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Abstract.

Sediments of Cretaceous age in N.W. Scotland outcrop in small, often
isolated exposures throughout the Inner Hebrides and Morvern, and have been
dealt with cursorily in most previous work on the Cretaceous rocks of Britain.
The aims of this study were (i)to propose a formal integrated stratigraphic
scheme for the Cretaceous strata of N.W. Scotland and (ii)to model the
development of the Inner Hebrides Basin (where these strata outcrop) during
the Cretaceous Period. Detailed field observations, macro- and micro-
palaeontology (including palynology), sedimentology and structural data were
integrated in an attempt to achieve these aims. Fieldwork was conducted in
Morvern (Argyll) and the Inner Hebridean islands of Mull, Eigg and Skye.

In the proposed lithostratigraphy the Morvern Greensand becomes the
Morvern Greensand Formation, of which the former "Lochaline Glass Sand" or
"Loch Aline White Sandstone" becomes the Lochaline White Sandstone Member. The
overlying silicified chalk, outcropping in Morvern and Mull, becomes the Gribun
Chalk Formation. Dark grey micritic limestone, previously undifferentiated from
the silicified chalk, becomes the Strathaird Limestone Formation of which there
are two clastic members: the basal Laig Gorge Sandstone Member and the Clach
Alasdair Conglomerate Member. The "Upper Estuarine Series" of Judd (1878),
becomes the Beinn Iadain Mudstone Member of which there is a coarser clastic
member: the Feorlin Sandstone NMember. These Formations comprise the Inner
Hebrides Group.

Biostratigraphic evidence (based primarily on dinoflagellate cysts and
foraminifera) indicates a latest-Albian to Mid-Cenomanian age for the Morvern
Greensand Formation; a Late Cenomanian age for the Gribun Chalk Formation, and
an Barly - Middle Turonian age for the Str:thaird Limestone Formation. The most
refined biostratigraphical range for the Beinn ladain Mudstone Formation was
Albian to Palaeocene.

The Mid-Late Cretaceous development of the Inner Hebrides basin includes
two periods of major transgression, the first of which began in the latest Albian
and contimued through the Barly Cenomanian with the deposition of the marginal
clastic facies of the Morvern Greensand Formation. A minor period of regression
preceded the onset of carbonate deposition in the Late Cenomanian, recorded in
the Gribun Chalk Formation. A second major transgressive episode followed the
gsilicification, uplift and erosion of the Gribun Chalk, and reflects rapid
deepening of the basin during the Early to Middle Turonian, poorly sorted
clastic sediments (the Laig Gorge Sandstone Member) being overlain by biomicritic
limestones intercalated with debris flows (the Strathaird Limestone Formation).

These two major transgressive episodes are marked by the deposition of
similar lithofacies throughout N.W. Europe (although no in situ deposits of
Turonian age are found in Northern Ireland). Some features of the Cretaceous
sediments of N.W. Scotland are found elsewhere, for instance the high
abundance of calcispheres and organic-rich nature of the Strathaird Limestone
are typical features of the Early Turonian transgressive episode in the Anglo-
Paris Basin. However, in the Inner Hebrides Basin, these eustatic changes in
sea level were imposed upon local tectonic movements as indicated by the
weathering and erosion of the silicified Gribun Chalk prior to the deposition
of the Strathaird Limestone Formation, and the debris flow events, apparently
related to synsedimentary movements along the Camasunary Fault, recorded
within that Formation.
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Chalk clasts in basalt overlying Strathaird Limestone,

Auchnacraig Cliff, Mull.

"That during all geological periods from the Carboniferous
to the Cretaceous inclusive, a very large part of the Highland
district was submerged and formed areas of deposition, I think it
is impossible to doubt

"It is clear, from the abundance of chalk-flints in
certain Miocene inter-volcanic deposits . . . that very extensive
masses of Chalk must have been destroyed by denudation in order to
supply the quantities of flints accumulated in these deposits. It
is probable, indeed, that very considerable masses of strata of

Cretaceous age still exist buried under the great lava plateaux of

Mull and Morvern."

Judd, 1878, pp.670 & 728.
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Chapter 1: Previous research and lithostratigraphy.

1.1 Introduction.

Rocks of Cretaceous age occur in widely scattered and
generally poorly exposad outcrops within the Tnner Hebrides area
(see Fig.1.1)., Sections in Muil and Morvern were discovered and
described by J.W, Judd in the 1870's (Judd, 1872: 1878);: later,
lithologically similar deposits on Eigg, Skye, Raasay and Scalpay
were also assumed to be of Cretaceons age (Lee & Pringle, 1932).
However, due to the nature of the outcrop and the rarity of
stratigraphically significant macrofossils, correlation of the
sections based on a comprehensive stratigraphical study of the
succession was never attempted, members of the Geological Survey of
Scotland returning to Judd's original work in Morvern as the basis
of their lithostratigraphy of Cretaceous rocks in the Hebrides
(e.g. Clough et al., 1909; Bailey, 1920; Bailey et al., 1924; Lee &
Bailey, 1925). This chapter comprises a review of previous research
into the Cretaceous rocks of the Hebrides (Section 1.2), followed
by a discussion of the inherent problems and aims of this study
(Sections 1.3 & 1.4). The inadequacies of the previous
lithostratigraphic schemes for the Cretaceous strata of N.W.
Scotland are discussed in Section 1.5 and a new lithostratigraphic

scheme is proposed.

1.2 Previous research.
Although the existence in the Hebrides of "more or less

isolated patches of limestone, sandstone and shale, frequently
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containing fossils, interposed between the gneissic and volcanic
rocks of the region” was known in the eighteenth century
(Macculloch, 1819; Judd, 1878), it was the latter who first
recognized the glauconitic sandstones and silicified limestone of
Morvern and southern Mull as being of Late Cretaceous age (Judd,
1872) . Judd also recognized the significance of the relationship
between what he had classified as Lower and Upper Chalk (sensu
Dowker, 1870), and the underlying Jurassic, Permo-Triassic and
Moinian rocks, interpreting the unconformity as evidence of
considerable uplift and denudation within the Mesozoic itself
(Judd, 1878, p.743). The role of the overlying Tertiary basalts in
the preservation of the Mesozoic sediments was demonstrated in a
generalized cross-section of Morvern (op cit., p.743), and the
surviving "Secondary"” strata graphically described as being
comparable to '"the little bits of paper that would escape being
washed away if a newspaper with a number of stones on it were laid
in a running stream” (Sir Henry James, cited by Judd, 1878, p.667).
Judd's lithostratigraphic division of the exposure at the
south-eastern corner of Beinn Jadain, Morvern, is summarized below

(for comparison with later stratigraphic schemes see Fig.l1.2):

Table 1.

Miocene basalts.

(1) Upper estuarine series: interbedded carbonaceous
sandstones and marl with plant remains.

(2) Upper Chalk (marine): band of weathered chalk flints
underlain by highly siliceous white chalk.

(3) Lower estuarine strata: sandstone, including coarse



white sands becoming glauconitic at the base.
(4) Upper Greensand: glauconitic calcareous sands, in places

highly fossiliferous.

(From Judd, 1878, p.736).

Judd noted the petrological similarities between the
glauconitic sandstone at the base of this section, the Upper
Greensand in southern England and the Hibernean Greensand in
Antrim. The Cenomanian age of the Hebridean greensand could be
broadly supported by palaeontological evidence, the lack of an
ammonite fauna being interpreted as an indication of shallow water
conditions (op cit., ».729).

Later work on the greensand in the Hebrides area consists
largely of redescriptions of the Mull and Morvern sections, based
on Judd's original work with little attempt at correlation between
sections (e.g. Clough et al., 1910; Bailey et al., 1920; Bailey et
al., 1924; Lee & Bailey, 1925; Scott, 1928; Lee & Pringle, 1932;
Richey, 1961; Rawson et al., 1978; Hudson, 1983) (see Fig.l1.2). The
better exposed sections were identified as being of Cenomanian age
on the macrofauna {(including an ammonite, Schloenbachia intermedia
(Mantel), from Loch Don, Mull (Lee & Bailey, 1925)), but smaller,
unfossiliferous exposures of glauconitic sandstone were sometimes
"assigned to the Cretaceous" on lithology alone (see Lee & Bailey,
1932, p.223; Hudson, 1983, p.59).

The Lochaline White Sandstone overlying the greensand in
Morvern and Mull was interpreted by Judd as an estuarine deposit,
based upon (i) the apparent presence of "much carbonaceous matter .

. and at one point a seam of coal" and (ii) the "relations to the



marine series" i.e. the underlying greensand and overlying chalk
(Judd, 1878). This "Lower Estuarine Series” was assigned to the
Upper Chalk (Belemnitella mucronata zone) (op cit.) but is overlain
in one locality by a clav horizon which contains a macrofauna
diagnostic of a Cenomanian age (Jeans, cited by Rawson et al.,
1978) (See Fig.1.2).

Perhaps because of its economic importance to Morvern, (the
Lochaline White Sandstone has been mined as a glass sand since 1914
(Anderson, 1941), at present by Tilcon (Scotland) Ltd.), the
Lochaline White Sandstone has been subject to more research than
any other unit of Cretaceous age rocks in Scotland. Following
fieldwork executed for the Geological Survey of Scotland between
1920 and 1924, came the hypothesis that the Lochaline White
Sandstone represented a "desert sandstone blown into the sea”
(Bailey, 1924, p.107),. thus providing "evidence” that the "Chalk
seas . . . owed much of their clarity to their situation in a
geographical belt where matured desert figured as the typical
associated continental form." (op cit., p.102). This idea was
quoted as recently as 1961 (Richey, 1961, p.38) and 1989 (Johnstone
& Mykura, p.161), but, also in 1961, a detailed petrological
study of the Lochaline White Sandstone was published, (Humphries,
1961), which argued convincingly towards a re-interpretation of the
unit as a high-energy, shallow water facies of the greensand where
constant reworking resulted in "thorough removal of the soluble and
less stable constituants" (op cit., p.70) (see Section 6.3.i.).

Only one fossil has been described in detail from the Lochaline
White Sandstone: this was the impression of a starfish found by

some miners working in the Lochaline sand mine (MacLennan, 1949). A
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few "indeterminate marine shells" were rcollected from the less pure
Lochaline White Sandstone found on Beinn Tadain, Morvern, (Bailey
et al., 1924), but otherwise the unit appears to be essentially
unfossiliferous.

Silicified white limestone was described from Gribun and
Carsaig, Mull, by Judd in addition to the Beinn Tadain section
(Morvern) which was used as the main reference section (Judd,
1878). This silicified limestone has been loosely termed "chalk"
since the original description, but the primary structure of the
matrix material has been overnrinted by the processes of
silicification. Foraminifera, inoceramid prisms and sponge spicules
remain recognizable however, and were described from thin sections
of silicified chalk samples from Carsaig and Gribun, Mull, and
Beinn Tadain, Morvern (Rupert-Jones in Judd, 1878). From these, and
the occurrence of ?Belemnitella mucronata (Schlotheim) in the
silicified chalk at the east end of Beinn Tadain, the silicified
limestone of the Hebrides was correlated with the Upper Chalk of
Southern England (Judd, 1878) (See Fig.1.2).

These same thin sections were later re-examined, along with
new samples from Clach Alasdair, Eigg; Strollamus, Skye;
Ballymichael, Arran and Bealach Ban, Scalpay (Hill, 1915). This
study revealed little more micropalaeontological information than
Rupert-Jones' original work, other than resulting in the
correlation of the limestones of Eigg and Skye with the Upper Chalk
of Southern England (op cit.). Therefore, from 1915, the dark grey
micritic limestones of Skve, Figg and Mull were considered to be
"representative” of the silicified "Senonian Chalk" found in Mull

and Morvern (Lee & Bailey, 1925. p.120).



The sediments that unconformably overlie the silicified
chalk or greensand within the Tnner Hebrides are highly variable in
lithology and their true stratigraphic position is often difficult
to ascertain. There are two main divisions of these post-chalk to
inter-basaltic sediments in the Hebrides: a) micritic limestones
and sandstones, sometimes containing silicified chalk clasts and b)
inter-basaltic conalomerates, sandstones and lignites including the
"Ardtun Leaf Beds" (see Wacculloch, 1819; Argyll, Duke of, 1851:
Bailev et al, 1924; Seward & Holttum, 1924).

The micritic limestones and conglomeratic sandstones of
Mull, Eigg and Skye, have largely been overlooked in the literature
since the micropalaeontological work by Hill, described above. A
brief description of sections on Mull is given in the
"Post-Tertiary Memoir for the Mull, Lochaline and Oban area" but
these were still correlated with the "Senonian Chalk" (Bailey et
al., 1924). The Taig Gorge section, Eigg, was, however, described
in detail by Hudson (1960). and further investigation of the slides
originally described by Hill, from Eigg, plus some new samples,
reinforced evidence for the dating of these sediments as Late
Cretaceous {(Adams, 1960; Hudson, 1960).

Directly overlying the silicified chalk at the Beinn Tadain
section, Morvern, Judd noted a "band of weathered chalk flints"
(Judd, 1878, p.736). These silicified chalk and flint pebbles
actually form clasts in a thin conglomeratic horizon identical in
facies to beds at Clach Alasdair, Eigg, and Strollamus and
Strathaird, Skye, where silicified chalk and flint clasts are found
in a dark grey micritic limestone matrix containing a Late

Cretaceous microfauna (Hill, 1915; Adams, 1960), as discussed



above.

Included in Group (a) is a small succession of interbedded
organic rich "marls" and micaceous sandstones, described by Judd as
the "Upper Estuarine Series” (the "lLower Estuarine Series" being
the "White Sandstone") (Judd, 1878). These sediments contain no
macrofosils apart from some poorly preserved plant material, and
consequently their age is uncertain:; although Judd regarded them as
probably representing "Cretaceous . . . vounger than any part of
the Chalk of the British Tsles”, he admitted that: "they may
hereafter be proved to belong to the period between the Cretaceous
and the Focene, to the latter formation itself, or even to the
Miocene" (Judd, 1878, pp.736-737). Bailey et al. (1924), considered
similar sandstones, (which overlie silicified chalk at Gribun,
Mull, and greensand near Loch Don, Mull,) to be Tertiary in age
becanse of the marked erosion surface between the known
"Cretaceous" beds and the unfossiliferous sandstones overlying them
(Bailey et al., 1924, p.54).

Directly underlying the basal Tertiary basalt in most of the
sections described from Mull and Morvern, is a red-brown mudstone
which has been interpreted as a weathered basaltic ash (Judd, 1874;
Bailey et al. 1924).

Radiometric dating prior to 1986 put the start of volcanism
in the British Tertiarv Toaneous Province (B.T.T.P.) "at or just
before 65-66 m.y., in the latest Cretaceous or earliest
Palaeocene" (Evans et al., 1973), putting the lowest inter-basaltic
sediments of Mull and Ardnamurchan into the Maastrichtian. This was
a major factor in the argument of Srivastava for a Cretaceous age

for the Ardtun T.eaf Beds, Mull, based on the occurrence of the



"Cretaceous” miospore genus Aquilapollenites Rouse emend.Funkhouser
(Srivastava, 1975, p.16). However, the pre-1986 radiometric dates
for the Hebridean basalts were not calculated using the decay
constants recommended by Steiger & Jager (1977), and are therefore
no longer considered to be reliable (Mussett, 1986). In addition,
the miospore genus Aguilapollenites is not restricted to the
Cretaceons, but ranges into the Farly Eocene (Martin, 1961). Recent
radiometric dates on Hebridean basalts indicate that lava extrusion
began at 60 1 0.5 Ma and continued until 57 I 1.0 Ma (Mussett,
1986). Consequently, all the inter-basaltic sediments of the
Hebrides area must be Palaeocene in age and cannot be either latest
Cretaceous, as argued by Srivastava (1975), or Eocene, as proposed
by Forbes, (1851), Seward & Holttum, (1924), and Simpson, (1961).
Gardner (1887)., considered the Ardtun (Mull) palaeoflora to be
Early Eocene or older, but pointed out that the taxonomy of many
fossil floras was, at the time, based on fragmentary and/or
long-ranging forms which could have been placed equallv in the Late
Cretaceous, Eocene or Miocene (Gardner. 1887, p.298).

As this study is concerned with the Cretaceous rocks of the
Hebrides, these inter-basaltic sediments will not be considered

further.

1.3 Problems encountered in this study.

From the work described in Section 1.2, some inherent
difficulties in the stratigraphical interpretation of many
"Cretaceous” age sediments in the Hebrides area become apparent.

These can be divided into (i) physical and (ii) historical

10



problens.

1.3.1i. Physical problems.

The major difficulty in attempting a detailed study of
Cretaceous age rocks in N.W. Scotland is the lack of good exposure.
As repeatedly pointed out by Judd (1878, pp.666-667), the mode of
preservation of Mesozoic strata in the area has resulted not only
in isolation of exposures, which are restricted either to the coast
or to stream sections where the basalt cover and scree has been
eroded, but also in contact metamorvhism of some sections. Where
the latter has affected the micritic limestones, the loss of much
potentially useful nalvnological evidence has occurred (see Section
5.10). Silicification of chalk facies rocks and partial
decalcification of much of the greensand has resulted in poor and
possibly biased preservation of calcareous macro- and micro-fossils
(see Sections 4.5 & 5.10). At least one phase of faulting following
the basalt extrusion during the Tertiary has caused further
complications in the stratigraphy since beds cannot be followed
laterally, or extranolated easily across distances of more than a
few tens of metres. The poor exposure and faulting of the
silicified chalk in Morvern has, for example, led to controversy
over whether this unit is actually in situ (Gale, 1988, pers.

comm. ).

1.3.i1i. Historical problems.
The nature of some of the previous work on Cretaceous rocks
in N.W. Scotland (described in Section 1.2), has left a legacy of

stratigraphical and semantic problems. Many small exposures of
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glauconitic sandstone in the Inner Hebrides have been correlated
with the Cenomanian age greensand of Morvern on lithological
grounds alone, yet part of the Jurassic succession in the area also
comprises fine-grained, dark green, micaceous sandstone
indistinguishable in the field from the Cretaceous greensand (e.g.
the Lower Liassic Pabba Beds at Ardtornish Bay, Morvern). There is
also confusion in the literature over the stratigraphical position
of some of the "flint conglomerates"” of the Inner Hebrides, with
beds of the same facies being described as both "Tertiary”
(e.g.Bailey et al.,1924; Lee & Bailey, 1925), and as "Cretaceous"
in age (e.g.Judd, 1878; Hill, 1915; Lee & Pringle, 1932).

In his stratigraphical table (Judd,1878,p.737), Judd placed
the "White Sandstone”, the silicified chalk, and the sands and
mudstones of the "Upper Estuarine Series"” in the Chalk Formation,
with the silicified chalk facies strata being correlated with the
Upper Chalk. This precedent was followed by subsequent workers in
N.W. Scotland who took the additional step of corrélating the dark
grey micritic limestones with the Upper Chalk, and then describing
them as "chalk" (e.g.Hill,1915; Lee & Bailey,1925; Richey,1961;
Rawson et al.,1978) (Ses Fig.1.2). Although demonstrably Late
Cretaceous in age (Hill, 1915; Adams, 1960), these dark grey
micritic limestones cannot be classified as true chalk facies beds
(sensu Hancock, 1976), and should not, therefore, be described as

"chalk".
1.4. Aims of this study.

The aims of the present work can be summarized as follows:

a) to erect a viable stratigraphic scheme for the

12



Cretaceous rocks of N.W. Scotland, combining a revised
lithostratigraphy with hiostratigraphical data based on macrofauna,
foraminifera and palynomorphs (primarily dinoflagellate cysts).
Such integrated work is necessary because of the variable
preservation of the different lithostratigraphical units at
different localities.

b) to ¢gain a detailed understanding of the
palaeoenvironment and palaeogeography of the Hebrides Basin through
the T.ate Cretaceous, by inteqrating sedimentological,
palaeontological and ichnological data.

¢) by combining this sedimentological/palaeocecological
model with published structural and geophysical data, to map the
evolution of the Hebrides Basin from the Albian to the Palaeocene.
Comparison with other similar marginal Cretaceous deposits in N.W.
Europe will allow the Cretaceous development of the Hebrides Basin

to be viewed in a regional context.

1.5. Lithostratigraphy.

As discussed earlier in this chapter (Sections 1.2 & 1.3),
there is confusion over much of the lithostratigraphy of the
Cretaceous age sediments of the Hebrides area. This has largely
been generated by the phvsical difficulties of piecing together
igolated, poorly exposed, sactions comprising highly variable
lithofacies, into a viable stratigraphical succession, but is
partly due to the historical precedent set by Judd's "Third Paper”
(1878) which has, essentially, never been superceded.

The historical lithostratigraphy as summarized in Fig.1.2 is

therefore congidered inadenquate to encompass all the lithologies
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and complex lithofacies relationships existing in the Cretaceousg
succesgion of N.W. Scotland. Former lithostratigraphic schemes do
not take into account the silicified chalk conglomerates found
within the grey micritic limestone lithofacies, or the poorly
sorted sandstones underlying this limestone, but instead tend to
over-emphasize the status of the Lochaline White Sandstone
lithofacies.

Here, a new lithostratigraphic scheme is proposed for the
Cretaceous strata of N.W. Scotland (see Fig.1.3). The term "Inner
Hebrides Group" is coined to cover all formations of probable
Cretaceous age in N.W. Scotland.

The lower part of the succession, comprising the greensand
and chalk lithofacies, is lithostratigraphically uncomplicated. The
greansand. whers fossiliferous, is easily recognizable as a unit,
(althongh sedimentary facies mayv vary considerably between
sections), and it therefore becomes the "Morvern Greensand
Formation". Palaeontological avidence makes the Lochaline White
Sandstone lithofacies contemporaneous with the upper part of the
Morvern greensand {(Jeans, cited by Rawson, 1978), in addition to
lithostratigraphic evidence (glauconitic sandstones being found
overiying the Lochaline White Sandstone), and this lithofacies
accordingly becomes the Iinchaline White Sandstone Member of the
Morvern Greensand Formation. The type locality for the Morvern
Greensand Formation is Beinn Tadain Section (A) and the
tvpe locality for the Lochaline White Sandstone Member is the Loch
Aline Adit (LAA) section.

The silicified chalk with flints. which is unconformable on

the Morvern greensand, is lithologically very distinctive, being
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white in colour, almost totally silicified and very brittle. To
distinguish this lithotype from the Ulster White T,imestone of
Northern Treland and the Chalk of southern England, it is here
termed the "Gribun Chalk Formation”. The type locality is Allt na
Teanagaidh, Gribun, Mulil,

The stratigraphic relationships of the sandstones, micritic
limestones and silicified chalk conglomerates which fit between the
silicified chalk and the mudstone lithofacies which directly
overlies the silicified chalk at Beinn Tadain, are complex. These
sediments have to post-date the silicification of the Gribun Chalk
because clasts of silicified chalk occur within them, and they are
here contained within the "Strathaird l.imestone Formation" since
micritic limestone is the dominant lithotype in this part of the
succession. The basal member of the Strathaird Il.imestone Formation
comprises medium to coarse grained, poorly sorted sandstones and
conglomerates. This member is here termed the "lLaig Gorge Sandstone
Member", after the type localitv in Laig Gorge, Eigg. The micritic
limestone, which is the most widespread and thickest lithofacies in
the Strathaird T.imestona Formation, outcropping in Mull, Eigg and
Skye, is named after the type locality: Strathaird, Skye (ST). The
Strathaird limestone contains occasional thin conaglomeratic units,
the conglomerate comprising silicified chalk and flint clasts.

Another conglomeratic unit, often occurring within the
micritic limestone, is lithologically distinctive since it is
supported by a coarse sandstone matrix and contains clasts reaching
boulder size dimensions., These clasts are dominated by silicified
chalk. Because it forms a recognizable unit, this paraconglomerate

here becomes the "Clach Alasdair Conglomerate Member" of the
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Strathaird Timestone Formation, being named after its type
locality, Clach Alasdair (CA), FEigg.

The Members of the Strathaird Limestone Formation are not
laterally persistant, as illustrated in Fig.1.3.

The mudstones and organic-rich sandstones which form the top
part of the succession at Beinn Tadain are included in the Inner
Hebrides Group as the "Beinn Tadain Mudstone Formation", the type
locality being Beinn Tadain Section A (BI(A). The basal member of
this Formation is a distinctive unit of slightly glauconitic
sandstone containing pebbles of silicified chalk. This is termed
the "Feorlin Sandstone Member" of the Beinn Tadain Formation, the

type localityv being the Feorlin Tributary section (FT), Gribun,

Mull.
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Chapter 2: Structural setting.

2.1 Introduction.

In order to be able to interpret sedimentological and
structural data in the context of sedimentary basin dynamics, it is
important to have a basic understanding of the structural setting
in which a given sedimentary unit is deposited. In this chapter,
the deep structural controls on basin development in the Hebrides
area will be discussed (Section 2.2). Then the structural limits of
the Sea of the Hebrides and Inner Hebrides basins will be reviewed
(Section 2.3). A brief history of the Inner Hebrides Basin up to
the end of the Jurassic follows. See Enclosure 1 for the general

structure and geology of the area.

2.2 Deep structural controls.

The Hebridean basins form part of a compartmentalized
half-graben developed in the hanging wall of the Outer Isles Fault
(0.T.F.)(Kilyeni & Standley, 1985; Stein, 1988; Stein & Blundell,
1989) (see Fig.2.1). The O0.I.F. is a large planar normal fault which
has been correlated with the Outer Isles Thrust (0.I.T.) on deep
seismic reflection profiles (Brewer & Smythe, 1986; Stein &
Blundell, 1989), the O0.1.T. being interpreted as an early
Proterozoic structure forming part of a major N.E.-S.W. trending
shear zone (Lailey et al.,1988). (At around 2900 Ma, there was
extensive horizontal thrusting and deformation in what now
constitutes N.W. Scotland. Following granulite facies metamorphism,
there was a change in tectonic stvle to deformation along discrete

shear zones which consequently became the focus for tectonic,
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metamorphic and magmatic events (Stein, 1988). Up to 8 km of late
Proterozoic (Torridonian) sediments may be preserved in the present
Sea of the Hebrides Basin (Binns et al., 1974: Stein, 1988).
Post-Caledonide movement appears to have been extensional, through
reactivation of the 0.I.F. during the late Palaeozoic (Brewer &
Smythe, 1986; Stein, 1988; Stein & Blundell, 1989).).

Although planar in cross-section, the surface of the 0.I.F.
has variable geometry (Stein & Blundell, 1989), and it is offset by
a series of normal faults which are known collectively as the
"Minch Fault" (M.F.) (Kilyeni & Standley, 1985) (see Fig.2.1). In the
late Palaeozoic, development of basins in the hanging wall of the
O0.T.F. was initiated, possibly in response to the start of rifting
in the northern North Atlantic, the O.I.F. Zone acting as an
extensional detachment (Brewer & Smythe, 1985; Stein, 1988; Stein &
Blundell, 1989). The shape of these hanging wall basins was
dictated by the three-dimensional configuration of the O0.I.F.,
lateral displacement of which caused the formation of basement
highs such as the Mid-Minch High (Fig.2.1) (op cit.). Carboniferous
sediments outcrop in Morvern (Judd, 1878) and were recovered from
the sea-bed west of Skye (Eden et al.,1973). and swarms of
Permo-Carboniferous dyvkes found throughout the Hebrides and
Scottish mainland indicate the existence of tensional conditions at
this time (Baxter & Mitchell, 1984), resulting in reactivation of
the 0.1.F./M.F. Zone (Stein, 1988). Throughout this, and subsequent
extensional episodes, the Highlands Massif remained essentially
passive, the active area being the region of extension related to
Atlantic rifting to the west with the 0.I.F. Zone acting as the

boundary between these terranes (Brewer & Smythe, 1986; Stein,
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1988; Stein & Blundell, 1989).

The Outer Hebrides Block appears to have acted as a
pogsitive feature since the laxfordian, probably due to a low
density granitic basement (Watson,1977). The WINCH deep seismic
profile (1983), and earlier deep seismic data, showed that throw on
the Minch Fault decreases dramatically beyond the geographical
limits of the Outer Hebrides, and that the deepest part of the Sea
of the Hebrides Basin is adjacent to the topographically highest
part of the Outer Hebrides islands (Brewer & Smythe,1986). The
Outer Hebrides Block is therefore interpreted as the isostatically

uplifted footwall of the Minch Fault (op cit.).

2.3 Structural limits of the Sea of the Hebrides and Inner
Hebrides basins.

The "Hebrides Basin”", bounded to the west by the M.F./0.I.F.
Zone and to the east by the Scottish Highlands Landmass, is divided
by the Camasunary-Skerryvore Fault into two westerly-tilting
half-graben, the Sea of the Hebrides Basin and the Inner Hebrides
Basin (Binns et al., 1975) (See Enclosure 1 & Fig.2.1).This fault
follows the same approximate trend as the Minch Fault and dips
steeply to the east, the Tiree-Stanton Banks High comprising its
uplifted footwall (op cit.;Morton et al.,1987).

The structural boundaries of the present Sea of the Hebrides
and Inner Hebrides basins are as follows:

(i) Sea of the Hebrides Basin. The M.F. Zone forms the western

bounding margin of the Sea of the Hebrides Basin, the Tiree-Stanton
Banks High acting as the eastern edge (Binns et al.,1975; Kilyeni &

Standley, 1985). The northern limit is the Mid-Minch/Rubha Reidh
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High (Binns et al.,1975), a horst-like structure apparently
controlled by a N.W. continuation of the Loch Maree Fault

(Stein, 1988). To the south, the structure is poorly understood, the
M.F. 7one apparently dying out at Stanton Banks, where Mesozoic
sediments also wedge out (Binns et al.,1974; Binns et al.,1975;
Kilyeni & Standley, 1985).

(i1) Tnner Hebrides Basin. The western margin of the Inner
Hebrides Basin is the Camasunary-Skerryvore Fault. North of Raasay,
the Camasunary Fault appears to die out before being truncated by
the Mid-Minch/Rubha Reidh High (Binns et al.,1974; Binns et al.,
1975) but may continue N.W., though offset by the Skye plutonic
centres (see figs. in Morton, 1987; Kilyeni & Standley, 1985,p.101;
Stein & Blundell, 1989. fig.2). The eastern margin of the Inner
Hebrides Basin is the passive Scottish Highlands Landmass, and the
northern boundary is formed where the Scottish Highlands Landmass,
the Mid-Minch/Rubha Reidh High and the Camasunary Fault converge.
The Colonsay-Islay High marks the S.E. margin of the basin, which

follows the trend of the Great Glen Fault (see Enclosure 1).

2.4 A brief pre-Cretaceous history of the Hebridean basins.

(See Fig.2.2 for Triassic to Cretaceous lithostr atigraphy).

Development of the Hebrides Basin half-graben probably

started in the late Carboniferous as subsidence started along the
Minch Fault Zone (Kilyeni & Standley, 1985). Carboniferous
sandstones and shales outcrop at Inninmore Bay on the Sound of
Mull; Early Carboniferous shales have been recovered in sea-bed
samples from west of Skye (Eden et al., 1973), and reworked

Carboniferous miospores have been recovered from boreholes on the
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margins of the basin west of the Minch Fault (Binns et al., 1975).
Permo-Triassic sediments comprise continental red-beds - fault
controlled alluvial fan and flood-plain deposits (Bruck et al.,
1967; Steel, 1974, 1977) - possibly indicating that separate Sea of
the Hebrides and Inner Hebrides Basins had already developed
through synsedimentary movement on the Minch, Great Glen and
Camasunary faults (Binns et al.,1975; Steel, 1977; Hudson, 1983).
Palaeoslopes appear to have heen dipping N.N.E. in the Sea of the
Hebrides-Minch Basin and S.W. in the "Great Glen"-Inner Hebrides
Basin (see Steel, 1977; Hudson, 1983, fig.2), with sediment being
shed into the eastern margins of the basins from a westerly-dipping
Scottish Highlands T.andmass (Hudson,1983). However, Morton et al.
(1987), point out that the most northerly palaeocurrent
measurements (Raasay & Stornoway) were taken from marginal alluvial
fan facies, (the only outcrops available), and may therefore be
misleading.

The late Triassic-early Jurassic marine transgression that
affected most of northern Europe flooded the already existing
Hebridean basins (Hudson,1983). Transgression in the Inner Hebrides
Basin came from the south, with the deposition of nearshore
limestones, sandstones and shales in the north of the basin (Skye),
and deeper water shale and limestone facies in the south (Mull &
Morvern) (op cit.; Morton,1987). During most of the Jurassic, the
Inner Hebrides Basin and Sea of the Hebrides Basin appear to have
acted as a single depositional basin (the "Hebrides Basin")

(Morton, 1987: Morton et al.,1987), subsidence curves indicating
that the initial rapid subsidence lasted from the latest Triassic

to the Toarcian (Morton, 1987). A general coarsening upwards through
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the Pabba Shale and Scalpa Sandstone may indicate the onset of
regression through the Pliensbachian (Hudson, 1983: Morton et
al.,1987). Toarcian age rocks (Portree Shales and Raasay Ironstone)
are thin, and the latter formation is condensed (op cit.). This is

followed by a hiatus.

Sedimentation resumed with the deposition of the Bearreraig
Sandstone Formation in the latest Toarcian. The rapid subsidence
indicated by this unit is typical of northern North Atlantic basins
during the late Toarcian-lates Bathonian interval (Morton, 1987). The
Bearreraig Sandstone is thickest in Skye where it reaches ~ 490nm,
but in Mull it reaches a maximum thickness of 30m (Hudson, 1983).
In the late Bajocian, the connections of the basin to open marine
conditions became restricted, resulting in the deposition of
lagoonal and deltaic sediments, (the Great Estuarine Group),
throughout the basin (op cit.).

The late Bathonian-early Callovian interval marks the start
of a marine transgression which continued through the Oxfordian
with the deposition of wholly marine silts and mudstones, the
Staffin Shale Formation (op cit.; Morton et al., 1987). This phase
of subsidence appears to have started earlier in the north of the
basin (Skye area) than in the south (Morton et al.,1987), but
outcrops of the Staffin Shale and Kimmeridgian beds are poorly
exposed (Hudson, 1983), and evidence is therefore limited.

As pointed out by Binns et al.,(1975), Hudson, (1983), and
Morton, (1987), there are insufficient strata preserved onshore in
the Hebrides area to accurately locate basin margins through the
Mesozoic and the dating of fault movements up to the end of the

Jurassic is difficult to determine. However, most authors agree
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that there was a period of basin inversion in the Hebrides Basgin
starting in the latest Jurassic-early Cretaceous (Binns et al.,
1974; Binns et al.,1975; Hudson, 1983; Kilyeni & Standley, 1985;
Masson & Miles, 1986; Morton, 1987: Morton et al.,1987; Stein,
1988), involving uplift on the Mid-Minch High, the Outer Hebrides
Block and the footwall side of the Camasunary Fault. This resulted
in a near-present configuration of separate Sea of the Hebrides and

Tnner Hebrides basins at the start of the Cretaceous (Binns et al.,1975;

Morton, 1987;: Morton et al.,1987).
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Chapter 3: Locality descriptions.

3.1 Introduction.

As already discussed, (Sections 1.1 & 1.3.i), rocks of
Cretaceous age in the Tnner Hebridean area occur in widely
distributed and poorly exposed outcrops. The most complete
exposures exist in Morvern and Mull and these will be described
first. For each section, the location will be given (with a
sketch-map), followed by a detailed bed by bed description and
sedimentological log. The abbreviated section name (usually
initials), given in this chapter will be used subsequent to the
locality description where appropriate. The sections will be
treated in broad lithostratigraphic order. See Fig.1.1 for the

regional setting of localities.

3.2 The Morvern sections.

Cretaceous rocks in Morvern outcrop around the margins of
Loch Aline and underneath the Tertiary basalts on the Beinn
Tadain and Beinn na-h Uamha outliers. The Beinn Tadain sections
are the most stratigraphically complete in the Hebrides area and

those around Loch Aline are the most laterally extensive.

3.2.i. Beinn Iadain:

Two sections of Cretaceous strata were exposed on Beinn
Iadain in May-June 1989. Only one of these is described in the
literature: the exposure comprising "B.I. Section (A)" of this
study at G.R. NM 6917 5490 (see Judd,1878; Lees & Bailey,1925). A

section described as being located at "the south-eastern corner”
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of Beinn Iadain (Judd,1878), and "directly north of the ruined
shielings" (Bailey et al.,1924), is no longer exposed, though
fragments of silicified chalk can be found in the scree at this
locality. A second outcrop, (B.I. Section (b) of this study), is
exposed in a slope failure at G.R. NM 6965 5645. Beinn Tadain is
an SSST and nature reserve run by the Scottish Naturalists Trust

and access is restricted at certain times of the vyear.

3.2.ii, Beinn Tadain - Section (A). (BI(A)).

Section location: G.R. NM 6917 5490. (See Fig.3.1.)

The exposure is on the S.W. corner of the hill, in and
around a small stream (not markad on the 1:25 000 O.S.Map), and
is continuous neither laterally nor vertically. The base of the
basalt cannot easily be followed as scree is partially covered
with vegetation and the section is best found by walking N.W.
from the ruined shielings keeping between Allt Beinn Jadain and a
parallel tributary, and approximately 15m below the visible
base of the basalt. The section is approximately 300m from the
ruined shielings. This section forms the type locality for the

Morvern Greensand Formation and the Beinn Iadain Mudstone Formation.

Section description: (See Fig.3.2)

The basal unconformity between the greensand and a thin
wedge of Liassic shale apparently outcropping on this corner of
Beinn Tadain (see B.G.S. Map NM 52E), is not exposed. The section
starts at the base of a small exposure a few metres N.W. of the
stream, just above some large blocks of fallen basalt.

At the base of the section is a 66cm thick bed of medium
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(3751m) to fine (187um) grained organic-rich glauconitic
sandstone. Organic content increases upwards with black silt
laminae up to 3mm thick picking out ripple cross-lamination. The
laminae are wavy and bifurcate. There is an irregular, erosive
contact with a 22cw thick conglomeratic unit. The conglomerate
is clast-supported and interfingers with, or encloses, lenses of
fine to medium grained, laminated fawn-coloured sandstone (see
Fig.4.1). Within this laminated sand are occasional unlaminated
sandstone clasts which the laminae drape. The conglomeratic
material comprises a mixed assemblage of vein quartz, mica schist
and red mudstone pebbles, the vein quartz being the most common.
The maximum clast size measured was 5.3cm, average clast length
being 3cm and clast shape being sub-spherical for all but the
mudstone which tended to form elongate clasts. Nearly all pebbles
were sub- to well- rounded.
This is followed by an erosive contact with a greyish ¢green

fine to medium grained glauconitic sandstone. This bed is 1.6 m
thick and is tabular cross-bedded on a relatively large scale,
foreset height reaching 40 cm. Foresets are defined by occasional
pebble bands and/or fine laminations dipping 4° E. The laminae
occur in bundles, with laminae less than 1mm thick being separated
by 2 mm thick laminations at regular 1.5 cm intervals. This bed is
sporadically bioturbated, Thalassinoides burrows being preserved in
relief on a cross-bedding set surface on the southern side of the
stream.

pisconformablv overlying this unit is a very well cemented
horizon of grey fine-grained (125 im) muddy sandstone which has a

"pinch and swell"” morphology, reaching a maximum thickness of 35
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cm. No macrofossils or primary sedimentary structures are
visible.

Parallel laminated fine - medium grained greenish grey
sandstone follows, concentrations of glauconite, pyrite and fine
organic material forming the laminations. This unit is 45cm
thick and is succeeded by an apparently massive bed of the same
1ithology, 1.2m in thickness.

There is then a 3.7m gap in exposure, the section
continuing in small exposures adjacent to, and in, the stream
bed.

Following the gap, the section continues with 60cm of dark
green fine - medium grained sandstone (Bed 8). This bed contains
rare whole Exogyra sp. and gastropod shells, with shell debris
concentrated into thin, non-persistent lenses, sometimes forming
laminae parallel to the bedding surfaces. Overlying this is a 13cnm
thick, more concentrated, shell bed composed of Exogyra and broken
inoceramid valves in a fine-grained, glauconitic silty sandstone
matrix. Glauconite is concentrated in those valves orientated
.concave downwards but there appears to be no overall preferred
orientation of shell material in this bed.

There is an irregular erosional contact with 45cm of fine
- medium grained, massive glauconitic sandstone. There are
occasional concentrations of shell debris in this unit but these
never exceed T7cm in length and are less than 2cm in height.

A shell fragment lag at the base of the next bed indicates
an erosive contact. The overlying unit comprises a horizon of
pale greyish green well-cemented sandstone of varying thickness

(10-22 cm). The bed is distinguished primarily by its high degree
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of cementation. This horizon is followed by 17cm of dark green,
highly glauconitic sandstone with occasional shell fragments
throughout. These show no particular orientation. Another well -
cemeted unit of varying thickness (10-15 cm) overlies this,
comprising fine-grained greenish grey sandstone with occasional
small lenses of concentrated shell fragments. There is a
non-erosive contact with an 80 cm thick, coarsening upwards (187
- 400 m), bed of massive glauconitic sandstone with rare shell
fragments scattered throughout the top 15cm. Occasional vertical
burrows are picked out by the concentration of glauconitic and
silty material in the burrow infills. This is overlain by 4lcnm
of fine-grained glauconitic sandstone with shell fragments
throughout. These reach a maximum length of 14mm and show no
preferred orientation. An erosively based, thin (13cm), horizon
of dark green silty sandstone with thin flasers of brownish-
black silt follows. Small shell fragments (less than 6mm long)
occur in the sandstone. This unit grades into a fine-grained
glauconitic sandstone, 40cm thick, containing abundant shell
fragments. Bed structure appears massive.

This is overlain by an erosively based, parallel
laminated, fine-grained glauconitic sandstone. This bed is 60cnm
thick and the lamination is defined by thin (<1 cm) layers of
shell debris. The long axes of the shell fragments are aligned
N-S. Laminae are parallel with the bedding surfaces. The unit
grades into 30cm of structureless fine-grained glauconitic
sandstone with shell fragments scattered through the sediment in
the lower 10cm (these probably being derived from the

underlying unit).
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The start of the next unit is based on increased
cementation rather than any visible lithological or
sedimentological change. The whole unit is 1.5m thick and
contains three well-cemented horizons: one (5cm thick) forming
the base of the unit, one (15cm thick) at 45cm from the base,
and one (10cm thick) at 120cm from the base. The thicknesses
given for these horizons are maxima, the upper and lower surfaces
undulating. The whole unit is unfossiliferous. The well-cemented
horizons are not classified as separate beds as they are
interpreted as cementation phenomena.

There is a marked iregular erosion surface, then 70cm of
very fine-grained (125im) fawn coloured sandstone. This sediment
appears less consolidated than the glauconitic sandstone and
contains limonite-rich horizons which are, in places,
concentrated into parallel laminae (also marked by heavy mineral
accumulations), and horizontal burrows. The laminae dip 3° E. The
laminated sand grades into apparently homogenous fine-grained
fawn-coloured sandstone which continues for 4.09m.This grades
upwards into a reddish-brown medium-grained (375um) massive
sandstone, 60cm thick, which becomes more yellow in colour towards
the top. These fawn-coloured beds comprise the Lochaline White
Sandstone Member of the Morvern Greensand Formation at this
locality.

Disconformably overlying these fawn-coloured beds is a 50cm
thick unit of light green, fine-medium grained, glauconitic
sandstone. Within this sandstone are numerous small, pale creanm to
white, silt inclusions with a "chalky" texture. These are elongate,

roughly cylindrical, and reach a maximum length of 5cm with a
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maximum diameter of 9mm. They do not react with dilute HC1, but
then nearly the whole section has been decalcified.

A 40cm thick unit of silicified chalk (the Gribun Chalk
Formation) is unconformable on this glauconitic sandstone. This
part of the succession is extremely poorly exposed and the
silicified chalk is highly weathered and extremely brittle, making
the true relationship of this unit with the underlying sediment
difficult to determine. The chalk contains flints which are
distinguishable from the silicified matrix by their dark grey to
brownish colour and non-porous texture, the silicified chalk itself
being highly porous.

There is a large hiatus between the silicified chalk and
the overlying clay. The top 3lcm of silicified chalk comprises
an unconsolidated rubble with the blue-grey clay acting as an
infill between silicified chalk pieces. The clay forms a horizon,
15cm thick, above the chalk rubble, weathers white and is very
soft. Plant stems up to 11 cm long are common and relatively well
preserved. The base of this blue-grey clay forms the base of the
Beinn Iadain Mudstone Formation (formerly the "Upper Estuarine
Series" (Judd,1878))for which this is the type locality.

There is an irregular erosive contact with 63cm of
fine-grained fawn sandstone. Rare parallel lamination is picked
out by the concentration of silt-grade organic material
containing occasional lignite fragments up to 3cm long and 7mm
wide, but otherwise the bed appears unstructured. Rare
well-cemented concretions are present: some of these show
concentric banding of iron minerals. Average diameter of the

concretions is 12cm. This sandstone is overlain by a l4cm thick
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horizon of blue-grey, finely laminated, silt containing thin,
non-persistant concentrations of organic material, including
lignite fragments up to 3mm long and 1mm wide. The top of this
bed comprises the top of the Beinn Tadain Mudstone Formation.

A thin, (4cm). bed of pale fawn to reddish-brown clay
overlies an irreqgular erosion asurface at the top of the Beinn
Tadain Mudstone Formation. This clay contains no visible organic

material.

The thickness of the lithostratigraphic units at Beinn
Tadain Section A is as follows:

Beinn Tadain Mudstone Formation 92cm

Gribun Chalk Formation 40cm

Lochaline White Sandstone Member 5.39m

Morvern Greensand (not
including the W.Sst.Mem.) 11.87m

Total thickness of section 18.61nm

3.2.1i1 Beinn Tadain Section (b). (BI(b))
Section location: G.R. NM 6965 5645, (See Fig.3.1.)

The main exposure is in a horseshoe shaped scar where
there has been a rotational slope failure in the western bank of
Allt Riabhach. The section is most easily found by walking
eastwards round Beinn Tadain from Section (A), keeping below the
level of the bhasalt, into Coire nan Capull. From here continue
northwards over the watershed marked 486m on the 1:25 000 O0.S.

map. Once over the watershed. keep down on the flat shelf area

adjacent to the stream. Approximately 270m downstream of the
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confluence of the stream flowing from Lochan nan Lorg with that
flowing form the watershed, is another minor confluence and a small
waterfall which marks the lowest basalt. Approximately 20m

downstream of the waterfall is the main exposure.

Section description: (See Fig.3.3)

The oldest part of the Cretaceous succession exposed here
1s Morvern Greensand. The basal bed of the section comprises 75
cm of fine-grained, ripple cross-laminated, glauconitic
sandstone. Black silty organic-rich material containing
occasional lignite fragments up to 6mm long is concentrated into
thin (<0.6mm) laminae which pick out the ripple cross-sets. Organic
content increases upwards through this unit, picking out parallel
lamination in the top 10cm,

This is disconformably overlain by 5.2m of mottled light
fawn and grey, fina to medium grained sandstone. with occasional
low angle (8-12°) aross-bedding and rare burrows with sprieten
picked out by black organic material. This grades into
organic-rich. fine-grained, silty sandstone which is intensely
bioturbated up to the top 20cm which is ripple cross-laminated
on a small scale (foresets (7cm high). There is a marked
unconformity with a 40-45cm thick unit of silicified chalk. This
is less weathered than that seen at Section (A) and is traceable
laterally for 40 m. The chalk contains rare flints but these are
only seen in fresh parts of the outcrop.

The top of the silicified chalk is irregular and overlain
by the basal unit of the Beinn Tadain Mudstone Formation, a thin

(9cm) horizon of blue-grey clay containing disseminated organic

39



material. This is disconformably overlain by 66cm of well-cemented,
1ight fawn, fine-grained sandstone. Grains are sub-rounded to
sub-angular. Occasional parallel laminations are picked out by
concentrations of detrital glanconite in the basal 25cm of the bed.
There is a sharp but apparently non-erosive contact with 15cm of
blue-grey organic-rich clay containing well-preserved plant
material up to 7cm in length, stems orientated parallel to bedding.
The Beinn Iadain Mudstone Formation is overlain by a thin

(5¢m) horizon of pale fawn clay underlying the basalt.

The thickness of lithostratigraphic units at Beinn Iadain

Section {(b) is as follows:

Beinn Tadain Mudstone Formation 90cm
Gribun Chalk Formation 40-45c¢cm
lbochaline White Sandstone Member 5.20m
Morvern Greensand (not

including W.Sst.Mem.) 2.75m

Total thickness of section 9.35m

3.2.iv Lochaline Adit. (LAA.)

Section location: G.R. NM 6800 4535. (See Fig.3.4.)

The section is adjacent to the main adit of the Lochaline
Sand Mine. Here. the White Sandstone Member is extracted
underground as a glass sand by Tilcon (Scotland) Ltd. and
permission should be obtained from the Site Manager before
visiting the section. Parts of the section ara obscured by

vagetation, especially towards the base. Contact with the



Fig.3.4 Locality map of Loch Aline Sections.

41



underlying Tiassic mudstone is not exposed, but widening of the
track in 1988 revealed dark greenish-black laminated mudstone
approximately 10m below the base of the exposed Greensand. Minor
faulting and slumping have confused the lower part of the
Greensand succession which was therefore logged from the base of
the least disturbed and best exposed part of the section. This

is approximately 30m N.E. down the track from the adit opening.

Section description: (See Fig.3.5).

The basal bed of the logged section is first seen at track
level in a small exposure adjacent to the main one which is
continuous with the adit cliff. This first bed comprises 1.1m of
greenish-fawn, hard, fine-grained glauconitic sandstone. This
sandstone is highly micaceous and contains occasional hard
nodules where the sediment is extremely well-cemented. There is
no apparent difference in grain size or composition within or
surrounding the nodules. Nodules reach a maximum length of l4cm.
This is overlain by a very hard, well-cemented, fine-grained
glauconitic unit which has a "pinch-and-swell” morphology,
reaching a maximum thickness of 20cm,

There is a sharp, but apparently non-erosive, contact with
55cm of medium grained (400/m), very dark green, highly
glanconitic sandstone. No sedimentary structures are visible. An
irregular erosion surface is overlain by a 15cm thick shell bed
comprising a monogeneric assemblage of FExogyra spp. The shells
appear largely undamaged and show no preferred orientation. There
is a matrix of fine to medium grained glauconitic sandstone.

Overlying the shell bed is 1.58m of soft, reddish-purple
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to dark green, fine to medium grained, micaceous sandstone. Shell
fragments are abundant throughout the bed, in nlaces concentrated
into non-persistant shell lags up to 2cm thick. These sometimes
pick out small-scale tabular cross-sets not discernable by grain
-size variations in the sand alone.

There is a non-erosive contact with 27cm of fine~-grained
reddish-purple micaceous sandstone. This unit is finely
laminated, laminae being picked out by organic-rich dark purple
silt. This bed contains rare shell fragments and fines upwards as
lamination becomes more intense in the top Tom. 25cm of mottled
purple-red and pale green fine-grained sandstone overlies this.
The mottling does not follow sedimentary structures and appears
to be a weathering/diagenetic phenomenon. However, in the top 10
cm, parallel lamination is picked out by reddish-brown silt
layers <0.5mm thick, dipping 9° E. A 1.95m unit of fine-grained
orange to yellowish green sandstone is conformable on this
laminated bed. The grain-size of this sand is 187um and no
sedimentary structures are visible. This grades upwards into 50
cm of coarsening upwards (187-250um), mottled yellowish-fawn and
white sandstone. The colour is due to staining by ferric
compounds rather than detrital mineral grains. Glauconite is very
rare. There are occasional woody fragments up to 1mm in length,
otherwise this unit is unfossiliferous.

Contact with the Lochaline White Sandstone Member in its
most pure form is gradational from this mottled sandstone. The
Lochaline White Sandstone is 3.5mthick at this locality. The
dominant grain-size of this quartz arenite is 250um but there are

ocragional sub to well rounded quartz grains 500-1000im in
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diameter scattered throughout. There are also extremely rare
lignite fragments up to 500m in size.

Although the structure of this unit appears massive at
first sight, there are two laterally extensive well-cemented
horizons which can be recognized throughout the sand mine.
However, there is no apparant petrological or sedimentological
difference between the relatively unconsolidated sandstone and
the well-cemented layers except occasional westerly dipping
tabular cross-sets and ripple cross-lamination picked out by
silty material and grainsize alternations between the hard '"ribs"
inside the mine (Lowden, 1989, pers.comm.). Thin reddish-brown
iron-rich horizons follow joints and cracks in the sandstone and
are concentrated in burrow walls. Burrows are also distinguishable
by the concentration of coarse (400-750 im) quartz grains into wall
structures. Burrow diameter averages 1.4 cm and most burrows seen
are in sub-vrtical and horizontal orientations, probably forming
Thalassinoides type networks. Occasionally burrows are defined by
dark grey silty infills, especially above the level of the second
hard "rib". This ichno-assemblage is dominated by Skolithos type
thin vertical burrows but some contain spreiten. These overprint
the larger Thalassinoides type systems described above. In the top
40cm of the unit, grain-size increases to an average of 500 Im
acting as a matrix to small pebbles up to 1.2cm long.

Unconformably overlying the quartz arenite is an 8cm
thick horizon of red-brown silty clay, then the base of the

Tertiary basalt.

The thickness of lithostratigraphic units at the Lochaline
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Adit section is as follows:
Lochaline White Sandstone Member (taken from
the base of Red 9) ™5 .50m
Morvern Greensand Formation 6.75m

Total thickness of section: 10.25m

N.B. The base of the White Sandstone Member is difficult to
determine at this section because there is a gradation from
highly glauconitic silty sandstone to the pure quartz arenite
mined as a glass sand. The boundary is therefore taken where the
glauconite percentage of the whole sediment is less than 0.5% and
where an increase in grain size indicates a change in

depositional regime.

3.2.v. Loch Aline Waterfall (a). (LAW(a))

Section location: G.R. NM 6935 4595 (See Fig.3.4).
This section is located on the east side of Loch Aline.

Where the Allt na Samhnachain burn crosses the track around the
loch, there is a small wooden bridge. Follow the burn upstream past
the disused limekiln and climb up the waterfall past rhythmically
bedded Jurassic shales and limestones to a small cliff on the south
side of the stream which turns sharply northwards. Looking across
the burn to the cliff, it is clear that there has been movement on
a prominant bedding plane in the shale underlying the Greensand and

that the section is therefore located in a slipped block.

Saction description: (See Fig.3.6).

The base of the section is an unconformable contact with the
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laminated silty mudstones of the Liassic Pabba Beds. FExposure of
the contact is poor and movement along the plane is indicated by
contortion of some of the mudstones.

The start of the Cretaceons succession is a 51cm bed of
hard, fine to medium grained (250um) silty sandstone. This is
highly glauconitic and dark areen in colour. Shell fragments
between 500um and 3mm in length are common. There is a gradational
contact with 50cm of very fine-grained dark purple silty sandstone
which fines upwards to sandy silt. In the lower part of this bed
there are very rare quartz grains up to 500um and fragments of
limestone up to Imm long. The fine silty material appears to be
organic rich and there are occasional woody fragments up to 600ium
in length.

There is an irregular erosive contact with 40cm of dark
green medium grained highly glauconitic sandstone. Greyish-brown
clay drapes appear in the top 20cm and the clay content increases
upwards in the matrix. This unit isdisconformably overlain by a Im
‘thick unit of pale grey-green massive sandstone. This is medium to
coarse grained (375-500um) and shell fragments greater than 500um
in length are common. 11lem of reddish-brown clayey silt overlies
this. Both the upper and Jlower boundaries of this horizon are
gradational, with mixing in of sandy material, probably through
bioturbation. The overlying bed comprises 85cm of dark green, fine
to medium grained (silt-250im grain size,) laminated silty
sandstone. The laminae are formed by fining upwards cycles with
increasing organic content upwards. The lamination is parallel to
bedding.

Conformably overlying the laminated sandstone is a 62cnm



thick bed of purple-red mottled greensand which fines upwards to a
very fine silty sandstone. There are lignite stringers throughout
this bed but in the top 30cm these become thinner. forming flasers
rather than lenses, and increase in number. The percentage of silt
in the matrix also increases upwards.

There is a gradational boundary with a thin (4cm) horizon of
dark green, highly glauconitic fine-grained sanstone. The boundary
is probably bioturbated but no individual burrows are preserved.
There are occasional limestone grains up to 500im in diameter;
these are sub-rounded.

Unconformable on this greensand is basalt.

The thickness of lithostratigraphic units at Loch Aline
Waterfall (a) is as follows:

Morvern Greensand 4.03m

3.2.vi. Loch Aline Waterfall (b). (LAW(b)).

Section location: G.R. NM 6869 4665 (See Fig.3.4).

The section is exposed in the Allt Achadh Forsa flowing SE
into Loch Aline. Follow the burn NW from the beach to a small
waterfall with greensand outcropping on the NE side. About 15m
further NE weathered cliffs of white sandstone can be seen. Apart
from these exposures, no In situ rock can be seen. The burn follows
the trend of a fault which has a downthrow of approximately 40m to
the west measurable on the basalt. The saction is measured from
the basa to the top of the waterfall and then continues in a small

c1iff adjacent to the waterfall on the NE bank.
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Section description: (See Fig.3.7).

The base of the first bed is obscured by boulders at the
bottom of the waterfall but the unit comprises 50cm of
well-cemented greyish-green massive sandstone. This is medium
grained (375um) yet contains occasional well-rounded quartz grains
up to 0.75mm in diameter. This is conformably overlain by a bed of
well-cemented highly glauconitic medium-grained sandstone with
numerous small vertical burrows up to 4cm long, infilled with fine
argilaceous sand. This bed is of variable thickness, ranging from
25-35cm.

1.2m of slightly finer-grained (250um) pale grey-green
glauconitic sandstone overlies this. The sandstone is apparently
structureless although there is a slight coarsening towards the top
of the bed where grainsize reaches 400um. There is an irregular
erosive contact with a 20cm thick shell bed. The valves appear
largely undamaged and comprise a limited assemblage of Exogyra and
Neithea spp.. The matrix is dark green fine-grained silty sandstone.

Overlying another erosion surface at the top of the shell
bed is a 1.1m unit of coarsening upwards, fine to medium grained
glauconitic sandstone. This is massive and unfossiliferous. There
is a sharp but planar contact with 40cm of hard grey fine sandstone
with a calcareous matrix. There are occasional Exogyra valves
throughout the bed. Conformable on this is a 39cm thick bed of
grey-green micaceous medium-grained sandstone. This is truncated by
a marked erosion surface covered by a thin (5cm) shell lag
comprising thick oyster shell fragments. This grades up into a 35cn
unit of fine-grained (187pm) bed of pale green micaceous sandstone.

There is then a 6-7m gap in exposure to the nearest cliff
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comprising the Lochaline White Sandstone Member. This cliff section
starts with 48cm of light green fine-grained micaceous sandstone.
No sedimentary structures are visible. This is dismonformably
overlain by 5m of white fine to medium grained quartz arenite with
occasional iron rich horizons (maximum thickness 2mm). Very rare
burrows are outlined by the concentration of iron minerals in the
burrow walls. The iron rich horizons do not follow any other
sedimentary features. There are occasional well-rounded quartz
grains up to 5001m in diameter.

Overlying this is a 25cm unit of reddish-brown silty clay,

then the base of the basalt.

The thickness of lithostratigraphic units at Loch Aline
waterfall (b) is as follows:

Lochaline White Sandstone Menber ~5m

Morvern Greensand 4.44m
Total thickness of section exposed: 9.69m

Total thickness of section + gaps: 16.19m

3.2.vii Loch Aline Waterfall (c). (LAW(c)).

Section location: G.R. NM 6935 4535. (See Fig.3.4).

The Allt Leacach burn flows into Loch Aline approximately
100m south of the fish farm buildings. Follow the stream over a
boggy hump to a “17m high waterfall where the burn comes over the
basalt cliff. The exposure itself is in the waterfall and is
inaccessible. However, large blocks of greensand have broken away
and lie at the base of the waterfall. Way up is defined by contact

with the Jurassic shale seen in the base of the waterfall and
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sedimentary structures.

Section description: (See Fig.3.8).

The top of the Jurassic shale forms the first ledge in the
waterfall and is unconformably overlain by dark green, highly
glauconitic sandstone. This is micaceous, fine to medium grained
(2501m) , and contains shell fragments throughout. The true thickness
of this dark green sandstone is approximately 3.5m. At 40 cm from
the base of this bed is a 20cm thick shell horizon. The shells
appear mostly complete and comprise an apparently monospecific
assemblage of Exogyra obliquata. Above the shell band there are
occasional lenses and flasers of dark brown organic rich silt.

This sandstone is overlain by 40cm of greyish-green hard
sandstone which appears massive and forms the lip of the second
ledge in the waterfall.

Above this ledge, the succession continues with
approximately 4.5m of pale green, medium grained (375im) sandstone.
This appears massive but contains occasional shell fragments and
non-persistant parallel laminations picked out by the concentration
of glauconite grains.

Unconformably overlying this is a 70cm unit of reddish-brown

silty clay, followed by basalt.

The thickness of the lithostratigraphic units at Loch Aline
Waterfall (c) are as follows:
Morvern Greensand 8.40m

Total thickness of section: 9.10m
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3.2.viii Loch Aline Borehole No.10.  (BH10)

Section location: G.R. NM 6890 4695. (See Fig.3.4).

The borehole was drilled in 1987 for Tilcon (Scotland) Ltd.
and is located on top of the basalt cliff 1km from Castle Cottage,
Kinlochaline, on a bearing of 234°SW. Total depth cored was 70.30m.
The core boxes are stored in the main adit entrance of the
Lochaline Sand Mine (Summer 1988). Core recovery was reported as
100% below 52.36m. The core was logged from 65.67m in the hope of

encountering the Liassic-Cenomanian unconformity in the samples.

Section description: (See Fig.3.9).

The basal bed of the logged section comprises 20cm of finely
laminated fine grained (187pm) white sand, and black organic-rich
silt. The sand laminae are rarely greater than Ilmm thick while the
silt lavers vary between 2 and 5mm. Sand content increases upwards
through the bed. This is overlain by a 5cm horizon of black silty
clay with thin lavers of white mica. Disconformable on this is a
60cm bed of laminated sandy silt and blue-grey clay. The laminae
average 1.5mm thick and undulate, forming wavy bedding structures.
This grades into a 55cm thick coarsening upwards unit of laminated
dark grey siltstone and very fine-grained (125pm) white sand which
increases as a percentage of the sediment upwards. The whole unit
is highly bioturbated with small, (maximum length 3cm), Monocraterion
type vertical burrows with spreiten.

There is a planar contact with 15cm of dark greyish-green
homogenous sandstone. This grades into a 10cm thick horizon of very
dark greenish-black micaceous silty sandstone. The sandstone is

very fine-grained (125im) and fissile where the micas form layers.
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This is overlain by a 5cm horizon of greyish-black silty clay.

A marked irregular erosion surface is overlain by 33cm of
fine-grained ripple cross-laminated glauconitic sandstone. White
sand arains pick out many of the foresets and although the scale of
the cross-lamination decreases upwards, the ratio of glauconitic to
white sand remains constant and there is no difference in grain
size. Some foresets are defined by concentration of glauconite
grains. This is overlain by 7cm of ripple cross-laminated
fine-grained glauconitic sand with the laminae formed by
concentration of organic-rich dark brown silty material. 26cm of
pale green fine-grained siltv sandstone succeeds this. It contains
rare organic-rich laminations and occasional Skolithos type
vertical burrows. There is a sharp but apparently non-erosive
contact with a 45cm thick, rapidly coarsening upwards, unit of
micaceous dark greenish-grey mudstone. Silt content becones
noticeable at 10cm and increases at the expense of clay until sand
grains appear at 25cm. At the top, the sediment is a sandy
siltstone. An irreqular erosion surface forms the base of the
overlying 35cm unit of fine-grained dark grey sandstone with
occasional ripple drapes up to 2mm thick. The clay drapes contain
rare black plant fragments. 30cm of dark greenish-grey sandy
siltstone follows. This unit appears massive and is mica rich but
the micas are disseminated throughout and do not form discrete
layers. Overlying this is a 15cm horizon of dark grey, organic-rich
silty clay.

There is a sharp contact between the clay and a 65cm bed of
coarsening upwards micaceous dark green sandy silt. Sand content

increases upwards, reaching an average grain size of 125im with a
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maximum of 250im. Possible cross-bedding is indicated by the
concentration of the coarser quartz grains and glauconite into
thin, inclined laminae. This is overlain by 30cm of homogenous pale
greenish~grey fine-darained sandstone. Both the upper and lower
boundaries of this bed appear irregular. A 20cm thick unit of
fossiliferous sandstone follows. The sandstone is fine-grained and
pale grey-green in colour. The fossils comprise thick-walled
bivalves but these could not be identified further. Shell walls
were up to 3.5mm thick.

Disconformably overlving the shell bed is a thin (15cm) unit
of rivple cross-laminated fine-grained pale green sandstone with
clay riople drapes, some of which bifurcate. The clay is dark grey
in colour. This bed is truncated by an irregular erosion surface
and is overlain by 3lcm of very fine-grained massive silty
sandstone which in turn is overlain by a 27cm thick unit of
fine-grained very glauconitic sandstone with numerous small
sub-vertical burrows infilled with fawnish-grey clay. The maximum
diameter of these burrows is 1.2cm. This bed fines upwards as silt
content increases with respect to gquartz grains.

Overlying an irregular erosion surface is a 70cm thick unit
of hard dark green fine-grained sandstone. This is finely laminated
throughout, the laminae comprising coarse grained (up to 500im)
layers up to 3mm thick. This lamination is slightly inclined to
bedding. This grades into a 20cm horizon of intensely laminated,
highly glauconitic and micaceous sandstone. The laminae are formd
by concentrations of organic-rich silt up to 2mm thick.
Dicomformable on this is a 20cm thick shelly bed with Neithea type

valves forming the most common identifiable fossil. The matrix
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sandstone is fine-grained, glanconite rich and highly micaceous.

There is an irregular contart with 23cm of highly
bioturbated fine-grained greyish-green sandstone. No individual
burrows are visible but the general aspect of the bed is disturbed.
This is overlain by 44cm of finely laminated fine-grained
glauconitic sandstone. The laminae are organic rich. In the lower
15cm of the bed there are clay lenses (possibly ripple drapes):
these disappear as the lamination becomes more intense. This is
disconformably overlain by a 15¢m horizon of very soft dark
grevish-green clay.

Brown-grey silty sandstone follows with occasional bright
green glauconite lenses. This bed is 27cm thick and has irregular
lower and upper boundaries. The g¢glauconite rich lenses may be

burrow infills. Overlying this ig a 19cm thick dark greyish-green

disconformably overlain by a 7cm thick concentrated shell bed. The
shelly material is tightly packed in a matrix of fine-grained dark
green sandstone. It is not possible to tell if the shells are whole
or fragmented.

The shell bed grades into a 17cm thick fining upwards
horizon of the matrix sandstone with occasional shells (or
fragments). The silt percentage of the sediment increases upwards
and thus the grain size decreasas to 125.m.

There is a marked irregular erosion surface followed by 53cm
of hard greyish-green fine to medium grained sandstone. This
contains pieces of shelly material which appear to be fragmented.
This is overlain by a 14cm unit of mottled green and fawn

fine-grained micaceous sandstone with a shelly layer at the top. A
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95cm bed of hard light fawn fine to medium grained sandstone is
unconformable on this. Occasional parallel lamination is picked out
by layers of coarser grains {up to 300um) with some heavy minerals.
25cm of intensely laminated light fawn fine-grained sandstone
follows. Laminations comprise concentrations of silt-grade brown
organic rich material. Disconformable on this is a 54cm bed of
mottled purple-brown and greenish-fawn fine~grained sandstone.
Burrows appear as light fawn infills with a dark reddish-orange
rim. Tn the top 15cm of the bed fragments of lignitic material up to
1.2mm long are common.

This is disconformably overlain by a thin (7cm) shell bed.
The shells are concentrated, thick-walled and probably consist
mainly of Exogyra spp- The matrix material comprises fine-grained
purplish-red sandstone which is highly micaceous. Overlying this is
1.55m of mottled purple-red to pale green fine-grained sandstone.
Shelly material is distributed sparsely throughout. Burrows, mainly
sub-vertical and not exceeding 1.3cm in diameter are picked out by
glanconite concentration in the walls. Conformably overlying this
is a 55cm thick bed of unfossiliferous fine-grained very pale fawn
sandstone. Very rare low angle foresets are picked out by the
concentration of glauconite and heavy minerals. The base of this
bed forms the base of the lochaline White Sandstone Member at this
locality. The unit grades into 91lcm of greyish-white fine to medium
grained (250um) massive sandstone.

Unconformable on this bed is a 20cm thick unit of

reddish-brown clayey silt. This is overlain by red basalt.

The thickness of the "Cretaceous” lithostratigraphic units



logged from T.och Aline Borehole 10 is as follows:
Lochaline White Sandstone Wember 1.46m
Morvern Greensand 10.44m*
Total thickness of section 11.90m
*The base of the Greensand, on lithology alone, is taken as the

base of bed 9 (See Fig.3.9).

3.3 The Mull sections.

Greensand, silicified chalk and micritic limestone of
"Cretaceous" age outcrop in the southern half of the Isle of Mull.
The sections are widely scattered (See Fig.1.1) but exposure is

generally a little better than that of the Morvern sections.

3.3.1. AR1llt na Teangaidh, Gribun.  (AT)
Section location: G.R. NM 4540 3295. (See Fig.3.10).

The exposure is in the Al11t na Teangaidh burn itself and in
small outcrops adjacent to the stream bed. It can be approached
either by walking upstream from Balmeanach Farm or by climbing the
c¢rash barrier and fence where the B8035 bends sharply northwards at
G.R. 4545 3290. From the barrier walk due west down the steep side
of the valley to the stream, then turn upstream to the first
greensand outcrop next to the burn. Towards the top of the section
there is a tectonic contact between the greensand and the
silicified chalk: the true greensand-silicified chalk contact is
seen only in the stream bed. This is the type locality for the

Gribun Chalk.

Section description: (See Fig.3.11).
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Fig.3.12a. Contact between the Morvern Greensand and Gribun

Chalk, Allt na Teangaidh, Gribun.

Fig.3.12b. Limestone "concretions™” in glauconitic

sandstone, Allt na Teangaidh, Gribun.



being up to 47cms long and 18cm thick (See Fig.3.12b). Laminae in the
surrounding sandstone appear to drape the "concretions” but are
otherwise parallel to bedding. The lamination is defined by the
concentration of coarse quartz grains (up to 375um in diameter).

Apparently conformable on this "concretionary” bed is a 56cm
unit of laminated fine to medium grained glauconitic sandstone.
This also contains occasional limestone "concretions” but these
measure onlv 24cm in length and reach a maximum thickness of 1lcm.
There are some shell fragments in the basal Tcm of the bed but
these are not concentrated into a lag and show no particular
orientation. Parallel lamination and occasional ripple
cross-lamination is picked out by the concentration of glauconite
grains. heavy minerals and coarser quartz grains (up to 500um).

The thickness and spacing of the laminae decreases upwards from 2mm
to 0.5mm. There is an irregular erosive contact with 34cm of hard
unfossiliferous, pale green laminated sandstone. The lamination is
parallel to the bedding surfaces.

Conformable on this is a 42cm bed of fine-grained silty
purple-red to greyish-green laminated sandstone. The laminae are
thin (less then 0.5mm) and comprise concentrations of glauconite
grains. Overlying this is a thin (5cm) horizon of bluish-grey sndy
siltstone. This unit 1is laterally persistant across the section.
There is an irregular contact with 38cm of dark fawn fine-grained
sandstone. The colour varies laterally between purple and
greenish-fawn and there are impersistant laminations of organic
rich silt. These laminae are less than 1mm thick. This grades into
3.10m of fine to medium grained pale fawn to light grey sandstone.

The colour is mottlad but does not follow sedimentary structures.
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There are occasional hard concretions of well-cemented sandstone up
to 15cm in diameter.

There is a marked hiatus between this sandstone and the
overlying 3.4m of silicified chalk, the Gribun Chalk Formation, for
which this is the type locality. The boundary is bioturbated
(See Fig.3.12a) but there is little mixing of the sediment outside
the burrows. The silicified chalk is white in colour and extremely

brittle which gives a rubbly appearance to the weathered surface.

The thickness of the lithostratigraphic units in the Allt na
Teangaidh section are as follows:

Gribun Chalk  3.4m

Lochaline White Sandstone Member  3.10m

Morvern Greensand 2.86m

Total thickness of section 9.36m

3.3.11 Boulders, Clachadhu Bridge, Gribun. (GR boulders)

Section location: G.R. NM 4571 3564. (See Fig.3.10).

Approximately 400m north of Clachadhu cottage and 200m south
of a bungalow opposita Rubh a'Ghearrain, is a bridge where the
B8035 crosses a small un-named stream. About 10m ESE of the bridge
are two boulders of greensand (of which the largest is designated
Boulder A. the smaller being Bonlder B). 11m SE of these

boulders is a half-buried block of silicified chalk (Boulder C).

Section description: (See Fig.3.13).
These boulders represent the northward extension of the Allt

na Teangaidh section but this is not exposed in the cliffs. Boulder
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A was logged because structures were well preserved and it provided
the best example of greensand in the north side of Gribun bay
although not in situ. Way up was defined on sedimentary structures.

The base of the section is a thin (5cm) pebble conglomerate
layer which grades up into 25cm of fine-grained glanconitic
sandstone. The pebbles reach a maximum lemgth of 4em and average
2em. They are well-rounded, sub-spherical to slongate and are
dominated by reddish-brown sandstone and vein quartz clasts.
Occasional shell fragments also occur in the conglomerate. Low
angle tabular cross-bedding of the sandstone is picked out by
occasional small pebbles and heavy minerals concentrated on the
foresets. The cross-bedding is truncated by an irregular erosion
surface overlain by a 3cm shell fragment lag deposit. This grades
into a 23cm bed of micaceous fine-grained highly glauconitic
sandstone. Low angle cross bedding is defined by sadiment grading
with the coarsest layer forming the foresats. Foresat height
averages 10cm. There are rare concentrations of Neithea valves
orientated concave upwards but these are not laterally continuous
for more than 25cm. There is an irregular erosive contact with llcm
of fine-grained dark green siltyv sandstone with a basal lag of
Exogyra valves. The shells are mainly orientated concave upward.
Small-scale ripple cross-lamination is picked out by dark brown
organic rich material. The intensity of the ripple cross-lamination
increases upwards so there is an overall fining of the sediment
through the bed.

There is then a highly irregular erosion contact with a bed
composed almost entirely of oyster shell fragments. The top surface

of this unit is undulating and the orientation of the fragments
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picks out the foresets of tabular cross-beds making up symmetrical
mega-ripples with a wavelength of 26cm and a foreset height of 8cnm.
Most of the shell fragments, even though forming the structure, are
orientated concave upwards.

Conformable on the shell bed is a 10cm thick horizon of
fine-grained grey-green sandstone with occasional Neithea valves
throughout. These show no particular orientation. This is overlain
by 18cm of shelly sandstone. The matrix is fine-grained glauconitic
sandstone. The shell material is disseminated throughout the bed
and generally orientated concave upwards until the top 4cm of the
bed where it becomes more concentrated and orientated concave down.
Valves are thin-walled and the size of the fragments decreases
upwards from an average length of 4cm at the base to 1.8cm at the
top. Apparently conformable on this are 9cm of fine-grained
glauconitic sandstone containing linear concentrations of Neithea
fragments parallel to bedding.

There 1is an irregular erosion surface, then a 30cm bed of
fine-grained micaceous fawn-green sandstone. Rare lenses of shell
fragments occur in this bed. This grades into a 25cm unit of
fawn-grey fine-grained sandstone containing sub-rounded
"concretions” of sandy limestone. The "concretions” are up to 45cm
long and reach a maximum thickness of 20cm. The material inside the
"soncretions” is finer grained than the surrounding sandstone but
shows no internal structure.

Disconformable on this is an 8cm horizon of finely laminated
fine to medium grained sandstone. This drapes the underlying bed
and grades upwards into another 22cm of concretionary sandstone.

The matrix sandstone is fine to medium grained, fawn-green in
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colour and finely laminated. The "concretions" are composed of
fine-grained grey silty sandstone, are elongate in shape and reach
a maximum length of 30cm.

Total thickness of Morvern Greensand: 1.92m

Boulder B was not logged, being considered too small (1.3m).

Boulder C is composed of silicified chalk. This is extremely
brittle as the scree downslope from the boulder testifies. Unlike
the silicified chalk seen at the Allt na Teangaidh section, this
chalk can be seen to contain flints. However, as there is no
textural difference between the silicified chalk matrix and the
flint and the material weathers white, these are only seen where

the rock surface is fresh.

3.3.iii. Auchnacraig Cliff. Loch Don. (AU)

Section location: G.R. NM 7440 2989 (See Fig.3.14).

At around G.R. NM 7400 3030, on the road to Grass Point, is
a gate into a field bordered by deer fences. Follow the eastern
fence to the edge of the basalt cliff. To the left of the small
hummock with trees climb down a sea-facing gully as far as
possible, then continue SV along the platform formed by the lower
basalt, following a goat path. Where this is crossed by a basalt
dyke walk to the sea. The exposure is between the dvke, a sill
cross-cut by the dyke and the sea. Part of the exposure is covered
by large pebbles and below the high tide mark it is obscured by
algae. This site is an ornithological SSST and permission should be
obtained from the estate before visiting, especially in the spring

to early sumner.,
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Section description: (See Fig.3.15).

The base of the section is an almost vertical drop into the
sea. The lowest bed comprises 65cm of fine-grained well-cemented
light fawn sandstone. Weathering has exposed parallel laminations,
some dipping at up to 15° from bedding. Some of the laminae are
dark in colour due to the accumulation of organic material; others
are formed by the concentration of very fine sand layers.
Throughout the bed are Exogyra valves.

There is an irregular erosive contact with 20cm of
fawn-green silty sandstone. Small-scale ripple cross-lamination
occurs throughout this unit, picked out by organic-rich material.
Apparently whole. Exogyra are scattered throughout. Although thin,
this bed is laterally continuous.

This is conformably overlain by 25cm of fine-grained hard
glauconitic sandstone. Medium scale tabular cross-bedding is picked
out by concentrations of shell debris. Average foreset height is
23cm and foreset dip is 18°SSW. There is an irregular contact with a
28cm bed of laminated pale green silty sandstone. The laminae are
apparently organ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>