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STRESZCZENIE

Różnice w przebiegach zm ian pola m agnetycznego obserwow ane 
w różnych punktach  na pow ierzchni Ziem i wiążą się z rozkładem  
przew odnictw a w podłożu. W oparciu o prace trzech autorów  S c h m u -  
c k e r  U. (1959), W i e s e  H. (1963), J a n k o w s k i  J. (1964) zestawiono 
charak terystyk i rozkładu zm ian krótkookresow ych ziemskiego pola m a
gnetycznego o czasie trw an ia  od k ilku  do kilkudziesięciu m in u t dla części 
Europy środkowej. Dane doświadczalne po ujednoliceniu ostatecznej fo r
m y ich opracow ania przedstaw iono w postaci w ektorów  c na m apie 
(fig. 1). W edług jakościowej in te rp re tac ji geofizycznej, linie przeryw ane 
w ykreślone na m apie w inny  odpowiadać strefom  dużych dyslokacji tek to 
nicznych. Linie te, jak  w idać z m apy, dzielą om aw ianą część Europy na 
trzy obszary A, B  i C. W dalszym  ciągu pracy zestawiono dane geofizyczne 
z geologicznymi.

Na obszarze A  k ierunki w ektorów  są zgodne z k ierunkam i s tru k tu r  
w aryscyjskich, a niezgodne z postw aryscyjską tektoniką tego obszaru, 
k tó ra  m usiała słabo przeform ow ać podłoże.

S trefa  graniczna obszarów A  i B  pokryw a się z północną granicą 
kaledonidów, a obszar B  jest m asą oporową tych gór. Dla s tru k tu r  po- 
w aryscyjskich obszar B  odpowiada ściśle cen tralnej, najsiln iej obniżonej 
części basenu północnoniemieckiego. Obszar C leży w obrębie p latform y 
w schodnioeuropejskiej i odznacza się zgodnym i na ogół k ierunkam i w ek
torów z tektoniką pokryw y mezozoicznej. Dowodzi to zgodności kształto 
w ania się tektonicznego całej pokryw y osadowej. Pew ne niezgodności 
tłum aczą się istnieniem  w podłożu górotworu, praw dopodobnie kaledoń- 
skiego wieku, k tóry  ciągnie się od Bydgoszczy przez S targard , Rugię, 
Man aż do Ju tland ii środkowej, znacząc się ciągiem anom alii m agnetycz
nych składow ej Z. Obszar B  należy więc zinterpretow ać jako sztyw ny 
m asyw  śródgórski kaledonidów.

*
* *
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R esearch on the n a tu ra l oscillations of the geom agnetic field has shown 
the possibility of th e ir u tilization for investigation of the deep geological 
structures. In  the following are given some resu lts obtained w ith one of 
the re levan t m ethods now under developm ent w hich consists in  utilizing 
the tim e-variations of the th ree m agnetic field com ponents observed at 
the E a rth ’s surface. Short-period  variations are called here those whose 
duration  is of the order of several to some tens of m inutes.

This m ethod is based on the following concept:
The ou ter sources of geom agnetic field variations a re  a lte rna ting  cu r

ren ts  in high layers of the atm osphere producing induced cu rren ts  in 
E arth . The experim ental data indicate that, in respect to short-period 
disturbances, those ou ter sources produce on the E a rth ’s surface in 
firs t approxim ation only variations in the horizontal components. If the 
conductivity  d istribu tion  in the E arth  depends on depth  only (e.g. in a 
horizontal system  of homogeneous horizontal para lle l layers), then  the 
induced cu rren ts  w ill produce on the E a rth ’s surface only horizontal 
com ponents too.

If the d istribu tion  of electric conductivity  in the ground is d istu rbed  
in com parison w ith  a horizontal paralle l layer system , the induced cu rren t 
lines w ill concentrate notably along the vertical in terfaces of complexes 
w ith d ifferen t values of specific resistiv ity . S trong differences in concen
tra tion  of cu rren t lines cause distinct variance in m agnetic fields, 
m easurable a t the E a rth ’s surface. There occurs in th is case in particu lar 
an anomalous variation in the vertical com ponent Z of the m agnetic field, 
the characteristic  surface distribution regu la rity  of those variations 
•yielding the experim ental data on this m ethod.

The changes in the vertical com ponent depend on m agnitude and 
direction of the variations in the induced field. This re lation  may, in 
firs t approxim ation, be considered as linear:

AZ(t) = a • AD(t) -!- b • AH(t)

w here AZ(t) denotes the tim e-variation  in the vertical com ponent AH(t) 
and AD(l) the tim e-variations of the horizontal com ponents in the 
direction of m agnetic N orth and East.

The coefficients a and b are param eters characterizing the observation 
point for the selected variation  period. To every point can thus be 
a ttrib u ted  a pair of num bers com puted from  experim ental data. This
pair can be conveniently characterized by a vector c of appropriate  
direction and length.

Oh the m ap fig. 1 are p lo tted  the vectors c for a p a rt of C entral 
Europe, taken  from  studies by S c h m u c k e r  K. (1959), W i e s e  H. 
(1963), J a n k o w s k i  J. (1964). This m ateria l is not quite homogeneous 
since som ew hat d ifferen t m ethods w ere used by the au thors in elabo
ration  of the ir data. The vectors a ( | a | =  | c | ) com puted for G.D.R. by 
W i e s e  (1963) w ere tu rned  by 90ü for the purpose of unification. The 
vectors c for Poland w ere taken w ithout change from  paper J  a n -
k o w s k i  (1964). The vectors c for G.F.R. w ere p lo tted  from  m ateria l 
given by S c h m u c k e r  (1959). This m ateria l had already previously 
been w orked upon and m athem atically  sm oothed by th e ir au tho r to
a considerable ex ten t (the directions of the vectors c w ere determ ined 
from  the course of the isolines z-L and the lengths from  the relationship
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g
c — ----- -—  , w here z t and ht denote the inner p a rt of the d isturbances Z

1  ~f- hi
and H, w hich are com puted in the quoted paper). The vectors com puted 
in this m anner d iffer m arkedly  from  those com puted w ith  the o ther 
m entioned m ethods, being e.g. shorter than  those obtained w ith  W i e s e ’s 
m ethod. This fact how ever can be explained on the grounds of general 
considerations and the basic experim ental facts form  in our opinion an 
adequate basis for certain  general conclusions.

W hen m aking deductions regarding the n a tu re  of conductivity  d is tri
bution in the substra tum  we have to bear in m ind the following 
principles:

1. V ector c has near-zero  length  provided that:
a) the system  of ground layers w ith  d ifferen t electric conducti

v ity  is form ed by horizontal homogeneous layers. In  th is case 
near-by  points (up to some tens of k ilom eters distance) should
have too vectors c of near-zero length;

b) the observation point is located approxim ately  above the 
struc tu re  dislocated strongly in respect to the system  of hori
zontal layers w ith  homogeneous electrical conductivity. In  this 
case the near points a t both sides of the dislocation w ill be
characterized by inverse direction of vectors c. In  the ideal 
case of tw odim ensional conductivity  d istribu tion  the difference
in vector directions should be 180°, the directions c runn ing  
paralle l to the dislocation.

The d istribution  of vector c lengths along the profile vertica l to the 
path  of conduction anom aly m ay form  an indicator regard ing  the disloca
tion geom etry (asym m etric d istribu tion  e.g. a fault, sym m etric d is tri
bution e.g. a syncline).

2. The cause of anom alous d istribu tion  of short-period  m agnetic 
variations on the E a rth ’s surface is to be found in  a layer whose thickness 
is re la ted  to the period of the m agnetic oscillations. We observe here  the 
sk in-effect phenom enon owing to w hich a t very  short-periods the cu rren t 
flow  is restric ted  to an ex trem ely  th in  ou ter layer of the conductor, w hile 
a t longer periods it penetra tes deeper. P enetra tion  depth  depends on the 
specific resistiv ity  of the substra tum  and the d isturbance period. For the 
observed periods of several to some tens of m inutes the thickness of the 
layer m ay a tta in  from  about a dozen to over one hundred  kilom eters.

On m ap fig. 1 is p lo tted  also the course of the sectors of the line 
c =  0. Their location was determ ined by in terpolation  betw een arrow s 
of d istinctly  differing directions.

W ithout prejudice to fu tu re , m ore detailed, in terp re ta tions of the 
problem , we incline to the opinion th a t those lines correspond to the 
dislocation axes of complexes w ith  d ifferen t resistiv ity . Com parison of 
the paths of line c =  0 w ith  available tectonic data m ight be of g reat 
in terest, though un fo rtunate ly  geologic data  cover in m ost cases only 
near-surface layers of re la tively  sm all depth, exceeding ra re ly  a few  
kilom eters.

To facilitate such comparisons, the discussed European space was 
divided in th ree  areas A, B, C, (comp. fig. 1), taking as th e ir boundaries 
long parts of the lines c =  0.

7 *
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Turning now to geological in terp re ta tion  we are tak ing  as starting  
point the division in th ree  separate areas.

A r e a  A. The vector directions on th is area are general in accordance 
w ith  the trends of V ariscian folding, as w as observed for G erm any by 
U. S c h  m u c k e r  (1959), and H. W i e s e  (1956), (1962), (1963). W est of 
the D resden m eridian, they  are form ing an arc curved convexely to the 
north, w hile east of the m erid ian  they  tu rn  slightly  tow ards the north, 
form ing in the environs of B erlin  and D resden a bulge pointing to the 
south. In  the w estern  p a rt of area A  the convergence of trends is based 
on d irect observations of the trends of V ariscian and Caledonian folds 
in exposed old m assifs (H. G e r  t  n  e r  1950, E . S t i 11 e 1951). For the 
eastern  area p a rt no direct observations are how ever available. We con
clude here from  ind irect data  on a para lle l course of the V ariscian folds 
on the area betw een the H arz and Św iętokrzyskie Mts. (H. S t  i 11 e 1951, 
R. L a u t e r b a c h  1953, W. P o ż a r y s k i  1957). A new  fact w ould be 
here the slight deviation of the ir trend  to ENE. I t has to be noted th a t 
the Post-V ariscian tectonic changes on area A, whose folding trends d iffer 
from  Caledonian and V ariscian trends, did not find any  reflexion in the 
vector picture, w hich indicates th a t th e ir effect on transform ation  of 
the deeper layers of the E arth 's  c rust w as not sufficiently  strong.

A r e a  B. The boundary  zone of areas A  and B  coincides w ith  the 
n o rthern  boundary of the Caledonian Orogen. Its location should th e re 
fore be expected in the region of the foredeeps of those m ountains, w hich 
is in good agreem ent w ith  geophysical in terp re ta tion . A rea B is a foreland 
of the Paleozoic Orogen. A sim ilar in te rp re ta tio n  of the m ain tectonic 
features of th is region w as given by H. G e r  t  n e r  (1960 fig. 1 non fig. 2) 
and A. B o g d a n o v  (1962).

As regards Post-V ariscian folding, the  area B  corresponds closely to the 
central p a rt of the N orth  G erm an sedim entary  basin (O ldenburg-Schles- 
wig — zone, F. T r u s h e i m  1957) w hich is separated  from  the sou thern  
basin p a rt by a fla t flexure  indicated on the base of the G erm an and 
Polish Perm ian. This area, not folded from  the C am brian on, should have 
in its depths horizontal stra ta , w hich would correspond to the short, or 
near-zero, vector lengths of the area. D istinct disturbances of the vector 
picture appear only to the southw est of Rostock, in the geologically East 
Elbian Massif (K o 1 b e 1 1963), whose tectonics are m ore com plex than  
those of the adjoining p arts  of area B. The boundary  betw een areas 
A  and B divides the East E lbian Massif in a no rth ern  and a southern  
p a rt w hich d iffer in respect to tectonics of the P erm ian  and younger 
layers.

A r e a  C. I t lies in the range of the East European P latform . The 
whole area differs from  the two o thers in th a t the vector directions 
agree in general w ith  the tectonic trends in the mesozoic cover. This 
proves conform ity of the tectonic fram ew ork in the w hole sedim entary  
m antle, appearing w ith  special d istinctness east of the line K oszalin — 
Bydgoszcz — Łódź. The boundary  betw een areas A  and C runs on the 
sector P iła — Bydgoszcz — Łódź near the M iddle-Polish A nticlinorium  
and the Mogilno — Łódź Synclinorium , coinciding probably  w ith  it. The 
boundary line on the sector lies therefore on the D anish-Polish Gec- 
syncline.

An im portan t phenom enon, occurring w ith  special d istinctness in 
the Łódź region, is the oblique approach from  the w est of Paleozoic folds 
to the above m entioned boundary line and th e ir disappearance on it,
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R o z k ł a d  ś r e d n i c h  w e k t o r ó w  c  d l a  p u n k t ó w  

p o m i a r o w y c h  P o l s k i ,  N R D  i  N R F .  1  —  

p u n k t  p o m i a r o w y  o  w a r t o ś c i  c  b l i s k i e j  

z e r u ;  2  —  p u n k t  p o m i a r o w y  o  w a r t o ś c i  

c  =  0 , 5 ;  3  —  g r a n i c e  o b s z a r ó w  w y z n a c z o n e  

n a  p o d s t a w i e  r o z k ł a d u  ś r e d n i c h  w e k t o 

r ó w  c ;  4  —  g r a n i c e  a n t y k l i n o r i u m  ś r o d k o -  

w o - p o l s k i e g o ;  5  —  w a r s t w y  k r e d o w e ;  6  —  

w a r s t w y  j u r y  i  t r i a s u ;  7  —  w a r s t w y  g ó r 

n e g o  p e r m u  ( c e c h s z t y n ) ;  8  —  p o d ł o ż e  k r y 

s t a l i c z n e .

P r z e k r o j e  g e o l o g i c z n e  o p r a c o w a ł  W .  P  o -  

ż  a  r  y  s  k  i  p r z y  w s p ó ł p r a c y  M .  J a s k o -  

w  i  a k  o p i e r a j ą c  s i ę  g ł ó w n i e  n a  d a n y c h  

s e j s m i c z n y c h .  O z n a c z e n i a  l i t e r o w e  l u b  l i c z 

b o w e  p u n k t ó w  p o m i a r o w y c h  n a  m a p i e  s ą  

w z i ę t e  z  p o d a n y c h  w  t e k ś c i e  ź r ó d e ł  b i b l i o 

g r a f i c z n y c h

D i s t r i b u t i o n  o f  m e a n  v e c t o r  c  v a l u e s  i n  

P o l a n d ,  G . D . R .  a n d  G .  F .  R .  1  —  m e a s u 

r i n g  p o i n t  w i t h  n e a r - z e r o  v a l u e  o f  c ;  2  —  

m e a s u r i n g  p o i n t  w i t h  v a l u e  c  =  0 , 5 ;  3  —  

a r e a  b o u n d a r i e s  d e t e r m i n e d  f r o m  m e a n  

v e c t o r s  c  d i s t r i b u t i o n ;  4  —  b o u n d a r i e s  o f  

t h e  M i d d l e - P o l i s h  A n t i c l i n o r i u m ;  5  —  

C r e t a c e o u s ;  6  —  J u r a s s i c  a n d  T r i a s s i c ;  

7  —  U p p e r  P e r m i a n  ( Z e c h s t e i n ) ;  8  —  m e -  

t a m o r p h i c  a n d  i g n e o u s  r o c k s  o f  b a s e m e n t .

T h e  g e o l o g i c a l  c r o s s - s e c t i o n s  w e r e  w o r 

k e d  o u t  b y  W .  P o z a r y s k i  w i t h  t h e  

a s s i s t a n c e  o f  M i s s  M .  J a s k o w i a k ,  

m a i n l y  o n  b a s i s  o f  s e i s m o l o g i c a l  d a t a .  

T h e  n u m b e r s  o r  l e t t e r  s y m b o l s  o f  m e a 

s u r i n g  p o i n t s  u s e d  a b o v e  a r e  t a k e n  f r o m  

t h e  q u o t e d  b i b l i o g r a p h i c  s o u r c e s
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w hereas south of P iotrków  those folds have passed the A nticlinorium  
boundary in eastern  direction, as we know  from  geologic and gravim etric  
data.

N orthw est of Bydgoszcz the vector directions do not closely agree 
w ith  the A nticlinorium  axis b u t coincide w ith  older directions visible in 
the mesozoic cover and crossing the axis a t an angle. For the no rth ern  
p a rt of area C we can take in to  account the analysis of the m ap of 
m agnetic anom alies of the vertica l com ponent ,,Z” . It appears from  the 
m ap th a t in the w estern  prolongation of the Peribaltic  Syneclise occur 
a num ber of m agnetic anom alies w ith  paralle l direction. One of them  runs 
from  Bydgoszcz through the P iła to S tarogard  w here it tu rn s  northw est 
and goes over in to  the anom aly of Usedom Island and n o rth e rn  Rügen. 
Along the southw est border of th is set of anom alies runs the boundary 
separating areas B and C. I t seems probable th a t this set ex tends to the 
anom alies of the Isle of Man, southern  Zeeland, Fyn and m iddle Ju tland , 
form ing a trace of a Caledonian Orogen be lt surrounding the Baltic Shield 
(R. Z w e r g e r  1948), w hich agrees w ith  boring data  from  N orth  Rügen 
(H. K ö l b e l  1963) and Zeeland (G. L a r s e n ,  A. B u c h  1960).

This hypothesis finds significant confirm ation in  the vector directions 
on the isles of Usedom and Rügen.

The area B w ould thus form  the foreland of the Caledonian Orogen 
running  th rough  Rügen.

The above com parison of geophysical and geological data  points to 
in teresting  in terrelations, inviting the ir geological in terp re ta tion . The 
geologic aspects presented  above are how ever still inadequate for elabo
ration  of a geophysical in terpretation .

Geological Institute Institute of Geophysics
and Department of Geology of the Polish Academ y
Warsaw U niversity  of Sciences, W arsaw
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