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Foreword

The Bailiwick of Jersey has a rich geological history, which, together with bedrock sites in
Normandy, Brittany and the other Channel Islands, tells the story of the Cadomian Orogeny, which
took place in the Ediacaran (late Precambrian), and the tectonic events that followed during the
lower Palaeozoic. Its more recent Quaternary deposits reflect climate change and provide
extraordinary insight into the early human history of this part of the world.

The rich variety of geology provides for a varied landscape, from the low ground, underlain by the
comparatively soft sedimentary rocks, to the rocky, dramatic coastlines composed of igneous
rocks. Deeply incised valleys cross the Island from north to south and coastal cliff lines hint at a
complex series of climatic and tectonic events. Extractive industries have left their mark in the
form of quarries, many of which are now only known due to the building stones used across the
Island.

This study has highlighted the richness and international importance of the archaeological record
preserved within recent Quaternary geological deposits. The widespread distribution, relative
accessibility and vivid story of prehistoric life and climate change in the past environments of the
region indicate that Jersey’s recent geological record is of exceptional scientific and public
interest.

This study has provided a recommended set of sites to be considered for designation as Sites of
Special Interest (SSlIs), Special Landscape Areas (SLAs) and Prehistoric Landscape Zones
(PLZs) to allow the rich diversity of these sites to be explored, appreciated, learned from and
conserved for future generations.

Jersey Heritage’s commitment to the conservation of the geodiversity of the Island has manifested
itself through their funding of this audit and through their desire to influence the next Island Plan
to give geodiversity sites protection through the planning system.
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Summary

This report describes a geodiversity audit of Jersey commissioned by Jersey Heritage and carried
out by the British Geological Survey (BGS), with contributions from Matthew Pope (UCL Institute
of Archaeology), Martin Bates (University of Wales Trinity St David’s) and John Renouf.

The audit began with a review of the available geodiversity documentation for Jersey, including
a BGS geological map and the accompanying book, digital aerial photography and publications,
existing SSI documentation, site information from the Jersey States and guidebooks and
websites describing the geology of the Island.

Around forty sites from the initial list were visited and audited, mostly during September and
October 2019. During site visits, the geological scientific merit, education value, community site
value, cultural/heritage/economic importance, access, site fragility and potential were assessed.

To date, Jersey has designated 22 SSis that are of geological interest. This study recommends
a further 11 sites, which, supported by nine additional sites proposed as 2™ Tier’ sites, tell the
story of Jersey’s geological and prehistoric history. These sites show the typical geological strata,
structure and features of all the geological units present immediately beneath the surface of
Jersey and together tell the story of the geology of Jersey. The sites, chosen primarily for their
geology, have revealed numerous links to the character of the landscape, historical structures,
ecology and the economic and cultural history of the area.

Many of these sites could be enhanced to encourage visitors and students to learn more about
the geology beneath their feet and how this geology, as the foundation of our landscape, has
influenced the form and nature of what lies at the surface.

This report will assist in future planning involving development and conservation issues within
Jersey and will help to inform the Jersey Island Plan and to underpin any future aspirations for
Geopark status.



1 Introduction

This report is the published product of a study led by the British Geological Survey (BGS) on
behalf of Jersey Heritage. The aim of the study was to recommend a suite of sites for
consideration as Sites of Special Interest (SSls) and Special Landscape Areas (SLAs). In
addition, it proposes that for parts of the Island preserving Quaternary archaeology and
palaeoenvironmental records at scale, a series of Prehistoric Landscape Zones (PLZs) should be
defined and managed alongside specific prehistoric sites. In these ways, Jersey’s rich geological
diversity can be explored, appreciated, learned from and conserved for future generations. The
results of the audit can be used to inform the development of the next Island Plan, the spatial
planning framework for Jersey, and also to provide geological information and a context to
underpin Jersey’s aspirations to develop a UNESCO Global Geopark.

The audit area extends around the whole of the Bailiwick of Jersey, which includes many islands
and reefs, including Les Ecréhous, the Paternosters and Les Minquiers (Figure 1), as well as the
wider seabed. The project ran from September 2019 until July 2020, with a planning visit to the
Island in June 2019.

Alderney

Guernsey Normandy

Sark

Les Diouilles Eerd
Pierre Des Lecq Les Ecréhous
or Patérnosters

Jersey

Minquiers

lles Chausey

10km

Brittany

Figure 1 Location map showing the Channel Islands and northern France. Areas outlined
with a grey dashed line are approximate extents of the larger areas of reefs. Blue dashed
line shows extent of Jersey territorial waters.



The Earth has experienced a rich history of change over geological time, undergoing a wide range
of climatic conditions and geological processes that have given rise to the varied materials and
landscapes that underpin our environment. The term ‘geodiversity’ is being increasingly used to
identify and highlight the ‘natural range (diversity) of geological (rocks, minerals, fossils),
geomorphological (landforms, processes) and soil features. It includes their assemblages,
relationships, properties, interpretations and systems’ (Gray, 2013).

Geodiversity plays a fundamental role in sustaining biodiversity (e.g., Crofts, 2019; Hjort et al.,
2015) and in supporting society (e.g., Gray, 2019; Prosser et al., 2011). While the term
geodiversity typically refers to the diverse qualities of the geological environment, the term
geoheritage is commonly used to reflect locations, or sites, of particular geological significance
(Gray, 2013). Geoheritage sites may reflect important geoscience contexts for understanding
Earth history (such as type examples of geological periods, processes or materials), they may
illustrate fundamental biotic and abiotic relationships or they may exemplify economic, historical
or archaeological associations between people and their environment.

Geoconservation refers to efforts to conserve geodiversity and geoheritage, and it is typically
framed in the context of ecological, education, research, tourism and societal benefits. There is
growing awareness of the importance of valuing and conserving geodiversity, for practical
reasons, such as ensuring sustainable agriculture and industry (e.g., Schrodt et al., 2019), and
for cultural benefits and ethical reasons (e.g., Gray, 2019).

The importance of conserving geodiversity and geoheritage is increasingly being recognised,
leading to local, national and international geoconservation efforts to identify, document and
protect geoheritage sites and to promote holistic approaches to environmental management that
incorporate the conservation of geodiversity.

The protection of geoheritage and geodiversity provides cultural and economic benefits to society,
and it is increasingly being recognised for its importance in conserving biodiversity (e.g., Crofts,
2019), enabling sustainable development (Schrodt et al., 2019) and ensuring resilience to climatic
change. This protection is required due to ongoing threats to geodiversity, including the
degradation and destruction of important geoheritage sites, the over-exploitation of Earth’s
resources, the degradation and human modification of landforms and landscapes and the impacts
of climatic change (Gray, 2013).

The importance of conserving geological features for education and tourism is highlighted by the
published guidelines for UNESCO Geoparks. Ideally, Geoparks should be ‘community-led to
ensure that an area’s geological significance could be conserved and promoted for science,
education and culture, in addition to being used as a sustainable economic asset such as through
the development of responsible tourism’ (UNESCO).

Recognition of the potential impact of damage to and the loss of geodiversity and geoheritage
has followed the understanding of the importance and benefits of biodiversity, particularly through
the frameworks of ‘Natural Capital’ and ‘Ecosystem Services’. However, while Earth materials
and systems have consistently been recognised as core components of ‘Natural Capital’, their
inclusion in the evaluation frameworks of ‘Ecosystem Services’ has proved to be more
controversial (Gray, 2019). Nevertheless, a recent adaption of the ‘Ecosystem Services’
framework for its application to ‘Geosystem Services’ (Gray, 2019; Van Ree and van Beukering,
2016) identifies the following component services:

e Provisioning: including food, energy and construction and industrial materials

e Cultural: including environmental and landscape qualities, tourism, anthropological and
historical associations and artistic influences

o Regulating: including the role played by the Earth system in regulating climatic, terrestrial
and biotic processes, including flooding and water quality
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e Supporting: including soil processes, natural habitats and space for human activities

o Knowledge: recognising the value of the geological system as a record for past Earth
environments and processes, and thus seeing that it is critical for developing knowledge
and education and monitoring ongoing environmental change

While this framework provides an overarching perspective concerning the value of investing in
geoconservation, in practice, on-the-ground geoconservation efforts typically reflect a diverse
combination of actions undertaken by community and interest groups, the management priorities
and practices of landowners and the planning and regulatory policies of local and national
governments. Because the motivations of particular groups for investing in geoconservation may
vary, the latter is particularly important for ensuring sustained and systematic efforts to conserve
geoheritage and geodiversity.

The recognition of knowledge as a key geosystem service has particular significance, as it
represents an extension of the ‘Ecosystem Services’ framework (Gray, 2019). The identification
of knowledge as a societal service reflects the importance of the geological record for
understanding the nature and dynamics of Earth systems and processes and for reconstructing
the history of the planet and the evolution of life, including human life. As Gray (2019) notes, ‘an
important reason for conserving geoheritage is that it gives us an understanding of the history of
the planet and our place in it’ (p 232).

Thus, investment in the preservation of geoheritage is necessarily linked to the value of important
geological sites for advancing geoscience, ecological and anthropological research; facilitating
education; and informing the general public, for example, through geotourism. The value of
geoheritage is both local, involving particular landscapes, ecosystems and communities, and
global, because it collectively represents the diversity of environments and processes that allow
us to understand how the Earth functions at the planetary scale.

This local-to-global perspective is reflected in the network of UNESCO Global Geoparks. The
Geoparks represent designated areas ‘where sites and landscapes of international geological
significance are managed with a holistic concept of protection, education and sustainable
development’'. The network currently comprises 161 parks located in 44 countries, spanning
diverse landscape types and geological contexts.

In Jersey, a number of natural sites are recognised for the significance of their biological and/or
geological qualities through the network of Sites of Special Interest (SSls). These sites are
protected under the Island Plan planning framework.

Twenty-two SSI sites are presently recognised as geological features of interest; they were
identified following a review of Jersey’s geodiversity by Davis (1996). Overview information on
the key sites was provided in the original review.

This new review and audit was commissioned to identify potential additional sites that could be
included in an expanded SSI network and to provide a systematic evaluation of and
documentation for all geodiversity sites in Jersey. Opportunities to expand the network have been
considered in relation to the following contexts:

e ensuring the comprehensive representation of key elements of Jersey’s geological
history

e improving the understanding of links between geodiversity and
historical/archaeological features

e increasing the potential for geotourism.

Thttp://www.unesco.org/new/en/natural-sciences/environment/earth-sciences/unesco-global-geoparks/
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The scope of the audit includes a review of the existing Geological SSI sites and the identification
of potential new sites. The evaluation of the geodiversity ‘value’ is undertaken for all identified
sites, including the existing SSlIs, and forms the basis for the recommendation of potential new
sites.

This study provides a geodiversity audit of Jersey to ensure the comprehensive documentation
of the features of key sites of interest and the systematic evaluation of the geodiversity ‘value’ of
the sites.

The audit employs a formal assessment process with the aim of identifying a network of significant
sites that provide a comprehensive representation of the diverse geology and geomorphology of
the area. To achieve this aim, the objectives of the study are as follows:

1. Undertake a review of existing/known sites of geological/geomorphological
significance.

2. Identify additional sites to ensure as full a representation as is practical of the
geology and geomorphology of the Island with a broad geographical spread.

3. Recommend site boundaries and, where appropriate, make suggestions for the
future management of the site, following the assessment of the current site
condition.

4. Establish the geodiversity value for each site, based on a series of criteria including
scientific, educational, cultural and community merits.

5. Provide information that will enable the integration of geology with the area’s
landscape, biodiversity and cultural and economic heritage.

6. ldentify key geological sites that may be appropriate for conservation and/or
enhancement with respect to education and public enjoyment. Provide information
on access and safety aspects for sites and their vulnerabilities and natural hazard
risks.

Geological terms

While every effort has been made to explain the geological terms used throughout this report,
geology is a technical subject that suffers from its share of jargon. Use should also be made of
online resources, such as Wikipedia (https://www.wikipedia.org/), to understand other terms.

Online reports and maps

The BGS also produces a range of free downloadable resources that may be helpful for the
reader, including how rocks are classified and described. Of particular relevance to Jersey are
the British Geological Survey ‘Rock Classification Schemes’, which are available via the website
www.bgs.ac.uk. Another useful resource is the ‘Open Geoscience’ section of the website, through
which all historical published maps and reports are free to view. This report also includes a
reference section, which contains an extensive list of the literature that has been referred to during
this study.


https://www.wikipedia.org/
http://www.bgs.ac.uk/

Grid references

All grid references used in this report use decimal metres and decimal latitude and longitude.
These are with respect to the Jersey Transverse Mercator; the Authority ID is EPSG:3109, and
the projection system matches that used by Jersey Heritage.

Conventions used in reporting geological ages

Throughout this report, references are made to the ages of rocks and sediments. For bedrock
units, the age is normally expressed in millions of years (Ma).

In Jersey, the ages of most of the main rock units have been determined using methods that date
rocks or minerals directly by measuring the isotopes of chemical elements that undergo
radioactive decay. These methods produce a numerical value, which is often accompanied by an
analytical error range (e.g., 482 + 1.6 Ma). In Jersey, the most reliable dates have been produced
by applying the uranium-lead (U-Pb) isotope dating system to the mineral zircon. The age of
zircon crystals in igneous rocks is generally taken to be the age of magma crystallisation, which
is essentially coincident with magma emplacement. Zircon does not grow in sedimentary rocks,
but zircon grains derived from the erosion of other rocks can be deposited with other grains as
the sediment accumulates. The age of the youngest zircon grain in a sedimentary rock is then
taken to be the maximum age of sediment deposition.

Age reporting for the Quaternary Period should also be discussed. The most recent geological
period, spanning the past 2.6 Ma, can also be confusing, as several conventions are used
depending on the period being discussed or in some cases on the dating method used to derive
the ages. In this report the authors have maintained the convention of describing those ages prior
to the Holocene as abbreviated ages in thousands of years before present (ka BP). For example,
an age of 25,000 years will be written 25 ka BP.

For ages from the last c¢. 30,000 years, which are often derived using radiocarbon dating methods,
two main conventions exist. If “C dating has been used, some researchers will report ages in
radiocarbon years with an error derived from uncertainty in the measurement process, for
example, 10,430 + 50 C yr BP. Unfortunately, due to the non-linear way that *C degrades over
time, radiocarbon years need to be calibrated against known curves to derive an actual age.
Therefore, our example of 10,430 + 50 "“C yr BP yields a calibrated actual age of 12,310 + 200
cal ™C yr BP. Where published ages are quoted in this report, if the information is available, the
authors have included both the *C age and the calibrated age for clarity.

This report also refers to units of geological time, utilising chronostratigraphic terms. The British
Geological Survey and this report follow the conventions set out by the International Commission
on Stratigraphy (ICS), whose primary objective is to collate information from the geological
community and to precisely define these terms, namely periods, epochs and ages and their
subdivisions of systems, series and stages.

Chronostratigraphic terms and their numerical ages are periodically updated as new evidence is
presented. The ICS maintain an International Chronostratigraphic Chart, which is freely available
via its website (https://stratigraphy.org/chart). Version 2020/01 of this chart has been used for this
report.

The following report provides an overview of the geological history of Jersey and the wider
aspects of Jersey’s geoheritage that are related to its human history (Section 2), followed by a
description of the methodological steps for the identification and auditing of sites (Section 3).

An overview of the site evaluation is provided in Section 4, with descriptions of recommended
sites.


https://stratigraphy.org/chart

An overview of the context of geoconservation and geodiversity in the UK is provided in Section
5, followed by conclusions and recommendations from the audit (Section 6). The detailed
evaluation reports for the audited sites are provided in Sections 7 and 8.

2 Jersey’s Geological Heritage

The bedrock of Jersey and the other Channel Islands forms part of a region of uplifted
sedimentary and igneous rocks that are known as the Armorican Massif, which extends into
adjacent areas of France, Spain and the Czech Republic. Reconstructions of the North Atlantic
region suggest that rocks that were affected by events of a similar age, prior to the opening of the
Atlantic Ocean, are also found in southern Britain and Ireland, Atlantic Canada and the Eastern
Seaboard of the USA within the belt of uplifted and deformed ancient strata that geologists call
the Appalachian-Caledonian Orogenic Belt (D’Lemos et al., 1990; Nance et al., 2008).

In the Armorican Massif, the sedimentary, metamorphic and igneous rocks were formed during,
and/or were affected by, two major and long-lived geological events: the Cadomian Orogeny and
the Variscan Orogeny (also known as the Hercynian Orogeny), which occurred during the Late
Devonian to Permian. The Island provides important insights into the geological events and
environments that existed at that time.

The Cadomian Orogeny comprised a series of tectonic events that were related to the subduction
of an oceanic plate beneath the northern margin of a supercontinent known as Gondwana. During
plate subduction, oceanic plate melting caused magmatism and the creation of at least one island
arc. Associated with this was the formation of sedimentary basins, and with continued subduction,
these basins were eventually accreted onto the continental margin of Gondwana (Figure 2;
D’Lemos et al., 1990; Nance et al., 2008; Woodcock and Strachan, 2012; Miller et al., 2001).

The Cadomian Orogeny is thought to have begun approximately 700 million years ago (Nance
and Linnermann, 2008) and Jersey’s oldest rocks, the foliated granodiorites of the Ecréhous,
Minquiers and Paternoster reefs (Figure 1), are thought to have been emplaced and deformed
during this orogeny (Chambers et al., 2016). Their age is not well constrained but they are thought
to be 667—656 million years old (Guerrot and Peucat, 1990). These foliated granodiorites were
emplaced into older metamorphic gneisses that are thought to have been deformed during an
early phase of the Cadomian Orogeny (Renouf, 1985). One interpretation of these oldest
basement gneisses is that they represent equivalents to the Icart Gneiss of Guernsey and
equivalent rocks on Sark that were metamorphosed around 2100 million years ago during the
Eburnean Orogeny of the adjacent ancient supercontinent of Gondwana (West African Craton;
Samson and D’Lemos, 1998).
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Figure 2 Conceptual diagram of an island arc.

The oldest bedrock unit on mainland Jersey is known as the Jersey Shale Formation and
comprises a thick succession of interlayered sandstone and mudstone that was deposited in a
forearc or back-arc marginal basin around 587 million years ago (Miller et al., 2001) on the sub-
sea flank of an island arc (Figure 2). Sedimentary features preserved in these rocks suggest that
the sediments were deposited on one or more submarine fans; the remnants of these fans can
be examined in exposures in the western part of Jersey (Helm and Pickering, 1985). These types
of deposits are known as turbidites and are the product of turbulent subaqueous flow.
Incorporated within the fan sediments are a few thin layers of volcanic ash, suggesting that there
was volcanic activity on the adjacent island arc at this time.

Overlying the Jersey Shale Formation is a thick succession of calc-alkaline volcanic and
volcaniclastic rocks known as the St Saviour's Andesite Formation. The volcanic rocks were
sourced from an island arc that, in today’s orientation, lay to the north-east and south of Jersey,
and they were deposited in the adjacent marginal basin, overlying the Jersey Shale Formation
(Figure 2).

Two more formations dominated by volcanic and volcaniclastic rocks, known as the St John’s
Rhyolite Formation and Bouley Rhyolite Formation, overlie the St Saviour’'s Andesite Formation
in north-east Jersey. However, several lines of evidence suggest that the top of the St Saviour’s
Andesite Formation is an unconformity, marking a hiatus in the accumulation of the volcanic pile.
This evidence includes the presence of folding, which is preserved in both the St Saviour’s
Andesite Formation and Jersey Shale Formation but is absent in the overlying volcanic formations
(Institute of Geological Sciences, 1982). Additional evidence includes the presence of outcrops
of mudstone and conglomerate (the Vicard Mudstone and L’Homme Mort Conglomerate) lying
stratigraphically between the St Saviour's Andesite Formation and the overlying St John’s
Rhyolite and Bouley Rhyolite formations (Bishop and Bisson, 1989). The unconformity also
coincides with a change from mainly andesitic lavas (below) to mainly rhyolitic lavas (above),
which may indicate that an increasing proportion of continental crust (rather than dominantly
oceanic crust) was being melted as subduction continued close to the plate boundary. The period
of erosion represented by the unconformity therefore marks a significant change in both tectonic
and magmatic character. However, an age of c¢. 583 Ma for a layer of volcanic rocks within the
Bouley Rhyolite Formation (Miller et al., 2001) is just a few million years younger than the
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youngest detrital zircons in the Jersey Shale Formation, indicating that both the accumulation of
the St Saviour’s Andesite Formation and the period of erosion that succeeded it were relatively
short-lived.

Rocks of equivalent age to the Jersey Shale Formation and the overlying volcanic units are also
found in northern France; collectively, these rocks are known as the Brioverian Supergroup (after
Cogné, 1972; Barrois, 1899; Graindor, 1957; Cogné, 1959, 1972).

Similar U-Pb ages indicate that the volcanic rocks in Jersey and the intrusive rocks of the South-
west igneous complex (and therefore probably also the South-east igneous complex) formed
essentially contemporaneously (Table 1; Miller et al., 2001). However, mapped field relationships
(Institute of Geological Sciences, 1982; Figure 3) suggest that the South-east igneous complex
cuts the volcanic rocks and is therefore slightly younger.

This pulse of magmatism is also recorded elsewhere in the Channel Islands in Guernsey and
Sark and is represented by granite with magma-mingled diorite and gabbroic rocks. The close
ages of the southern igneous complexes and volcanic rocks across the region suggest that they
are intrusive and extrusive equivalents of the same magmatic event (Miller et al., 2001; Lees and
Roach, 1993).

After a gap of some 100 million years, there was a period of renewed magmatism in the Early
Ordovician (c. 482 Ma; Miller et al., 2001; see also Adams, 1976; Bland, 1985; D’Lemos et al.,
1992) that produced the large North-west igneous complex, which underlies most of north-west
Jersey and may include the igneous rocks at Belle Hougue Point. Although the Cadomian
Orogeny is often quoted as ending around 540 Ma, during the Cambrian (e.g., Linnemann et al.,
2008), it is possible that the North-west igneous complex is a late Cadomian event (for example,
Adams, 1976; Bland, 1985); however, some researchers consider this pluton to be unrelated to
the Cadomian Orogeny (for example, Miller et al., 2001). More research is needed to understand
how this pluton is related to other plutons of a similar age in the region.

The Rozel Conglomerate Formation (and equivalent terrestrial sediments elsewhere in the region)
may represent molasse deposits formed during or after the uplift associated with the Cadomian
Orogeny. These sediments, which consist of very coarse conglomerates with some sandstones
and mudstones, were sourced from an area that in today’s terms lay to the north of the present
outcrop and were deposited as alluvial fans within small extensional or transtensional basins
(Went and Andrews, 1990; Went, 2005). The age of the Rozel Conglomerate is not known with
certainty, but based on evidence derived from other red bed sequences in the region, with which
the Rozel Conglomerate is correlated, an Early Ordovician date is suggested by the French
Geological survey; however, McMahon et al. (2017) propose an alternative view, suggesting that
they were deposited between the latest Ediacaran and earliest Cambrian.

The youngest bedrock units in Jersey are mica-bearing lamprophyre dykes, which are found
throughout the Island. The dykes cut all the main bedrock units in Jersey, including the
Ordovician-aged North-west igneous complex, and they are therefore younger than these
bedrock units.
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The Jersey Shale Formation is estimated to be 2500 m thick and contains the oldest rocks
exposed on the Island of Jersey. They mainly comprise cycles of mudstones, siltstones,
sandstones and minor conglomerates, known as turbidites, which have subsequently undergone
deformation and low-grade regional metamorphism (Bishop and Bisson, 1989) that is associated
with the Cadomian Orogeny and later events.

Turbidites are sedimentary deposits that are genetically related to subaqueous sediment gravity
flows in which fluid turbulence is the principal particle support mechanism (also known as turbidity
currents). A turbidity current is generated as a result of a contrast between the density of the flow
entering the basin (water-sediment mix) and the density of the water within the receiving basin.
Turbidity currents can be triggered by earthquakes and storms or they may simply be related to
variable fluvial input into bodies of water during climatic fluctuations on land or changes in the
relative sea level (marine or even deep lacustrine). They often form as a series of subaqueous
fan systems on the basin floor.

Detailed studies of the Jersey Shale Formation were made by Helm (1983) and Helm and
Pickering (1985), who concluded that the formation represents deposition in a submarine fan on
a continental margin. The close association with andesitic volcanic rocks, typical of subduction
zone settings, suggests that this basin may have formed in a back-arc or forearc setting (Figure
2). Helm and Pickering identified six sedimentary facies within the Jersey Shale Formation, which
they grouped into four facies associations. These represent deposition in different regions within
the submarine fan: | — canyon or inner fan channel fill, Il — middle fan channel fill, Il — lower fan /
outer fan deposits and IV — outer fan deposits (Figure 4). Helm and Pickering (1985) suggested
that the Jersey Shale Formation becomes younger to the east and was constructed by northerly
directed sediment gravity (turbidity) flows based on palaeocurrent evidence gathered from flute
casts and current ripples.

Upper or Inner Fan

CHAMMELISED FLOW

NOM-CHANNELISED FLOW

=i Basin Plain

Figure 4 Idealised components of a submarine fan (after Shanmugam et al., 1985).

There are a number of identified sites that expose examples of sediments deposited in various
parts of the submarine fan. The site at Petit Etacquerel has sedimentary features that indicate
deposition in shallow ephemeral channels with some interchannel and/or fan-fringing deposits.
These features are typical of those found in the lower part of the middle to outer sections of the
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submarine fan (Association Ill, Helm and Pickering, 1985). The site at Grand Etacquerel provides
an opportunity to examine the outer section of this extensive fan (Association IV) and includes
lobe, lob-fringe and fan-fringe deposits. The most proximal part of the fan (Association I, Helm
and Pickering, 1985) can be examined in small exposures in St Peter’s Valley near Gargate Mill.
The most proximal part of the fan is only seen in very isolated outcrops along the southern margin
of the North-west granite complex and comprises disorganised, clast-supported pebble to cobble
conglomerates, which are interpreted as debris flows. These kinds of sediments are found in
canyon fills or in the inner parts of fans. The most distal part of the sequence is typified by the
exposure of the thinly interbedded, graded, fine-grained sequence of sandstones and siltstone
turbidites in the south-east corner of the Giffard Bay site.

Age of the Jersey Shale Formation

Miller et al. (2001) produced a uranium-lead (U-Pb) isotope date for the Jersey Shale Formation,
based on the dating of detrital zircons. The youngest zircons yielded ages of 586.7 + 3.0 Ma and
587.1 £ 2.7 Ma, providing a maximum depositional age for the unit. They also tested zircons from
the overlying volcanic rocks (Anne Port Rhyolite), which yielded an age of 582.8 +3/-2.7 Ma, which
is interpreted to be the age of eruption. Together, these dates provide good constraints on the
age of the Jersey Shale Formation.

Regional context

The Jersey Shale Formation is part of the Brioverian Supergroup, which includes rocks exposed
in the Baie de St Brieuc and La Manche regions of France (e.g., Graindor, 1957; Dupret et al.,
1990; Guerrot et al., 1989).

The deposition of the Jersey Shale Formation was followed by a period of island arc volcanism
and the eruption of a thick succession (over 2200 m thick) of volcanic and volcaniclastic rocks,
which in Jersey are known as the Jersey Volcanic Group (Bishop and Bisson, 1989; Thomas,
1977).

The Jersey Volcanic Group is divided into three formations: the St Saviour’'s Andesite (oldest), St
John’s Rhyolite and Bouley Rhyolite (youngest) formations.

The St Saviour’s Andesite Formation mainly comprises plagioclase-phyric andesite lava flows,
with subordinate basalt, lapilli tuffs and agglomerates. The formation also includes volcaniclastic
deposits, such as debris flows, as well as rhyolitic flows and intrusive sheets. In a rare inland
exposure of the St Saviour's Andesite Formation at Mont Sohier, the lavas contain possible
pillow-like structures, lending weight to the argument that these rocks were erupted into a body
of water.

The St John’s and Bouley Rhyolite formations comprise rhyolitic lava flows and domes, as well
as ash flow and scattered debris flow tuff deposits. The St John’s Rhyolite Formation is exposed
at Bonne Nuit, where a wide range of igneous textures and contacts can be examined. Banded
rhyolites and tuffs of the Bouley Rhyolite Formation can be readily examined at L’lslet and
Bouley Bay, with the autobrecciated flow-banded rhyolite also being used as the capstone at
Dolmen de Faldouet. The Bouley Rhyolite Formation is also exposed at Les Hurets, where it
comprises a sequence of rhyolite lavas and ignimbritic tuffs; of particular interest at this site are
fallen blocks containing impressive examples of spherulite devitrification structures.

There have been a number of significant studies on the Jersey Volcanic Group that have led to
markedly different interpretations of the nature and eruptive setting of these calc-alkaline volcanic
rocks. For example, Mourant (1933) claimed that a large portion of the St John’s and Bouley
Rhyolite formations is composed of rhyolite lava flows. In contrast, Thomas (1977) interpreted the
same sequence as being dominated by subaerially deposited ash flows. A later study by Lees
and Roach (1993), however, concluded that the Jersey Volcanic Group comprises a suite of
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coeval magmas of basic-intermediate and acid compositions that were erupted in a subaqueous
environment. The volcanic rocks in Jersey, irrespective of whether they are interpreted to be lava
flows or ash flow tuffs, are often highly welded. Furthermore, debris flow deposits containing clasts
of basic to acidic igneous rocks, pyroclastic ejecta and clasts of Jersey Shale Formation rocks
have been recognised throughout the Jersey Volcanic Group. Although the outcrop is disrupted
by faulting, Giffard Bay provides an opportunity to examine a large part of the volcanic sequence
assigned to the St Saviour’s Andesite, St John’s Rhyolite and Bouley Rhyolite formations.

Age of the Jersey Volcanic Group

The timing of volcanism in Jersey is provided by a uranium-lead (U-Pb) isotopic age of 582.8 + 3
Ma obtained from zircon in a massive, flow-banded and columnar-jointed rhyolite flow, locally
known as the Anne Port Rhyolite and exposed at Anne Port (Miller et al., 2001). This rhyolite
forms the lower part of the Bouley Rhyolite Formation and provides an estimate of the age of the
eruption of this formation. The Bouley Rhyolite Formation is the stratigraphically highest formation
within the Jersey Volcanic Group and therefore the dated rhyolite provides a potential minimum
age for the whole sequence. The maximum age is provided by the youngest concordant zircons
from the underlying Jersey Shale Formation, dated at 586.7 + 3.0 Ma and 587.1 + 2.7 Ma (Miller
et al., 2001).

Regional context

Although the Cadomian orogenic belt of western France and the Channel Islands has an
abundance of calc-alkaline plutonic rocks, their extrusive equivalents are relatively rare. These
extrusive rocks include the Tufs de Tréguier and Ignimbrites des Lézardrieux, which occur along
the southern boundary of the North Trégor batholith (Auvray, 1989), and the Serie volcano-
sedimentaire et complexe ignimbritique de St Germain-le-Gaillard in Normandy (Graindor, 1957;
Graindor et al., 1976; Lees and Roach, 1993). Consequently, the Jersey Volcanic Group in Jersey
is important, as it provides one of only a few well-exposed examples of a calc-alkaline volcanic
centre within the Cadomian orogenic belt of the Armorican Massif (Bishop and Bisson, 1989; Lees
and Roach, 1993).

The youngest sedimentary rocks exposed in Jersey are those of the Rozel Conglomerate
Formation, which comprises coarse conglomerates with subordinate sandstones and mudstones.
The distribution of this formation is mainly restricted to the north-east of Jersey, with two small
outliers west of this main crop exposed at Les Hurets Valley and near Vicard Point.

The Rozel Conglomerate Formation is interpreted to have been formed as a succession of alluvial
fan deposits, with a source area to the north of Jersey; it is the product of the erosion of the hills
created by the Cadomian Orogeny. These sediments provide a great example of the deposits of
a river or rivers that developed before the existence of land plants. It is suggested that the
evolution of plants and the associated soil development had a profound impact on the morphology
of later river systems.

Exposures of the Rozel Conglomerate Formation are common along the north-east coast of
Jersey. At La Téte des Hougues, the Rozel Conglomerate Formation unconformably overlies
the Bouley Rhyolite Formation with an irregular surface marked by a breccia deposit. This
unconformity is a regional feature, which can be traced through Alderney and northern Brittany.
In these outcrops the unconformity is often a deeply eroded surface with overlying breccias and
conglomerates. At La Téte des Hougues, the base of the formation comprises a 4 m upwards-
coarsening succession of silty mudstones and fine pebble conglomerates overlain by a 3-m-deep,
conglomerate-filled channel. These are in turn overlain by a 28-m-thick sequence of upwards-
fining coarse debris flows and stream-flood conglomerates. Two main units are identified here: a
lower prograding fan of reworked material and an upper unit that is thought to indicate the avulsion
and gradual abandonment of a fan lobe. The Rozel Conglomerate Formation is also exposed at
Fliquet, where its eroded top surface preserves more recent peat deposits.
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At Rue de la Solitude, a weathered conglomerate with sandstone lenses is thought to represent
an ancient weathered surface on an abandoned segment of an alluvial fan. The bands of
mudstone seen here are thought to be the deposits of a marginal lake, which are rare throughout
the rest of the formation (Went, 2005). At Fliquet, the conglomerate is exposed on the wave-cut
platform on the foreshore; there are preserved rounded cobbles of Jersey Shale and volcanic
rocks from the Jersey Volcanic Group incorporated within the conglomerate here. It also contains
clasts of granite, including types not seen within the granite outcrops in Jersey. Thin,
discontinuous bands of sandstone are also present, perhaps indicating periodic deposition in a
lower energy environment.

Age of the Rozel Conglomerate Formation

The Rozel Conglomerate Formation is the youngest of the sedimentary rock formations in Jersey
(Bishop and Bisson, 1989). Many ages have been proposed; they range from the late
Precambrian to Early Ordovician. These dates are based on several lines of evidence, including
a study on the oldest magnetism acquired through the authigenesis of hematite in mudstones
(Duff, 1979) and a possible palaeontological indication of age by Bland (1984), who interpreted
trace fossils as impressions of the Arumberia {Glaessner & Walter}, a form that is thought to be
Ediacaran (late Precambrian) to early Cambrian in age. Went and Andrews (1990) suggest that
the Rozel Conglomerate Formation was probably deposited in the later stages of the Cadomian
Orogeny. Adams (1976) gave a date of 427 + 13 Ma based on K-Ar hornblende (recalculated as
435 + 13 Ma) for a dyke that intrudes conglomerates at La Coupe Point, which provides a
minimum age of mid-Silurian (Telychian) for the Rozel Conglomerate Formation. However, Miller
et al. (2001) link the deposition of the Rozel Conglomerate Formation in minor extensional basins
to plutonism dated, using U-Pb, to c. 480 Ma (Early Ordovician). Based on evidence derived from
other red bed sequences in the region, with which the Rozel Conglomerate is correlated, an Early
Ordovician date is suggested by the French Geological survey; however, McMahon et al. (2017)
propose an alternative view, suggesting that these sediments were deposited between the latest
Ediacaran and earliest Cambrian. More work is needed to confirm the age of the Rozel
Conglomerate.

Regional and stratigraphic context

Weathered profiles through igneous basement rocks occur beneath Lower Palaeozoic terrestrial
sequences in Alderney (Alderney Sandstone Formation), Jersey (Rozel Conglomerate
Formation) and northern Brittany (Erquy-Fréhel Group). These are all thought to have developed
in response to the uplift and subaerial exposure of the Cadomian mountain belt (Went, 1991).

Jersey Shale Formation

The tectonic structures in the Jersey Shale Formation are best seen in the intertidal reefs in St
Ouen’s Bay, where Helm (1983) recognised two main phases of deformation, Dy and D- (Figure
5). The earliest folds (D1) are of two types: simpler, singly plunging folds and periclinal folds. The
periclines have a NWN-ESE through N-S to NE-SW trend, are generally asymmetrical, open to
close and have a westerly vergence, although some are upright and have a more easterly
vergence. Helm (1983) thought that the D+ periclines represented early-forming buckles initiated
by irregularities in bedding and possibly channel structures.

The Jersey Shale Formation is deformed into structures that range from gentle, open folds to tight
and sometimes isoclinal structures. They are commonly asymmetrical with a z-shape profile and
have a gentle to moderate plunge towards the south-west and a dextral vergence. These folds
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sometimes have a relatively strong, spaced, axial-planar cleavage. Helm (1983) suggested that
these simpler folds are parasitic on the eastern limb of the D1 anticline.

Overall, the bedding of the Jersey Shale Formation dips towards the east. Deviations from this
pattern are caused by a major D1 fold known as the St Peter Syncline and an anticline about 1
km further to the east.

The D+ folds are later modified by N—-S compression (D:), which produced major folds, a non-
penetrative axial-planar fabric (S;) and a system of conjugate shear faults. The D, St Ouen’s
anticline is outlined by the changing strike of the bedding, which changes from NW-SE west of
Le Pulec to N-S and then NE-SW further south. Helm (1983) also noticed that both the D4 and
D, folds have been overprinted by late radial fractures, which he attributed to the vertical stress
caused by the emplacement of the basaltic magma. He also thought that the occurrence of closely
spaced N-S joints might indicate yet another, fourth deformation and noted that a similar fabric
exists in the adjacent North-west granite complex. Helm (1983) considered dating the periods of
deformation difficult but thought that they were likely to be Cadomian in age and may have been
modified during the Variscan and Alpine orogenies.

Jersey Volcanic Group

Thomas (1977), and later, Helm (1984), recognised folds of three orientations (E-W, N-S and
NE-SW) in the Jersey Volcanic Group. Within the St Saviour’s Andesite Formation at West Park,
the St Helier Syncline plunges to the south-west and has been intruded by granophyre of the
South-west igneous complex, with cross-cutting relationships. The north-eastward-plunging
Trinity Syncline in north-east Jersey affects both the Jersey Shale Formation and the volcanic
rocks but is modified by small folds that trend E-W or N-S. These smaller folds have produced
domes and basins that brought andesite to the surface, for example, north-west of Le Grés and
the valley to the south. Helm (1984) recognised a fold pair near Frémont Point, a syncline at
Bonne Nuit Bay, E-W folds north of Archirondel Tower and a refolded and faulted syncline in
Vallee des Vaux as D structures. D2 structures include anticlinal flexures that give rise to the
inliers of the Jersey Shale Formation at Le Bourg and Gorey (the St Saviour Anticline; Figure 5).

Rozel Conglomerate Formation

At the base of the Rozel Conglomerate Formation is an unconformity, a palaeotopographic
surface that has been folded into an open syncline (D3), which has a sinuous axial trance that
trends NWN-ESE. Variations in this trend suggest that the main syncline is deformed by NE—
SW-trending D4 folds (Figure 5). At La Téte des Hougues, the purple laminated mud rocks at the
base of the sequence have a slatey cleavage that strikes 138° and dips moderately steeply
towards the north-east. Elsewhere, there is a SE-trending, sub-vertical fabric that flattens and
rotates pebbles. This fabric is particularly well developed at St Catherine’s breakwater, where it
strikes 120° (Helm, 1984).
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Figure 5 Sketch map showing the main structural features of Jersey. Based on Helm (1984)
and Bishop and Bisson (1989).

Three major igneous ‘complexes’ are recognised in Jersey: the South-east igneous complex,
South-west igneous complex and North-west igneous complex (Figure 3). Much smaller outcrops
of plutonic rocks occur at Belle Hougue Point (Belle Hougue igneous complex) and to the east of
Becquet Vincent, where a poorly exposed, unnamed mass of diorite has been mapped (Bishop
and Bisson, 1989).

South-west igneous complex

The South-west igneous complex has three main components that apparently are distributed in a
concentric or ‘bullseye’ pattern (IGS, 1982): Corbiére granite, which is by far the most extensive,
forms around 80% of the onshore outcrop and forms the outer zone; La Moye granite, which
underlies a narrow belt roughly 250 m wide and forms the middle zone; and St Brelade’s granite,
which forms the small central zone. This pattern indicates that the South-west igneous complex
is a single, concentrically zoned pluton, and in this respect, it is similar to the North-west igneous
complex and distinct from the South-east igneous complex. The pluton apparently consists almost
entirely of granite (no mappable occurrences of mafic rock or rocks formed by the mingling of
basic and siliceous magmas have been recorded), and in this respect it differs from both the
North-west igneous complex and the South-east igneous complex. All of the main components of
the South-west igneous complex are well exposed in extensive outcrops along the south-west
coast of Jersey; the outcrops at Noirmont and Beauport in particular provide typical and readily
accessible examples of Corbiere granite and Beauport granite, respectively.

The geometry of the bullseye pattern suggests that around half of the outcrop of the South-west
igneous complex is on mainland Jersey, with the other half occurring offshore; on this basis, the
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outcrop of the whole pluton would be around 8 x 5 km. However, granitic rocks crop out on the
seafloor for a considerable distance to the south of the south-west Jersey coast (BGS, 2000),
suggesting that at least one other contiguous, and perhaps related, pluton lies offshore to the
south of the South-west igneous complex (Figure 6). The offshore outcrop of intrusive igneous
rocks actually extends unbroken along the entire south coast of Jersey, suggesting that the South-
west igneous complex and South-east igneous complex are part of the same large outcrop of
intrusive igneous rocks (Figure 6).

A U-Pb zircon age of ¢. 580 Ma for a sample of Corbiére granite from a disused quarry north of
La Cotte, on the east side of Ouaisné (Miller et al., 2001), confirms that the South-west igneous
complex was emplaced during the Ediacaran Period, during the Cadomian Orogeny.

Figure 6 Map of onshore and offshore bedrock geology around the southern half of Jersey
(coastline in white) showing the apparent offshore continuation of the South-west igneous
complex and South-east igneous complex. From BGS (2000).

South-east igneous complex

Several lithologically distinct components have been mapped within the South-east igneous
complex (Figure 1), including large (km-scale) masses of basic rock (‘diorite and gabbro’) and
three main variants of granite (IGS, 1982).

Dark grey diorite, grading locally to gabbro, is the oldest component of the South-east igneous
complex, forming several discrete, km-scale outcrops. The largest outcrop underlies the intertidal
reef off La Gréve d’Azette and extends inland as far as Grouville; another substantial (km-scale)
mass forms a cluster of skerries to the south of Seymour Tower, at the south-east extremity of
the extensive reef lying south of La Rocque. Primary igneous layering in diorite and gabbro is
preserved in several intertidal exposures, including exposures near La Gréve d’Azette, at Le Nez
(part of the La Motte, Le Nez and Le Croc site) and in the reefs south of Seymour Tower. The
consistent orientation of the layering, which generally dips towards the north-east at around 60—
70° (c. 30° near Seymour Tower), suggests that these widely separated outcrops were once part
of the same large body of layered rocks, which was perhaps the earliest expression of the South-
east igneous complex. Evidence for a dynamic magma environment, in the form of intimately
associated, broadly contemporaneous but compositionally distinct basic, intermediate and
siliceous rocks, is displayed in several localities. Notable examples include the exposures
between Le Croc and La Motte at Havre des Pas Pier (within the Dicq to Havre des Pas site)
and at Elizabeth Castle, where the siliceous component is part of a km-scale mass sometimes
referred to as the Fort Regent Granophyre (e.g., Bishop et al., 2003). Early bodies of layered
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rocks may have been tilted and dismembered when large masses of granite magma (forming the
three main granite variants of the South-east igneous complex) were subsequently emplaced.

The strongly porphyritic Dicq granite is the least extensive of the three mapped variants of granite
in the South-east igneous complex; its outcrop is restricted mainly to a portion of the intertidal
zone south of Grande d’Azette and near Havre des Pas (within the Dicq to Havre des Pas site),
where the magma has cut and locally mingled with early dioritic rock. A further small (¢. 100 x 100
m) outcrop of Dicq granite is mapped c. 1.2 km north-east of Le Dicq. The essentially non-
porphyritic Longueville granite underlies a significantly larger area of ground, beneath the south-
east part of St Helier and to the north of the largest body of dioritic rock; however, exposure is
very poor over most of the outcrop. Longueville granite and Dicq granite are probably broadly
contemporaneous (see the description for the Dicq to Havre des Pas site). La Rocque granite
(called ‘Le Hocq granite’ by Lees [1986] and ‘Le Hocg—La Rocque—Gorey granite’ in Bishop et al.
[2003]) is by far the most extensive granite component of the South-east igneous complex, at
least onshore. It forms much of the intertidal reef in St Clement’s Bay, part of which is within the
La Rocque site, and crops out on the mainland north of there, as far as Mont Orgueil. Cross-
cutting relationships with dykes in the Jersey Main Dyke Swarm, well displayed in intertidal
exposures near La Gréve d’Azette, indicate that La Rocque granite is also the youngest of the
main granite components in the South-east igneous complex (IGS, 1982).

Unlike the other two large intrusion complexes in Jersey, the main components of the South-east
igneous complex are not arranged in a pattern of concentric zones, but instead form irregularly
distributed, irregularly shaped, discrete, km-scale masses dominated by either diorite and gabbro
or granite (IGS, 1982). The onshore outcrop of the South-east igneous complex (including the
intertidal reefs) is at least 10 x 7 km in extent. However, granitic and dioritic rocks crop out on the
seafloor for a considerable distance to the south, west and east of the south-east Jersey coast
(BGS, 2000), suggesting that the onshore outcrop of the South-east igneous complex is just a
small part of a much larger intrusive complex (Figure 6). Indeed, the offshore outcrop of intrusive
igneous rocks extends unbroken along the entire south coast of Jersey, suggesting that the
South-west igneous complex and South-east igneous complex are part of the same large outcrop
of intrusive igneous rocks (Figure 6).

Unlike the other two main intrusion complexes in Jersey, a U-Pb zircon age has not been reported
for the South-east igneous complex. Instead, a range of ages between c¢. 583 and 527 Ma has
been reported; they are based on K-Ar isotopic dating (Adams, 1967; D’Lemos et al., 1992). The
K-Ar system is prone to resetting during rock alteration events, so generally it does not produce
accurate dates for the crystallisation of coarse-grained igneous rocks; consequently, the results
should not be compared directly with U-Pb zircon ages. Similarities in the characteristics of cross-
cutting dykes (Jersey Main Dyke Swarm), and the fact that intrusive plutonic rocks form an
unbroken outcrop offshore between the south-west and south-east extremities of Jersey (Figure
6), suggest that the South-west igneous complex and South-east igneous complex are broadly
contemporaneous. On this basis, the South-east igneous complex was probably emplaced during
the Ediacaran Period, during the Cadomian Orogeny.

North-west igneous complex

Two main components of the North-west igneous complex were distinguished on the geological
map of Jersey (IGS, 1982) — St Mary’s granite, which forms more than 90% of the onshore
outcrop, and Mont Mado granite, which underlies a sliver of ground at the eastern extremity of the
outcrop. Subsequently, the outcrop of St Mary’s granite has been divided into several components
distinguished by their textural and/or mineralogical characteristics. The following zones are
distributed in a concentric or ‘bullseye’ pattern (Figure 3): an outer zone of ‘coarse granite’, a
middle zone of ‘porphyritic granite’ and a small central zone of ‘biotite microgranite’ (Bland, 1985;
Brown et al., 1990). This pattern suggests that the North-west igneous complex is a single
concentrically zoned pluton. Most of the pluton has a granite composition, but 100-m-to-1-km-
scale bodies made of diorite, gabbro and lithologically heterogeneous rocks, formed through the
mingling of basic and siliceous magmas, crop out discontinuously within a swathe of ground
roughly 2 km wide that extends from St John’s Village to the coast around Sorel Point. Extensive
outcrops along the north-west coast of Jersey present excellent examples of all the main
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components of the North-west igneous complex; the outcrops within the sites at Le Pinacle and
Le Pulec provide accessible examples of rocks forming the outer zone of St Mary’s granite, while
those within the Sorel Point site provide superb examples of rocks formed through the
interactions of siliceous and basic magmas.

The geometry of the bullseye pattern suggests that most of the outcrop of the North-west igneous
complex is on mainland Jersey, with only about one quarter of the pluton lying offshore. On this
basis, the outcrop of the whole pluton would be around 10 x 6 km. However, granitic rocks crop
out on the seafloor for a considerable distance to the north and west of north-west Jersey (BGS,
2000), suggesting that at least one other contiguous, and perhaps related, pluton lies offshore to
the north of the North-west igneous complex (Figure 7).

A U-Pb zircon age of c. 483 Ma for a sample of St Mary’s granite from the Mont Huelin Quarry
(Miller et al., 2001), in the outermost zone of the pluton, suggests that the North-west igneous
complex was emplaced in the Ordovician Period. As such, it is around 100 million years younger
than the other two main igneous complexes in Jersey (the South-west igneous complex and
South-east igneous complex). The cause of the magmatism that produced the North-west
igneous complex is not clear, but it may represent a late Cadomian event (e.g., Adams, 1976;
Bland, 1985). Other researchers consider it to be linked to a later, post-Cadomian event (e.g.,
Miller et al., 2001), like the widespread tectonic features associated with the opening of the Rheic
ocean realm at this time. More research is needed to better understand the origin of this pluton.

Figure 7 Map of onshore and offshore bedrock geology around north-west Jersey
(coastline in white) showing the apparent offshore continuation of the North-west igneous
complex. From BGS (2000).

A small outcrop of diorite and granite (the latter described as being ‘syenitic’ locally) at Belle
Hougue Point has been referred to previously as the Belle Hougue igneous complex (IGS, 1982).
The rocks here have not been dated directly, but close proximity to the eastern part of the North-
west igneous complex and broad lithological similarities with the rocks there suggest that the
North-west igneous complex and Belle Hougue igneous complex are related.
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Two distinct generations of sheet intrusions crop out in Jersey. The older generation, known as
the Jersey Main Dyke Swarm, is dominated by dykes of basic to intermediate composition,
although dykes of siliceous composition (microgranite and rhyolite) are also present. A younger
generation, referred to here as ‘late lamprophyre dykes’, consists predominantly of mica
lamprophyre.

Jersey Main Dyke Swarm

The Jersey Main Dyke Swarm is the name assigned by Lees (1986) to the obvious concentration
of dykes that crop out within the E-W-trending area of ground underlain by the two main igneous
complexes in south Jersey. The dykes typically are steeply dipping, and most are less than 1 m
wide; good coastal exposures reveal that they can account for around 10% of the outcrop locally.
The swarm is particularly well exposed, and particularly abundant, in the extensive intertidal reef
to the west and east of Le Croc in south-east Jersey.

The dykes display strong preferred orientations: E-W in the South-west igneous complex (e.g.,
within the Noirmont site) and NE-SW in the South-east igneous complex (as seen in the Dicq
to Havre des Pas site). A small proportion of dykes have a broadly N-S trend; these dykes must
have opened in a stress regime different from that of the dykes forming the main part of the
swarm, indicating that the swarm as a whole has a multistage emplacement history.

Dykes of basic (i.e., basalt and dolerite) composition predominate, but Lees (1986) noted that the
dykes cutting the South-west igneous complex are mainly dolerite, whereas those cutting the
South-east igneous complex display a broader range of compositions, including dolerite,
microdiorite, lamprophyre and rhyolite (or microgranite). Where they occur together, for example,
in exposures on the foreshore at Mont Orgueil, the basic (doleritic) dykes often cut the siliceous
dykes. Many dykes are porphyritic; small phenocrysts of plagioclase and ferromagnesian
minerals predominate in dykes of basic composition, while phenocrysts of quartz and feldspar
occur in siliceous examples. Some dykes are composite, containing both basic and siliceous
components; in such cases, basic margins and siliceous centres are common.

The dykes were emplaced during and shortly after the later stages of assembly of the two main
igneous complexes in south Jersey (Lees, 1986). Based on whole-rock chemical analyses, Lees
(1986) described the swarm as having a calc-alkaline character of a potassium-rich (‘high-K’) type
‘characteristic of basalts generated at an active continental margin’.

Dykes of similar lithologies, and often with similar trends, occur in other parts of Jersey, although
they are relatively rare; many are probably genetically related to the Jersey Main Dyke Swarm.

Late lamprophyre dykes

Lamprophyre is a relatively rare form of igneous rock that crystallises from small batches of
ultrapotassic magma sourced directly from the mantle. Hornblende-bearing lamprophyre is a
minor component of the Jersey Main Dyke Swarm (and contemporaneous intrusions that are
technically not part of the swarm). Younger dykes of mica-bearing lamprophyre are much more
common and have been recorded in many parts of Jersey (e.g., Smith, 1933, 1935); a good
example is contained within the Noirmont site. Most are less than 2 m thick (occasionally they
reach 3 m), subvertical and broadly N-S trending (mainly in the sector between NNW-SSE and
NNE-SSW). These late lamprophyre dykes have not been dated but have been observed cutting
all the main bedrock units in Jersey, including the North-west igneous complex and the Rozel
Conglomerate Formation. They appear therefore to be the youngest bedrock features in Jersey,
and they may be related to the Variscan (also known as Hercynian) Orogeny, which produced
abundant magmatism in south-west England and in the Armorican terrane of north-west France
during the Devonian and Carboniferous periods. Thin sections of the Jersey examples typically
reveal phenocrysts of olivine (always pseudomorphed by carbonate and serpentine), pyroxene
and mica (biotite) in a fine-grained and variably altered groundmass of alkali feldspar,
ferromagnesian silicate minerals and opaque oxide (e.g., Smith, 1935; Bishop and Bisson, 1989);
lamprophyres with this mineral composition are called minettes.
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The youngest bedrock unit exposed in Jersey is the Rozel Conglomerate, which is likely to be
lower Palaeozoic in age. The next youngest sediments found in Jersey are Quaternary in age,
deposited after a time gap of more than 500 million years. During this time gap, two significant
mountain building events occurred — the Variscan and Alpine orogenies, which have helped to
shape the landscape and geology of Jersey.

The Variscan Orogeny occurred between the late Devonian and early Permian. This orogeny was
the result of the complex, staged collision between two large palaeo-supercontinents called
Laurasia and Gondwana, which resulted in the closure of an ancient ocean called the Rheic
Ocean and the generation of a new supercontinent called Pangaea. The absence of any deposits
of Permian or Triassic age suggests that during this interval, Jersey formed part of the landmass
of Pangaea, and terrestrial conditions occurred that restricted sediment deposition and
preservation; alternatively, rocks of this age may have been eroded away. Later, during the
Jurassic and Cretaceous, there was a period of regional crustal subsidence and basin
development with widespread marine conditions occurring across much of the UK and eastern
France, including the deposition of Cretaceous-aged rock offshore. However, the onshore
absence of Jurassic and Cretaceous rocks implies that Jersey and neighbouring Brittany may
have been land during this interval or that rocks have been removed by subsequent erosion.

Towards the end of the Cretaceous and continuing through the Cenozoic, north-west Europe has
been affected by a second period of mountain building, corresponding to the Alpine Orogeny. The
Alpine Orogeny occurred due to the close of the Tethys Ocean (the present-day Mediterranean
being a relic of this basin) and subsequent collision between the Eurasian, African and Iberian
plates. Across north-west Europe, many of the Mesozoic basins, including several in southern
England and north-east France, underwent uplift and inversion during the Palaeocene and
Eocene. A second phase of regional uplift occurred during the Oligocene and Miocene, but since
then, the magnitude of northwards-directed crustal compression has waned. Instead, vertical
crustal motion has been largely driven by erosion isostasy: crustal mass is eroded from
continental interiors (resulting in uplift) and transferred to basins (causing loading and
subsidence). A striking feature of the Alpine Orogeny is the amount of crustal exhumation, which
in some former inverted Mesozoic basins exceeds 1.5 km. While the amount of Cenozoic crustal
exhumation in Jersey is unknown, the weathering processes that have degraded the rock mass
in parts of northern France and southern England would also have affected the exposed geology
in Jersey. This includes prolonged chemical weathering under temperate Cenozoic climates prior
to the Late Miocene and mechanical forms of weathering under cold-stage Plio-Pleistocene
climates. The depth of this weathering profile in Jersey is not known with any certainty, but in
comparable rocks in mainland UK, it is around 80 m.

Throughout the Cenozoic, the interplay between compressive Alpine crustal stresses and the
ongoing opening of the North Atlantic has controlled the evolution and geography of the English
Channel and Jersey. This interplay has been responsible for modifying the base level and
associated local sea levels in complex ways, creating planation surfaces in the landscape.
Marginal areas of the Massif were periodically flooded during the Cenozoic, resulting in the
accumulation of sediments of that age. One of these events, which occurred during the Eocene,
encroached into the shallow embayment of the Normanno-Breton Gulf, depositing bioclastic
limestones. These deposits provide the first evidence of the islands as separate areas of land
distinct from the mainland (information from J Renouf).
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Throughout the Quaternary (the past 2,600,000 years), the predominant influence on the
environment of much of North-west Europe has been glaciations, and its landscape is largely the
product of erosion and deposition by ice sheets and glaciers. Jersey and the other Channel
Islands all lay beyond the margins of the ice sheets, in a periglacial zone, throughout the
Quaternary, so there are no glacial sediments or landforms present on the Islands (Keen, 1978b).
Instead, Jersey’s landscape and environment was dominated by the interplay between periods of
erosion and deposition in response to global and regional changes in the climate and sea level,
which were due to global ice sheet growth and decay, as well as local active neotectonics. The
resulting changes in the base level led to cyclical periods of erosion and deposition that occurred
around coastal areas and in valleys. Neotectonic processes are important, as they are responsible
for the regional uplift that has ensured the preservation of the various wave-cut notches seen
around Jersey, beyond the reach of later marine erosion (information from J Renouf).

Variations in the sea level would have resulted in changes to the shape of Jersey’s coastline, and
at times base levels would have been low enough to make the present-day island part of a larger
plain connected to the continent, facilitating the migration of Neanderthals across the region.
Consequently, the Quaternary in Jersey includes both marine deposits and landforms, including
raised beaches and erosional wave-cut notches, as well as sequences of terrestrial deposits,
such as periglacial head and loess that have not been removed by erosion, and later windblown
sand and peat.

During the Quaternary cold stages, periglacial conditions dominated North-west Europe beyond
the ice-sheet margins, and like the wider region, Jersey endured a cold and arid climate with little
vegetation to stabilise the unconsolidated surface sediments (Keen, 1978). As a result, the
mobilisation of silt and fine sand by aeolian (wind) mechanisms was the major geomorphological
process that caused windblown deposits to dominate the Quaternary sequence in the central,
flatter part of the island (Keen, 1978, 1993). Furthermore, the combined products of freeze-thaw
and mass movement processes have locally resulted in the formation of significant deposits
containing a high proportion of clasts of frost-shattered bedrock; these deposits mantle inland
slopes and accumulate below the coastal sea cliffs.

During the Quaternary warm stages (interglacials), the climate of the Normanno-Breton Gulf was
similar to its climate today. Jersey’s bays contain recent accumulations of peat and silt deposits,
and similar deposits had also formed on parts of the surrounding plains before they were
submerged by the rising post-last-cold-stage sea level. There are many preserved examples that
occur at middle to low tide levels around the island and at different levels within the sediments
that occupy the main bays of the island. The peats and the associated generally fine-grained
sediments contain material and artefacts that relate to the human occupation of Jersey
(information from J Renouf).

The more recent deposits, in the form of peat and alluvium in coastal areas, date from the
Holocene. These Holocene sediments are locally interbedded with marine deposits along the
coast, which record a history of marine transgressions into freshwater bodies that coincided with
the deposition of windblown sands nearby (Figure 9).

Quaternary climatostratigraphy

In order to distinguish between warmer and colder phases during the Quaternary Period, the
variation in oxygen isotopic ratios measured from long sediment and ice core records is used.
These ratios provide a proxy measurement for the extended periods when relative volumes of
water trapped in global ice masses have varied over time, with larger ice volumes resulting in
lower sea levels and vice versa. These extended periods are referred to as Marine or Oxygen
Isotope Stages (MISs or OISs). It is generally accepted that there are three categories:

¢ Glacial or cold stages (even-numbered stages) correspond to freezing cold conditions and
the global existence of large ice sheets, with resulting low sea levels.
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o Interstadial events correspond to minor climatic ameliorations superimposed upon cold
stages. These events do not have widespread glacial conditions. For example, most of
Europe would have been dominated by tundra-like conditions during these events.

¢ Interglacial or warm stages (odd-numbered stages) typically correspond to stages in which
climates were similar to or warmer than the present day. For example, hippo and lion
remains have been found in English interglacial sediments. These periods are associated
with relatively higher sea levels.

Warm stages (interstadials and interglacials) in North-west Europe are denoted by odd MIS/OIS
stage numbers, for example, OIS 1 (the Holocene) and OIS 3 (the Middle Devensian). Cold stages
(glacials) have even numbers, for example, OIS 2 (the Late Weichselian / Late Devensian).
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Figure 8 Chronostratigraphy of the Middle and Late Quaternary Period, 0.8 Ma to present,
showing major stages in the British Isles and Europe; Oxygen Isotope Stages (OISs) and
graph indicating relatively warmer or cooler periods; and significant events in Jersey’s
Quaternary history (after Merritt et al., 2003; Lee et al., 2015).

24



55—

St Ouen's
Bay

Royal Bay
of
Grouville

¥ Noirmont

Point G La Rocque

Green lsland Paint

PLEISTOCENE
Made ground
s

HOLOCENE

: Blown sand, present day - Head
Alluvium

LS Peat — Raised beach

Blewn sand, older
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Bisson, 1989).

Chronology

Quaternary deposits cover much of Jersey but have yet to be systematically dated and
characterised in terms of their palaeoenvironmental and archaeological potential, except in a few
key localities. However, through recent studies, significant progress has been made in dating and
correlating deposits from many locations on the Island and in placing them in at least a local
stratigraphy. Furthermore, some sites in Jersey have also been successfully correlated more
widely, allowing a comparison with the climatic and environmental conditions established in
studies of sites in the wider Channel region and northern France. A list of the sites and sampled
materials from the Jersey pre-Holocene Quaternary succession, for which absolute dates have
been published, is shown in Table 2. Dated sites extend back almost 250,000 years, but parts of
the sequence, notably the highest raised shoreline features, are thought to be much older,
possibly reaching back to Oxygen Isotope Stages (OISs) 11-13 (¢. 390490 ka BP; Renouf and
James, 2011; Figure 10).

The chronostratigraphical framework for many of the Holocene sequences is better constrained,
principally because these sequences often include peats, organic muds and plant remains that
are suitable for *C dating. It is clear from the published ages that the maximum (high stand) of
the Holocene sea-level transgression in Jersey was reached around 4,000 yr BP (Stéphan and
Goslin, 2014). Holocene peat and alluvium began to be deposited c. 8 yr BP and most of the
blown sand of the southern and western coasts is younger than 4,000 yr BP (Jones et al., 1990).
In contrast to Pleistocene sequences, which are rather fragmentary, the Holocene sediments
often bury extensive pre-existing landscapes. For example, in St Ouen’s Bay the blown sand
buries a mid-Holocene landscape associated with evidence of human activity, including stone
monuments and dwellings dating to the Neolithic Period.
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RADIOMETRIC DATES FROM THE PRE-HOLOCENE SEQUENCES

ERROR

Calibration

LOCALITY MATERIAL DATE (ka) | (ka) (14C) METHOD SOLICE
Queen's Valley 10,490 14 12,880— Jones et al.
Reservoir Organic silt (top) C years +0.70 11,960 14 C (2004)
Queen's Valley 10,720 14 13,120— Jones et al.
Reservoir Organic silt (base) C years +0.130 12,190 14 C (2004)
>25514 C Coope et al
Fliquet Twigs from peat years 14 C (1980)
La Cotte de St Bates et al
Brelade Final head deposit 25.7 +3 OSL (2013)
Dune sand . ..
(overlying 8 m TL on K ;/;I(?tz'l(;(a)g;)e et
Portelet raised beach) 96* +12 feldspar ’
Sediment 3-4 m
beneath  deposits
La Cotte de St | containing hominid osL Bates et al
Brelade remains, artefacts | 102 + 15.8 (2013)
and animal bones, | — 479 %
above raised beach | 2.16
TL on K | Vliet-Lanoé et
Belcroute Beach sand 109** +20 feldspar al. (2000)
Travertine cement
Belle Hougue (8 m raised beach) 121 +14/-12 U-Th Keen (1981)
Marine mollusca (8
Belle Hougue m raised beach) c. 120 AAR Keen (1981)
Callow and
La Cotte de St | Burnt flints (layers Cornford
Brelade C,DandE) 238 +35 TL (1986)

* This material gave a range of ages from 64 + 7 to 96 + 12 ka BP in a review of Tl dates by Balescu and Lamothe

(1992).

** This material gave a range of ages from 60 + 9 to 109 + 20 ka BP in a review of Tl dates by Balescu and

Lamothe (1992).

Table 2 Absolute age dates from the pre-Holocene sequences

The evidence for past high relative sea levels is widespread along the coastlines of the
Normanno-Breton Gulf, including the coasts of Jersey and the other Channel Islands as well as
those of the Cotentin Peninsula and Brittany. This evidence includes wave-cut notches and
platforms cut into the bedrock, as well as raised beach remnants that occur at a wide range of
elevations above the present mean sea level. However, Keen (1995) highlighted the fact that the
regional correlation of these raised marine features based simply on their position/altitude relative

to the present day mean sea level (m.s.l) remains problematic for the following reasons:

1. The tectonic setting and degree of neotectonic uplift and depression may have varied

greatly between these sites throughout the Cenozoic (Vliet-Lanoé et al., 2000).

2. The pattern (and number) of global eustatic sea-level changes (caused by global climate
change and the consequent growth and recession of ice sheets and glaciers) throughout

the Quaternary is highly complex.
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3. The present-day tidal ranges in the wider Channel Islands region, notably between
Guernsey and Brittany, are some of the largest in the world (Renouf and James, 2010).
Consequently, if the extrapolation of similar tidal ranges back to the Quaternary Period is
performed, contemporaneous beaches and marine planation surfaces recognised at the
different sites in Jersey will have formed at different elevations relative to the local m.s.l.
compared to similar sites in the Channel Islands and adjacent French coasts.

Vliet-Lanoe et al. (2000) further highlighted the difficulties in correlating between sites by
comparing the published radiometric (U-Th), optically stimulated luminescence (OSL),
thermoluminescence (TL) and electron spin resonance (ESR) ages of different deposits. The
ages obtained for beaches at elevations of 6—10 m above NGF (Nivellement general de la France)
at Pen Hat (West Brittany), Menez Dregan (West Brittany), Pénestin (South Brittany) and Trez
Rouz (West Brittany) range between c¢. 377 ka BP and c. 470 ka BP (Vliet-Lanoe et al., 2000).
These ages fall close to the ages (c. 395 ka BP or ¢. 490 ka BP) proposed for the ‘30 m’ beaches
at South Hill in Jersey and at Les Vardes on Guernsey (Renouf and James, 2010). However, the
elevations of the dated sites in Brittany are similar to those of the 8 m raised beaches in Jersey,
which typically have been assigned ages of between c. 96 ka PB and c. 230 ka BP; however, sea
levels recorded in southern Brittany are thought to have distinct ages from those of the Normanno-
Breton Gulf, being subject to a different tectonic regime (information from J Renouf).

Despite these difficulties, recent advances have been made in placing the raised shoreline history
of Jersey into a more robust regional chronological framework (Renouf and James, 2011; Table
2). Currently, six separate Quaternary high sea-level stands have been identified in Jersey, but
only four have beach deposits associated with them. The others are represented by palaeo-cliff
lines and marine notches cut into bedrock. The first and highest, referred to as the ‘30 m’
shoreline, occurs at South Hill, St Helier; its only known possible correlative at present is that of
Maupertus-le-Grand-Castel in the Val de Saire east of Cherbourg in Normandy (Coutard, 2003).
Mourant (1933) and Coutard suggested that both of these + 40 m beaches extend over a range
of heights down to c¢. 30/31 m. Unlike the South Hill and Val de Saire 40 m beaches, which could
be assigned to a single, if composite, event, there are several known, apparently standalone 30
m beaches and notching in the Val de Saire (Platform IV, Coutard, 2003), Guernsey (Keen, 1978;
Renouf and James, 2010) and Jersey (Bouilly Port, St Brelade; Nichols and Renouf:
Jerseygeologytrail.net/superficial deposits). Renouf and James (2010) suggest that these 30 m
raised beaches date to c¢. 400 ka (OIS 11) depending on what rate(s) of tectonic uplift is applied
to the land surface over the last 500 ka. The next-lowest raised beach occurs at an elevation of
23 to 24 m at St Clement and most likely dates from between 303 to 339 ka (OIS 9; Renouf and
James, 2010). This beach is probably present at the archaeological site of Les Varines, where
marine sands at the foot of the old cliff have been proven through drilling to be present between
23 and 27 m. Here, they rest on granitic sand rather than directly on the wave-cut platform,
suggesting that this feature may in fact represent two or more high sea-level events rather than
the one event argued for by Renouf and James (2010) (information from J Renouf).

Remnants of a third shoreline at an elevation of 18 m a.m.s.l. are common, particularly along the
northern coast of Jersey, with the key sites being identified at Le Pinacle,lle Agois, La Cotte a la
Chvre, Belle Hougue Cave | and Il and elsewhere. Elements of the 18 m raised beach almost
certainly exist on the southern side of the Island but are typically buried beneath head in the
embayments east of St Helier. For example, an extensive sequence of 8 m or more of marine
sands has been mapped at the base of the cliff at Les Varines, where marine sediments rest on
a platform covered with granitic sand; this suggests that at least two high sea-level events
occupied this shore platform. This shoreline level has been correlated with Platform Il in the Val
de Saire (Coutard, 2003) and at La Roche Geletan (Cliquet et al., 2009) and dates from around
240 ka BP. A resurvey of La Cotte a la Chévre (Renouf and James, 2010) found that the cave
floor was lower than previously thought at 14 m a.m.s.l. and also placed this feature in the 18 m
group of beaches and notches. Callow (1993), and subsequently Renouf and James (2011),
attribute La Cotte a la Chvre cave deposits to this period of shoreline formation. Bishop et al.
(2003) reported the presence of a small remnant of travertine-cemented gravel, which they
assigned to the ‘18 m’ raised beach, in the higher of the two caves at Belle Hougue Cave | and
Il. This deposit of travertine with stalagmites occurs on the surface of a fault sloping down from
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the 18 m notch to the 8 m notch and cannot be reliably linked to formation at the time of the 18 m
notch (information from J Renouf).

The ‘8 m’ raised beach is the most common raised shoreline identified around the coast of Jersey
and is particularly well developed at Le Pulec; it extends around the present low water mark as
dissected remnants (Renouf and James, 2011), around the Giffard Bay, Bonne Nuit and Rozel
in the north and around the Bouley Bay, Portelet and Belcroute in the south of the Island (Keen,
1993, 1995). The Holocene beach deposits are composed of a wide range of clast sizes, from 40
cm cobbles at Portelet Bay to fine gravel and sand at Belcroute. Although they are typically
dominated by locally derived bedrock, locally these beach gravels contain distinctive clasts, such
as jasper pebbles at Giffard Bay and significant amounts of flint at Bonne Nuit. Iron-cemented
gravels at mid-intertidal to mid-upper tidal levels are found widely around Jersey’s coast,
suggesting that they have a common origin. A possible source of iron could have been
groundwater carrying iron to emergence down the tidal beach (information from J Renouf). A good
example is the iron-cemented gravels recorded by Bishop et al. (2003) ‘forming an upstanding
mass in the modern beach’ east of Noirmont Point, near Portelet.

Keen (1993) provides a good account of the marine sediments in Jersey along with their possible
ages. Subsequent research has identified pockets of sediment on the present intertidal reefs of
Jersey that do not readily fit the present accepted consensus of a single 8 m sea level followed
by one set of cold stage deposits and then the deposits of the Holocene. For example, flint
artefacts at upper mid-tide levels at Petit Portelet suggest a pre-OIS 5e date, and Cold Stage
loesses and/or head below 8 m cobble beaches at both Portelet and Belcroute indicate that they
are related to composite OIS 5e succession, allowing for a cold phase within that stage or a wholly
pre-OIS 5e (likely OIS 6) age for the latter. If correct, this would demonstrate that the rock platform
on which the lowermost cold stage deposits rest must have an origin at least as old as OIS 7 or
that there are additional unknown sea-level stands (information from J Renouf). In the absence
of an extensive dating programme for the raised shorelines, possibly using more modern
techniques (e.g., revised ™C [AMS 'C], thermoluminescence [TL], optically stimulated
luminescence [OSL] dating, terrestrial cosmogenic nuclides [TCN]), this chronology will remain
poorly constrained, perpetuating the differences in the interpretation of these features.

2.5.2.1 LOESS

Loess, in the form of an apparently structureless orange-brown silt, is widespread across Jersey
and mantles c. 75% of the plateau surface of the Island. It is thickest around St Clement and on
the plateau around La Hougue Bie, where it is reported to be up to c. 5 m thick, but elsewhere it
is commonly less than 3 m thick, for example, at La Motte (La Motte, Le Nez and Le Croc SSl),
St Peter and St Ouen. The thickest deposits are generally found in the east of Jersey, thinning
westwards (Keen, 1993). There are also significant loess deposits with head deposits on the
south, east and north coasts of the island. These fine-grained silty sediments are mainly
composed of detrital quartz and feldspar grains, and they are predominantly transported by strong
katabatic winds blowing from the north-west ice-covered regions towards Brittany and Normandy
(Lefort et al., 2019). Pleistocene loess with an easterly derivation is also recorded (information
from J Renouf). Locally, however, calcareous loess deposits have been reported, most notably
at La Motte and Belval Cove, with these aeolian deposits containing diagenetic calcareous
concretions (Keen, 1993). Structures called ‘limon a doublets’, which are related to the relatively
rare combination of decalcification and bioturbation processes, are also present at La Motte and
in the upper part of the section at Belcroute.

The calcareous loess at Portelet, Belval and St Aubin’s Bay has yielded sparse fossil
assemblages, including land snails of Arctic affinity (Keen, 1993; Rousseau and Keen, 1989).
Fossil snails have also been recovered from calcareous patches within the uppermost loess unit
at Belcroute Bay. Cold climate molluscan faunas in loessic sediments are also known from sites
on Guernsey, as well as in Normandy, Brittany and Sangatte near Calais. The fauna from the
loess at the Portelet site in Jersey, coupled with its stratigraphical setting (Lautridou et al., 1986),
enabled Rousseau and Keen (1989) to produce a tentative comparison with the tundra
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(Columella) faunal assemblages from loessic sequences at Bréhat in Brittany and Le Havre in
Normandy. The Portelet assemblage was from loess located within a channel cut into pre-existing
head deposits. These rest upon pedogenically modified windblown sand, which overlies the ‘8 m’
raised beach deposits. This entire sequence occurs beneath a geliflucted layer within the loess
that has been correlated with the ‘Kesselt level’ of Normandy; the latter is considered to mark the
Upper Weichselian—Middle Weichselian (Devensian) boundary (c. 25-30 ka BP) in North-west
Europe. This means that the fauna at Portelet is probably only a little older than 30 ka BP, i.e.,
potentially within the limits of modern AMS '*C dating. This would enable an absolute age to be
established for this part of the loess sequence in Jersey.

Although they most certainly pre-date the Holocene, the age of the loessic deposits in Jersey
does vary, as in some areas they are observed underlying Middle Pleistocene deposits, whereas
elsewhere they rest directly on head of Late Pleistocene age. The presence of loessic material
incorporated within the lowermost part of the sequence from the La Cotte de St Brelade ravine
complex (Callow and Cornford, 1986) led Keen (1993) to suggest that loess deposition in Jersey
may have begun as early as OIS 8 (>245 ka BP). Furthermore, recent work at Les Varines
indicates that the localised reworking of loess during the Late Pleistocene and even into the early
Holocene has produced sediment sequences very similar to in situ loess, and consequently the
most recent loess-like deposits may contain a variety of ages of material.

2.5.2.2 HEAD

During cold climate conditions, repeated freezing and thawing causes the frost shattering,
disaggregation and erosion of exposed bedrock surfaces. The gravitationally driven downslope
movement of this broken material due to a combination of solifluction, gelifluction, debris flow and
soil creep can lead to the accumulation of a significant thickness of material at the bases of slopes.
These typically poorly sorted (boulder to silt), massive to weakly stratified deposits, called ‘head’
deposits, occur in many coastal locations across Jersey. Head thicknesses can reach up to 20 m
along the base of ancient, abandoned palaeo-sea-cliffs, and the thickness of the coastal head
deposits is directly related to the height of the palaeo-cliffs, with a ratio of cliff height to head
thickness of c. 4 or 5:1 (Keen, 1978). Similar ratios have been reported from head-blanketed cliff
sections on the Cotentin Peninsula in Normandy by Watson and Watson (1970) and in south
Devon by Mottershead (1971).

Along the inland fossil cliffs backing the main bays of St Ouen’s and St Aubin’s, head deposits
are observed forming fans and cones, which are partially buried beneath later windblown sand.
Head also occurs inland in Jersey; however, these deposits tend to be much thinner, mantling the
lower valley side slopes to a maximum depth of 2—3 m. The inland head deposits tend to be finer
grained than those exposed at the coast, as they are mainly derived from the loess with mantles
from the plateau above. For example, at Les Varines, it is difficult to distinguish in situ loess from
reworked loess deposited in the early Holocene.

Almost all of the island’s head deposits contain a proportion of loess. The loess is either
distributed relatively ubiquitously throughout the head as a matrix, as lenses of up to 2-3 m thick
and tens of metres long (particularly characteristic of north and south-west coastal heads, e.g.,
Bonne Nuit/Giffard, Beauport), or as sheets (as observed at Belcroute and Portelet). Slope
processes are responsible for redistributing loess from the plateau and adding it into the coarser
head accumulations lower down, as at Les Varines. Redistributed loess and other finer-grained
deposits accumulated during overall head formation, as seen very clearly towards the eastern
end of Bonne Nuit, where finer-grained material is derived from upslope by rivulets locally causing
shallow ponding (Bishop and Bisson, 1989). At some localities, e.g., Petit Portelet below Mont
Orgueil Castle, Belcroute and Portelet, head with thicknesses of between 1 and 2 m underlies
cobble gravels of the 8 m beach and rests on bedrock, leading to the assumption that these
periglacial slope deposits are pre-lpswichian in age (information from J Renouf).

At La Cotte de St Brelade, the head deposits contain faunal remains and anthropogenic
artefacts, including the bones of mammoths, rhinoceros, rodents and birds, along with the tools
and bones of Neanderthals; as a result, the site is of international archaeological significance,
with head deposits dating back to >240 ka BP (Huxtable, 1986). At Fliquet, peat containing beetle
and pollen taxa, indicative of formation in a sub-Arctic environment, has been incorporated into
the base of the head deposits.
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Almost all the known head deposits occurring in Jersey are considered to have last cold stage
(Devensian) ages, and known older head deposits are confined to a few specific sections, such
as at Portelet, Belcroute and Petit Portelet and the complicated, even older successions within
La Cotte de St Brelade (information from J Renouf).

The Fliquet site is one of only three sites in Jersey where pre-Holocene organic sediments (muds
and peats) have been recorded. Peat overlying organic-rich mud, resting on a wave-worn surface
cut in rocks belonging to the Jersey Shale Formation, was exposed from beneath the modern
storm beach at St Aubin’s Bay (Belcroute) during the storms of 1981 (Coope et al., 1985, 19863,
b, 1993). The deposits at St Aubin’s have several similarities to the Fliquet sediments, with both
sequences containing angular and rounded clasts of shale, suggesting that these organic
sediments have been reworked, i.e., they are head with a matrix of organic-rich sediment. Both
the St Aubin’s Bay and Fliquet sediments are described as ‘compacted’ and have yielded pollen
spectra and fossil coleopteran (beetle) assemblages that indicate deposition under tundra (Arctic)
conditions. The St Aubin’s Bay deposits are undated, but the flora and faunal assemblages they
contain can be used to suggest that they were formed during a cold stage in the Early Weichselian
(OIS stages 5a—d) or earlier.

The organic sediments at Fliquet and St Aubin’s Bay have been compared with similar sequences
from Omonville-la-Rogue, Baie de Ecalgrain, Herquemoulin, Petit-Beaumont and Vauville on the
Cherbourg (Cotentin) Peninsula in Normandy (Coope et al., 1986a, b). Coope et al. (1985) noted
that, at the time, no analogous pre-Holocene organic deposits were known from the British coast.
Although Coope et al. (1980) compared Fliquet to the dated sequences at Kerguillé, Finisterre,
Port-Lazo and Coétes du Nord in Brittany, as well as those at St Céme de Fresné (Calvados), Baie
de Ecalgrain and Vauville in Normandy, the dating of all of these French sites has subsequently
proven to be problematic. For example, the organic sediment at St Come de Fresné overlies
estuarine deposits and was originally assigned to the Ipswichian (Eemian) warm stage. However,
palynological analyses indicated that these sediments contain a high percentage of tree pollen
(including pine) in the profile, which is incompatible with the cold ‘Arctic’ environment suggested
by the floral and faunal assemblages acquired from the Fliquet sediments.

In their initial study, Coope et al. (1980) suggested that the most comparable sites to Fliquet were
at Port-Lazo (Brittany) and Vauville (Normandy), which have been assigned late Brgrup (OIS 5c;
c. 92—105 ka BP) and Late Weichselian (c. 24 ka BP) ages, respectively. In their study of the
‘detrital peat’ at St Aubin’s Bay, Coope et al. (1985) suggested that the flora and fauna in the
sediments from Jersey most closely resembled those reported from organic sediments at Petit-
Beaumont and Herquemoulin on the Normandy coast and that they all probably formed during an
Early Weichselian (Early Devensian) interstadial episode. This would have occurred prior to the
onset of the main Late Weichselian (Late Devensian) cold stage (c. 30 ka BP), which is thought
to have been responsible for the most recently preserved major phase of periglacial activity in
Jersey. In summary, it appears that the organic sediments at Fliquet and St Aubin’s Bay in Jersey
and comparable sequences on the Normandy coast provide evidence of a similar pattern of the
climate, vegetational and relative sea-level change and that these changes occurred during the
late Eemian to Early Weichselian (late Ipswichian to Early Devensian; OIS stages 6-5a).

Pre-Holocene deposits of organic silt and sand, intercalated with head containing clasts of granitic
and volcanic rocks, were exposed in an excavation for the construction of the Queen’s Valley
Reservoir in eastern Jersey (Jones et al., 2004). The organic sediments at this third site yielded
pollen, plant macrofossils and coleopteran remains that indicated that they were deposited under
periglacial conditions. The included plant remains yielded a C date of 10,490-10,720 C yr BP
(c. 12,020-12,520 cal '*C years ago), which is consistent with these sediments having been laid
down during the early part of the Loch Lomond (Younger Dryas) Stadial, i.e., they are much
younger than those from Fliquet and St Aubin’s Bay. Jones et al. (2004) noted that similar
Younger Dryas vegetational sequences have been found at Bellengreville (Calvados), Saint
Ursin, La Vie and Le Fourneau (Mayenne) in Normandy within the Massif Amorican. These
authors also discuss the context of the Queen’s Valley site in Jersey in relation to sites of a similar
age in the Somme Basin in northern Belgium, the Gatcombe Withy Bed and Munsley Peat Bed
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on the Isle of Wight, the Church Moor site in the New Forest, Holywell Coombe near Folkestone
and the Hawkes Tor site on Bodmin Moor. The Queen’s Valley Reservoir organic sediments are
important not only in a regional context, but also because they are the only robustly dated
sequence of pre-Holocene humic organic sediments in Jersey. As a consequence, they provide
unique evidence of the environment, vegetation and climate on the Island during the Weichselian
cold stage, immediately prior to the Holocene.

Windblown sand up to 5 m thick, known as the St Peter’'s Sand, underlies the area beneath the
eastern part of Jersey Airport. The sand is not currently exposed; however, it has been recorded
in a road cutting by Keen (1975), where it was overlain by loess. Similar pre-Holocene blown sand
deposits have been identified within the head- and loess-dominated sequence at Portelet Bay,
where they are partially cut out by a channel of probable Weichselian (Devensian) age that is
infilled by loess containing Arctic snail fauna. Although precise dates on the loess deposits of
Jersey have not yet been obtained, this indicates that the most recent period of formation for this
blown sand deposit is pre-Holocene, possibly during the Younger Dryas or even earlier.

0]
o) g
= 0 H
g | ¢ Chronostratigraphy
53 7 =
38 08
25 _|B S i
2552 Britain NW Europe Jersey
Hol Hol St. Ouen’s/Grouville blown sand
olocene plocene Holocene highstand
St-Quen’s buried forest
1 Loch Lomond Younger Dryas
Late- Stadial Stadial
glacial -
® Late-glacial Queen’s Valley organic deposits
Interstadial Allergd Interstadial St. Peter’s blown sand?
Late .
Devensian Early Dryas Stadial
>
_ Balling Interstadial period of likely
g 2 Dimlington Stadial head formation
5 Pleniglacial
= =
© (] =
= ; (]
o g 'Sourlie Interstadial' © Portelet mollusc fauna in loess
© g (Upton Warren) »
- o Middle | _ | =
j 3 o Devensian = Denekamp Interstadial
[0}]
= Hengelo Interstadial / /
. . period of likely
Glinde Interstadial head formation
4 Oerel Interstadial
5a Earl 'Brimpton Interstadial’ Odderade Interstadial St Auplns & Fliguet organic
arly. deposits?
5b Devensian Rederstall Stadial
5c 'Chelford Interstadial' Brerup Interstadial
5d Herning Stadial
5e Ipswichian Eemian 8m raised beach formation

Figure 10 Detailed chronostratigraphy of the Late Quaternary, showing global relative
average sea level; Oxygen Isotope Stages (OISs); key divisions of the period in both Britain
and North-west Europe; and significant events in Jersey’s Quaternary history (after Merritt
et al., 2003; Lee et al., 2015).
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2.5.5.1 BEACH DEPOSITS

There are many small beaches on the Island comprised of a mix of cobbles and coarse sand. The
greatest expanse of modern beach deposits, however, can be found in St Ouen’s Bay on the west
side of the Island, St Aubin’s Bay in the south and Grouville Bay in the south-east. Behind several
of the larger beaches are contemporary wind-blown sands that form mature dune systems,
especially around St Ouen’s Bay.

2.5.5.2 ORGANIC DEPOSITS

Peat and alluvium and alluvium that also contains peat can be found in the mouths of the major
river valleys along the south coast of Jersey at St Aubin, St Helier and Georgetown. Furthermore,
peat has also been recorded underlying the blown sand at St Ouen’s, St Brelade’s and Grouville
bays. Thick organic deposits comprising up to 8.5 m of organic silts and muds, in association with
up to 2 m of peat, have been recorded at Grouville Marsh (Jones et al., 1990; Keen, 1993).
Coastal organic sediments, although they contain an assemblage dominated by freshwater pollen
taxa, reveal a history of marine transgression throughout the Holocene; at least two such events
are recorded in the sedimentary sequence exposed at St Ouen’s Bay. Inland, the basal peats
analysed from the St Peter site have early Holocene ages of 10,830 + 70 yr BP (9,670 + 70 ™C
yr BP), with the pollen sequence recording changing environmental conditions through the
Holocene, including the impact of increasing human activity.

Although they are not widespread, there are alluvial deposits in the north-south-oriented river
valleys draining to the south of the Island. These deposits comprise a rich, dark orange-brown
organic sandy silt with occasional gravels.

2.5.5.3 BLOWN SAND

Blown sand deposits are extensive in the west of Jersey at St Ouen’s Bay, at Grouville in the
east and at St Brelade, St Aubin and St Clement in the south, with a small area of these deposits
also occurring at Gréve du Lecq in the north. The windblown sands directly overlie peat, with the
14C ages acquired from the top surface of these organic deposits indicating that sand deposition
started after c. 4,310 yr BP (3,980 ™C yr BP) in St Ouen’s Bay and slightly later, after c. 3,275 yr
BP (3,150 “C yr BP), at Ouaisné. The deposition of windblown sands on the Island has continued
intermittently to the present day (Keen, 1993), with a major occurrence dated to the early 13"
century (Le Cornu, 1883). The superposition of the blown sand over organic deposits such as
peat from multiple coastal localities reveals a story of rising Holocene sea levels, where peat and
alluvium deposition occurred in ponds protected by beach bars until they were breached by the
rising sea level. As the sea level rose, blown sand progressively encroached into these freshwater
environments as the beaches became established (Keen, 1993).

2.5.5.4 OTHER DEPOSITS

There are also other, less well-known sediment types present in Jersey. For example, at St
Clement’s Parish Hall car park and on the foreshore to the west of the Le Hocq Tower, there are
peats containing tufa of possible Holocene age. The peats in Jersey are rich in molluscs, which
is regionally uncommon; molluscs can be used for high-resolution dating and so further research
into these molluscs could provide important insight into the timing of climate change. Also
important for dating are the flowstone deposits from the cave Belle Hougue |. It is not known if
there are any left in situ, but any material retained in museums could potentially be the best
chance of discovering long climate records in this part of the region. Similar deposits from
Northern France are not known.
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The prehistoric archaeological narrative of Jersey, covering a span of time in excess of 250,000
years, up to and including the Iron Age, has been shaped by factors that include both the
archaeology itself and the history/context of excavation on the island. Consequently, we can
identify the following factors as important:

e ‘Big sites’ such as La Cotte de Saint Brelade (Callow and Cornford, 1986) and La Hougue
Bie (Patton et al., 1999) dominate the narrative of the Island.

e Prior to the post-war era, most visible and prominent sites were excavated by members
of the Société Jersiaise, the Island’s learned society. Very few key sites have been subject
to modern scientific investigation.

e Only recently has an Historic Environment Record been established for the Island. This is
an ARCHES database that is maintained by Jersey Heritage.

e Planning regulations have not always considered geoarchaeological potential or
landscape-scale preservation.

e Very little purposive prospecting for buried prehistoric archaeology has been undertaken
on the Island.

Additionally, we need to consider the differences in the nature of the archaeological signatures
associated with the prehistoric record. Thus, for the Palaeolithic and Mesolithic periods (up to c.
6,000 years ago), it is perhaps best to consider the archaeology of the period as a resource
distributed across the landscape in differing densities according to both the use of that landscape
by past human populations as well as the varying nature of the Quaternary geology. This eschews
the use of the term site (appropriate for the Neolithic, where substantial structures are present)
for this early archaeology and replaces it with the concept of the spatial use of the landscape,
which results in different archaeological signatures across that landscape. Such an approach
moves away from the concept of large accumulations of artefacts being significantly more
important than perhaps small assemblages at key locations in a landscape. Consequently, for the
Palaeolithic we can identify the following:

1. Sites with large quantities of artefacts, for example, La Cotte de Saint Brelade (Callow and
Cornford, 1986; Shaw et al., 2016), Les Varines (Conneller et al., 2016) and Canal du
Squez (Conneller et al., 2016)

Sites with moderate numbers of artefacts (10-150), for example, Petit Portelet

Sites with low numbers of artefacts (1-10), for example, Le Pulec.

@

Later prehistoric sites of Neolithic age are simpler to classify and can be more easily
accommodated into existing frameworks of understanding; in the context of Jersey, they fall into
two groups. First and most characteristic of Jersey are the upstanding megalithic sites of Jersey,
including the maijor site at La Hougue Bie (Patton et al., 1999) and other smaller sites, such as
the standing stones in Les Blanches Banques. Some of these sites were discovered buried
beneath superficial sediments, such as that of the Gasworks Dolmen, which lay at a depth of 4.5
m in deposits mapped as alluvium (Kinnes, 1988), and the two structures of the Ville-és-Nouaux
Dolmens buried in sand at St Aubin’s Bay. Second, there are the more ephemeral but
nevertheless very significant sites documenting German occupation, such as those at the Simon
Sand quarry in St Ouen’s Bay.

Key Palaeolithic sites include the iconic site of La Cotte de St Brelade (Shaw et al., 2016). This
site is preserved in a sea cave in the granite cliffs of south