELD IN BRUNHES EPOCH ACCOBDING 
TO THE DATA OF ZERAPHSHAN VALLEY LOESS 

Toichieva I.A., Aegamberdiev S.A. 

Institute of Seismology, Tashkent, USSR 

A special attention is paid to studying of Quaternary history of Earth magnetic field. 
First of all it is connected with working out of paleomagnetic scale, neccessary for de­
tail stratigraphic subdivision of ·unfossiliferous continental deposits and for loess 

st�ata in particular. This problem was studied in more or less detail by many invest­

igators. They have marked out a different number of geomagnetic field events in Brunhes 

epoch. 
The paleomagnetic researches of Quaternary deposits within Zeraphshan depression were 

carried out with- the purpose of studying the geomagnetic field behaviour in stationary 
regime, as well as general and individual features of episodes and excursions. The rocks 
with different lithology (stony loess, loess, loams, sandy loams, clays and slightly 
cemented sands) and genesis (proluvial, proluvial-alluvial) were studied. A continuous 
collection of oriented samples was carried out. 

Among all studied sedimentary rocks the loesses posses the highest values of magne­
tic parameters and are the preferable object for paleomagnetic investigations. 

A local magnetostratigraphical scheme was worked out on the basis of these investi­
gations and then a regional magnetostratigraphic scheme was elaborated According to 
this scheme 6 excursions of geomagnetic field (3 anomalous and 33 of reversed declina­
tion) were revealed in Brunhes epoch (fig.1). The reliability of excursions revealed is 
based on the materials of complex laboratory investigations. 

The main results of laboratory investigations of magnetic stability origin of na­

tural remanent magnetization of loess rocks are given in our work. Experimental data 

confirmed the reality of short period of geomagnetic field deviation which are described 
in this paper. 

The examples of thermomagnetic curves In(t) out of zones of anomal deviation are
given in fig. 2a. 60-?0% of In fail under temperature of 600°c. Insignificant changes
in In direction are observed, especially under high temperatures.

In smoothly falls down under demagnetization by alternating field up to 48.103 A/m

(600 oe) (fig.2 b). Remanent magnetization decreases almest up to 40 - 50 per cent in 
fields of 24.103 A/m (300 oe). The direction of In changes insignificantly during the �e­

magnetization process. 
In fig.3 the most typical curves are given. The samples reach magnetic saturation 

in fields of 16 - 24x104 A/m (2 - 3 kOe), in some cases slow increasing of I value
r 

is observed with increasing of field intensity (sample 454, fig.3 a). Due to the charac-
ter of isothermal magnetization curves, thermomagnetic analyses and TDMA (fig. 3c), it 

can be concluded, that the main carriers of magnetization iB studied rocks are magnetite 
and haematite. 

According to the data of resedimentation, the primary magnetization is the detrital 
one, appeared during Sediment accumulation. The secondary viscous component is not stable 
and completely disappears under temperature of 200-300 °c. The main paleomagnetic parame­
ters of geomagnetic field excursions, revealed within Brunhes epoch, are given together 
in table 1. Fig. 1 shows their changes in time. 
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Reversed and anomalous field directions are found out in Holocene deposits sections. 
They occupy narrow intervals in stratigraphic column and are characterized by low values 
of 1n and �. Ancient field (H

an
), determined by resedimentation, appeared to be: for 

subzone N1r1 = 12,8 A.m-1, for N1an1 = 13.6 A.m-1, that is -v1/3 of geomagnetic field in­

tensity during stationary regime for Holocene period (for Holocene H
an 

= 0,55 oe or 

44 A/m). 

Two intervals with one reversed and the other one anomalous In were revealed in the
sections of Upper-Quaternary deposits. The thickness is 0.15 and 0,30 m; they have some
peculiarities, distinguishing them distinctly from one another and from neighbouring nor­
mal zones (table 1 and fig.1). 

Because of the presence of stony material H
an 

for subzone N1r1 was not determined.
Within aubzone N1an2 Han is 4.8 A,M-

1
, that is 1/10 part of geomagnetic stationary regime

intensity for the Late-Quaternary period, determined by resedimentation. 
In the sections of Middle-Quaternary deposits one anomalous and one reversed inter­

val of geomagnetic field were found. We marked them as N1an3 and N1r3 zones. Intensive
variation of geomagnetic field directions is typical for N1an3 subzone, coupled with
gradually decreasing of its intensity (fig,1). A complete reversal is typical for sub­
zone N1r3, Large magnetic
R

an 
by resedimentation, 

viscosity of samples in N1r3 zone did not allow to determine

Some significant differences in magnetic characteristics and in mineralogical com-
position of samples from normal and reversed zones as well as of anomalous zones, have 
not been observed, The revealed zones ma;y be caused only by field behaviour in the pe­
riod of these rocks formation and they are interpreted as geomagnetic field excursions. 
lt 1s necessary to point out, that these geomagnetic field excursions, determined in 
the period of Zeraphshan Valley Quaternary deposits investigations, were in the sections 
of nearby territories. 

Summing up the reaults of investigations i,t is possible to do the following con­
clusions: 

1. Within anomalous (N1�, N1an2, N1an3) and reversed intervals (N1r1, N1r2, N1r3)
considerable decreasing of H

an 
is observed. 

2. Geomagnetic field excursions have no predictions.

3, Revealed deviations of geomagnetic field ma;y be used by the subdivision and cor­
relation of quaterna.ry deposits sections. 
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1. Recent soil horizon.
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9. Zone of normal magnetization.

o 1s so o o.so o o.s 1s o 16 

0. 

DOI: https://doi.org/10.2312/zipe.1990.062



Jn(f) 
Jn{20)

/.0 
• 

o. 

06 

0.4 

0.2. 

Jn(h) 
Jn 
f.0 

0.8 

0.6 

0.4 

0.2 

100 200 

16 

150 

X 

JOO 400 500 

24 32 40 

106 

84 
54 ,oo

600 

25 
J7 

h

48 fO 
3%, 

Fig. 2. Typical curves of thennal (a) and alternating (b) field 

demagnetization of samples from anomal and reversed 

deviations zones of geomagnetic field in Bru.nhes epoch. 

DOI: https://doi.org/10.2312/zipe.1990.062



"
J

IJ/l 

1-0 

J,s(tJ. 0
J,s(20) 

0./j 

0.6 

0. 

o.t

151 

a. 

iß 4 Jl ;,.o 411 
lrs (t) t.0 

1rs{1DJ a!) 
6. a6

0.4

0.2

oot
100 

C. 

100 21K) J0/1 400 

Fig. J. Typical curves of: 

a) isothermal magnetization,

b) thermomagnetic analysis

I - first heating
II- second heating p

c) TDMA {data by BeVoBurov)

jf4

3!11 

h 

so 64 TP. dD·l04½, 

sampfe45'� 

'1 

liOO T00 9C' 

J78 

------------------

samp/eS 

JQO 

DOI: https://doi.org/10.2312/zipe.1990.062



DOI: https://doi.org/10.2312/zipe.1990.062



r 

1 

163 

SECULAR VARIATION OF THE GEOMAGNETIC FIELD IN THE HOLOCENE ACCORDING TO ARCHAEOMAGNETIC 
AND PALAEOMAGNETIC INVESTIGATIONS IN NORTHERN POLAND 

Waclaw Czyszek 

Geoplcysikal Institute of the Polish Academy of Science, Geomagnetic Observatory Hel 

As known Quaternary is subdivided in Pleistocene, comprizing the greater part of the 
Quaternary, and the much shorter Holocene. This subdivision is arbitrary in various as­
pects but it separates well the time interval when the man became more active in the 
assimilation of nature from the previous one when the role of man was insignificant. 

Obviously for the investigation of the Holocene two different methods have to be 
used because all experimental data obtained by instrumental measurements during the last 
400 - 200 yrs. or by archaeomagnetic investigations for earlier times despite of their 
lower accuracy are more informative than the data which geophysics and geologists can 
contribute otherwise to the secular variation in the Holocene. 

Detailed investigations just of the youngest magnetic secular Variations (SV) are 
very important for geophysicists, and we are hopeful, that such investigations will help 
us to solve problems of time measurements by geomagnetic methods. 
According to our aim the methods we use have to connect as far as possible the changes 
of the geomagnetic field in the time interval of instrumental observations and archaeo­
magnetic measurements and those very interesting data of palaeomagnetic investigation. 

The following results are available: 
1._D�cliEa_ii�n..:.. There are numerous absolute measurements recorded in Gdansk in 1539 and 
1540 A.D. by Rhaeticus, in 1628 - 1682 A.D. Hevelius and in 1679 by Halley. Furthermore 
there are some absolute data measured in Gdansk during the 18th and 19th century, name­
ly in 1795 by Koch, in 1811 by Koch and Kleefeld and in 1823 by Rille. These data are 
completed by the most recent results derived from observatory measurements. 

Besides the L�ndon, Paris and Rom curves the so called Gdansk declination curve be­
longs to the longest data series of Europa (Olczal 1955). In addition to the above men­
tioned absolute measurements we have a number of archaeomagnetic data. 
�._IEcliEaii�n..:.. There are results of archaeomagnetic· investigations, carried out by 
Zofia Csyszek (1977) for the time interval from 1065 A.D. to the present in intervals 
of 30 - 40 yrs. and furthermore there are some results of earlier times obtained by the 
archaeomagnetic method. 
1• Declination and inclination: These data are taken from palaeomagnetic investigations 
of Creer and his colleagues (1979) .obtained from bottom sediments of two lakes: Cherzy­
kowskie (CH-6) and Zarnowieckie (ZR 3; ZR 6), both not far from Hel. 

Presentation of results: 
Using these data we succede to extend the time interval of geomagnetic secular Varia­
tion series to some thousend years back to 5 500 yrs. B.P. for declination and back to 
3 500 yrs. B.P. for inclination (fig. 1). It is noteworthing, that the archaeomagnetic 
results agree very well with palaeomagnetic curves, not only with declination but also 
with inclination curves. 

The diagrams confirm the following periods in the Variation of the direction of tm 
geomagnetic field: for the declination 700, 1700 and 2 700 yrs. and for inclination 
400 and 1 000 yrs. Applying our analysis we recieved the following periods for the geo­
magnetic field intensity (Czyscek 1977): 11 200, 1 200, 360 and 160 yrs. 
On the basis of all these data for Poland (Gdansk - Hel) it is possible to estimate SV 
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periods for declination and inclination from 5 500 and 3 500 yrs. B.P. respectively up 

to the present. It has to be emphasized that these data are relative minimum values. 

Data series for a longer time interval could only be recieved after a f�rther dev­

elopment of the archaeomagnetic method. The maxima and minima positions in the invest­
igated time interval for Gdabsk - Hel (54-,4

° 
- 54,6

° N) are: 

declination irs. B.P. inclination irs. B.P. 

A (-) 177 a (-) 210 

B (+) 598 b (+) 400 

C (� 783 C (-) 625 

D (+) 1 �o d (+) 800 

E (-) 2 410 e (-) 1 020 

F (+) 3 250 f (+) 1 650 

G (-) 4 950 g (-) 2 120 

H (+) 6 100 h (+) 2 600 

maximum (+), minimum (-). 

The master curves of declination for England and for Hel coincide very well. How­

ever the comparison with the results of Kovacheva (1982) shows, that the Variation 

patterns of Bulgaria differ from those of Poland (fig. 2). A comparison of the periods 

obtained by the analysis of Bulgarian and Ukrainian data does•nt show any agreement. So 

it is left to suppose, that secular Variation is not a global phenomenon but a regional 

one which isn•t obviously connected with the global geomagnetic field. 

The results described here can be used as startin�-point for further investigatinns. 

Our results show that- even a so limited initial data material as we used in this paper 

allows to get a general idea about the secular Variation of geomagnetic elements in the 

region being interesting for us. 
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PALAEOMAGNETIC ANOMALIES OF THE BRUNHES POLARITY ZONE FROM 

THE GDR AND THE PEOPLES REPUBLIC OF BULGARIA AND THEIR 

CORRELATION WITH POLARITY EXCURSIONS 

Friedrich Wiegank 

Central Earth Physics Institute, Potsdam, GDR 

Palaeomagnetic anomalies indicated by distinct changes of the declination, inclina­

tion and in part by diminished Königsberger ratios have been recorded in middle and 

upper Pleistocene loess complexes from the GDR and northern Bulgaria. On the base of 

their stratigraphic position their correlations with other known palaeomagnetic anoma­

lies and polarity excursions of the Brunhes polarity zone are discussed. 

1. Introduction.

Palaeomagnetic anomalies (PMA) recorded as departures of declination, inclination 

and/or intensi ty from the "normal" changing palaeomagnetic behaviour ( of the palaeomag­

netic elements) in rock sequences in many cases have been interpreted as reflections of 

short and sharp changes of the palaeomagnetic field, termed polarity excursions. In con­

trast to polarity zones, characterized by complete reversed polarity during periods of 

>104 y.polarity excursions are defined as incomplete changes (angle of deviation<1B0°)

within periods of 103-104 y. Because of their importance both .in modelling field generat­

ing processes in the Earth's outer core and to magnetostratigraphy of the Brunhes pola­

rity zone palaeomagnetic anomalies of middle and upper Pleistocene rock series have been

the subject of numerous investigations and discussions since the late sixties. Many of 

reported anomalies have been doubted and reduced to perturbations by sedimentary pro­

cesses. Despite the high interest in paleomagnetic information about the fine structure

of the geomagnetic field and in additional criteria of higher palaeomagnetic time re­

solution the distinction between field generated polarity excursions and geomagnetic

anomalies produced by perturbations of the primary palaeomagnetic signal in consequence

of syngenetic or postgenetic processes is difficult. These difficulties results from the

following causes:

1. Polarity excursions can be produced by the whole Earth enveloping disturbances

of the field generating process or by only regional restricted sources. 

2. Regional sources of polarity excursions may move within the fluid outer core

causing excursions Observable at different points on the Earth's surface with a more or 

less distinct time lag. 

3. The documentation (fixation) of a measurable palaeomagnetic polarity excursion

depends on the sedimentation rate. Moreover the record of a polarity excursion depends 

on the distance of the samples. 

4. Syn- and postgenetic processes (diagenesis, soil formation, bi0turbation, kryo­

turbation) can affect the excursion generated magnetization and reduce the primary cha­

racteristics of the deviations of declination, the inclination and/or the intensity. 

5. For dating the time position and the correlation of the recorded polarity excur­

sions hitherto only a few dating methods with low ranges and low precision c14
o, TL,

ESR, depositional rate) are available. 

Polarity excursions are to be seen as distinct secular variations of the palaeomag­

netic field, from which they differ only in amplitude. In contrast to true field re-
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versals with reduced field intensities up to 10 per cent of the stationary field pola­
rity excursions are not necessarily accompanied by decrease of the field intensity. 

2. Methods and criteria for the identification of palaeomagnetic anomalies
and polarity excursions

During the palaeomagnetic investigations of continental deposits of the middle and 
upper Pleistocene of the GDR and Bulgaria several palaeomagnetic anomalies have been 
recorded, some of which can be regarded as true polarity excursion equivalents by the 
sum of the following criteria: 

1. Deviation of the declination of more than 90 °, of the inclination of more than
60° from the normally changing palaeomagnetic record of the treated rock sequence. 

2. Indication of the anomaly by at least 3 samples,
3. Confirmation of the recordes anomaly at parallel sections.
4. Ex:clusion of syn- or postgenetic perturbations of the primary depositional rema­

nence in consequence of weathering, soil forming processes, kryo- or bioturbations, 
For the identification and chara;terizing of the anomalies as regional or global phe­

nomena their dating is of fundamental importance. On the base of the correlation of the 
central and southeastern European climatostratigraphic schemes with the well dated global 
marine oxygen isotope scale (OIS) calibrated by the magnetostratigraphic Matuyama/Brun­
hes reversal it was possible to asses the age of the anomalies within boundaries of 
104 y. To determine the palaeomagnetic characteristics of the investigated sections 
sampling and cleaning methods have been applicated as described by Wiegank (1977). More­
over to identify the remanence carrying minerals optical, röntgen-phase-analytical and 
thermoremanent treatments have been carried out. 

3, Characteristics of palaeomagnetic anomalies of the Brunhes polarity zone from 
the GDR 

3.1. Loess soil complex of Rittmitz. In the dolomite quarry of Rittmitz near Leip­
_zig an up to 15 m thick loess sequence with 3 intercalated fossil soils is exposed, 
According to bio-, pedo- and morphostratigraphic criteria the loess complex of Ritt­
mitz represents the standard section for the middle to upper Pleistocene of Saxony 
of the GDR, The Lommatzsch, Altenburg and Rittmitz soil are true interglacial pseudo­
gleys, correlated with the Eemian, Rügen and Treene interglacial respectively according 
to the regional stratigraphic scheme of the GDR. Because the Holsteinian interglacial 
has been U/Th-dated to 350000 y and the next younger Wacken-Dömnitz interglacial to 
326000 y (Stremme, 1983) these interglacials have to be correlated wi th OIS 11 and 9 
according to the time scale of Morley, Hays (1981). Because the typical Lommatzsch soil 
correlated with the Eemian and the Rittmitz soil is underlain by loess of the Saalian 
glaciation both the Rittmitz and the Altenburg soils are formed during the OIS 7 which 
·in accordance with these findings exhibits in several deep sea cores two 180 minima
separated by a clear deep minimum. Thus the Rittmitz soil is dated to be older than
244000 y. and the Altenburg soil is younger than 188000 y.

The behaviour of the declination and inclination changes during a.f. cleaning indi­
cates that VRM has been destroyed after demagnetization by 20 mT. The variations of D
and I within the prepondorate part of the section are small. But both the basal part
of the Rittmitz soil and the uppermost part of the Lommatzsch soil including the base
of the overlain loess cover are characterized by strong changes of D I I and , , n remar-
cable variations of the Königsberger ratio Q. This findings have been confirmed by one
parallel section with overlapping samples. Lithological changes within these parts of

-
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section are not observable. Contrasting to the distinct palaeomagnetic variations in the 

levels of the Rittmitz and the Lommatzsch soils the range of the Altenburg soil shows 

no extraordinary changes of the palaeomagnetic field. Within the lower Rittmitz anomaly 

(1) the declination changes two times from about o
0 to 180° 

reflected in changes of the

inclination from about +60 ° to +30
° 

and about +60° to -60
°

. Parallel to this variations

field intensity is diminished to about 0,5 as indicated by the Königsberger ratio. As

the lower anomaly the upper anomaly (2) of the Rittmitz section is characterized by de­

clination changes from about o0 to 180° and inclination changes from about +60 ° 
to -60 ° 

and around +20 ° respectively. The field intensity diminishes as in the lower anomaly be­

fore the commencement of the sharp directional variations of the geomagnetic vector and

drops nearly to zero. According to these characteristics the palaeomagnetic anomalies

of the Ritt�itz section are to be seen as caused by true changes of the palaeomagnetic

field. Their stratigraphic positions within the well investigated Rittmitz loess comp­

lex allows to assess their commencernents by means of their distances to soils to about

250000 y and about 110000 y respectively. The true dating depends on the model of the

time relation between loess sedimentation and soil forming processes. Generally loess

sedimentation is time correlated with glacials or cold period, seil formation with in­

terglacials or warm periods. If loess sedimentation is interrupted during a warm period

than the upper level of a soil dates the end of a cold period, all levels beneath the

soil surface than are older according to the rate of deposition. A second model is also

possible. Under semiarid to arid conditions with the beginning of an interglacial loess

sedimentation and soil formation can superpose so that the lower edge of a soil rnay mark

the beginning of that interglacial warm period. In the first case the Rittmitz (1) ano­

maly would be older than the Rittmitz soil and the beginning of the 0IS 7 (may be some

ten thousands of years). The Rittmitz (2) anomaly in this case has to be dated to the

end of the 0IS 5e (115000 y). In the latter case the Rittmitz (1) anomaly has to be

dated some thousands of years younger than the beginning of 0IS 7, may be about 230000 y,

but the date of the Rittmitz anomaly does not change. A third possibility of timing of

the remanence forming processes under the influence of soil formation has to be taken

into account. Weathering and pedogenesis may produce a chemoremanent magnetization by

solution and recrystallization in the lower illuvial horizons of soils du.ring the maxi­

mum of an interglacial period. Indications of such processes are maxima of NRM and of

the susceptibility as recorded in the Kosar Belene section. Such characteristics are

significant for palaeosoils of middle to lower latitudes. Because these indications are

not remarkable in the Rittmitz section and besides this the likelihood of loess sedimen­

tation under moderate to warm humid climatic conditions is very small we prefer to ac­

cept the first dating model for the middle European middle to upper Pleistocene. Thus

the commencement of the Rittmitz (1) anomaly has to be dated before the beginning of 0IS

7, to the late Saalian glaciation. From this time other polarity excursions have been

reported (Eastern Europe, Italy, Middle Asia) which may be due to the same field dis­

turbing source in the outer core. 0ther indications of a time equivalent polarity ex­

cursion has been recorded in glacilimnic deposits of Profen near Leipzig, overlain by

till of the Saalian I cold period correlating with 0IS 8. This level can be dated to

about 270000 y. Whether all these excursions are correlated also with numerous other

anomalies dated by different methods around 300000 y cannot be decided to day. Because

the Lommatzsch soil is correlated with the well.dated last intergl�cial (Eemian, OIS 5e),

128000 to 115000 y) the Rittmitz (2) anomaly can be dated to 110000 y, the age of the

well known Blake event (better the Blake polarity subzone). This time correlation and

1 ~ 
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the paleomagnetic characteristic of real field ieversal confirm the identity of the Ritt­
mitz (2) anomaly with the Blake polarity subzone. 

3.2. Mahlis clay pit. In the Mahlis clay pit northwest of Dresden a 10 m thick loess 

complex with 3 intercalated fossil soils is exposed overlain by tills of the Elsterian 
and Saalin glaciations. The fossil soils are interglacial pseudogleys. According to Fuhr­
mann et,al. (1977) the palaeomagnetic variations within the basal cold period mud bet­
ween reversed and normal polarity has to be interpreted as the transition from the Matu­
yama to the Brunhes polarity zone. Besides this transition zone in the range between 
loess 3 and the soil 3 (Ma�) streng changes of the declination (0° to 270°) and of the
inclination (+60 ° to -60°) indicate a distinct palaeomagnetic anomaly (Wiegank, 1977). 
According to new results these variations are accompanied by a diminishing of intensity. 
There are no indications of variations in sedimentation. The loess complex of Mahlis com­
prises the Cromerian of the Brunhes polarity zone. The range and correlation of the Cro­
merian complex with the 0IS has been disputed up to now, because the radiometric age of 
the stratie;raphi'c important Holsteinian interglacial and its correlation with the OIS 
was not known. Now U/Th dating of the type marine Holsteinian deposits with ages bet-
ween 326000 to 350000 y (Stremme, 1983) has proofed the correlation of the Holsteinian 
interglacial with 0IS 11 as proposed former by Wiegank (1977). Thus the Cromerian of the 
Brunhes polarity zone has to be correlated with the 0IS 19 to 13, that means that during 
the Cromerian of the Brunhes polarity zone a fourfold change from cold to warm climatic 
conditions took place. This contrasts with the findings of only thre_e climatic changes 
documented in the loess soil complex of Mahlis. This discrepancy is also evident from 
other continental regions as, e.g. SE Europe and Middle Asia. This deviation may be caus­
ed by differences in the intensities of cold and warm periods, by reduction of loess se­
dimentation during the more moderate cold periods of the Cromerian. In this case a super­
position of seil formation may pretend the loess of full climatostratigraphic findings 
equivalent to the 0IS. Thus within the section of Mahlis the thick lower pseudogley (Ma�) 
is interpreted to represent the 0IS 19 to 17, because 0IS 18 exhibits only moderate cli­
matic depressions. Then the palaeomagnetic anomaly at the level of the loess 3 soil boun­
dary correlates with the 0IS 14/13 dated around 500000 y. Comparable with this deviation 
is a fluctuation of the declination and the inclination of about 90° and 40° respective­
ly in the "Lehmschichten" of the famous mammal finding place of Voigtstedt, Thuringia. 
Moreover there are some other records of palaeomagnetic anomalies at this time level 
(about 475000 y) from marine and continental sediments as well, reported from SE Europe, 
�iddle Asia, Siberia, Caribean and Pacific, So the Zavadovka seil anomaly reported from 
Pospelova, Gnibidenko (1982) and the soil VIII anomalies of Middle Asia (Dodonov, Pen'kov, 
1977) are situated within the same climatostratigraphic position as the Mahlis anomaly, 
which all obviously reflect a real field excursion. 

4. Characteristics of palaeomagnetic anomalies of the Brunhes polarity zone from
the northern Bulgarian loess province

4.1. Clay pits of Russe and Silistra. In the middle to upper Pleistocene loess comp­
lex of these sections a palaeomagnetic anomaly was recorded between the palaeosoils FB 
and FB2 which correspond to the Eemian 0IS 5e and the first Weichselian interstade 5c

3 

respectively. Thus these anomalies are comparable with the Blake polarity subzone (Wie­
gank, 1977), It is marked by distict changes of the declination (up to 180°) and of the 

inclination (+60° to -50°) whereas according to new results the diminishing of the field 
intensity indicated by Q ratio is remarkable but not sharp. 
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4.2. The Kosar Belene E:icposure. Near Kosar Belene at the highway to Russe a 18 m sec­
tio� of the north Bulgarian loess complex with 6 intercalated fossil soil horizons is ex­
posed. Because the Matuyama/Brunhes boundary was not recorded the whole sequence is youn­
ger than 730000 y. In the section 5 palaeomagnetic anomalies have been recorded. The ano­
maly Kosar Belene (1) is situated within the lower part of the palaeosoil FB6• It shows
strong changes in declination and inclination and the field intensity. is little diminished. 
Anomaly Kosar Belene (2) at the base of the FB5 soil is characterized by two peaks in de­
clination and inclination and a distinct decrease of the intensity. In the lower part of 
the FB3 soil a sharp change of declination and decrease of inclination by about ·120° with­
out significant decrease in field intensity marks a third palaeomagnetic anomaly.. A fourth 
anomaly in the loess horizon L3 between soils FB3 and FB2 is marked by small changes of
the declination and stronger Variations of the inclination and by a remarkable drop in 
palaeofield intensity. The uppermost anomaly shows distinct changes in declination and 
inclination without significant diminishing if the intensity. Other remarkable characte-
ristics of the whole section are considerable variations of the NRM correlated with chan­

ges of the susceptibility and the intensity of soil formation. Because of the rarity of 
biostratigraphic findings and other stratigraphic criterions the loess stratigraphic 
conception of northern Bulgaria is in discussion up to now (Fotakieva 1982; Nozharov et 
al., this monography). In general the soil FB5 is seen as time equivalent with the Min­
delian/Rissian (Holsteinian) interglacial. Comparing the loess-soils sequence of northern 
Bulgaria with the global palaeoclimatic development as documented by oxygen isotope 
Variation the soils FB6 to FB3 are correlated best with the OIS sequence 15 to 5e (FB6
correlates with CIS 15 to 13, FB5 correlates with OIS 11 to 9, FB4 with CIS 7, FB3 with
OIS 5e). On this base the recorded anomalies can be dated as follows: 

Kosar Belene 1 - CIS 16 to 15 - about 575000· Y• 
Kosar Belene 2 - CIS 12 to 11 - about 425000 y. 
Kosar Belene 3 - CIS 5e about 125000 y. 
Kosar Belene 4 OIS 5d about 110000 y. 
Kosar Belene 5 - OIS 4 - about 45000 y. 
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MAGNETO-CHRONOSTRATIGRAPHIC SCALE MODEL, BRUNHES CHRON 

F. Wiegank

Central Institute for PbJ'sics of the Earth, Potsdam, GDR

G.N. Petrova, G.A. Pospeleva

Institute of PbJ'sics of the Earth, Mescow, USSR

At present a great volume of informatien on geomagnetic field excursiens referring to 

Quaternary time is stored in the global scale. Data on sedimentary rocks of different 

genesis are predominating: continental, lake, sea, oceanic ribbon clays and even cave 

sediruents, more seldom on volcanic rocks (lava flows, tuffs). Excursien records are 

also revealed using archaeological objects and by interpreting the linear geemagnetic 

sea anomalies. The investigatiens carried out in the USSR are discussed in detail in Pos­

pelova's paper, while the data obtained by foreign authors are presented in Wiegank 1 s paper; 

both papers are given in the present monograph, In the present paper all the data are gene­

ralized and supplemented by results not included in the mentioned summaries, as they are 

ebtained in particular during the last years /24 1 32, and many ethers/. 

In fig. 1
+1

excursion records for the Brunhes ehren are pletted against si te lengi tudes.

As can be seen, e::rcursiens are revealed at different longitudes ef the western and eastern 

hemispheres but mainly within the nerthern hemisphere, though there are seme data within 

the seuthern ene as well. In this figure the sites are marked, where the excursiens are 

settled reliably well, hewever in many cases, even when geological sections are explored 

in details, the excursions are not revealed / 20, 30, 31, 9 and others/. There is no uni­

sonous opinion on this fact. Some scientists conclude, that excursions are not pure geo­

magnetic events and may be excited either by sedimentation processes, bioturbation and de­

formation /29/, or by partial or complete self-reversal of reck magnetizatien /18/. as 

well as by some other causes. Excursions recorded in sediments frem different regions and 

facies and supposing the same age are considered by other authors including these of this 

paper as to be real geomagnetic field phenomena. 

Absence of excursion records in certain sectiens could be explained by several causes. 

Taking into account the shortness of the excursien duration the main reason should be 

cennected with certain incompleteness o� some sections. During excursions the field in­

tensity is rather low and magnetization acquired in this low field may remain unneticed on 

a backgreund of some secondary magnetization acquired in a norm&l or strenger fields. Of 
course there could be some "false" excursions the occurence of which is connected with se­

dimentation processes, technogenic sources, defermations etc. The discovery and explora­

tion of such anomalies should be considered seperately. 

The time marks in fig. 1 are given on different scales (in thousand of years) for better 

representation of the data on the Late Pleistocene and Holocene. Solid vertical lines cor­

respond to the time interval within which the given excursien is recorded, but not to the 

interval duration. Only in separate occasions there are estimates of durations mainly 
based on sedimentation rates. 

Data referring to moraines and suggested excursions based on separate sections and limi­

ted sample quantity are showen by dotted lines. Uncertainties in age determination are 

signed by arrows with a question-mark. 

Naturally excursions revealed at different latitudes but at the same longitude could 

be given in fig. 1 only partially. Such cases are marked by a star. All the data in 
fig. 1 are properly weighted and analysed. The weights are aimed to account for relia-

+) 
see supplement 
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bility of excursion existence and the dating. Histograms of the frequency of excursion 
occurences are compiled for the last 150,000 yrs. Some of these histograms are similar 
to that compiled using the Soviet investigation data. 

Two maxima can be seen on the global histograms plotted by using reliably dated ex­
cursions in the time-interv�1· of 23 - 30 thousand years: one of them falls within 
23 - 25 and the other within 27 - 30 thousand years (fig. 2). 

To define the quantity of the excursions during the time-intervall of 150 -730 
thousand years - the intervall in which accurately dated excursions are scarce - regio­
nal and interregional comparisons have been carried out on the quantity and reliability 
(thickness) of excursion records within the most complete sections containing several 
excursions. 

The analysis and generalization of the more reliable data allowed to compile a model 
of palaeomagnetic and magneto-chronostratigraphic scale of the Brunhes chron; in future 
this scale should be improved, corrected and supplemented. The model is rather close 
to that previously compiled in /13, 15/ but yields some distinctions. 

The excursions have been named according to the historical priority and mentioning 
in the literature references, thou6h excursions are global phenomena and some of them 
have been investigated later more in detail. 

on the basis of the mentioned criterions the following excursions can be distin­
guished (fig. 1): 
1. Etrussia excursion dated from 2 700 - 2 800 yrs. B.P. was recorded in the USSR

using archaeological objects of Georgia /10/, sedimentary rocks of the Predurals,
bottom sediments of the White Sea and ribbon clays in Denmark dated to about 860 yrs.
B.C. /25/. The first mentioning of the fact that during the 8th century B.C. the
geomagnetic field in Greece and Italy was op1ositely directed to that of the present
had been given in /27/. The existence of this excursion should be cbecked carefully
in particular because of the fact that in the Holocene other separate excursions
different in age revealed.

Three excursions are clearly outlined during the Pleistocene. Recently within the 
time-interval of 50 - 100 thousand yrs. three geomagnetic excursions were discovered 
additionally /24/, but they have not been confirmed by other investigations up till 
now. 

2. Gotbenburg excursion. Palaeomagnetic anomalies dated to 11 - 13 thousand yrs. firstly
described in Sweden /23/ have been recorde later by different authors in different
sites and regions in marine and continental sediments of the northern hemisphere.
Because of the absence of anomalous declination and inclination variations in some
well investigated sections with high time resolution in North America and western
and northern Europa the reality of a field excursion during that time has been called
in question. On the other hand several other records of remarkable changes of de­
clination and inclination reported from North America, Europe, middle and eastern
Asia seem to confirm a real field excursion between 11 - 13 thousand yrs.

3. Mono Lake excursion was investigated in detail in the MonoLake section in California
/21/ and was confirmed later in sections of the Tahoe Lake, California /26/ and by
numerous other records from more than 50 sites of both hemispheres. This excursion
is fixed in all regions investigated palaeomagnetically and documented in detail.

4. Karg.fil>2lovo excursion. This excursion is investigated in detail in sections from
the southern part of western Siberia /8/, from the European territory of the USSR

. ,_ 
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from the Indian 0cean, from Iceland and from a number of other sites; its age is deter­

mined as about 42 - 44 thousand yrs. 

The duration of Late Pleistocene excursions is estimated as about 103 yrs. As a rule,

these short excursions are marked by at least 2 - 3 large direction changes with re­

version to the stationary field. In the southern Ukraine and in Moldavia series of 

excursions were discovered in the time-interval of 10 - 45 thousand yrs. It appears 

that some of them are restricted to distinct regions /4/. Such records could be ex­

plained as follows: I the sequence of a section is interrupted by erosion or sedi­

mentation gaps and those gaps coincide with the stationary geomagnetic field, than 

on the background of the reduced section thickness each of the fixed swings correapon­

ding to a short change of the field directions could be considered as a separate ex­

cursion. 

Four to five excursions are discovered in the Middle Pleistocene. They are recorded 

in USSR within sedimentary series containing the Khazarian fauna. 

5. �l�� �x�u�sio�. This excursion is examined in detail using bottom sediments from the

Caribbean Sea, the Atlantic and the Indian 0ceans /28/, in a core from a boring in

southern Italy /16/, in sea and continental deposits of the Pricaspian and Povoljie,

USSR /5/, in continental deposits from the southern part of Western Siberia /12/ and

from many other sites. It is named after the Caribbean submarin Blake 0uter Ridge

/28/ where reversely magnetized deposits referring to this time-interval have been

revealed for the .first time.

In accordance with a number of data the Blake excursion is characterized by 2 - 3

swings with achievement of the field of opposite direction up to complete reversal.

Compared with other Late Pleistocene excursions the Blake excursion is langer by an

order of magnitude.

During the time-interval of 100 - 150 thousend yrs. excursions were discovered at

more than 100 sites distributed over the globe. In some sections 2 - 3 excursions

were fixed. The geographical distribution reaches from the equator to 70° n. lat.

and over the whole northern hemisphere (fig. 1). Some records are from the southern

hemisphere as well: from Australia, Indonesia, from the deposits of the Indian,

Atlantic and Pacific 0ceans. The manifestation of them envelopes not less than 50 %

of the Eart 1 s surface indicating their global or at least large-scale regional

nature. It should be emphasized, that during reversals the non-dipol geomagnetic

field envelopes areas of the same scale /11/.

6. �i�a_I_e�c�r�i_2!!. This excursiop was studied carefully in bottom sediments of Lake

Biwa, Japan /19/ and v-,as dated to 176 - 126 thousand yrs. When examining the

Biwa I excursion we suggested to join tai.s excursion �ith the Jamaica excursion

dated to about 210 thousand yrs. Both excursions are positioned close in time and

in some sections are fixed as independent ones, whereas in others only single ex­

cursions were recorded. Registrations of these excursions are much less numerous t·,an

the Blake excursion records (fig. 1).

7. Chag�n-Dni�r excursion (about 270 thousand yrs.) and �i�a_ILlXQU�SiO.!! (about

295 thousand yrs.). Records of the Chagan-Dniepr excursion are not less numerous

than those of the Blake excursion. This excursion was registered for the first time

in deposits of the Chagan river valley in the Gorno-Altai /2/. This excursion is

recorded in all the regions explored by the Soviet scientists, on the whole at 76

sites over the Earth's surface. Both excursions are registered within the USSR in

four regions: in sections of the Ukraine and Moldavia, in the Caucasus, in Middle

11 

r 
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Asia , in the southern part of West Siberia. The Biwa II and the Chagan-Dniepr ex­
cursion are very close in time, the difference is less than 25 000 yrs. Therefore it 
could be suggested that they are the manifestation of the same field event; the diffe­

rence in time could be described to dating srrors. But records of both the Chagan­
Dniepr and the Biwa ii excursions testifies either the existence of two independent 
excursions of different duration or the occurence of one excursion but with rather a 
complex structure. 

8. Biwa III excursion. This excursion is fixed and studied in bottom sediments of the
Lake Biwa, Japan, and is dated to about 360 thousund yrs. /19/. Previously, it had

been traced in oceanic bottom and continental deposits in Siberia /12/ approximately
in the same time-interval but it had not been named. The age of the Biwa III excursion
is estimated approximately assuming a uniform sedimentation rate. The existence of
this excursion is revealed at more than 40 sites over the Earth's surface. The data
on this excursion are obtained bypalaeomagnetic investigations of sedimentary rocks
and lava flows·.

At the present stage of knowledge within the Early Pleistocene four excursions are
outlined. In the USSR they all are traced in deposits containing the Tiraspolian
fauna.

9. �Qeror �x�ursio�. An excursion registered in deep-sea cores from the Pacific 0cean
and the Caribbean Sea dated to about 410 thousand yrs. is named after the }ljnperor
fault in the vicinity of the Hawaiian Islands. It is found at 33 sites in different
regions of the globe according to palaeomagnetic information from rocks of different
genesis and inaications from the interpretation of the linear marine magnetic ano­
malies /33/. The age of the }ljnperor excursion is re-examined continuously and now
it falls in the range from 390 - 490±50 thousand yrs., being strotigraphically
associated with the end of the Early Pleistocene. The Emperor excursion is longer
than the others. Its duration, sirailar to that of the Biwa I excursion reachee
10 thousand yrs.

10.Elunino V excursion. The name of this excursion is associated with a section near
the v. Elunino in the south of West Siberia. It is traced at other sites of the USSR
distributed over a large area and recorded at more than 20 sites over the golbe.
At Prichernomorie the Ureki I excursion corresponds in time to the Elunino V excursion.
Age determinations using the mean sedimentation rates from different sections span the
range from 390±50 - 490±50 thousand yrs. with a mean of 470 thousand yrs.
At present, as the estimates of age are not accurate enough, it is impossible to de­
cide whether the Emperor and the Elunino V excursions are two events of the same field

anomaly or they represent two independen facts. However, the presence of both ex­
cursions in the sections /1/ seems to confirm their independence.

11. - 12. Elunino VI_and Elunino VII excursions are named as the Elunino V excusion
after the section located near the v. Elunino in south-western Siberia, where these
th.ree excursions are recorded. They were confirmed by other records in sections dis­
tributed ove� a vast territory of the South of West Siberia in sediments containing
the Tiraspolian fauna. Excursions time-equivalent to the Elunino VI and VII excursions
are registered at 20 - 30 sites distributed over the globe, among others in Italy
/16/. The age estimations for these excursions (about 560 and 620 thousand yrs. re­
spectively) are rather inacurate and should be inevitably changed and improved in the
future. Each of both excursions is shorter than the Emperor excursion.
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In our review we have considered the sequence and time-characteristic of excursions of 
the Brunhes chron geomagnetic field of normal polarity. A similar field pattern is 
peculiar for the Matuyama chron geomagnetic field af reversed polarity. 

Summaring those said above, the following main conclusions are to be suggested: 
1. During the Brunhes chron not less than 12 excursions are observed, which agree rather

well with the scheme based on the Soviet inve�tis�tions (compare the paper of Pospe­
lova, this monograph) as well as with the previous scheme ot the Brunhes chron scale
/15/.

2. According to their duration excursions can be distinguished for two categories of
possibly different origin:
a) Exc�rsions not longer than 103 yrs. It seems, that not all excursions of this

typeof the Brunhes chron had been discovered up till now.
b) Excursions with a duration of about 104 yrs. as the Blake and Emperor excursions,

which are indicated by linear marine magnetic anomalies too. Coinciding nearly
with the end of the Elsterian/Okan glaciation and the Eemian interglaciation
respectively they mark essential boundaries of the palaeoclimatic sequence of
the Middle and Late Quaternary.
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Fig. 2. Histogram of time-distribution of the excursion quantity 

during the last 20 - 40 thousand years in correspondence 

with the world data and proper weights (or reliability) 

of each definition. 
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CAT.ALOGUE OF P.ALAEOMAGNETIC DATA OF THE TASHKENT EXPEDITION (1982) 
CF THE COMMISSION CF THE ACADF.MIES CF SCIENCES OF THE SOCI.ALISTIC 

COUNTRIES FOR PLANETARY AND GEOPHYSIC.AL RESEARCH (KAPG) 

V.N. Vadkovskiy
world Data Center B2, Soviet Geophysical Committee of the USSR

Academy of Sciences

Palaeomagnetic data received by the treatment of the sample collections of Quater­
nary depositions in the Tashkent region are stored in the World Data Center B2 injtabu­
lar form as accepted by all participants of the expedition. 

These data are made suitable for electronic data proces sing and for electronic data 
storage on �agnetic tapes. The catalogue consists of uniform records being equal in 
length. Each record (line) includes the code of the author's name, the code of the sec­
tion and the method of the magnetic cleaning (e. g. by electromagnetic fields, by heating, 
by temporal sample storage in or against the direction of the geomagnetic field). 

Preparing this catalogue control proßrams, tests on permissible limits, pro�rams for 
field smoothing were elaborated. 

Selecting necessary data sets is enabled by adequate key viords. The catalogue and all 
its software comi,lements are open to be used for all participants in the p1·oject 2 of thc 
Com�ission of the Academies of ScienceG of the Socialistic Countries for Flanetary And 
Georhysical Research (KAPG). 

The catalogue of excursions of thc Brunhes chron 
In the ca.talogue of excursions of the Brunhes chron tr.e fo] J O\'Jinc; parameters are re­

corded: 
1. Author, paper, year.
2. Location where the palaeomagnetic anomaly (PMA) had been recorded: district, scc-

tion, co-ordinates cp, A.

J. Thickness of the section containing the PMA.
4. Number of PMA within the section.
5. Rocks piling up the section.
5a. Rocks piling up the H.1A.
6. Number• of samples referring to the related part of the PMA.
6a. Number of cubes being within the level of PMA.
7. Dimension of cubes.
B. Thickness of the PMA part.

9. Methods for the investigation of the natural remanent magnetization (NRM) and other
investigations (components of the magnetic mineral fraction, tests of redeposition
etc.).

10. Age of the excursions.
10a. Other excursions comparable with the recorded one.
11. Duration of the excursion.
12. Methods for the determination of the age of the excursion.
13. Magnetic cleaning; declination D, inclination I, intensity Jn, Königsberger ratio Q

(in case of sample collections in different levels than representation as tables
counting the positions from the top).

-
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14. Mean trend values of declination Dm' inclination Im' magnetic intensity Jnm, Königs­
berger ratio� before and after the excursion.

15. Maximum ampli tude of the fluctuation of the excursion related to the trend field.
16. Virtual geomagnetic pole VGP of the excursion, co-ordinates of the recorded excursion

'Pexc' Ae:xc and ovals of confidence.
17. Character of movement of the VGP during the excursion (description, preferably illu-

stration).
18. VGP posi tions before and after the excursion, 'P, A, cf... 95 

or e1, e2•
19. Field intensity during the excursion. 
20. Method for the determination of the geomagnetic field intensity.
21. Reliability of the separated excursion (possible cause of its origin and its quality).
22. Comparison of the excursion with other geological and geophysical phenomena.
23. Remarks.
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Fig, 1, Swmnary of the geomagnetic field excureions during the 

B�unehes chron and the model of magneto-chronoetratigraphical 

ecale for the last 700 000 years, 
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