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Silurian—Permian palaeocontinental reconstructions and
circum-Atlantic tectonics

D. V. Kent & J. D. Keppie

SUMMARY: On the basis of the palacomagnetic record, supplemented by constraints
provided by faunal and tectonic information, reconstructions involving Laurentia, Baltica,
Gondwana and numerous continent-like fragments and terranes within the circum-Atlantic
Palaeozoic orogenic belts are made for three critical time intervals, late Silurian, early
Carboniferous and late Carboniferous—early Permian, all of which bracket important phases
of tectonic activity. The late Caledonian-Scandian-Acadian-Ligerian orogenies are due to
the predominantly E-W final closure of Iapetus. This phase was followed in mid-Devonian
times by a major sinistral megashear along the orogen which eliminated latitudinal
separations and resulted in a Pangea-like assembly by the latest Devonian. The final phase
involved a rotation of Gondwana with respect to the assembled Euramerican landmass,
expressed as late Variscan—Hercynian dextral shear from central Europe to northeastern N
America and culminating in the late Carboniferous-Permian Alleghanian orogeny in the

Appalachians from New England S and in the Mauritanides.

The Caledonide-Hercynide-Mauritanide-Ap-
palachian orogenic belts can be considered to be
the result of the multistage interaction of three
major surrounding cratonic areas (Laurentia,
Baltica and Gondwana) and numerous continent-
like fragments and terranes (Dewey 1983, Keppie
1984). We concentrate here on the time interval
late Silurian to Permian and seek to account for
the major tectonic activity in terms of changes in
the relative position of these areas as interpreted
primarily from the palacomagnetic record be-
cause geological parameters allow too many
alternative reconstructions to be useful. Much of
the palacomagnetic data from the Atlantic-
bordering land areas are reviewed by Briden et
al. (1988) and our interpretations generally
conform to their assessments of data reliability.
In the sequence of reconstructions outlined
below it has been necessary to make a number of
simplifications owing to the unequal spatial and
temporal distribution of what are believed to be
the most reliable data. Documentation of terranes
is at an early stage, and since palacomagnetic
data are generally lacking for most individual
terranes they have been conservatively placed in
their present relative locations although they may
eventually be shown to have separate histories.
However, it has become evident that some
discrepant palacomagnetic directions are due to
previously unrecognized secondary magnetiza-
tions. Despite considerable study, there is still a
surprising amount of uncertainty in the apparent
polar wander (APW) paths of the major cratonic
areas, notably Laurentia and Gondwana, and
also Baltica if Britain is not included within it.
Hence the time progression and amount of total
closure across the orogenic belts are known only

From HARRIS, A. L. & FETTES, D. J. (eds), 1988, The Caledonian—Appalachian Orogen,

in very broad terms. It also follows that the
arrangement of terranes that lie within the
orogens with respect to the major bordering
cratonic areas is imprecisely known.

After having carefully screened the available
palaeomagnetic data and using only the best
palaeopoles we suggest a working hypothesis for
the APW of the Atlantic-bordering continents
(except for Gondwana where there are insufficient
data). This shows comparatively rapid shifts in
palaeopole positions, separating time intervals in
which the poles tend to group for the various
continental areas. These APW shifts or drift
episodes (Briden 1967) roughly correspond to
phases of latitudinal adjustments of the land-
masses, whereas the apparently static APW
intervals allow closure of only longitudinal
oceans. Palaeopoles appear to cluster for the
intervals late Silurian (Fig. 1), early Carbonifer-
ous (Fig. 2) and late Carboniferous—early Permian
(Fig. 3). The corresponding reconstructions span
the time interval during which the various phases
of deformation attributed to the Acadian-late
Caledonian and Alleghanian-Hercynian oro-
genic events took place. Constraints on the
relative positions of the landmasses provided by
the palacomagnetic record are supplemented
where possible by faunal province and tectonic
data.

Constraints on late Silurian
reconstruction
We now believe that the late Silurian is the

youngest time interval in the Palaeozoic for which
large separations or offsets of the constituent
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FIG. 1. Palacocontinental reconstruction for the late Silurian showing the major tectonic elements of the late

Caledonian orogen and the distribution of faunal realms (Gray & Boucot 1979). Representative palacomagnetic
data used to constrain the position of the continental areas are as follows. Laurentia: B, Bloomsburg; P, Peel
Sound; T, Traveller; C, Compton; D, Dockendorff. Baltica: KV, Kvamshesten; RR, Roragen; RK, Ringerike.
Britain: ORSM, Midland Valley Old Red Sandstone lavas; ORSW, lower Old Red Sandstone, Wales/England.
Avalon: PM, Pembroke; LR, Lawrenceton. The position of Africa—S America is based on Mereenie sandstone

from Australia (Embleton 1972).

components of the circum-Atlantic Pangean
assembly (Bullard et al. 1965) can be convincingly
demonstrated by palaeomagnetic means. There-
fore this critical interval, the oldest considered
here, sets the stage for the pattern of closure and
related major tectonic activity in the subsequent
time periods.

Baltica

Baltica is positioned according to consistent but
early palaeomagnetic data from Old Red Conti-

nent facies rock units in Norway and Sweden
(RK, KV, RR in Fig. 1). However, no field
evidence to constrain magnetization age is avail-
able for these early results, and because the poles
tend to fall on younger parts of the British APW
path the magnetizations may be contaminated
by secondary components. It is therefore not clear
whether, following Briden et al. (1973), the
palacomagnetic data from Baltica can be
accepted at face value. However, we note that
the near-equatorial position for Baltica in the
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FIG. 2. Early Carboniferous palacocontinental reconstruction, with representative palaecomagnetic data used to
constrain continental positions: MC, Mauch Chunk; MS, Mapleton; PF, Perry sediments and lavas; MM,
Massachusetts metavolcanics; TF, Terrenceville; M, Maringoin; CH, Cheverie; S, Svalbard sediments; F,
Foyers middle Old Red Sandstone; B, Bristol upper Old Red Sandstone; L, Leningrad ; MD, Moroccan

sediments and lavas.

Siluro-Devonian suggested by these data is
supported by the equatorial-zone Devonian
spores recovered from the Old Red Continent
facies in southern Scandinavia (McGregor 1979).

Laurentia

The late Silurian—early Devonian palaeolatitudi-
nal position for Laurentia was formerly based
only on palaecomagnetic results (normal and
reverse polarities and the positive fold test (Roy
et al. 1967)) from the upper Silurian Bloomsburg
Formation (B, Fig. 1). These data are now

generally supported by the most representative
results from the lower Devonian Peel Sound
Formation (PS, Fig. 1) of Arctic Canada (Dank-
ers 1982) and indirectly by a set of systematically
abberrant directions from lower Devonian rock
units from what is referred to as the Traveller
terrane of the northern Appalachians (T, C, D,
Fig. 1). The Traveller directions, which include a
positive fold test and reversals, are compatible in
palaeolatitude with Laurentia but, because of a
significant deviation in declination compared
with the Bloomsburg Formation (and also the
Peel Sound), are thought to reflect a subsequent
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FIG. 3. Late Carboniferous to Permian palaeocontinental reconstructions corresponding to the Pangea A2 model
(Van der Voo et al. 1984), Fusilinid faunal provinces from Ross (1979).

clockwise tectonic rotation of the Traveller
terrane against stable N America (Spariosu &
Kent 1983). Together these palacomagnetic data
place Laurentia as straddling the equator and are
consistent with the presence of low-latitude upper
Silurian-lower Devonian lithologies (such as
carbonates and evaporites) and the associated
Appohimchi sub-province of the Eastern Ameri-
cas Faunal Realm (Boucot 1975).

That Laurentia and Baltica were close together
at this time cannot be established by palacomag-
netic means because longitude is indeterminant,
but a proximal position is indicated by the
appearance of similar freshwater vertebrates on
both cratons at the end of the Silurian (Young
1981). However, when compared with a conven-
tional Triassic Euramerican reconstruction (Bul-
lard et al. 1965), the available palacomagnetic
data from Laurentia and Baltica conflict. This

conflict remains regardless of whether or not the
Baltica directions represent later remagnetization
because in neither case do they fall on any
younger portion of the Laurentia APW path. We
resolve the conflict by placing Baltica offset
approximately 15°S with respect to Laurentia

(Fig. 1).

Gondwana

The position of Gondwana is very poorly con-
strained owing to inadequate palacomagnetic
data. One of the few results that may pertain to
an assembled Gondwana (Smith & Hallam 1970)
for this time interval is from the Mereenie
Sandstone of central Australia. Although the
magnetization history and even the age of the
Mereenie is quite uncertain (cited as Silurian7—
Devonian by Embleton (1972)), the palaeopole
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reassuringly falls near the terminus of the better-
documented lower Palaecozoic APW path for
Gondwana (Embleton er al. 1974). A variety of
APW paths can be drawn through Silurian and
Devonian palaeopoles obtained from southeast-
ern Australia (Schmidt & Morris 1977, Morel &
Irving 1978, Goleby 1980), but they may reflect
tectonic movements in the Tasman orogen rather
than drift of all Gondwana (Embleton et al.
1974). In view of the lack of definitive palaeo-
magnetic data to the contrary, we position
Gondwana according to the Mereenie palaeopole
constraint with Africa centred over the S pole.
This is consistent with the presence of the cold-
water Malvinokaffric Faunal Realm in the early
Devonian rocks of southern S America and S
Africa (Boucot 1975). At the same time the
presence of the Amazon-Colombian brachiopod
sub-province in northern S America, which has
strong affinities with the Appohimchi sub-prov-
ince (Boucot 1975), suggests proximity between
N and S America which is satisfied by the
arrangement shown in Fig. 1.

Terranes

Old Red Continent rocks from British terranes
tend to give concordant palaeomagnetic results
that place them in moderate southerly palaeola-
titudes. Representative of the late Silurian-early
Devonian palaeopole position for two terranes
on either side of the Iapetus suture in Britain are
results from the Midland Valley Old Red Sand-
stone lavas (ORSM) and the lower Old Red
Sandstone of Wales/England (ORSW) which
suggest palaeolatitudes in the 20-25°S range.
These and similar late Silurian and early Devon-
ian palacomagnetic results from other British
terranes (Briden et al. 1973, 1984) suggest that
there is not much latitudinal separation between
them. This is consistent with the conclusions of
Bluck (1983) and of Mitchell & McKerrow (1975).
However, these British data are not compatible
with those taken at face value from either Baltica
or Laurentia in a conventional Euramerican
assembly. These data show a latitudinal offset of
Laurentia on one side and Baltica and southern
Britain on the other, and less clearly between
Baltica and Britain.

This reconstruction neatly suggests that the
Scottish Siluro-Devonian volcanic arc was a
continuation of the Traveller volcanic arc terrane
(Fig. 1), but this appears to create problems in
explaining the location of the Archaean Scourian
basement adjacent to the Grenville basement of
N America. However, it has been suggested that
Baltica lay adjacent to eastern N America during

thelatest Precambrian (Uenoet al. 1975, Patchett
& Bylund 1977). Therefore it is possible that the
Scourian basement is correlated with the pre-
Karelian basement in Baltica and was a fragment
left behind in the early Palaeozoic only to be
transported later, in the Devonian, to more or
less its present position relative to Baltica.

Siluro-Devonian palaeopoles from the Avalon
composite terrane in the northeastern Appalachi-
ans suggest a location between 28 and 43°S. This
is based on palacomagnetic data from the
uppermost Silurian Pembroke Formation (PM,
Fig. 1) (cited by Roy & Anderson (1981) as the
mostreliable resultin their study of the Mascarene
Group of coastal New Brunswick) and from the
Lawrenceton rhyolite of central Newfoundland
(LR, Fig. 1) (supported by a positive fold test
(Lapointe 1979)). The palaeolatitudinal position
of the Avalon composite terrane is therefore
consistent with a Siluro-Devonian position rela-
tive to Britain as seen in a Pangea fit. The
somewhat shallower inclinations (lower palaeo-
latitudes) obtained from some other Siluro-
Devonian rock units in Avalonia may imply that
these units have younger (reset?) magnetization
ages, whereas the generally much steeper but
scattered directions reported from some Devon-
ian igneous intrusions in the northern Appalachi-
ans are intrinsically problematical with regard to
their tilt correction and may be of only local
significance (Kent & Opdyke 1982, Roy 1982).

Southern Britain and Avalonia are thought to
be part of a larger continental-like mass, Armor-
ica, which formally includes the Hercynian
Massif (Andreeva et al. 1965) give a palaeolati-
tude of about 25°S, which is compatible with this
arrangement at least in terms of closely associated
tectonicelements. The proximity of these terranes
to one another and to adjacent cratons is also
suggested by their common impoverished Rhen-
ish-Bohemian fauna which extended onto the
marginal areas of N and S America and Africa
(Boucot 1975). Thus the Armorica assemblage
was probably distributed around a small ocean
basin with restricted circulation and high evapo-
ration rates, consistent with the 30°S palaeolati-
tudinal belt suggested by the palacomagnetic
evidence (Fig. 1).

Constraints on early Carboniferous
reconstruction

There is increasing agreement that Euramerica,
consisting of Baltica, Laurentia, Britain and
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other parts of the Armorica mosaic, was essen-
tially assembled by the end of the Devonian.
However, the relationship between Euramerica
and Gondwana at this time is less certain.

Euramerica

According to late Devonian palacomagnetic data
from the Leningrad area (L, Fig. 2) (summarized
by Van der Voo & Scotese 1981), Baitica is placed
between the equator and 20°N; a similar position
is suggested for the early Carboniferous Svalbard
sediments (S, Fig. 2). This location is supported
by the presence of the equatorial Lepidodendropsis
fauna (Chaloner & Lacey 1973) and the restricted
distribution of Archaeoperisaccus spores to the
belt N of the Devonian equator (McGregor 1979).
Formerly, the best palaecomagnetic results
(with positive fold tests) from upper Devonian
(Catskill Formation (Van der Voo et al. 1979))
and lower Carboniferous (Mauch Chunk For-
mation (Knowles & Opdyke 1968)) rock units
from Laurentia placed it in equatorial latitudes,
but still offset by about 15° or 2000 km to the N
with respect to Baltica and the continental-like
Armorica assemblage. However, it can now be
shown that the Laurentia reference poles for at
least the early Carboniferous on which this
interpretation partly rested were not sufficiently
demagnetized and thus are partly due to later
(Permo—Carboniferous) magnetization over-
prints (Roy & Morris 1983, Irving & Strong 1984,
Kent & Opdyke 1985). The new results (MC and
DL, Fig. 2) from complete demagnetization
analysis pass the fold test and place Laurentia
about 15° farther to the S in the early Carbonifer-
ous, a position similar to the late Silurian but
which is now in accord with Armorica—Avalon-
Britain and Baltica palacomagnetic data (TF, M,
S, B, AM and L, Fig. 2) on a Pangea model.
Palaeomagnetic results from the middle and
upper Devonian rocks of the Traveller terrane
are consistent in both palaeolatitude and meri-
dional orientation with these new early Carboni-
ferous data (Spariosu & Kent 1984). In this light,
the Catskill pole is anomalous and, indeed, recent
results from a restudy of the Catskill indicate that
the reported directions are secondary (Miller &
Kent 1985). Furthermore, discordant data from
N of the Great Glen Fault, which is considered
as evidence for a major (about 2000 km) late
Devonian offset across it (Van der Voo & Scotese
1981), are now being interpreted as secondary
magnetizations of Permian, Mesozoic or Tertiary
age (Briden et al. 1984, Cisowski 1984).
Therefore a coherent Euramerica assembly
with no major internal offsets, closely resembling

D.V.Kent & J. D. Keppie

the geometrical fit described by Bullard et al.
(1965), is suggested by this time (Fig. 2). Minor
documented exceptions are from Carboniferous
directions for the Meguma in southern Nova
Scotia (Spariosu et al. 1984) and for central
Europe (Bachtadse et al. 1983) which show
evidence of rotations about local vertical axes.
The revised early Carboniferous location for
Laurentia is consistent with its being part of the
0Old Red Continent with its cosmopolitan flora
such as Retispore lepidophyta and its distinct
Archaeoperisaccus spores confined to Hudson’s
Bay, southern Greenland and southern Scandi-
navia (McGregor 1979).

Gondwana

Palaecomagnetic data available from Gondwana
at present lend themselves to two different
interpretations (Kent et al. 1984): either Africa
remained centred over the S pole (on the basis of
results from the Msissi norite of Morocco) or,
according to the remanence directions from
Gneiguira sediments from Mauritania, its north-
ern margin had already migrated to moderate
southern latitudes by this time. The age and
tectonic setting of the Msissi norite is not well
described in the report on the palacomagnetism
of the unit (Hailwood 1974). However, no field
tests are available to constrain the magnetization
age of the hematite remanence of the Gneiguira
(Kent et al. 1984) and post-Devonian remagneti-
zation cannot be excluded. Hence the interpreta-
tion is ambiguous.

The first possibility, based on the Msissi data,
implies the development of a large ocean between
Gondwana and the more equatorial Euramerican
assembly (Jones et al. 1979); the large ocean
created must then have been rapidly consumed
because there is general agreement (Schmidt &
Morris 1977, Morel & Irving 1978) that the facing
margins of Gondwana (Africa—South America)
were already in low palaeolatitudes by the early
Carboniferous. The second possibility, suggested
by the Gneiguira data, does not require independ-
ent Armorican and Gondwana plates but allows
them to remain generally contiguous. This re-
quires neither the creation nor the rapid con-
sumption of a large late Devonian ocean. At
present we favour the second option (Fig. 2) and
note that a proximal position for Gondwana with
respect to Euramerica is supported by the
dispersal of freshwater vertebrates between these
areas during the late Devonian (Young 1981) and
the highly cosmopolitan marine fauna when no
biogeographic realms can be distinguished (Bou-
cot & Gray 1983).
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Constraints on late Carboniferous-
Permian reconstruction

The late Carboniferous—Permian reconstruction
(Fig. 3) used in this paper is model A2 of Van der
Vooet al. (1976). We prefer the Pangea A2 model
to the Pangea B model of Irving (1977) because,
among other factors, the former better satisfies
the geographic distribution of Permian fusilinid
faunal provinces (Ross 1979). We also consider it
more than a coincidence that model A2 is near to
the model of closure derived from totally inde-
pendent evidence from the Atlantic ocean floor
and margins (Klitgord & Schouten 1982). Thus
we would suppose that Pangea in approximately
the A2 configuration persisted essentially from
about the late Carboniferous until the opening of
the modern Atlantic Ocean in the middle Jurassic.
Incontrast, the Pangea B model would necessitate
a major reorganization, with extravagant relative
movements of the order of 3500 km in the
Mesozoic for which geological evidence is difficult
to find, in order to achieve the Jurassic pre-drift
configuration. A full discussion of the palacomag-
netic evidence bearing on these and other Pangea
models is given by Van der Voo et al. (1984).

Evolution of the orogen

The three palinspastic maps (Figs 1-3) provide
bases on which to plot the appropriate palaeotec-
tonic elements, which in turn form the basis fora
tectonic model for the orogen between Silurian
and Permian times. This method was used by
Keppie (1977) and is followed here in historical
sequence. The polarity of subduction is derived
not only from volcanic arc complexes but also
from the polarity of obduction with which it is
parallel.

Late Silurian—early Devonian

In order to understand the genesis of the orogen
at this time it is necessary to review briefly the
earlier movements of the three major cratonic
areas: Laurentia, Baltica and Gondwana. During
the early Palaeozoic Laurentia and Baltica occu-
pied low palaeolatitudes, in contrast with Gond-
wana which was located at high palaeolatitudes
(Briden et al. 1988). Similar late Precambrian—
Ordovician APW paths derived for both Armor-
ica and Gondwana imply that these areas were
attached or closely associated during this time
interval (Hagstrum et al. 1980, Perigo et al. 1983,

Perroud & Van der Voo 1985). Similar evidence
is accumulating that the Avalon, Meguma (at
least the Piedmont of Delaware) and peninsular
Florida areas of eastern N America were also
once part of Armorica and/or Gondwana (Rao &
Van der Voo 1980, Johnson et al. 1983, Jones et
al. 1983).

During the Silurian, Gondwana with Armorica
(including Avalonia and southern Britain) evi-
dently moved northward. These relative motions
between Gondwana, Laurentia and Baltica in-
cluded the closure of Iapetus. The convergence
between Baltica and Laurentia led to the obduc-
tion of the Scandinavian and Greenland Caledon-
ide nappes during the Silurian and early
Devonian Scandian orogeny with the develop-
ment of foredeep clastic wedges (Hurst & Mc-
Kerrow 1981, Gee & Roberts 1983). The direction
of obduction suggests that boih eastern Green-
land and western Scandinavia were on the
subducting plate. At first glance this appears
contradictory, but it should be noted that these
two areas were not opposite one another at this
time (Fig. 1). A transform fault between the
subduction zones with opposing polarities is
therefore inferred.

Farther S along the orogen, in the northern
Appalachians, the convergence was marked by
the following events: (i) the extensive Siluro-
Devonian Acadian overthrusting in central New-
foundland and intermediate pressure meta-
morphism in the Gander Zone, implying
southeasterly obduction (Karlstrom er al. 1982,
Colman-Sadd & Swinden 1984); (ii) the develop-
ment of a Siluro-Devonian volcanic arc through
eastern Gaspé and northern Maine (Osberg 1978)
indicative of northwestward subduction; (iii)
intermediate pressure metamorphism associated
with northwestward obduction in southern New
England; (iv) the Siluro-Devonian peripheral
bulge unconformity followed by the late Devon-
ian—early Carboniferous Catskill-Pocono clastic
wedge, inferred to have accompanied the north-
westward emplacement of nappes in the central
Appalachians (Thomas 1977, Quinlan & Beau-
mont 1984). The opposite polarity between the
Gaspé-Maine volcanic arc and the southern New
England—central Appalachian region suggests a
complex microplate geometry with transform
faults separating regions of opposite polarity (Fig.
1).

In the British Isles the convergence is recorded
by (i) the late Ordovician-Silurian accretionary
wedge in the Southern Uplands of Scotland and
the volcanic arc complex in the Midland Valley
and Highlands of Scotland (Bluck 1983, Mc-
Kerrow 1988), implying northwesterly subduc-
tion, and (ii) volcanic arc complexes in England,
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Wales and SE Ireland, indicating southeasterly
subduction (Stillman & Francis 1979). Palaeo-
magnetic data show that Iapetus was basically
closed by the end of the Silurian (Briden et al.
1984) (Fig. 1).

In western Europe the effects of convergence
are recorded by Siluro-Devonian calc-alkalic
volcanism, deformation and metamorphism, al-
though the polarity is rather uncertain at this
time and may have involved complex microplate
interactions (Bard et al. 1980, Matte 1983, Ziegler
1984). In Avalonia, the effects are limited to weak
to moderate deformation (Keppie et al. 1982).

Mid-Devonian

The collision of Baltica and Laurentia by the
early Devonian evidently choked the subduction
zone(s) and the E-W component of convergence
ceased. Plate motions were reorganized and the
northward component of motion of Gondwana
and also Baltica became dominant. Comparison
of Figs 1 and 2 reveals that, while Laurentia
remained essentially stationary, Gondwana, Bal-
tica and the elements of Armorica all moved
northward by between 15° and 30°. This motion
can be resolved on a sinistral megashear coincid-
ing with a small circle with a centre in northwest-
ern N America (Fig. 1). Evidence for this
megashear relies heavily upon palacomagnetic
data for the postulated megashear presumably
lies offshore along most of its length. In the light
of the discoveries of the effects of secondary
magnetizations where they were taken as primary
in the upper Devonian and lower Carboniferous
rock record of Laurentia and northern Britain,
the same reanalysis is probably necessary for the
Siluro-Devonian poles. Nevertheless, the most
reliable palaeomagnetic data suggest such a
sinistral megashear in the mid-Devonian. Geo-
logical evidence for mid-Devonian sinistral
transcurrent faulting along the trend of the
proposed megashear can be found in Svalbard
(Harland 1969, 1984) and in the Gander Zone of
Newfoundland (Hanmer 1981). Farther S along
the Fredericton Trough only dextral motions
have been observed (Ludman & Morisi 1984).
However, these may be younger and, if super-
posed on earlier fabrics, may obscure the earlier
sense of motion.

The northward movement of Baltica appears
to have initiated convergence and subduction
along its northeastern margin in the western
Urals (Hamilton 1970). Some of the sinistral
megashear was taken up by convergence across
the Ligerian—Variscan orogens (Cogne & Lefort
1984) and possibly across a remnant Tornquist
(Fig. 1).
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Late Devonian—Permian

By the late Devonian, Pangea was close to being
assembled (Fig. 2) although subduction accom-
panied by dextral transcurrent faulting (Pique
1983, Francis 1988) and thrusting occurred in the
Moldanubian and N African volcanic arcs. After
final closure of Armorica against both Baltica
and Laurentia, the movement of Gondwana
became decoupled from that of Armorica and it
rotated and converged against Laurentia with
eastward obduction of the Mauritanide nappes.
In thelate Carboniferous and early Permian (Fig.
3) this motion of Gondwana with respect to
Euramerica created dextral shear in the Hercyn-
ides and westward-directed Alleghanian thrust-
ing in the central and southern Appalachians
(Arthaud & Matte 1977), accompanied by the
formation of foredeep clastic wedges (Thomas
1977). The direction of obduction suggests a
southeasterly-dipping subduction zone. The local
tectonic rotations documented for Meguma and
central Europe probably also occurred at this
time within the broad Hercynian orogenic belt.
The Suwanee basin of Florida was S of a
transform boundary and hence suffered little
deformation (Nelson ez al. 1985). Inthe Ouachitas
deposition of flysch preceded nappe emplacement
as the northern part of S America converged with
this S central part of Laurentia.

Concluding comments

The sequence of palaeocontinental reconstruc-
tions we propose for the late Silurian to Permian
time interval can be regarded as a rather
conservative tectonic framework for the evolu-
tion of the late Caledonian and Hercynian
orogenies. It involves a minimal number of
interacting continental elements and terranes,
and assumes the least amount of relative move-
ment consistent with a reasonable interpretation
of the best available palacomagnetic, as well as
tectonic and faunal, evidence. The relative
simplicity of the model also makes critical aspects
readily subject to test, especially by further
palaeomagnetic work. Further work in the ter-
ranes is necessary to document whether they were
separate from or closely associated with major
continents during the late Palaeozoic.

Our Devonian assembly model for the main
elements of Pangea differs from several recent
palacomagnetic models in several notable re-
spects. A critical difference is that major latitu-
dinal oceans had closed by the early to middle
Devonian producing the late Caledonian—Scan-
dian-Acadian-Ligerian = orogenic  events,
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whereas some previous interpretations infer the
existence of an ocean several thousand kilometres
wide separating Euramerica and Gondwanaeven
later in the Devonian (Kent 1982, Van der Voo
1982). The suggested absence of this wide
Devonian ocean allows Armorica to remain
closely associated with Gondwana throughout
the Palaeozoic.

However, a latitudinal offset between Lauren-
tia on the western side and Armorica—Avalon
and Baltica on the eastern side is required to
explain the late Silurian—early Devonian palaeo-
magnetic poles (Morris 1976). Until very recently
the best available evidence pointed to a Carbon-
iferous age for motion on a sinistral megashear
between eastern and western Euramerica. New
palaeomagnetic data from Laurentia (Irving &
Strong 1984, Kent & Opdyke 1985) now show
that there is no major offset in the early
Carboniferous and cast serious doubt on its
reality for the late Devonian (Irving & Strong

1985, Miller & Kent 1885). Instead, major
sinistral motion most probably occurred much
earlierinthe Devonian. The Variscan—Hercynian
and Alleghanian orogenies are then apparently
due to predominantly dextral shear and E-W
closure respectively as Africa—S America rotated
westward with respect to Euramerica. The pa-
laeomagnetic signature of this culminating phase
of tectonic activity seems to be minor because
relative motion occurred predominantly along
lines of latitude or about local vertical axes, while
Pangea as a whole migrated northward.
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Note added in proof

Since this paper was presented in Glasgow in
September 1984, and revised copy accepted for
publication in January 1986, new data have
become available that in some cases do, but in
other cases do not, support the tectonic syntheses
presented here. New palacomagnetic results from
Lower Devonian redbeds in the Appalachians
place America approximately 15° farther south
than shown in Fig. 1, reducing the latitudinal
offset between N America onone side and Baltica
as well as Armorica on the other; thus a Pangea
B-like assembly may have been approached by
early Devonian time with northwestern S Amer-
ica against eastern N America (Miller & Kent
1987), similar to the configuration suggested

previously by McKerrow & Ziegler (1972),
Keppie (1977) and Morel & Irving (1978). For
the late Devonian, the secondary nature of the
magnetizations originally reported from the Up-
per Devonian Catskill redbeds has been con-
firmed (Miller & Kent 1986a, b). Nevertheless,
palacomagnetic results from Upper Devonian
rocks from western Australia strongly suggest
that a wide ocean existed between Gondwana
and Euramerica in the late Devonian (Hurley &
Van der Voo 1987); thus Fig.2 refers more
appropriately only to the early Carboniferous.
Taken at face value, the palacomagnetic evidence
would now seem to suggest that the Devonian
encompassed an interval of ocean closure fol-
lowed by opening between Gondwana and
Euramerica.
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