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definition of the Ordovician it was the conodonts, not the
graptolites, that were chosen as the primary reference
(Norford 1988). The place of the graptolite Rhabdinopora
(formerly Dictyonema) flabelliformis, the first planktic
graptolite, had been usurped by a modest but widespread
conodont of the genus Cordylodus. It is interesting that the
same kind of idealism has been claimed with regard to
conodonts as stratigraphical indicators as has been applied
to graptolites: they are not subject to diachronism, they are
planktic, and so on.

Reconciling the biological and geological approaches

Graptolites are now known in more detail than Lapworth
could have imagined. Ultrastructural studies (Crowther
1981) have revealed even the fabric of their construction, at
magnifications measured in thousands. Isolated material

Fig. 2. The fully anatomized graptolite
skeleton (left) (courtesy of P. R.
Crowther) compared with the drawings
used in Elles & Wood’s monograph
(right) of the genus Climacograptus
(sensu lato), showing the difference
between the preservation commonly
encountered in the field and that used
for palaeobiological studies.

has now been described from many additional parts of the
geological column (Cooper & Fortey 1982; Williams &
Stevens 1987; Mitchell 1987). The knowledge of graptolite
fine structure is now being fed back to the interpretation of
the specimens on the rock. This has the positive effect of
reconciling the morphological and the stratigraphical
approach to the study of specimens with mutual benefit for
both biostratigraphy and palaeobiology. The tell-tale
signature of a complex thecal structure may be preserved
even in the most recalcitrant of graptolite shales. The
negative aspect, if it can be so described, is that the simple
approach using the ‘great book’, armed with which any
stratigraphic problem could be solved, applies no more. The
straightforward, and somewhat idealistic, phase of research
which Lapworth initiated has passed.

Thus it is that apparently arcane work on the
ultrastructure, or colony development of graptolite colonies
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has now contributed to problems of practical stratigraphy.
This has, if anything, only re-emphasized that graptolites are
superb fossils for stratigraphic correlation; many apparent
anomalies in ranges have been resolved thanks to new
knowledge of fine structure. To cite one example, there was
an apparent mismatch in age between Ordovician
Didymograptus bifidus Zone of Europe and North America
as determined using ‘tuning fork’ graptolites, the latter
apparently being older than the former. Studies on isolated
material revealed, within the first millimetre of the colony,
such differences in structure as to show that there was no
likely close relationship between these ‘tuning forks’ on
either side of the Atlantic. On the other hand, genuinely
reliable, widespread species were identified among other
groups of graptolites (such as isograptids). It is becoming
clear that there are some geographically restricted
graptolites, including many of those that belonged to shelf
biotopes, but it is also true that there were many genuinely
pandemic taxa, even at times of high ‘provinciality’
elsewhere (Cooper et al. 1991).

Biozones modified, and the resurgence of graptolites

The methods of graphical correlation have refined zonal
usage, by using all the range data for fossils, especially first
and last appearances of species, rather than ‘lumping’ them
by zone (Shaw 1964; Edwards 1984). Conodonts were
subjected to this method, yielding results that added to their
lustre as correlation tools (Sweet 1984), with a five-fold
increase in precision within a single craton. This method
does not, of course, ‘invalidate’ zones, which remain
valuable as a common language for international correla-
tion, and are the appropriate level of resolution for many
problems. Recent graphical correlations using graptolite
range data (Cooper & Lindholm 1990) show that they are
equally capable of refining the timescale.

During the century or more after the publication of
Lapworth’s Moffat Series paper, the graptolites have been
subject to several surges in biostratigraphic popularity. Now
their peculiar virtues are respected alongside those of
conodonts. Graptolites extended into oceanic deposits. They
included species which were exceptionally pandemic in
distribution, even at times when other elements in the fossil
faunas were endemic (Fortey & Mellish 1992). Conodonts
can both complement graptolites, and extend into limestone
facies where they are absent. Correlation between zonal
schemes based on these different organisms is becoming
more secure (Bergstom 1986).

The complete rehabilitation of graptolites as biostrat-
igraphic tools received its official imprimatur with the
selection, in May 1985, of the graptolitic section at Dob’s
Linn as the base of the Silurian System, and hence the top
of the Ordovician System (Cocks & Rickards 1988). This
was at an horizon (based on the acuminatus Zone) only a
part zone away from its original definition. Lapworth would
no doubt have been delighted.

The durability of biostratigraphic data compared
with contingency of structural and palaeogeographic
inference

‘Those who accepted the theory of the Llandeilo age of the

dark shales and greywackes of the south of Scotland, and
attempted to correlate them with their supposed equivalents

on the south of the Solway, have frequently expressed their
astonishment that the Scottish deposits, which must have
been laid down in a sea in some places less than 30 miles
distant from the volcanic area of the Lake-district, yet
showed no trace whatever of contemporaneous igneous
action, whether in the form of trap-dyke, lava flow, or bed
of volcanic ash.” (Lapworth 1878, p. 342) [Lapworth goes on
to suggest that they may actually be of somewhat different
ages).

‘Nor is this extraordinary north-westerly attenuation of
the Lower Silurian rocks a phenomenon exclusively confined
to Britain. On the contrary it is one of the most striking
features of the Lower Silurians of Europe in general.” (p.
339).

‘After undergoing innumerable repetitions among the
desolate wilds of Eskdalemuir, in the contorted and inverted
attitudes of their equivalents in the Moffatt area, the beds of
this great group gradually roll over to the southward. . .” (p.
342).

‘The Girvan district is here regarded as a distinct and
separate area.” (footnote to p. 341).

The four quotations just given relate to aspects of
geology other than the detailed biostratigraphic exploration
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Fig. 3. The shifting Palacogeography of the Moffat area. (a) A late
‘geosynclinal’ model taken from A. Williams (1969) (b) A
representative ‘lapetus’ model (after Cocks et al. 1980). Later
models (e.g. Ingham in Cope et al. & 1992) introduce many more
terranes. Compare these historically contingent models with Fig. 1.


http://mem.lyellcollection.org/

Downloaded from http://mem.lyellcollection.org/ at Massachusetts I nstitute of Technology on September 21,

2019

08 R. A. FORTEY

of the Moffat area itself and its succession of graptolites
zones. They are all made with Lapworth’s characteristic
assertiveness, and the contemporary reader might well have
accepted all these statements as just as true as the others
relating to biostratigraphy. With the wisdom of hindsight it
is clear that there are different ways to interpret all four of
the statements today. In contrast, as we have seen, the
biostratigraphic scheme proposed by Lapworth survives as
‘ground truth’ in its essentials.

This point about the durability of biostratigraphic results
is an important one, because, in the perception of some
geologists, biostratigraphy is sometimes seen as a rather
routine procedure by comparison with the grander science
of structural deduction or palaeogeography. Possibly, it is
perceived that the conceptual breakthrough was made by
Lapworth, so that all that follows is in a sense, ‘fine tuning’.
What the biostratigrapher deals with is not so much
falsification of rival hypotheses, the definitive mode of
scientific reasoning described by Karl Popper, as progressive
refinement of what is already known. The detailed revision
of the late Ordovician to earliest Silurian part of Lapworth’s
sequence in Dob’s Linn carried out by S. H. Williams
(1982a, b, 1983) is central to the current meaning and
correlation of biozones, for all that the techniques employed
are the classical ones of bed-by-bed collecting and
description. An internationally acceptable and recognizable
base to the Silurian System depends on such meticulous
biostratigraphy.

Changes in regional palaeogeographic setting

The concept of ‘extraordinary northwestern attenuation’ of
Ordovician and Silurian was an idea that was quickly
falsified. For all Lapworth’s disclaimer (in the footnote) that
Girvan was a completely separate area, it was apparent that
there was a great thickness of sediments there which
included time equivalents of the Moffat succession (Williams
1962). Far from being a separate area, this Girvan-to-Moffat
change became a textbook example of regional facies and
thickness variation (Fig. 4), and was promulgated as such
through the numerous editions of Wells & Kirkaldy’s
textbook of historical geology. The second ‘attenuation’ to
which Lapworth referred was the succession in Scandinavia
and the Russian Platform, which is indeed similarly
condensed to that at Moffat, but would now be interpreted
as part of a separate palaeocontinent, and truly decoupled
from the Southern Uplands.

Of Lapworth’s original statements with regard to
sediment distribution, probably the only one which survives
unmodified is the idea that ‘these strata must have been laid
down in an area removed in some way from the irregular
and disturbing influences of river-deposits and current
action. . .”. Lapworth himself would have regarded this
depositional setting as part of the general, northwesterly
attenuation of ‘Silurian’ sequences across Europe.

There have been some profound changes since then.
Once the contrast with Girvan was established, the Moffat
area was recognized as being far removed from sediment
sources which, under this interpretation, then lay rather to
the north; this, coupled with the notion of crustal shortening
represented by the regional isoclinal folding, permitted the
problem of distance to be resolved. What is a comparatively
short distance today was much greater at the time of
deposition of the rocks. This view of the palaeogeographic
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Fig. 4. Changing palacogeography of the Moffat area. (a) A sketch
of Lapworth’s view, accepting the northwesterly attenuation of
‘Silurian’ rocks across Europe (b) the ‘textbook’ example of facies
change between Girvan and Moffat taken from the last edition of
Wells and Kirkaldy’s Outline of Historical Geology (1966).

place of the Moffat area persisted through two thirds of the
present century, which might be termed the ‘geosynclinal
period’: Moffat was an example par excellence of an early
Palaeozoic starved geosyncline. As appropriate, Moffat was
incorporated into Marshall Kay’s (1951) monumental, if
baroque, apotheosis of the geosyncline. Possibly the last
appearance of the Southern Uplands in this vein was in A.
Williams’ (1969) review of brachiopod distributions. Current
systems within the geosynclinal system were invoked to
explain features of Ordovician brachiopod distribution,
which included faunas extending from Girvan into
Scandinavia. But the palaeogeography was, essentially,
present-day geography with added geosynclines.

The ‘post-geosynclinal’ period stems from the recogni-
tion of the vanished ocean Iapetus (Wilson 1966) and,
subsequently, a mid-European oceanic tract termed
Tornquist’s Sea by Cocks & Fortey (1982). This change in
narrative, whereby the principles of plate tectonics could be
applied to the classic Caledonides, is now so familiar as not
to require elaboration here. It solved, at a stroke, the
dilemma of the profound differences between the Lake
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District and the Southern Uplands ‘in some places less than
thirty miles distant” which Lapworth had remarked (above).
It provided a rationale for the differences between the
Girvan district and Moffat, and an explanation for the suite
of rocks at Ballantrae, so different from their contem-
poraries around Skiddaw. The introduction of terranes has
allowed a further degree of freedom, and one that has
directly affected the Moffat area. As this is written, the Atlas
of Palaeogeography and Lithofacies has just been published
by the Geological Society, and there (Ingham in Cope et al.
1992) Moffat will be found ‘floating’, rather uncertainly, as
an oceanic terrane within Iapetus, and outboard of other
terranes, carrying the legend ‘relative position not known’.

Changes in structural interpretation

One might repeat a similar history of change with regard to
structural interpretation, but the briefest summary will
demonstrate the point. Lapworth’s demonstration of
isoclinal folding, often with an inverted limb, at the local
level, became a pervasive structural model at the regional
level, much employed by Peach and Horne, and other
distinguished surveyors. After the introduction of plate
tectonic interpretations, the hypothesis that the Southern
Uplands comprised part of an accretionary prism (Leggett et
al. 1979) emphasized the importance of regional thrusting in
dividing the Uplands into different tectono-stratigraphic
units. This intrepretation has itself not been without
controversy, and the structure of the Southern Uplands is
still under debate, although the terms of the debate are now
invariably conducted with reference to plate tectonic
models. Thus there have thus been several shifts in
interpretation as was the case with the sedimentary setting.

Comparative durability of biostratigraphy

There is no reason to suspect that the question of the site of
deposition of the Moffat Series has been definitively settled.
Paradoxically, its position is now so freed from constraints
that it could have been located practically anywhere
outboard of Laurentia. The re-interpretations of the
structure of the Southern Uplands continue. As has been
shown, the scientific method has offered change and change
again since Lapworth’s paper was published, depending
upon which paradigm (structural, tectonic or sedimentologi-
cal) was current at the time, and it cannot be supposed that
this revisionary process has now stopped. Compared with
these periodic conceptual fluxes, the biostratigraphy has
been extraordinarily enduring. There have been certain
changes to the nomenclature of the graptolites, which can be
the cause of justifiable irritation to the non-specialist, as well
as new discoveries and changes in the stratigraphic ranges of
species. The addition of the extraordinarius Zone near the
end of the Ordovician is possibly the most important change
to Lapworth’s sequence (Williams 1983), but even in this
case the characteristic fauna is both improverished, and
confined to a single band at Dob’s Linn.

It should not be claimed that Lapworth’s biostratigraphic
science is in some sense ‘better’ than his structural science,
on account of its comparative durability. But the capacity of
good biostratigraphic schemes to evade subsequent falsifica-
tion is assuredly one of the achievements of this branch of
geology. In the field, a zonal scheme has to run the gauntlet
of being potentially falsified by every sequence subsequently

collected which spans the same time interval. The modern
versions of Lapworth’s scheme have now been tested in this
say in numerous localities around the world (Cocks &
Rickards 1988), including China, USSR, Australia and the
Americas; the sequence of species which appear in these
sections is very similar. If anything, one might say that the
biostratigraphic science contrasts with the tectonic, because
the latter has been through several revisions, as earlier ideas
have become falsified, often in the context of new theory. In
truth, biostratigraphy acts as an independent monitor of
tectonic theory, and both should collaborate in the
generation of robust hypotheses; this, of course, is precisely
the way Lapworth proceeded.

The divorce of rock and fossils: end of a marriage
of convenience or dissolution of a natural
partnership?

‘.. .black rock showing the peculiar variegated lines of the
M. gregarius Zone, and affording M. tenuis, C. scalaris, and
other of its commoner fossils. . .” (p. 266).

‘...we notice with much interest the extraordinary
‘Clingani’ band of our typical section. It is here nearly a foot
in thickness, and is crowded with well-preserved examples
of Monograptus Clingani (Carr.) and M. Ileptotheca
(Lapw.).” (p. 271).

Lapworth (1878) was able to describe the details of field
relationships of rocks and fossils in a minute and leisurely
way which would not be permitted in a modern journal.
These intimate descriptions reveal how Lapworth conceived
his zones, and how he was able to trace his shale ‘bands’
across the intensely folded country.

Time and again the reader will be struck by the way
Lapworth described the lithological details and the fossils
together, an intimate association used in an almost forensic
examination of the structure in the field. Although the
fossils are dubbed with Latin names they are, in truth, little
more than complex lithological signals. Their state of
preservation, crowding and colour are mentioned along with
their names. They are deployed in conjunction with other
stratigraphical signals, such as peculiar colours produced by
weathering, or the stripiness of shale beds. In contrast,
evolution is hardly mentioned; I can find only one
suggestion that one species might be ancestral to another in
the paper. Lapworth did not neglect the biological aspects of
graptolites (Lapworth 1897), but at this earlier stage in his
career he seems to have regarded them primarily as
geological indicators.

To Lapworth, therefore, biostratigraphy was not
divorced from lithostratigraphy; rather, the fossils were an
intimate part of the whole aspect of the rock available for
correlation purposes. The fossils were regarded almost as
part of the lithology.

The recognition of a distinction between chrono-, litho-
and biostratigraphy has been one of the important changes
to stratigraphic practice within the last half century. It would
be difficult to leave out this consideration from a discussion
of Lapworth’s achievements. The major formational names
used by Lapworth: Glenkiln, Birkhill and Hartfell, survive
into modern usage. As originally proposed, the ‘Barren
Mudstones’ had the status of an ‘interzone’ towards what is
now the top of the Ordovician (Fig. 1), a rock interval which
was listed amidst the formally recognized zones. Lapworth’s
notebooks (see S. H. Williams in Cocks & Rickards 1988,
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Fig. 5. A modern interpretation of part of the section studied by Lapworth, after Williams (in Cocks & Rickards 1988, fig. 5), showing the
‘range bar’ convention applied to a confacial, but not completely continuously fossiliferous section.

fig. 1) show another, unfossiliferous ‘Belcraig Shale’
sandwiched between the linearis and anceps zones, and
given equal status to these zones. In-these cases, thickness
of rock was taken as a surrogate for time, even in the
absence of fossils. The chrono-, bio- and litho aspects were
thoroughly intertwined.

The ‘unpicking’ of these various concepts has resulted in
greater clarity for biostratigraphy; the ranges of fossil taxa
are now routinely shown as vertical bars extending upwards
through the section; see, for example, the graptolite ranges
shown through the Ordovician—Silurian boundary interval at
Dob’s Linn, Fig. 5 in Williams’ paper. We are so used to
seeing biostratigraphic data presented in this way that it is
possible to forget that it is a convention, and one which
conceals data which were of importance to Charles
Lapworth. I identify two consequences which have not
always been to the advantage of biostratigraphers.

The ideal section

One consequence of the separation of the discipline of
biostratigraphy has been an ambiguous achievement. This
has been the spread of an idea of the ideal biostratigraphic
section, a kind of platonic rock section equipped with
perfect properties for international correlation: continuous,
confacial and conformable, fossiliferous throughout, yet

with cryptic breaks minimized, replete with fossils of several
groups, which are arranged in evolutionary series.
Furthermore, such sections have an horizon suitable for
hammering in a ‘golden spike’ for the base of a
chronostratigraphic interval to immediate international
satisfaction. Such sections rarely, if ever, exist in nature.
Yet their pursuit has been one of the motivating forces
behind various Working Groups of the International
Geological Correlation Programme. It is curious to find such
an idealistic concept holding sway in the geological sciences,
which are so generally pragmatic. The importance of sound
criteria for international correlation is not to be gainsaid,
but this is, perhaps, a different matter from the relentless
pursuit of a perfect section which is likely to prove a
chimera. This is probably why the definition of the
Cambrian—Ordovician has remained undecided after more
than 15 years of intense work and debate (Norford 1990).
The intensity of argument increases as smaller and smaller
flaws are examined, and this is not surprising because the
ultimate level of focus is upon such minutiae as subjective
and minor taxonomic disagreements, where specialists are
notoriously combative. To those outside these debates, the
arguments must seem as esoteric as the medieval disputes as
to how many angels could dance upon the head of a pin.
For the definition of major boundaries, such as the base
of a System, the chances of finding an ideal horizon in an
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ideal section are still further slimmed by the fact that most
boundaries were placed originally, and with good reason, at
some important event in world history, thus generating
precisely the circumstances under which ideal sections are
likely to become corrupted by the sticky stuff of history. The
odds are stacked against the existence of the ideal section.
The end of the Ordovician, which is recorded in the Moffat
Series, coincides with the major Hirnantian glaciation at the
end of the Ordovician (Beuf ef al. 1971) and is thus a case in
point. Shelf sections spanning the Ordovician-Silurian
boundary are invariably dramatically affected by this event,
and it is unlikely that even the offshore palacogeographic
site at Moffat escaped its influence. Virtually every other
Palaeozoic system and series boundary carries with it some
eustatic or other event which affects the likelihood
continuous confacial fossil faunas.

Loss of information on rock-fossil interactions

The range-bar convention in biostratigraphy may serve to
deflect attention from some of those features which
Lapworth so keenly observed, relating to the occurrence
and lithological association of fossil material. At its worst,
this dissociation means that the biostratigrapher is called in
as a consultant to provide his determinations on isolated
specimens, often without regard to any circumstances of
field occurrence, essentially as a kind of technician. The
biostratigrapher’s job might be in danger of becoming no
more than the provision of an inventory of names which can
be added to other criteria (e.g. isotopes, trace elements) for
synthesis. But details of field occurrence do contribute both
to stratigraphy and to the biological knowledge of the fossils
themselves. For example, the ‘barren beds’ in the Moffat
succession are  not merely inconvenient gaps in the fossil
narrative, but reflected both ash from distant volcanoes and
oceanic conditions at a time of climatic crisis, which was also
one of the major turning points in graptolite evolutionary
history. Equally, the complanatus or clingani ‘bands’ are
likely to have had more significance than just being a part of
the range of their respective species. Perhaps, now that the
conceptual framework of biostratigraphy has been
sufficiently clarified, the time has come to go back to
Lapworth, and examine further the interactions between
bio- and lithostratigraphy. The application of sequence
stratigraphy to fossil bearing sequences has done this to
some extent, although the ‘ideal sequence’ is potentially as
intransigent a taskmaster as the 'ideal’ section. Nonetheless,
there is reason to suppose that the Ordovician—Silurian
sequence in all its detail will be related to climatic and
oceanographic events of which Charles Lapworth had little
conception.

The way forward

The stratigraphic endeavour started by Lapworth has, in a
sense, come full circle. The biostratigraphy he initiated has
survived, with additional refinement. These modifications
have been introduced progressively over the last century,
rather than being initiated by a profound change in
conceptual framework, as has been the case with the
structural and palaecogeographical views of the Southern
Uplands. Now once again the intimate association between
rocks and the fossils they contain, to which Lapworth
devoted much scrutiny, is being re-examined to produce a

fleshed-out historical narrative of events in the heart of the
Palaeozoic.

Now that biostratigraphy has established itself as a
discipline in its own right, it has taken a lesson from Charles
Lapworth in applying its unique precision to wider
geological problems. But this does not signal the end of the
need for more and detailed study of classical rock and fossil
sequences. Just because the principles of biostratigraphy
have a long pedigree it does not diminish the need for their
continued exercise.

I thank L. R. M. Cocks who read and improved the manuscript, and
P. R. Crowther and S. H. Williams who allowed me to use their
graptolite illustrations.
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InTRODUCTION,

§ L. General characters of the Lower Silurian Rocks of the south of
Seotland.

No single geographical region in Britain is more clearly defined
physically than the broad tableland known as the Southern High-
lands or Uplands of Scotland. Cut off abruptly from the north of
England by the shallow inlet of the Solway and the mountain-wall
of the Cheviots, and from the main mass of Scotland by the great
central valley of Lanark and Midlothian, it stretches like a vast
zone across the entire breadth of the island from sea to sea. Occa-
sionally some of its higher points are sufficiently grouped together
to be classed popularly under a common title, such as the Moorfoots,
Lowthers, and Lammermuirs ; but the region, as a whole, may best
be described as a rolling sea of broad rounded hills and deep narrow
valleys. The only level spots occur along the banks of its few really
important rivers, where their lower valleys expand into the long
fertile reaches of which the Merse, Nithsdale, and Annandale are
the most familiar examples. The more elevated areas, which rarely
exceed 2000 feet in height, show here and there strips of peat moss
or heathery moor-land. Nowhere, however, do we meet with the
crag, cliff, and rocky ground of the Northern Highlands, but hill
and dale are clothed alike in a universal mantle of soft green turf.
The district is consequently preeminently pastoral, agriculture being
almost entirely restricted to the low-lying, open dales.
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