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An integrated micropalacontological investigation has been made of a ca.3km thick continuous sequence
of Devonian strata in north Devon (S.W. England), encompassing the Lynton Formation, Hangman Sandstone
Group, llfracombe Slates and Morte Slates. The sequence comprises interdigitated marine and non-marine
sediments of low greenschist metamorphic facies: fossils have previously been considered rare in this succession.

Low abundance, icriodid-dominated conodont faunas have been recovered from the Lynton Formation and
the Ilfracombe Slates: in total, 33 pectiniform conodont taxa are reported. Polygnathids are confined in their
recovery to the Ilfracombe Slates. Despite the uniformly low total organic carbon content of the rocks (0.1-
0.3%), diverse palynofloras have been isolated from the marine, or marine-influenced sediments. Initial problems

of the oxidation and temporary stability of opaque phytoclasts were overcome, and assemblages found to be
dominated by well preserved, terrestrially-derived organic matter, comprising miospores, tetrads, and wood.

Acritarchs, chitinozoa and scolecodonts are infrequent. Over 130 species of miospore are described, in addition
to 29 acritarch taxa, 11 forms of chitinozoa, and a diverse suite of scolecodont and wood morphotypes. The
influence of reworking proved difficult to assess, due to the low yields and generally good preservation of the
material.

Age determinations are based largely on the miospore assemblages, although conodonts provide independent
corroborative evidence. The palynostratigraphy established for north Devon 1s compared with the zonal schemes
of Richardson & McGregor (1986) and Streel et al., (1987). Based on miospore data, the Lynton Formation is
interpreted as no older than latest Emsian in age, with the uppermost horizons and overlying Hollowbrook
Formation of possibly earliest Eifelian age. Conodont faunas recovered from the isolated, inland section at
Watersmeet (of uncertain stratigraphic position, but ?located within the lower third of the exposed Lynton
Formation), are of early Eifelian aspect. The nonmarine Trentishoe Formation and the majority of the Rawns
Formation proved barren. The sediments of the upper Hangman Sandstone Group yielded comparatively
abundant, diverse miospore assemblages of ?mid-late Eifelian age. The overlying lower Ilfracombe Slates are
interpreted as earliest Givetian in age. Conodont faunas recovered from the Rillage, Holey, Combe Martin Beach
and David’s Stone Limestone Members are indicative of the Lower/Middle varcus conodont Subzones (®mid
Givetian). The upper Combe Martin Slates are considered late Givetian in age, with the conformably overlying
Kentisbury Slates attributable to the Frasnian Stage. A marked depletion in the miospore assemblages
approximates to the Kentisbury/Morte Slates boundary, The Morte Slates yielded miospores and acritarchs typical
of the Frasnian Stage, although the topmost horizons may possibly be of earliest Famennian age.

The conodont faunas are interpreted as pectiniform lags. The sole recovery or predominance of Icriodus
over narrow-platformed polygnathids suggests that a shallow-water marine environment prevailed during the
deposition of parts of the Ilfracombe Slates. A detailed palynofacies study of the sequence was limited by the
paucity of indigenous marine palynomorphs. However, a distinct dependency between scolecodont occurrence
and the more proximal, shallow-marine facies has been observed.

An extensive geothermometry study integrated conodont C.A.I values and vitrinite reflectance data. Vitnmtc
reflectivity is uniformly high throughout the studied sequence, and the lack of dependency of Rm on stratigraphic
position suggests that coalification was syn-orogenic. By applying the time independent conversion formula of
Barker & Pawlewicz (1986) to this vitrinite data, the sediments are interpreted as having been influenced by
temperatures in excess of 300°C.

This study demonstrates the value of integrating both palynological and conodont data in a regional

biostratigraphical study, and furthermore identifies the Devonian sequence of north Devon as an important,
continuous reference section for Devonian miospore palynostratigraphy.
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CHAPTER 1.

INTRODUCTORY CHAPTER.

1.1. GENERAL INTRODUCTION.

Strata of Devonian age are extensively developed in southwest Britain and include a wide
range of clastic and carbonate lithotypes. The Hercynian orogeny caused widespread stratigraphical
dislocation within coeval sequences of the Southwest, but has only marginally disrupted the
interdigitated marine and nonmarine Devonian continuum that crops-out along part of the north
Devon coast. Indeed, due to its ease of access and comparatively simple structure, the sediments of
north Devon provide what potentially is one of the best Devonian sections in the British Isles through
which to take a continuous palacontological sample profile. | |

Although Devon provided the nominal type locality for the Devonian System of Sedgwick and
Murchison (1839), interest in the area has dwindled largely due to the paucity and sporadic
distribution of macrofossils. This is particularly true for north Devon, where the Devonian succession
has been formally differentiated merely according to lithological variation, with little regard for the
(palacontologically constrained) position of Devonian Stage boundaries. This has made comparison
and the direct correlation with other contemporaneous sequences in and outside the British Isles
problematical. In view of the limited Devonian macropalacontology reported from north Devon, a
detailed micropalaeontological investigation was the only untested, and considered potentially viable

means of addressing and possibly solving this problem. Until the present study, previous endeavours

had proved largely inconclusive.

In recent years, geological interest in north Devon has been revitalised following the detailed
sedimentological studies of Tunbridge (1986, and earlier papers listed therein) and Pound (in prep.).
These sedimentological investigations, coupled with the independent doctorate studies of Holwill

(1965) and Jeffery (1971) for the Ilfracombe Slates, facilitated the systematic sampling of part of the
Devonian sequence for micropalacontological study.

Miospores and conodonts are the two principal correlative indices that form the basis of the
biostratigraphical evaluations proposed herein, These two fossil groups were chosen, primarily
because they are relatively diverse and abundant, but also because internationally, conodonts and
miospores are currently the most widely used microfossils in Devonian biostratigraphical schemes.
Therefore, coeval faunas and palynofloras documented within the geographically close "type* European

Devonian sections may prove potential correlatives with north Devon.

The content of this thesis is divisible into two main parts: the study, ;:omprising the systematic
recovery and description of microfossils from the studied section, followed by a review of their
application (and utility) in biostratigraphical, palacoenvironmental, and maturity evaluations. This
introductory chapter outlines the geological and geographical context of the study area, as well as

introducing the principal microfossils studied. The techniques employed in microfossil extraction,



1solation and analysis, together with a resumé of microfossil preservation are discussed in Chapter 2.
The systematic palacontology (Chapter 3) is concerned largely with the description of miospores from
the fully marine, or marine-influenced sediments of north Devon. Conodonts, acritarchs, scolecodonts
and chitinozoa occur intermittently within similar facies. The temporal distribution of these
microfossils was evaluated, and collectively (but with a miospore bias) provides a somewhat clearer
picture of the chronostratigraphical relationships for the sequence studied. The spatial distribution
of certain microfossils indigenous to the marine environment was documented, allowing speculative
evaluations to be made of palacoenvironmental conditions. An extensive study of organic maturity
has allowed tentative estimates of burial depth, and an assessment of the hydrocarbon source-rock

potential of the Devonian strata of north Devon.

1.2 RATIONALE AND OBJECTIVES.

North Devon offers a unique opportunity to evaluate the palacontology of a thick, presumed
continuous stratigraphical interval of Devonian sediments. Traditional macropalacontological
investigations have proved inconclusive for the precise determination of relative age relationships
within this sequence. Corals, brachiopods, bivalves and fish are widely used Devonian zonal indices,
and collectively, or in isolation, have allowed correlation of marine and/or nonmarine strata. As
House & Dineley (1985) recently remarked, the paucity of such fauna has limited the resolution of
Devonian Series boundaries within certain marine Devonian successions of the British Isles. Indeed,
in many areas in the Southwest, these have yet to be accurately resolved: this is particularly true of
north Devon.

The need for some form of palacontological constraint on the differentiation of the Devonian

succession of north Devon has long been apparent. A number of cursory micropalaecontological
studies have been attempted in this area, although apart from that of Orchard (1979), all have proved
inconclusive. With this backdrop the current research programme was conceived, involving a more
detailed systematic study of any microfossils recovered.

Initial, generalised aims were as follows;

(i) To recover and systematically document any microfossils from the Devonian sediments of
north Devon.

-~ (1) To plot the temporal distribution of these microfossils through the studied sequence.

(i11) If possible, to recognise faunal and floral "events” within the Devonian sediments of north

Devon which have been defined within coeval marine and nonmarine Devonian
- sequences around the globe.

(iv) Where possible, integrate and test the comparability of biostratigraphical data made
available by these microfossils.

(v) If feasible, evaluate the palacoenvironmental distribution of indigenous marine
microfossils through the sequence studied.

Miospores and conodonts were primarily targeted, and proved the most valuable
biostratigraphical indices. However, the general direction of the current research programme was
dictated largely by the availability and quality of miospores and conodonts. Although locally



important, conodonts have restricted stratigraphical distribution and therefore are of limited regional
biostratigraphical use. Conversely, miospores have proved comparatively widespread, giving
subsequent biostratigraphical evaluations a distinct miospore bias. Where possible conodont data was
taken into consideration, and used as an independent biostratigraphical control on the age
determinations inferred from the palynology.

As a matter of course, current problems entrenched in conodont and dispersed miospore
systematics were addressed. Recent developments in the technique of measuring vitrinite reflectance

(refer to Chapter 6), coupled with the availability of suitable microfossil material proved an additional
bonus, allowing speculation as to the thermal evolution of the study area.

13. THE STUDY AREA.

The location of the study area, the local lithostratigraphy and also the outcrop pattern of the
Devonian sequehce studied are illustrated on the accompanying Figures 1.1 & 1.2. In part, north
Devon forms the southern margin to the Bristol Channel (Figure 1.1). Approximately thirty-six
kilometres of coastline between Lynmouth (SS 724494) in the east and Woolacombe (SS 458439) to
the west provide a cross-strike section through, at a conservative estimate, 3km! of presumed
conformable Devonian sediments (Figure 1.2). This succession comprises intercalated marine and
non-marine facies. The topography is highest in the eastern part of the study area, in places forming
precipitous cliffs, but becomes increasingly subdued in the west. Overall accessibility is good, though
variable east of Combe Martin. Sample collection from the main exposures of the Trentishoe
Formation necessitated the use of a boat.

Lithostratigraphical nomenclature follows that of Edmonds et al. (1985) except for the use of
"Lynton Formation" following Pound (in prep.), in preference to the traditional terminology of the
"Lynton Beds". Although this unit has, as yet, to be formally designated "formation" status, the
definition of Pound is followed largely for reasons of conformity, as unpublished data made available
by Pound proved integral in the sampling of this lowermost unit. Of further note is the definition
of the boundary between the Kentisbury and Morte Slates, which as defined by Edmonds et al. (1985)
is located southwest of Brandy Cove Point (SS 502471) - see remarks in Orchard (1979, p. 129) and
House & Dineley (1985, p. 306).

For a review of the lithostratigraphic divisons of the geology within north Devon, and details
of regional correlation refer to House et al,, (1977), bearing in mind the modifications outlined above.

1.4. GEOLOGY.
1.4.1 Palaeogeography. |

During Silurian-Devonian times southern Britain lay at a latitude of between20 S and 30 S
(Drewry et al., 1974; Ziegler et al., 1977). The sediments of southern Britain were deposited in an arid
to semi-arid environment (Allen 1974a, 1974b, 1979) with the limestones of southwest England having

accumulated 1n a warm, tropical sea (House, 1975). Based upon palacomagnetic data, the

! This thickness excludes the Pickwell Down Sandstones, the Upcott Slates, Baggy Sandstones and the
Devonian part to the Pilton Shales - collectively, these units and those listed earlier form part of the
conformable Devonian sequence of north Devon, which naturally exceeds 3 km in total thickness.

3
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FIGURE 1.2 LITHOSTRATIGRAPILY OF THE DEVONIAN (PARS)

OF NORTH DEVON.
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palacogeographic reconstruction of Smith et al. (1973) for the Lower Devonian places Britain at
approximately 25°S on the western margin of the "Rheic ocean”. Scotese et al., (1985), however,
located Britain nearer to the palacoequator, although this interpretation has not been wadely accepted,
largely due to disparities with known sedimentological evidence. Briden et al., (1984) supplemented
palacomagnetic data for the British Isles, corroborating the earlier evaluation of Smith et al. (1973).
Recently, Tsien (1989) constructed twelve palacogeographical maps for the Cornwall-Ardenno-
Rhenish Basins, and spanning the Devonian Period. Of interest is the location of southwest England

during the middle Givetian (Figure 1, p.342), which according to Tsien (1989) is placed at a somewhat
lower latitude (c. 10°S) than previously defined.

1.4.2 The geological succession.

With the closure of the Palacozoic Iapetus Ocean (Harland & Gayer, 1972; McKerrow &
Ziegler, 1972; Dincley, 1973, 1975) and the collision of the North American and European plates
towards the end of the Silurian Period, the Caledonian "geosyncline” was subsequently transformed
into an orogenic belt extending from New York State to Spitsbergen. This newly created landmass
(the "Old Red Continent®, but also known as "North Atlantis") covered a substantial surface area. On
a more local scale, the destruction the Welsh "geosyncline” resulted in a landmass extending over part
of Wales, the West Midlands and southern England. As a consequence the marine environment that
had so dominated sedimentation within the Welsh Basin was displaced southwards, and became
restricted to present day Devon and parts of Cornwall (George, 1970 p. 51). This new landmass
persisted throughout the Devonian and into the Carboniferous? Period. Indeed, with the exception
of parts of southern Cornwall, it is widely accepted that Devonian sedimentation in southwest
England was initiated on continental crust forming the southern margin to this Caledonian Continent.

The term "Old Red Sandstone” was coined by Conybeare and Phillips (1822), and the first
continental Palacozoic rocks present in southern Britain were considered of "Old Red" affinity (Allen,
1974a). This Anglo-Welsh Platform spanned from Anglesey to north Devon and southern England,
and from southwest Dyfed (Pembrokeshire) to the west Midlands (Allen," 19742, Fig. 4). Allen
(1974a) also perceived sediment supply to north Devon to be from the north. On the basis of
subsurface data this platform can be extrapolated into eastern England (Wills, 1973, 1978). In the
extreme south, a sea extended across a large area of southern England, Belgium, France, and
Germany (Gold<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>