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Conference of the Ussher Society held at Exeter, January 1979 

Chairman's Report 

The 1979 Conference saw the Society return to Exeter where the 
Department of Geology acted as host with Mr. P. Grainger of the 
Department acting as Conference Secretary. Unfortunately, a heavy 
snowfall on New Year's Day followed by an exceptionally severe 
frost disrupted travel in the region and as a consequence the numbers 
attending the Conference were somewhat less than in the last few 
years. Both the pre-Conference excursion to the Bampton area, 
which was to have been led by Drs J.M Thomas and C. Nicholas and 
the post-Conference excursion to the East Devon coast, to have been 
led by Dr M.B. Hart, had to be cancelled because of the weather; the 
last time the excursions for the Conference had to be cancelled was 
in the infamous winter of 1963. 

However, the programme for the Conference Sessions on 
January 4-5 was an excellent one with a wide range of first class 
contributions. Our Guest Speaker, Dr D.H. Tarling, gave us an 
excellent review of the current state of knowledge regarding the use 
of palaeogeographic reconstructions, with special regard to the 
position of South-West England in Upper Palaeozoic times. Papers 
on the Lizard, Upper Palaeozoic palaeontology and the Keuper 
Marls followed, with a series of papers on Cretaceous and Tertiary 
stratigraphy to round off the day. 

The second day started with a stimulating pair of papers by Dr 
A.S. Batchelor of Camborne School of Mines and Dr C.S. Exley 
discussing the exploitation of geothermal power and the character of 
the South-West Batholith in depth. It emphasized how little we know 
about the granite in depth! A further set of papers later in the day 
dealt with other aspects of the granites and there was an interesting 
set of papers on uranium and radon occurrences. 

As an experiment, the discussions after papers presented at the 
1979 Annual Meeting were recorded on tape, and the edited results 
are included in this issue of the Proceedings. 



A further development which is in hand is to organise at the 
Sheffield meeting of the Geological Societies of the British Isles a 
joint meeting with the Royal Geological Society of Cornwall. This 
will take the form of a half day session with 4-5 review papers and 
topics concerned with the geology of South-West England. 

A decision has been taken to re-print those issues of the 
Proceedings which are close to or completely out of print, so that we 
can offer complete sets to libraries wishing to purchase them. This 
investment on printing costs is a good way of making use of the 
small surplus of funds we have in hand at the moment, which should 
give us an excellent return in years to come. 

In spite of our problems with the weather in January we have 
had a good year and the Society remains as strong as ever, largely 
due to the considerable work put in by the Officers, Committee and 
Auditors. Representing as I do the industrial side of geology it is 
always a pleasure to attend the Ussher Society Conference where 
geologists from all sides of geology meet and communicate with one 
another. Long may it be so! 
 
C.M. Bristow 
April 1979 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

Address of the Guest Speaker 
 

PALAEOMAGNETIC RECONSTRUCTIONS AND THE 
VARISCAN OROGENY 

 
by D.H. Tarling 

 
Department of Geophysics and Planetary Physics, 

School of Physics, The University, 
Newcastle Upon Tyne NE1 7 RU 

 
 
Abstract. Palaeomagnetic studies can only provide a first order constraint on 
palaeogeographic reconstructions and the Upper Palaeozoic palaeomagnetic data    
relevant to the Variscan Orogeny are sparse. Nonetheless, the available data indicate 
consistent motions of both Laurentia (North America and Europe) and 'Western' 
Gondwanaland (South America and Africa) that place more stringent restrictions on 
possible palaeogeographic relationships than the data for any one period. Following 
the Taconic-Caledonian Orogeny. both supercontinents were rotating clockwise, 
although this was only slight for Laurentia during the Devonian. and both had a 
northerly motion. Differences in the rate of motion caused an African-E. North 
American collision (Acadian) orogeny in Middle-Upper Devonian times. This caused 
Laurentia to begin to rotate slowly anticlockwise, although predominantly northwards 
in the Mediterranean region. The continued clockwise rotation of Gondwanaland 
impinged in the Carboniferous on the Iberian massif which then became caught 
between the two continents. The clockwise rotation of Gondwanaland and 
anticlockwise rotation of Laurentia resulted in northern South  America colliding with 
southern North America at the end of the Carboniferous. This major impact reversed 
the sense of rotation of Gondwanaland and closed the Atlantic region again. The 
Adriatic and other promontories on the African block were also brought into collision 
with the Iberian massif at the same time, forming Pangaea. The two supercontinents 
continued to rotate separately during the Permian, giving strong right lateral motions 
in the Mediterranean area. The northern South America-southern North American 
collision is interpreted as being extremely significant and responsible for establishing 
the fractures that were to be opened up as Mesozoic and Cenozoic Oceans. It is 
emphasised that while these reconstructions are thought to be fairly realistic 
generalisations. an integrated geophysical-geological approach is essential to improve 
and refine the nature of the Variscan Orogeny. 
 
 
 
 
 
 
 



1. Introduction 
There is now widespread acceptance of the theory of continental 
drift, now re-named plate tectonics, as a paradigm within which at 
least the last 200 million years of the Earth's history can be better 
understood. There is also general acceptance that similar processes 
operated to cause the Caledonian and Appalachian               orogenic 
events in the Lower Palaeozoic (Dewey and Burke 1973). However 
it is by no means clear if, or how, this tectonic hypothesis can be 
applied to the Variscan orogeny in western Europe in the Upper 
Palaeozoic (Zwart and Donsiepen 1978). As most scientists were 
converted to the acceptance of continental drift following 
palaeomagnetic study of continental and oceanic rocks, it is 
appropriate to review the palaeomagnetic data relevant to the 
Variscan events in Western Europe. It will be seen that there are still 
major difficulties in establishing the location of major continental 
blocks during this period, using palaeomagnetism alone, and that the 
only solution in the next decade or so must be based on an integrated 
approach. In this article, the problems and difficulties in assessing 
the available palaeomagnetic data from North America, Europe, 
Africa and South America will be outlined and tentative 
palaeogeographic reconstructions will be provided based upon them. 
It is emphasised, however that such reconstructions are tentative and 
indicative of probable relationships that require testing by further 
integrated studies. Nonetheless, the available data already suggest 
abroad scenario against which other geological observations can be 
compared to both understand the evolution of the region and refine 
the model. 

2. Palaeomagnetic Analysis 
Most rocks contain impurities of magnetite or haematite and are 
therefore potentially capable of retaining a remanent magnetisation 
that was acquired at a specific geological time (Tarling 197Ia). If this 
magnetisation can be isolated and measured, then the direction of the 
geomagnetic field at that time can be established and, assuming a 
specific model for the average geomagnetic field, the palaeolatitude 
and orientation of that tectonic block can be determined. This block 
may be small, possibly only the volume of the outcrop, or extend for 
most of the continent.  There are, therefore, four main problems in 
palaeomagnetic studies -(a) isolating a particular component of the 
magnetisation of a rock (b) determining the age of this component,  
(c) determining an optimum model for past geomagnetic fields, and 
(d) determining the extent to which the results can be extrapolated 
away from the area of immediate investigation. 



(a) Isolating Components of Magnetisation 
Many rocks acquire a magnetic component at the time of their 
formation. In the case of igneous rocks, this is acquired as the rocks 
cool (thermal remanence). Sediments generally include already 
magnetised particles in their composition and these particles are 
likely to have been aligned both during deposition and while the fine 
particles are free to physically rotate before compaction squeezes out 
the interstitial waters (detrital remanence). All of these primary 
magnetic components gradually reduce in intensity as their 
constituent atomic alignments gradually decay, but the rate at which 
the component is reduced depends on the composition of the 
magnetic mineral, to some extent, and the actual size of the particle. 
In particles around the size of one micron diameter, the rate of decay 
is extremely slow, even on a geological time scale, and any 
magnetisation associated with these grains (single magnetic domain 
particles and similar sized magnetic zones within a larger grain) will 
persist for an indefinite time unless the magnetic particle is affected 
by later heating or chemical change. In many sediments, the original 
detrital remanence may be destroyed by the chemical breakdown of 
the detrital particles during diagenesis and such rocks then acquire a 
chemical magnetisation as newly forming magnetic minerals grow in 
the prevailing geomagnetic field (chemical magnetisation). This new 
chemical magnetisation may be associated with the chemical 
breakdown of original detrital minerals, as when olivines and 
pyroxenes decompose, or with the magnetic minerals that are 
precipitated from the cementing fluids. Again, the magnetisation 
acquired during these diagenetic changes will persist indefinitely if 
the particles grow to single domain sizes, while the magnetisation of 
both larger and smaller grains tends to decay over geological time.  

All rocks lying in the changing geomagnetic field therefore 
gradually lose some of their original (primary) magnetisation that was 
acquired during the formation of the rock itself. They also gradually 
acquire a time-dependent (viscous) magnetisation as the atomically 
controlled decay processes also allow re-alignments to take place, 
particularly in those grains that do not lie in the single- domain size 
range. However , as such time-dependent magnetisations are 
necessarily carried by grains with a lower magnetic stability, it is 
possible to preferentially remove these magnetisations, without 
significant effect on the magnetisation carried by the stable, single- 
domain particles. Thus the gradually heating of a rock increases the 
thermal vibrations and causes the less stable magnetisation to   
become randomised, if cooled in zero external field. Similarly 



subjecting rock samples to increasing alternating magnetic field 
strengths, in zero direct field, preferentially randomises the less 
stable components, thereby isolating the stable, single-domain 
magnetisations. Other techniques, such as direct magnetic field 
demagnetisations are used particularly in the U.S.S.R. but all such 
techniques essentially operate on the same physical basis in which 
the stably magnetised component is retained while the time-
dependent magnetisations are randomised. There is, therefore, no 
fundament difficulty in isolating any stable magnetisation as long as 
a few particles are present of the appropriate size. 

(b) The Age of Magnetic Components 
In most Mesozoic and Cenozoic rocks, the stable magnetisation 
resides in grains that were magnetised as the rock cooled, in the case 
of igneous or metamorphic rocks, or during diagenesis, in the case of 
sedimentary rocks. This can be tested under certain conditions by 
means of fold (or conglomerate) tests (Graham 1949). If the 
magnetic component was acquired before a folding event, then the 
directions will be consistent with the bedding planes, but not with 
present-day horizontal. Conversely, magnetisations acquired after 
folding will be more consistent with each other relative to their 
present-day positions than to the original horizontal. It is not always 
possible to carry out such fold tests, in which case it is normal to 
resort to regional consistency tests on the basis that in relatively 
young rocks it is unlikely that any later processes will uniformly 
affect a wide area so that lateral homogeneity of magnetisation 
suggests that the magnetisation is likely to be associated with a 
common process namely the processes operating when the rocks 
were formed.   

Mesozoic and Cenozoic rocks may no longer carry their primary 
component, particularly if subjected to heating or chemical changes 
during metamorphic events, such as those associated with the Alpine 
orogeny. Similarly for older rocks, the intrusion of young igneous 
rocks may be associated with a local thermal remanence that is 
superimposed upon the original remanence. However, much less 
geologically obvious are later chemical changes that may give rise to 
stable magnetisations. In sediments this can clearly arise if diagenetic 
processes are inhibited or protracted whereby the formation of new 
magnetic minerals may occur over many millions, or even hundred of 
millions, of years, as in the case of the Devonian sediments of the 
Caithness region of Scotland (Tarling and others 1976). Similarly, 
exsolution and spontaneous decay can occur in minerals in igneous 
rocks over very protracted time-scales, even though most exsolution 



appears to take place essentially contemporaneously with intrusion. 
Even more complex may be chemical changes that arise from 
moderate to deep burial. In deep burial conditions, the entire area 
may be subjected to widespread heating that may impart a regional 
thermal overprint as the rocks later cool. More insidious are the 
chemical changes that ma y also occur as a result of this circulation 
of either oxidising or reducing ground waters and fluids with or 
without significant burial. These are likely to result in regional 
chemical magnetic overprinting, especially if the fluids are warm 
and thus more chemically active. It is particularly relevant that, in 
such situations, the regional temperatures may still be relatively low, 
say 100-150°C, but their action may be extremely prolonged and the 
total magnetic effect, both thermally and chemically, may well be 
equivalent to heating the area to much higher temperatures for a 
shorter period. 

 In many of the Palaeozoic or older observations to be 
considered here fold tests cannot or have not been applied or the 
rocks have only been involved in Alpine folding and thus such tests 
only limit the age of the magnetisation to some pre-Alpine event. In 
general, however, few fold tests have been undertaken and several of 
these have proved negative, i.e. the magnetisation was post-folding 
although in some of these cases the folding is thought to have been 
penecontemporaneous and the magnetisation has been considered to 
be essentially of the same as the rocks (McElhinny and Opdyke 
1973). It has, however, been suggested that many Palaeozoic data, 
especially from Siberia, have been subjected to extensive 
overprinting in the Late Palaeozoic (Creer 1968) and Storetvedt 
(1968), Storetvedt and Markhus (1978), and Roy and Lapointe 
(1978) have demonstrated the complications that may arise in 
Mesozoic and Cenozoic rocks alone. 

 In rocks containing several magnetic components, the         
timedependent magnetic component is readily removed by partial 
demagnetisation, and detailed study over short increments of either 
alternating magnetic field or temperature frequently allows the 
determination of the other components. If a particular component 
can be identified over three or more successively higher increments in 
the demagnetisation treatment then the direction of this component 
can usually be determined precisely. The age of the different 
components is, however, much harder to evaluate. Conventionally it 
is often assumed that the components isolated at the highest 
demagnetisation levels are the oldest. This is on the basis that (a) the 
time-dependent  decay  is  proportional  to  the  temperature,  and   (b) 



any later thermal heating will necessarily alter the lower temperature 
ranges first and thus not necessarily affect the higher temperature 
components. However this assumption is not necessarily valid for 
rocks that have a later chemical remanence. It is quite possible that 
the younger chemical changes will result in the formation of single-
domain particles and therefore be possibly more or as stable as any 
pre-existing magnetisations. 

 Where different stable components can be identified in the 
same rock, the most effective method of dating the components, in 
the absence of fold tests, is to compare the directions of the different 
components with known directions of the geomagnetic field for that 
region since the formation of the rock. For most components, such 
directions are now known, or can be interpolated, for most of the 
Mesozoic and Cenozoic. The situation for the record of directions 
during the Palaeozoic is less clear, but is becoming better known. 

 (c) Models of the Past Geomagnetic Field 
 As the geomagnetic field is continually changing, it is not 
immediately evident how comparisons between such directions can 
be made in any meaningful way. However, studies of records of the 
field since 1600 and archaeomagnetic studies indicate that the long 
term changes of the field (secular variations) are essentially cyclical 
and average out over a period of 2 to 8000 years so that the averaged 
geomagnetic field corresponds closely to that of a bar magnet at the 
Earth's centre and aligned along the axis of rotation (an axial 
geocentric dipole). Such averaging is likely to take place naturally in 
sediments that acquire their remanence over several thousand years, 
and in deep igneous rocks that cool slowly -in rocks that acquire 
their magnetisation rapidly, for instance thin lava flows, a large 
number of observations of different age may be required to average 
out such changes. The reality of this model appears to be largely 
substantiated over geological time by the general agreement between 
palaeomagnetically determined palaeolatitudes and those indicated 
by palaeo-climatic indicators such as evaporites and glacial tills, 
although the latter are also strongly influenced by local geographic 
factors (Tarling 1971a). 

Naturally the necessity to average out secular variations 
introduces a certain 'noise-level' into palaeomagnetic studies. The 
observations that the geomagnetic field also changes polarity 
introduces a further noise level as there is a finite time during which 
such polarity changes occur, approximately 1 per cent of the 
available time during the Tertiary. Rocks that became magnetised 



 
 
Figure 1. Reconstructions and Polar Wandering Paths for Laurentia 

 Four postulated reconstructions based on the match of bathymetric contours are 
shown based on (a) Bullard and others (1965) for Europe-Greenland-Canada, (b) 
Tarling in Soper (1976) for Europe-Greenland and assuming the Nares Straits to be a 
simple transcurrent zone, (c) Le Pichon and others (1977) for Europe-Greenland and 
Greenland-Canada after Bullard and others( 1965), and (d) Tarling in Soper(1976)for 
Europe-Greenland and Srivistava (1977) for Greenland-Canada. In each case, the 
continental fit is shown on the left (i) and the corresponding polar wandering paths on 
the right (ii). In each case Europe and Greenland have been rotated to a fixed North 
America, and the North American polar wandering path is shown as a solid curve. 
The crosses and circles correspond with the mean pole position and circles of 95% 
confidence for the Cretaceous, Jurassic, Triassic, Carboniferous and Devonian 
periods, moving from north to south. Where insufficient observations are available the 
pole position is shown without a circle of confidence. 
 
 
 
 



 
during such transitions cannot, of course, be incorporated into any 
analysis aimed at determining the past latitude and orientation of any 
particular tectonic block. Such deviatory observations can only be 
detected by sampling that incorporates both normally and reversed 
magnetised samples. In general, directions that deviate from an 
otherwise tight grouping are often attributed to having their 
magnetisation acquired during a polarity transition. It is, of course, 
difficult to establish the actual validity of such an interpretation in 
any single case, but it is common to exclude directions from any 
analysis that have corresponding palaeomagnetic pole positions that 
deviate by more than 400 from a clearly defined grouping of other 
palaeomagnetic poles of the same tectonic unit.  

(d) Lateral Extrapolation 
 Until recently, areas subjected to known tectonic disturbance have 
been largely avoided unless to study that particular tectonic event 
 



Figure 2. Polar Wandering Paths and Laurentian Reconstructions 
  This is the reversed situation to the reconstruction in Figure I. The same polar 
wandering curves and data, as in Figure I, are matched for (a) Permo-Triassic times, 
(b) Upper Palaeozoic times and (c) Triassic-Jurassic times. The position of the 
different continents corresponding with these locations of the polar wandering paths 
(i) are then shown on the right hand side (ii). 
 



such as the way in which a specific nappe formed. It was also 
generally assumed that the palaeomagnetic data from one area could 
be easily extrapolated to most of a continental area unless some 
orogeny had occurred within it. Nowadays, smaller tectonic features 
are being increasingly studied as it is now possible to distinguish the 
movements of relatively small tectonic blocks 50 x 200 km (Freund 
and Tarling 1979). Palaeomagnetic directions are thus now being 
used to define the previous unity of various tectonic blocks. 
Nonetheless, it is still often necessary to assume that observations 
made in one area are, in fact, typical for a much larger area. 

3. Palaeomagnetic Reconstructions 
The problems still inherit in attempting to obtain precise 
reconstructions using palaeomagnetic data alone can best be 
illustrated by the relationships indicated by matching the polar 
wandering curves for North America and Europe. This is a 
particularly significant test as there is wide acceptance of the former 
close relationships between these continental blocks as a single 
continent, Laurentia, which was formed by the Caledonian orogeny 
and persisted until the mid Cretaceous and Tertiary. On this basis, 
the two present-day continents should. have a common polar 
wandering path when placed in their Laurentian positions. 

The most widely followed, and first computer matched, fit of 
the continents was by Dullard and others (1965). On this 
reconstruction (Fig. la) the polar wandering paths are similar, but the 
European curve lies east of the North American, except in the Upper 
Carboniferous and Devonian. This fit has been criticised in both the 
northern Atlantic, between Greenland and Norway, and also between 
Greenland and Canada. The best bathymetric fit between Greenland 
and Norway (Tarling in Soperand others 1976) differs only slightly 
from that of Dott and Watts (1971) or Le Pichon and others (1977). 
All of these however, result in a consistent offset of the European 
polar wandering path to the east of its American counterpart (Fig. 1 
b-d) irrespective of the nature of the Greenland-Canada fit. 

An alternative approach is to use the palaeomagnetic data alone 
as this simulates the approach adopted for Palaeozoic and earlier 
reconstructions. Differences in the paths for corresponding periods 
clearly illustrates that there are inconsistencies even for the two 
continents for which there is the most data (Fig. 2). The best 
palaeomagnetic fit, assessed visually, for the Upper Palaeozoic (Fig 



 
Figure 3. European Upper Palaeozoic Sites 
  These maps only show sites for areas away from the Alpine orogeny. The 
solid and dashed lines indicate the probable distinction of different major tectonic 
units. It is emphasised that these sites are for all rocks that are, or may be, of the age 
assigned and that the subsequent palaeomagnetic analyses may have demonstrated 
magnetic instability, overprinting or tectonic disturbance. 



2b) yields a reconstruction that is similar to that for the Permo- 
Triassic fit (Fig. 2a), but differs drastically from the best Triassic- 
Jurassic tit (Fig. 2c). However, the reconstruction based on the 
Upper Palaeozoic data appears unrealistic in view of the evidence for 
the close contiguity of these continents at that time. On the evidence 
of this test, it is clear that there is still no satisfactory unique 
reconstruction even for two continents for which a large quantity of 
data are available. Thus, it is evident that palaeomagnetic 
reconstructions of the Gondwanan continent and for the Variscan 
orogenies must be even more suspect. Hailwood (1977) has 
suggested that the geocentric dipole model for the past geomagnetic 
may be invalid and that the field is best simulated by a northerly 
displaced dipole. In this particular example, the two continents, for 
most of the period, have similar palaeolatitudes and ;were essentially 
adjacent to each other in terms of sampling site -localities which, on 
the reconstructed models, would generally span some 5-6000 km. If 
the inconsistencies arise from the geomagnetic model, then the 
actual average field must vary on a scale of only some 1000 km or 
so, yet appears consistent within anyone continental this stage, 
therefore, it is merely concluded that considerable caution must still 
be exercised in evaluating past continental reconstructions based on 
palaeomagnetic data, despite apparent evidence for precision in 
palaeo-latitude and orientation of better than 5°. 

4. Upper Palaeozoic Palaeomagnetic Data 

(a) Europe 
Superficially there appears to be considerable Upper Palaeozoic data 
available for Europe even when sites from within the Alpine zones 
are excluded (Fig. 3). It is suggested here, however, that while the 
rocks are of Devonian to Permian age, their magnetisations are 
frequently of Upper Carboniferous or Permian age. It is not practical 
to discuss each observation here, but the situation can be illustrated 
by a general consideration of the Devonian data (Fig. 4). The 
available pole positions cover a wide area in the Western Pacific but 
show different patterns for different areas. The determinations for 
rocks in the South Russia-Moscow region, for example, are quite 
well grouped close to the European Upper Carboniferous-Permian 
pole position, while those from the Timan area of the North Russia 
all lie over 3000 kin south of these, close to the Equator east of New 
Guinea. The pole positions determined from Devonian rocks in  
north western Europe are widely scattered over the entire area of the 



Western Pacific, but their mean position lies distinctly further east 
and south of the Moscow data. Some of these Devonian data have 
previously been considered to represent completely remagnetised 
Permian observations and it is suggested here that the  
palaeomagnetic poles lying near to the Equator are, in fact, the best 
representatives of the 'true' Devonian mean pole position for Europe. 
The problem then resolves itself primarily into determining the mean 
longitude of this mean pole position -the observed poles lie between 
120 and 180°E. After a variety of different assessments, it is 
suggested that the Lower Devonian pole for Europe is near to 2°N 
150°E. While it is emphasised that this pole is obviously only poorly 
defined, particularly, in longitude, it is nonetheless thought that it is 
a better estimate of the Lower Devonian geomagnetic field than the 
conventional adoption of the mean pole based on either all or 
physically tested Devonian observations (Irving 1977; Krs 1978a; 
Van Alstine and de Boer 1978). 

Palaeomagnetic observations are only just becoming available 
from the Armorican Peninsula, but at the moment these are mostly 
published in abstracts, thus restricting detailed consideration 
(Bouvier and others 1978; Hagstrum and others 1978; Van der Voo 
and others 1978). However, it is clear that most of these poles 
correspond with the general northwestern European grouping as they 
are mostly strung between Japan and the mean Devonian pole based 
on all northwestern European data. The occurrence of one pole near 
the United States testifies to the possibility of local tectonic rotation. 
Nonetheless, it seems reasonable to interpret these data as indicating 
a general similarity to northwestern Europe, but while there is 
uncertainty about the location of the true Devonian pole, the 
actuality of differences between the two areas must remain unclear. 

The Carboniferous data (Fig. 3) will not be discussed as the 
situation is very similar to the Devonian. Most Carboniferous poles 
near the Upper Carboniferous-Permian mean position, but some 
groups of Lower and Middle Carboniferous poles are displaced from 
it. In general, the pole positions adopted for the subsequent 
reconstructions have been based on a few poles that are away from 
Upper Carboniferous-Permian grouping. The Permian data (Fig.3) 
are clearly well defined (Fig. 4) and the conventional acceptance of 
the mean is adopted here. 

 (b) North  America 
Most Devonian observations are from the Appalachian area (Fig. 5), 



 
 
Figure 4. Devonian Pole Positions of Extra-Alpine Europe 
 The available palaeomagnetic data for Europe are shown on this figure and 
have been derived from the sites shown in Figure 3. Four groups of data are depicted 
from different areas. D corresponds to the mean pole and circle of 95% confidence for 
the data from northwestern Europe. P corresponds to the mean Upper, Middle and 
Lower Permian and Upper Carboniferous pole positions, with circles of 95% 
confidence, derived from all European data of those ages outside the Alpine orogenic 
belt. 

 

 
 



Figure 5. North American Upper Palaeozoic Sites 
 The approximate boundaries of the Appalachian and Cordilleran provinces are 
shown. 

although mostly outside the orogenic belts. Nonetheless, most poles 
are located near N. China- Manchuria, close to the North American 
Upper Carboniferous- Permian mean pole positions. There are only 
two 'aberrant' poles, one known to be remagnetised, and the only 
'acceptable' Devonian (Middle) pole appears to be from the Raisin 
Dolomite-Columbus Limestone (Martin 1975). The Carboniferous 
pole positions are mostly based on sampling in the northern 
Appalachians, but also extend across to the southern Rockies. Most 
of the rocks sampled are of Upper Carboniferous, or Permo- 
Carboniferous, age and have pole positions near Korea, with no 
obvious distinction between Lower and Upper Carboniferous ages. It 
is suggested that while the Upper Carboniferous pole position is 
quite well defined, the Lower Carboniferous pole can only be 
estimated by some form of subjective interpolation between the Mid 
Devonian and Upper Carboniferous observations. The Permian    
data are predominantly from the Mid West, with individual  pole 
 



 

Figure 6. 'Western' Gondwanan Upper Palaeozoic Sites 
African and South American sites are shown, with South America united to 

Africa in its pre-Cretaceous position. 

positions extending from northern Korea towards the Verkhoyansk 
area of the USSR. This polar distribution appears to correspond to a 
gradual motion of the pole from its Upper Carboniferous position 
towards the Triassic mean pole, but such a motion is not confirmed 
by examination of separate Lower and Upper Permian observations. 
On this basis, the mean of all observations has been adopted as the 
Permian North American pole.  

c) 'Western' Gondwanaland 
 As there is still no universal agreement on the Palaeozoic 
configuration of Gondwanaland (du Toit 1937; King 1958; Smith 
and Hallam 1970; Tarling 1971b; 1972; Embleton and McElhinny 
1975) and the commonly accepted fit of Smith and Hallam ( 1971) is 
known to be inaccurate on geological grounds (Tarling and Kent 
1976), the palaeomagnetic data considered here have been restricted 


