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Preface

There is such a diversity of rocks, minerals, fossils and landforms packed into the
piece of the Earth’s crust we call ‘Britain’ that it is difficult not to be impressed by
the long, complex history of geological change to which they are testimony. But
if we are to improve our understanding of the nature of the geological forces that
have shaped our islands, further unravel their history in ‘deep time’ and learn
more of the history of life on Earth, we must ensure that the most scientifically
important of Britain’s geological localities are conserved for future generations to
study, rescarch and enjoy. Morecover, as an educational field resource and as
training grounds for new generations of geologists on which to hone their skills,
it is essential that such sites continue to remain available for study. The first step
in achieving this goal is to identify the key sites, both at national and local levels.

The GCR, launched in 1977, is a world-first in the systematic selection and
documentation of a country’s best Earth science sites. No other country has
attempted such a comprehensive and systematic review of its Earth science sites
on anything near the same scale. After over two decades of site evaluation and
documentation, we now have an inventory of over 3000 GCR sites, selected for
around 100 categories covering the entire range of the geological and geomor-
phological features of Britain.

This volume, describing the British Lower Jurassic rocks of Great Britain, is the
30th to be published in the intended 43-volume GCR series. Not only does it
contain the descriptions of key localities that will be conserved for their contribu-
tion to our understanding of the stratigraphy of rocks of this age, but also provides
an excellent summary of the palaeontological and sedimentological features, and
palacogeographical significance to be found in them, and it outlines the research
that has been undertaken on them. The book will be invaluable as an essential
reference book to those engaged in the study of these rocks and will provide a
stimulus for further investigation. It will also be helpful to teachers and lecturers
and for those people who, in one way or another, have a vested interest in the
GCR sites: owners, occupiers, planners, those concerned with the practicalities of
site conservation and indeed the local people for whom such sites are an
environmental asset. The conservation value of the sites is mostly based on a
specialist understanding of the stratigraphical, palacontological and sedimento-
logical features present and is therefore, of a technical nature. The account of
each site in this book ends, however, with a brief summary of the geological
interest, framed in less technical language, in order to help the non-specialist. The



Preface

first chapter of the volume, used in conjunction with the glossary, is also aimed at
a less specialized audience. This volume is not intended to be a field guide to the
sites, nor does it cover the practical problems of their ongoing conservation. Its
remit is to put on record the scientific justification for conserving the sites.

This volume deals with the state of knowledge of the sites available at the time
of writing, in 1998-2003, and must be seen in this context. Stratigraphy, like any
other science, is an ever-developing pursuit with new discoveries being made, and
existing models are subject to continual testing and modification as new data
come to light. Increased or hitherto unrecognized significance may be seen in
new sites, and it is possible that further sites worthy of conservation will be
identified in future years.

There is still much more to learn and the sites described in this volume are as
important today as they have ever been in increasing our knowledge and under-
standing of the geological history of Britain. This account clearly demonstrates
the value of these sites for research, and their important place in Britain’s scientific
and natural heritage. This, after all, is the raison d’'étre of the GCR Series of
publications.

N.V. Ellis
GCR Publications Manager
June 2003
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Establisbment of Lower Jurassic chronostratigraphy

coastal sections in this area, especially as to
whether the base of the Blue Lias Formation or
the first occurrence of psiloceratid ammonites
represents the most appropriate datum (Torrens
and Getty in Cope et al., 1980a; Ivimey-Cook ef
al., 1980; Warrington and Ivimey-Cook, 1995;
Benton et al., 2002). The martter was finally
resolved by the formal proposal for Global
Stratotype Section and Point (GSSP) status of a
section at St Audrie’s Bay, east of Watchet
(Warrington et al., 1994). This proposal placed
the base of the subzone and zone at the lowest
recorded occurrence, at that time, of ammonites
in Bed A21 of Palmer (1972; = beds 13-15 of
Whittaker and Green, 1983). The subsequent
discovery, by Hodges (1994) of ammonites at
still lower stratigraphical levels at the proposed
St Audrie’s GSSP (in beds A18 and A19 of Palmer,
1972; = beds 8 and 9 of Whittaker and Green,
1983), and by Page and Bloos (1998; see also
Bloos and Page, 2000a) farther along the coast
and nearer Watchet, forced a revision of this
definition. Warrington and Ivimey-Cook (1995)
subsequently modified their original proposal
and placed the base of the Jurassic System at the
base of Bed A18 (= Bed 8 of Whittaker and
Green, 1983). Charactceristic Triassic ammonoids
are entirely lacking in Britain, and the only
British record to date of a supposedly late
Triassic ammonite is that of an indeterminate
and problematic psiloceratid from the Westbury
Formation of the Penarth Group near Bristol
(Donovan et al., 1989).

By comparison with the remarkably complete
and expanded Planorbis Subzone seen in the
Wilkesley Borehole in Cheshire, north-west
England (Page and Bloos, 1998; Bloos and Page,
2000a), the lowest ammonite fauna on the west
Somerset coast, in Bed 8, was determined as
Pstloceras erugatum (Phillips), a species well
known from loose blocks at the Normanby Stye
Batts-Miller’'s Nab (Robin Hood’s Bay) GCR
site in Yorkshire, but never confirmed previously
in a surface exposure. Remarkably, the occur-
rence of this species below P. planorbis had
already been noted by Donovan (in Poole and
Whiteman, 19606) in the Wilkesley Borehole, but
subsequently had been overlooked in later
works. Re-examination of higher levels in this
borehole revealed additional faunas, dominated
by Neopbyllites, below P. planorbis. A similar
sequence is also present in west Somerset with
Neopbyllites in the lower part of Bed 9, below

the first P. planorbis in the upper part of the
same bed, and especially from Bed 13 to the
basal part only of Bed 24 (Page and Bloos, 1998;
Bloos and Page, 2000a).

More complete sequences of ammonite
faunas are known from uppermost Triassic
(Rhaetian Stage) to lowermost Jurassic
successions elsewhere in the world, and two
have been proposed as candidates for GSSPs; in
Nevada, USA (Guex, 1980, 1982; Guex ef al.,
1997) and in northern Peru (von Hillebrandt,
1994, 1997). It remains to be seen whether a
‘New World’ definition for the base of the
Jurassic System could be accepted in the face of
historical reasons for defining it in Europe.
However, it is clear that the current state of
knowledge is inadequate to correlate these
sections accurately with any in Europe (Bloos
and Page, 2000a; Page, in press).

Sinemurian Stage

The zonal sequence of the Sinemurian Stage,
with the Bucklandi Zone at the base and the
Raricostatum Zone at the top, remains
essentially the same as that originally proposed
by Oppcl (1856-1858), once Rencvicr’s (1864)
Hettangian Stage 1is separated from it
Occasionally, especially in French publications,
the Upper Sinemurian Substage is referred to as
‘Lotharingian’, after Lorraine, in eastern France
(Page, 2003). Subdivision of the stage into
zones and subzones, started by Oppel (1856),
developed through the work of Lang and Spath,
primarily on the Dorset coast (Lang et al., 1923;
Lang, 1924; Spath, 1924, 1942; Lang and Spath,
1926). The work of $.S. Buckman (1909-1930)
was also significant in incorporating considerable
information from the Yorkshire coast, especially
Robin Hood's Bay. The basic scheme, refined by
Donovan (in Dean et al., 1961) is 'still widely
used. There have been only minor modifi-
cations since, arising primarily through the
re-naming of a few subzones following the
identification of senior synonyms of the index
species. Further subdivision of the stage into
zonules and biohorizons is based largely on
the work of Corna (1987), Page (1992),
Dommergues (1993), Dommergues et al.
(1994), Page (1995), Corna et al. (1997), Bloos
and Page (2000b) and Page et al. (2000) as
reviewed by Page (2002) and summarized in
Figures 1.4 and 1.5.
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The Hebrides Basin

Raasay - a light- or medium-grey oolitic iron-
stone, weathering rusty-brown to yellow-brown.

The Raasay Ironstone Formation is overlain by
a thick succession of dark-grey micaceous shales
(Bed 28: only base shown in Figure 8.12)
belonging to the Dun Caan Shale Member of the
Bearreraig Sandstone Formation. No ammonites
were recorded near Prince Charles’ Cave, but
Pleydellia sp., indicating the topmost Toarcian
Aalensis Zone, occurs 5.5 m above the base at
Holm (see Morton and Hudson, 1995).

Interpretation

The Jurassic succession within the Prince
Charles’ Cave to Holm GCR site includes Lower
and Middle Jurassic rocks ranging from Upper
Pliensbachian to Upper Bajocian (and possibly
Lower Bathonian) in age. In this account only
the rocks up to lower Toarcian age are
discussed. These are classified as the Scalpay
Sandstone Formation, the Portree Shale
Formation and the Raasay Ironstone Formation
(Figure 8.12). Although the last two are very
thin, they are lithologically distinctive through
much of the Hebrides Basin, justifying formation
status. Thc boundary between the mostly sandy
Scalpay Sandstone Formation and the clays of
the Portree Shale Formation is more gradational
and less abrupt here than in Raasay or
Strathaird. It is placed at the top of Bed 6 as
described above. The topmost Toarcian (to
lower Aalenian) Dun Caan Shale Member is
excluded here because it is described in the
Bearreraig GCR site report of the Middle Jurassic
GCR volume (Cox and Sumbler, 2002).

Only limited lithostratigraphical information
about the Scalpay Sandstone Formation in
Trotternish is available. For example there is
almost no description in the [British] Geological
Survey memoir (Lee, 1920), contrasting with
the situation on the Isle of Raasay where the
formation is well described. For more detailed
descriptions and discussions of this part of the
successions see the Rubha na’ Leac, Hallaig
Shore and Cadha Carnach GCR site reports.
The shales which succeeded the Scalpay
Sandstone Formation, and below the Raasay
Ironstone Formation, were named the Portree
Shale (Formation) by the [British] Geological
Survey (proposed by S.S. Buckman in Lee,
1920). The type locality, though not formally
defined was clearly intended to be in the area of
Prince Charles’ Cave. In fact the best currently

available section is south of the cave, 1 km south
of the southern boundary of the defined GCR
site (Figure 8.11). This section, at NG 515 471,
is formally proposed here as the type section;
the details on Figure 8.12 are mainly from this
locality. The succeeding Raasay Ironstone
Formation is much thinner on Trotternish than
in southern Raasay. It has not been identified
south of Portree Bay but does occur south of
Prince Charles’ Cave (Figure 8.12). Although
there are few exposures to the north it can be
traced to at least Bearreraig where a borehole
(Lee, 1920) proved the ironstone to be slightly
thicker than at the GCR site. There is a transition
from the Portree Shale Formation, with the boun-
dary traditionally taken at the first harder bed.
The oldest known ammonites within the area
included in this account, which extends slightly
south of the GCR site, are Amaltbeus gibbosus
from Bed 1 indicating the Gibbosus Subzone of
the Margaritatus Zone. This would correlate
Bed 1 with beds 25-27 of the succession south
of Rubha na’ Leac on Raasay. Bed 3, a band of
large calcareous doggers, is a distinctive traceable
unit characterized by the common occurrence of
ammonites, especially Pleuroceras spinatum
and Pseudoamaltbeus engelbardti. Thcsc arc
characteristic of the Spinatum Zone, with the
latter suggesting the Apyrenum Subzone, and
correlation with beds 28-30 at Rubha na’ Leac.
Bed 4 contains Pleuroceras spinatum at several
levels, but no other ammonites have been
recorded confirming that this bed also belongs
to the Spinatum Zone, Hawskerense Subzone
according to Howarth (1958). This correlates
with beds 36-37 at Rubha na’ Leac and indicates
that this part of the Scalpay Sandstone
Formation is much thinner on Trotternish than
on Raasay. The occurrence of Dactylioceras
(Orthodactylites) cf. tenuicostatum in Bed 5
(M. Edmunds, pers. comm.) indicates that this
bed belongs to the Tenuicostatum Zone, but
identification of the subzone is not possible at
present. It may be correlated with Bed 38
(undated) at Rubha na’ Leac although it is finer
grained (Figure 8.12). The top bed of the
Scalpay Sandstone Formation, Bed 6 (Figure 8.12),
is a distinctive more calcareous and ferruginous
bed which therefore correlates with Bed 39 of
the Raasay succession, and is again finer grained
and more silty in Trotternish than on Raasay.
Dactylioceras sp. is widely recorded and,
although specific identity remains uncertain,
correlation with the Tenuicostatum Zone has
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Prince Charles’ Cave to Holm

long been accepted (since Lee, 1920). However,
if, as suggested above, the correlation with the
silty limestone bed found south of Portree Bay is
correct, then this dating must be revised because
this bed contains ammonites of the Serpentinum
Zone, Dactylioceras toxopborum, Harpoceras
serpentinum and Hildaites sp.. This would
indicate that the top of the Scalpay Sandstone
Formation is slightly younger than previously
thought (Howarth, 1992).

The most complete ammonite succession
from the Portree Shale Formation was obtained
by Tait from the trench excavated during the
[British] Geological Survey field mapping. The
ammonites were submitted to §.S. Buckman and
were reported in the appendix in Lee (1920).
The formation belongs almost entirely to the
Serpentinum Zone, with the possible exception
of the basal bed. The basal 4 m was not exposed
by Tait. To date only Dactylioceras sp. and
Lytoceras sp. have been found in Bed 7.
Therefore the age cannot yet be independently
verified as either Tenuicostatum Zone or, if
the correlation of the top bed of the Scalpay
Sandstone Formation is correct, Serpentinum
Zone. The latter is provisionally adopted here.
In the overlying beds 8—13 ammonitcs, including
Eleganticeras elegantulum, Cleviceras exaratum
and Dactylioceras anguiforme, are common.
These are characteristic of the Exaratum Subzone
of the Serpentinum Zone (Howarth, 1992).

The position of the boundary between the
lower Exaratum Subzone and the higher
Falciferum Subzone is placed near the base of
Bed 15 (Figure 8.12), which equates with the
level between 4.8 m and 5.8 m above the base
of the formation identified by Buckman (in
Lee, 1920). Higher beds contain mainly Dacty-
lioceras spp., which are less reliable for dating,
but are placed in the Falciferum Subzone.

Dating the Raasay Ironstone Formation with
confidence has proven difficult because of
poor preservation and limited numbers of
ammonites recorded. Traditionally it has been
placed in the Bifrons Zone, following Buckman's
identifications of the ammonite fauna on Raasay.
However, Howarth (1992) questioned the
evidence for this and considered that all the
ammonites he had seen were consistent with a
Falciferum Subzone age. This was based on
material collected on Raasay by Andrew Smith
near the old mine buildings and confirmed
subsequently from above the pier. However,
both of these collections are from spoil tips that

contain much shaly ironstone which may have
come from the lower part of the formation,
which is, therefore, certainly of Falciferum
Subzone age. Those identified in Trotternish
include Harpoceras subplanatum, Peronoceras
fibulatum, Dactylioceras (toxophorum, teste
Howarth), Pbylloceras beteropbyllum. How-
ever, Bruce Farrer identified in the middle bed
(Bed 26) of the Raasay Ironstone Formation at
Prince Charles’ Cave Harpoceras subplanatum
and Peronoceras fibulatum, together with
Dactylioceras and Phylloceras beteropbyllum.
The first two, if confirmed by further work, are
characteristic of the Bifrons Zone (Howarth,
1992). The allocation of part of the Raasay
Ironstone Formation to the Bifrons Zone is
supported by Murray Edmunds (pers. comm.)
who found loose specimens of poorly preserved
Bifrons Zone Hildoceras semipolitum near
Prince Charles’ Cave.

Detailed descriptions and interpretations of
the facies and deposition of the Scalpay
Sandstone Formation can be found in the
descriptions of the three Raasay sites. The main
difference in Trotternish seems to be that
towards the top the formation becomes finer
graincd. The base of the succeeding Portrec
Shale Formation differs here from elsewhere in
the Hebrides, in that there is some transition
with fining-up in the basal bed as well as in the
top of the Scalpay Sandstone Formation. The
actual boundary is sharp but the lithological
change is less extreme than elsewhere. This
change in lithology reflects a marine flooding
event and can be correlated with a global deep-
ening event of the Serpentinum Zone (Hallam,
2001). The shales were deposited in a restricted
distal marine environment. The occurrence of
bivalves, mostly small thin-shelled genera, and
the blocky fracture suggests that some benthos
was present, but other layers are fissile and may
have been deposited in anoxic conditions.

The Raasay Ironstone Formation in
Trotternish differs in facies from the thicker
developments seen in central Raasay (e.g. at the
opencast workings). The crystalline ferruginous
limestones may be more similar to the crinoidal
facies seen at Gualann na Leac (see Rubha na’
Leac GCR site report). The ‘typical’ facies is
seen only in the uppermost Bed 27. The out-
crops give little useful information about the
controversial depositional environment of the
ironstone. Fossils other than belemnites are rare,
and even these are frequently worn or corroded.
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Conclusions

The cliffs along the shore of Trotternish from south
of Prince Charles’ Cave to Holm (Figure 8.11)
show the most northerly extensive Lower Jurassic
outcrops in the Skye area (excluding the limited
outcrops in the Shiant Isles). However, through a
combination of relative inaccessibility and poor
exposure of the Toarcian shales the amount of
data available about this area is very limited. It
is clear that the descriptions given here could be
improved with further determined fieldwork, and
it is known that some amateur collectors have
collections and data that are as yet unpublished.

At this site there are good outcrops of the
upper part of the Scalpay Sandstone Formation
and the faunas are similar to those documented
on Raasay, with ammonite evidence for the
Upper Pliensbachian Gibbosus, Apyrenum and
Hawskerense subzones, and of the Lower
Toarcian Tenuicostatum Zone. The facies are
also similar, except that the boundary with the
overlying Portree Shale Formation is more
gradational and less abrupt than elsewhere in
Skye and Raasay. However, the thicknesses are
significanty less. The correlation and dating of
the top calcareous bed of the Scalpay Sandstone
Formation is unresolved. If the correlations
suggested here can be verified by further work it
may belong in the Exaratum Subzone rather than
Tenuicostatum Zone. The Portree Shale Formation
is not well exposed anywhere in the Hebrides,
but the section south of Prince Charles’ Cave is
more complete and the formation much thicker
than at other documented outcrops. This
section is proposed here as the type section for
the formation. Depending on resolution of the
problem of the top bed of the Scalpay Sandstone
Formation, the basal part of the Portree Shale
Formation may still lie within the Tenuicostatum
Zonc rather than the Serpentinum Zone. The
available ammonite faunas are not yet conclusive
for independent verification. In the overlying
shales both the Exaratum and Falciferum sub-
zones have been identified; again the latter
requires further proof. The few outcrops of the
Raasay Ironstone Formation show a thinner
more ‘marginal’ facies than at the type section of
the formation in Raasay. The ammonites found
to date in the middle part of the formation
appear to conflict with Howarth's interpretation
(based on Raasay material) of a Serpentinum
Zone rather than Bifrons Zone age.

RUBHA NA’' LEAC, ISLE OF
RAASAY, HIGHLAND
(NG 600 381-NG 599 367)

N. Morton
Introduction

The Rubha na’ Leac GCR site exposes an
almost complete Upper Pliensbachian section,
including one of the thickest developments in
Britain of the Spinatum Zone at the top of the
Pliensbachian Stage. As such the site has been
of enormous importance in the investigation of
the evolution and migration of amaltheid
ammonites.

Outcrops of the Scalpay Sandstone Formation
in the Hebrides rarely expose more than a
small part of the total thickness, most usually
only the uppermost 10-20 m, as for instance
along the eastern coasts of Strathaird and
Trotternish. The section on the Isle of Scalpay,
from which the formation was named, has not
been described recently but is also incomplete,
especially towards the top. The only area of the
Hebrides with complete sections through the
Scalpay Sandstonc Formation and contiguous
strata are on the eastern side of the Isle of
Raasay.

The most accessible section on Raasay is
on the north-east corner of Beinn na Leac, a
faulted outlier of Middle and Lower Jurassic
strata. Here most of the Scalpay Sandstone
Formation is exposed on the foreshore and cliffs
immediately south of the arcuate fault which
defines the outlier. This fault intercepts the
coast in a small bay (NG 5994 3802) south of
Rubha na’ Leac (Figure 8.13). Rubha na’ Leac
itself is composed of conglomerates and
sandstones of the Stornoway Formation (Upper
Triassic to basal Jurassic) so that the name
given to the Lower Jurassic GCR locality is some-
what inappropriate. There are no details of this
locality in the [British}] Geological Survey
memoir (Lee, 1920), but Howarth (1956, 1958)
provided a detailed measured section as well
as lists and descriptions of the ammonites. Ager
(1956a,b, 1958) discussed and monographed
the brachiopods, and Hallam (1967a) described
the facies and gave a list of macrofossils from the
upper part of the succession. A field guide to
the localities is contained in Morton and
Hudson (1995).
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Rubba na’ Leac
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Figure 8.15 Succession through the Scalpay Sandstone Formation, Portree Shale Formation (not exposed) and
Raasay Ironstone Formation in the shore, cliffs and hillside south and south-west of Rubha na’ Leac and the
north-east corner of Beinn na Leac, partly modified from Howarth (1956). Bed numbers for the Scalpay
Sandstone Formation are those of Howarth’s composite measured succession, continued upwards, in brackets
where this was based on other localities on Raasay.
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Rubba na’ Leac

The overlying Raasay Ironstone Formation is
exposed in a small excavation (at NG 5983 3794)
made to test the quality of the ironstone, which is
here crinoidal with chamosite mud and ooliths.
A thin shale near the top has yielded small
unidentified rhynchonellids. No ammonites
have been found here, though elsewhere on
Raasay they indicate a Serpentinum Zone age
(Howarth, 1992). Immediately overlying the
Raasay Ironstone Formation are the basal beds
of the Dun Caan Shale Member of the Bearreraig
Sandstone Formation, described in the Middle
Jurassic GCR volume (Cox and Sumbler, 2002).
These contain Pleydellia spp. and are dated to
the uppermost Toarcian Aalensis Zone.

Interpretation

Although the Scalpay Sandstone Formation is
named after the Isle of Scalpay, to the south of
Raasay, only part of the formation actually crops
out there. This GCR locality south of Rubha na’
Leac on Raasay provides a more suitable type
section, though it has yet to be formally defined.
The top of the formation is seen (see above)
but not the base, so that a supplementary type
section for the base of the formation needs to be
defined in the Hallaig Shore GCR site 2 km to
the NNW. The outcrops within the limits of the
GCR site as shown on Figure 8.13 are entirely
within the Scalpay Sandstone Formation, and
this section should be regarded as the primary
type section of that formation. However,
extending the area of the site slightly enables
inclusion of not only the top of the Scalpay
Sandstone Formation, but also the Portree Shale
Formation (not exposed) and the Raasay
Ironstone Formation. It also links this site
geographically and stratigraphically with the
Middle Jurassic Beinn na Leac GCR site (Cox and
Sumbler, 2002).

By far the most important information about
the ages and correlations of the Scalpay
Sandstone Formation comes from Howarth
(1956). This is much more detailed than the
information given in Lee (1920) and has yet to
be superseded by more recent studies. The
ammonites listed in Figure 8.15, and the
positions of the zonal and subzonal boundaries
are based largely on those in Howarth (1956),
though with some modifications and additions.
Dating of Bed 13 to the Capricornus Subzone
(Lataecosta Subzone of Howarth, 1956) can be

confirmed by a field identification, by M J. Oates,
of a specimen of Aegoceras sp.. According to
Phelps (1985) Oistoceras is confined to the
Figulinum Subzone, so that the position of the
Figulinum—Capricornus subzonal boundary has
been adjusted slightly downwards in Figure
8.15 from that shown by Howarth (1956).
Material collected by Nicol Morton from An
Leac and from loose blocks confirms Howarth's
records for the Stokesi to Apyrenum subzones.
In-situ specimens of Pleuroceras spinatum
have also been recorded in Bed 37 (not studied
by Howarth) from the Hawskerense Subzone
and Dactylioceras spp. from near the top of
Bed 39 in the Tenuicostatum Zone (subzone
uncertain), confirming Lee’s (1920) conclusion
that the Pliensbachian-Toarcian boundary lies
within the top of the Scalpay Sandstone
Formation.

In terms of facies and depositional environment
the Scalpay Sandstone Formation at this locality
shows three overall coarsening-up cycles from
siltstones to fine-grained sandstones:

(i) beds 13 to 20 in the Capricornus to
Figulinum subzones, with possible brief
anoxic events in beds 15 and 17;

(ii) beds 21 to 29 in the Stokesi through to

Subnodosus and Gibbosus subzones to the

lower part of the Apyrenum Subzone.

beds 30 to 39 in the upper part of the

Apyrenum Subzone through the Hawskerense

Subzone to the Tenuicostatum Zone

(subzone not identified).

(iii)

Within several of the beds (e.g. Bed 13) smaller-
scale (1-2 m) coarsening-up silty shale to sand-
stone cycles can also be recognized, though no
detailed descriptions have been published.

In general the Scalpay Sandstone Formation
was deposited in an environment of normal
marine salinity, as indicated by the presence of
stenohaline fossils, within a basin into which
there was an apparently continuous input of
terrigenous sediment from the hinterland. The
main exception may have been during deposition
of Bed 30, which is unusually fossiliferous and
contains chamosite ooliths, perhaps indicating
relative condensation and reduced terrigenous
input. Sediment was re-distributed from
presumed deltaic sources by marine currents
and finer-grained parts of the formation were
deposited in an environment below normal
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Aird na b-lIolaire

AIRD NA H-IOLAIRE, ISLE OF MULL,
ARGYLL AND BUTE (NM 404 287)

N. Morton
Introduction

The sections at the Aird na h-lolaire GCR site
expose a succession from late Triassic terrestrial
facies, through the quasi-marine Penarth Group,
into the fully marine basal jurassic Blue Lias
Formation facies. As such it is one of only two
occurrences of basal Jurassic marine deposits
known in Scotland. This is a key site in palaco-
geographical reconstructions and for correlation
with Lower Jurassic sections in southern Britain.
Proven basal Jurassic (lower Hettangian
Planorbis Zone) and uppermost Triassic
(Norian—Rhaetian) marine sediments are recorded
in western Scotland from only two areas; in
the Central Ring Complex of the Isle of Arran
in south-west Scotland (but see Cope et al.,
1980a), and in the south-western part of the Isle
of Mull. Only the latter is geographically part of
the main area of the Hebridean Jurassic System;
palacogeographically the Arran outcrops may
have closer links to Northern Ireland than to the
Hebrides Basin. The significance of the Aird na
h-Iolaire GCR site in the British Lower Jurassic
sequence is that it represents the most northerly
outcrop known of the transition between upper-
most Triassic and basal Jurassic marine strata, with
Planorbis Zone ammonites. This is graphically
illustrated by Hesselbo et al. (1998). Although
the Planorbis Zone has been assumed to be
present elsewhere, such as in Applecross
(Hallam, 1959), this remains unproven and
generally the lowest proven ammonite zone
within the Hebridean region north of Mull is the
Angulata Zone.

Most of the Isle of Mull is geologically
dominated by Palacocene igneous rocks,
including a thick pile of plateau basalt lavas.
Exceptions are the Ross of Mull Peninsula and
the area around Loch Don in the south and
south-east respectively. Elsewhere there are, in
places, narrow strips of Mesozoic and older
rocks which can be seen along the coast below
the basalts. One such area is the Ardmeanach
Peninsula, including the Aird na h-Iolaire
GCR site (Figure 8.16). Here, between Rubha
na h-Uahma (NM 402279) and Gribun
(NM 454 351), Triassic and Lower Jurassic sedi-
ments, resting unconformably on Moine schists

and overlain unconformably by Upper Cretaceous
sediments, occur along the coast below a high
cliff of the Palaeocene volcanic rocks. However,
most Jurassic outcrops are obscured by landslips
from the basalt scarp or are covered by scree and
there are few in-situ sections.

The Triassic succession in this area comprises
two formations. The Stornoway Formation, con-
sisting of conglomerates overlain by sandstones
with calcretes (cornstones), rests unconformably
on an uneven surface of Moine Schists. The
unfossiliferous red-beds of the Stornoway
Formation are overlain by pale-coloured
calcareous sandstones, dark sandy limestones
and thin layers of black shale containing
marine bivalves, including ‘Cblamys’ valoniensis
and Rbaetavicula contorta. These beds are
classified in the Penarth Group and, together
with a locality on the edge of the Central Ring
Complex of Arran, provide the only proof of
marine Rhaetian in Scotland. Other localities
such as Loch Aline (Morvern) have different
bivalve faunas and are of uncertain age.

The Lower Jurassic sediments, classified by
Oates (1976, 1978) as part of the Blue Lias
Formation, can be seen in situ in only two areas
on the Ardmeanach Peninsula of Mull (Figure
8.16), at the Aird na h-lolaire GCR site
(NM 403 287) and in Allt na Teangaidh east of
Balmeanach Farm, Gribun (NM 451 333). This
account will deal with both areas, but
concentrate on the defined GCR site at the
former locality, because it is the more completely
known even though it is much more difficult to
access in, aptly named, ‘The Wilderness’. The
descriptions are based on the [British]
Geological Survey memoir (Lee and Bailey,
1925), a PhD thesis (Oates, 1976) and informa-
tion provided by Michael Oates, Gert Bloos and
Geoff Warrington.

The lithostratigraphical terminology used
here follows that in Cope et al. (1980a), which
included use of Penarth Group for the ‘Rhaetic’
and Blue Lias Formation for the Lower Lias
(following Oates 1976, 1978), but with
Stornoway Formation used for the rest of the
so-called Trias ‘New Red Sandstone’ following
Morton and Hudson (1995).

Access to Aird na h-lolaire by walking is best
achieved by following a footpath westwards
from Tavool House (NM 439 271) but remaining
above the sea-cliff past the fossil trees and Rubha
na h-Uambha to regain the shore south of Aird na
h-Iolaire (M. Oates, pers. comm.).
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Aird na b-lolaire

Hettangian ammonite Psiloceras or with lower
Sinemurian Grypbaea arcuata, together with
Upper Cretaceous greensand, white sandstone
and silicified chalk (see Lee and Bailey, 1925;
QOates, 1976). The younger scree contains only
basaltic material.

At Aird na h-Iolaire, apparently in-situ Lower
Jurassic sediments crop out on the foreshore and
in a low cliff at the foot of the screc slope on
both sides of the point NM 402 288. The beds
are almost horizontal but the sections are not
continuous and do not show completely the strati-
graphical relationships with older or younger
strata. An alternative, though less likely, possibility
is that the outcrops may be a more coherent part
of the larger Aird na h-Iolaire landslip.

This area of Mesozoic sediments is bounded
to the north by a NW-SE-trending fault which
cuts the west coast of the Ardmeanach Peninsula
at Uamh nan Calmon (NM 405 293) and the
south coast near Tavool House (NM 439 271)
(Figure 8.16). North of the fault the Palacocene
basalts rest on a thin development (c. 3 m) of
the Stornoway Formation which lies uncon-
formably on Moine Schists. Upper Cretaceous
sediments are not mapped by the [British]
Gceological Survcy until 3 km to thc north-cast
(at NM 434 313), near where they overstep the
Penarth Group southwards to rest directly on
the Stornoway Formation (Figure 8.16).
Therefore, the Uamh nan Calmon Fault must
have a significant pre-Palacocene downthrow to
the south-east. The overstep by the Upper
Cretaceous sediments on both sides of the
fault, and comparisons with the Camasunary
and related faults in the Skye area, suggests
that the main movement is likely to be of a
pre-Late Cretaceous age (Morton, 1992b).
Although mapped by the [British] Geological
Survey as cutting the Palacocene lavas, there is
evidence neither for significant displacement of
these nor of a topographic feature south-west of
Creach Bheinn. By contrast several NNW-SSE
faults (Figure 8.16) do displace the lavas and are
associated with topographic features.

A coherent stratigraphical succession for the
Aird na h-lIolaire area is possible only for short
sections in the lower part of the Mesozoic
sequence. However, the overall succession here
can be reconstructed based on information
shown on the [British] Geological Survey map
(Sheet 43, Iona) and published by Lee and Bailey
(1925).

Paleocene: basalts (not differentiated here)

Upper

Cretaceous: silicified chalk (Turonian)

white sandstone (?Cenomanian)

greensand (?Upper Albian—
Cenomanian)

Blue Lias limestones and shales
with Gryphaea (Sinemurian)

Blue Lias shales and limestones with
Psiloceras and Liostrea

Penarth Group sandstones and
shales (Rhaetian)

Stornoway Formation sandstones
with conglomerates and
cornstones (undated)

base not seen

Lower
Jurassic:

c.8m
Triassic:

5.80 m

c.6m

There are no coherent sections in the higher
beds, so no estimates of thickness can be given.
A more detailed lowermost Jurassic succession
at Aird na h-lolaire, based on Oates (1976) and
Lee and Bailey (1925), is shown in Figure 8.17.
The strata exposed on the foreshore, partly
obscured by mobile beach boulders, are silty
bioturbated sandstones (Bed 2) capped by a
more calcareous sandstone (Bed 3). These beds
are extensively bioturbated but contain only
plant remains. Lee and Bailey (1925) recorded
5.8 m of similar strata, with a 0.3 m-thick bed
of red mudstonc below (Bed 1). The boundary
with the overlying beds is obscured by beach
debris (Oates, 1976).

In a low cliff at the foot of the scree slope
the lowest overlying beds observed are hard
calcareous shaly sandstones (beds 5a—c). These
become less sandy upwards and pass into
alternating soft silty shales and thin argillaceous
micritic limestones (beds 5d—-j) crowded with
Liostrea bisingeri, together with poorly
preserved other bivalves including Modiolus
billanus, in the lower part but with a more
diverse fauna, including more variable and
more gibbous Liostrea, Cardinia concinna,
Plagiostoma succinta and P. cf. giganteum, in
the upper part. The thickness indicated by Lee
and Bailey (1925; 2.4 m) is greater than that
given by Oates (1976; 1.27 m). Above a soft,
brown, silty, micaceous shale are alternating
beds of fine-grained, slightly micaceous shales
and argillaceous micritic limestone (beds 7-25).
The similarity of facies between this part of
the succession and the Blue Lias Formation of
England and Wales led Oates (1976, 1978) to
extend this lithostratigraphical term to part of
the Lower Lias of the Hebrides. A detailed
measured section for the Blue Lias Formation at
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The Hebrides Basin

thickness
(metres)
abundant shelly fauna in Bed 24
beds 7-25 are alternating argillaceous limestones and well-
590  bedded silty micaceous siala, with various bivalves; Psiloceras
occurs throughout
l:Blue Lias
ormation limestone/shale interbeds cut by channels with immature
glauconitic sandstone
Hettangian—
Plano?b:: !
Subzone
metres
0
k 0.50  soft dark-grey shale with Psiloceras and abundant bivalves
3 004 brown shelly silty shale
o7 Shelly silty shales and argillaceous limestones with Liostres,
‘Ostrea i Modiolus and other bivalves
ds’
Be o.so hard zij sandLlimestones and calcareous shales with pyrites,
’ crowded with Liostrea hisingeri (obscured by beach debris)
Pemarth T
Group
s.g0 shaly bioturbated sandstones interbedded with hard fine
’ calcareous sandstone, plant remains
...... stomoway v red mudstone (Lee and Bailey)
Formation

Figure 8.17 Uppermost Triassic and lowermost Jurassic measured succession just south of Aird na h-lolaire,
based mainly on Oates (1976) with additional data from Lee and Bailey (1925) and Oates (1976). The bed

numbering is added here for reference.

Aird na h-Iolaire was given by Oates (1976), and
this forms the basis for Figure 8.17 with the addi-
tion of numbers for the individual beds because
these can be matched in detail with photographs
(figs 2 and 5) in Oates’ thesis (1976). The fauna
is more diverse, especially near the top of the
section in Bed 24 (Figure 8.17), with ammonites
including Ps#loceras planorbis (see below) of
the Planorbis Subzone, and bivalves including
Cardinia, Modiolus, Pboladomya, Pinna and
Plagiostoma. Oates (1976) also described sand-
stone channels cutting the shales and limestones
and resulting also in disruption of bedding.
Higher Jurassic strata are not seen in situ or in
stratigraphical continuity with the Hettangian

strata. However, Lee and Bailey (1925) recorded
fallen blocks in the landslip which suggest the
presence of two higher units:

(i) grey shales and limestones with Psiloceras,
Liostrea bisingeri and a ‘gryphaeid form’ of
Liostrea, of lower Hettangian age;

(ii) limestones with typical Gryphaea arcuata,
Plagiostoma giganteum and Unicardium
cardioides, interpreted as from low in the
Sinemurian Stage.

No evidence has yet been found for the presence
of Hettangian strata higher than the Planorbis
Zone.
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The Hebrides Basin

(pers. comm., February 2001) has suggested
that, if the identifications can be confirmed, the
detailed succession in the Planorbis Subzone of
Mull could be one of the most complete in
Britain. Further work on the British Geological
Survey and Michael Oates’ collections, preferably
with collection of new material, is required.

The equivalent strata do not appear to be well
exposed in the Allt na Teangaidh section, from
where Oates (1976) figured a specimen of
Caloceras ? fobnstoni indicating the presence of
the Johnstoni Subzone, the upper subzone of the
Planorbis Zone. The facies, fauna and possible
palaecoenvironmental significance of the bed with
dwarfed Modiolus from lower in the section
were compared by Oates (1976) with an interval
in the Johnstoni Subzone of the Stowell Park
Borehole in Gloucestershire.

The Triassic to Lower Jurassic succession
exposed here represents a clear palaeoenviron-
mental transition from terrestrial to marine. The
basal beds are locally derived breccias deposited
by flash-floods near an alluvial fan setting. The
overlying conglomerates include lenticles of
cross-bedded pebbly sandstones and were
deposited in a braided fluvial environment.
Some pebbles in this unit are of more distant
origin and include clasts of Durness Limestone
from a considerable distance to the west (Lee
and Bailey, 1925). In the Gribun and Inch
Kenneth area the upper part of the formation is
dominated by pale-coloured calcite-cemented
sandstones, with frequent development of
calcretes (cornstones). The formation varies
enormously in thickness on the Ardmeanach
Peninsula, as elsewhere in Mull and the
Hebrides, from over 60 m at Inch Kenneth,
opposite Gribun, to 3 m south of Gribun. It was
deposited in a terrestrial alluvial fan to braided
floodplain environment in a predominantly
semi-arid climate which resulted in evaporation
of groundwater to form the subsoil calcretes
(Steel, 1974a,b).

The sandstones in the lower part of the Penarth
Group here, especially at Aird na h- lolaire, are
hard, grey, micaceous calcareous sandstones
with silty shales. The absence of fossils other than
plant remains, and the extensive bioturbation,
suggests a marginal-marine environment. The
succeeding sandy limestones and shales with
pyrite and abundant Liostrea bisingeri are over-
lain by beds with a different and more diverse
bivalve fauna. Oates (1976) compared these
beds with the Pre-Planorbis Beds of England and

Wales and both are classified here as the ‘Ostrea
Beds’. They record the latest Triassic marine
transgression across this area, as in England and
Wales. At Allt na Teangaidh the shales and
limestones are thicker (Manson in Lee and
Bailey, 1925, recorded 15 beds) and have a
more diverse fauna of Rhaetian bivalves and
fish scales. There appear to be significant
differences of detail between the Allt na
Teangaidh and Aird na h-lolaire sections,
although both environments were marine and
below wave-basc.

The Blue Lias Formation at this locality was
described by Oates as his ‘Blue Lias Facies Type
1, characterized by a low carbonate content and
fine-grained mud sediment. The limestones are
argillaceous with mostly sharp, planar bedding
surfaces. The shales are softer, dark in colour
with small detrital mica flakes and strongly
compacted, though not laminated. Differential
compaction is evident (Oates, 1976). Fossils are
unevenly distributed through the sediment, but
generally more abundant in the limestones,
especially the uppermost limestone of Bed 24.
Ammonites of one or more species of Psiloceras,
including P. planorbis, were reported both
by Lee and Bailey (1925) and Oates (1976) as
occurring throughout; in the limestones they are
preserved with the body chambers filled with
sediment and uncrushed but the phragmocones
hollow and crushed. The bivalves are mostly
disarticulated but unbroken and include infaunal
and epifaunal elements such as Cardinia,
Pholadomya, Modiolus and Plagiostoma. The
semi-infaunal genus Pinna occurs at several
levels, but always preserved parallel to bedding.
In addition fragments of indeterminate pectinid
bivalves, cidaroid radioles, crinoid ossicles, the
ostracod Ogmaconcha and lignite fragments are
reported. The disarticulation of the bivalves and
absence of lamination suggest extensive biotur-
bation of the sediment, though no recognizable
trace fossils have been identified. Deposition
was clearly below wave-base in a fully marine
environment, but not in anoxic conditions.
Depth of depositional environment and distance
from shore cannot be deduced solely from the
nature of the limestone-mudstone interbeds.
However, these interbeds are cut by two small
sandstone-filled channels eroded into the shale
(Oates, 1976). The sandstones are immature
and glauconitic and have longitudinal flute casts
at their base. Disruption of the limestone-
mudstone beds is interpreted by Oates as due to
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contemporaneous local deposition of more
porous sand subsequently influencing carbonate
deposition, rather than a product of compaction
effects. The field evidence indicates that the
channels are aligned east-west and they may
represent tidal washout structures associated
with rip currents (Oates, pers. comm.). Such an
interpretation implies that deposition was not in
deep water and not far from the shore, in a
restricted tidally influenced basin.

Strata in the Allt na Teangaidh section at
Gribun are less clearly exposed so that few
comparisons can be made. However, Oates
(1976) described light-grey laminated shales
with apparently dwarfed Modiolus which are
unlike any of the shales in the Aird na h-lolaire
section. It is possible that they are younger
in age (Johnstoni Subzone). Oates’ (1976)
suggestion of local near-shore development of
a lagoonal environment with slightly reduced
salinity would be consistent with the suggestion
above of a restricted basin.

Overall, the presence of marine basal Jurassic
and quasi-marine Penarth Group strata on Mull
contrasts with the situation on Skye and
Applecross to the north, where the lowest
ammonitc-bearing strata can be assigned to the
Angulata Zone. It suggests that these northern
areas were emergent during late Triassic and
earliest Jurassic times, while the presence there
of calcareous sandstones with coral-bearing
horizons suggests shallower-water deposition in
late Hettangian and early Sinemurian times, in
contrast with the more typical Blue Lias
Formation facies farther south.

Conclusions

The greatest significance of the Aird na h-Iolaire
GCR site is in being almost the only outcrop in
Scotland known to show a good fossiliferous
section through basal Jurassic sediments with
lowermost Hettangian, Planorbis Subzone,
ammonites. The detailed ammonite succession
merits further investigation. In the wider
context of the Ardmeanach Peninsula (i.e. taking
account also of the outcrops farther north
around Gribun) the area also demonstrates
evidence for:

1. Differential subsidence with stratigraphical
thickening and lateral facies change during
late Triassic times, both in the Stornoway
Formation and in the Penarth Group.

2. Late Triassic (Rhaetian) transgression into
the southern part (at least) of the Hebrides
Basin resulting in deposition of marine
Rhaetian sediments that can be dated
biostratigraphically in the black shales and
limestone of the Penarth Group.

3. Evidence that the Blue Lias Formation sedi-
ments, normally interpreted as deposited
in an offshore environment, were in this
area deposited in a more restricted basin
where the shoreline of the Scottish land-
mass was not far distant.

4. The NW-SE Uamh nan Calmon Fault in the
south-western part of the Ardmeanach
Peninsula is a Mesozoic fault with pre-Late
Cretaceous movement. The contrasts of
succession and facies in the Rhaetian and
Hettangian sediments between Aird na h-
Iolaire and Gribun may suggest that earlier
phases of movement could also have
occurred.

BORERAIG TO CARN DEARG, LOCH
EISHORT, ISLE OF SKYE, HIGHLAND
(NG 599 155-NG 622 164)

M,J. Oates
Introduction

Boreraig was a small settlement, abandoned at
the time of the (late 18th to early 19th century)
‘Highland Clearances’. The shoreline below the
degraded walls of the old blackhouses and the
cliffs (Dun Boreraig) and hillside (Beinn Bhuidhe)
above have been carved from a complete
sequence of rocks of the lower Lias Group,
and the Breakish, Ardnish and Pabay Shale
formations, although exposure is more limited
than in other localities, such as Applecross
and around Broadford, where less complete
sequences are present. The Loch Eishort cliffs
have been largely ignored by previous workers.
Arkell (1933) stated that the cliffs here are
thermally metamorphosed by Tertiary igneous
activity although this is not actually the case. A
composite section can be effectively measured
from separate outcrops at Boreraig.

The geology of this area of Skye was investi-
gated in the mid-19th century by Geikie (1858)
with brief descriptions of some of the Lias Group
fossils by Wright (in Geikie, 1858). Further
details were published by Peach et al. (1910),
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The Hebrides Basin

fine- to medium-grained sandstone. Hesselbo et
al. (1998) recognized three cycles grading from
thin siltstones and intensely bioturbated muddy
sandstones at the base up into strongly cross-
bedded sandstones at the top. The bases of
the middle and upper cycles are each marked by
a thin, poorly sorted sandstone with ferruginous
cement and abundant marine fossils. Arnioceras
sp. is recorded from the lower of these (Bed
A50). The top of the member is capped by about
5 m of thinly interbedded coarse sandstone
and mudstone, with mud-chip intraclasts
and symmetrical ripple marks. Other than
the Arnioceras sp. already referred to, only
Caenisites (= Euasteroceras of Hallam, 1959)
and Microderoceras (Oates, 1976) have been
recorded from the member although the exact
horizon of these is unknown.

An erosion surface at the top of the Hallaig
Sandstone Member marks the boundary with the
succeeding Pabay Shale Formation, of which
about 220 m is exposed at this site. About 10 m
of well-bioturbated sandy mudstones, coarsening
upwards into a flaggy, very fine sandstone, are
seen above the contact and are particularly
well-exposed on the promontory, referred to as
‘Obtusum Promontory’ in Hcessclbo et al. (1998),
about 1.5 km west of the Boreraig settlement. This
part of the succession has yielded an abundant
ammonite fauna including Asteroceras stellare,
Promicroceras planicosta and Xipberoceras sp.,
while an ex-situ specimen of Eparietites was
found above the Obtusum Promontory.

This is succeeded by an unexposed interval,
above which the remaining Pabay Shale
Formation is present in the cliffs and hillside
above the coast between Boreraig and the
promontory. Exposure of the upper part is
confined to unvegetated patches on the steep
hillside and in the bed of Allt Cul an Duin
(NG 612 164-NG 611 165). The lowest 13 m
(Bed P10) consists of darck-grey, laminated,
micaceous mudstones yielding Oxynoticeras
oxynotum and, near the top, occasional
Bifericeras bifer. Above an erosion surface at
the top of Bed P10 the next approximately
145 m of the succession, which forms the main
mass of characteristically grey, crumbling cliff
exposure along western Loch Eishort, shows a
clear division into three coarsening-upward
cycles. These become thicker and coarser
towards the top, culminating in the 85 m-thick
Suisnish Sandstone Member (beds P30-P64),
for which the Loch Eishort section is the type

locality. Ammonites, mainly various echioceratid
taxa and Eoderoceras, occur sporadically
throughout this part of the succession. Their
stratigraphical distribution was summarized by
Hesselbo et al. (1998), although none have
been recovered from the upper 50 m of the
Suisnish Sandstone Member, above Bed P47.
A noteworthy marker is an abundance of
Orthechioceras in a thin bed near the base of the
Aplanatum Subzone.

The Suisnish Sandstone Member is succeeded
by more than 40 m of medium-grey shale with
calcareous and sideritic nodules. Marine
molluscs, particularly belemnites and ammonites,
are common. Ex-situ ammonite finds from
isolated shale outcrops on the hillside below the
top of Beinn Bhuidhe include Apoderoceras sp.,
Platypleuroceras caprarium and Uptonia
Jamesont{, with the latter also recorded from the
Allt Cuil an Duin stream section.

A small outcrop of sandstone marks the top of
Beinn Bhuidhe and, on the basis of its appearance
and lithology only, is assumed to be Scalpay
Sandstone Formation (Upper Pliensbachian).

Interpretation

The lowest part of the succession at this site is
poorly dated. No ammonites have been
recovered from the Breakish Formation here but
evidence from other areas of Skye, and from
Applecross, indicates that assignment to the
Angulata and Bucklandi zones is probable. This
suggests that the red-beds immediately below
may be lower Hettangian in age although there
is no confirmatory evidence for this. At the
north-east end of Loch Slapin, a short distance
from Boreraig, the lowest Jurassic beds are
demonstrably of Sinemurian age, probably
Semicostatum Zone, and rest unconformably
upon a brecciated, karstic surface of eroded
Lower Palaeozoic Durness Limestone (Farris et
al., 1999). The Boreraig section itself undoubt-
edly represents an earlier initiation of Jurassic
sedimentation but, nonetheless, is probably still
an intermediate stage in progradation up the
ramp that culminated at the Loch Slapin expo-
sure, or at a higher elevation as yet unknown. In
the succeeding Ardnish Formation the Lyra
Subzone is confirmed by the presence of the
index species, Coroniceras lyra. The remaining
subzones of the Semicostatum Zone are
unproven but may perhaps be present in the
lower part of the Hallaig Sandstone Member and
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Allt Leacach

been adopted; partly because it is somewhat
of a misnomer and also because of possible
confusion with the Cretaceous silica sand that is
mined on the west side of Loch Aline.

Interpretation

The lowest 9m of the Blue Lias Formation
exposed here clearly lies entirely within the
Angulata Zone, with Schlotheimia similis
suggesting a level (similis Biohorizon) low in the
Complanata Subzone. Higher levels in this zone
remain unproven, although Schreinbachtites is
typically a late-Angulata Zone genus (Depressa
Subzone; see Figure 1.3, Chapter 1). Hesselbo
et al. (1998) placed the Hettangian-Sinemurian
boundary at the level of the first appearance of
Gryphaea arcuata, although this species is
known to extend down into the Angulata Zone.
At present the base of the Bucklandi Zone, and
Sinemurian Stage, must be drawn at the first
appearance of Metopbioceras conybeari, in Bed
37, indicating the Conybeari Subzone. The base
of the succeeding Rotiforme Subzone is placed
at the base of Bed 42, marked by the first
appearance of Coroniceras cf. rotiforme, with
Coroniceras kridion in Bed 47 indicating thc
kridion Biohorizon towards the top of the sub-
zone. The boundary with overlying Bucklandi
Subzone is tentatively placed a little higher in
Bed 47, indicated by Epammonites latisulcatus.
The occurrence of Arnioceras in beds 52 and 53
is definite evidence for a level above the
Rotiforme Subzone, but is not conclusive proof
of the Semicostatum Subzone.

There is convincing evidence, both here and
in adjacent exposures, for a minor unconformity
between the Blue Lias and Pabay Shale formations.
The iron-stained top to the Blue Lias Formation
and the presence of Grypbaea truncated by
erosion is the most direct evidence, but it is
also suggested by the absence of any definite
evidence for the Semicostatum Zone here.
However, progressively younger beds within the
Blue Lias Formation are found to the south. In
the Allt Mor stream section, little more than
2 km to the south, a 1.8 m-thick series of bedded
crinoidal limestones not seen in Allt Leacach
(Hesselbo et al., 1998) has yielded Coroniceras
lyra and Arnioceras falcaries indicating the
basal Semicostatum Zone, Lyra Subzone.

Abundant Caenisites turneri and Micro-
deroceras birchi in the laminated mudstones

above the unconformity suggest that the basal
Pabay Shale Formation is no older than the
Birchi Subzone of the Turneri Zone, which
continues up into the succeeding sandy
mudstone. The precise boundary with the
succeeding Obtusum Zone is uncertain but is
provisionally placed below the occurrence of
Aegasteroceras in Bed 74. However, Aegds-
teroceras is characteristic of levels relatively high
in the Obtusum Zone (upper-Stellare and
Denotatus subzones) and so its apparent
presence here, below Asteroceras obtusum,
requires confirmation. The presence of Astero-
ceras obtusum, Xipberoceras and Promicroceras
from beds 78 upwards to the sub-Cretaceous
erosion surface suggest that no level higher
than the Stellare Subzone is present at this
site. However, in nearby Allt Mor a single
specimen of Oxynoticeras oxynotum 10 m
below the sub-Cretaceous unconformity proves
the existence of the Oxynotum Zone in the
Morvern area.

The development here of the Hettangian and
basal Sinemurian in typical Blue Lias Formation
facies contrasts with the thick bioclastic lime-
stones of the Breakish Formation developed
clsewhere in the Hebrides Basin, such as at the
Ob Lusa to Ardnish Coast GCR site. By analo-
gy with the Pant y Slade to Witches Point GCR
site in south Wales, where there is a clear lateral
transition from marginal bioclastic limestones to
more basinal limestone-mudstone alternations
typical of the Blue Lias Formation, the succes-
sion in the Morvern area suggests deposition in
water slightly deeper than elsewhere in the
Hebrides Basin. The preservation, to the south,
of progressively younger strata beneath the
Pabay Shale Formation unconformity and the
transition, north of Loch Aline, from typical Blue
Lias Formation to a more marginal facies suggests
a tectonic component to controls on deposition
in this area, with the sea floor tilted higher to the
north than to the south. Currents passing across
this erosion surface at the top of the Blue Lias
Formation may have encouraged colonization by
filter-feading benthos such as crinoids, leading
to the accumulation of the crinoid-rich
bioclastic limestones of the Semicostatum
Zone to the south of Allt Leacach. The abrupt
change in facies between the Blue Lias and Pabay
Shale formations reflects a eustatic sea-level
rise which affected the whole of the Hebrides
Basin.
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