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BACKGROUND 
What happens at plate boundaries where tectonic 
plates diverge, converge and slide past each other? 
In essence such questions aim to explain how the 
Earth's crust is pulled apart, squashed and sheared 
to form mountain belts and their collapsed 
remnants. 

An important goal is to relate the detailed 
structure of extant and extinct plate boundary 
zones to present and past relative plate motion. 
Caught within such zones are relatively small 
pieces of crust, broken off from their parent bodies 
and caught at the margins of the main plates. These 
pieces, terranes, are typically several kilometres to 
tens of kilometres across. Subsequent plate 
tectonic movements distort the terrane 
configurations yet facilitate the whole process of 
crustal movement. 

The implication of this process is that parts of 
the crust, terranes at least, do not necessarily keep 
the same orientation with respect to their 
neighbours through geological time. Indeed 
movement, lateral and rotational, should be 
expected. This creates profound difficulties for 
unravelling the structural evolution of an area, with 
implications for the likely success (or not!) of 
being able to predict occurrence of hidden 
geological units in situations of relatively poor or 
discontinuous exposure, which would now appear 
to be the norm. 

To understand how terranes behave, and the 
consequences for unravelling the structure of 

specific areas which were once at or close to plate 
boundaries, involves study of rock fabric 
evolution, block rotation and deformation. 

Within the Marches it is believed there are 
ancient plate boundaries and hidden within these 
are new facts to be discovered and theories to be 
evolved to help explain “the ground beneath our 
feet”. 

TERRANE EVOLUTION IN GENERAL 
The general explanation of plate tectonics is well 
known (e.g. Toghill, 2000), but the detailed 
evolution of plate boundaries, particularly where 
plates slide past each other, is only now beginning 
to be understood (Dewey, 1982). 

Significant advances have been made in this 
regard based on studies in Nevada and California 
west of the “706” line (where lead isotope ages 
suddenly change), effectively on ancient 
continental edge crust, where the Pacific and North 
American plates are sliding past each other (Figure 
1). The topography is revealing accommodation 
structures which reflect the underlying tectonics, 
notably in the Transverse Ranges (lower centre of 
map, with WNW-ESE trend contrasting with the 
more general NNW-SSE trend of the main fault 
zone and its associated relief) where the San 
Andreas fault system has become offset along the 
Salinian Block to the west and is now generating a 
new fault system to the east as it attempts to 
unblock the misalignment of plate boundaries in 
the crust. This reveals how block rotation and 
deformation in transtension (oblique extension) 
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and transpression (oblique shortening) are 
mimicked by surface relief, as terranes develop to 
accommodate the ongoing plate movement. 

It would appear that relatively small plate 
fragments (“terranes”) become detached and 
subsequently may rotate as well as become 
displaced, perhaps considerable distances 
(hundreds, even thousands, of kilometres) from 
their original positions. 

Extending the concept to study of the tectonics 
along sliding plate margins in SE Asia is further 
facilitating the modelling by use of movement 
vectors. Here the oceanic crust is dated in detail 
and lies oblique to the continental crust to the west. 
This has facilitated the construction of movement 
vectors on both plates (Figure 2) from which 
future movements can be predicted (for example, 
45 million years hence, as shown in Figure 3). 

Such studies are showing that break-up into 
relatively small terranes occurs. This appears to be 
normal for strike-slip plate boundaries. 
Furthermore, terrane rotation seems to be as 
characteristic as lateral movement, and sometimes 
considerable displacement can occur. 

 
Figure 1.  Earthquake map of California and Nevada, 
showing the WNW-ESE trending mountains of the 
Transverse Ranges due to transpression along the plate 
boundary, contrasting with the more general NNW-SSE 
regional trend of the strike-slip motion along the San 
Andreas. © Copyright 1994 Seismological Society of 
America 

 
Figure 2.  Movement vectors for the present day 
distribution of plates in SE Asia; figures are in mm of 
movement per year and indicate direction of movement. 
Australia is in the lower part of the map and Japan at the 
top. © Copyright 2006 John Dewey 
 

 
Figure 3.  Movement vectors and likely plate distribution 
in SE Asia 45 million years hence. Australia is predicted 
to have moved northwards relative to the Asian plate 
producing a terrane structure comparable in scale and 
character with areas such as the Appalachians and the 
Grampians of the present day, and arguably the Welsh 
Marches of the Palaeozoic. © Copyright 2006 John 
Dewey 
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Not only does terrane formation characterise 
present-day plate tectonics, but it is now believed 
to have done so in the past as well. Indeed, it now 
appears as though such fragmentary structural 
units may well characterise the Late Precambrian 
and Ordovician structure of the Welsh Marches, 
South Shropshire in particular (Woodcock & 
Gibbons, 1988). Thus the Longmynd (Figure 4) 
and the Shelve inliers are both considered to be 
individual terranes, influenced by significant 
lateral movement of adjacent tectonic plates. This 
concept has been explored in considerable detail 
by Woodcock (1987; 1988), but the mechanisms 
and consequences are still poorly understood, and 
unequivocal data supporting the hypothesis is 
lacking. 
 

 
Figure 4.  Tectonic setting of the Late Precambrian 
Longmyndian. © Copyright 2006 Peter Toghill 

TERRANE EVOLUTION IN THE WELSH 
MARCHES 

The detailed geology of the Marches is explained 
elsewhere (Toghill, this volume), wherein linear 
tracts of upland are characteristic (Figure 5). Its 
tectonic evolution reached a climax in the 
Caledonian, which took place in the early 
Devonian (Figure 6). Much of the crustal structure 
dictating the faults and folds observable today 
have their origins at this time (Figure 7) (Fitches & 
Woodcock, 1987). 

 
Figure 5.  Looking north along the Stretton Valley, along 
the outcrop of the Church Stretton Fault zone (at the base 
of the line of hills comprised of stronger late Precambrian 
rocks). © Copyright 2006 Andrew Jenkinson 
 

 
Figure 6.  Tectonic fabric of the Caledonides, UK and 
(inset) across North America and Northern Europe. © 
Copyright 2007 John Dewey 
 
This leads to a hypothesis that the Marches in 
general, and Shropshire in particular, may well 
have been assembled in a rather complex way. It is 
likely that earlier weaknesses and discontinuities in 
the crust, especially around former plate 
boundaries, have helped create smaller blocks 
which have moved somewhat independently, 
especially around the boundaries of the larger 
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crustal units. In turn, the plate configuration, 
including its associated terranes, has subsequently 
determined the character of younger geological 
materials deposited upon them or intruded within 
them. Thereby the terranes have asserted a 
fundamental control on more recent sedimentation 
and structural evolution. 

In such a manner the Late Precambrian of 
Shropshire, now seen as small enigmatic outcrops 
of metamorphosed rocks such as the Primrose Hill 
Gneiss and the Rushton Schist to the east of 
Shrewsbury, may actually comprise a series of 
terranes, of which the Longmynd may be a rather 
larger example and Caer Caradoc a rather smaller 
one. These in turn have come to dominate the 
subsequent Lower Palaeozoic tectonic behaviour 
of the region. 

Evidence has been the painstakingly detailed 
mapping undertaken by local geologists such as 
Edgar Cobbold in the Stretton Hills (1927; 1934) 
(Figure 8) and Walter Whittard in the Shelve and 
Breidden hills (1932). This formed the mapping 
framework for the seminal work by Ziegler et al. 
(1968) who recognised the increasing water depth 
to the west during Lower Silurian times (Figure 9). 
This effectively enabled a reconstruction of 
continental margins through Phanerozoic time 
(Figure 10) (McKerrow & Cocks, 1986) and its 
relation to the plate tectonics of the period (Figure 
11) (Woodcock, 1990; Dewey & Strachan, 
2003). Could this mapping also have revealed a 
classic example of tectonic terrane units? 

 
Figure 7.  The exposed near-surface crustal structure of 
Shropshire; note that some apparently unconnected 
structures may be part of the same feature but their 
connection is obscured by cover of younger rocks. © 
Copyright 2006 Peter Toghill 
 

 

 
Figure 8.  Cobbold’s detailed geological map of the area to the east of Caer Caradoc and across to Comley, taken from Plate XLIII 
of the Quarterly Journal of the Geological Society, volume 83 (1927) © Copyright Geological Society of London. Could this 
mapping have revealed a classic example of tectonic terrane units? 
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Figure 9.  Reconstruction of the Early Silurian continental 
margin within Wales and the Welsh Marches utilising 
brachiopod communities, based on Ziegler et al. (1968). 
 

 
Figure 10.  Reconstruction of continental margins within 
South Shropshire through the Ordovician, noting the 
location of the extensive tectonic discontinuities: the 
Pontesford-Linley Fault (PLF) and the Church Stretton 
Fault (CSF) © Copyright 2006 Peter Toghill 

 
Figure 11.  Plate tectonic evolution during the upper 
Lower Palaeozoic. © Copyright 2006 Peter Toghill 

TECTONIC EVIDENCE 
Since plate boundaries are defined by faults, it may 
seem as though the study of the structure holds the 
main key to understanding the evolution of the 
Earth’s crust. As with so many aspects of geology, 
this is only true in part. The main picture may be 
deduced in such a manner if the exposure is good 
and the near-surface geology representative of the 
ground being considered, helped by topographic 
expressions of the deformation occurring beneath, 
as is taking place at present in Nevada/California 
(Figure 1). 

However, cover rocks which unconformably 
overlie the ground of an age that contains the 
evidence of movement will inhibit examination. 
Subsequent metamorphism will provide another 
barrier, and vectors of movement will be almost 
impossible to detect (discussed further by Cocks, 
this volume), in particular rotation. 

What is needed is a linking sequence, whereby 
tectonic and sedimentological factors may be 
related through an unconformity sitting upon a 
terrane boundary. In essence, such a situation 
provides a youngest time for when the two earlier 
terranes could have become juxtaposed, i.e. 
corresponding to the age of the unconformity. 

The general setting of the Marches is on the 
western boundary of the Midlands Cratogenic 
block, established in Precambrian times, which 
appears to have remained internally stable 
throughout the Phanerozoic, and to have been dry 
land or only covered with shallow water. To the 
west lay the Welsh Geosyncline, a basin 
containing great thicknesses of sediment which 
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usually lay beneath sea level, and which 
throughout the Lower Palaeozoic had a 
complicated history on the margins of a major 
ocean (the Iapetus). 

Nevertheless the Marches do seem to contain 
some remarkably well preserved terranes. Their 
significance in relation to plate tectonics has been 
suspected for over a decade, for instance the 
Ordovician inliers of Shelve (Lynas, 1988), 
Pedwardine (Boynton & Holland, 1997), 
Stanner/Hanter (Woodcock, 1988) and Builth 
Wells (Woodcock, 1987). These trend north 
northeast to south southwest close to or bounded 
by the extensive Church Stretton, Pontesford-
Linley and Severn Valley Faults. However, their 
evolution is still uncertain, and it is somewhat 
surprising that such a complex configuration of 
crust should have remained at or close to ground 
level for such a long period of time, essentially 
continuously since the Palaeozoic (> 400 my). 

Movements of individual terranes may well 
have been substantial. Elsewhere in the UK 
evidence is emerging of movements of the order of 
hundreds of kilometres, quite consistent with the 
model predictions for SE Asia discussed earlier. 

Furthermore, the concept of terranes would not 
require the widespread extent of metamorphic 
basement which outcrops of schist and gneiss 
would otherwise imply, nor should concordance of 
their structural elements be expected. So, are faults 
such as Pontesford-Linley terrane boundaries? 

SEDIMENTOLOGICAL EVIDENCE 

The detailed timing of tectonic events is difficult 
without an excellently preserved fossil record. 
Radioactive dating is not sufficiently precise and, 
whereas palaeomagnetic inclination and 
declination may help, collection of cored samples 
and their analysis are expensive. An alternative 
approach may be possible in the presence of 
diverse lithologies. 

Study of the sedimentary record in the Marches 
shows sudden and considerable changes in 
thickness and lithology to either side of breaks 
such as the Pontesford-Linley Fault (Figure 12). 
Indeed, this particular fault possibly shows greater 
variation to either side than does any other in the 
region, indicative not only that it is a major 
tectonic structure but is possibly the most 
important one in the region, even more so than the 
visually more obvious Church Stretton Fault. 

 
Figure 12.  Contrasting Ordovician sequences west and 
east of the Pontesford-Linley Fault. Abbreviations refer to 
the various stratigraphical units explained in Toghill 
(2006), from which this diagram has been taken. © 
Copyright 2006 Peter Toghill 
 
With tectonic disturbance comes vertical 
movement, both elevation and subsidence. 
Elevation induces weathering and erosion. 
Subsequent tectonic deformation can tilt the 
existing rock sequence during this period, 
preserving that tilt if followed by subsidence and 
coverage by new sediment layers (so producing an 
angular unconformity). The Ercall provides an 
excellent example in central Shropshire (Figures 
13 and 14), but cannot provide a linking sequence 
since the Cambrian quartzite overlies only a single 
rock unit, the granophyre. 

 
Figure 13.  The unconformable contact between 
Precambrian intrusive igneous rock (left) and Cambrian 
quartzite (right) within Ercall Quarry. © Copyright 2006 
Andrew Jenkinson 
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Figure 14.  Cross-section through the Ercall showing the 
unconformity. © Copyright 2006 Peter Toghill 
 
However, although the minimum age of the 
tectonic disturbance can obviously be no younger 
than the age of the overlying rock unit, indeed of 
any soil horizon developed on the surface of the 
older rock beneath. Furthermore, such 
unconformities contain no evidence to date the 
actual period of the deformation. 

Unconformities are nevertheless very important 
features for geological interpretation. They 
represent clear, possibly long, breaks of geological 
time, provide readily mapped features enabling 
interpretation of the geological history, and are 
fundamental breaks in the integrity of the rock 
sequence, both stratigraphically and physically. 

As elevation induces weathering and erosion, 
so subsequent movement of the weathered 
products can transport them into areas of 
subsidence, where they may become preserved, on 
burial. Now, if the eroded products contain 
diagnostic components (a particular combination 
of heavy minerals, for example) then the sediments 
derived from such rocks will contain that same 
assemblage, provided transport has not altered the 
component or their proportions to an 
unrecognisable extent. This would provide an 
indication of provenance, i.e. where the source 
was. 

Thus the location of the source horizontally 
may be deduced from the spatial extent of the 
ground containing that characteristic mineral 
assemblage, at the time of erosion. The location of 
the source vertically may be deduced from the 
stratigraphy of the ground containing that 
characteristic mineral assemblage, at the time of 
erosion. The dating of the rock sequence is critical 
too, and evolution of diagnostic creatures 
preserved in the fossil record will be critical to the 
success of such an approach. Graptolites and 
ostracods would appear likely candidates in the 
Lower Palaeozoic of the Welsh Marches (Cocks & 
Fortey, 1982). 

However, the source rocks must be exposed for 
the mineral assemblages to be available for 
weathering and transport. If the outcrops are 
restricted, laterally and/or vertically, these can be 
used to fine tune the history of evolution of the 
sedimentation in the area. This will be particularly 
useful where a tectonic boundary intersects the 
locality, with contrasting lithologies either side. 
Mineral assemblages may thus be used to deduce 
sediment transport direction and provide a marker 
of the time that erosion was taking place. 

Where might suitable locations exist for such a 
coupled study of sedimentation and tectonics 
within the Marches? Promising sites would be 
where clastic (sandy) sediments occur in close 
proximity to major faults, such as occur close to 
the Stiperstones. Here the Ordovician Stiperstones 
Quartzite lies between the Mytton Flags above and 
the Shineton Shale Formation below. The 
Quartzite is an altered sandstone, but where did the 
sand grains come from? If they came from the 
other side of the Pontesford-Linley Fault, this 
could help facilitate elucidation of this important 
structural boundary during the Ordovician. 

How varied might the Ordovician surface 
geology have been? An indication comes from the 
nature of the pre-Ordovican landscape, which is 
thought to be essentially the same as the present-
day Late Precambrian outcrop, i.e. the 
Longmyndian (Figures 15 and 16). However, there 
is also evidence for two oceans nearby: the Iapetus 
to the west and the Rheic to the south, either of 
which could in turn influence sedimentation in the 
region. 

Are any linking sequences present? Referring 
again to Figure 12, the HEG (Hoar Edge Grit) does 
not exhibit any facies change or other 
sedimentological correlation with the Caradoc 
strata to the west of the Pontesford-Linley Fault. 

By contrast, the basal Silurian does show 
promise of yielding a linking sequence: the basal 
Llandovery with its demonstrable depth transitions 
established by the work of Ziegler et al. (1968). 
This may therefore yield a stratigraphic story 
which can be linked to the tectonic evolution of the 
area during the Silurian. Although the sediments in 
South Shropshire are largely calcareous, clastics 
predominate to the west and it is known from the 
work of, for example, Whitaker (1962), that these 
straddled a continental margin (Figure 17). Hence 
there is potential for discovering terrane 
boundaries active in the Ordovician or earliest 
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Silurian which have become preserved beneath the 
Llandovery unconformity: the mark of a classic 
linking sequence. 

The implication of the basal Llandovery being a 
linking sequence is that this early Silurian time 
would demonstrate an autochthonous sequence, 
perhaps the first true such sequence in South 
Shropshire, with sediment eroded from one area 
being transported across the region to be deposited 
elsewhere, both source and receptor having the 
same spatial relationship at the time of deposition 
as they do now, i.e. undisturbed by terrane 
tectonics. 

The detailed studies required to link terranes 
together will need to identify the linking 
sequences, by: 

1. Detailed detrital petrography, the main task 
being to identify the heavy minerals content 
of the arenites. This is essentially a forensic 
approach: using the heavy minerals to 
identify source provenance, i.e. the heavy 
minerals are acting as tracers which can be 
analysed when combined with quartz, 
feldspar and lithics on a ternary diagram. 

2. Dating the zircons, especially the doubly 
terminated volcanic zircons such as are 
known from the Wenlock – this will 
probably give a finer resolution than 
graptolite studies. 

3. Determining palaeomagnetic inclination and 
declination, revealing the latitude when 
intrusion occurred and an indication of 
subsequent rotation. 

4. Detailed mapping and analysis of small scale 
brittle structures, from a study of the 
orientation and sequence of joints, cracks, 
shear zones, etc.. These will indicate 
localised stress fields and thus the sense of 
motion on a small scale, and in turn identify 
plate/terrane motion. 

 

 
Figure 15.  Longmyndian in outcrop. © Copyright 2006 
Peter Toghill 
 

 
Figure 16.  Vertical cross-section A-B marked on Figure 
15. © Copyright 2006 Peter Toghill 
 

 
Figure 17.  The continental margin through South 
Shropshire during Late Silurian times. © Copyright 2006 
Peter Toghill 
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CONCLUSIONS 
The detailed structure of extant and extinct terranes 
has been considered in the context of relative plate 
motion, present and past. 

This has led to recognition that parts of the 
crust, terranes at least, do not necessarily keep the 
same orientation with respect to their neighbours. 
Indeed movement, laterally and rotational, should 
be expected. This creates profound difficulties for 
unravelling the structural evolution of an area, with 
implications for the likely success (or not!) of 
being able to predict occurrence of hidden 
geological units in situations of relatively poor or 
discontinuous exposure, which are the norm. 

What is needed is the identification of linking 
sequences, whereby terrane boundaries can be 
identified beneath an unconformity. 

Why should the general public be interested in 
this? Such work concerns fundamental questions 
of rock behaviour under varying pressures and 
temperature conditions; this basic research 
contributes to an understanding of geohazards, 
such as earthquakes and landslides. 

It is considered that within the Marches there 
are ancient plate boundaries, or at least the slivers 
of plate caught along their contact, and hidden 
within these are new facts to be discovered and 
theories to be evolved to help explain “the ground 
beneath our feet”. So how did these slivers come 
together, and when? 

This could mean that the Welsh Geosyncline 
has not always been juxtaposed with the Midlands 
Craton in their present configurations. Plate 
subduction took place prior to the Caledonian in 
the southern Iapetus Ocean in what is now central 
Wales, with implications for the sediments 
accumulated above. Of course, none of the Iapetus 
Ocean floor still exists since it has long been 
destroyed by subduction. Paleaomagnetic studies 
may shed light in due course. 

To elucidate these aspects will require not only 
consideration of the broad framework, which 
might be regarded as “armchair” geology 
supported by modelling and the physical sciences 
(geophysics and geochemistry, for example), but 
also detailed fieldwork based on the core aspects 
of geology per se (i.e. stratigraphy, palaeontology, 
petrology, mineralogy, structure, etc.) the 
importance of which are too often underrated in 
this era of the computer and the internet. 

The likely requirement is for large scale 
(1:10,000) mapping of faulted ground against 

which contrasting sediments are in close 
juxtaposition, supported by section measuring and 
sampling. The examination of the samples will 
require microscope study looking, in particular, for 
the heavy minerals and calculating their 
contributions to the overall composition. The aim 
will be to identify sources and likely times at 
which the source was productive, thereby 
providing time markers for the evolution of the 
terranes themselves. 
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