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8. PLANT FAMILIES AND THEIR DISPERSED POLLEN AND SPORE

AFFINITIES

The following list is presented in order to depict the present global distribution
and climatic type/region of the families to which form-genera and form-species have
been assigned. The taxon is followed by the reference within which the familial
assignation was made. Information on the number of extant genera and species within
each family is stated, where this was available, to provide a guide to the diversity
within each family. The information presented is primarily derived from Hyam and
Pankhurst (1995). Further information may be obtained from Hyam and Pankhurst
(1995), Willis (1985) and Heywood (1978).

Unless otherwise stated all the families are contained within the Division
Spermatophyta, Sub-division Angiosperms. A clear and concise explanation of the

classification and characteristics of the members of each Division and Class may be

found in Holmes (1987).

Anacardiaceae The Cashew family: 68 genera and approximately 800 species
of trees, shrubs and lianas.
Distribution: Widespread, most species are tropical, some
occur in temperate North America.

Class: Dicotyledon.

Dispersed pollen assigned: Tricolporopollenites

pseudocingulum, Thomson and Pflug (1953).
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Aquifoliaceae

Azollaceae

Betulaceae

The Holly family: 2 genera and approximately 400 species of
shrubs and trees with leathery, often evergreen leaves.
Distribution: Widespread, tropical and temperate regions.
Class: Dicotyledon.

Dispersed pollen assigned: Ilexpollenites iliacus, Thomson and
Pflug (1953), Graus-Cavagnetto (1968); Ilexpollenites
margaritatus, Thomson and Pflug (1953), Graus-Cavagnetto

(1968).

A family of 1 genus, Azolla, Mosquito fern, water fern, fairy
moss. A genus of 6-8 species of free-floating aquatic ferns, a

basal cavity in leaves frequently contains blue-green nitrogen

converting algae.

Distribution: Tropical and Warm regions.

Division: Pteridophyta.

Class: Filicopsida.

Dispersed pollen assigned: Hydrosporis azollaensis, Krutzsch

(1962¢), Hydrosporis levis, Krutzsch (1962c), see Salvinaceae.

The Birch family: 2 genera and approximately 100 species of

deciduous trees and shrubs.

Distribution: Northern temperate regions and mountains in

tropical South America.

Class: Dicotyledon.
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Caprifoliaceae

Cornaceae

Dispersed pollen assigned: Triporopollenites robustus,
Thomson and Pflug (1953), Graus-Cavagnetto (1968) see
Myricaceae. Trivestibulopollenites betuloides, Thomson and

Pflug (1953); Alnipollenites verus, Thomson and Pflug (1953).

The Honeysuckle family: 13 genera and 450 species of herbs,
shrubs, small trees and lianas.

Distribution: Mainly northern temperate, occasionally tropical
regions.

Class: Dicotyledon.

Dispersed pollen assigned: Euretitricolporites
microreticulatus, ~ Thomson  and  Pflug  (1953);

?Tricolporopollenites sp. A (see Euphorbiaceae).

The Dogwood family: 8 genera and 70 species of trees, shrubs

and a few herbs.

Distribution: Northern temperate regions to tropical Asia,
Africa and South America.

Class: Dicotyledon.

Dispersed  pollen  assigned: Also see Nyssaceae.
Nyssapollenites kruschi analepticus, Thomson and Pflug
(1953); Nyssapollenties kruschi accessorius, Thomson and
Pflug (1953); Nyssapollenites satzveyensis, Thomson and

Pflug (1953); Nyssapollenites incognitus.
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Corylaceae

Cryillaceae

Cupressaceae

Contains the genus Nyssa: a genus of 5 species of deciduous

trees.

Distribution: North America, China, Indomalaysia.

The Hazel family: 4 genera and 57 species of shrubs and trees,
typically deciduous.

Distribution: Northern temperate regions.

Class: Dicotyledon.

Dispersed pollen assigned: Polyatriopollenites carpinoides,
Thomson and Pflug (1953); Polyatriopollenties stellatus,

Thomson and Pflug (1953).

Deciduous or evergreen shrubs and trees.
Distribution: North and Central America.

Class: Dicotyledon.

Dispersed pollen assigned: Cryillaceaepollenites megaexactus,

Potonié (193 1b), Graus-Cavagnetto (1968).

The Cypress family; 18 genera 133 species of coniferous

shrubs and trees.
Distribution: Widespread.

Subdivision: Gymnnosperms.

Class: Coniferopsida.

Dispersed pollen assigned: Inaperturopollenites

cuspidataeformis, Krutzsch (1971). Inaperturopollenites
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Cyatheaeceae

Cycadaceae

Cyperaceae

dubius, Thomson and Pflug (1953), Collinson (1983)
Taxodiaceae = or  Cupressaceae = see  Taxodiaceae;

Inaperturopollenites insulipapillatus, Krutzsch (1971).

A family of 1 genus and 600 species of tree ferns.
Distribution: Tropical to warm temperate regions.
Division: Pteridophyta.

Class: Filicopsida.

Dispersed pollen assigned: Matonisporites, Wilkinson (1979).

A family of 1 genus, Cycas, a genera of 20 species of palm like

coniferous plants.

Distribution: Tropical regions of Africa, Asia and Australasia.
Subdivision: Gymnosperms.
Class: Cycadopsida.

Dispersed pollen assigned: Cycadopites Krutzsch (1970).

The Sedge family: 102 genera and approximately 3500 species
of mainly perennial grass-like herbs.

Distribution: Widespread, especially in damp temperate sub-

arctic regions.

Class; Monocotyledon.

Dispersed pollen assigned: Cyperaceaepollis Krutzsch (1970).
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Elaeagnaceae

Euphorbiaceae

Fagaceae

The Elaeagnaceae family: 3 genera and 45 species of often
thorny shrubs, simple leathery leaves.

Distribution: Northern temperate regions to tropical Asia and
Australia.

Class: Dicotyledon.

Dispersed pollen assigned: Boehlensipollis Stuchlik (1964) in

Krutzsch (1969).

The Spurge family: 331 genera, and approximately 8000
species of herbs, shrubs and trees.
Distribution: Widespread.

Class: Dicotyledon.

Dispersed pollen assigned: ? Tricolporopollenites sp. A (see

Caprifoliaceae).

The Beech family: 8 genera, approximately 1000 species of
deciduous or evergreen trees and a few shrubs:

Distribution: Widespread except tropical Affrica.

Class: Dicotyledon.

Dispersed  pollen  assigned:  Cupuliferoidaepollenites
liblarensis liblarensis, Graus-Cavagnetto (1968);
Cupuliferoidaepollenites liblarensis fallax, Graus-Cavagnetto
(1968), Cupuliferoidaepollenites parmularis, Thomson and
Pflug (1953); Quercoidites microhenrici, Thomson and Pflug

(1953); Cupuliferoipollenites cingulum pusillus, Potonié
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Gentianaceae

(1960), Graus-Cavagnetto (1968); Cupuliferoipollenites
cingulum oviformis, Potonié (1960), Graus-Cavagnetto
(1968).

An important constituent of extant broad-leaved forests
comprising a majority of the biomass with the exception of
conifers, Heywood (1978). The family includes:

Castanea, Chestnut: 12 species of deciduous shrubs and
trees.

Distribution: Northern Hemisphere temperate regions;
Cupuliferoipollenites cingulum pusillus, Potonié (1960);
Cupuliferoipollenites cingulum oviformis, Potonié (1960).

Fagus, Beech: 10 species of deciduous trees.
Distribution: Northern temperate regions.

Quercus, Oak: Approximately 600 species of deciduous
and evergreen trees and shrubs.

Distribution: Temperate and warm regions of the Northern
Hemisphere and mountainous region of the tropics.

Quercoidites microhenrici, Thomson and Pflug (1953).

The Gentian family: 76 genera, 1200 species of perennial herbs
and occasionally shrubs.
Distribution: Widespread.

Class: Dicotyledon,

Dispersed pollen assigned: Retitricolporites gentianoides.
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Gleicheniaceae

Gramineae

(now Poaceae)

Juglandaceae

4 genera 140 species of terrestrial ferns, small to very large
with partially creeping stems.

Distribution: Widespread in tropical regions.

Division: Pteridophyta.

Class: Filicopsida.

Dispersed pollen assigned: Gleicheniidites senonicus;

Toroisporis.

The Grass family: 657 genera and approximately 7000 species
of annual and perennial herbs.

Distribution: Cosmopolitan.

Class: Monocotyledon.

Dispersed pollen assigned: Graminidites laevigatus, Krutzsch

(1970).

The Walnut family: 8 genera and approximately 60 species of

deciduous trees.

Distribution: Mediterranean to tropical and East Asia, North
and South America.

Class: Dicotyledon.

Dispersed pollen assigned: Caryapollenites veripites, Nichols
and Ott (1978); Momipites coryloides, Wodehouse (1933),
Nichols (1973); Momipites quietus, Nichols (1973),

Plicatopollis, Krutzsch (1962a).
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Lycopodiaceae

Magnoliaceae

Myricaceae

4 genera and approximately 500 species of terrestrial and
epiphytic fern-like herbs or climbers.

Distribution: Widespread.

Division: Pteridophyta.

Class: Lycopsida.

Dispersed pollen assigned: Camarozonosporites
(Camarozonosporites) decorus, Krutzsch (1963a);
Camarozonosporites  (Camarozonosporites)  heskemensis,

Krutzsch (1963a); Lycopodiumsporites. Krutzsch (1963a).

A family of 7 genera and 200 species of shrubs and trees.
Distribution: Widespread, tropical and warm temperate
regions, not in Africa.

Class: Dicotyledon.

Dispersed pollen assigned: Magnolipollis, Krutzsch (1970).

A family of 3 genera and 50 species of aromatic shrubs and

trees.

Distribution: Widespread.

Class: Dicotyledon.

Dispersed pollen assigned: Triporopollenites  robustus,
Fredericksen and Christopher (1978) suggested an association
to Casuarina, Casuarinaceae, an extant Southern Hemisphere

genus. Pollen of the Myricaceae is almost identical to
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Nyssaceae

Onagraceae

Osmundaceae

Casuarina so attribution to Myricaceae is possible as it has a

Northern Hemisphere occurrence.

See Cornaceae, pollen of the genus Nyssa is contained within
the family Cornaceae according to Hyam and Pankhurst
(1995).

Dispersed pollen assigned:  Nyssapollenites  kruschi
analepticus, Thomson and Pflug (1953); Nyssapollenties
kruschi  accessorius, Thomson and Pflug (1953),
Nyssapollenites satzveyensis, Thomson and Pflug (1953);

Nyssapollenites incognitus.

The Evening primrose family, 17 genera and approximately
500 species of aquatic and terrestrial herbs and a few shrubs.

Distribution: Widespread, especially in SW North America.

Class: Dicotyledon.

Dispersed pollen assigned: Corsinipollenites oculusnoctis,

Jansonius and Hills (1976).

A family of 3 genera and 18 species of terrestrial ferns with
erect sometimes trunk-like stems covered in leaf bases.
Distribution: Widespread.

Division: Pteridophyta.

Class: Filicopsida.
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Palmae

Pinaceae

Dispersed pollen assigned: Baculatisporites nanus, Krutzsch
(1967a); Baculatisporites primarius, Thomson and Pflug

(1953); Baculatisporites quintus, Thomson and Pflug (1953).

The Palm family, 202 genera and approximately 2500 species
of plants with unbranched trunks and a crown of feather-
shaped or fan-shaped leaves.

Distribution: Widespread in tropical and subtropical regions,
rarely temperate.

Class: Monocotyledon.

Dispersed pollen assigned: Arecipites, Krutzsch (1970);
Monocolpopollis tranquilloides, Nichols, Ames and Traverse
(1973); Monocolpopollis tranquillus, Thomson and Pflug

(1953). Dicolpopollis, Thanikaimoni et. al. (1984).

The Pine family, 12 genera and approximately 200 species of
typically evergreen, resinous, coniferous trees and shrubs.
Distribution: Northern Hemisphere regions south to Malaysia
and Central America.

Subdivision: Gymnnosperms.

Class: Coniferopsida.

Dispersed pollen assigned: Pityosporites microalatus,

Thomson and Pflug (1953); Pityosporites labdacus, Thomson
and Pflug (1953).
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Platanaceae

Podocarpaceae

Polypodiaceae

A family of 1 genus, Platanus, Plane, Butterwood tree. A

genus of 6-7 species of deciduous trees with palmately lobed

leaves.

Distribution: Northern Hemisphere.

Class: Dicotyledon.

Dispersed pollen assigned: Platanuspollenites ipelensis,
Pacltova (1978); (Euretitricolpites Group A Wilkinson and
Boulter, 1980 as comparable to Refitricolpites retiformis,

Salicaceae-Platanaceae, Graus-Cavagnetto (1968).

A family of 17 genera and 200 species of evergreen coniferous

shrubs and trees.

Distribution: Southern Hemisphere, north to Japan and Central

America.
Subdivision: Gymnosperms.
Class: Coniferopsida.

Dispersed pollen assigned: Podocarpaceae, Krutzsch (1971).

A family of 47 genera and approximately 500 species of
terrestrial or epiphytic ferns.

Distribution: Widespread.

Division: Pteridophyta.

Class: Filicopsida.

Dispersed pollen assigned: Laevigatosporites discordatus,

Thomson and Pflug (1953);, Laevigatosporites haardti,
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Pteridaceae

Salicaceae

Thomson and Pflug (1953); Laevigatosporites haardli
crassicus, Verrucatosporites alienus, Thomson and Pflug
(1953); Verrucatosporites balticus balticus, Krutzsch (1967a);
Verrucatosporites  fuvus  favus, Krutzsch (1967a);
Verrucatosporites fuvus pseudosecundus, Thomson and Pflug
(1953); Verrucatosporites histiopteroides minor, Krutzsch
(1962a); Verrucatosporites poriacus poriacus, Thomson and
Pflug (1953); Verrucatosporites poriacus microporiacus,
Polypodiaceoisporites  gracillimus, = Nagy  (1963b);
Polypodiaceoisporites gracillimus semiverricatus, Krutzsch

(1967a); Verrucingulatisporites undulatus undulatus.

A family of 6 genera and approximately 290 species of
terrestrial, lithophytic or aquatic ferns.

Distribution: Widespread.

Division: Pteridophyta.

Class: Filicopsida.

Dispersed pollen assigned: Polypodiaceoisporites saxonicus,

Krutzsch (1967a).

The Willow family, 2 genera and 355 species of shrubs and
trees typically with deciduous leaves, often occur in wet

environments.

Distribution: Widespread except Australia.

Class: Dicotyledon.
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Salviniaceae

Sapotaceae

Schizaceae

Dispersed pollen assigned: (Euretitricolpites Group A
Wilkinson and Boulter, 1980 as comparable to Retitricolpites

retiformis, Salicaceae-Platanaceae, Graus-Cavagnetto (1968).

A family of 1 genus and 10-12 species of free floating aquatic
ferns.

Distribution: Tropical and warm temperate regions.

Division: Pteridophyta.

Class: Filicopsida.

Dispersed pollen assigned: Hydrosporis azollaensis, Krutzsch

(1962¢); Hydrosporis levis, Krutzsch (1962c), see Azollaceae.

A family of 53 genera and approximately 100 species of trees.

The trees are bat pollinated.

Distribution: Widespread in tropical regions.

Class: Dicotyledon.

Dispersed pollen assigned: Pollen of the morphology of
Mediocolpopollis compactus has been likened to the pollen of

Sapotaceae, but differs in the germinal structure.

A family of 4 genera and 150 species of terrestrial ferns.
Distribution: Tropical and southern warm temperate regions.
Division: Pteridophyta.

Class: Filicopsida.
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Selaginellaceae

Sparganiaceae

Sphagnaceae

Dispersed pollen assigned: Cicatricosisporites dorogensis,
Thomson and Pflug  (1953);  Cicatricosisporites
paradorogensis, Graus-Cavagnetto (1978); Cicatricosisporites
chattensis chattensis, Krutzsch (1967a); Cicatricosisporites
chattensis minor, Krutzsch (1967a); Deltoidospora maxoides,
Chandler (1955), Triplanosporites microsinuosus; Trilites
multivallatus,  Krutzsch ~ (1967a);  Varirugosisporites

megaverrucatus, Krutzsch (1967a).

A family of 1 genus, Selaginella, Little Club Moss, Spike
Moss, a genus of 600-700 species of terrestrial or occasionally
epiphytic, moss-like plants with creeping to erect stems.
Distribution: Cosmopolitan, mostly wet tropical regions.
Division: Pteridophyta.

Class: Lycopsida.

Dispersed pollen assigned: Echinatisporis echinoides
grausteinensis, Krutzsch (1963b); Echinatisporis embryonalis,

Krutzsch (1963b); Muerrigerisporis, Krutzsch (1963b).

Aquatic herbs. See Typhaceae.

Mosses.
Distribution: Cosmopolitan,
Division: Bryophyta,

Class: Sphagnopsida.
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Symplocaceae

Taxodiaceae

Dispersed pollen assigned: Stereisporites (Distigranisporis)
granistereoides, Thomson and Pflug (1953); Stereisporites

(Distigranisporis) ancoris, Thomson and Pflug (1953).

A family of 1 genus, Symplocos, a genus of 250 species of
evergreen and deciduous shrubs and trees.

Distribution: Tropical and warm Asia, America and New
Caledonia.

Class: Dicotyledon.

Dispersed pollen assigned: Porocolpopollenties calauensis,

Thomson and Pflug (1953); Porocolpopollenties vestibulum,

Thomson and Pflug (1953).

A family of 10 genera and 13 species of resinous, coniferous

trees, evergreen or deciduous.

Distribution: East Asia, Tasmania and North America.

Subdivision: Gymnosperms.

Class: Coniferopsida.

Dispersed pollen assigned: Inaperturopollenites hiatus
Thomson and Pflug (1953); Inaperturopollenites dubius,
Collinson ~ (1983)  Taxodiaceae  or  Cupressaceae;
Sequoiapollenties polyformosus, Thomson and Pflug (1953);
Sciadopityspollenites quintus, Krutzsch (1971);

Sciadopityspollenites verticillatiformis, Krutzsch (1971),
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Tiliaceae

Typhaceae

Contains the genus Sciadopitys, a genus of 1 species of
evergreen coniferous tree.

Distribution: Japan (Central Honshu).

Contains the genus Sequoia, a genus of 1 species of evergreen
coniferous tree.

Distribution: Throughout North America.

The Lime family, 53 genera and approximately 1000 species of
deciduous trees and shrubs.

Distribution: Widespread.

Class: Dicotyledon.

Dispersed pollen assigned: Tiliaepollenties sp. A,
Tiliaepollenites sp. B; Tiliaepollenites cecialensis, Krutzsch

(1961d); Tiliaepollenites instructus, Thomson and Pflug

(1953).

The Reedmace family, 2 genera and 24 species of tall aquatic
herbs with simple erect stems usually submerged at the base.
Distribution: Widespread in freshwater habitats.

Class: Monocotyledon.

Dispersed  pollen  assigned:  Sparganiaceaepollenites
polygonalis, Thiergart (1937); Sparganiaceaepollenites,
Sparganiaceae or Typhaceae, Collinson (1983), Mc Andrews

et al. (1973), Machin (1971), Krutzsch (1970).
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Contains the genus Sparganium, Bur reed: a genus of 2 species

of aquatic herbs.
Distribution: Northern temperate regions, Malaysia to

Australia and New Zealand.

Division Bryophyta

The following moss spores have not been assigned to a level below Division.
Corrusporis chattensis, Krutzsch (1967a);
Corrusporis globoverrucatus, Krutzsch (1967a);
Corrusporis tuberculatus, Krutzsch (1967a);

Corrusporis sp. A.
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9. POLLEN AS A STRATIGRAPHIC TOOL IN THE TERTIARY

As a stratigraphic tool, pollen and miospores have the advantage of being able
to be transported to all sedimentary environments. Owing to their size and resistance
to degradation they are usually found in large numbers in all non-marine sediments of
suitable particle size and thermal/geochemical history. Their occurrence in marine
settings may allow for the correlation of marine and non-marine sediments.

The disadvantages of pollen and spores as stratigraphic indicators are that they
are often facies controlled and restricted by provincialism. Since the evolution of land
plants their distribution has not been global and the extension of a pollen and spore
based stratigraphy to a continental or global scale is usually impossible except if used
in a very basic, broadly ranging sense.

The provincialism of pollen and spores is affected by the rates of evolution of
the parent flora. This is an issue of importance in the Tertiary as angiosperm evolution
is widely regarded to have had a rapid progression. Sporne (1974) reported that there
were over 250 000 species of extant angiosperms. Over the course of the Tertiary
period many more must have existed. Given this diversity, attempts to classify pollen
that does not exhibit a large number of characteristics, as is the case for many
commonly occurring Tertiary tricolpate and tricolporate forms, has made classification
a difficult task (Boulter and Wilkinson, 1977). In a\“study on the Oligocene of the Isle
of Wight, Machin (1971) noted that “A large number of tricolporate types of unknown
relationship are found in these deposits, not obviously of stratigraphical importance
and mostly only distinguishable under oil immersion objective.” (p.853) Problems such
as these highlight the fact that the difficulties of classification and nomenclature of

Tertiary pollen (mentioned in Chapter 6) impinge upon its perceived usefulness as a
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stratigraphic tool. As a result of this the stratigraphic usefulness of much Tertiary
pollen has been disregarded or overlooked.

The stability of the flora over the period under stratigraphical question is an
issue of importance. If a stable flora persists, as is thought to be the case throughout
the Tertiary of Europe (Krausel, 1961), the possibility of constructing a stratigraphic
zonation upon a relatively unchanging data set will be at a minimum. Here the issue of
ecological control of the floral type manifests itself. If a generally stable flora persisted
and any changes that did occur were controlled by local ecological factors, then the
palynofloral assemblages may not provide a very meaningful contribution to
interbasinal or interregional correlations. The specificity of the floral type may be such
as to preclude even intrabasinal correlations.

The facies, as previously mentioned, has an important control on the
stratigraphic usefulness of the palynoflora. An autochthanous deposit such as a coal or
lignite will contain a palynoflora of very localised specificity. Correlations of such
lithologies are therefore not strictly of the deposits but of a similar floral assemblages
originating from a similar set of local conditions. Palynostratigraphic zonations
constructed upon a large amount of datg gathered from such deposits should be
applied with caution outside the area of origin.

Krutzsch (1967f) compiled pollen based zonations of the Tertiary of north-west
Europe. The zonation contains the assumption that the taxa of the German Palacogene
pollen assemblages could be assigned to a palaeotropical floral group, ‘eozin-
paldotropische’ element; an Arcto-Tertiary floral group, ‘pri-arktotertiire’ element or
an ‘oberkretazische’, Normapolles element. Boulter and Craig (1979) stated that this
division was constructed based upon the assumed migration of plants in the Tertiary

according to the Arcto-Tertiary Geoflora concept. Acceptance of this theory by many
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Tertiary palacobotanists led to the supposition that fossil taxa could be assigned to
either a northerly centred temperate geoflora that occupied Arctic regions during the
Tertiary, or to a warmer, more southerly centred geoflora containing presumed close
relatives of modern plants of SE Asia as well as extinct taxa (Boulter, 1984).

The Arcto-Tertiary Geoflora theory of Tertiary plant migration has become
accepted as fact by many authors and text books concerning plant geography (Cain,
1944; Chaney, 1947, Good, 1953) despite being originally put forward as a concept
only a century ago. The concept proposes that a broad-leaved deciduous forest
evolved in the Arctic during the Cretaceous. This migrated south during the Middle
Tertiary in response to a gradually cooling climate to reside in middle latitudes, where
it is found surviving today in SE North America and east central Asia. During the

migration this Arcto-Tertiary Geoflora was thought to have undergone minimal change

in its floristic composition.

Engler (1882) first used the term ‘arcto-tertidre Element’ stating that this
element was “... distinguished by numerous conifers and the numerous genera of trees
and shrubs that now dominate in North America or in extratropical east Asia or in
Europe.” (free translation by Wolfe, 1977 p.39) In a detailed presentation of the
history of the Arcto-Tertiary Geoflora concept, Wolfe stated that the concept is not
supported by more recent knowledge of the Alaskan Tertiary vegetational and floristic
history (Wolfe, 1972, 1977).

Wolfe (1977) noted that the concept of homotaxis is fundamental to the
concept upon which the Arcto-Tertiary Geofloral concept is simply an application.
Huxley (1870), in stating his theory of homotaxis reported that “It is possible that
similar, or even identical faunae and florae in two different localities may be of

extremely different ages...” (in Wolfe, 1977 p. 38). The adoption of this theory by
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palaeobotanists and neobotanists had a distinct effect upon the botanical thinking over
the next century.

Wolfe (1977) reported that Huxley’s ‘possible’ was interpreted as good
evidence without any additional data. To further illustrate the acceptance of the Arcto-
Tertiary homotaxis concept, Wolfe noted that the concept had gone almost
unchallenged and had become accepted as a fact by almost all palacobotanists. He
further reported that Chaney’s concept of the Arcto-Tertiary Geoflora (Chaney, 1936,
1938, 1940) was rooted in Clementsian ecology, “The differentiation of Tertiary
vegetation into a series of climaxes, or a clisere, in response to differences in latitude
and altitude was suggested by Clements almost twenty years ago.” (Chaney 1936 in
Wolfe, 1977 p. 40). The coupling of Clementsian ecology with Huxley’s homotaxis
produced statements from Chaney such as “It might even be said that if a flora from

Oregon was closely similar in composition to one from Alaska, the age of the two must

be different” (in Wolfe, 1977 p. 40).

As the fundamental theory of the Arcto-Tertiary Geoflora concept has been
shown to be totally lacking in theory (Boulter and Craig, 1979), the basis of a
stratigraphic zonation relying upon such a floristic element division has been
questioned by them. They further note that the recognition of the floral elements of
Krutzsch (1967f) depends on the ability of the pollen taxa to demonstrate a botanical
affinity to a level of precision, enabling ecological and climatic deductions to be made.

The botanical attribution of dispersed fossil pollen to extant species is a point
of moot amongst many palynologists and palacobotanists. It is widely accepted that in
the Neogene there is little doubt about the familial and even the generic attribution of
most of the common and important fossil pollen to extant forms (Traverse, 1988). This

is not the case for the greater part of the Tertiary. The effects of this disagreement
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upon the classification and nomenclature of fossil pollen (which subsequently affects
the vali(iity of a zonation that has some basis in these botanical attributions) have been
outlined in chapter 6.

The ability of comparative morphology combined with the concept of
uniformitarianism, tempered with an appreciation of the important effects of evolution
to produce a realistic floral assemblage based solely upon the evidence of dispersed
pollen, is the key to determining palaeoecological and palaeoclimatological
environments for many areas. The utilisation of such ecologies and climatic phases in
stratigraphic comparisons and correlations is consequently affected by the validity of
the initial comparison and botanical attribution.

Boulter (1979) stated that Tertiary palynologists had consistently failed to
produce workable biostratigraphic correlations for the continental deposits of lowland
northern Europe. He suggested that this was because the pollen and spore records of
evolutionary and climatic change occurring throughout the Tertiary in this area were
not the result of regional fluctuations in climate or evolutionary processes, but due to
local ecological factors.

The use of pollen and spores for biostratigraphic correlation has, by the greater
majority of authors, been based upon the utilisation of an assemblage of form-species
as a unit of comparison and correlation. Boulter (1980) suggested that reliance on
form-species was not sound as these are difficult to compare scientifically due to the
widely differing values of author judgement for the description of the small number of
specimens upon which stratigraphically important form-species are based. The lack of
distinctive features in many forms, as a result of factors such as the effects of parallel
evolution, compounds the problem. This results in the view that species descriptions

alone do not provide an adequate basis for comparison between sources. As a result of
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these beliefs, Boulter based interpretations for his broad Tertiary zonation upon form
genera, only utilising very few form-species in the Oligocene where they were
perceived to be of biostratigraphical importance.

In applying his method of form genus comparison Boulter (1980) defined six
components or association of form genera, see fig. 9.1. The Taxodiaceous
Swamp/Woodland Component and the Tricolpate and Tricolporate Pollen Types are
the most broadly ranging in terms of stratigraphic extent as they occur throughout the
Tertiary. The more stratigraphically restricted components, the Palm, Eocene,
Oligocene and Neogene, comprise pollen that occurs in very small numbers as a total
of the range of taxa that comprise each assemblage. Boulter further noted that pollen
that has any stratigraphical value in the European Tertiary is nearly always very rare,
some often only found as single specimens.

Meyer (1988) outlined the interregional pollen and spore zonation of the
European Palacogene produced by the International Geological Correlation
Programme, Project No. 124. A preliminary chart was produced providing a summary
of the synthesis of the pollen and miospore biostratigraphy of the Paleogene
throughout the Northwest European Tertiary Basin. It was based on regional range
charts from sections throughout Belgium, Germany, France, Great Britain and the
Netherlands. Eight spore and pollen zones were constructed, SP1-SP8. The
Palaeocene is covered by zones SP1-SP3, the Eocene by SP4-SP5 and the Oligocene
by SP6-SP8. The Early Neogene is contained within SP8.

In the construction of the zonation a total of 38 species or genus groups were
selected. These taxa were recognised to be widely distributed with well-established

stratigraphic ranges. They occurred within most of the studied regions. In most cases

pollen species were utilised as stratigraphic value was found attributable, where this
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Fig. 9.1 Simplified summary of the major palynological features of the north west European Tertiary after Boulter (1980).
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was not the case they were recognised at genus level. Meyer noted that some of the
stratigraphic assignations needed to be treated with reservation due to the nature of the
synthesis of the data set. It should be noted that taxa with a particular regional
significance were not included. Ranges of taxa from the Polish Palacogene were not
included as it has been shown that the typical Palacocene and Early Eocene species
range up into the Middle or Late Oligocene and that species characteristic of the
Middle and Late Palacogene range down into the Palacocene.

The stratigraphic zones SP6-SP8 were defined as follows:

Zone SP6 Early Oligocene (Early Tongrian, ‘Ludian’, Latdorfian s.s.)
Base: The first occurrence of Dicolpopollis kockeli.

Top: The species that mark the base of Zone SP7.

Zone SP7 Early and Middle Oligocene (Late Tongrian, Rupelian, Stampian)
Base: The first occurrence of  Boehlensipollis hohli
Slowakipollis hippophaeoides
Caryapollenites simplex
Chenopodipollis multiplex.
Top: The last occurrences of  Pentapollenites Group
Aglaoreidia cyclops
Beohlensipollis hohli.
SP7/SP8 boundary corresponds with the Rupelian/Chattian boundary.
This ‘Boehlensipollis Zone’ is based upon the limited occurrence of this species within

the Zone.
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Zone SP8 Late Oligocene (Chattian)
Base: The taxa that mark the top of Zone SP7.
Top: Last occurrences of Inaperturopollenites emmaensis

Dicolpopollis kockeli.

The Zone continues into the Miocene.
The last occurrence of Cicatricosisporites dorogensis occurs in the Chattian

(Palacogene part of SP8). A further increase in summer-green ‘Arcto-Tertiary’ taxa is

observed in this Zone.

9.1 The dating of Oligocene deposits within the British Isles

Watts (1962) presented brief results of the study of pollen assemblages of three

sites from Tertiary deposits in Ireland:
1. Lignitic Clay at Ballymacadam, County Tipperary,
2. Lough Neagh Clays from the Washing Bay and Mire House boreholes,

3. Interbasaltic lignites from the Antrim, especially Craigahullier quarry near

Portrush.
Pollen from these sites was described as comprising three main elements:

1. Taxa ranging through most of the Tertiary, some of which disappear at the

onset of the Pliocene e.g.

Engelhardtia, Saptoaceae, llex, Symplocos, Palmae, Sciadopitys
Tricolporites megaexactus bruhlensis, Tricolpites liblarensis and Tricolpites
microhenrici,

2. Species not previously described,

3. Species whose occurrence was indicative of an early Tertiary age including;
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the ‘plicatoid’ ‘rhizophorid’ and ‘pseudocingulum’ types of Krutzsch’s
(1957) 118 group, Anacolosa type Oligopollis and spores of ‘cingulate’
‘paradorogensis’ and ‘pseudoparadorogensis’ groups. This assemblage was taken as
suggestive of the end of the Eocene or early Oligocene.

The Balymacadam deposits were reported to have the richest representation of
early Tertiary types and were referred to the early Eocene. Assemblages within the
Lough Neagh Clays were noted to resemble those from Balymacadam, especially at
their base, however, early Tertiary types were not so well represented and pollen
assigned to Taxodiaceaae and Nyssa was noted as abundant. This flora was thought to
indicate a younger age and an early or middle Oligocene age was presented for the
Lough Neagh Clays. Watts reported that many of the species present do not occur in
the Miocene or later Oligocene deposits from Germany.

Assemblages from the interbasaltic beds were noted as resembling those from
the Lough Neagh Clays in the content of pollen of Sequoia type but much of the other
pollen was noted as sparse and poorly preserved. The only conclusion drawn was that

the interbasaltic assemblages had more in common with the Lough Neagh Clays than

with the Ballymacadam deposit.

Wilkinson ef al. (1980) noted that since the publication of Thomson and Pflug
(1953), twelve important papers describing the Oligocene pollen and spore
assemblages in Europe have been published. The assemblage lists within these papers
show a strong similarity, depicting little floristic variation throughout the greater part
of the Oligocene. As a consequence, the use of pollen and spores as a stratigraphic tool
to determine a precise age is somewhat difficult. The approach adopted by Wilkinson

et al. (1980) to date the Lough Neagh Clays was to undertake comparison with other
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Oligocene assemblages throughout Europe. The following is a summary of the

evidence they consulted and used.

1. Boehlensipollis was identified as restricted to the Oligocene (Gorin, 1975;

Sittler and Schuler, 1975; Graus-Cavagnetto, 1976; Roche and Schuler, 1976;

Krutzsch, 1976¢, 1969).

2. The recognition of the regular occurrence together of Dicolpopollis,

Monocolpopollenites and Arecipites was identified as a characteristic of the Oligocene

in NW Europe.

3. Taxa that are described within the literature as restricted to the Chattian:

Verrucingulatisporites treplinensis
Cicatricosisporites chattensis
Corrusporis granotuberculatus

Corrusporis megabaculus

Krutzsch, 1961d
Krutzsch, 1961d
Krutzsch, 1967a

Krutzsch, 1967a

or well dispersed throughout, and considered to be characteristic of the Middle

and Upper Oligocene of Europe (Krutzsch, 1967c):

Mediocolpopollis compactus ellenhausensis Krutzsch, 1959¢

Polypodiisporonites alienus
Tiliaepollenites insculptus
Tiliaepollenites instructus
Tricolporopollenites spinus
Porocolpopollenites calauensis

Polyatriopollenites stellatus
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Tricolporopollenites ipelensis Pacltova, 1966, also recorded
from the Palacogene (Pacltova, 1966, 1978) and the Neogene of Europe (Boulter,
1971); but thought to be particularly significant as a low temperature indicator in the

Upper Oligocene where it is especially abundant.

4. The absence of any forms characteristic of the Eocene or Miocene.

5. The recognition of assemblages that are comparable to those recorded by the

following authors:

Pacltova (1960) Chattian of Bohemia

Pacltova (1966) Chattian of Slovakia

Gorin (1975) Oligocene of the Grand Limage
Roche and Schuller (1976) Tongrian of Belgium
Grabowska (1965) Chattian of Poland
Doktorowicz-Hrebnicka (1957) Chattian of Poland
Ziembinska-Tworzydlo (1974) Chattian of Poland
Chateauneuf (1972) Bouches-du-Rhone of France
Krutzsch (1967¢) Oligocene of East Germany

In describing pollen and spore assemblages from the Western British Isles:
Lough Neagh Clays, Bovey Basin and Tremadoc Bay Basin, Wilkinson and Boulter
(1980) listed taxa that they thought to be similar to other palynomorphs described
from northern Europe as being more or less restricted to the Oligocene. These are

listed below with their comparison to the published taxa.
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Arecipites Group A Arecipites gossmarensis, A. lusticus, A.
butomoides, A. longicolpatus Krutzsch,
1970, Oligocene to Pliocene most common
in Oligocene.

A. butomoides butomoides Krutzsch, 1970 as recorded by Ziembinska-

Tworzydlo (1974), Upper Oligocene to Lower Miocene of Poland; cf.

Monocolpopollenites aerolatus Potonié, 1934 as recorded by Pacltova (1960),

Upper Oligocene to Lower Miocene of southern Bohemia; Sabalpollenites

aerolatus (Potonié, 1934) Potonié, 1958, as recorded by Konzalova (1970).

Dicolpopollis Group A Dicolpopollis  kockeli Pflanzl, 1956, as

recorded by Roche and Schuler (1976),
Tongrian of Belgium; D.  kockeli

parvigranulatus Konzalova, 1970, Miocene

northern Bohemia.

Mediocolpopollis Mediocolpopollis  compactus  Krutzsch,
1959c ellenhausensis Krutzsch, 1967c,

Upper Oligocene.

Nyssapollenites Group C Tricolporopollenites kruschi subsp.
pseudolaesus (Potonié, 1931d) Thomson and
Pflug, 1953, recorded by Pacltova (1960),
Upper Oligocene to Lower Miocene S

Bohemia; Psilatricolporites kruschi
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Porocolpopollenites Group B

Tiliaepollenites Group B

(Thomson and Pflug, 1953) Roche and

Schuler 1976, Tongrian of Belgium.

Porocolpopollenites  calauensis Krutzsch
1961d, Middle Oligocene of East Germany,
Ziembinska-Tworzydlo  (1974) Middle
Oligocene of Poland. Krutzsch (1967c) notes
the Stratigraphic range to be Uppper Eocene

to Oligocene/Miocene boundary.

Intratriporopollenites instructus Potonié€,
1931, Thomson and Pflug, 1953, recorded
by: Thomson and Pflug (1953), Pacltova
(1960, 1966), Mai (1961), Ziembinska-

Tworzydlo (1974) and Roche and Schuler

(1976).

Intratriporopollenites instructus is believed to be rare in the Middle Oligocene,

regularly present in the Upper Oligocene becoming more common with warmer

conditions in the Miocene (Mai, 1961: Krutzsch, 1967c).

Tiliaepollenites Group C

Intratriporopollenites insculptus Mai, 1961,
first appearing in Lower Oligocene occurring
regularly in the Middle Oligocene and

becoming common in the Chattian to
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Tricolporopollenites Group H

Boehlensipollis Group A

Boehlensipollis Group B

Polyatriopollenites

Miocene; recorded by Pacltova (1966) and

Ziembinska-Tworzydlo (1974).

Tricolporopollenites spinus Krutzsch, 1962a,
recorded by Grabowska (1965) and
Ziembinska-Tworzydlo (1974) from the
Middle Oligocene of Poland. Krutzsch
(1967c) notes the range to be confined in

central Europe to the Middle Oligocene.

Boehlensipollis sp. sensu. Sittler and Schuler
(1975) Sapindaceidites concavus Wang,
1975, recorded by the Nanking Institute

(1978) from the Oligocene of Bohai, China.

Recorded in the sections at Bovey and in the
Bellbrook section (east of Lough Neagh),

Wilkinson and Boulter (1980).

Polyatriopollenties stellatus in Pflug (1953).
Krutzsch (1967¢) does not regard the form-
genus to become significant before the
Chattian. Recorded by: Thomson and Pflug
(1953), Pacltova (1960, 1966), Kedvas

(1974), Ziembinska-Tworzydlo (1974).
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Corrusporis Group A

Corrusporis Group C

Echinosporis

Cicatricosisporites Group E

Cicatricosisporites Group F

Camarozonosporites Group A

Corrusporis  granotuberculatus Krutzsch,

1967a, Upper Oligocene.

Corrusporis megabaculus Krutzsch, 1967a,

Upper Oligocene.

Echinosporis echinatus Krutzsch, 1967a,
Lower Miocene Echinosporis
microechinatus Krutzsch, 1967a, Chattain to

Lower Miocene.

Cicatricosisporites chattensis subsp. minor

Krutzsch, 1967a, Upper Oligocene.

Cicatricosisporites chattensis subsp.
chattensis Krutzsch (1961d, 1967a), Upper

Ologocene.

Camarozonosporites  semilevis  Krutzsch

1963a, Upper Oligocene.

Wilkinson and Boulter (1980) noted that as originally described there is but a

fine distinction between Camarozonosporites semilevis, common in the Upper

Oligocene of East Germany and Camarozonosporites heskemensis Krutzsch,
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1963a, described by Krutzsch as characteristic of the Lower to Middle

Oligocene.

Muerrigerisporis Group B

Trilites Group D

Verrucingulatisporites Group D

Muerrigerisporis  monstrans  Krutzsch,

1963a, Upper Oligocene.

Trilites multivallatus (Pflug, 1953) Krutzsch,
1959b; common Middle Oligocene and
Miocene of East Germany Krutzsch (1967a),
Middle Oligocene of Poland, Ziembinska-
Tworzydlo (1974); Middle to Upper
Oligocene of Rheinisches Bild, Germany,

Thomson (1949), Thomson and Pflug

(1953).

Verrucingulatisporites treplinensis Krutzsch,
1961d, Upper Oligocene of Germany, rare to

regularly dispersed.

Jenkins ef al. (1995) dated a section of the lacustrine deposited Flimston Clay

in Pembrokshire as of probable late Oligocene Age. The pollen and spore assemblages
were sparse, only 30 specimens were identified but were well preserved, showing no
signs of reworking. The genera identified were Ericipites, Cicatricosisporites,
Tricolporopollenites, Polypodiaceaesporites, Monocolpopollenites and Pityosporites.

Despite admitting that the assemblages did not comprise reliable index fossils for age
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determination, a Chattian age was deduced on the basis of comparison to the
Oligocene deposits in the same region outlined in Wilkinson and Boulter (19§0). In
their paper Jenkins et al. noted that the presence of Cicatricosisporites chattensis in
the Lough Neagh Clays was one of the major reasons why a Late Oligocene rather

than an Early Oligocene age was assigned to them by Wilkinson ez al. (1980).

9.2 Stratigraphic age of the studied sections
The following taxa are thought to be of primary stratigraphic importance for
assigning an Oligocene age to the sections studied:
Boehlensipollis Group B, Wilkinson and Boulter, 1980
Cicatricosisporites chattensis subsp. chattensis
Cicatricosisporites chattensis subsp. minor
Corrusporis species
Dicolpopollis kockeli
Mediocolpopollis compactus
Polyatriopollenites stellatus
Porocolpopollenties calauensis
Tiliapollenites instructus
Trocolporopollenties spinus

Triletes multivallatus
Their occurrences are listed for each section in tables 9.1-9.4, stars denote their
presence at a particular depth. Within each section there are other taxa that are

considered to provide supporting evidence for the age assignment. These are as

follows:
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Camarozonospotites (Camaroxonosporites) decorus: Oligocene to Pliocene of

Germany, Krutzsch (1963a).
13/611: 69.95m.
36/4680: 200.33m, 265.13m.

Camarozonospotites (Camaroxonosporites) heskemensis. Wilkinson and
Boulter (1980) noted that there is only a fine distinction between this species and
Camarozonospotites (Camaroxonosporites) semilevis, which is reported as common in

the Upper Oligocene of Germany, Krutzsch (1963a).

13/611: 69.95m, 121.00m, 164.80m,
13/603: 48.00m.
36/4680; 72.05m, 110.00m, 250.00m, 265.13m.

Magnolipollenites neogenicus subsp. minor; recorded from the Upper Oligocene,
Chattian of Germany, Krutzsch (1970); a questionable occurrence of this taxa in

13/611 at 60.00m provides very tentative support to the age.

Retitricolporopollenites  gentianoides sp. nov. strongly resembles an

unpublished taxon reported as having a rare occurrence in deposits of the Western

British Isles and from the North Sea and restricted to Upper Oligocene, Jolley (pers.

comm.).
13/603: 290.00m.
36/4680:; 200.33m, 265.13m.
27/415: 183.34m.
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Verrucatosporites alienus: Upper Oligocene, Chattian to Miocene of Germany,

Krutzsch (1967a).
13/611: 100.00m, 110.00m.
13/603: 48.00m.
36/4680: 200.33m.

Verrucatosporites balticus subsp. balticus: Middle Oligocene to Pliocene of
Germany, Krutzsch (1967a), as V. balticus not occurring below Zone 20 Calauer Bild,

Middle Oligocene, Krutzsch (1970b).

13/611: 82.00m, 100.00m, 110.00m, 121.00m, 164.80m, 206.00m.
13/603: 48.00m.

36/4680: 72.00m, 250.00m.

27/41S: 71.00m, 145.00m.

Verrucatosporites favus subsp. favus: Middle Oligocene to Miocene of

Germany, Krutzsch (1967a).
13/611: 69.95m, 121.00m, 206.00m, 262.00m.
13/603: 80.10m, 161.19m, 240.00m.
36/4680: 72.05m.

Verrucatosporites favus subsp. pseudosecundus: Not occurring below Zone 20

Calauer Bild, Middle Oligocene, Krutzsch (1970b) as V. pseudosecundus.

13/611: 100.00m, 110.00m, 262.00m.
13/603: 80.10m, 100.00m, 161.19m, 218.60m, 240.00m, 280.00m.
36/4680: 72.05m, 140.67m, 200.33m, 237.75m, 265.13m.
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27/415: 41.00m.

Verrucatosporites histiopteroides. Middle Oligocene to Miocene of Germany,
Krutzsch (1967a), not occurring below Zone 20 Calauer Bild, Middle Oligocene,
Krutzsch (1970b) a more consistent occurrence in the Post-Calauer Bilder Zone,
Upper Oligocene, Krutzsch (1970b). Mainly distributed in the Upper Oligocene-
Lower Miocene, Hochuli (1978). Recorded as V. histiopteroides subsp. minor.

13/611: 164.80m.

Platanuspollenties ipelensis. recorded by Pacltova (1978) as common in
Middle Oligocene deposits and being characteristic of, and of particular abundance in

certain phases of the Upper Oligocene. This species is recorded more or less

continuously throughout all the sections.

Trocolporopollenties pseudocingulum is recorded in abundance throughout all
the studied sections. This species forms the largest percentage of the tricolporate taxa.

Durand (1964) recorded an increase in this taxon from the Middle Oligocene.

The pollen and spore zonation of the International Geological Correlation
programme, Project No. 124, Meyer (1988) is only of limited use to delimit an age for
the Lough Neagh Group and the Dunaghy Formation. The only taxon noted in the
zonationan as stratigraphically indicative of the Oligocene that occurs in the studied
sections is Dicolpopollis kockeli. This species is of limited occurrence throughout the
studied sections as can be seen from tables 9.1-9.4 and enclosures 1-4. The occurrence

of Dicolpopollis kockeli denotes an age not younger than Zone SP 8 Late Oligocene,
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Chattian, for the top sample analysed in 13/603 and 27/415. The non-occurrence of
this species in 13/611 and the single occurrence at 200.33m in 36/4680 demands the
utilisation of other taxa to delimit the age of the whole sections and specifically the
Dunaghy Formation in both 13/611 and 13/603.

As may be noted from tables 9.1-9.4 the combination of taxa identified as
stratigraphically diagnostic of the Oligocene have a distribution throughout the
sections to effectively delimit the top and bottom samples as of Oligocene age.

Due to the general character of the assemblages Wilkinson and Boulter (1980)
attributed an Upper Oligocene, Chattian age to their sections of the Lough Neagh
Group. Jenkins ef al. (1995) noted that the presence of Cicatricosisporites chattensis
was one of the main reasons why Wilkinson and Boulter (1980) attributed an Upper
Oligocene, rather than a Lower Oligocene age to their sections.

Within 13/611 Cicatricosisporites chattensis subsp. chattensis  and
Cicatricosisporites chattensis subsp. minor are recorded just below the top of the
Dunaghy Formation at 164.80m and Cicatricosisporites chattensis subsp. chattensis is
again recorded at 208.00m. Below this depth the occurrence of Medicolpopollis
compactus may be taken as evidence of an Oligocene age, however, Krutzsch (1970b)
recorded this taxon as present within the upper part of his Zone 18, Zeitzer Bild,
Upper Eocene. The occurrence of Tricolporopollenties spinus at 209.00m and again
near the bottom of the Dunaghy Formation at 262.00m may be taken as a more reliable
indicator of an Oligocene age for this formation. This species was recorded by
Krutzsch (1970b) as not occurring below his Zone 20, Calauer Bild, Middle Oligocene

and into the Post-Calauer Bild, Upper Oligocene.

Similar lines of evidence seem to conform an Oligocene age for the Dunaghy

Formation in 13/603. Cicatricosisporites chattensis is not recorded within the
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Dunaghy Formation in this well. An occurrence of Mediocolpopollis compactus near
the bottom of the section, at 280.00m may, as previously stated, be taken as indicative
of Oligocene strata, however, as in 13/611, the occurrence of Tricolporopollenties
spinus may be a more reliable indicator. This species is recorded consistently
throughout the Dunaghy Formation in this well.

The taxa identified above and the distribution of the taxa in tables 9.1-9.4
combined with the supporting taxa previously specified seem to indicate that both the
Lough Neagh Group and the Dunaghy formation as recorded in 13/611 and 13/603
may be assigned an Oligocene age. In view of the evidence presented it would seem
that an Upper Oligocene age would be most applicable. However, a younger
Oligocene age cannot be completely ruled out as the stratigraphic ranges of taxa used
to delimit the age are principally derived from central European, particularly German
sections, and differences in the range of these taxa may exist. The absence of any
definite or significant Eocene or Miocene taxa further confirms the Oligocene age
assignment for the sections.

Due to its distinctive morphology the pollen type described in this study as
Retitricolporopollenites gentianoides may be of potential future use if its stratigraphic
extent can be more reliably determined. It is worthy of note that it was only recorded
within the lower parts of each section, within the last sample analysed in the Dunaghy
Formation, 290.00m in 13/603 and within the lower parts of the Lough Neagh Group,
200.33m and 265.00m. Within 27/415 it was recorded at 183.34m within strata

assigned to the Antrim Lava Group. Here it is interpreted as reworked into this highly

weathered deposit.
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9.3 Reworked Taxa

A single degraded specimen of Anacolosidites in 13/611 at 261.00m that
resembled Anacolosidites efflatus; recorded by Krutzsch (1957) as ranging from the
Lower to Upper Eocene, is thought to be possibly attributable to reworking. The
pollen and spore zonation of International Geological Correlation programme, Project
No. 124 (Meyer, 1988) noted that the first occurrence of the Anacolosidites Group
marks the base of the SP3 Zone, Late Palacocene. The last occurrence of this group
marks the top of the SP4 Zone, Early -Middle Eocene. The lithology below 262.55m is
recorded as clay, questionable tuff with weathered igneous material, and clay and
conglomerate below 264.42m. Lithologies below 266.33 are assigned to the Antrim
Lava Group. Whilst the specimen of Anacolosidites is recorded in a clay containing
lignite fragments, the sample one metre below it at 262.00m represents a sediment with
a clayey matrix containing orange pink clasts and some lignite traces. The proximity of
this lithology that contains pollen characteristic of the Oligocene, the general character
of the lithologies in the succeeding few metres and the poor preservation of the pollen
specimen is thought to provide reasonable evidence that the specimen has been
reworked into the assemblage of otherwise general Oligocene character.

The single occurrence of a specimen of Plicatopollis in 27/415 at 183.34m may
represent reworking from sediments of an older age. The form genus was recorded as

mainly of Eocene age by Krutzsch (1967¢) but it is known to extend to the Middle

Oligocene.
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9.4 Application of form-generic groupings to stratigraphic resolution

Boulter (1979) presented a review of the pollen and spore assemblages from
three Tertiary deposits from Ireland and compared the assemblages obtained with data
from more than fifty Tertiary sections throughout NW Europe. The results of this
review and comparison of data produced six groups of form-genera/components that
were noted to be applicable to broadly defining the stratigraphic age of a Tertiary
deposit. The utilisation of form-genera was intended to provide a sounder base for the
comparison of data as the definition of form-species is regarded by Boulter to be based
upon widely differing authors’ judgements and consequently assemblages from a
variety of sections difficult to compare.

Within the Oligocene a small number of form-species were identified to be of
stratigraphical importance and were included in the Oligocene component.

The groups identified by Boulter are as follows:

1. Taxodiaceous Swamp/Woodland Component,

2. Lower Tertiary Component,

3. Oligocene Component,

4. Palm Component,

5. Neogene component,

Tricolpate and tricolporate pollen types were grouped to form the sixth
component and plotted on a chart with the five components mentioned above to
broadly illustrate the major features of Tertiary pollen and spore assemblages from NW
Europe. This chart is reproduced as fig. 9.1.

In order to test the broadly defined stratigraphic zonation of Boulter (1980),
the taxa recorded in the studied sections were assigned to Boulter’s components. The

pollen and spore data for each component was summed to compare the resulting
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distributions to those one would expect from the percentage distribution illustrated in
fig. 9.1. The results for the complete sections in the four studied wells and for the
Dunaghy Formation in 13/611 and 13/603 are presented in table 9.5.

The taxa that comprise each component specified by Boulter (1980) are
presented in table 9.6. The taxa in the studied sections that form the Unassigned taxa
in table 9.6 are listed in table 9.7.

The species that comprise the form-generic taxa identified as the Oligocene
Component were not specified in Boulter (1980). The following taxa have been
identified as stratigraphically significant in the Oligocene from Wilkinson and Boulter

(1980) and were used to form the members of the Oligocene Component if they

occurred in the studied sections:
Cicatricosisporites chattensis subsp. chattensis
Cicatricosisporites chattensis subsp. minor
Gothanipollis Group A, Wilkinson and Boulter, 1980
Gothanipollenties Group B, Wilkinson and Boulter, 1980
Mediocolpopollis compactus
Polyatriopollenties stellatus
Polypodiisporonites favus
Porocolpopollenties calauensis
Tiliapollenties insculptus
Tiliapollenties instructus
Tricolporopollenties spinus

Verrucingulatisporites treplinensis
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13/611 13/611 13/603 13/603 36/4680 27/415
Componen o Bouter sy | Somnele | Punethy | Comnc || bunty | Compie | Compcs
only % only %

Taxodiaceous Swamp/Woodland Component 57 59 43 49 77 59
Tricolpate and Tricolporate pollen types 35 37 47 46 18 38
Oligocene Component 2 3 3 2 3 1

Palm Component 2 <1 6 3 <1 <1
Lower Tertiary Component <1 <1 <1 0 0 <1
Neogene Component 0 0 0 0 0 0
Unassigned taxa 4 1 <1 <1 2 <1

Table 9.5 Percentage of the Tertiary Component Groups of Boulter (1980) comprising each section.




Taxodiaceous Swamp/Woodland Component

Abiespollenites
Baculatisporites
Camarozonosporites
Carpinipites
Cedripites
Cicatricosisporites
Cicatricososporites
Compositoipollenites
Corsinipollenites
Deltoidospora
Echinatisporis
Echinosporis
Engelhardtiodites
Ericipites
Gleicheniidites
Graminidites
Ilexpollenites
Inaperturopollenites
Lycopodiumsporites
Microfoveolatosporis
Momipites
Monolites
Muerrigerisporis
Multiporopollenites
Myricipites
Myrtaceidites
Nyssapollenites
Osmundacidites

Aglaoreidia
Anacolosidites
Basopollis
Brosipollis
Diporites
Duplopollis
Gallopollis
Interpollis
Labrapollis
Lymingtonia
Milfordia
Minorpollis

Periporopollenites
Piceaepollenites
Pityosporites
Podocarpidites
Polypodiaceaesporites
Polypodiaceoisporites
Polypodiidites
Polypodiisporonites
Polyvestibulopollenites
Porocolpopollenites
Salixipollenties
Sciadopityspollenites
Sequoiapollenites
Stereisporites
Subtriporopollenites
Tetracolporopollenties
Tiliaepollenites
Toroisporis
Tricolpopollenties
Tricolporopollienites
Trilites
Triplanosporites
Triporopollenites
Trivestibulopollenites
Tsugaepollenites
Ulmipollenites
Verrucingulatisporites

Lower Tertiary Component

Nudopollis

Parsondites
Pentapollenites
Pistillipollenites
Plicapollis

Plicatopollis
Pompeckjoidaepollenites
Retiovoipollis
Sparganiaceaepollenites
Spinozonocolpites
Stephanoporopollenties
Trudopollis



Oligocene Component

Boehlensipollis
Cicatricsisporites taxa
Corrusporis
Gothanipollis taxa
Mediocolpopollis taxa
Polyatriopollenties taxa
Polypodiisporonites taxa
Porocolpopollenites taxa
Tiliaepollenites taxa
Tricolporopollenites taxa
Verrucingulatisporites taxa

Table 9.6 Taxa assigned to the Components of the European Tertiary, Boulter (1980).

Palm Component

Arecipites
Dicolpopollis
Monocolpopollenites

Neogene Component

Nupharpollenites
Sciadopityspollenites
Symplocospollenites
Tricolporopollenites taxa
Tsugaepollenites

Unassigned Taxa

13/611

? Cycadopites spp.

Cycadopites sp. A

Echinate spore sp. A

Echinate spore sp. B

Echinate spore sp. C

Hydrosporis azollaensis
Hydrosporis levis

? Magnolipollis neogenicus minor
Saxosporis gracillus

Trilete spores (undifferentiated)
Varrirugosporites megaverrucatus

13/603

Cycadopites sp. A
Cyperaceaepollis spp.
Saxosporis gracillus

Table 9.7 Taxa in studied sections unassigned to the Components of the European

36/4680

Cycadopites sp. A

Echinate spore sp. A

Echinate spore sp. B

Echinate spore sp. C

? Holkopollis spp.

Hydrosporis levis

Saxosporis gracillus

Trilete spore (undifferentiated)
Varrirugosporites megaverrucatus

27/415

Cycadopites sp. A
Foveotriletes spp.
Hydrosporis levis

Saxosporis gracillus

Trilete spore (undifferentiated)

Tertiary, after Boulter (1980).



Sciadopityspollenites is listed as a member of the Taxodiaceous Swamp/
Woodland Component and of the Neogene component. As the species recorded,
Sciadopityspollenites quintus and Sciadopityspollenites verticillatiformis, do not have
a stratigraphic range restricted to the Neogene, all occurrences of this form genus were
attributed to the Taxodiaceous Swamp/ Woodland Component.

The percentage totals of the components are seen to broadly agree with those
presented in fig. 9.1. The Taxodiaceous Swamp/Woodland Component and the
Tricolporate and Tricolpate Pollen Types display the highest percentages broadly
agreeing with the general values for these groups of 60% and 30% respectively as
shown in fig. 9.1. The absence of any pollen assigned to the Neogene Component and
any significant amount of pollen of the Lower Tertiary Component (see table 9.5)
leaves the small Oligocene Component as age diagnostic. Fig. 9.1. depicts a maximum
value of approximately 4% for the Oligocene and Palm Components, decreasing later
in the Oligocene. The percentages recorded for these components in table 9.5. again
appear to broadly agree with those of fig. 9.1 and with the view of Boulter (1980) that

any pollen of stratigraphical significance in the Tertiary is rare.
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10 LATE PALAEOGENE PALAEOCLIMATE

10.1 Palacogene palaeoclimate and the Eocene-Oligocene transition

During the Palaeogene the global climate underwent a great transition. In its
most extreme representation the climate can be said to have passed from globally warm
in the Cretaceous to glaciated in the Pleistocene. Between these two extremes a
general cooling occurred (Savin, 1977, 1982). The Eocene to Oligocene has been
identified as a key time of change by numerous lines of evidence from the marine realm
(Kegwin and Corliss, 1986; Keller, 1983; Savin, 1977, Shackleton, 1986). Large
changes in continental climate have been identified (Chaney, 1940; Kemp, 1978;
Leopold and MacGinte, 1972; Retallack, 1986; Wolfe and Pore, 1982; Wolfe, 1980,
1985).

The early Eocene was the warmest time within the Cenozoic. During the early
and middle Eocene the occurrence of forests at high latitudes indicates a warm
continental climate in both the Northern and Southern hemispheres (Axelrod, 1984;
Frakes and Kemp, 1973; Wolfe, 1980, 1985). Oxygen isotope ratios from planktonic
and benthic foraminifera indicate warm marine conditions (Boersma et al., 1987; Savin
et al., 1975 and Shackleton, 1986). The common theme running through most of these
palaeoclimatic interpretations is the existence of a low thermal gradient throughout this

time (Sloan and Barron, 1992).

Two of the most noticeable changes in the large-scale physical elements of the

Earth within the Paleogene were:
1. The increasing tectonic uplift of the continents

2. The changes in sea surface temperature distributions.
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These factors were identified as being largely responsible for the Palacogene
climatic change (Sloan and Barron, 1992). These changing factors had a distinct effect
upon continental climate and upon its existing and evolving biota. Major mountain
building episodes e.g. the Andes, Rockies, Himalayas and Alps, resulted in increasing
the effects of rain shadow. The movement of continents facilitated the dispersal and
isolation of animal and plant taxa. Movement of land-masses into higher latitudes
contributed to the onset and growth of polar ice. The effects of these factors combined
to produce a more complex climate than had previously existed, with increased
latitudinal temperature gradients, more localised continentality and oceanicity and new
barriers to migration (Crane, 1989).

Collinson and Hooker (1987) recorded changes in the vegetational and
mammal communities of Britain from the late Palacocene to early Oligocene. They
noted that mammal habitats from early Eocene to early Oligocene changed from
complex forests to a more open environment with forest patches. By the latest Eocene
there was a marked wet-dry seasonality in southern Britain (Daley, 1989).
Temperatures had fallen from their late early Eocene maximum although it was not
until the early Oligocene that a marked temperature fall occurred. This was linked to
Antarctic glaciation (Shackleton, 1986).

The idea of the ‘terminal Eocene event’ was first introduced by Wolfe (1978)
and linked to a distinct and rapid temperature decline at the close of the Eocene. The
climatic deterioration around the Eocene/Oligocene boundary has been described as
the most important global climatic event occurring between Cretaceous/T ertiary
boundary events and the late Pliocene glaciations (Wolfe, 1992). Its effects are noted

in the marine record but are displayed to their maximum in terrestrial environments,
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The suggestion of an abrupt climatic deterioration in the Oligocene was first
put forward by Mac Ginte (1953). The cooling proposed by Mac Ginte was confirmed
by Wolfe and Hopkins (1967) and established to have occurred rapidly, within a period
of no longer than 2 million years. Oxygen isotope data from New Zealand (Devereux,
1967) and from the D.S.D.P. (Shackleton and Kennett, 1975; Keigwin, 1980) indicates
a marked temperature decline around the Eocene/Oligocene boundary. The rapidity
and size of the Oligocene deterioration has been disputed by Axelrod and Bailey
(1969). Their assignation of an older age for the pre-deterioration floras and lower
temperatures to these assemblages resulted in the recognition of a gradual temperature
decline over several million years. Collinson et al. (1981) questioned the intensity of
the early Oligocene deterioration. Changes noted within the Eocene of the London and
Hampshire Basins indicate two major periods of floristic change that were interpreted
as depicting a gradual cooling commencing in the latest early Eocene and occurring
over a period of 15 million years. This evidence is in conflict with palaeotemperature
curves from the North Sea which suggest a sudden and rapid cooling at the end of the
Eocene (Buchardt, 1978a). See fig. 10.1.

The age and hence the name assigned to the climatic deterioration around the
Eocene Oligocene boundary has varied with differing authors over time. Using a then
accepted molluscan chronology, Mac Ginte (1953) considered the deterioration to
have occurred between the middle and late Oligocene. Wolfe and Hopkins (1967) used
a revised molluscan chronology and thought the event to have been of middle
Oligocene age. Wolfe (1978) considered the deterioration to have occurred at the
Eocene/Oligocene boundary based upon planktonic biochronology. As a consequence
of this he termed the climatic deterioration the ‘terminal Eocene event’. The

deterioration has been dated radiometrically at 33 Ma and considered to occur within
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Fig. 10.1 Oxygen isotope palaeotemperature curves from the North Sea, after Buchardt (1978).
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NP21 (Wolfe, 1992). The Eocene/Oligocene boundary has been dated at 34 Ma
(Swisher and Prothero, 1990) therefore the event is considered to have occurred
approximately 1 million years after the Eocene/Oligocene boundary (Wolfe, 1992).

Wolfe (1992) outlined three possible influences of the temperature
deterioration:

1. An increase in the intensity of bottom water circulation in the subantarctic

2. Significant expansion of montane glaciation on Antarctica (Kennett ef al.,
1975)

3. A major increase in volcanic activity (Kennett ef al., 1985).

Of these factors, an increase in vulcanism was thought to be the least
significant factor, as despite a late Eocene increase, it began a few million years before
the end of the Eocene. If it was the primary factor causing the temperature
deterioration, a return to conditions similar to those prior to the increase in volcanic
activity might have been expected when the volcanic activity subsided in the Oligocene
(Kennett ef al., 1985).

At the end of the middle Eocene an increase in bottom water circulation began
although the circum-Antarctic current was not fully developed until the middle or late
Oligocene (Kennett et al., 1985). These events occurred a few million years before and
after the temperature deterioration.

An increase in montane glaciation on Antarctica was thought more likely to
result from temperature deterioration than the reverse (Wolfe, 1992). For this to occur
the air temperature must cool sufficiently, especially in summer, to allow glacier
growth to reach sea level. Evidence from leaf assemblages in North America indicates
a warming of the air temperatures during the latest Eocene/earliest Oligocene. Further

evidence from leaf assemblages in western North America (Wolfe, 1978) indicates a
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warming of 3-4° C during the latter part of the Oligocene. If the continuing growth of
ice on Antarctica were a primary factor in the cause of the temperature deterioration, a
continued decline in temperatures throughout the Oligocene would have been
expected.

Kennett et al. (1985) compared the Oligocene deterioration to events at the
Cretaceous /Tertiary boundary and noted that no catastrophic extinction occurred at
the Oligocene event. Wolfe (1992) noted that regional extinctions of the high latitude
land flora, that could be classed as catastrophic, did occur e.g. the disappearance of
80-90 % of the genera from high latitudes in North America. He also noted that like
the K/T event, the Oligocene deterioration was abrupt, and stated that this was hard to
explain in relation to plate tectonic factors or changes in ocean circulation.

Due to these factors Wolfe (1992) suggested that explanations proposed to

account for the Oligocene deterioration were unsatisfactory and the search for other

explanations should continue.

10.2 Vegetational and palaeoclimate changes in Britain and other areas of

western Europe during the Eocene-Oligocene transition

During late Eocene times Europe was only connected to North America by a
land bridge between Greenland and northern Scandinavia (Tiffney, 1985). After this
time North America was closed to the direct movement of elements to and from
Europe which resulted in the development of an increasingly recognisable European
floristic element.

A change from a dominantly evergreen, subtropical vegetation of the late

Eocene, to a mixed evergreen and deciduous vegetation, with a warm but seasonal
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climate in the Oligocene, is evidenced from sections throughout Europe e.g.
macrofloral evidence from the Weisselster Basin of Germany and from north west
Bohemia (Czechoslovakia). Palynological evidence of transition records the loss of
tropical and sub-tropical elements, an incoming of temperate elements and an increase
in conifer pollen (Collinson, 1992). These changes across the Eocene/Oligocene
boundary are generally perceived as a culmination of floristic changes resulting from a
cooling climate which started in the early late Eocene. Around Britain this cooling
event is supported by oxygen isotope data from North Sea sediments (Buchardt,
1978a).

Collinson (1992) (and the references therein) provide a summary of
vegetational change around the Eocene/Oligocene boundary for many areas of western
and central Europe. The common factor in most of these appears to be the decrease of
taxa with a tropical and subtropical affinity and an increase in conifer pollen (Cavelier
et al., 1980; Chateauneuf, 1980; Iljinskaya, 1988; Kvacek et al, 1989; Mai and
Walther, 1978, 1985; Olliverier-Pierre ef al., 1987, 1988; Pulatova, 1990; Teslenko,
1990; Walther, 1990).

In southern England many authors have recorded the floristic changes between
the latest Eocene and earliest Oligocene using a variety of macrofossil and
palynological evidence (Boulter, 1984; Boulter and Hubbard, 1982; Collinson, 1983,
1990; Collinson et al., 1981; Collinson and Hooker, 1987; Hubbard and Boulter, 1983;
Machin, 1971).

Using macrofossil and palynological evidence Collinson et al. (1981) recorded
a gradual decline in taxa with a tropical or subtropical affinity. Machin (1971), working
on the micro fossil flora of the Isle of Wight, reported a decrease in the tropical

families characteristic of the London clay flora in Headon times and a shift to a more
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northern flora containing elements characteristic of sub tropical SE Asia and SE North
American vegetation. She reported a similar vegetational shift, evidenced from the
macroflora in post Lower Headon times (Late Eocene), from an Indomalayan flora to a
subtropical evergreen vegetation dominated by conifers from Middle Oligocene times.

Boulter and Hubbard (1982) and Hubbard and Boulter (1983) outlined a
method for estimating palaeotemperatures for the Eocene and Oligocene of NW
Europe. See fig. 10.2. Using multivariate statistical analysis (principal components
analysis and cluster analysis) of pollen and spore spectra four major groupings of taxa
were identified. Three of these had ecological significance and a fourth formed a
‘rubbish-bin’ of plant taxa reflecting the influences of transportation and catchment
processes. By comparison with megafossil evidence, principally the leaf physiognomic
classes of vegetation and associated climatic parameters of Wolfe (1979), they
produced estimates of summer maximum and winter minimum temperatures.

The results of the study (Hubbard and Boulter, 1983) depicted a cool period
with an unstable but equable climate prior to a thermal maximum/warming episode at
the top of the London Clay and bottom of the Bracklesham Beds. This was followed
by a decrease in climate equability producing another cool period before a very brief
phase of warming in the lower Oligocene recorded at Bovey Tracey, Mochras and
Lundy.

The Eocene is thought to have had generally mild winters and mean annual
summer temperatures that changed considerably. The Oligocene climate is noted as
being uniformly cooler with a climate characterised by relatively constant maximum
summer and mean annual temperatures, but marked by strong fluctuations in the

severity of the winters, reported to have often been of pronounced frigidity.
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A brief warm phase noted from the pollen assemblages in the Oligocene of the
Mochras borehole is considered to be of stratigraphical importance as it allowed
correlation with Lundy and Bovey Tracey. The vegetation at Mochras portrayed a
greater abundance of deciduous forest components with the fern and conifer element
being rarer. Mean annual temperatures at Mochras were regarded as being 2-3°C
lower. These two lines of evidence were interpreted as indicating that higher land
existed in North Wales during the Oligocene. A similar correlation of the Calcaire de
Campbon section of the Armoricain Massif, portraying an increased proportion of a
deciduous element and a very low to almost absent fern and conifer element was made
with the thermal maximum of the London Clay-lower Bracklesham floras. These lines
of evidence were thought to imply that the ‘montane’ flora of the European Tertiary
was essentially comprised of temperate deciduous vegetation, and that fern and conifer
forest was an inland, lowland flora (Hubbard and Boulter, 1983).

After the Middle Oligocene an increase in broad leaved deciduous forest and a
decrease in temperatures to an annual mean of 18°C occurred (Hubbard and Boulter,

1983). Temperatures continued to decline throughout the Upper Oligocene but rose

again by the beginning of the Miocene (Ingrouille, 1995).
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11. PALAEOECOLOGICAL INTERPRETATION

11.1 Application of form generic groupings to palaeoecological interpretation
Following from the view of Boulter and Craig (1979) and Boulter (1980) that
the use of a taxonomic level below that of the form-genus is unnecessary for
stratigraphic division in the Tertiary, Boulter and Hubbard (1982) and Hubbard and
Boulter (1983) utilised form-genera as the taxonomic basis for multivariate statistical

analysis of palynological data to produce groupings of taxa that could be related to

forest types.

The usefulness of form-species in palaeoecological interpretation has been
questioned by Farley (1989). He is of the view that many form-species do not have
much biological or ecological value in Tertiary palynology and states that even most
Quaternary palynologists only identify pollen to generic level despite the pollen being
derived from extant plant taxa. The use of form-genera may blurr stratigraphic
differences in deposits but not palacoecological ones (Farley, 1989).

Pollen abundance data within this study has been recorded at the taxonomic
level of form-species; because of this any potential stratigraphic and ecologic
usefulness attributable to this level of division will have been retained. For the
purposes of palacoecological interpretation, the form-species and form-genera have
been assigned to family level based upon previously published data. This enables a
clearer picture of the vegetation to be determined.

Mosbrugger and Utescher (1997) describe a coexistence approach for
quantitative terrestrial palaeoclimatic reconstruction. The procedure is based on the

assumption that Tertiary plant taxa have a similar climatic requirement to the nearest
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living relative. Utilising a data set of Tertiary plant taxa, nearest living relatives,
climatic requirements and an algorithm for analysis, they successfully obtained a
series of temperature and rainfall parameters for Neogene fruit/seed floras and
palynofloras.

The idea of assigning fossil pollen to an extant plant taxon and utilising the
climatic parameters with which the extant plant exists to deduce palaeoclimate is not
new and is a frequently used technique. The procedure suffers from possible
erroneous assumptions. The identification of extant taxa with the fossil taxa of similar
morphology may not be biologically correct and the climatic tolerance of the fossil
taxa may have been different to that of the extant taxa. Such assumptions are needed
to enable any progression in palaeoclimatic and palaeoecological reconstruction. The
thesis that past situations and processes may be inferred from studying those of the

present has been the cornerstone to geological and palaeontological thinking since the

nineteenth century.

The assignation of fossil plant taxa, including pollen and spores, to extant
equivalents is widely regarded to be more applicable to the later Tertiary than to
earlier periods of time as plant evolution led to floras attaining greater similarity to
those of the present.

Due to the composition of the palynofloras in the studied sections, the
assignation to extant families produces groupings of essentially similar form-species
composition to those that would occur if the data was grouped into form-genera. The
familial groupings used do not result in any significantly greater assimilation of form-

species than would occur 'if the all encompassing form-generic groups
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Tricolpopollenites and Tricolporopollenites were utilised, indeed greater distinction of
form-species is attained in the case of some Tricolporate pollen.

A degree of assimilation of form-generic taxa occurs in the case of
pteridophyte spore families e.g. Polypodiaceae, this however does not detract from the
palacocological significance of the grouping as the taxa assigned are universally
recognised as having a parental affinity to ferns. No greater ecological significance is
noted to have been attributed to any of the form-species.

The pollen and spore abundance data recorded at the resolution of form-
species is displayed as percentage frequency data in a histogram format as enclosures
1-4. A + symbol denotes an occurrence of the taxon outside the numerical count. The
data grouped at family level is displayed in the form of a saw tooth diagram as
enclosures 9-12.

It should be noted that for the purposes of clarity of illustration, reticulate
tricolpate pollen assigned to Eurefitricolpites Group A Wilkinson and Boulter, 1980;
Euretitricolpites Group C Wilkinson and Boulter, 1980; Supraretitricolpites Group B
Wilkinson and Boulter, 1980, and Swupraretitricolpites Group D Wilkinson and
Boulter, 1980 have been included in the family Salicaceae. The afore mentioned taxa
are grouped into this family to prevent them from otherwise becoming consumed
within the Unassigned Tricolpate pollen group. The author’s opinion that pollen
displaying their particular reticulate morphology might not be attributable to Salix is
tentative and not proven, see discussion in chapter 7.3.1.

Taxa that comprise the Unassigned Tricolpate pollen group, the Tricolporate

pollen group and the Unassigned Trilete spore group within the studied sections are as

follows:
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13/611
Unassigned Tricolpate pollen: Tricolpopollenites  hastus, Tricolpopollenites

verrucatus, Tricolpopollenties spp., Retitricolpites sp. A.

Unassigned Tricolporate pollen: Retioperculotricolporites spp., Tricolporopollenties
baculoferus, Tricolporopollenties spinoreticulatus, Tricolporopollenites spinus,

Tricolporopollenties verrucatus, Tricolporopollenties sp. B, Tricolporopollenties spp.

Unassigned Trilete spores: Deltoidospora wolfii, Deltoidospora spp., Saxosporis

gracilis, Trilete spores (undifferentiated).

13/603

Unassigned  Tricolpate pollen:  Tricolpopollenites  hastus, Tricolpopollenites

verrucatus, Retitricolpites sp. A.

Unassigned Tricolporate pollen: Tricolporopollenties baculoferus,
Tricolporopollenties spinoreticulatus, Tricolporopollenites spinus,

Tricolporopollenties verrucatus, Tricolporopollenties sp. B, Tricolporopollenties spp.

Unassigned Trilete spores: Deltoidospora wolfii, Deltoidospora spp., Saxosporis

gracilis,.
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36/4680

Unassigned Tricolpate pollen:  Tricolpopollenites  hastus, Tricolpopollenites

verrucatus, Tricolpopollenties spp.

Unassigned Tricolporate pollen: Retioperculotricolporites spp., Tricolporopollenties
baculoferus, Tricolporopollenties spinoreticulatus, Tricolporopollenites spinus,

Tricolporopollenites cf. spinus, Tricolporopollenties verrucatus, Tricolporopollenties

sp. B, Tricolporopollenties spp.

Unassigned Trilete spores: Deltoidospora wolfii, Deltoidospora spp., Saxosporis

gracilis, Trilete spores (undifferentiated).

27/415

Unassigned  Tricolpate pollen:  Tricolpopollenites  hastus,  Tricolpopollenites

verrucatus, Tricolpopollenties spp., Retitricolpites sp. A, Retitricolpate pollen.

Unassigned Tricolporate pollen: Retioperculotricolporites spp., Tricolporopollenties

baculoferus, Tricolporopollenties spinoreticulatus, Tricolporopollenites spinus,

Tricolporopollenties verrucatus, Tricolporopollenties spp.

Unassigned Trilete spores: Deltoidospora wolfii, Deltoidospora spp., Foveotriletes

spp., Saxosporis gracilis, Trilete spores (undifferentiated).
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Taxa recorded as present outside the count are denoted by a + on enclosures 1-
4. These taxa were incorporated within the % Abundance Family Affinity charts by
the following calculation. Percentage values were taken as numerical occurrence
values using an occurrence (+) as a numerical value of 1. These values were summed
and divided by the number of taxa recorded in a sample to produce recalculated

percentage values for all taxa recorded.

11.2 Lithofacies control on palynomorph assemblages

The control of lithofacies upon palynomorph assemblages, principally the
presence and abundance of taxa, can affect the interpretation of palaeoecology and the
precision of biostratigraphy applied to a terrestrial palynoflora. Even when using
genera as a taxonomic base the facies is noted to exert a control on the precision of
biostratigraphy (Farley, 1989).

When interpreting the palaeoecology of a sequence, an understanding of the
depositional environment and possible effects of lithofacies control on the
palynomorph assemblage is essential to avoid misinterpretations of abundance and
distribution data. Different environments/lithofacies preserve pollen and spores in
varying concentrations and abundances. Autochthonous pollen and spore
assemblages, such as those from the lignitic facies of the Lough Neagh Group, will

provide the best evidence for palaeocological interpretation as they will be more

likely to contain an accurate representation of pollen and spore production from the

parent flora.
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11.3 Peat formation and wetland ecology

In order to interpret the palaeoecology and palaeoflora from the pollen and
spore assemblages of the Lough Neagh Group an understanding of conditions under
which the lignite formed is needed. Pamell e al. (1989) regarded the lignites and
organic rich mudrocks as representing a swampy environment at the margin of a lake:
thick lignites with a low ash content imply isolation from clastic input. The peat was
considered to have originated from floating or raised swamps above the water level
that never received transported mineral matter.

The peat forming environments of the Tertiary are far more clearly understood
than those of the Palacozoic or Mesozoic. Tertiary coals are dominated by
Taxodiaceaeous conifers and a diverse range of arborescent shrub and herbaceous
forms of angiosperms. No equivalents to the Northern Hemisphere temperate peats
formed by Sphagnum have yet been identified before the Quaternary period
(Collinson and Scott, 1987).

Peat formation and the peat forming environment is strongly influenced and,
in some cases, controlled by the vegetation contributing to its formation (Collinson
and Scott, 1987). The formation and accumulation of peat relies upon an imbalance in
the ecosystem so that total energy fixation by photosynthesis exceeds the total
respiration of the flora and fauna (Moore, 1987). Mc Cabe (1984) notes that the water
table must be at, or above, the sediment surface and that the equation of Bellamy

(1972) must balance.

Inflow + Precipitation = Outflow + Evapotranspiration + Retention
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The imbalance in the energetic relations of the ecosystem originated by water
logging of the environment impeding the detritivore and microbial activity (Moore,
1987).

Habitats within which peat accumulates may be given the general term ‘mire’
(Moore, 1987). A comprehension of the hydrological relationships in the different
types of mire is necessary to enable an understanding of the nature and rate of peat
formation.

Two distinct hydrological divisions of mires exist and exert pronounced
effects upon the amount of inorganic input (ash content) to the peat.

1. Ombrotrophic system: This depends entirely upon rainfall for water input
and consequently has a limited supply of inorganic material.

2. Rheotrophic system: Water input comes from rainfall, groundwater
movement and overland drainage. This system has a higher input of inorganic
material.

The surface of an ombrotrophic mire is raised above the level of groundwater
through the formation of a mat of peat. Separation of ombrotrophic and rheotrophic
mires may be difficult as they can occur in close association. On a small scale of
metres as opposed to a more regional one of kilometres, hummocks of bog moss
within a mire may be regarded as small ombrotrophic areas shedding water into
drainage channels which may be thought of as minor rheotrophic systems (Moore,
1987).

The interplay of the hydrological regime and the climatic parameters to

produce different types of mire ecosystem is illustrated in fig. 11.1 (after Etherington,

1983; Moore, 1987).
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Fig. 11.1 Relationship between mires and their hydrological input
in the terms of the relative influence of precipitation and groundwater
(modified from Mc Cabe, 1984 after Etherington, 1983).




11.3.1 Terminology applied to mire ecosystems

Environments of peat, lignite and coal formation are often referred to in the
literature as swamps. Wilkinson and Boulter (1980) and Wilkinson ez al. (1980)
proposed a warm, swampy environment similar to that described as a Nyssa/Taxodium
swamp forest (Teichmiiller and Teichmiiller, 1968). Moore (1987) noted that this term
has caused much confusion. He defined a terminology used in peatland ecology in

relation to the two hydrological categories of mire (previously outlined). This

terminology is outlined below.

Mire
This may be defined as a freshwater ecosystem in which there is a nett
accumulation of organic matter in the soil. In its strictest sense the term mire could

now not be attributed to a wetland ecosystem such as a marsh since peat does not

develop.

Swamps

Swamps are defined as wetland ecosystems in which the water table is almost

always above the sediment surface in the dry season. They are therefore essentially

aquatic ecosystems.
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Floating swamps
These are formed as a platform of roots, rhizomes or stolons of an emergent

vegetation extending over open water. They often develop around lake margins in

temperate and tropical climates.

Swamp forest
Essentially a rheotrophic swamp in which trees form an important constituent
of the vegetation. Usually tropical or sub-tropical in occurrence they are typified by

wooded mangrove swamps. The term ‘carr’ has been applied to rheotrophic temperate

wooded mires.

Fen

A rheotrophic ecosystem in which the water table during the dry season may

be below the surface of the peat.

Marsh

The term has been used in many different senses so as to have almost lost any
specific connotation. Within the European literature it describes an ecosystem
dominated by herbaceous vegetation on seasonally waterlogged mineral soils in which
the water table is close to the soil surface. Periodic areation is sufficient to ensure very

little, if any, peat development. The term may be applied to fresh and saline

environments.
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Bog

A term confined to ombrotrophic peat forming ecosystems.

Bog forest

The term refers to ombrotrophic forrested vegetation. In Eastern Europe and
temperate North America raised mires are often of this type. Their vegetation consists
of an upper story of coniferous trees, a dwarf shrub layer rich in ericaceous species

and a ground covering of Sphagnum moss. In tropical regions bog forests are

dominated by angiosperm species.

11.3.2 Autochthonous peat formation

Mc Cabe (1984) outlined three types of autochthonous peat formation and

termed them Floating swamps, Low lying swamps and Raised swamps.

Floating swamps

Sometimes termed ‘quaking bogs,” floating swamps may form in relatively
shallow lakes. Dry periods may induce gas bubble formation (from organic
decomposition) in semiaquatic peats. When hydration resumes the peat may have
attained sufficient buoyancy to bulge upwards and tear away from the peat mat. In an
open lacustrine environment free-floating peat mats may congregate around lake
margins along with other plant material. The accretion of organic material results in
the building of a platform reaching out over the lake. Peats formed will have a low ash
content as the buoyancy of the peat mat will keep them above the influence of

sediment loaded flood waters. Thick accumulations of peat will not be generated due
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to the upper and lower surfaces of the mat being exposed to degredation and because

the shallow water will limit the thickness of mat able to be formed (Mc Cabe, 1984).

Low lying swamps

In low-lying swamps peat accumulates over an underlying topography and
builds up to attain a nearly horizontal surface. Swamps of this type are slightly acidic,
rich in plant nutrients and support a high density of vegetation. Their surfaces are
often very wet with a telmatic flora of reeds and water lilies. In areas removed from

clastic deposition they may accumulate thick high quality peats (Mc Cabe, 1984).

Raised Swamps

Raised swamps are the common type in cool temperate and tropical peat-
forming areas. They characteristically have a raised convex form and steep convex
sides with a flat central area that may contain small lakes in a mature swamp
(Romanov in Mc Cabe, 1984). They only form when annual precipitation exceeds
annual evaporation (Teichmiiller and Teichmiiller, 1982).

In temperate regions a low herbaceous flora with Sphagnum moss is the
common vegetation. In tropical regions such raised swamps are densely forested,
concentric zonation of floral communities is displayed and reflected in the peat
profile.

A decrease in the number of tree species and a predominance of stunted forms
is recorded towards the centre of tropical swamps (Anderson and Muller, 1975) as a

consequence of the ground water becoming more oligotrophic, acidic and containing

few plant nutrients.
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Raised swamps produce low ash peats. Fitch (1954) records an ash content of
6.5% and a sulphur content of 0.2% from the alluvial plains of Borneo.

The high acidity of the water in such an ombrotrophic mire ecosystem is the
cause of mineral leaching, this combined with the elevation of the mire ensures the
formation of low ash peats. Thick peat accumulation may develop within this
ecosystem impacting upon sedimentary processes and decreasing erosion rates,
therefore having a stabilising influence upon an environment (Mc Cabe, 1984).

The term raised swamp for the type of ombrotrophic mire outlined by Mc
Cabe (1984) is incorrect if one follows the previously outlined terminology of Moore
(1987). The term bog forest would seem to be a more specific and applicable term.

The formation of the lignite from a precursor of peat accumulation in raised
and floating bog ecosystems as proposed by Parnell ef al. (1989) is accepted.

Mc Cabe (1984) notes that low ash coals originate from low ash peats. Parnell
et al. (1989) report that thick lignites within the Lough Neagh Group have a low ash
content of less than 10%, inplying isolation from clastic imput. Griffith ef al. (1987)
record an average ash content for lignite (dried prior to analysis) from the Ballymoney
area as ranging between 11.4-76.4% with a mean of 47%, and from the Coagh district
as between 4.4-69.4% with a mean of 39.23%. A lower lignite seam from the Crumlin
area recorded an ash content (as mined) of 6.9%. Average sulphur content of the
lignites in these areas was recorded in Ballymoney 0.5%, Coagh 0.17% and Crumlin

0.2%. Low ash and sulphur content of the lignites compares with data from raised bog

swamps recorded by Fitch (1954).

The formation of peat in floating or raised bogs would be consistent with the

low ash content of some of the lignites. Higher ash content of some lignites would
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imply a greater input of inorganic material. Some thin lignite seams are noted to be
interbedded with poorly sorted sandstones indicating a greater fluvial influence and
consequently a greater inorganic input.

The palacoenvironment of peat formation for the Lough Neagh Group is

thought to be more accurately regarded as an ombrotrophhic peat forming ecosystem

and termed a raised bog forest.

11.4 Palacoenvironment related to lithological characteristics

Analyses of the clay mineralogy of the Lough Neagh Group clay show
kaolinite as the dominant clay mineral occurring with subordinate quantities of the
micas and illite. No montmorillonite was recorded. A mineralogy comparable to the
Oligocene clay at Bovey Tracy and Petrockstow, Devon (Stuart and Gallagher in
Parnell et al., 1989).

Kaolinite is widely regarded as a product of tropical weathering. Retallack
(1992) notes that the nature of clay minerals in palacosols may be a potential indicator
of mean annual rainfall, equating kaolinite with a wet climate. Parnell e al. (1989)
refer to a sequence from the Tertiary of Kalimanton, Borneo (Sieffermann, 1988)
where crusts of siderite occur with lignite within kaolinitic sediments as an analogue
for the Lough Neagh Group. The sequence from Kalimanton represents a water
logged peat supporting an arborescent vegetation passing laterallly into soils which
display lateritic weathering. The mineralogy of these deposits is dominated by quartz,

kaolinite, geothite and giddsite, all of which are recorded within Lough Neagh Group

sediments.
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It has been shown that the basalt beneath the Lough Neagh Group in the
Crumlin area has been extensively weathered to kaolinite (Lowman in Parnell and
Meighan, 1989). The source of clays within the Lough Neagh Group is regarded to
have been the weathered basalts, weathering probably having taken place under a
tropical climate at some time after their Palaeocene extrusion, 30 million years before
the deposition of the Lough Neagh Group (Parnell ez al., 1989).

The permineralisation of lignite by silica and siderite in the Lough Neagh
Group is recorded by (Parnell and Shukla in Parnell et al., 1989). A high Fe input is
necessary for replacement by siderite, this was available by leaching from basalt. The
presence of siderite is not indicative of tropical conditions. It requires specific
conditions for deposition: high Fe and dissolved carbonate, low sulphide and a
reducing environment (Garrels and Christ in Parnell ef al. 1989). The presence of

siderite and vivianite within Lough Neagh Group sediments indicates precipitation

from non-marine low sulphur waters.
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12. PALYNOFLORAL INTERPRETATION

12.1. Lignite

The lignitic facies generally record a palynoflora dominated by angiosperm
pollen and to a lesser extent gymnosperm Taxodiaceous pollen. Pollen assigned to the
Anacardiaceae and Fagaceae dominate with lesser quantities of Cornaceae/Nyssaceae
and Salicaceae. Pollen of the Juglandaceae and Platanaceae occurs fairly consistently
at a lesser abundance with occasional increases being recorded. Gymnosperm pollen
of the Pinaceae is consistently recorded.

A precursor vegetation to the stable raised bog ecosystem supporting an
arborescent vegetation would most likely have been aquatic or marginally aquatic.
Collinson and Scott (1987) note that aquatic or marginal aquatic plants are important
in the early stages of wetland succession producing organic debris and providing a
means of trapping sediment. Pollen thought to originate from aquatic plants is
infrequently recorded and low in abundance throughout the studied sections and
comprises the Pteridophytes, Azollaceae/Salviniaceae (Hydrosporis) and the
Angiosperms, Typhaceae/Sparganiaceae (Sparganiaceaepollenites). Collinson (1983)
records a number of aquatic families represented in the macroflora of the Lower
Oligocene Bembridge Marls but remarks upon the lack of correspondence between
these and the microflora. She notes that a number of the aquatic families recorded in
the macroflora produce pollen with a thin exine that might not have been preserved.
Citing Sculthorpe (1967) she further notes that pollination is not usually hydrophilous

so pollen is not directly introduced into water. Pollen of the Selaginellaceae and
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Sphagnaceae may also have played an important role in the formation of the early bog
vegetation.

Zonation of floral communities within raised swamps has been noted by
(Moore, 1987 and references cited thercin). A herbaceous or shrub layer, possibly
forming an understory or a marginal vegetation to the Angiosperm/Taxodiaceae bog
forest may have been represented by a flora comprising Salicaceae (often noted to
occur in wet environments), Tiliaceae (Tiliaepollenites), Aquifoliaceae
(llexpollenites) and Betulaceae (Alnipollenites). Andersen (1970) notes that pollen
from shrubs and herbs may be poorly dispersed into lake or bog deposits.

Ingrouille (1995) notes that a North American version of Taxodium growing in
swamps is often festooned with Tillandsia (Spanish moss), a genus of terrestrial and
epiphytic herbs. Such an ecological niche in the Tertiary raised bog forest might have
been filled by the epiphytic fern-like herbs or climbers of the Lycopodiaceae.

The climax flora may be regarded as a mixed deciduous broadleaved forest
with a Nyssaceae/Taxodiaceae content. The dominant vegetation of the Oligocene of
the Western British Isles including the Lough Neagh Group has been likened to the
Nyssa/Taxodium swamp forest of Teichmiiller and Teichmiiller (1968) by Wilkinson
and Boulter (1980) and Wilkinson et al. (1980).

Wilkinson et al. (1980) report that their largest pollen counts are of
Inaperturopollenites. Whilst Inaperturopollenties is undoubtly an important element
of the palynofloras recorded in this study, it only attains dominance at two horizons,
one within 13/611 at 82.00m, the other within 27/415 at 71.00m. In general the most
abundant pollen recorded is Tricolporopollenties pseudocingulum attributed to the

Anacardiaceae. Cupuliferoidaepollenties, Cupuliferoipollenites and Quercoidites form
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the abundant Fagaceae component. Pollen attributed to Anacardiaceae and Fagaceae
form the greatest proportion of the palynoflora. From this abundance and accessory
taxa a mixed broadleaved vegetation is deduced.

Nyssapollenties forms an important constituent of the palynoflora. The
occurrence of this pollen type with the important Taxodiaceacous element
(Inaperturopollenites) agrees with previously recorded ideas of a Nyssa/Taxodium
vegetation, however, a greater influence of broadleaved vegetation may be indicated
from the pollen assemblages obtained.

The occurrence of bisaccate pollen, here represented by Pinaceae
(Pityosporites), within a swamp or bog ecosystem is traditionally thought to represent
an upland coniferous flora.

Bisacate pollen was often noted to be poorly preserved or fragmented e.g. the
acme of Pinaceae within a clay at 82.00m in 13/611. The fragmentary nature and poor
preservation of some bisaccate pollen may be interpreted as an indication of transport
from a location more distal to that of the dominant angiosperm flora. Wilkinson and
Boulter (1980) interpret the origin of Pityosporites pollen they record as possibly
from hummocks within the bog ecosystem.

It is certainly true that attribution of Pinaceae pollen to an upland montane
flora is probably a gross generalisation given the variety of conditions that trees of
this family occupy at present. Ingrouille (1995) notes the extant presence of Pinus

sylvestris (Scots Pine) in drier and therefore more areated areas of floating bogs

within Britain.
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12.2 Relative pollen abundance

As outlined in a previous chapter, the relationship of pollen abundance to the
parent flora is not a unitary ratio. The influence of disproportionate pollen
productivity and dispersal capacity, particularly regarding the tree vegetation may be
of importance (Von Post, 1916, 1918).

Assessment of the importance of these processes, particularly pollen
productivity, is difficult for a palaeoflora. The pollen productivity of fossil taxa might
not be able to be equated with that of modern taxa especially if they lived under
differing climatic conditions and environmental stresses.

While no correction factor for possible greater pollen production from certain
taxa has been attempted within this study, attention is drawn to the data presented

from modern studies on pollen productivity (Andersen, 1970) as outlined previously.

12.3 Pollen preservation

An assessment of the effects of pollen preservation upon the recorded
palynoflora and its effect upon the assumed palacovegetation is largely untestable
within this study as no palynofloral/macrofloral comparisons have been made. Such a
comparison, if it were possible, might identify inconsistencies between the two data
sets to highlight possible non/low occurrences of taxa in a palynofloral assemblage

such as was highlighted in the aquatic component of the Bembridge Marls vegetation

(Collinson, 1983).

340



12.4 Lough Neagh Group Clays

From the approximate pollen per gram data presented in Appendix 1 it may be
noted that lignite and clayey lignite generally yield the greatest concentration of
pollen. The clays and sandier facies of the Lough Neagh Group often have a lower
pollen yield.

The dominant pollen types recorded from the lignitic samples are generally
noted to occur in the lignitic clays but often with a higher Pteridophyte component.
Sandy clays sometimes have a very low pollen yield per gram but this is by no means
always the case. Pteridophytes are often commonly represented but some samples
contain a well-developed angiospern palynoflora.

Such generalisations are somewhat broad as differing depositional
environments will account for specific differences in preserved palynofloras. The
sandier facies probably represent deposits of a fluvial system feeding a lacustrine
environment. Sand and conglomerate, interspersed with clay and lignite facies, may
be attributed to deltaic deposition at lake margins. The generally greater
representation of Pteridophytes within these facies might be attributed to the
occurrence of a fern flora in a setting marginal to the bog forest or situated along a
riverside/water course. Collinson (1983) reports that Colinvaux (1976) and Schofield
(1976) have demonstrated that where extensive non-aquatic vegetation is developed

around a lake, fern spores comprise a large component of the palynoflora.

12.5 Dunaghy Formation

Within the type section of the Dunaghy Formation in 13/611 pollen recovery

is very poor through the series of yellow-brown, khaki and red-brown clays to
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208.00m. The palynofloral assemblage at this depth is dominated by Pteridophytes,
Polypodiaceae principally Laevigatosporites with lesser amounts of angiosperms,
Quercoidites (Fagaceae). Pollen recovery increases through a series of blue-grey clays
to a depth of 230.00m when red-brown clays resume.

Clays with a lignitic or organic content were identified at 209.00m, 230.00m
and 260.00m. These yielded pollen assemblages of similar general composition to
those from the lignite further up the section in the Lough Neagh Group.

The Dunaghy Formation within 13/603 produced better pollen recovery. The
succession does not contain the unproductive red-brown facies of 13/611. It comprises
more brown, olive-green and blue-grey clays, with lignitic clays and thin lignite bands
occurring with greater frequency. The assemblages recovered display an increased
Pteridophyte content comprising Laeviatosporites (Polypodiaceae) compared to the
successions within the Lough Neagh Group. The angiosperm content was essentially
in the same proportion to that recorded within the Lough Neagh Group.

The predominance of Pteridophyte spores within some of the clay facies of the
Dunaghy Formation; particularly the less productive redder lithiologies within 13/611,

may be representative of an early colonising flora before the final establishment of an

arborescent vegetation.
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13. PALAEOCLIMATE DETERMINATION

Pollen and spore abundance data may be utilised to estimate
palacotemperatures. The approach of Boulter and Hubbard (1982) and Hubbard and
Boulter (1983) was to relate the forest types they identified to the modern forest types
and associated climatic parameters identified by (Wolfe, 1979). This enabled them to
infer the mean annual temperatures (MAT) and mean annual temperature range
(MATR) for their forest types. A similar procedure was followed by Jolley (1998)
who compared Early Eocene palynofloras to an unpublished database generated from
using detrended correspondence analysis on assemblages from the Palacocene and
Eocene of Europe. He used the frequency and composition of pollen and spore
assemblages to create anologies to modern forest types and from these infer mean
annual temperatures.

Boulter and Hubbard (1982) applied principal components analysis and cluster
analysis to palynological data from Eocene sections in Southern Britain to produce

three natural groupings of pollen and spores that were thought to be Palacogene

versions of’
1. Deciduous forest.
2. Fern and conifer forest.

3. Paratropical rain forest.

A fourth group was defined as a “rubbish bin” of taxa that reflected the effects

of transport and catchment area.

The groupings are reported to be applicable to areas far removed

geographically and chronologically e.g. an analysis of palynological data from
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Nigeria (Salami, 1981) portrayed three major groups of plant community that are
comparable to the European groupings. Hubbard and Boulter (1983) applied the
principle to the Oligocene sections from the Western British Isles (Wilkinson and
Boulter, 1980) and to Tertiary sections in the Paris Basin, (Chateauneuf, 1980) and

the Armoricain Massif, (Olliver-Pierce, 1980).

If the groups identified depict a natural association of taxa forming a
vegetational type, as deduced from the botanical affinity of the taxa that comprise the
group, and as the groups of taxa have been proved to be valid in their application to
Tertiary floras of the Southern Hemisphere and, in particular, to those sections of the
Irish Oligocene, the Mirehouse and Bellbrook assemblages (Wilkinson and Boulter
1980) then the validity of applying the four defined groups to pollen and spore
assemblages recognised within this study to delimit vegetational associations should
not be called into question. As a result of this, the pollen and spore assemblages
recorded in this study have been referred to these four groupings to delimit the
probable palaeovegetation and associated climatic parameters that they represent. The
form-genera assigned to each of the four natural ecological groups are listed in table
13.1. Taxa that could not be attributed to any of the four groups are listed within a
fifth unassigned category. The relative percentages of these five groups have been
plotted for each sample (see figs 13.1-13.4). To ensure a clearer depiction of the
results barren samples have not been plotted.

The effectiveness of using the vegetational character to predict a forest type,
and from this obtain estimates of palacotemperature by comparison to climatological

parameters of extant forests, may to some degree be verified by testing whether the

present day climatological data may be used to idéntify vegetation distribution.
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Aglaoreida
Boehlensipollis
Corsinipollenites
Engelhardtioidites
Ericipites
Gothanipollis
Lycopodiumsporites
Mediocolpopollenties
Momipites
Monocolpopollenties
Myricipites
Nymphaeacidites

Abiespollenites
Baculatisporis
Camarozonosporites
Carpinipites
Cedripites
Cicatricosisporites
Cycadopites
Deltoidospora
Echinatisporis
Echinosporis
Gleicheniidites
Graminidites

Deciduous Forest

Periporopollenites
Podocarpidites
Polypodiidites
Porocolpopollenties
Reevesiapollis
Salixipollenites
Sequoiapollenites
Tricolpopollenties
Tricolporopollenites
Trilites
Ulmipollenites

Fern and Conifer Forest

Piceapollenites
Polyatriopollenites
Polypodiaceaesporites
Polypodiaceoisporis
Polyvestibulopollenties
Reticulosporis
Sciadopityspollenites
Stereisporites
Subtriporopollenites
Toroisporis
Trivestibulopollenites
Tsugaepollenites

Paratropical Rain Forest

Anacolosidites
Arecipites
Bombacacidites
Brosipollis
Caryapollenites
Compositoipollenites
Dicolpopollis
Diporites
llexpollenites
Interpollis
Interporopollenties
Labrapollis
Microfoveolatisporis
Microfoveolatosporis

Milfordia
Multiporopollenties
Nudopollis
Nyssapollenites
other triporates
Pentapollenites
Pistillipollenites
Platycaryapollenites
Plicapollis
Plicatopollis
Popmpeckjoidaepollenites
Pseudospinaepollis
Reticulataepollis
Retiovoipollis



Paratropical Rain Forest continued

Retitriporites Tetracolporopollenties
Sparganiaceaepollenites Tiliaepollenites
Spinozonocolpites Triplanosporis
Synplocospollenites Triporopollenites

"Rubbish-bin''/Catchment

Inaperturopollenties Pityosporites
Unassigned taxa
Baculatisporites Hydrosporis levis
Corrusporis ?Magnolipollis neogenicus minor
Cyperaceaepollis Matonisporites
Echinate spore sp. A Muerrigerisporis
Echinate spore sp. B Saxosporis gracilis
Echinate spore sp. C Trilete spore (undifferentiated)
Foveotriletes Triplanosporites
? Holkopollis Varrirugosporites megaverrucatus
Hydrosporis azollaensis Verrucingulatisporites

Table 13.1 Taxa comprising the Natural Groups reflecting Palacovegetation after
Boulter and Hubbard (1982) and Hubbard and Boulter (1983).



13/611 Landagivey No. 1

B % Unassigned

O % "Rubbish-bin"

H % Paratropical Rain Forest
B % Fern and Conifer Forest
E % Deciduous Forest

261.00
262.00 S

g
R

206.00 1

£ 88888888283 88888¢8 8
SEEHSES3:325232888 5

Depth in metres

Fig. 13.1 Percentage composition utilising plant communities after Boulter and Hubbard (1983)




13/603 Ballymoney No. 1
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Fig. 13.2 Percentage composition utilising plant communities after Boulter and Hubbard (1983)




36/4680 Deerpark No. 2
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Fig. 13.3 Percentage composition utilising plant communities after Boulter and Hubbard (1983)



27/415 Upper Mullan No. 1
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Fig. 13.4 Percentage composition utilising plant communities after Boulter and Hubbard (1983)




Woodward and Williams (1987) note that strong and universal correlations exist
between vegetational distribution and the two major features of climate: namely
temperature and precipitation. The aforementioned authors note that the annual
minimum temperature may be a limiting factor of plant distribution and vegetation
type if it exceeds the lethal threshold for survival. Four critical temperatures
controlling the form of vegetation were identified.

1. Minimum temperature within the range 0 to 10°C produces mortality in

chilling sensitive plants e.g. typically evergreen species if no drought period exists,

but deciduous if a drought period persists.

2. -15°C is the lowest temperature for survival of the majority of broadleaved,

evergreen species.

3. Within the range -15 to -40°C a broadleaved, winter deciduous vegetation

occurs.

4. Below -40°C Conifers from the boreal region form the majority of species

able to survive.

By utilising a set of climate records from meteorological stations around the
world (Muller, 1982), Woodward and Williams (1987) mapped the pattern of
predicted vegetation utilising temperature criteria outlined in their paper and a
specially developed software package. The resultant pattern of vegetational
distribution was compared to the vegetational map of the world of Polunin (1960).
Despite some areas of similarity e.g. zones of tundra, conifers and in some cases areas
of deciduous and evergreen forests, large areas did not correlate. These areas were
identified as principally dry regions and it was noted that prediction of vegetational

distribution should be modified to include hydrological balance. When comparing the

345



vegetation distribution map based upon predictions incorporating temperature,
precipitation and the water balance to that of (Polunin, 1960), a considerable degree of
correlation was noted.

It would appear that if the prediction of present vegetational distribution using
just temperature parameters leads to some erroneous predictions, particularly for dryer
climates, then caution should be exercised when inferring temperature from a
palacovegetation without regard for the hydrological balance, as it may have a
distinct effect upon the type of vegetation developed within a particular area.

The situation is further complicated as climatic control of vegetation type may
be mediated through population processes such as gap creation and fill. Species with
slight differences in their lethal threshold will be affected to differing extents as for
example by a cooling of the climate. If the climate exceeds the lethal threshold of a
species then a gap will be left in the vegetation to be filled by a species more resistant
to the climatic change. The effect of this infilling of the vegetation will be either the
retention of the existing vegetation but with a change in the composition of species
with the same life form, or a change to a different type of vegetation and associated
range of species (Woodward and Williams, 1987).

Woodward and Williams (1987) note that it is important to study the impact of
climate on all stages of the life cycle. If only the seedling stage of a plant is affected
by a climatic change preventing regeneration but the mature plant is unaffected, then
the resultant change in vegetation would be slow and dependent upon the plant’s life
span.

The distribution of forest types (after Hubbard and Boulter, 1983) throughout

the sections show that Deciduous forest and Fern and conifer forest are the dominant
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vegetation types. Paratropical rain forest is almost always subordinate to the
aforementioned groups in all but a few horizons. Two noticeably sharp increases in
the percentage of Paratropical rain forest are observed within 13/611 at 89.00m and
within 27/415 at 61.00m. These increases may be related to a temperature increase
based upon the type of flora developed. The increase in 13/611 can be accounted for
by a sharp increase in the abundance of the megatherm taxa Arecipites (Palmae). A
similar increase in Palmae has been noted in 13/603 at 80.10m and interp/reted as an
indication of a temperature increase akin to that in 13/611. The increase in Palmae in
13/603 is related to an increase in Monocolpopollenites. This genus lies within the
Deciduous forest group of Boulter and Hubbard (1983).

Fern and conifer forest taxa are noted to increase before the boundary with the
Dunaghy Formation in 13/611 and 13/603. This increased percentage is also recorded
within the top section of the Dunaghy Formation.

It should be noted that increases in the Fern and conifer forest component
accompanied by a corresponding decrease in the Deciduous forest component often
occur in samples with a low pollen per gram abundance. The lithology may be noted
as having an influence upon the distribution of vegetation type recorded, as illustrated
by occurrences within 36/4680.

Samples with a high pollen per gram yield are generally lignites and clays with
a lignitic content. These are all denoted by a sharp increase in the percentage of

Deciduous forest and decrease in the Fern and conifer forest components.

Table 13.2 presents the temperature parameters associated with the forest

groups of Hubbard and Boulter (1983). Fig. 13.5 illustrates the temperature
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Fig. 13.5 Temperature parameters for forest types of eastern Asia
(after Wolfe, 1985)
Mean annual | Mean annual
temperature temperature
°C range
G
Deciduous forest 10 30
Fern and conifer forest 14 14
Paratropical rain forest 22.5 8

Table.13.2 Temperature parameters for the forest group of Boulter and Hubbard (1983)



parameters for humid to mesic forests of eastern Asia after (Wolfe, 1985 adapted from
Wolfe, 1979).

From consideration of the above data and particularly that from the lignites
discussed earlier in this chapter, a Broadleaved Deciduous forest may have been the
predominating vegetation type throughout deposition of the Lough Neagh Group.
Associated climatic parameters for this type of vegetation (Boulter and Hubbard,
1983) would indicate a mean annual temperature (MAT) of 10°C with a mean annual
temperature range (MATR) of 30°C.

Taxa identified as belonging to the Paratropical rain forest group of (Hubbard
and Boulter, 1983) persist in the palynofloral assemblages recorded. Increasing the
estimated MAT to a value greater than 10°C would produce more equable conditions
for such taxa. A value somewhere between the 14°C proposed as the MAT for the
Fern and conifer forest and the 22.5°C for the Paratropical rain forest might not be
unrealistic. The critical vegetational controlling temperatures (Woodward and
Williams, 1987) outlined earlier, indicate that chilling sensitive plants may survive
temperatures of 0°C and that broadleaved evergreen species can survive -15°C,

Ingrouille (1995) notes that from the Middle Oligocene there was a decrease in
humidity and a rise in broadleaved deciduous forest vegetation. 71% of British fossil

genera at this time have their relatives in China and Japan and 49% in the U.S.A.

A comparable vegetation to the suggested broadleaved deciduous forest of the

Lough Neagh Group may have been similar to the Mixed Mesophytic forest described

from the Yangtse province, China (Wang, 1961).

Most trees characteristic of the Mixed Mesophytic forest are plants of warm

and moist parts of temperate regions. This forest type mainly comprises deciduous
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broadleaved trees, however a number of evergreen broadleaved trees and conifers are
scattered throughout the forest.

Mean monthly minimum temperatures do not drop below 0°C, however,
extreme minimum temperatures of -14°C have been recorded. The average frost free
season ranges from 230-280 days. Mean monthly temperatures greater than 22°C are
recorded for 4 months of the year and above 10°C for 8-9 months.

Mean monthly temperatures for the Temperate Deciduous Broadleaved forest
(primarily comprising oaks) (Wang, 1961) are very similar to thoses of the Mixed
Mesophytic forest, 3 months > 22°C and 7 months > 10°C. Mean annual precipitation
of 1000-1500mm is recorded for the Mixed Mesophytic forest, twice the value of that
for the Deciduous Broadleaved forest.

The overall picture developing for the climate during deposition of the Lough
Neagh Group is one distinctly cooler than that of the Eocene but sufficiently warm to
support the megatherm taxa of the Palmae, Arecipites and Monocolpopollenites and
Dicolpopollis. The association of these taxa is thought to indicate a generally frost
free environment.

A cooling and drying climatic phase is thought to have persisted towards the
top of the Lough Neagh Group. Within 13/611 at 82.00m a decrease in
Nyssapollenites is recorded occurring with a decrease in the Palmae from an acme at
89.00m. A similar decrease in Nyssapollenites is recorded within 27/415 at 51.00m.

Within 13/603 this event occurs at 80.10m but coincides with the acme of the

megatherm taxa Monocolpopollenties.

The first stratigraphic occurrence of Sequoiapollenites within 13/611 is

recorded at 82.00m. Sequoiapollenites was recorded (Shukla in Parnell ef al., 1989) as
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occurring within the topmost assemblage in zone 4 (see fig. 3. p. 70 Parnell ef al.,
1989) of sections of the Lough Neagh Group from the Coagh region to the west of
Lough Neagh. Sequoiapollenites was not recorded from the 27/415 (Coagh region) in
this study, however, it was recorded within the other Ballymoney section 13/603 at
80.10m. Mossbrugger and Utescher (1996) identified Sequoiapollenites as a ‘cold
outlier’ from analysis of Tertiary floras using their coexistence approach, noting that
the extant monotypic genus is restricted to relatively cold conditions. They suggest
that during the Tertiary that taxa related to Sequoia probably lived in warmer habitats.
The first stratigraphic occurrence of Polyatriopollenites carpinoides
(Corlyaceae) at 60.00m within 13/611 and an increase of Momipites (Juglandaceae)
from 69.95m are thought to represent a drier, scrubby type flora (Jolley pers. comm.).
The P. carpinoides event is recorded in 13/603 at 60.00m and manifests itself as a
reappearance of the taxa at 51.00m in 27/415 afier an absence since 181.00m. The
increase in Momipites is recorded at 48.00m in 13/603 and at 37.30 in 27/415.
Graminoid pollen is noted to increase at 82.00m in 13/611, a similar increase
is noted in the upper sections of 27/415 and a distinct peak is recorded at 60.00m in
13/603. The presence of Graminaceae is thought to be indicative of a drying climate.
Platanuspollenites ipelensis has been identified as a probable microtherm taxa
(Pacltova 1978). An increase/acme within 13/611 at 60.00m may be interpreted as
indicative of a cooling climate. The event is noted within 13/603 at 80.10m and within
27/415 at 51.00m.
38/4680 does not appear to record the cooling and drying of the climate noted
within the other sections. This is thought to be because the event occurs above the top

sample analysed. Within 13/611 and 27/415 the pronounced acme of Nyssapollenites
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occurs immediately before the clear decrease in abundance of this taxon, coinciding
with the identified horizon at which the climatic change is first thought to become
apparent. The acme of Nyssapollenites within 36/4680 occurs at 72.05m, the top
sample analysed.

The level of precipitation and the hydrological balance have important effects
upon the development and distribution of vegetation (Woodward and Williams,
1987). Dry periods may lower the temperature tolerance of a vegetation type. Mean
monthly precipitation of the growing season has been thought to be a more limiting
factor upon vegetation than mean annual precipitation or mean maximum and
minimum precipitation (Mosbrugger and Utescher, 1997, Wolfe, 1993). Precipitation
is a difficult climatic parameter to reconstruct using numerical climate models
(Mosbrugger and Utescher, 1997).

The development of a vegetation is a complex interplay of a variety of factors
e.g. temperature, precipitation/evapotranspiration (water balance), substrate, nutrient
flow, altitude, and length of growing season. This should be borne in mind when
accounting for observed changes in palaeofloras and explaining them in terms of
climatic change. Whilst MAT and MATR are, without doubt, important controlling
factors in vegetational development, it would be unrealistic to hope to fully explain

vegetational succession and change solely upon such criteria.
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14. BOREHOLE CORRELATION

14.1 Correlation of sections using pollen and spore assemblages

Traverse (1988) noted that coal beds are difficult to correlate using pollen and
spores as the palynoflora of such deposits are notoriously local in derivation. They
represent persistent biofacies that recur mostly in response to the environment. As a
result of this, correlating beds may not be possible by correlating facies. Very similar
palynofloras may occur in significantly separate stratigraphic horizons. Wilkinson and
Boulter (1980) are of the opinion that the erratic occurrence of any potentially useful
taxa for stratigraphic correlation within Tertiary deposits, due to rapidly changing
ecological conditions, invalidates the use of most pollen and spores for detailed
stratigraphic correlation. The stable flora and nature of the deposits of the Lough
Neagh Group are regarded as unsuitable for stratigraphic work (Wilkinson and
Boulter, 1980).

A basic correlation of four sections from the Coagh region is illustrated by
(Parnell ef al., 1989). The correlations are based upon 4 zones defined by the relative
amounts of the pollen and spore morphological groups Triporate, Alete, Bisaccate,
Tricolporate and Trilete. The sections correlated all have very similar lithological
successions and the greatest separation between the sections is 1.5km. Parnell et al.,
(1989) noted that due to the structural setting of the basins containing the Lough

Neagh Group one would not expect to correlate individual lignite seams from one

district to another.
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Wilkinson and Boulter (1980) reported some success in correlating the lower
part of the Mire House borehole with the Middle shales of the Washing Bay borehole
and relating these to sections at Mochras and Bovey Tracey.

The sampling resolution, and recovery in certain parts of the sections within
this study is not regarded as sufficient to facilitate comprehensive correlations.
Despite this, correlation of the four sections has been attempted and the results are
presented as enclosure 13.

13/611 and 13/603 lie a little under 7km apart and display similar lithological
successions. The palynofloras from the upper sections of both boreholes appear to
record similar events, notably those that have been interpreted as indicating a cooling
and drying climatic phase. Correlations for the lower parts of the sections are less
certain.

Following the reported usefulness of Mediocolpopollis for correlating between
Oligocene sections in the western part of the British Isles (Wilkinson and Boulter,
1980; Wilkinson et al., 1980), correlation lines were drawn based upon its occurrence
within the sections. Within 13/603 Mediocolpopollis occurs fairly consistently down
hole to a depth of 161.19m. It is not recorded again until a single occurrence at
280.00m. Although recorded less consistently, the base of the upper occurrence in
13/611 is noted at 121.00m, the top of the lower occurrence is at 209.00m. Similar
patterns of distribution of Mediocolpopollis .into two possible phases were identified
within 36/4680 and 27/415. It should be noted that these correlations are tentative as

distribution of the species is not continuous.

Other possible lines of correlation are presented in enclosure 13.
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15. CONCLUSIONS

15.1 Stratigraphy

The pollen and spore assemblages recovered from the four studied sections
indicate that the sediments of the Lough Neagh Group and Dunaghy formation are of
Oligocene age. This information was conveyed to the Geological Survey of Northern
Ireland for inclusion in the 1997 revised edition, 1:250 000 Geological Map of
Northern Ireland.

The absence of a dominant evergreen subtropical vegetation and any pollen
diagnostic of the Eocene or earlier period precludes an older age assignment.

Whilst an Upper Oligocene age may be deduced based upon the reported
stratigraphic significance of certain taxa identified, an earlier Oligocene age cannot be

disproved for the Lough Neagh Group nor for the Dunaghy Formation.

15.2 Palaeoenvironment

From the pollen and spore assemblages recorded within lignitic facies it is
deduced that a mixed (deciduous?) broad-leaved forest with a significant
Nyssaceae/Taxodiaceae element formed the climax vegetation. This probably grew

within a raised bog ecosystem within a fluvial-lacustrine environment.

A colonising flora dominated by pteridophytes formed the vegetation during

deposition of the Dunaghy Formation prior to the establishment of a more stable

angiosperm dominated vegetation.

An ‘upland’ flora represented by Pinaceae pollen grew in drier more areated

areas that were probably removed from the raised bog forest.
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15.3 Palaeoenvironment

The vegetation deduced from the pollen and spore assemblages is indicative of
a vegetation growing within a climate cooler than that of the Eocene, thus supporting
the concept of the Oligocene deterioration.

The presence of a warm temperate flora and some megatherm, frost sensitive
taxa within the recorded assemblages suggests that the decrease of temperatures within
the Oligocene had only a superficial effect upon the flora as recorded from the pollen

and spore assemblages.

15.4 Pollen classification and nomenclature

It has become clear that classification and nomenclature of pollen within the
Tertiary is complex and in some cases in a confused state. Whilst no one solution has
been proposed, if indeed one is possible, it is thought that the solutions to problems of
classification and nomenclature encountered within this study have not added to the

pre-existing problems. The compromising solutions offered to the problems that have

been highlighted may be easily accepted or rejected.
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17. PLATES

Plates 1-44 illustrate the characteristics of the taxa described in chapter 7. All
photographs were taken using Kodak Gold 200 ASA film using a Wild Photoautomat
MPS 45 camera.and a Leitz Labrolux K microscope. Unless otherwise stated all

photographs were taken utilising phase contrast microscopy under x1000

magnification.
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Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Plate 1

Arecipites Group A Wilkinson and Boulter, 1980
27/415, 37.30m, slide 1, G39/1.

Arecipites Group A Wilkinson and Boulter, 1980
13/603, 180.00m, slide 1, Q43.

Arecipites Group A Wilkinson and Boulter, 1980
13/603, 180.00m, slide 1, Q43.

Arecipites Group C Wilkinson and Boulter, 1980
13/611, 89.00m, slide 1, M39/2.

Arecipites Group C Wilkinson and Boulter, 1980
13/611, 89.00m, slide 1, M39/2.

Arecipites Group C Wilkinson and Boulter, 1980
13/611, 89.00m, slide 1, N34/3,






Figure 1

Figure 2

Figure 3

Figure 4

Plate 2

Arecipites symmetricus

13/603, 48.00m, slide 4, D39/4.

Arecipites symmetricus

13/603, 48.00m, slide 4, D39/4.

Arecipites cf. papillosus

13/611, 89.00m, slide 1, T51.

Arecipites cf. papillosus
13/611, 89.00m, slide 1, T51.
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Figure 1

Figure 2

Figure 3

Figure 4

Plate 3

Cycadopites sp. A
13/611, 261.00m, slide 1, M55/3.

Cycadopites sp. A
13/611, 69.95m, slide 1, M42/1.

?Magnolipollis neogenicus subsp. minor
13/611, 60.00m, slide 2, M49.

Monocolpopollenites tranquilloides

13/611, 261.00m, slide 2, 042/1, x400.
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Plate 4

Monocolpopollenites tranquillus

13/611, 89.00m, slide 2, M45/3.

Monocolpopollenites tranquillus

13/603, 48.00m, slide 2, 045.

Dicolpopollis kockelii
13/611, 89.00m, slide 1, N48/4.

Dicolpopollis kockelii
13/603, 48.00m, slide 3, N44.

Dicolpopollis kockelii
13/603, 48.00m, slide 1, N40/3.

?Dicolpopollis Group D Wilkinson and Boulter, 1980
36/4680, 200.33m, slide 1, P49,
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Figure 6

Plate 5

Cupuliferoidaepollenites liblarensis

13/611, 261.00m, slide 1, M46/4

Platanuspollenites ipelensis

13/611, 209.00m, slide 4, M55/1

Platanuspollenites ipelensis

13/611, 230.00m, slide 2, M40.

Platanuspollenites ipelensis

13/611, 230.00m, slide 2, M40

Platanuspollenites ipelensis

13/603, 80.10m, slide 2, M35/3, oblate compression.

Platanuspollenites ipelensis

13/611, 60.00m, slide 2, M49/4, oblate compression.
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Figure 6

Plate 6

Quercoidites microhenrici

13/611, 208.00m, slide 1, H43/2, oblate compression.

Quercoidites microhenrici

13/611, 230.00m, slide 1, L.32/4.

Euretitricolpites Group A Wilkinson and Boulter

13/611, 121.00m, slide 2, L37/4.

FEuretitricolpites Group A Wilkinson and Boulter

13/611, 121.00m, slide 2, L37/4.

Euretitricolpites Group A Wilkinson and Boulter
13/603, 260.00m, slide 1, P50.

Euretitricolpites Group C Wilkinson and Boulter
13/603, 60.00m, slide 1, N49.

, 1980

, 1980

, 1980

, 1980
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Retitricolpites sp.
Holotype 13/603,

Retitricolpites sp.
Holotype 13/603,

Retitricolpites sp.

13/611, 261.00m

Retitricolpites sp.

13/611, 261.00m

Retitricolpites sp.

13/611, 261.00m

Retitricolpites sp.

13/611, 121.00m

Plate 7

A
280.00m, slide 1, K36/1.

A
280.00m, slide 1, K36/1.

A
, slide 2, L45/1.

A
, slide 1, N43/2.

A
, slide 1, N43/2.

A
, slide 4, C45/3.






Plate 8

Figure 1 Supraretitricolpites Group B Wilkinson and Boulter, 1980
27/415, 37.30m, slide 1, D50/3.

Figure 2 Supraretitricolpites Group B Wilkinson and Boulter, 1980
13/603, 222.74m, slide 1, P39.

Figure 3 Supraretitricolpites Group B Wilkinson and Boulter, 1980
13/611, 47.00m, slide 3, M47.

Figure 4 Supraretitricolpites Group B Wilkinson and Boulter, 1980
13/603, 260.00m, slide 1, M35/3.

Figure 5 Supraretitricolpites Group B Wilkinson and Boulter, 1980
13/611, 82.00m, slide 3, P36.

Figure 6 Supraretitricolpites Group D Wilkinson and Boulter, 1980
36/4680, 140.67m, slide 1, N39/4.
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Plate 9

Tricolpopollenites hastus

Holotype, 13/603, 218.60m, slide 2, N41.

Tricolpopollenites hastus

36/4680, 200.33m, slide 1, O41/3.

Tricolpopollenites hastus

36/4680, 200.33m, slide 1, O41/3.

Tricolpopollenites hastus

36/4680, 200.33m, slide 1, P49/2.

Tricolpopollenites verrucatus

Holotype, 13/611, 47.00m, slide 1, H50/3.

Tricolpopollenites verrucatus

36/4680, 200.33m, slide 4, F45, oblate compression.
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Plate 10

Cryillaceaepollenites megaexactus

36/4680, 265.13m, slide 2, M44/4.

Cryillaceaepollenites megaexactus

13/603, 60.00m, slide 1, N45/4.

Cupuliferoipollenites cingulum subsp. pusillus

27/415, 85.00m, slide 1, D43/1.

Cupuliferoipollenites cingulum subsp. pusillus

27/415, 85.00m, slide 1, G52.

Cupuliferoipollenites cingulum subsp. pusillus

13/603, 161.19m, slide 1, O39.

Cupuliferoipollenites cingulum subsp. oviformis

27/415, 41.00m, slide 1, D45/1.
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Plate 11

?Holkopollenites spp.
36/4680, 140.67m, slide 4, P50/4.

?Holkopollenites spp.
36/4680, 140.67m, slide 3, F38/1.

Ilexpollenites iliacus

13/611, 47.00m, slide 1, H38/1.

Illexpollenites iliacus

13/611, 47.00m, slide 1, M40, oblate compression.

llexpollenites margaritatus

13/611, 230.00m, slide 1, L43/3.

llexpollenites margaritatus

13/611, 230.00m, slide 2, Q44/2.
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Plate 12

Mediocolpopollis compactus

13/603, 48.00m, slide 1, N37/1.

Mediocolpopollis compactus

13/603, 48.00m, slide 3, N44.

Nyssapollenites kruschi subsp. analepticus

27/415, 51.00m, slide 1, N35/3.

Nyssapollenites kruschi subsp. analepticus

27/415, 173.00m, slide 1, Q46/4.

Nyssapollenites kruschi subsp. analepticus

13/603, 80.10m, slide 2, M35, oblate compression.

Nyssapollenites kruschi subsp. analepticus

13/611, 209.00m, slide 3, N54/1, oblate compression.
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Plate 13

Nyssapollenites kruschi subsp. accessorius

13/611, 89.00m, slide 1, L36/3, x400.

Nyssapollenites satzveyensis

13/611, 121.00m, slide 2, L35, x 400.

Nyssapollenites incognitus

Holotype, 36/4680, 265.13m, slide 1, Q45.

Nyssapollenites incognitus

Holotype, 36/4680, 265.13m, slide 1, Q45.

Porocolpopollenties calauensis

13/611, 230.00m, slide 1, V52/2.

Porocolpopollenties calauensis

13/611, 230.00m, slide 1, V52/2.
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Plate 14

Porocolpopollenites vestibulum

13/611, 230.00m, slide 2, M43/1.

Porocolpopollenites vestibulum

36/4680, 137.71m, slide 1, O30.

Porocolpopollenites vestibulum

36/4680, 265.13m, slide 2, Y43/2.

Porocolpopolleniies vestibulum

36/4680, 265.13m, slide 2, L50/4.

Euretitricolporites microreticulatus

13/611, 82.00m, slide 1, M42.

Euretitricolporites cf. microreticulatus

36/4680, 103.00m, slide 3, Q35/3.
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Figure 1

Figure 2

Figure 3
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Plate 15

FEuretitricolporites cf. microreticulatus

13/611, 209.00m, slide 1, W50, oblate compression.

FEuretitricolporites cf. microreticulatus

13/611, 209.00m, slide 1, X51/1, oblate compression.

Retioperculotricolporites spp.

Holotype, 36/4680, 140.67m, slide 4, S48/3, oblate compression.

Retitricolporites sp. A

13/603, 60.00m, slide 4, K44/1, oblate compression.

Retitricolporites sp. A
13/603, 60.00m, slide 4, T42/4, oblate compression.

Retitricolporites sp. A
Holotype, 13/603, 60.00m, slide 4, .45, oblate compression.
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Plate 16

Retitricolporites gentianoides

36/4680, 200.33m, slide 4, P53/3.

Retitricolporites gentianoides

Holotype, 36/4680, 265.13m, slide 3, W45/3.

Retitricolporites gentianoides

36/4680, 200.33m, slide 4, P53/3.

Retitricolporites gentianoides

Holotype, 36/4680, 265.13m, slide 3, W45/3.
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Plate 17

Tiliaepollenties sp. A
Holotype, 36/4680, 130.62m, slide 1, F49/1.

Tiliaepollenties sp. A
Holotype, 36/4680, 130.62m, slide 1, F49/1.

Tiliaepollenties sp. B
Holotype, 13/611, 60.00m, slide 2, L.50/3.

Tiliaepollenties ceciliensis

27/415, 125.00m, slide 1, G46.

Tiliaepollenties instructus

36/4680, 265.13m, slide 3, W49/3.

Tiliaepollenties instructus

36/4680, 265.13m, slide 4, T34/3.
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Plate 18

Figure 1 Tricolporopollenites sp. A

Holotype, 13/603, 80.10m, slide 3, W36/4

Figure 2 Tricolporopollenites sp. A

Holotype, 13/603, 80.10m, slide 3, W36/4.

Figure 3 Tricolporopollenites sp. A

Holotype, 13/603, 80.10m, slide 3, W36/4.

Figure 4 Tricolporopollenites sp. A

13/603, 100.00m, slide 4, B45/3.

Figure 5 Tricolporopollenites sp. A
13/603, 120.00m, slide 2, L41.

Figure 6 Tricolporopollenites sp. B
Holotype, 13/611, 261.00m, slide 1, O53/1, oblate compression.
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Plate 19

Tricolporopollenites baculoferus

36/4680, 131.71m, slide 1, P43/4.

Tricolporopollenites baculoferus

36/4680, 250.00m, slide 2, R49/3.

Tricolporopollenites baculoferus

13/611, 209.00m, slide 2, T47/2.

Tricolporopollenites pseudocingulum

13/611, 60.00m, slide 1, M46.

Tricolporopollenites spinus

13/603, 218.60m, slide 2, F45/1.

Tricolporopollenites spinus

13/603, 218.60m, slide 2, J36.
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Plate 20

Tricolporopollenites spinus

13/603, 218.60m, slide 1, W50/4.

Tricolporopollenites spinoreticulatus

Holotype, 27/415, 115.00m, slide 2, N44/4.

Tricolporopollenites spinoreticulatus

Holotype, 27/415, 115.00m, slide 2, N44/4.

Tricolporopollenites spinoreticulatus

36/4680, 265.13m, slide 3, W43.

Tricolporopollenites spinoreticulatus

36/4680, 265.13m, slide 3, W43,

Tricolporopollenites verrucatus

Holotype, 24/415, 85.00m, slide 1, F44.
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Plate 21

Boehlensipollis Group B Wilkinson and Boulter, 1980
27/415, 173.00m, slide 1, Q41/3.

Boehlensipollis Group B Wilkinson and Boulter, 1980
27/415, 173.00m, slide 1, Q41/3, ordinary transmitted light.

Boehlensipollis Group B Wilkinson and Boulter, 1980
27/415, 173.00m, slide 2, G39/4.

Gothanipollis Group B Wilkinson and Boulter, 1980
13/603, 161.19m, slide 4, D39.

Gothanipollis Group B Wilkinson and Boulter, 1980
13/603, 161.19m, slide 4, S44/1.

Gothanipollis Group B Wilkinson and Boulter, 1980
13/603, 130.00m, slide 2, N38/2.
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Plate 22

Cyperaceaepollis spp.

13/603, 260.00m, slide 1, A39/3.

Cyperaceaepollis spp.

13/603, 260.00m, slide 1, A39/3.

Graminidites laevigatus

13/603, 60.00m, slide 1, 048/2.

Graminidites laevigatus

13/603, 60.00m, slide 1, M44/3.

Sparganiaceaepollenites polygonalis

13/611, 69.95m, slide 1, E45.

Sparganiaceaepollenites polygonalis

13/611, 69.95m, slide 1, E45.
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Figure 2

Figure 3

Figure 4

Figure 5

Plate 23

Caryapollenites veripites

13/611, 262.00m, slide 1, B41.

Momipites coryloides

13/611, 121.00m, slide 1, M41/2

Momipites quietus

13/611, 121.00m, slide 1, L50/4.

Momipites quietus

13/611, 121.00m, slide 1, 1.42/3.

Corsinipollenites oculusnoctis

13/603, 218.60m, slide 4, D38.
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Figure 1

Figure 2

Figure 3

Figure 4

Plate 24

Plicatopollis spp.
27/415, 183.34m, shide 1, M33/3.

Triporopollenites robustus

27/415, 85.00m, shde 1, F45/1.

Trivestibulopollenites betuloides

13/611, 262.00m, slide 1, K36.

Trivestibulopollenites betuloides

13/603, 222.74m, slide 1, O31.
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Plate 25

Alnipollenites verus

27/415, 125.00m, slide 1, J35.

Alnipollenites verus

13/611, 69.95m, slide 2, .42/3.

Alnipollenites verus

36/4680, 131.71m, slide 1, O41.

Anacolosidites spp.

13/611, 261.00m, slide 4, K43/2.

Polyatriopollenites carpinoides

13/611, 47.00m, slide 1, H36/1.

Polyatriopollenites stellatus

13/611, 60.00m, slide 3, M46/2.







Figure |

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Plate 26

Inaperturopollenites cuspidateformis

13/611, 47.00m, slide 1, S43.

Inaperturopollenites cuspidateformis

13/611, 131.00m, slide 1, P36.

Inaperturopollenites cuspidateformis

13/603, 222 .74m, slide 1, M33.

Inaperturopollenites dubius

13/611, 100.00m, slide 1, P38/1.

Inaperturopollenites dubius

13/611, 82.00m, slide 1, N52.

Inaperturopollenites hiatus

27/415, 41.00m, slide 1, J37/2.
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Figure 1
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Plate 27

Inaperturopollenites cf. hiatus

13/611, 69.95m, slide 1, N52/2.

Inaperturopollenites cf hiatus

13/611, 60.00m, slide 2, M49/4.

Inaperturopollenites insulipapillatus

13/611, 100.00m, slide 1, M51/4.

Inaperturopollenites radiatus subsp. megaradiatus

13/611, 60.00, slide 1, M54/4.

Sequoiapollenites polyformosus

13/611, 60.00m, slide 1, M36.
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Figure 1

Figure 2

Figure 3

Figure 4

Plate 28

Sciadopityspollenites quintus

27/415, 71.00m, slide 1, H34.

Sciadopityspollenites verticillatiformis

27/415, 85.00m, slide 1. F36/1

Sciadopityspollenites verticillatiformis

27/415, 85.00m, slide 1, F36/1. ordinary transmitted light.

Monosaccate conifer pollen sp. A

36/4680, 223.18m, slide 3, M51/1, x 400
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Plate 29

Pityosporites microalatus

13/611, 69.95m, slide 1, T38/3. x 400.

Pityosporites labdacus

36/4680, 265.13m, slide 3, S34/4, x 400.

Pityosporites labdacus

13/611, 262.00m, slide 4, R39, x 400.

Pityosporites labdacus

27/415, 51.00m, slide 1, N35, x 400.

Podocarpidites libellus
13/603, 120.00m, slide 1, F40/2, x 400.

Podocarpidites libellus
27/415, 41.00m, slide 1, D52/1, x 400.
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Figure 1

Figure 2
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Plate 30

Corrusporis chattensis

36/4680, 72.05m, slide 1, N34/2, x 400.

Corrusporis globoverrucatus

13/611, 164.80m, slide 1, G53, ordinary transmitted light.

Corrusporis globoverrucatus

13/611, 164.80m, slide 1, G53, ordinary transmitted light.

Corrusporis globoverrucatus

13/611, 164.80m, slide 1, G53.

Corrusporis tuberculatus subsp. tuberculatus

36/4680, 72.05m, slide 4, W29/2.
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Figure 1
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Plate 31

Corrusporis tuberculatus subsp. minutus

Holotype 13/611, 100.00m, slide 3, S41/4.

Corrusporis tuberculatus subsp. minutus

Holotype 13/611, 100.00m, slide 3. S41/4. ordinary transmitted
light.

Corrusporis tuberculatus subsp. minutus

Holotype 13/611, 100.00m, slide 3. S41/4. ordinary transmitted
light.

Corrusporis tuberculatus subsp. minutus

36/4680, 72.05m, slide 1, N35/1, x 400.

Corrusporis sp. A

Holotype, 36/4680, 72.05m, slide 1, M42/1. x 400.
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Plate 32

Laevigatosporites discordatus

13/603, 48.00m, slide 1, N46/3.

Laevigatosporites haardti

13/603, 48.00m. slide 1. D34.

Laevigatosporites haardti

27/415, 125.00m, slide 1, D46.

Laevigatosporites haardti subsp. crassicus

36/4680, 200.33m, slide 4, E32. x 400.
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Plate 33

Verrucatosporites alienus

13/611, 110.00m, slide 1, V47/2, x 400, ordinary transmitted light.

Verrucatosporites alienus

13/611, 110.00m, slide 1, V47/2 x 400.

Verrucatosporites balticus subsp. balticus

13/611, 206.00m, slide 1, 045/2, ordinary transmitted light.

Verrucatosporites balticus subsp. balticus

13/611, 206.00m, slide 1, 045/2.

Verrucatosporites favus subsp. favus

13/603, 161.19m, slide 2, M3 1, x 400.

Verrucatosporites favus subsp. pseudosecundus

13/611, 110.00m, slide 1, W46/4.
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Figure 1

Figure 2
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Plate 34

Verrucatosporites histiopteroides subsp. minor

13/611, 164.80m, slide 1, H37/4 x 400, ordinary transmitted light.

Verrucatosporites poriacus subsp. poriacus

13/611, 110.00m, slide 1, R41/4, x 400.

Verrucatosporites poriacus subsp. microporiacus

13/611, 110.00m, slide 1, U43/2, x 400.

Verrucatosporites poriacus subsp. microporiacus

13/611, 110.00m, slide 1, U43/2.
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Figure 1

Figure 2

Figure 3
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Figure 5

Plate 35

Baculatisporites nanus

36/4680, 223.18m, slide 3, T47/2, x 400.

Baculatisporites nanus

27/415, 71.00m, slide 2, P36/4, x 400.

Baculatisporites primarius

13/611, 262.00m, slide 1, LS5, x 400.

Baculatisporites quintus

36/4680, 131.71m, slide 1, N36/4.

Baculatisporites sp. A

27/415, 173.00m, slide 2, J46/2, x 400.
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Figure 1
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Plate 36

Camarozonosporites (Camarozonosporites) decorus

36/4680, 200.33m, slide 1, P49.

Camarozonosporites (Camarozonosporites) heskemensis

13/611, 164.80m, slide 1, G42/1.

Camarozonosporites (Camarozonosporites) heskemensis

13/611, 164.80m, slide 1, G42/1.

Cicatricosisporites dorogensis

36/4680, 265.13m, slide 2, D36, x 400.

Cicatricosisporites dorogensis

36/4680, 265.13m, slide 2, D36, x 400, ordinary transmitted light.
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Plate 37

Cicatricosisporites dorogensis

36/4680, 265.13m, slide 2, G38, x 400.

Cicatricosisporites dorogensis

36/4680, 265.13m, slide 2, G38, x 400, ordinary transmitted light.

Cicatricosisporites paradorogensis

36/4680, 265.13m, slide 2, G349/4, x 400.

Cicatricosisporites paradorogensis

36/4680, 265.13m, slide 2, G49/4, x 400, ordinary transmitted light.

Cicatricosisporites paradorogensis

36/4680, 265.13m, slide 2, F42, x 400, ordinary transmitted light.
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Plate 38

Cicatricosisporites chattensis subsp. chattensis

13/611, 110.00m, slide 1, K37/4, x 400.

Cicatricosisporites chattensis subsp. chattensis

13/611, 110.00m, slide 1, K37/4, x 400, ordinary transmitted light.

Cicatricosisporites chattensis subsp. chattensis

13/611, 100.00m, slide 2, L41, x 400.

Clicatricosisporites chattensis subsp. chattensis

13/611, 110.00m, slide 2, L41, x 400, ordinary transmitted light.

Cicatricosisporites chattensis subsp. chattensis

13/611, 110.00m, slide 1, S34/3, x 400.

Cicatricosisporites chattensis subsp. chattensis

13/611, 110.00m, slide 1, S34/3, x 400, ordinary transmitted light.
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Plate 39

Cicatricosisporites chattensis subsp. minor

13/611, 100.00m, slide 1, Q37, x 400, ordinary transmitted light.

Deltoidospora maxoides

36/4680, 265.13m, slide 4, P37/1, x 400.

Deltoidospora wolffi
13/611, 154.00m, slide 1, R34/4.

Echinatisporis echinoides subsp. grausteinensis

13/611, 100.00m, slide 3, B35, x 400.

Echinatisporis echinoides subsp. grausteinensis

13/611, 100.00m, slide 3, B35, x 400, ordinary transmitted light.

Echinatisporis embryonalis

36/4680, 237.75m, slide 1, R38/4.
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Plate 40

(rleicheniidites senonicus

13/611, 69.95m, slide 1, D43, x 400.

Hydrosporis azollaensis

13/611, 110.00m, slide 1, E50/4.

Hydrosporis levis
13/611, 100.00m, slide 2, 052/3.

Lycopodiumsporites

13/611, 100.00m, slide 2, U43.

Lycopodiumsporites

13/611, 100.00m, slide 2, U43.

Matonisporites spp.
13/603, 48.00m, slide 2, V35/1.
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Plate 41

Figure 1 Polypodiaceoisporites gracillimus

13/611, 110.00m, slide 1, S43, x 400.

Figure 2 Polypodiaceoisporites gracillimus

13/603, 48.00m, slide 3, F47/3, x 400.

Figure 3 Polypodiaceoisporites gracillimus subsp. semiverrucatus

27/415, 71.00m, slide 1, M31/3, x 400, distal ornament in focus.

Figure 4 Polypodiaceoisporites saxonicus

13/611, 110.00m, slide 1, U46/1.

Figure 5 Saxosporis gracilis

36/4680, 72.05m, slide 1, M46/4.

Figure 6 Stereisporites (Distigranisporis) granistereoides

36/4680, 169.05m, slide 4, W44.




Plate 41




Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Plate 42

Stereisporites (Distigranisporis) granistereoides

36/4680, 169.05m, slide 4, W44.

Stereisporites (Distancoraesporis) ancoris

13/611, 47.00m, slide 2, N43.

Toroisporis spp.

13/611, 69.95m, slide 3, M33, x 400.

Toroisporis spp.

13/611, 69.95m, slide 1, L37, x 400.

Trilites multivallatus

13/611, 100.00m, slide 3, 052/2, x 400, ordinary transmitted light.

Trilites multivallatus

36/4680, 237.75m, slide 1, B46/2.
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Plate 43

Triplanosporites microsinuosus

27/415, 41.00m, slide 1, E33/4. x 400.

Triplanosporites microsinuosus

27/415, 41.00m, slide 1, E33/4.

Varirugosisporites megaverrucatus

36/4680, 200.33m, slide 1, P32, x 400, ordinary transmitted light.

Verrucingulatisporites undulatus subsp. undulatus

13/611, 110.00m, slide 4, 045, x 400, ordinary transmitted light.
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Plate 44

Echinate spore sp. A
Holotype 13/611, 100.00m, slide 1, P36.

Echinate spore sp. A
13/611, 100.00m, slide 1, M48/1.

Echinate spore sp. A
13/611, 164.80m, slide 2, M49/4, x 400.

Echinate spore sp. B
Holotype 13/611, 100.00m, slide 1, L35/3.

Echinate spore sp. C
Holotype 36/4680, 72.05m, slide 1, 049.
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APPENDIX 1

Appendix 1 contains tables Al-A4 illustrating the approximate pollen per

gram data for the studied sections.
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13/611 Landagivey No. 1

Depth . Pollen per
(nli) Lithology gram

47.00 Lignite 919 400
60.00 | Clayey sand 45 540
69.95 Lignite 393 300
82.00 Clay 25 080
89.00 | Clayey lignite 141 900
100.00 | Sandy clay 506
110.00 Clay 1246
121.00 | Clayey lignite | 2 535 000
131.00 Clay 623
149,12 | Lignite + clay 7922
154.00 Clay 150
155.19 Lignite Barren
157.41 Clay 78
160.00 Clay Barren
164.80 Clay 125
166.00 Clay Barren
170.00 Clay Barren
174.00 Clay 450
190.00 Clay Barren
206.00 Clay 65
208.00 Clay 285
209.00 | Clay + lignite 22 440
218.00 Clay Barren
230.00 Clay 25 960
250.00 Clay Barren
259.58 Tuff Barren
260.00 Clay 25
261.00 | Clay + lignite 4 400
262.00 Clay 8 800
264.00 Tuff Barren
2635.65 |Clay/2conglom] Barren

Table Al. 13/611 Landagivey No. 1 approximate pollen per gram data.



13/603 Ballymoney No.1

D(Zli;h Lithology Po?ﬂe:ger

48.00 Clay 97 680
60.00 | Clay + lignite 154 880
80.10 | Clay + lignite 864 747
100.00 Clay 50 160
120.00 Clay 48107

. . Not

130.00 | Clay + lignite quantitative
150.00 Lignite 808 400
161.19 Lignite 559 200
180.00 Lignite 880 800
200.07 | Lignitic clay 640 640
218.60 Clay 64 386
222.74 | Lignitic clay 898 773
240.00 Clay 3 850
260.00 Clay 86 240
280.00 | Lignitic clay 279 840
290.00 Clay 147

Table A2. 13/603 Ballymoney No. 1 approximate pollen per gram data.



36/4680 Deerpark No. 2

Depth Lithology Pollen per
(m) gram

72.05 Clay 14 520
80.00 Sandy Clay 2
90.00 Sandy Clay Barren

103.62 | Sandy lignitic clay 11 000
110.00 Clayey sand 158
131.71 Lignitic clay 46 933
140.67 |Sandy clay + lignit 14 080
150.56 Sandy clay Barren

169.05 {Sandy clay+ lignite 71
179.20 Sandy clay 4
190.00 Sandy clay <1
200.33 Clay 5427
223.18 Lignite 35710
237.75 Sandy clay 660
242.25 Lignite 36 065
245.30 Lignite 11 000
250.00 Sandy clay 226
259.77 Clay 52
265.13 Clay 42 533

Table A3. 36/4680 Deerpark No. 2 approximate pollen per gram data,




27/415 Upper Mullan No. 1

D(:ﬁ;h Lithology POIglre:nl: o
37.30 Sand 7773
41.00 Clay 374 000
51.00 Clay 219413
61.00 Clay 308 587
71.00 Clay 132 880
75.95 Lignite 19 597
85.00 Lignite 530279
102.00 | Lignitic clay 138 711
115.00 | Lignitic clay 258 720
125.00 Clay 211
131.00 Sandy clay 475
. . Not
137.00 | Clay + lignite quantitative
145.00 Clay 411
151.80 Sandy clay 5280
153.00 Sandy clay 45
165.00 Clay 9
173.00 Clay 15
175.00 Clay Barren
Sand/mini
181.00 conglom. 9 680
Clay/weathered

183.34 basalt 10 368
185.00 {Weathered basalt{ Barren
195.00 |Weathered basalt ’

Table A4. 27/415 Upper Mullan No. 1 approximate pollen per gram data.




APPENDIX 2

Appendix 2 contains descriptions of the cored sections from 13/611, 13/603,

36/4680 and 27/415 supplied by the Geological Survey of Northern Ireland.
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13/611 LANDAGIVEY No. 1

Drilling near Agivey, Ballymoney and Stranocum 1984 Phase 1 extension.

Grid reference: Six inch quarter sheet 19 NW C 9100 2112

Location: 2.75 km at 217° from Bendooragh cross roads, Londonderry.

Exact site: Landagivey Townland, south east corner of disused airfield, 150 m east of Carlin’s
Farm, west bank of the River Bann.

Direction of bore: Down, cored from surface.

Bore made by: Drillsure Ltd.

Information from: Site geologists: F. Crozier and M. Lowther.

Date of sinking: 14.05.84 - 21.05 84.

Geological Description of strata Thickness| Depth
Classification metres metres
Soil Soil; Brown, friable, underlain by light brown firm clay,
Sub soil  |no cores recovered from top 2.9m. 2.90 2.90
Pebbly Clay: Grey-brown, very soft, top 0.93m slurry,
basalt pebbles up to 2cm, very sticky. 0.93 3.83
Sandy Clay: Grey-brown, soft, laminated. 0.73 4.56
NCR} 0.54 5.10
Sandy Clay: Grey-brown, soft, sandy, laminated as
above, firm. 1.00 6.10
NCR] 130 7.40
Sandy Clay: Grey-brown, soft to firm, laminated 0.92 8.32
NCR}] 2.08 10.40
Clay/Sandy Clay: Alternating laminae of soft to firm
Post Glacial |brown clay and grey-brown sandy clay, poor recovery at
top of core 1.30 11.70
NCR} 1.80 13.40
Clay: Grey-brown, very soft to soft, slurry, laminated
clay and sandy clay, poorly recovered 0.66 14.06
Sandy Clay: Grey-brown soft sandy clay with thin
brown clay bands 0.88 14.94
EXCESS| 0.16 14.78




Clay: Brown, soft to firm, subordinate, grey sandy clay
horizons

0.63 15.41
NCR} 0.09 15.50
Clay: Brown, soft to firm with distinct thin grey sandy
clay horizons (3-5mm) possibly a fining upwards cycle 0.55 16.05
Clay: Brown and grey, laminated, firm to stiff 0.39 16.44
EXCESS] 0.04 16.40
Clay/Sandy Clay: Brown, firm with grey sandy clay
laminae 1.20 17.60
EXCESS] 0.03 17.57
Clay/Sandy Clay: Interlaminated brown and grey-
brown, firm to stiff, medium to coarse sandy laminae
toward top, green-grey 0.70 18.27
NCR] 0.68 18.95
Clay: Brown and grey-brown, laminated, stiff to firm 0.35 19.40
Clay: Brown, soft, slurry with fragments of firm brown
clay 0.25 19.65
Clay: Brown and grey-brown, laminated, firm to stiff
coarse sandy and pebbly laminae at end of run, green-
grey with basalt pebbles up to Smm also quartz, chalk
and mudstone granules 0.52 20.17
NCR] 0.20 20.37
. . |Clay/Sandy Clay: Interlaminated brown clay and grey-
Post Glacial brown sandy clay, firm to stiff’ 0.59 20.96
NCR] 0.29 21.25
Clay: Brown, soft, slurry recovery with fragments of
firm to stiff clay 0.15 21.40
Clay/Sandy Clay: Brown, firm with thin grey sandy
clay laminae 0.30 21.70
EXCESS| 0.15 21.55
Clay: Poor recovery as slurry, brown, very soft with
fragments of firm to stiff clay 0.75 2230
Clay/Sandy Clay: Brown firm to stiff clay with grey
sandy laminae 0.57 22.87
EXCESS| 047 22.40
Clay: Brown and grey laminated, firm to stiff, with thin
grey sandy clay laminae, small (4-5mm) basalt pebbles 0.67 23.07
Clay: Brown soft to firm, large fragment of basalt
boulder, passes into firm brown sticky clay with dark
brown-grey laminae 0.50 23.57
: NCR] 1.83 25.40
Clay/Sandy Clay: Interlaminated brown clay and grey
sandy clay, very fine-grained, more sandy firm clay 0.70 26.10
\ NCR] 0.19 25.91




Clayey Sand: Grey to dark grey clayey sand, firm
becoming soft to very soft, brown clay band (Imm) at

top 0.55 26.44
NCR] 0.08 26.52
. ISand: Fine-grained green-grey, some thin claye
Post Glacial [ 15" TEEIECEEEE i 050 | 27.02
NCR] 043 27.45
Between 27.45 and 31.20 rock bit used, sand wouldn't
core, chip samples taken clayey sand
NCR} 375 31.20
""" " | Boulder Clay: Brown, stiff, slightly sand supporting
well-rounded basalt clasts, up to Scm, small quartz
fragments, brown mudstone pebbles, small grey sandy
clay patches 0.20 31.40
Boulder Clay: Brown, stiff slightly sandy, pebbles of
basalt, quartz, chalk and mudstone, some horizons of
fine to medium-grained sand, large pale green quartz
pebble (4cm) 0.83 32.23
Boulder Clay: Large basalt boulders, up to 10cm in a
stiff brown pebbly clay, pebbles of basalt, quartz, chalk
and mudstone 0.57 32.80
Boulder Clay: Clast supported, small rounded pebbles
of basalt, also fragments pebbles of quartz, chalk and
mudstone, clay contains much quartz sand material 1.20 34.00
EXCESS| 0.15 33.85
Boulder Clay: Clast supported, basalt pebbles up to
Drift Glacial |3cm, sandy clay matrix, basalt boulders at base, small
pebbles of basalt, chalk, quartz and mudstone 0.51 34.35
NCR}] 0.05 34.40
Boulder Clay: Clay supported clasts of basalt, quartz,
chalk, mudstone and sandstone, and of ?granite, brown
sandstone pebble, more sandy clay toward base 0.55 34.95
EXCESS| 0.10 34.85
Boulder Clay: Small well-rounded clasts of basalt with
minor chalk quartz and mudstone, clay matrix if firm to
stiff and sandy 0.28 35.13
Boulder Clay: Clast-supported, clasts of basalt quartz,
chalk, flint, mudstone and red-brown sandstone,
occasional large basalt boulder 0.50 35.63
Boulder Clay: Clast-supported, clasts of basalt quartz,
chalk, mudstone and sandstone 0.17 35.80
Boulder Clay: Large basalt boulders in sandy clay,
small quartz pebbles, also some calcite? 0.31 36.11
Boulder Clay: Clast-supported, well rounded pebbles
up to Scm sandy clay, quartz and chalk fragments 0.45 36.56




NC 0.09 36.65
Boulder Clay: Clasts of basalt, chalk, quartz, mudstone
and sandstone in sandy clay matrix 0.22 36.87
Boulder Clay: Clast supported, basalt pebbles and
boulders up to 9cm pebbles of quartz, chalk, mudstone
and possibly granite, sandy clay matrix 1.08 37.95
EXCESS| 0.06 37.89
Till: Matrix clayey with very high proportion of fine to
coarse-grained quartz sand, clasts of basalt, quartz, flint,
chalk and possibly granite. matrix supported 0.50 38.39
NCR| 0.16 38.55
Till: Grey-brown, very sandy clay supporting well
Drift Glacial |rounded small pebbles of basalt, quartz, flint and
mudstone 0.44 38.99
CORE WASHED AWAY NCR 1.00 39.99
Boulder Clay: Several well rounded loose basalt
pebbles up to 4cm passes into grey-brown pebbly sandy
clay 0.41 40.40
Boulder Clay: Grey, fine to medium-grained very stiff
sandy clay supporting clasts of basalt, quartz, chalk and
mudstone 1.82 42.22
Sand: Brown, fine to medium-grained quartz sand firm,
passes into stiff brown clay at base 0.12 42.34
NCR] 1.06 43.40
Boulder Clay: Several boulder fragments, thin beds of
grey sandy clay and black lignitic clay at base 0.15 43.55
CORE LOST DUE TO SCRUBBING NCR 2.70 46.25
~ =™ =~ " "[Lignite: Black, hard, woody, some patches of brown-
black clayey lignite 1.25 47.50
Lignitic Clay: Decreasing lignite content to base
becoming grey-brown very stiff clay with wood
fragments 0.43 47.93
Clayey Lignite: Black-brown hard, very clayey, woody | 0.44 48.37
Lignitic Clay: Pale grey, very stiff, brown clay
fragment and stringers 0.18 48.55
Clay: Pale grey, very stiff, slight black mottling 0.30 48.85
Lignitic Clay: Dark grey, firm 0.30 49.15
Clay: Grey-dark grey, very stiff, woody fragments,
Lough Neagh|many numerous woody fragments and stringers 0.35 49.50
Group EXCESS] 0.20 49.30
Clay: 2-3cm clayey lignite horizon passes into pale grey
clay with dark wood fragments and stringers 0.86 50.16
Lignite: Black, hard woody, 5cm clay bed at base 0.85 51.01




Clayey Sand: Grey to black (black due to lignite
straining), increasingly sandy to base, poorly

consolidated fining upwards sequence 1.29 52.30
NCR] 0.10 52.40
Sand: Grey, medium to coarse-grained, clay matrix,
black lignitic patches 1.40 53.80
Clayey Sand: Grey, fine-grained sand, stiff, black
woody fragments, brown lignitic staining 0.80 54.60
SAND WASHED AWAY NCR 0.80 55.40
Clayey Sand: Grey, poorly consolidated fine-grained
quartz sand, clay matrix, becoming brown-grey due to
lignitic staining, black woody fragments 1.06 56.46
SAND WASHED AWAY NCR 1.94 58.40
Sandy Clay: Grey-brown stiff to very stiff, very sandy,
fine-grained, brown lignitic staining occasional lignite
fragment and laminae, white-buff flecks, increasingly
lignitic to base 3.00 61.40
Sand: Medium to coarse-grained quartz sand, poorly
Lough Neagh consolidated, clay matrix, more consolidated towards
Group base, dark lignitic patches 0.40 61.80
Clay: Sudden change to pale grey stiff to very stiff,
slight dark grey-black mottling 0.25 62.05
Ironstone/mudstone: Very hard, lithified mudstone 0.06 62.11
NCR| 0.34 62.45
Sand: Medium to coarse-grained poorly consolidated
quartz sand, loose clay matrix, grey-dark grey 0.62 63.07
Ironstone: Fragments of hard lithified mudstone, grey 0.12 63.19
LOOSE SAND WASHED AWAY NCR 1.21 64.40
Clay: Pale grey, stiff to very stiff, slight black mottling,
occasional black wood fragment, one slightly sandy
horizon (5¢m), clay mottled towards base 1.80 66.20
EXCESS| 0.20 66.00
Lignitic Clay/Lignite: Pale grey becoming dark grey
then dark brown-black lignitic clay, woody fragments,
laminae, stringers, 12cm lignite band at 66.30 0.60 66.60
Clay: Grey, stiff to very stiff, black wood fragments,
more frequent towards base, lignite stringer 0.28 66.88
Lignite: Black, hard, compact, woody, well preserved
woody structure 0.53 67.41
Lignite: Black, hard, compact, woody fragments 2.60 70.01
Lignitic Clay: Grey to dark grey and brown, much
woody material, hard black lignite stringer, clayey
toward base 0.27 70.28




NCR] 0.17 70.45
Lignitic Clay/Clay: Dark brown to black lignitic clay
passes into grey, very stiff clay, black mottling reworked
lignite fragments, buff coarse sand grains within the clay
at base 2.30 72.75
Sandy Clay: Grey, packed with hard woody lignite
fragments 0.65 73.40
NCR] 0.10 73.50
Clay/Sandy Clay: Pale grey clay and slight sandy clay,
packed with lignite fragments becoming more lignitic. 0.95 74.45
Clay: Grey to pale grey, very stiff, slight black lignitic
mottling, sandy clay patches, small patches of buff, fine-
grained sand, occasional lignite fragment 2.16 76.61
EXCESS| 0.11 76.50
Clay: Pale grey, very stiff, black mottling, sandy clay
horizon at top, becoming sandy clay again toward base,
gritty 0.49 76.99
Ironstone: Very hard clay, grey possibly sideritic, less
consolidated at top and base 0.38 71.37
Clay/Sandy Clay: Interbedded, pale grey, stiff, fine to
Lough Neagh medium-grained sand material, slight black mottling,
Group clay has a purple-grey tinge at base 1.59 78.96
NCR] 054 79.50
Sandy Clay: Grey to blue-grey, fine grained, sandy
clay, purple grey time at top, patches of very sandy clay,
gritty 1.77 81.27
Clay: Grey to pale grey stiff to very stiff, very slight
black mottling, occasional lignite fragment, slightly
clearer toward base. Bottom 15¢m very fine grained
sandy clay 1.40 82.67
EXCESS 0.17 82.50
Clay: Grey, very stiff, lignite fragments 0.15 82.65
Ironstone: Broken fragments, hard, very fine-grained,
possibly sideritic brown lignite fragments 0.08 82.73
Lignitic Clay/Clayey Lignite: Dark grey-black clay
with lignite fragments and laminae, poorly consolidated,
passes into very clayey lignite horizon at base 0.45 83.18
Lignite: Black, hard, woody, clayey patches 1.22 84.40
Clay: Grey, very stiff, abundant black lignite debris and
laminae, near horizontal attitude, buff-brown sandy
patches. less lignitic toward base 0.44 84.84
Ironstone: Hard, very fine-grained, sideritic, black and
brown lithified woody fragments 0.30 85.14
NCR] 036 85.50




Clay/Sandy Clay: Grey clay with patches of slightly

sandy clay, black lignite traces 0.28 85.78
Liginitic Clay/Lignite: Black lignitic clay with hard
lignite laminae 0.23 86.01
Clay/Sandy Clay: Lignite content disappears in top
Scm, passes into grey clay with occasional black woody
fragment, grey sandy clay with hard white ironstone
nodules and grey clay at base 0.87 86.88
Clay/Lignitic Clay: Rapid change to lignitic clay grey
to dark grey with black woody laminae, thin clayey
lignite horizon and grey clay horizon with abundant
black lignitic debris 0.38 87.26
Clay: Grey, very slightly sandy with sandy clay patches,
black mottling, occasional wood fragment 0.70 87.96
Lignitic Clay/Clayey Lignite: Dark grey firm lignitic
clay and hard clayey lignite with lignite fragments and
laminae 0.25 87.21
Lignite: Hard, black compact woody fragments 0.38 87.59
EXCESS 0.09 87.50
Lignite: Black, hard, woody with thin clay horizons 0.40 87.90
Clay/Ligintic Clay: Grey, very stiff, abundant black
Lough Neagh(lignite debris, clayey lignite horizon 0.33 88.23
Group Lignite: Black hard, compact occasional fragments of
hard black wood, thin clay horizons 2.30 91.53
EXCESS] 0.03 91.50
Lignitic Clay: Grey-dark grey and black lignitic
clay/clayey lignite, very stiff 0.20 91.70
Clay/Sandy Clay: Pale grey to grey, slight black
mottling, black woody fragments, passes into sandy clay
with gritty patches 1.13 92.83
Ironstone: Yellow-grey, very hard, sideritic coarse
grained 0.16 92.99
Sandy Clay: Grey, slight black mottling, sideritic
patches 0.27 93.26
Lignitic Clay: Dark grey to black varies to dark brown
to black clayey lignite with black to brown lignite
horizon (8cm) 0.37 93.63
Clay: Grey,very stiff,black mottling lignite
fragments,18cm sandy clay horizon, passes into grey
very stiff clay, black mottling, darkens and becomes
lignitic in bottom 7 cm 0.70 9333
Clayey Lignite: Dark brown, clayey with hard, black
lignite laminae, becomes very clayey at base 0.35 04,68




Lough Neagh
Group

Lignitic Clay/Clay: Grey,very stiff mottled with black
lignite fragments, several dark grey to black lignitic
clay/clayey lignite laminae

0.98

95.66

Clayey Lignite: Black, hard

0.35

96.01

Sandy Clay: Grey to blue-grey, very stiff, faint black
mottling

1.48

97.49

Sandy Clay:Grey to blue-grey, as above with three hard
thin ironstones beds

3.00

100.50

Sandy Clay: Grey to blue-grey, small very sandy
patches, gritty, 6 thin, hard, ironstone bands, scattered
small ironstone nodules, sideritic, slight purple tinge
toward base

3.00

103.50

Sandy Clay: Grey to blue-grey, very stiff, slightly
sandy, numerous white grains, occasional buff ironstone
nodules and patches and thin ironstone bands

3.00

106.50

Sandy Clay: Grey to blue-grey, very stiff to hard faint
black mottling, hard buff to white ironstone patches and
thin beds less sandy

3.00

109.50

Clay/Sandy Clay: Grey, hard, black mottling,sandy
clay horizons, hard ironstone bands and nodules,
sideritic, more sandy in bottom 1cm

3.00

112.50

Sandy Clay: Grey to pale grey, very stiff to hard, faint
black mottled patches, fragments of sideritized wood in
ironstone band in bottom 20 cm sand content decreases
clay darkens and is mottled with black lignitic material

1.45

113.95

Lignitic Clay/Clayey Lignite: Interbedded dark grey
lignitic clay and black clayey lignite hard black woody
laminae small buff ironstone nodules

0.68

114.63

Lignite: Black, hard, compact thin clayey and woody
laminae

0.90

115.53

Lignite/Clayey Lignite: Black, hard with clayey lignite
horizons, woody laminae fragments, thin beds of grey
clay

2.37

117.90

Clay/Lignitic Clay: Grey to dark grey, very stiff to
hard abundant black woody fragments and laminae,
more lignitic towards base

0.50

118.40

Clayey Lignite: Black, hard, very clayey

0.12

118.52

Lignite: Black, hard, very clayey lignite horizons,
fragments of woody material

3.00

121.50

Lignite: Black, hard, compact three grey clayey
horizons containing black lignite fragments

2.58

124.08

Clay/Sandy Clay: Grey, very stiff, black and brown
woody fragments, clay slightly sandy, passes into grey
sandy clay with numerous isolated white grains

0.50

124.58

EXCESS

0.08

124.50




Clay/Sandy Clay: Grey to dark grey, hard, black
mottling, darker lignitic horizons, numerous thin sandy

clay horizons, gritty 1.90 126.40
Lignite: Black-brown, hard, well compacted, several
thin clayey horizons, bands of hard woody material 0.97 127.37
Clay: Grey, very stiff to hard, packed with thin lignite
fragments 0.20
EXCESS 0.07 127.50
Clay/Clayey Lignite: Grey to dark grey, hard,
abundant brown woody fragments and laminae 3.00 130.50
Clay/Clayey Lignite: Grey to dark grey, hard,
occasional black lignite lamine 0.40 130.90
Sandy Clay: Blue-gray, faint black mottling, occasional
black woody fragment 0.73 131.63
Ironstone: Very hard, fine-grained sideritic 0.26 131.89
Sandy Clay: Grey, very sandy, abundant white grains (?
Clay) 0.24 132.13
Clayey Lignite: Black, hard 0.08 132.21
Clay: Grey, very stiff, friable, faint black-brown lignitic
mottling, occasional hard black woody fragment 1.50 133.71
EXCESS 0.21 133.50
Clay: Blue-grey, very stiff, lignite traces, small nodules
of buff ironstone 0.57 134.07
Clay: Blue-grey, very stiff, lignite traces, ironstone
Lough Neagh|fragments becoming more sandy towards base 0.39 134.46
Group |Ironstone: Hard, buff, sideritic 0.14 134.60
Clay: Blue-grey, very stiff, lignite traces becoming very
sandy to sandy, thin ironstone band at base 0.67 133.27
hard woody lignite band at top, thin clayey lignite at
base 0.20 135.47
Clay: Blue-grey, very stiff, woody laminae and
fragments, sandy to very sandy in the middle 0.54 136.01
Lignitic Clay: Dark brown to brown-grey, very stiff,
irregular banding, less lignitic toward base, brown-
yellow, hard sideritic patch near top, sandy patches near
base 0.49 136.50
Clay: Blue-grey, very stiff, sandy near top, lignite traces
increasing towards base, grey-brown 0.36 136.86
Lignite: Dark brown to black, hard, clayey and woody
lamine, clayey at base 0.15 137.01
Clay: Blue-grey, very stiff, lignite traces, lignitic at top,
brown-grey, sandy at base 0.34 137.35




Clay: Blue-gray, very stiff, grey-brown lignitic band at
top, thin clayey lignite horizon and ironstone fragment,

brown lignite laminae, sandy patches, ironstone patches
in lower half

0.24 139.59
EXCESS 0.09 139.50
Clay: Blue-grey, very stiff, lignite traces, small patches
of brown staining 0.19 139.69
Lignitic Clay/Lignite: Black to brown-grey, very stiff
to hard, irregular banding. Woody lignite band, less
lignitic towards base 0.53 140.22
Clay: Brown-grey to blue-grey, very stiff, lignite traces,
yellow-brown bands sandy at base 0.45 140.67
Clay: Blue- grey, very stiff to hard, pinky-brown
patches, thin ironstone bands, sandy patches, lignite
traces 1.85 142.52
EXCESS 0.02 142.50
Clay: Blue to grey-blue, very stiff, sandy patches lignite
traces, Scm ironstone band near top, 14¢m band near
base, both buff, hard 1.57 144.07
Clay: Blue-grey to grey-blue, very stiff, some purple-
brown patches near base, sandy to very sandy, thin
ironstone bands (up to 9cm) lignite traces 1.44 145.51
EXCESS 0.01 145.50
Clay: Blue-grey, very stiff, purple-brown patches sandy
Lough Neagh|to very sandy in places, lignite traces, ironstone bands
Group |(5cm, 12cm) brown grey clay with lignite traces towards
base 1.87 147.37
Clay: Blue-grey to brown-grey, very stiff, hard
ironstone patches, lignite traces and laminae 1.28 148.65
EXCESS 0.15 148.50
Clay: Blue-grey, very stiff, sandy, hard, sideric patch
near top, small ironstone nodules, some white (?clay)
grains, woody fragments 0.45 148.95
Lignite: Grey-brown to black, very stiff to hard, bands
of clayey lignite and lignite clay, woody laminae, white
(clay) grains 0.94 149.89
Pebbly Clay: Blue-grey, very stiff, slightly
conglomeratic, several lignite bands passes into granular
conglomerate, rounded, white, brown, buff, and blue-
grey clay pebbles, blue-grey clay matrix, vague fining
upwards cycle, ironstone band at base - 0.73 150.62
Conglomerate: Very stiff, granular as above, lignite
fragments and laminae, large wood fragments, hard
ironstone band near base 0.94 151.56
EXCESS 0.06 151.50




Conglomerate: Very stiff, as above, granular lignite

fragments and band, ironstone fragmentat base 0.94 152.44
lignite fragments, white (clay?) grains, hard ironstone
patches 1.58 154.02
Clay: Blue-grey, very stiff, brown-grey wuth whute clay
grains 0.55 154.57
EXCESS 0.07 154.50
Lignitic Clay/Ironstone: Brown-grey to dark brown,
laminated, very stiff to hard, 10cm buff, hard, ironstone
band 0.48 154.98
Conglomerate/Sandy Clay/Ironstone: Top is brown to
blue-grey sandy clay with white clay grains, lignite
Lough Neagh tracef, sl};ghtly);ong);omeratic below passes into 12cm
Group ironstone band with pebly conglomerate at base
containing multicoloured, rounded clay clasts 1.64 156.62
Clay: Blue-grey with dark blue-grey patches, very stiff,
some sandy patches 0.68 157.30
NCR 0.11 157.41
T Clay: Blue-grey, very stiff to hard, grey- black at top,
30cm very sandy sideritic band, brown some ironstone
patches, purple-brown mottling 3.18 160.59
EXCESS 0.09 160.50
Clay: Blue-grey and brown-purple, mottled becoming
brown and brown-purple, mottled at base 0.24 160.74
Clay: Brown-purple to brown, mottled, very stiff to
hard, crumbly becoming yellow-brown with blue-grey
patches, sandy to verysandy, sideritic, hard buff
ironstone patches, some patches of less sandy clay 2.92 163.66
EXCESS 0.16 163.50
Clay: Yellow-brown to khaki, very stiff, blue-grey
patches, brown-orange mottling variably sandy, sideritic ] 17.42 180.92
Clay: Khaki to brown and blue-grey, mottled, mainly
Dunag!ly orange-brown at base with orange-brown mottling
Formation slightly sandy near top, less sands toward base 0.63 181.55
Clay: Orange-brown at top, very stiff, becoming khaki
with blue-grey and orange-brown mottling occasional
blue-grey patch and faint brown mottling, slightly sandy
at top passing into very sandy clay then less sandy again
toward base ‘ 2.72 184.27
Clay: Khaki with blue-grey and dark khaki mottling
very stiff, slightly sandy 0.33 184.60
‘ EXCESS 0.05 184.55




Clay: Khaki with orange-brown patches, very stiff
sheared, blue-grey mottled patches, other orange-brown

and khaki patches, slight sandy to sandy, sideritic 3.05 187.60

Clay: Orange-brown, very stiff 0.10 187.60
EXCESS 0.15 187.55

Clay: Orange-brown, very stiff, becoming khaki and

orange-brown again at base with khaki mottling, blue-

grey and khaki spots becoming sandy to base 2.98 190.53

NCR 0.02 190.55

Clay: Khaki and orange-brown with a few blue-grey

patches, very stiff, slightly sandy to sandy 0.19 190.74

Clay: Khaki, blue-grey, orange-brown and brick red

mottled, very stiff, predominatly khaki, uniform orange-

brown toward base, top 60cm are sandy, less sandy

towards base 2.84 193.58
EXCESS 0.03 193.55

Clay: Orange-brown to khaki and blue-grey, very stiff,

mottled, becoming brown-orange at base, few siderite

grains 0.55 194.10

Clay: Red and orange-brown, very stiff thin blue-grey

bands khaki and brick-red mottling, lignitic traces ? Very

sandy at top passing into slightly sandy clay 2.50 196.60
EXCESS 0.05 196.55

Clay: Red-brown with indistinct khaki and brick-red

mottling, very stiff, lingnite trace slightly sandy at base 0.79 197.34

D " Clay: Red-brown, very stiff for to 1.20 m then
Fo:::ngti:n becoming khaki with few blue-grey patches, lignite

traces? 2,24 199.58
EXCESS 0.03 199.55

Clay: Khaki with blue-grey patches in top 70cm

becoming red-brown with khaki mottling and blue-grey

patches to base, very gritty near base 1.16 200.71

Clay: Red-brown with khaki mottling becoming khaki

with blue-grey patches, some red-brown patches, very

stiff, very sandy, almost mini-conglomerate at base, clay

grains,varying colours 4.88 205.59
EXCESS 0.04 205.55

Clay: Micro-conglomerate, clay grains of varying

colours in blue-grey matrix, very stiff, passes into blue-

grey and dark grey clay with khaki patches and mottling,

lignite traces, non-sandy to very sandy 2.06 207.61

Clay: Blue-grey with khaki-grey bands, very stiff grey-

blue at base, sandy near top with sandy patches at base 0.93 208.54




NCR 0.01 208.55
Clay: Grey-blue, very stiff becoming grey and khaki-
grey, sandy, sideritic 0.45 209.00
Clayey Lignite: Dark brown to black, very stiff thin
lignitic clay bands, sandy 0.28 209.28
Clay: Grey-brown with blue-grey patches, very stiff,
lignitic at top, dark brown, few lignite fragments 0.54 209.82
Conglomerate: Brown clay matrix, very stiff with
coloured clay granules, rounded, few blue-grey patches,
sideritic in places, lignitic laminae, small pebbles bear
base, too thin ironstone bands 0.90 210.72
Clay: Blue-grey, very stiff, khaki laminae near base,
lignite traces, sandy at base 0.34 211.06
Clay: Blue-grey, very stiff, sheared, slightly sandy at top
becoming very sandy towards base 0.56 211.62
EXCESS 0.07 211.55
Clay: Blue-grey, very stiff, very sandy, hard buff
ironstone patches, dark brown to khaki patches becomes
mottled with red-brown 2.79 214.34
Clay: Brown-red with khaki and blue-grey mottling
very stiff, slightly sandy 0.29 214.63
EXCESS 0.08 214.55
Clay: Red-brown to brown-red, mottled very stiff
Dunaghy |becoming khaki at base some blue-grey patches and
Formation [brick-red mottling, slightly sandy, ironstone nodules and
bands 3.04 217.59
EXCESS 0.04 217.55
Clay: Khaki at top, very siff passes down into brick red
with khaki mottling, slightly gritty 3.13 220.68
EXCESS 0.13 220.55
Clay: Brick-red, very stiff to hard, homogeneous 7.14 227.69
Clay: Brick-red, very stiff to hard, homogeneous
bottom 40cm is brick-red with khaki laminations then
blue - grey with khaki patches, sandy blue-grey clay 1.95 229.64
EXCESS 0.09 229.55
Clay: Blue-grey, very stiff to hard at top, passes into
grey lignitic clay for 70cm, grey to dark grey-black
laminated clay blue-grey clay with dark blue-grey
patches and thin khaki bands sandy coarse, rounded
grains of grey, buff, off-white and brick red clay 1.46 231.01
Clay: Grey, very stiff to hard, gritty, some lignitic clay,
lignite laminations, faint brown-red mottling toward base] 1.56 232.57
EXCESS 0.02 232.55
Clay: Grey becoming brick-red with grey mottling very
stiff to hard, grey colour disappears toward base 1.87 234.42




Clay: Brick-red, very stiff to hard, sandy passing into

slightly sandy, faint blue-grey mottling near the top 3.35 237.77
Clay: Brick-red, very stiff to hard, homogeneous
occasional brown and blue-grey patch 9.78 247.55
Clay: Brick-red, very stiff to hard, homogeneous grades
into brown, red and yellow, patchy mottled clay 3.30 250.58
EXCESS 0.03 250.55
Clay: Brick-red, very stiff to hard, brown and red-
brown mottling variably sandy, red-brown toward base 8.29 258.84
Clay (Tuff?): Brick-red and blue-grey, irregular
banded, very stiff to hard, very sandy with angular yo
sub-angular coarse-grained fragments mainly white, two
hard ironstone patches 0.64 259.48
NCR 0.07 259.55
Tuff?: Blue-grey, very stiff to hard, packed with white
angular coarse grains volcanic ash 1.33 260.88
Clay/Lignitic Clay: Grey with black lignitic laminae,
very stiff to hard, sandy, angular coarse grains near base | 0.31 261.19
Lignitic Clay/Clayey Lignite: Grey to black laminated,
very stiff to hard, sandy 0.36 261.55
Lignitic Clay: Grey at top becoming more lignitic to
Dunag!ny base, very stiff to hard, very sandy, angular coarse
Formation grains, woody laminae near base 1.16 262.71
EXCESS 0.16 262.55
Clay (Tuff): Blue-grey, very stiff to hard, numerous
angular fragments of coarse grained material, woody
lignite fragment at top, several pinky-red bands; two
hard ironstone bands (10cm) at the top and near base,
top band contains rounded clasts up to 5cm, lower band
is red-brown with white and yellow-brown pyygmatic
veins; possibly weathered igneous material, basal layer
contains rounded clay pebbles 1.87 264.42
Clay and conglomerate: Brown, blue-grey and red,
laminated very stiff to hard, rounded and angular coarse
grains, some granules passes into granular conglomerate
in blue-grey matrix, yellow-brown staining 1.07 265.49
NCR 0.06 265.55
Conglomerate: Very stiff to hard, coarse grains to small
pebble-sized clasts, rounded, mainly of clay, blue-green
clay matrix with yellow-brown staining 0.78 266.33
. Weathered Basalt: Turquoise-green, very stiff to hard
A“t(';'m Lavalyith yellow-brown patches/bands toward base, highly
OUP altered 0.63 | 26696
Clay: Yellow-brown, hard, crumbly, weathered basalt
sideritized? 0.14 267.10




Antrim Lava
Group

Weathered Basalt: Green, red, brown, yellow,
speckled/mottled clay, very stiff to hard highly
weathered

0.69 267.79
Weathered Basalt; Brick-red with some green mottling
and yellow-brown laminations, very stiff to hard passes
into green clayey material with white mottling, hard
rubbly brown and scoriaceous near base, igneous texture
at base 0.95 268.74
Weathered Basalt: Green, faint igneous texture, very
stiff to hard, brick-red patches, few thin hard rubbly
laminae, yellow-brown,becomes brick-red with green
patches, amygdaloidal at base 2.53 271.08
Weathered Basalt: Bright red-purple, very stiff to hard
with green and white amygdals, relict igneous texture 0.40 271.48
NCR 0.07 271.55
Weathered Basalt: Brick-red, very stiff to hard,
crumbly becomes purple and amygdaloidal passes down
into blue-purple net veined 3.20 274.75
EXCESS 0.20 274.55
Weathered Basalt: Dark grey to dark purple-grey and
dark blue, less weathered than above, white and yellow-
brown net veining 2.87 277.42
Weathered Basaly: Dark green, hard, conchoidal
fracture, bottle-green patches, glassy 0.26 277.68
EXCESS 0.13 277.25
Basalt: Dark green, hard, calcite? Veins, white soft
soapy section dark brown and light green more
weathered 3.12 280.67
EXCESS 0.12 280.55
End of Borehole




13/603 BALLYMONEY No. 1
Drilling near Ballymoney 1983/1984.
Grid reference: Six inch quater sheet 17 NW C 9513 2554
Location: 200 m at 34° from Ballymoney Railway Station.
Exact site: Glebe townland; 400 m at 47° from Ballymoney town centre.
Direction of bore: Down, open hole drift, cored to base.
Bore made by: Drillsure Ltd.
Information from: Site geologists: F. Crozier and M. Lowther.

Date of sinking: 16.04.84 - 25.04 84.

Geological [Description of strata Thickness|{ Depth

Classification
metres metres

Fill/ Fill: Grey, non-calcareous, fine-grained sandy clay with
Domestic |fragments of basalt, chalk quartz, flint, mudstone and
Rubble |cinder. 3.78 3.78

Fill: As above but clay is calcareous. 6.10 9.88

Fill: Grey-brown, calcareous sandy clay with fragments
of basalt, chalk, quartz, cinder fragments and flecks of

yellow and orange-brown material (domestic rubble) 3.05 12.93
Fill: Grey-brown, calcareous sandy clay with fragments
of basalt, chalk, quartz, mudstone and cinder 3.05 15.08

Boulder Clay: Pale brown sandy clay, calcareous with
Drift small basalt fragments and traces of chalk and quartz,

some cinder fragments, probably contamination 12.20 28.18
Boulder Clay: Pale brown-grey calcareous sandy clay

with broken basalt fragments, traces of chalk and quartz| 6.10 34.28
Lignitic Clay: Black to dark grey lignitic clay much

black woody lignite, some calcareous sandy material 3.05 37.33

Clay/Lignitic Clay: Soft, pale grey with some dark
grey harder clay mixed in. Top 40cm probably fallen
material as basalt and chalk clasts are mixed in 0.40 371.73

Lough Neagh
Group




(Rafted
Block?)

Lignite: Black to dark brown, very stiff, clayey, grey to
pale grey interbedded horizons toward top, becomes
clayey again toward base

0.60

38.33

Clayey Lignite/Clay: Interbedded, clay horizons are
pale grey, packed with lignitic material. Lignitic
horizons are very stiff, black and clayey. Thin ironstone
sand within a grey clay horizon at 38.59m

0.73

39.06

Lignitic Clay: Dark grey to brown, very stiff, much
lignitic material, some buff coloured clay mottling

0.18

39.24

Clay: Pale grey, very stiff, slightly sandy, traces of
lignite

0.15

39.39

NCR

0.02

39.41

Lignitic Clay: Pale grey, very stiff with dark grey
lignitic mottling, passes into dark grey lignitic clay with
several black to dark brown clayey lignite horizons,
woody fragments throughout

2.59

42.00

Ironstone: Buff, hard, sandy, sideritic. Black lignite
material within the ironstone passes into partly lithified
clay at base

0.35

42.35

Lignitic Clay/Clayey Lignite: Interbedded lignitic clay
and dark grey-black clayey lignite, woody fragments

throughout, clay, stiff, occasional pale grey patches,
several hard black lignite stringers

1.13

43.38

Lignitic Clay: Grey-black firm to stiff, slightly sandy,
black woody fragments

0.21

43.59

Drift

Pebbly Clay: Dark green-grey, stiff clay supporting
small rounded pebbles of dark green basalt, quartz,
chalk and much dark brown woody lignite.

Looks like a boulder clay - non-lithified fine
conglomerate. Basalt clasts up to 4cm diameter.
Reworked lignite fragments. Siderite nodule

2.40

45.99

Lough Neagh
Group

NCR

0.15

46.14

Clay: Pale grey slightly sandy, black mottling with black
lignitic material, passes into dark grey lignitic clay.
Occasional fragments of buff, hard sandy material,
probably sideritic.

Passes down into pale grey clay with black woody
fragments. Sandy at base with several large, hard, buff
siderite nodules

0.93

47.07

NCR

0.86

47.93

Clay: Pale grey, soft to firm, slightly sandy, some black
mottling and small black woody fragments, Top section

(47cm) of core run poorly recovered. More sandy
horizon at 48.65-48.90 -

1.15

49.08

Ironstone: Pale blue-grey, hard, sandy, sideritic

0.20

49.28




Sandy Clay: Pale blue-grey, firm to stiff, slightly sandy,
black-dark grey mottling some small buff coloured

sandy patches 0.28

EXCESS| 0.10 49.38
Clay: Pale blue-grey slightly sandy, stiff black mottling,
occasional more sandy horizon, black wood fragments 0.85 50.23
Ironstone: Grey, hard, sandy, sideritic badly broken 0.20 50.43
Sandy Clay: Grey, firm to stiff, slightly sandy, slightly
dark grey-black mottling 0.20 50.63
Lignitic Clay: Grey-dark grey, stiff, black wood
fragments and laminae, thin beds of brown sand pass
down into brown sandy lignitic clay 0.80 5143
Sandy Clay: Grey, firm to stiff slightly sandy, black
mottling, becomes pale grey, traces of lignite, small
siderite nodules within more sandy bands 0.72 52.15

NCR| 0.18 52.33
Clay: Grey, stiff, black lignitic laminae and very thin
Lough Neagh |lenses. Lignitic material throughout. Reworked lignite
Group |fragments. Hard black stringer 53.05-53.15 passes

down into grey clay with lignite fragments 0.85 53.18
Lignite: Marked change to black, hard slightly clayey
lignite, crumbly 0.18 53.36
Clay: Pale grey, stiff, some black mottling, thin lignite
fragments and laminae, becoming sandy 0.68

EXCESS!| 0.04 54.00
Lignitic Clay: Dark grey, stiff, black wood fragments 0.31 5431
Sandy Clay: Pale grey, stiff, harder more sandy horizon
54.47-54.52, partly lithified. Slight black mottling -
becoming increasingly lignitic toward base 0.44 54.75
Lignite: Sharp change to hard black lignite contact dips
to 100-200, lignite is hard, woody with some clayey
horizons stiff, crumbly 0.58

EXCESS| 0.08 55.25
Ironstone: Grey, soft clay above a thin hard lithified
ironstone horizon.
Casing reamed to 51m before this core was recovered -
soft clay is probably fallen material 0.14 55.39
Lignite: Black-brown, hard, woody lignite 0.11 55.50
Clayey Lignite: Black-brown clayey lignite - lignite
with thinly bedded clay bands becoming more clayey 0.31 55.81
Clay/Lignitic Clay: Grey-dark grey, very stiff black
lignitic material throughout. Black to dark grey
mottling, occasional wood fragment 0.43 56.24
Clayey Lignite: Black firm, very clayey, thin hard black
band within clayey horizon 0.13 56.37




Clay/Lignitic Clay: Grey-dark grey, stiff to very stiff,
mottled, black lignite fragments and laminae. Thin very
sandy clay horizon 57.66 - 57.70 - buff coloured very
fine-grained

1.42 57.79
Ironstone: Buff to black, very hard, sandy black lignite
clasts 0.20 57.99
NCR 0.51 58.50
Lignitic Clay: Sandy packed with fragments of lignite,
more sandy toward base, fine-grained 0.20 58.70
Clay: Pale grey, stiff, slightly sandy, black mottling,
which decreases toward base, clay becomes more sandy,
very fine-grained 0.96 59.66
Ironstone: Buffto grey, very hard, coarse-grained,
sideritic 0.08 59.74
Clay: Grey-dark grey, stiff, sandy patches, slight black
mottling - leaf impression, patches and fragments of buff]
to brown sandy material 1.30 61.04
Ironstone: Buff-grey, hard sideratic - only partly
lithified at base 0.16 61.20
NCR 0.21 61.41
Sandy Clay: Grey-dark grey, stiff, slightly lignitic at
Lough Neagh|top. Buff coloured grains throughout; slight black
Group |mottling, clayey lignite horizon 62,08-62.14 with some
sandy material 0.73 62.14
Ironstone: Buff-grey, very hard, sideritic with some
black lignite fragments 0.33 62.47
Lignitic Clay: Thin horizon of non lithified ironstone
passes into very clayey lignitic horizon 0.15 62.62
Sandy Clay: Buff, very sandy, partly lithified becoming
clayey with dark grey lignitic clay bands towards base 0.12 62.74
Clay: Dark grey-grey, stiff, decreasing lignitic content
to base, white-buff sandy patches, passes into pale grey
clay with slight black mottling, several hard black
stringers, passes down into broken grey clay with buff-
brown sandy material in bottom 15cm 0.77 63.51
NCR 0.02 63.53
Clay/Lignitic Clay: Dark grey-black patchy clay and
lignitic clay, some buff sandy material passes into pale
grey stiff clay, slightly sandier and darker toward base 0.68 64.21
Ironstone: Buff-grey, hard, coarse-grained, sideritic
with black lignitic fragments 0.11 64.32
Clay/Lignitic Clay: Grey-dark grey, stiff, much black
lignitic material, several sandy horizons, thin ironstone
band 65.38-65.40. More lxgmtw w1th fragments and
laminae toward base . - 1.39 65.71




Lough Neagh
Group

Lignitic Ironstone: Sideritized, completely lithified
black-brown lignite, very hard

0.08

65.79

Clay: Pale grey to grey, stiff, black lignitic mottling
occasional woody fragment

0.30

66.09

Lignite: Black, hard woody, partly lithified sideritic

0.13

66.22

Clay/Sandy Clay: Pale grey to dark grey, stiff, more
sandy horizons buff-grey coloured black wood
fragments

1.32

67.54

EXCESS

0.13

6741

Lignitic Clay: Grey-dark grey, stiff, black woody
fragments, patches of dark grey lignitic clay and lignite
laminae. Becoming increasingly lignitic with thin clayey
lignite bands, slightly sandy toward base

1.08

68.49

Clayey Lignite/Lignite: Thin black clayey lignite and
lignite horizons within thicker lignitic clay bands, very
clayey, firm to stiff

0.71

69.20

Lignite: Black to brown, stiff to hard, slightly clayey
with thin lignitic clay partings and lenses. Becoming

very clayey

1.65

70.85

EXCESS

0.19

70.66

Lignitic Clay: Grey, stiff, packed with black woody
fragments some larger reworked fragments thin laminae
dipping approx. 20°

0.60

71.26

Lignite: Marked change to hard, black woody lignite,
partly sideritized, well-preserved wood structure.
Sandy, sideritic buff-brown horizon at 73.81 - 73.93;

some thin clay horizons separate thicker lignite bands
ironstone horizon at 72.75 - 72.80.

1.53

72.79

NCR

0.14

72.93

Lignitic Clay/Clayey Lignite: Black-brown, firm to
stiff clay and clayey lignite horizons with hard black
lignite stringers and laminae

0.45

73.38

Lignitic Clay: Dark grey, stiff, much hard black lignitic
material mostly as laminae and stringers (up to 6cm) or
reworked fragments

1.67

75.05

Clay: Light grey, marked change from lignite above.
Small lignite clasts occur in band at the top - pass down
to grey-dark grey stiff mottled clay with occasional
black woody fragments, some sandy patches

1.00

76.05

Ironstone: Buff-grey, very hard, sideritic, coarse-
grained, with black wood fragments

0.20

76.25

Clay: Grey, very stiff, slightly sandy becoming
increasingly sandy, slight black mottling

0.23

76.48




EXCESS 0.10 76.38
Clay/Lignitic Clay: Grey sandy clay gradually passes
into grey-dark grey clay with much lignitic material in
the form of laminae and fragments, all nearly horizontal,
ironstone band at 76.86-76.91 1.55 77.93
Lignitic Clay: Towards base clay darkens with
increased lignite content, several hard black stringers,
laminae and thin fragments show sub-horizontal dip 1.07 79.00
[DROPPED CORE] NCR 0.38 79.38
Lignite; Thin hard black 0.12 79.50
Lignitic Clay: Dark grey, stiff, horizontal laminae, thin
fragments of lignite, some stringers and reworked
fragments 0.46 79.96
Lignite: Black, hard, partly sideritised 0.08 80.04
Lignitic Clay: Passes down into grey-dark grey, stiff to
hard, much lignitic material, laminae and reworked
fragments - bottom 10cm comprise sandy clay which is
less lignitic 1.20 81.24
Ironstone: Pale yellow-grey, very hard, coarse-grained 0.13 81.37
Clay/Sandy Clay: Grey, sandy clay passes down into
Lough Neagh [stiff grey clay with black mottling and occasional wood
Group |fragment, several sandy clay horizons. Shallow to
steeply angled shear planes (up to 45°) 1.12 82.49
Excess due to dropped core being recovered
EXCESS 0.33 82.16
Clay: Grey, firm becoming dark grey, lignitic 0.09 82.25
Ironstone: Sharp contact with clay above, grey-buff,
very hard, coarse-grained, sideritic 0.10 82.35
Clayey Lignite: dark grey-black, stiff to very stiff, with
hard black laminae fragments and stringers, some
slightly sandy horizons. Steeply angled fracture plane 1.74 84.09
Ironstone: Pale grey-buff, very hard, medium to coarse-
grained, sideritic 0.09 84.18
Lignitic Clay: Black-dark grey, much lignitic material,
laminae and reworked fragments 0.31 84.49
Ironstone: Lignitic clay band as above but replaced by
very hard siderite 0.19 84.68
Clay: Pale grey, stiff, black mottling, traces of lignite,
some parts more sandy, sideritic, partly lithified 0.67 85.35
EXCESS 0.18 85.17




decreasing sand content downwards becoming light
grey very stiff clay with black mottling, several black
woody lignite laminae reworked fragments, horizontal
bedding

1.17 86.34
Ironstone: Sharp contact with buff-grey, very hard,
sideritic coarse-grained ironstone 0.11 86.45
Clay: Grey, very stiff, black mottling, lignite laminae
and fragments horizontal bedding 0.14 86.59
Ironstone: Buff-grey, very coarse-grained hard,
sideritic 0.10 86.69
Clay: Grey, very stiff, black mottling, occasional woody
fragment, two sandy clay horizons 87.12 - 87.14 and
87.25 - 87.30 0.83 87.52
Ironstone: Thin buff-grey, very hard sideritic 0.05 87.57
Sandy Clay: Grey, stiff, slight black mottling 0.13 87.70
Clay: Grey, stiff to very stiff, black mottling, occasional
black woody fragments, becoming sandy near base 0.50 88.20
NCR 0.07 88.27
Clay: Grey, very stiff, black mottling, 0.20 88.47
Ironstone:Buff-grey very hard, lithified, coarse-grained,
Lough Neagh|sideritic, some brown staining 0.10 88.57
Group Clay:Grey, very stiff, slightly sandy, black mottling,
horizontally bedded thin black woody fragments 0.70 89.27
Ironstone: Buff-grey, very hard, granular, sideritic with
some black lignite fragments 0.25 89.52
Clay/Sandy Clay: Grey, stiff, slightly sandy black
mottling some more sandy horizons 0.73 90.25
Ironstone: Buff-grey, very hard, granular, traces of
black lignite 0.18 90.43
Sandy Clay: Grey, slightly sandy, stiff, slight black
mottling, clayey horizons 1.00 91.43
EXCESS 0.06 91.37
Ironstone: Grey-buff, very hard, granular, sideritic 0.23 91.60
Clay: Grey,very stiff, black mottling, occasional lignite
fragment 0.23 91.83
Ironstone: Grey, hard, very coarse grained, sideritic not
completely lithified, thin 3cm clay band separating two
ironstone bands 0.20 92.03
Clay: Brown to grey, very stiff, sandy at top fragments
and traces of lignite becoming more lignitic to base 0.20 92.23
Clay: Brown to grey, very stiff, buff sandy patches
(sideritic), traces and fragments of lignite 0.36 92.59
Ironstone: Yellow-grey, hard, clayey at top and bottom
where core browner sandy and very stiff 0.09 92.68




Clay: Brown to grey, very stiff lignitic speckling and
mottling, some lignite fragments, clay is sheared.
Patches of sideritic sand toward base

0.91 93.59
Ironstone: Yellow-grey, hard, clayey at top and base,
lignite fragments 0.10 93.69
Clay: Brown-grey, very stiff, lognitic speckling, some
stringers and fragments, very sandy horizon in the
middle - sideritic 0.86 94.55
NCR 0.19 94.74
Clay: Brown-grey and grey-brown, very stiff, harder
sandy patches near the top and bottom, lignitic mottling,
rare lignite fragments and stringers darker more lignitic
band near base 1.00 96.74
Clay: Brown-grey to grey-brown, darker more lignitic
patch toward top, very stiff, hard granular sideritic
patches, lignitic mottling, some large woody fragments
e.g. 96.70-96.80 and 97.32 - 97.41 1.67 97.41
Ironstone: Yellow-grey, hard, clayey at top and base,
lignite fragments 0.09 97.50
Clay: Brown-grey, very stiff, harder sandy patches,
lignitic mottling woody fragment 0.43 97.93
EXCESS 0.36 97.57
Clay: Brown-grey, very stiff, lignitic speckling, sandy
Lough Neagh |patches 032 97.89
Group |Ironstone: Yellow-grey, hard, nodule 0.05 97.94
Clay: Brown-grey, very stiff, sandy 0.04 97.98
Lignite: Dark brown, hard, woody, lignite fragment
with clay patches 0.08 98.06
Lignitic Clay: Brown-grey to grey-brown, very stiff,
becoming increasingly lignitic with traces and fragments
of lignite, laminated lignitic clay, brown granular
sideritic laminae to base, sheared 0.44 98.50
Ironstone: Yellow-grey, hard, lignitic to base 0.10 08.60
Clay; Brown-grey, very stiff, lignitic at top with woody
chips, lignitic speckling and sandy patches 0.26 98.86
Clay: Brown-grey, very stiff, lignitic speckling and one
hard fragment, frequent sandy patches sideritic 0.76 99.62
Ironstone: Yellow-grey, hard 0.19 99.81
Clay: Brown-grey, very stiff, lignitic mottling
occasional lignite band, slightly sandy with harder
granular sideritic patches, sheared 0.95 100.76
- EXCESS 0.10 100.66
Clay: Brown-grey, very stiff, sandy patches, sheared 0.14 100.80




Ironstone: Yellow-grey, hard, nodule 0.05 100.85
Clay: Brown-grey, very stiff, lignitic mottling with
some bands, sandy patches and several shear planes 0.91 101.76
Ironstone: Yellow-grey, hard some lignitic clay clasts 0.09 101.85
Clay: Brown-grey, very stiff, lignitic mottling, slightly
sandy toward base 0.24 102.09
Clay: Brown-grey, very stiff, lignitic mottling buff,
sideritic patches 0.33 102.41
Ironstone: Yellow-grey, hard 0.04 102.45
Clay: Brown-grey, very stiff, sandy, lignitic mottling 0.71 103.16
Ironstone: Yellow-grey, hard 0.04 103.20
Clay: Brown-grey, very stiff, lignitic mottling some
hard sideritic bands and sandy patches 0.63 103.83
EXCESS 0.17 103.66
Clay: brown-grey, very stiff, lignitic mottling and some
lignitic bands, sideritic patches, very sandy near the top
with shear planes 1.17 104.83
Lignitic Clay: Brown to dark brown, very stiff sandy
patches 0.13 104.96
Ironstone: Grey-yellow and grey, hard some lignite
clasts (sideritized) 0.04 105.00
Lignitic Clay: Brown to dark brown, patchy, very stiff,
buff sandy patches, some lignite fragments 0.27 105.27
Lignitic Clay: Grey-brown to light brown, very stiff,
Lou(g;h Neagh sandy patches, Smm lignite band near base, darrl)c, lignitic
TOUP  Imottling 0.24 105.51
Ironstone: Grey-yellow, hard, nodule, granular grey-
brown lignitic clay in patches 0.10 105.61
Lignitic Clay: Grey-brown and brown with dark brown
lignitic mottling and some banding, very stiff, also
mottled with buff sandy patches, some lignite fragments 0.87 106.48
NCR 0.15 106.63
Lignitic Clay: Grey-brown and brown-grey with dark
brown lignitic mottling and banding, very stiff, abundant
buff sideritic sandy patches, some woody lignite
fragments, shear plane near base 1.66 108.29
Ironstone: Hard, yellow-grey, unaltered brown lignitic
clay in patches 0.04 108.33
Lignitic Clay: Dark brown to brown, grey-brown and
buff, laminated, some hard sideritic nodules at top
below ironstone band, darker more lignitic bands 0.87 109.20
Ironstone: Yellow-grey, hard nodule with unaltered
lignitic clay in patches 0.06 109.26




N S T O S

Lignitic Clay: Interbedded clay and sandy clay, dark
brown to grey brown and buff, some lignite stringers

and fragments 1.26 110.22
EXCESS 0.15 110.37

Ironstone; Yellow-grey to buff, hard, includes very stiff

bands of lignitic clay 0.21 110.58

Lignitic Clay: Interbedded clay and sandy clay with

lignitic clay laminae and fragments - becoming more

mottled toward base with patches of granular siderite 1.62 112.20

Lignitic Clay: Grey-brown, some lignitic mottling, very

stiff, a few lignite fragments, buff sandy patches 0.26 112.46

Ironstone: Yellow-grey to buff, hard with green-grey

tinge, lignite clasts 0.12 112.58

Lignitic Clay: Grey-brown, very stiff, some lignite

fragments buff sandy patches 0.17 112.75
EXCESS 0.12 112.63

Lignitic Clay: Brown-grey, very stiff, lignite traces 0.09 112.72

Ironstone: Green-grey, hard,woody fragments 0.10 112.82

Lignitic Clay: Grey-brown, very stiff, lignitic mottling

and some fragments, abundant buff sand patches 1.63 114.45

Lignite: Dark brown, hard, buff sandy patches, sideritic 0.12 114.57

Lignite: Dark brown, hard woody 0.04 114.61

Lignitic Clay: Brown-grey to grey-brown and dark

Lough Neagh brown, patchy, very stiff, lignitic mottling and
Group | aoments, buff sand patches 0.81 115.42

Ironstone: Buff to yellow-grey, haard, clasts of lignitic

clay and lignite 0.07 115.49

Lignitic Clay: Dark brown to brown and buff, very

stiff, irregular, mostly dark brown and buff, sandy,

sideritic toward base 0.41 115.90
EXCESS 0.19 115.71

Ironstone and Lignitic Clay: Dark brown and buff,

stiff to hard, irregular banding 0.18 115.89

Lignitic Clay: Buff'to dark brown, very stiff, irregular

banding 0.29 116.18

Lignite: Dark brown, very stiff, black fragments, some

sandy laminae and patches 1 0.10 116.28

Lignitic Clay: Dark brown and black to grey-brown

and buff, very stiff, varies from clayey lignitic to lignitic

clay, sandy siderite patches, wood fragments, irregular

banding, patches and mottling 2.42 118.70




W T e

Lignitic Clay: Brown to dark brown, very stiff, lignite

fragments and sandy patches 0.03 118.73
EXCESS 0.07 118.66
Lignitic Clay: Dark brown to brown, very stiff with
buff sand patches, several clayey lignite horizons,
becoming sandy and crumbly 3.08 121.74
EXCESS 0.11 121.63
Lignitic Clay: Dark brown to buff, very stiff, irregular
banding, patchy, lignite, stringers fragments and specks,
rounded to sub-rounded coarse quartz sand grains,
resmbling a fine conglomerate, sideritic 0.70 122.33
Lignitic Clay and Ironstone: Ironstone is buff-off
white, hard, clay is dark brown to brown, very stiff,
partly sideritized 0.54 122.87
Lignitic Clay: Dark brown to brown-grey, very stiff to
hard with sideritic sandy patches, irregular banding,
patchy lignitic mottling, several hard ironstone bands 1.83 124.70
EXCESS 0.07 124.63
Lignitic Clay: Grey-brown to dark brown, very stiff,
mottled, buff sandy patches 0.44 125.07
Ironstone: Buff, hard sideritic 0.08 125.15
LigniticClay: Very stiff, green tinge near ironstone,
Lough Neagh irregular banding, grey-brown with dark brown and buff
Group sand patches, some lignite fragments and laminae 1.21 126.36
Ironstone: Buff, hard with lignitic clay 0.08 126.44
Lignitic Clay: Brown-grey to dark brown-grey, very
stiff, patchy and lignitic mottling, some lignite
fragments, buff sandy patches 0.75 127.19
Ironstone: Buff, hard 0.06 127.25
Lignitic Clay: Dark grey-brown, very stiff, buff sandy
patches 0.14 127.39
, NCR 0.24 127.63
Lignitic Clay: Brown-grey to dark brown-grey, patchy,
very stiff, lignitic mottling in places, lignite fragments
and stringers, buff sandy patches some hard ironstone
patches 1.43 129.06
Lignitic Clay: Brown-grey to dark brown, very stiff,
irregular banding, buff sandy patches, lignitic mottling 0.36 129.42
Ironstone: Buff, hard, with interstitial lignitic clay 0.11 129.53
Lignitic Clay: Brown-grey to dark brown, very stiff as
above ‘ 0.46 129.99
Ironstone: Buff, hard interstitial lignitic clay 0.06 130.05




Lignitic Clay: Brown-grey to dark brown-grey, very

stiff, traces of lignite, buff sandy patches 0.61 130.66
Ironstone: Buff hard 0.04 130.70
Lignitic Clay: dark brown, very stiff, lignite fragments,
sandy patches 1.18 131.88
EXCESS 0.27 131.61
Ironstone: Buff, hard, interstadial, lignitic clay, sideritic| 0.18 131.79
Lignite Clay and Ironstone: irregularly banded dark
brown lignitic clay, very stiff and buff hard, ironstone
stringers and lenses 0.38 132.17
Clayey Lignite: Dark brown, very stiff 0.05 132.22
Ironstone: Buff, hard with clay inclusions 0.11 132.33
Clayey Lignite and Ironstone: Dark brown, very stiff
clayey lignite with buff, hard patches 0.09 132.42
Clayey Lignite: Dark brown, very stiff, darker brown-
black stringers, laminae and fragments. Occasional
sideritic patch 0.81 133.23
Lignitic Clay: Grey-brown, very stiff, lignitic traces
and fragments, harder sandy layer 0.40 133.63
EXCESS 0.08 133.55
Ironstone: Buff, hard 0.05 133.60
Lignitic Clay: Grey-brown, very stiff as above
becoming less lignitic with sideritic parches 0.53 134.13
Ironstone: buff, hard with lignite inclusions, laminae
and stringers 0.29 134.42
Clayey Lignite: dark brown with darker lignite traces,
Lough Neagh fragments and stringers, some paler less lignitic layers,
Group | ery stiff 0.83 135.25
Lignitic Clay: Grey-brown, very stiff, hard sandy
(siderite) patches, lignite traces 0.53 135.78
Lignitic Clay/Ironstone: Mixture of lignitic clay as
above and very sandy (siderite) hard, buff 0.79 136.57
Lignitic Clay: Grey-brown, very stiff, lignite traces 0.12 136.69
NCR 0.10 136.79
Clayey Lignite: Dark brown, very stiff 0.10 136.89
Lignitic Clay: Grey-brown with lignite traces,
fragments and stringers, siderite patches, more lignitic
to base 1.09 137.98
Clayey Lignite: Dark brown, very stiff to hard lignite
traces, fragments, stringers, some grey-brown bands 1.04 139.02
Ironstone/Clayey Lignite: Dark brown ironstone with
clayey lignite bands 0.16 139.18




Lignitic Clay: Grey-brown, very stiff, lignite traces,

very sandy in top half 0.49 139.67
Clayey Lignite: Dark brown, very stiff to hard, woody
at top becoming clayey 031 139.98
EXCESS 0.15 139.83
Lignite: Dark brown to black, very stiff to hard,
sheared, hard wood fragments, sideritized patches 2.72 142.55
Lignite: Dark brown to black, very stiff to hard woody 0.29 142.84
ECR| 0.14 142.70
Lignite: Brown to dark brown-black, very stiff to hard,
woody with subordinate clayey horizons, hard
sideritized patches 3.12 145.82
ECR 0.12 145.70
Lignite: Brown to dark brown-black, very stiff to hard
woody with occasional clay lenses/horizons 6.12 151.84
ECR| 0.04 151.78
Lignite: Brown to black, woody, fibrous 0.96 152.74
ECR 0.10 152.64
Lignite: Brown to black, hard, subordinate clayey
Lough Neagh |lenses/horizons, woody fragments 6.50 159.14
Group
ECR 0.05 159.09
Lignite: Brown to black, hard, woody, fibrous patches 1.30 160.39
Lignitic Clay: Grey-brown, stiff 160.3-160.6 0.22 160.61
Lignite: Brown to black, hard, some thin lignitic clay
horizons, occasional sideritic grain 6.47 167.08
ECR 0.10 166.98
Lignite: Dark brown to black, hard, very woody, few
yellow-brown sideritic grains 3.14 170.12
‘ ECR 0.09 170.03
Lignite: Dark brown to black, hard, woody, brown
bands comprise fibrous woody material 1.79 171.82
« NCR 0.04 171.86
Lignite: Dark brown to black, hard, woody, scattered
yellow-brown siderite grains 1.29 173.15
ECR 0.12 173.03




Lignite: Dark brown to black, hard, woody, several
thin clayey horizons, occasional buff sideritic patch,

sandy, powdery 3.03 176.06
NCR 0.02 176.08
Lignite: Dark brown to black, hard, woody with thin
dark brown and brown-grey bands up to 12cm, grey-
brown with lignite fragments and mottling, traces of
cinder? 62cm from base 3.03 179.11
ECR| 0.03 179.08
Lignite: Dark brown to black, hard, woody, several
thin clay horizons dark brown to grey-brown, hard buff
to grey ironstone band (3cm) approx. 1cm from base 3.10 182.18
ECR 0.10 182.08
Lignite: Dark brown to black, hard, woody, thin clay
bands 298 185.06
NCR 0.02 185.08
Lignite: Dark brown to black, hard, woody, 9cm
lignitic clay horizon, grey to brown, buff/yellow-brown
siderite grains 2.89 187.97
NCR 0.11 188.08
Lignite: Dark brown to black, woody clay patches and
Lough Neagh, ¢ mainly grey-brown, occasional yellow-brown
Group o rains 152 | 189.60
Lignitic Clay: Brown-grey, very stiff with dark brown
lignite fraagments and stringers, sandy in places
(sideritic?), more lignitic to base, hard clay and woody
bands, off-white clayey material in patches 1.54 191.14
ECR 0.06 191.08
Lignitic Clay: Brown-grey and grey-brown, very stiff
with lignite traces, fragments and stringers, hard woody
lignite bands and sandy patches 1.93 193.01
Lignitic Clay/Lignite: Dark brown to black, hard
woody lignite with much grey-brown to brown very stiff]
lignitic clay with lignite fragments 1.18 194.19
, ECR 0.06 194.13
Lignite/Lignitic Clay: Interbedded dark brown, hard
woody lignite and grey-brown lignitic clay, very stiff
irregular banding 2.37 196.50
Lignite: Dark brown to black, hard, woody with brown
very stiff lignitic clay at top and base 0.45 196.95
NCR 0.23 197.18




Lignite: dark brown to black, hard, top 40cm brown

lignite clay with lignite fragments and stringers 3.01 200.19
Lignitic Clay: Brown with black lignite fragments, very
stiff 0.10 200.29
ECR 0.11 200.18
Lignite: dark brown to black, hard, woody with brown-
grey clay bands up to 22cm, clay contains lignite
stringers and fragments 2.65 202.83
Lignite: Dark brown to black, hard, woody, some
sideritized wood at top 0.33 203.16
NCR 0.02 203.18
Lignite: Dark brown tp black, hard, woody 0.15 203.33
Lignitic Clay: Grey-brown grading into brown-grey
with lignite fragments and stringers, very stiff, sandy
patches near middle 1.12 204.45
Lignite: Dark brown-black, hard, woody, clayey at
ends 0.66 205.11
Lignitic Clay: Grey-brown to brown-grey and dark
brown, very stiff, irregular banded, with lignite
fragments and stringers 0.63 205.74
Lignite: Dark brown to black, hard, clayey, woody at
base 0.53 206.27
ECR 0.04 206.23
Lignite: Dark brown to black, hard top half is woody,
bottom halfis clayey 0.72 206.95
Lignite: Dark brown to black, hard, woody with
Lough Neagh irregular clay and lignitic clay bands and patches, some
Group yellow-brown stringers 1.96 208.91
Lignitic Clay: Grey-brown and brown-grey, very stiff,
dark brown at top, lignite traces 0.46 209.37
ECR| 0.14 209.23
Lignitic Clay: Grey-brown and brown-grey,very stiff
with darker more lignitic bands, lignite stringers and
fragments 0.70 209.93
Lignite: Dark brown to black, hard, clayey with
irregular woody bands, becoming more woody
1.13 210.96
Ironstone: Buff, hard with hard sideritized woody
lignite,siderite crystals within wood 0.46 211.42
Lignite: Dark brown to black, hard, woody becoming
clayey at base ‘ 0.85 212.27
ECR 0.04 212.23




Lignitic Clay: Grey-brown, very stiff with lignite traces

and fragments 0.12 212.35
Lignite: dark brown to black, hard, woody with some
c]ay horizons 2.89 215.23
Lignite: dark brown to black, hard, woody becoming
clayey toward base 0.53 215.76
Lignitic Clay: Grey-brown becoming less lignitic and
Lou(g;h Neagh brown-grey, very stiff with lignite traces and fragments,
FOUP  |sideritic patches 0.46 216.22
Ironstone: Buff, very sandy, hard, sideritic, clayey at
both ends, large lignite fragments 0.20 216.42
Clay: Blue-grey, very stiff, lignite traces and fragments 0.32 216.74
Ironstone: Brown and buff, hard, lignite
traces/fragments, fine-grained 0.24 216.98
Lignite: Dark brown to black, woody with irregular
clay banding 1.35 218.33
ECR 0.02 218.31
Lignitic Clay: Varies from brown-grey to brown and
dark brown with increasing lignite content, very stiff,
irregular banding, hard, woody stringers and fragments 1.63 219.94
Lignite: dark brown to black, hard, woody with
irregular lignitic clay bands 0.59 220.53
Lignitic Clay: Very lignitic becoming less lignitic very
stiff to hard, brown-grey, becomes sandy, coarse-
Faulted |grained with lignite traces 0.44 220.97
contact  |Gritty Clay: Small blue, white and orange-brown clay
chips - very fine conglomerate 0.15 221.12
Ironstone: Gradational contact above, grey to buff,
hard siderite 0.24 221.36
Clay: Grey to blue-grey, very stiff, conglomeratic as
above with lignite traces, siderite fragments, near base is
blue-grey clay becoming more lignitic 0.35 222.21
Lignitic Clay: Dark brown to brown?grey, very stiff,
irregular banding becoming less lignitic 1.05 223.26
Dunaghy |Clay: Brown-grey, very stiff, lignite traces and
Formation [fragments 0.50 223.76
Lignitic Clay: Grey-brown, very stiff, with lignite
fragments, 0.5cm lignite stringer at base 0.47 224.23
Ironstone: Buff to grey, hard, lignite fragments 0.23 224 .34
— ECR 0.06 224.40
Lignitic Clay: Brown-grey and grey-brown, very stiff
ironstone fragment near middle, lignite traces 0.47 224.87
Lignite: Dark brown to black, hard, clayey with woody |
material, top 14cm are woody horizon 0.48 225.35




Lignitic Clay: Lignitic towards top, very stiff becoming
grey-brown with lignite fragments and stringers, sandy

patches - ironstone band 226.18-226.32 1.75 227.10
Clay: Brown-grey, very stiff, lignite traces 0.30 227.40
ECR| 0.07 227.33
Lignitic Clay: Grey-brown, very stiff, becoming more
lignitic 0.10 227.43
Lignite: Dark brown to black, hard, mainly clayey,
woody toward base 0.23 227.66
Clay: Grey-brown lignitic becoming blue-grey with
traces of lignite, siderite nodules 1.21 228.87
Ironstone: Buff, hard, sideritic 0.19 229.06
Clay: Blue-grey, very stiff, sandy, lignite traces 0.54 229.60
Ironstone: Buff, hard, sideritic 0.16 229.76
Clay: Blue-grey, very stiff, sandy, lignite traces 0.65 230.41
ECR| 0.08 230.33
Clay: Blue-grey with grey-brown patches, very stiff to
hard, lignite traces, ironstone fragments, grades into
ironstone below 0.75 231.08
Ironstone: Buff, hard, sideritic 0.08 231.16
Dunaghy [Clay: Blue-grey with brown lignitic patches, very stiff
Formation [to hard, lignite traces, sandy near top and base 1.14 232.30
Ironstone: Buff, hard, sideritic 0.11 232.41
Clay: Blue-grey, very stiff to hard, sandy, lignite traces 0.97 233.38
Clay: Blue-grey, sandy, very stiff to hard, ironstone
nodules, lignite fragments, conglomeratic with small
clay grains; ironstone bands at 233.71-233.80, 234.49-
234.60 1.69 235.07
Ironstone: Buff to blue-grey, hard, sideritic 0.21 235.28
CLAY: Blue-grey to grey-brown and lignitic toward
base. Two thin conglomerate bands near the top and
base with granules and small pebbles, fragments of buff,
brown and white clay sandy patches 0.59 235.87
Lignite: Dark brown to black, hard, clayey, woody
band 0.95 236.77
ECR| 0.05 236.72
Lignitic Clay: Hard, very sandy, sideritic, lignite
stringer, sideritized at base 0.22 236.99
Ironstone: Buff to brown, hard 0.12 237.11
Clay: Brown passing into blue-grey with brown
patches, very stiff to hard, slightly sandy patches,
ironstone fragments and lignite traces 1.93 239.04




NCR 0.39 239.43
Clay: Brown, very stiff to hard becoming lignitic 0.20 239.63
Lignite: Dark brown to black, hard, woody horizon at
base 0.08 239.71
Clay: Brown to grey-brown, very stiff to hard with
lignite traces 0.67 240.38
Ironstone: Buff, hard 0.08 240.46
Clay: Brown, very stiff to hard, sandy layers, lignite
traces, ironstone band at 240.60-240.69, becomes
conglomeratic to base, blue-grey and brown, patchy
with small clay clasts and rounded pebbles 2.14 242.60
ECR| 037 242.23
Clay: Brown-grey, very stiff to hard 0.07 242.30
Ironstone: Buff, hard with 5cm grey-brown clay
horizon 242.46-242.51 0.30 242.60
Clay: Grey-brown to brown, very stiff to hard, lignite
laminae toward base 0.20 242.80
Conglomerate: Interbedded conglomerates and thin
ironstones, clay clasts, rounded up to 39mm lignite
traces, fragments and laminae 0.98 243.78
Lignite: Dark brown, hard, ironstone nodule 0.04 243.82
Clay: Brown-grey,very stiff to hard, lignite traces 0.45 244.27
NCR 0.38 244.65
Dunaghy |Clay: Brown,blue-grey patches, very stiff to hard, sandy
Formation |to base 0.34 244.99
NCR 0.49 245.48
Clay: Brown, blue-grey patches, very stiff to hard, then
blue-grey with brown patches, sandy to very sandy,
hard, ironstone nodules, lignite traces 2.82 248.30
Lignite: Dark brown to black, hard, mostl clayey with
some woody bands 0.28 248.58
ECR| 0.51 248.07
Clay: Blue-grey to brown mottled, very stiff to hard,
lignitic toward top becoming sandy, some hard
ironstone nodules, lignite fragments 3.03 251.10
NCR 0.07 251.17
Clay: Brown with blue-grey patches, very stiff to hard,
very sandy, lignite traces, hard ironstone nodules 3.04 254.21
NCR 0.06 254.27
Clay: Brown with blue-grey patches, very stiff to hard,
some ironstone nodules and lignite fragments 0.90 256.17




Clay: Brown and purple-brown withblue-grey patches,
very stiff to hard, sandy to very sandy, hard ironstone

patches 2.17 257.34
NCR 0.03 257.37
Clay: Blue-grey with brown patches then brown to
base, sandy patches, lignite traces, fragments and
several stringers, ironstone nodules, becomes brown
with blue-grey patches 3.26 260.63
ECR 0.16 260.47
Clay: Brown with blue-grey patches,very stiff to hard,
becoming sandy, thin lignitic horizon, lignite traces 0.81 261.28
Ironstone: Buff to brown-grey, hard 0.48 261.76
Clay: Brown becoming blue-grey, with brown patches,
very stiff to hard, lignite traces, becoming sandy 1.76 265.52
NCR 0.05 263.57
Clay: Blue-grey with brown patches and bands, very
stiff to hard, sandy toward top, thin ironstone band
toward top, lignite traces numerous thin ironstone bands
near base 3.08 266.65
NCR 0.03 266.68
Clay: Blue-grey, very stiff to hard, ironstone bands,
sandy becoming grey-brown to brown, lignitic 3.22 269.90
ECR 0.15 269.75
Clay: Blue-grey, very stiff to hard, several ironstone
Dunag!ny bands, fine conglomerate in lower half; lignite traces,
Formation clay becoming grey-brown, sandy, sheared 3.15 272.90
ECR 0.07 272.83
Clay: brown-grey to grey-brown, very stiff to hard, thin
ironstone bands up to 15cm 2.66 275.49
Clay: Grey-brown at top becoming brown to base with
increasing lignite content, very stiff to hard 0.39 275.88
Lignite/Lignitic Clay: Dark brown-black, hard, sandy
at top, irregular banding 0.67 276.55
Clay: Grey-brown in top 1.5m, blue-green and then
brown at base, very stiff to hard, lignite fragments,
ironstone nodules, badly sheared 2.24 278.79
Ironstone: Buff, hard, sideritic 0.19 278.98
Lignitic Clay: Brown, very stiff to hard, conglomeratic
at base 0.13 279.11
~ EXCESS 0.23 278.88
Clay: Blue-grey, hard becoming brown-grey at basc 0.61 279.49




Lignitic Clay/Lignite: Brown-dark brown to black,
hard, mostly lignitic clay and clayey lignite with woody

horizon, irregular banding 2.38 281.87
NCR 0.06 281.93
Lignitic Clay: dark brown to black, hard 0.47 282.40
Lignite: dark brown ro black,hard, woody with
irregular clay banding 221 284.61
Lignitic Clay/Clay: Dark brown, very stiff to hard,
becoming brown-grey at base 0.63 285.24
ECR| 0.08 285.16
Clay/Lignitic Clay: Brown-grey to dark brown, very
stiff to hard, clayey lignite bands, irregular, sheared 2.56 287.72
NCR 0.10 287.82
Lignitic Clay/Clay: Grey-brown to dark brown, very
stiff to hard, thin clayey lignite horizon 0.78 288.60
Clay: Grey-brown, very stiff to hard, becoming blue-
grey, lignite traces, sandy toward base, several thin
ironstone bands, sheared 2.51 291.11
ECR| 0.18 290.93
Clay: Blue-grey, very stiff to hard, very sandy,
Dunag!ly becoming purple-brown with ironstone nodules towards
Formation base 0.92 291.85
Clay: Blue-grey with brown mottling near top, several
fine conglomeratic horizons, very sandy to sandy, very
stiff to hard 1.82 293.67
Clay: Blue-grey, very stiff to hard, very sandy in top
45cm conglomeratic, thin lignite fragments and stringers| 0.72 294.39
NCR 0.06 294.45
Clay: Blue-grey,very stiff to hard, lignitic, becoming
sandy with lignite traces, fragments and stringers,
becoming brown with fine pebbles material 2.53 296.98
NCR 0.15 297.13
Clay: Brown, lignitic, very stiff to hard, becoming blue-
grey, sandy with some hard ironstone nodules, grey-
brown clay with blue-grey patches at base 1.71 298.84
Clay: brown, very stiff to hard with small ironstone
patches becoming blue-grey with sandy patches, lignitic
band and laminae, brown at base 1.13 20997
NCR 0.21 300.18
Clay: Grey-brown, sandy to very sandy, in places
siderite veins,18cm clayey lignite horizon, traces of
lignite throughout becoming more lignitic toward base 3.10 306.28




Dunaghy

Formation ECR 0.15 306.13
Lignite: Brown to black, hard, woody, irregular clay
bands 0.54 306.67
Volcanic Breccio-Conglomerate: Buff-grey, hard, well
rounded clasts up to 2cm red, yellow-buff, white or
brown clay (?decomposed basalt) in splintery matrix,
rare lignite clasts, sideritic, bauxitic 0.20 306.87
Volcanic Breccio-Conglomerate: grey-buff, very stiff
2Antrim  [to hard, relict pebbles of decomposed basalt (now clay)
Lava Group? |in granular matrix representing former highly sheared,
fractured and spheroidally weathered basalt 1.43 308.30
Bauxitic Laterite: pale grey-white, very stiff to hard,
porous, 'chalky' texture hygroscopic, small darker
granules, banded, friable 0.60 308.90
Lateritised Basalt: Blue-grey at top becoming red-
brown stained towards base, gritty texture, very stiff,
bauxitic at top 0.33 309.23
Clay (Laterite): Blue-grey, very sandy (gritty) texture,
patches of hard ?ironstone, very stiff 0.92 310.15
Weathered Basalt: Brown and blue-grey at top
becoming white speckled and net veined below top
20cm, turning buff to blue-grey and green-grey at base 1.89 312.04
Weathered Basalt: Light green, hard, veins of ?siderite|  0.18 312.22
NCR 0.06 312.28
Basalt: Partly weathered, light green, hard, speckled
with dark green 0.81 313.09
ECR| 0.13 312.96
Antrim Lava |Basalt: dark green, veins of buff/off-white calcite?
Group |Occasional reddish speckling 227 315.23
NCR 0.05 315.28
Basalt: Light and dark green, hard, calcite? veining 2.21 317.49
ECR| 0.07 317.42
Basalt: Partly weathered basalt passes into dark green
crumbly more weathered basalt material, brick red
horizon passess back into less weathered basalt,
vesicular, veined, speckled 2.09 319.51
NCR 0.12 319.63
Basalt: Dark green, speckled, vesicular, calcite veins 1.81 321.44
ECR| 0.06 321.38




Antrim Lava
Group

Basalt: Dark green, speckled, vesicular, calcite veins,
becoming more weathered, crumbly

291

324.29

ECR

0.06

324.23

End of Borehole




House.

36/4680 DEERPARK No. 2

Phase 1 Drilling programme 1983-1984.
Grid reference; Six inch quater sheet 62 NE J 0878 6856

Location: 4.81 km at 315° from Aghalee.

Direction of bore: Down, open hole drift, core remainder of hole.
Bore made by: Drillsure Ltd.
Information from: Site geologists: F. Crozier and S. Warnock.

Date of sinking: 7.01.84 - 18.01.84.

Exact site: Deerpark townland, south end of Brankin's Island; 375 m at 177° from Deerpark

Geological {Description of strata Thickness] Depth
Classification metres | metres
Open Hole to 55.26m 55.26
Drift Clay: Brown, stiff, fragments of basalt 0.40 55.66
T Sandy Clay: Grey, stiff, very fine-grained sand, basalt
fragments. 0.46 56.12
Sandy Clay: Grey, hard, very sandy, very fine-grained 0.07 56.19
Sandy Clay: Grey-brown, very stiff, rounded fragments
of basalt 0.64 56.83
NCR}] 0.18 57.01
Sandy Clay: Grey to grey-brown 0.14 57.15
Clay: Grey-brown, very stiff 0.26 57.41
Clay: Blue-grey to grey-brown, very stiff 0.26 57.67
Clay: Grey-brown, very stiff, quartz grains 0.07 57.74
Clay: Blue-grey, mottled, very stiff, thin band of fine-
Lough Neagh|grained sand 0.66 58.40
Group NCR| 0.22 58.62
Clay: Grey-brown to blue, very stiff to hard, patches of
fine-grained sand becoming more sandy 1.42 60.04
EXCESS] 0.21 59.83
Clay: Brown, very stiff, becoming grey-brown, two
bands of blue-grey, very stiff clay 0.73
EXCESS| 0.18 60.34
Clay: Grey-brown, mottled blue-grey, very stiff 0.28 60.62
Clay: Pale grey-buff, mottled, very stiff 0.26 60.88




Clay: Blue-grey to grey-brown, mottled, very stiff, bu

patches 0.49 61.37
Sandy Clay: Purplish-brown and grey, fine-grained
sand, very stiff, fragments of weathered basalt, quartz
grains 0.49 61.86
Clay: Dark brown, very stiff, abundant lignitic material,
basalt fragments 0.80 62.66
Sandy Clay: Blue-grey, very stiff, fragments of lignite 0.60
NCR] 0385 64.11
Sandy Clay: Blue-grey, very stiff to hard, fragments of
white sandstone 1.23 65.34
Sandy Clay: As above 1.33 66.67
Sandy Clay: Brown, very stiff, fine-grained, sandy,
becoming lignitic 0.80 67.47
Sandy Clay: Blue-grey, very stiff, fine-grained sand,
white fragments of silicified sandstone 0.63 68.10
Sandy Clay: Grey-brown, very stiff, becoming darker|
and less sandy 0.30 68.40
Clay: Grey-brown, hard, slightly sandy, traces of lignite,
silicified sand fragments 0.78 69.18
Sandy Clay: Blue-grey, very stiff, fine-grained sand 1.19 70.37
Sandy Clay: Blue-grey to brown, mottled 0.12 70.49
Clay: Blue-grey to brown, mottled, hard silicified sand
Lough Neagh|grain aggregates 0.39 70.88
Group |Clay: Grey-brown to brown, very stiff, sandy patches,
traces of lignite 0.57 71.45
Clay: As above 0.65 72.10
Sandy Clay: Grey-brown to blue-grey, mottled slightly
sandy 1.02 73.12
Clay: Grey-brown, hard, hard ironstone nodule 0.42 73.54
Sandy Clay: Blue-brown becoming blue-grey, hard
becoming grey brown the blue, hard 0.96 74.50
Clay: Blue-grey, hard becoming sandy 0.76 75.26
Clayey Lignite: Black 0.09 75.35
Lignitic Clay: Grey-brown, hard, abundant lignite
material 0.29 75.64
Lignite: Dark brown, hard 0.22 75.86
Clay: Pale brown, hard, lignite fragments and three thin
bands of lignite 0.59 76.45
Clay: Grey to grey-brown, hard, lignite fragments and
stringers 0.81 77.26
Clay: Blue-grey, hard becoming sandy 0.29 77.55
Sandy Clay: Blue-grey, hard, fine-grained, sandy,
purple-grey patches, ironstone nodules 1.75 79.30




Sandy Clay: Grey-brown, hard, medium-grained sand

becoming darker and less sandy 1.30 80.60
Clay: Grey-brown, hard, blue-grey hard patches, mottles
blue to purple-grey in bands 2.23 82.83
Sandy Clay: Grey-brown, hard, fine-grained sand 0.82 83.65
Sandy Clay: Grey-brown, hard, fine-grained sand,
becoming coarser 0.63 84.28
Sandy Clay: Blue-grey, stiff, medium-grained sand 0.20 84.48
Sandy Clay: Stiff to very stiff, medium to coarse-
grained sand becoming lignitic 0.77 85.25
Clayey Sand: Brown, firm 0.20 85.45
Sandy Clay: Blue-grey, very stiff 0.44 85.89
Clay: Blue-grey to grey-brown, mottled, hard 0.24 86.13
Clay: Grey-brown to brown, sandy patches 0.57 86.70
Clay: Dark brown, hard, sandy patches, ironstone
nodules 1.70 88.40
Clay: Blue-grey, hard, buff mottling, becoming slightly
sandy 1.35 89.75
Clay: Blue-grey to buff, mottled as above 0.31 90.06
Clay: Blue-grey to grey-brown, mottled, fine-grained
sand in bands 2.713 92.79
Clay: Blue-grey to grey, hard 1.01 93.80
Clay: Grey, hard, traces of lignitic material 1.13 94.93
Clay: Blue-grey to brown mottled, sandy patches,
Lough Neagh |ironstone (siderite) nodules 0.91 95.84
Group |Clay: Brown to blue-grey, mottled, hard 0.96 96.80
Clay: Brown, hard 0.90 97.70
Clay: Blue-grey to brown, mottled, fine-grained sandy
patches 0.40 98.10
Clay: Grey, becoming slightly sandy 0.80 98.90
Clay: Blue-grey, hard, slightly sandy 0.27 99.17
Clay: Dark brown, very hard, blue grey patches,
sideritic, becoming blue-grey to brown, mottled, traces
of lignite 1.77 100.94
Sandy Clay: Blue-grey, hard, becoming less sandy 1.00 101.94
Clay: Grey, hard, sandy patches, becoming more sandy,
traces of lignite 1.05 102.99
Sandy Clay: Grey, hard, clayey sand bands, becoming
lignitic 0.62 103.61
Lignite: Dark brown, hard 0.07 103.68
Clay: Grey, hard, slightly sandy, yellow-green patches 0.28 103.96
Clay: Blue-grey, hard, mottled, yellow-green becoming
sandy 1.03 | 104.99
Clay: Blue-grey to yellow-green, mottled as above,
ironstone nodules 1.15 106.14




Sandy Clay: Blue-grey to brown, hard 0.31 106.45
Clay: Blue-grey, very sandy 1.60 108.05
Sandy Clay: Blue-grey hard, very sandy as above 1.89 109.94
Sandy Clay: Grey-brown, hard, very sandy becoming
clayey sand, traces of lignite becoming more sandy and
softer 0.68
NCR}] 048 111.10
Sand: Fine to medium-grained quartz sand, grey-brown,
patches with grey clay matrix 1.04
NCR] 045 112.59
Sand: Medium to coarse-grained sand becoming
consolidated, partly sideritised, grey clay matrix. 0.41 113.00
Clay: Brown-blue, mottled, very stiff, becoming slightly
yellow 1.14 114.14
Sandy Clay: Blue-brown, mottled, stiff, fine to medium-
grained sand 0.36 114.50
Clay: Brown-blue, mottled, very stiff, slightly sandy 1.84 116.34
Sandy Clay: Blue, very stiff becoming less sandy,
mottled blue-brown, stiff 0.60
NCR] 024 117.20
Clay: Brown-blue, mottled, very stiff, sandy bands,
ironstone nodules 2.85 120.05
Sandy Clay: Blue, firm, fine-grained sand 0.20 120.25
Clayey Sand: Fine to medium-grained quartz sand,
Lough Neagh|blue, stiff, clay matrix 1.17 121.42
Group |Clayey Sand: Blue-grey to purple-brown, as above 0.37 121.79
Sandy Clay: Purple-brown, stiff, less sandy 0.20 121.99
Sand: Brown, fine to medium-grained quartz sand in a
brown-purple clay matrix. Sand content and grain size
increases toward base 1.31 123.30
Sand: As above, becoming clayey 0.58
NCR] 0.28 124.16
Sand: Poorly consolidated soft sand 0.20
NCR| 2.00 126.35
Clayey Sand: Brown, firm, fine-grained sand 0.17 126.52
Sandy Clay: Blue-brown-grey, mottled, stiff to very
stiff, ironstone nodules 1.00 127.52
Sandy Clay: Brown-blue, mottled, stiff, ironstone bands 1.88 129.40
Sandy Clay: As above 0.24 129.64
Sandy Clay: Brown-grey, mottled, stiff to very stiff,
slightly sandy 1.06 130.70
Clayey Sand: Brown-grey, mottled, very stiff 0.49 131.19
Sandy Clay: Brown-grey mottled, stiff becoming
slightly lignitic 0.52 131.71
Lignitic Clay: Brown-dark grey, very stiff 0.27 131.98




Clay: Grey, very stiff 0.24
NCR] 023 132.45
Clay: Blue-grey-brown, mottled, very stiff, ironstone;
nodules 0.53 132.98
Sandy Clay: Brown-grey, mottled, stiff becoming less
sandy 0.45 133.43
Clay: Blue-grey, very stiff, brown-green mottling, partly
sideritised 1.50 134.93
Clayey Sand: Blue-grey, firm, becoming darker, fine to
medium-grained sand 0.57 135.50
Ironstone: Coarse-grained, hard, siderite 0.29 135.79
Lignite: Black 0.01 135.80
Sand: Very coarse-grained, hard, few small pebbles 0.20 136.00
Sandy Clay: Blue-grey, stiff 0.23 136.23
Sandy Clay: As above but with less sand 2.32 138.55
Sandy Clay: Grey, stiff, patches of clayey sand 1.02 139.57
Clayey Sand: Grey, hard with black to dark brown
lignitic patches, fine to medium-grained sand 0.30 139.87
Sand: Dark grey-grey, fine to medium-grained quartz
sand, thin lignitic clay bands 0.57 140.44
Sandy Clay: Grey-brown, mottled, stiff, fragments o
dark brown lignitic material, white ironstone nodules 1.16 141.60
Sandy Clay: Grey, stiff to very stiff, fragments of lignite
Lough Neagh|and white sandstone 2.34 143.94
Group [|Sand: Grey-brown, fine to medium-grained sand
becoming lignitic 0.71 144.65
Sandy Clay: Blue-grey, very stiff, brown mottling 1.37 146.02
Sandy Clay: Dark grey-brown with blue-grey mottling
becoming less sandy 1.32
NCR| 036 147.70
Sandy Clay: Grey-blue-brown, mottled, very stiff to
hard 2.86 150.56
Clayey Sand: Blue-grey stiff, becoming more sandy,
fine-grained sand, clay clasts (weathered pebbles) 2.00 152.56
Clayey Sand: Dark grey-brown, lignitic fragments,
becoming less consolidated 1.05 153.64
Sandy Clay: Blue-grey, very stiff, more sandy bands,
lignite fragments, becoming mottled brown 1.75 155.39
Clay: Blue-grey to brown, mottled, very stiff 0.60
, NCR] 0.86 156.85
Sandy Clay: Grey to blue-brown, mottled, very stiff to
stiff, partly sideritised. Clay clasts, rounded 3.05 159.90
Sandy Clay: Grey-brown, very stiff, mottled becoming
dark grey, clay clasts 2.70 162.60




Sandy Clay: More sandy with gritty texture, grey-

brown, mottled, very stiff 0.35 162.95
Sandy Clay: As above 0.64 163.59
Sandy Clay: Dark brown, less sandy 1.40 164.99
Sandy Clay: Blue, more sandy 0.26 165.25
Clay: Dark grey, hard to stiff 0.75 166.00
Clay: Dark grey, very stiff 1.00 167.00
Sandy Clay: Grey-brown, mottled, very stiff 2.05 169.05
Sandy Clay: Grey-brown, mottled, very stiff 0.18
NCR] 287 172.10
Sandy Clay: Blue-grey, soft to firm, becoming dark
grey, hard, less sandy 2.20
EXCESS] 0.50 173.80
Clay: Dark grey, stiff to very stiff, subrounded clay
clasts 0.98 174.78
Sandy Clay: Grey-brown, mottled, stiff 0.44 175.15
Sandy Clay: Blue to grey-brown, stiff to very stiff,
sideritic 2.70 177.85
Clay: Dark grey, firm to stiff, becoming sandy 0.35 178.20
Sandy Clay: Dark grey, stiff becoming blue-grey, very
stiff, mottled brown patches, partly sideritised 1.20 179.40
Clay: Dark grey, very stiff 0.50 179.90
Sandy Clay: Dark grey, very sandy, fine to medium-
grained sand, red grains (traces) in sand 0.33 180.23
Sandy Clay: Dark grey, stiff becoming grey-brown,
Lough Neaghmottled, stiff 1.02 181.25
Group |Sandy Clay: Grey becoming dark grey slightly lignitic,
lignite stringer 0.33 181.58
Sandy Clay: Grey to brown-green, stiff becoming
greener and back to dark grey 1.13 182.71
Sandy Clay: Blue-grey, stiff, very fine-grained sand 1.59 184.30
Sandy Clay: As above 1.42 185.72
Sandy Clay: Brown-dark grey more sandy, lignitic
traces and stringers 1.65 187.37
Sandy Clay: As above 0.46 187.83
Sandy Clay: Blue-grey, stiff, very fine-grained sand,
dark grey mottled patches 0.74 188.57
Sandy Clay: Grey-brown, mottled, hard, partly
sideritised 0.56 189.13
Sandy Clay: Blue-grey, mottled, stiff, becoming more
blue-grey and more sandy 1.18
NCR] o0.11 190.40
Sandy Clay: Dark grey-brown, mottled, very stiff to
stiff, becoming blue-green. Passes back to dark grey and
becomes more sandy, sideritic 3.05 193.45




Sandy Clay: Grey-blue to brown, mottled, very stiff]

becoming more sandy 1.08 194.53
Sandy Clay: Dark grey 0.44 194.97
Clay: Dark grey, crumbly 0.63 195.60
Sandy Clay: Grey, stiff 0.90 196.50
Sandy Clay: Blue-grey, very stiff becoming dark grey 1.09 197.59
Sandy Clay: Dark grey-brown, lignite traces 0.64 198.23
Sandy Clay: Dark grey-brown, medium to coarse-
grained sand, partly sideritised 0.52 198.75
Sandy Clay: Grey-brown, stiff, less sandy 0.80 199.55
Sandy Clay: Blue-grey, very stiff to stiff 0.78 200.33
Clay: Dark grey, very stiff 0.54 200.87
Sandy Clay: Grey-blue, mottled, stiff to very stiff 1.73 203.60
Clay: Grey-blue to brown, mottled, firm to stiff]
becoming crumbly 1.95
NCR] 1.10 205.65
Ironstone: Grey, hard, sideritic with patches of firm
sand 1.65 207.30
Sandy Clay: Dark grey-brown, mottled, stiff 0.64 207.94
Sandy Clay: Dark grey-brown, mottled more sandy,
partly sideritised 0.76 208.70
Sandy Clay: Grey-blue, stiff, becoming slightly more
Lough Neagh|sandy 3.05 211.75
Group |Sandy Clay: Grey-blue to grey-brown, mottled, stiff,
partly sideritised, becoming slightly lignitic 1.43
EXCESS] 042 213.18
Clay: Grey-brown, very stiff, slightly sandy 0.06 213.24
Clay: Grey-brown to blue-grey, firm 0.08
NCR] 1.48 214.80
Clay: Blue-grey to grey-brown, firm, slightly sandy 0.20
NCR 2.85 217.85
Clay: Grey, stiff 0.12
NCR|] 1.63 219.60
Clay: Blue-grey, hard, crumbly 0.10
NCR}] 1.20 220.90
Clay: Grey-brown, stiff to crumbly becoming blue-grey 0.24 221.14
Clay: Blue-grey, hard, slightly sandy 0.24 221.38
Sandy Clay: Blue-grey, hard, white ironstone nodules,
lignite fragments 1.43 222.81
Lignitic Clay: Dark brown, hard 0.05 222.86
Clay: Dark grey-brown, hard, lignite fragments 0.16 223.02
Sandy Clay: Grey, very sandy, lignitic material, white
ironstone nodules / 0.50 223.52
Lignitic Clay: Dark grey-brown, hard 0.14
NCR| 0.29 223.95




Clay: Blue-grey, stiff, traces of lignite 0.95 224.90
Clay: Blue-grey, hard, as above, band of pale grey clay 1.16 226.06
Clay: Grey-brown, mottled, hard becoming grey 0.56 226.62
Sandy Clay: Grey, hard 0.31 226.93
Clay: Blue-grey, hard 0.07 227.00
Clay: Grey, hard, crumbly 0.08 227.08
Sandy Clay: Blue-grey, bard, slightly sandy 0.38 227.46
Clay: Brown-blue, mottled, hard, sandy patches, white
ironstone nodules 1.93 229.39
Clay: Blue-grey, hard becoming grey slightly sandy 0.61 230.00
Sandy Clay: Blue-grey, hard, very fine-grained sand,
hard ironstone nodules 0.92 230.92
Clay: Grey-brown, hard 0.21 231.13
Clay: Grey, hard, lignitic material 0.67 231.80
Sandy Clay: Blue-grey, mottled yellow-brown 0.54 232.34
Clay: Grey-brown to brown, hard, lignite traces, two
lignite stringers 0.58 232.92
Clay: Grey, hard, crumbly, traces of lignite 0.13 233.05
Clay: Grey, hard, as above, becoming slightly sandy 0.83
NCR] 0.81 234.69
Clay: Grey-brown to blue-grey, stiff 0.40 235.09
Clay: Grey to blue-grey, stiff, lignite and hard ironstone
Lough Neagh|nodules 0.15
Group NCR 0.89 236.15
Clay: Hard, sandy patches, hard ironstone nodules 1.76 ?
EXCESS] 0.16 237.75
Clay: Grey, hard, as above 0.60 ?
Clay: Grey, stiff, slightly sandy 0.14 ?
Clay: Grey, hard becoming sandy 0.58 ?
EXCESS| 0.37 238.70
Sandy Clay: Blue-grey to grey, slightly sandy, hard,
siderite nodules 2.40 ?
EXCESS| 0.10 241.00
Clay: Blue-grey to grey, stiff, crumbly 0.12 ?
Clay: Grey-brown, hard, slightly sandy, lignitic material 0.90 ?
Lignite: Dark brown, hard, clayey patches 0.31 ?
EXCESS|] 0.08 242.25
Lignite: Dark brown, hard, as above 0.04 242.29
Lignitic Clay: Dark grey-brown, hard 0.16 242.45
Lignite: Dark brown-black, hard 0.31 242.76
Clay: Grey-brown, hard, lignite traces and fragments 0.70 243.46
Lignitic Clay: Dark grey-brown, hard 0.06 243.52
Clay: Dark brown, hard, lignite fragments 0.25 243.78
Lignite: Dark brown-black, hard 0.30
NCR] 022 245.30




Lignite: As above 0.10 245.40
Lignitic Clay: Dark brown 0.23 245.63
Clay: Grey-brown, hard, lignite traces and fragments,
stringers 1.09 246.72
Clayey Lignite: Dark brown 0.22 246.94
Lignite: Black, hard 0.15 247.09
Clay: Grey-brown, hard, lignite fragments becoming
grey to blue-grey 0.83
NC 0.43 248.35
Clay: Blue-grey, hard, becoming pale grey, lignite
fragments, becoming crumbly 0.87 249.27
Clay: Grey, stiff to very stiff 0.22 249 .49
Sandy Clay: Grey, hard, coarse-grained sand 0.16 249.65
Clay: Grey, hard, sandy bands 1.15
NCR} 0.05 250.80
Clay: Blue-grey, hard becoming dark grey-brown 0.60 251.40
Lignite Clay: Dark brown, hard 0.42 251.82
Clay: Pale grey-brown, hard, soft bands, fragments of
lignite 0.30 252.12
Clay: Pale grey to blue-grey, hard sandy patches, lignite
Lough Neagh |traces, ironstone nodules 2.28 254.40
Group Sandy Clay: Blue-grey, hard, crumbly softer bands,
lignite traces 1.50 255.90
Clay: Grey, hard, crumbly 0.26 256.16
Lignite Clay: Dark brown, very stiff 0.10 256.26
El?y: Blue-grey, hard, lignite traces becoming darker
and sandy 0.48 256.74
Sandy Clay: Blue-grey, hard, fine-grained sand 0.25
NCR}] 0.15 256.99
Sandy Clay: Blue-grey to grey, firm, fine to medium-
grained sand 0.26 257.40
Sandy Clay: Blue-grey, hard, slightly sandy, white
ironstone nodules, becoming more sandy 2.00 259.40
Clay: Blue-grey, hard, white ironstone nodules 0.50 259.90
Sandy Clay: Blue-grey, hard, very sandy 2.65 262.55
Clayey Sand: Dark grey, hard, becoming lignitic 1.07 263.62
Conglomerate: Pebbles and fragments of weathered
basalt, feldspar, quartz and lignite in a pale brown sand
and grey clay matrix 0.49 264.11
Clayey Lignite: Dark brown, very stiff 0.18 264.29
Lignite: Black, hard, band of very stiff grey-brown clay |  0.56 264.85
Clayey Lignite: Dark brown, hard 0.08 264.93
Clay/Mudstone: Pale grey, very hard, large dark brown,
Faulted |soft, lignite fragment, sheared 0.20 265.13

Contact




Antrim Lava
Group

Lithomarge: Grey-brown, very stiff, crumbly patches of

brown clay 0.27 265.40
Weathered Basalt: Grey-green, very stiff clay matrix
containing weathered basalt fragments 0.25 265.65
Weathered Basalt: Dark grey-green, hard, brecciated
serpentinised, chalcoprite? and pyrite in matrix 2.30 267.95
Basalt: Dark grey, fresh 0.75 268.70
Basalt: Fresh, hard, minor alteration along veins 4.05 272.75
Basalt: As above but becoming oxidised, red
colouration 1.05 273.80
Basalt: Red, hard, thoroughly oxidised, spots of soft
green and white mineralisation 1.95 275.75
Basalt: As above becoming less oxidised, pale green
with red patches 2.97 278.72
Oxidised Basalt: Red-green, hard, red oxidised material
and pale green-white mineralisation 0.98 279.70
Basalt: Less oxidised becoming bright green 2.15 281.85

END OF BOREHOLE




27/415 UPPERMULLAN No. 1
| Lough Neagh Drilling Programme Phase 3, borehole No. 14.
|Grid reference: Six inch quarter sheet 31 SW H 9451 7915

‘| Location: Upper Mullan near Derrycrin, County Tyrone.

| Direction of bore: Down, open hole through drift, core through remainder of hole.
" | Bore made by: Drillsure Ltd.
Information from: Site geologists: F. Crozier and M. Lowther.

Date of sinking: 27.06.84 - 03.07.84.

| Exact site: 1600m ESE of Derrycrin cross-roads, 750m NE of Eglish No. 1 borehole.

Geological |Description of strata Thickness| Depth
Classification metres metres
Clay (subsoil): light pinky brown; a few gritty
fragments; calcareous. 3.45 3.45
Drift Clay: probably boulder clay; light brown, pink patches
or tinge in places; gritty with basalt, quartz, calcareous
and chert fragments; calcareous. 12.20 15.65
- Clay: grey, browny-grey and light grey, with a few small
brown patches; gritty, mostly with quartz fragments
although also some basalt chert and mica fragments at
top (15.65-18.70); also some woody lignite fragments;
non-calcareous, although  occasional calcareous
fragment; becomes very gritty from 30.90 to 37.00m. 21.35 37.00
End of open hole
Clay: firm; pale grey, slight black mottling. 0.35 37.35
Lough Neagh{g ;. partly lithified, medium to coarse quartz sand;
Group black woody lignite fragment 0.02 37.37
Clay: very stiff to hard; dark green homogenous 0.25 37.62
NCR] 0.88 38.50
Sand: loose, medium grained quartz sand; (lost core
possibly this). 0.01 38.51
Clay: very stiff, dark green; homogeneous, hard buff-
khaki ironstone band ar 39.02m; clay is very dark below
this. 0.85 39.36
NCR} 0.44 39.80




Clay: stiff, green, passing down to dark to very dark

green, homogeneous; blocky fracture. 1.37 41.17
Ironstone: very hard, lithified; white-grey; ironstone
fragments in clay above and below. 0.10 4127
EC 0.02 41.25
Clay: very stiff, dark green homogeneous; one lighter,
green, slightly sandy patch; some dark and very dark
green laminations. 1.26 42.51
NCR] 0.29 42.80
Clay: very stiff; dark green; homogeneous; sheared,
some blocky fracture; some paler green banding, olive
green towards base. 3.00 45.80
Clay: very stiff to hard; sheared; some blocky fracture;
dark green to olive green; almost homogeneous; two
thin, pale green-brown, slightly sandy horizons. 3.00 48.80
Clay: very stiff to hard; dark green to olive green, with
some very dark green mottling; sheared blocky fracture;
pale brown ironstone band (50.30-50.36m) hard, slightly
sandy, very fine grained. 3.00 51.80
Clay: very stiff to hard; dark green to lime green,
slightly paler towards base; sheared. 0.80 52.60
Clay: very stiff; grey to pale grey with black speckling, 0.31 52.91
Ironstone: very hard lithified; buff. 0.05 52.96
Clay: very stiff to hard;, dark green to olive green,
homogeneous; sheared. 1.84 54.80
Clay: very stiff to hard; dark green to olive green, some
Lough Neagh|slightly paler green bands; sheared, some blocky
Group |fracture; a few very small black organic fragments;
resembles an unlithified mudstone. 3.00 57.80
Clay: very stiff to hard; dark green to olive green; one
pale brown slightly sandy patch; sheared, with steep and
shallow angled shear planes in all places. 3.00 60.80
Clay: very stiff to hard; dark green to olive green;
sheared with some blocky fracture, especially near base;
one hard, buff, lithified ironstone band (61.31-61.40m). 3.00 63.80
Clay: very stiff to hard; sheared some blocky fracture;
dark green to olive green, some slightly paler green
horizons. 1.92 65.72
Ironstone: very hard, lithified buff grey; sandy, very
fine-grained. 0.09 65.81
Clay: very stiff to hard; dark green to olive green 0.79 66.60
Ironstone: very hard, lithified; buff grey; sandy, very
fine-grained 0.15 66.75
Clay: very stiff to hard; dark green to olive green. 0.10 66.85
ECR] 0.05 66.80




Lough Neagh
Group

Clay: very stiff to hard; dark green to olive green and
dark grey, patchy; sheared blocky fracture, different
coloured clays brought side-by-side by shearing.

0.45

67.25

Ironstone: very hard, lithified; buff pale grey; sandy,
very fine-grained; some firm to stiff grey clay mixed in,
including 1cm horizon around middle.

0.21

67.46

Clay: very stiff to hard; grey to green with some black
speckling; some buff, very fine-grained sand mived in;
one buff, sandy, very fine-grained partly lithified
ironstone band (68.96-69.05m)

1.96

69.42

Ironstone: very hard, lithified fine-grained; buff white
grey.

0.09

69.51

Clay: very stiff to hard; dark green and dark grey;
yellow-brown fine-grained sandy sandy patch; very fine
laminations.

0.29

69.80

Clay: very stiff to hard, dark grey and dark green, some
black speckling; some plae grey-buff very fine-grained
sandy horizons; a few thin black lignite fragments.

1.50

71.30

Ironstone: very hard, lithified; buff-white; very fine-
grained sandy.

0.12

71.42

Clay: very dtiff to hard; dark grey to dark green;
homogeneous, blocky fracture.

0.67

72.09

Ironstone: very hard, lithified; buff-white; very fine-
grained sandy.

0.06

72.15

Clay: very stiff to hard; dark grey with black speckling;
homogeneous, blocky fracture.

0.26

72.41

Ironstone: very hard, lithified; buff-white to pale grey;
very fine grained sandy.

0.12

72.53

Clay: hard; dark green-grey; homogeneous; blocky
fracture.

0.10

72.63

NCR

0.17

72.80

Sandy Clay: very stiff to hard; brown-grey with black

speckling; very fine grained, slightly sandy, becoming
sandier to base.

0.25

73.05

Ironstone: very hard, lithified; buff-grey, very fine-
grained, sandy.

0.05

73.10

Clay: very stiff to hard, dark green-grey;, homogeneous.

0.82

73.92

Ironstone: very hard; lithified; buff-grey; fine-grained,
sandy.

0.10

74.02

Clay: very stiff to hard; dark green-grey, some black
speckling, fairly homogeneous, with a few faint, small
very fine-grained sandy patches; passes down to dark
grey-brown and dark grey with a few thin yellow-brown

very fine-grained sandy horizons; becomes very dark
brown to base.

1.78

75.80




Clay: very stiff to hard; dark grey; sharp contact with

darker grey clay horizon; homogeneous. 0.12 75.92
Lignite: sharp horizontal contact with clay above; black
to dark brown; hard, well compacted, good quality;
some woody fragments with structure preserved within
the lignite often as thin lenses. 2.88 78.80
Lignite: hard, black good quality; woody patches within
compacted lignite show well preserved structure,
including knots. 3.00 81.80
Lignite: hard black; good quality; well compacted; hard
woody fragments enclosed. 1.85 83.65
Clayey lignite: very stiff to hard; black to dark grey clay
with much woody lignitic material, stringers and laminae;
alternating bands of woody lignite and lignitic clay. 0.19 83.84
Clay: very stiff to hard; pale white to grey. 0.01 83.85
Lignitic clay: hard; grey to dark grey; thin woody
fragments and laminae; more lignitic to base. 0.20 84.05
Lignite: hard; black; well compacted; good quality. 0.75 84.80
Lough Neagh Lignite: hard; black; well cor;llpacted good quality;
Group woody fragments enclosed have well preserved
structure. 3.00 87.80
Lignite: hard; black; well compacted; good quality. 2.10 89.90
NCR] 0.90 90.80
Lignite: hard; black to dark brown; well compacted,;
some clayey lignitic material; one 10cm lignitic clay
horizon with woody fragments. 1.85 92.65
ECR] 0.74 91.92
Lignite: hard; black; well compacted; good quality;
woody fragments, lenses and stringers, a little clay mixed
in; pale grey clay horizon, (92.83-92.90m). 1.88 93.80
Lignite: hard black; woody with much preserved
structure; good quality; near top pale grey, hard, clayey
horizons, packed with lignitic fragments and debris. 2.10 95.90
Clay: very stiff to hard; pale grey, some slight black
mottling; black woody lignite fragments. 0.32 96.22
Lignite: hard; black well compacted; woody stringers
and fragments; several thin pale grey clay horizons and
patches around middle. 0.58 96.80
Lignite: hard; black well compacted. 0.30 97.10
Clayey Lignite: hard; dark brown; well compacted;
woody material in much clay. 0.16 97.26
Lignitic Clay: stiff to very stiff; plae grey; black, hard,
woody debris and stringers; dark grey ar base. 0.26 97.52




Lough Neagh
Group

Lignite and Clayey lignite: very stiff to hard; black to
dark brown; lignite with clayey lignite horizons; also
several pale lignitic clay horizons (max. 10cm) with
woody fragments, lenses and stringers.

2.28

99.80

black to dark brown hard clayey lignite and very stiff
pale grey clay horizons with lignitic mottling; poor
quality.

0.83

100.63

Lignite: hard; black; woody; several thin, pale grey clay
bands, increasing to base; becomes clayey lignite at base.

1.48

102.11

Clay: stiff to very stiff; grey with brown to dark brown
mottling; occasional black woody fragment; dark brown|
grey thin lignitic clay horizon.

0.44

102.55

Sandy Clay: very stiff; grey with faint black mottling or
speckling; slightly sandy or gritty; thin black woody
lignite fragments.

0.25

102.80

Sandy Clay: very stiff, grey with black mottling o
speckling; occasional black woody lignite fragment;
slightly sandy or gritty, increasing to very sandy or gritty
at base (probably sideritic).

0.80

103.60

Ironstone: very hard, lithified; plae yellow-grey; fine
grained sandy; lithified and unlithified black woody

fragments; grey sandy clay band, hard at 103.90-
104.00m.

0.50

104.10

Sandy Clay: very stiff, grey to pale grey; sideritic;
several small, buff, hard sideritic nodules near top;
occasional small lignite fragments.

1.70

105.80

Ironstone: very hard, lithified; pale yellow-grey; fine
grained sandy, sideritic; gritty at base.

0.21

106.01

Sandy Clay: very stiff; grey with faint black mottling;
slightly sandy (sideritic) less to base.

0.25

106.26

Ironstone: very hard, lithified; pale yellow-grey; fine
grained, sideritic; long thin cavities - possibly rootlet
cavities.

0.23

106.49

NCR

2.31

108.80

Clay: very stiff; pale yellow-grey; minute lignite
fragments give black mottling or speckling; dark brown
10cm lignitic clay horizon around middle; occasional
small black woody fragment; more lignitic at base.

0.85

109.65

Clayey lignite and Lignitic clay: alternating bands of
black very stiff, clayey lignite and grey to dark grey clay
horizons; clay full of black woody fragments, debris and
stringers; many thin woody lignitic laminae throughout;

about 50/50 lignitic clay/clayey lignite

2.15

111.80




Clay: very stiff to hard; pale grey: packed with hard

thin, black woody lignite fragments. 0.19 111.99
Clay and Lignitic clay: very stiff to hard; varies black
to pale grey; thinly banded; thicker banding to base, with
12cm woody lignite horizon. 0.40 112.39
Lignite: hard; black; woody; some irregular banding. 0.33 112.72
Lignitic Clay and Lignite: very stiff to hard; thin,
alternating, black lignite bands and grey to dark grey clay
with lignite fragments; horizons about 5-10cm. 0.38 113.10
of pale grey, very stiff clay with lignite fragments, and
black, very stiff, clayey lignite (about 60cm) in total;
hard woody stringers, lenses and fragments throughout
clay. 1.70 114.80
Lignitic Clay: very stiff to hard; grey to dark grey;
lignitic fragments; several dark brown to black very
lignitic horizons-clayey lignite-poor quality; occasional
hard black fragments, stringers, lenses. 1.87 116.67
Clay: very stiff to hard; grey, small traces of black
Lough Neagh|woody lignite; several very small white patches of ?; clay
Group |becomes slightly sandy in bottom half; several 2-3cm
diameter buff-white siderite nodules. 1.23 117.90
ECR|] 0.10 117.80
Clay: very stiff to hard; grey. 0.09 117.89
Clay: very stiff to hard; pale grey with blue-black wavy,
mottling and speckling, marble-like appearance. 0.09 117.98
Sandy clay: hard, grey, very sandy or gritty;, poorly
consolidated; partly lithified, cemented. 0.10 118.08
Clay: hard; grey with blue black mottling. 0.16 118.24
Sandy clay: hard; grey, very sandy or gritty; poorl
consolidated; partly cemented. 0.12 118.36
Clay: hard; pale grey with blue-black mottling. 0.09 118.45
Ironstone: hard, gritty or sandy grey clay at top; passes
into very hard, lithified kellow-grey, fine grained
ironstone. 0.14 118.59
Sandy Clay: hard; grey; slightly sandy (sideritic); some
small harder, pale brown sandy patches; sandier in
bottom 20cm. 0.66 119.25
Ironstone: very hard, lithified; pale yellow-grey; fine
grained. 0.12 119.37
Sandy Clay: hard; pale grey; fine-grained sandy; very
gritty adjacent to top and bottom ironstones. 0.35 119.72
Ironstone: very hard, lithified; pale yellow-grey; fine-
| grained. 0.05 119.77




Lough Neagh
Group

Granular Clay: hard; pale grey; slightly sandy; full of
coarse grain (sand) size and granule size particles of pale
grey-blue to brown soft clay.

0.29

120.06

Ironstone: very hard, buff.

0.01

120.07

Sandy Clay and Clay: hard; pale grey, fine to mediumj
grained sandy or gritty (sideritic) clay; passes into hard,
dark grey clay with faint black mottling increasing to
base, becoming mottled with thin black woody lignite
fragments.

0.48

120.55

NCR|

0.25

120.80

Clay: hard; dark grey, speckled with black lignite
material.

0.08

120.88

Lignite: hard; brown to black; woody.

0.06

120.94

Clay: hard; dark grey in to 10cm; becomes lighter pale
blue-grey clay with hard, buff to yellow-grey ironstone
nodules.

0.26

121.20

Sandy Clay: hard; grey; medium to coarse-grained very,
sandy or gritty with rounded siderite grains; a couple of
black to brown hard woody lignite fragments.

0.85

122.05

Ironstone: very hard; pale yellow-grey; fine-grained.

0.10

122.15

Granular Clay: hard; pale grey; coarse grain (sand) size
and granule size, well rounded patticles of pale grey-blue
soft clay.

0.15

122.30

Clay: hard; grey with black speckling and mottling;
passes into 10cm of dark grey to black lignitic clay thenr
to dark grey clay with scattered lignite traces.

0.75

123.05

Clay: hard; grey, very fine grained white material
throughout, sometimes concentrated in patches; some
small black woody lignite fragments.

0.35

123.40

NCR

0.40

123.80

Clay: hard; grey with black wavey mottling or speckling
throughout; dark lignitic band in middle.

0.90

124.70

Sandy Clay: hard blue-grey with blue-black mottling
gives marbled appearance; slightly gritty; near base

mottling disappears and becomes hard, very sandy, grey
clay.

0.80

125.50

Ironstone: very hard, lithified; pale yellow-grey; very
fine-grained.

0.09

125.59

lignitic laminae; several less granular bands.

Granular Clay: very stiff to hard, grey coarse-grained
sandy clay, passes into hard, pale green-grey clay,
packed with rounded granules of pale green-grey, white,
and some black clay giving a mini-conglomerate; several

0.37

125.96




Clay and Sandy Clay: hard; dark grey; black woody
laminae; passes into hard, grey clay with very fine

grained buff sandy material, coarsening towards base. 0.20 126.16
Ironstone: very hard; pale yellow-grey; very fine
grained. 0.15 126.31
Sandy Clay: hard; grey then becomes hard, blue grey,
slightly sandy; sharp contact with ironstone above. 0.49 126.80
Clay: hard; blue-grey with black mottling and large
patch of purple-brown mottling; several small buff
ironstone nodules. 0.40 127.20
Clay: hard; purple-brown, green and grey mottled with
small black (possibly organic) patches; becomes mainly
grey, very slightly sandy; bottom 15c¢m is purple-grey
with blue-green mottling. 0.70 127.90
Clay: hard; grey to blue-grey with faint black mottling
or speckling; large black woody fragments and several
small fragments; becomes sandy with occasional siderite
nodules. 0.88 128.78
Ironstone: very hard; pale yellow-grey, sandy. 0.06 128.84
Sandy Clay: hard; grey with purple mottling; slightly
sandy; very sandy at base above ironstone. 0.62 129.46
Ironstone: hard; pale yellow-grey; very fine-grained. 0.11 129.57
Sandy Clay: hard; purple-grey, becoming blue-grey;
Lough Neagh|sandy rounded siderite grains throughout. 0.28 129.85
Group ECR] 0.05 129.80
Clay: hard; pale blue-grey. 0.05 129.85
Ironstone: hard; grey to buff, partially cemented; very|
sandy. 0.16 130.01
Sandy Clay: hard; pale blue-grey with a few purple-
brown patches and thin black horizon with possibly]
organic laminae; slightly sandy. 0.39 130.40
Ironstone-Sandy Clay: partially lithified, very sandy
blue-grey clay, some lithified to form a very hard
ironstone; several small purple-brown patches. 0.44 130.84
Clay: hard; grey to blue-grey with some purple-brownr
mottling; some slightly sandy patches or horizons,
becoming more sandy to base; one hard sandy ironstone
band of 4cm. 1.07 131.91
Sandy Clay: hard; medium to coarse sandy; grey to blue
grey to purple-grey, with brown-purple patches; partially
cemented; some sideritic patches. 0.77 132.68
Clay: hard; purple-grey; mottled at base hard, green-
grey with black spheroidal weathering, possibly around
organic fragments 0.20 132.88
| ECR 0.08 132.80




Lough Neagh
Group

Clay: hard; pale green-grey; black spheroidally
weathered spots as above

0.14

132.94

Clay: hard; purple-grey with green-brown mottling, and
faint black speckling

0.09

133.03

Ironstone: hard; green-grey; gritty; partially cemented;
sideritic

0.15

133.18

Clay: hard; grey to dark grey with purple-grey mottling;
black to dark brown lignitic clay band

0.40

133.58

Ironstone: very hard; buff to yellow-grey; sandy-gritty

0.15

133.73

Sandy Clay: hard; blue-grey with some dark blue-black
mottling; gritty, due to medium to coarse rounded
sideritic grains throughout

1.09

134.82

Ironstone: very hard; yellow-grey to buff; sandy-gritty

0.18

135.00

Clay: hard; blue-grey with some purple-brown patches,
some black mottling, and a yellow-brown patch near
base; gritty, due to medium to coarse sideritic grains
scattered throughout

0.80

135.80

Clay: hard; sheared; blue-grey with faint black mottling
purple-brown patches and brown-green organic
fragments

0.21

136.01

Sandy Clay: hard; blue-grey with faint black mottling,
grey-brown at base; gritty with medium to coarse
rounded sideritic grains throughout, very gritty at base

0.82

136.83

Clay: hard; pale grey; 2-3cm dark grey lignitic clay
band, below which grey clay is mottled with black; also
some green mottling at base

0.75

137.58

Sandy Clay: hard; grey and brown-grey, mottled; gritty-
sandy, sideritic

0.37

137.95

Clay: hard;pale grey, 2-3cm dark grey lignitic clay
bands, below which grey clay is mottled with black

0.34

138.29

Sandy Clay: hard; pale grey; gritty with medium to
coarse sideritic grains; two lem black woody stringers
and large reworked woody fragment at base

0.60

138.89

ECR|

0.09

138.80

Sandy Clay: hard; purple-brown and grey, mottled; very
gritty with medium to coarse rounded siderite grains|
thin, steeply dipping ironstone band

0.25

139.06

Clay: hard; green-brown, mottled with possibly organic
black fragment or patch; passes into grey with green-

grey mottling

0.45

139.52




Sandy Clay: hard; grey with green and dark grey
mottling, gritty with rounded medium to coarse siderite
grains, one thin black woody fragment; becomes blue-
grey with some purple-grey patches, grit, with one 2cm
very hard ironstone band; becomes blue-grey with faint

black mottling; becomes grey-green, very gritty 2.06 141.58
Clay: hard; blue-grey; small, buff sideritic patches 0.18 141.75
Ironstone: very hard; grey to blue-grey; very gritty;
partially cemented sideritic clay band 0.06 141.82
ECR] 0.02 141.80
Clay: hard; blue-grey, with faint dark blue-black
mottling, becoming more evident; also becoming slightly
sandy 0.50 142.30
Sandy Clay: hard; purple-brown; very gritty with}
medium to coarse rounded siderite grains; becomes grey-
brown; then yellow-brown, very gritty, some shearing 1.55 143.85
Sandy Clay: hard; grey and purple-grey, patchy;
Lough Neagh|becoming brown-grey, with grey patches and some green}
Group |grey mottling and some faint black mottling in places;
less gritty than above, though increasing to base 0.95 144.80
Ironstone: very hard; yellow-grey to buff, fine to
medium grained; gritty 0.13 144.93
Clay: hard; purple-grey and grey, mottled; slightly
sandy; one black reworked woody fragment 0.30 145.23
Sandy Clay: hard; grey and green-grey; very gritty,
sideritic; one buff siderite nodule 0.19 145.42
Clay: hard; grey to blue-grey with purple-grey mottling;
slightly sandy 0.27 145.69
Clay: hard; grey with some green to olive-green 0.31 146.00
Clay: hard; dark green-grey with many grains of
coloured clay; becomes dark grey and more grainy; black
lignite fragments, laminae and one stringer; bottom 5c¢m
has white granular material 0.65 146.65
Clay: hard; grey and blue-grey; some slightly sand
patches 0.78 147.43
Granular Clay: thin, buff, hard ironstone passes into
coarse-grained sandy or granular clay with coloured,
rounded clay granules 0.20 147.63
Clay: hard; grey; gritty; sideritic 0.17 147.80
Sandy Clay and Clay: top 10cm are purple-grey, gritty
sideritic clay, sheared contact with grey, very sideritic in
places, sometimes very sandy with some hard ironstone
patches near top; speckled in otherp laces with mostly
white, but some dark specks 3.08 156.88
| ECR] 0.08 156.80




Lough Neagh
Group

Conglomerate: hard; dark green matrix, mainly off-
white and dark green clasts of clay with other colours;
mostly rounded, some angular, possibly fining-upward
cycle (not very well ordered), small pebbles to coarse
grain size and specks

0.87

157.67

Clay: hard; mostly blue-grey in top half, with some
brown mottling and sandy, sideritic in places; bottom
half is mostly brown to purple-brown, also sandy in
places, some very sandy patches; broken up, crumbly
near base; occasional clay clast and specks in places

2.21

159.88

ECR

0.08

159.80

Clay: hard; brown. purple-brown, light blue, mottled,
sometimes in concentric pattern with light blue on inside
(the original colour?); sandy, sideritic with some very
sandy patches

0.41

160.21

Clay: hard; varies in irregular bands from purple to
purple-brown to brown and blue-grey mottled to brown;
sandy, sideritic, except in bottom section, where
becomes packed with clay specks

1.61

161.82

Ironstone: very hard, buff mostly; appears to be a
sideritized clay packed with clay specks

0.27

162.09

Clay: hard; green-blue at top, packed with mostly white
and green clay specks; becoming brown and then brown-
blue-grey, still with many specks, white, green, red,
orange; some small pyrite nodules around middle

0.74

162.83

ECR]

0.03

162.80

Clay: hard; brown-blue-grey to brown, irregularly
banded; packed with clay specks; some lignitic traces
near base; pyrite nodules in various places, up to lcm
diameter with good cubic form

0.79

163.59

Clay and conglomerate: hard; clay is brown in general,
but packed with many colours of clay specks; band of|
43cm near base contains clay clasts of coarse-grain to

small pebble size, fairly unsorted; some pyrite nodules;
some lignitic traces

0.97

164.56

Clay: hard, light blue with brown and some dark blue

mottling, some small pyrite nodules and crystally and
specks near top

1.18

165.74

NCR

0.06

165.80

Clay: hard, top is light blue with brown mottling; rest is
brown with some light blue mottling

1.27

167.07

Clay: hard; crumbly in places and shears easily; mostly
brown with blue-grey mottling; some brown-purple with
brown mottling; some blue-grey with brown mottling;

some clay specks near base

1.90

168.97




Lough Neagh
Group

ECR

0.17

168.80

Clay: hard; brown and blue-grey mottled; packed with
clay specks; specks harder toward base - siderite;
probably both clay and siderite grains with siderite
increasing to base

1.42

170.22

Clay: hard; irregularly banded brown and blue-grey;
packed with clay specks and probably also some siderite
grains in top about half, with well-rounded clay clasts of]
coarse-grain to small pebble size in bottom about half
(mostly coarse to granule size); some hard ironstone
fragments or patches about 1m from top

1.66

171.88

ECR

0.08

171.80

Mini-conglomerate and Clay: hard; top 60cm is brown|
clay packed with coarse-grain to granule size clay clasts
and with many dark brown lignitic laminae and thin|
bands; this grades into fairly dark brown clay with some
lignitic traces with 1.5cm mini- conglomeratic band, and
conglomerate of mostly granule and small pebble size
clay clasts at base

1.08

172.88

Clay: hard; blue-grey to light blue with some brown
grey mottling; blue-grey becomeas more blue-grey
towards base; mostly sandty to very sandy, sideritic

0.54

173.42

Clay: hard; blue-grey at top with some brown mottling;
rest is green-blue, also with brown mottling; sandy,
sideritic with some very sandy patches

1.32

174.74

NCR

0.06

174.80

Clay: hard; green-blue with some purple mottling and
some brown patches near base; sandy., sideritic in top
section; some white and dark clay (?) specks near and at
base; one good shear near base

2.16

176.96

Clay: hard; green-brown with some blue-grey or green-
blue mottling; becoming blue-grey at base with some
brown mottling; packed with clay specks

0.83

177.79

NCR

0.01

177.80

Clay: hard; brown-blue-grey with many clay specks of]
many colours; specks increase at base as clay becomes

buff overall with darker organic laminae

1.19

178.99




Lough Neagh
Group

oo omn e omm wme w—

Conglomerates: hard; top is mini-conglomeratic with
lignitic laminae, fragments and stringers common,
majority is a poorly sorted conglomerate of mainly
rounded clay clasts, mostly granule-size to pebble-size
(although smaller and larger occur) of many colours,
including dark green, orange, buff, and off-white in aj
dark green clay matrix; some lignitic traces; at base, dark
green small to large rounded pebbles, probably basalt inJ
matrix of dark green clay and/or coarse-grain to granule
size dark green grey clasts; some pea-sized pyrite
nodules (spheroidally weathered in-situ basalt?)

1.50

180.94

Conglomerate: hard; small to large rounded pebbles,
probably basalt in matrix of dark green clay and/or
coarse- grain to granule size dark green clay clasts; most
clasts dark green, some various browns and other
colours

0.45

180.94

ECR|

0.14

180.80

Mini-conglomerate: hard; a few dark green pebbles at
top; rest is packed with mostly buff grey specks and has
frequent lignitic laminae and some fragments

0.34

181.14

Conglomerate; hard; dark green small, medium and
large pebbles in dark green clay matrix; band of clayey
lignite near base; some mosly small pebble size pyritel
nodules. Conglomerate or in-situ weathered basalt?

0.84

181.98

Conglomerate: hard; dark green clay matrix with mostly
coarse-grain size to granule size clay clasts, many
colours; some up to medium pebble size near base (fining

upward cycle); clasts mostly rounded; a few lignitic
traces and fragments near top

1.00

182.98

Antrim Lava
Group

Highly Weathered Basalt (Clay): hard; green-blue
with some darker green mottling near base; inside somel
brown (iron-rich) spots in places; also in places - white
clay specks, causing sandy clay

0.65

183.63

Highly Weathered Basalt (Clay): hard; green-blue;
some iron-rich spots

0.15

183.78

NCR

0.02

183.80

Highly Weathered Basalt (Clay): hard; top 1.10m is
green-blue with some iron-rich spots and with some
brown mottling towards base; rest is orange-red, brown-

red, red-brown, green-blue brown and dark brown,
yellow-brown and red, mottled

3.06

186.86

ECR

0.06

186.80




Antrim Lava
Group

Highly Weathered Basalt (Clay): hard; sheared and
broken up in places; red-brown with some dark green
areas and "clasts"; some good igneous texture near base;
some very small specks of native copper; a few brown-
yellow patches or "clasts”

3.01

189.81

ECR

0.01

189.80

Highly Weathered Basalt (Clay): hard, red-brown
with brown-yellow spots and with dark green "clast"
near top that shows possible igneous texture; becomes|
more red-purple to base, still with brown-yellow areas
(some may be veins) and some lighter blue-purple areas

0.41

190.21

Highly Weathered Basalt (Clay): hard; sheared and
broken up in places; red-brown and brown-red overall,
with some patches or "clasts" of mostly brown-yellow|
clay; some dark green "clasts" at base

2.57

192.78

NCR

0.02

192.80

Highly Weathered Basalt (Clay): hard; sheared and
broken up in places; red-brown and brown-red overall,
with some patches or "clasts" of mostly brown-yellow
clay, some dark green "clasts" at base

0.80

193.60

Highly Weathered Basalt (Clay): hard; some
shears;mostly red-brown with some brown-yellow
patches but also some dark green areas with good
igneous texture; one of these, near base, is very hard and
contains some white calcite veins and veinlets

2.37

195.97

ECR

0.17

195.80

Highly Weathered Basalt (Clay): hard; orange-brown
at top becoming red-brown at base; results of spheroidal
weathering shown well, especially in top half with some
of the "clasts" (various browns, greens, reds and off-
whites), exhibiting igneous texture

0.97

196.77

Highly Weathered Basalt (Clay): hard;some shears;
mostly red-brown but with dark green (less weathered?)t
band near base, showing igneous texture and with calcite
veinlets; calcite veinletts also in other areas; spheroidal
weathering again shown up with various colours of]
"clasts", igneous texture in some

2.10

108.87

ECR|

0.07

198.80

Highly Weathered Basalt (Clay): hard; some shears;
crumbly in places; mostly red-brown overall with other]
clours in "clasts"; some brown-yellow spots near base;

less red-brown, more green-brown and in places dark

green towards base

1.24

200.04




Antrim Lava
Group

Highly Weathered Basalt (Clay): hard; crumbly in
most places; dark green mostly with igneous texture in
places; red-brown at top and in bottom section; some

calcite veins in harder band around middle 1.87 201.91
ECR} 0.11 201.80
Highly Weathered Basalt (Clay): hard; crumbly; red-
brown at top, and brown-red and red-brown around
middle, rest is dark green; some "clasts" at top 1.60 203.40
Highly Weathered Basalt (Clay): hard; crumbly, some
shears; dark green;some very light green and white
weathering product in veins; some igneous texture 1.44 204.84
ECR] 0.04 204.80
Highly Weathered Basalt (Clay): hard; some shears;
crumbly; dark green becoming green-red-brown and then
brown-red and green-red-brown to base; igneous texture,
in dark green area 1.97 206.77
Highly Weathered Basalt (Clay): hard; crumbly;,
mostly red-brown with some dark green areas or patches|
mainly at base 1.02 207.79
NCR 0.01 207.80
Highly Weathered Basalt (Clay): hard; crumbly; dark
green at top and bottom, but mostly red-brown; igneous
texture in dark geen areas 237 210.17
Highly Weathered Basalt (Clay): hard; crumbly; dark
green with igneous texture in places; green-brown patchr
near base 0.72 210.89
ECR| 0.09 210.80
Highly Weathered Basalt (Clay): hard; sheared;
crumbly; purple-dark green; good igneous texture in
places; purple tint to base 2.58 213.38
Highly Weathered Basalt (Clay): hard, very hard at
top; some shears; crumbly dark green overall with green-
brown band just above middle, including some brown-
yellow spots and patches; igneous texture in places;,
purple tint to base 0.57 213.95
ECR} 0.15 213.80
Highly Weathered Basalt (Clay): hard; sheared,
crumbly;purple-dark green; good igneous texture 1.21 215.01
Weathered Basalt: very hard; dark green with many
calcite veins and veinlets 1.75 216.76
NCR 0.04 216.80
Weathered Basalt: very hard; dark green 1.58 218.38
ECR| 0.18 218.20
End of Borehole
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Polypodiaceoisporites gracillimus semiverrucatus

Sciadopityspollenites quintus

Sciadopityspollenites spp.

Stereisporites spp.

1
MMEMMEERENLE

Trilites spp.

Verrucatosporites balticus balticus

* "| 7| Dicolpopoliis spp. s
: Gothanipollis Group B Wilk. & Bitr_1980

Hydrosporis levis

+
-
- i a i ; ! Triporopolienites robustus

; - | 7 | Cycadopites sp. A

*

Inaperturopollenites radiatus megaradiatus

Euretitricolporites cf. microreticulatus

Arecipites Group D Wilk. & Bitr. 1980

L] ! d i Inaperturopollenites cuspidateformis

5 : - Inaperturopollenites cf. hiatus
- Saxosporis gracilis

Tiliaepollenites ceciliensis

Tiliaepolienites sp. B

+ Trivestibulopollenites betuloides

Boehlensipollis Group B Wilk. & Bitr. 1980

Corsinipollenites oculusnoctis

Laevigatosporites haardti crassicus

> ‘ i Tricolporopollenites baculoferus

oy | Corusporis $pp.
| ? | Foveotriletes spp.

Gl Bl : Tiliaepollenites spp.
i i Tricolpopollenites spp.

Tricolporopolleites spp.

Trilete spores (undifferentiated)

Baculatisporites sp. A

Caryapollenttes veripites

Retitricolpites sp. A

Gleicheniidites senonicus

Plicatopollis spp.

6661 Joquadag

Polypodiaceoisporites spp.

Retitricolpate pollen

Retitricolporites gentianoides

Tetracolporopollenites spp.
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Toroisporis Spp.

Triporate polien
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Alnipollenites verus

Arecipites Group C Wilk. & Bitr. 1980
Bisaccate pollen

Cupuliferoidaepolienites liblarensis liblarensis
Cupuiferoidaepolienites parmularis
Cupuliferoidaepolienites liblarensis fallax
Cupuliferoipollenites cingulum pusillus
Cupulifercipolienites cingulum oviformis
Deltoidospora wolffi

Hydrosporis levis

llexpollenites iliacus

llexpollenites margaritatus
Inaperturopolienites dubius
Inaperturopolienites hiatus
Laevigatosporites haardti

Momipites coryloides

Nyssapollenites incognitus
Nyssapolienites kruschi analepticus
Pityosporites spp.

Platanuspollenites ipelensis
Polyatriopollenites carpincides
Quercoldites microhenrici
Euretitricolporites microreticulatus
Sciadopityspollenites verticillatiformis
Stereisporites (Distancoraesporis) ancoris
Tricolpopolienites verrucatus
Euretitricolpites Group A Wilk. & Bitr. 1980
Supraretitricolpites Group B Wilk. & Bitr. 1880
Tricolporopollenites pseudocingulum
Trivestibulopolienites betuloides
Baculatisporites spp.

Gothanipollis Group B Wilk. & Bitr. 1980
Graminidites laevigatus
Inaperturopollenites cuspidataeformis
Inaperturopolienites cf. hiatus
Inaperturopolienites radiatus megaradiatus
Laevigatosporites discordatus
Laevigatosporites spp.

? Magnolipollis neogenicus minor
Pityosporites microalatus
Polyatriopollenites stellatus
Sciadopityspolienites spp.
Sequoiapollenites polyformosus
Tillaepollenites sp. B
Tricolporopollenites verrucatus
Arecipites spp.

Baculatispotites primarius

Camarozonosporites Camarozonosporites decorus
Camarozonosporites Camarozonosporites heskemensis
Camarozonosporites spp.

Cycadopites sp. A

Deltoidospora maxoides

Deltoidospora spp.

Gleicheniidites senonicus

Momipites spp.

Polypodiaceoisporites spp.

Toroisporis spp.

Trilete spores (undifferentiated)

Triplanosporites microsinuosus

Triporate pollen

Verrucatosporites spp.

-Verrucatosporites favus favus

Echinatisporis spp.

? | Graminidites laevigatus
Inaperturopollenites insulipapillatus
Lycopodiumsporites spp.
Tricolpopolienites hastus
Tricolporopollenites baculoferus
Tricolporopolienites spinus
Verrucatosporites balticus balticus
Arecipites Group A Wilk. & Bitr. 1980
Arecipites symmetricus
Arecipites cf. papillosus
Mediocolpopollis compactus
Monocolpopollis tranquilius
Nyssapolienites kruschi accessorius
Saxosporis gracilis
Baculatisporites quintus
Cicatricosisporites chattensis chattensis
Cicatricosisporites chattensis minor
Cicatricosisporites spp.

Corrusporis globoverrucatus

Echinate spore sp. A

Echinate spore sp. B

Echinate spore sp. C
Polypodiaceoisporites saxonicus

Trilites multivallatus

Verrucatosporites alienus
Verrucatosporites favus pseudosecundus
Gleicheniidites spp.

Polypodiaceoisporites gracillimus
Hydrosporis azollaensis
Trilites spp.
Varrirugosporites megaverrucatus
Verrucatosporites poriacus poriacus
Verrucatosporites poriacus microporiacus
Verrucingulatisporites undulatus undulatus
?  Cycadopites spp.
Momipites quietus
Nyssapolienites satzveyensis
Porocolpopollenites vestibulum
Retitricolpites sp. A
Euretitricolpites Group C Wilk. & Bitr. 1880
Supraretitricolpites Group D Wilk. & Bitr. 1980
Tricolporopollenites spinoreticulatus
Triporopollenites robustus
Sparganiaceaepolienites polygonalis
Tillaepollenites sp. A
llexpollenites spp.
? Muerrigerisporis spp.
Tricolporopollenites spp.
Corrusporis tuberculatus tuberculatus
Corrusporis spp.
Corrusporis tuberculatus minutus
Echinatisporis echinoides grausteinensis
Verrucatosporites histioptercides minor
Stereisporites spp.
Podocarpidites libellus
Tricolporopolienites sp. A
Caryapollenites veripites
Porocolpopollenites calauensis
Tricolpopolienites spp.
Anacolosidites spp.
7 | Dicolpopollis spp.
Tliaepollenites ceciliensis
Tricolporopollenites sp, B
Pityosporites labdacus
Euretitricolporites ¢f. microreticulatus
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Alnipollenites verus

Arecipites spp.

Arecipites Group A Wilk. & Bitr. 1980
Arecipites Group C Wilk. & Bitr. 1980
Arecipites cf, papillosus
Baculatisporites spp.

Baculatisporites primarius
Baculatisporites quintus
Camarozonosporites Camarozonosporites heskemensis
Cicatricosisporites chattensis chattensis
Cupuliferoidaepollenites liblarensis fallax
Cupuliferoipolienites cingulum pusilius
Cupuliferoipolienites cingulum oviformis
Deltoidospora wolffi

Dicolpopollis kockelii

Graminidites laevigatus
Inaperturopollenites dubius
Inaperturopolienites hiatus
Inaperturopollenites insulipapillatus
Inaperturopollenites radiatus megaradiatus
Laevigatosporites discordatus
Laevigatosporites haardti
Matonisporites spp.

Mediocolpopoliis compactus

Momipites coryloides

Momipites quietus

Monocolpopolienites tranquillus
Nyssapollenites incognitus
Nyssapollenites kruschi analepticus
Nyssapolienites satzveyensis
Pityosporites microalatus
Platanuspollenites ipelensis
Polypodiaceocisporites gracillimus
Polypodiacecisporites saxonicus
Porocolpopollenites vestibulum
Quercoidites microhenrici
Euretitricolporites microreticulatus
Sparganiaceaepollenites polygonalis
Tiliaepollenites sp. A

Tiliaepollenites sp. B

Tiliaepollenites spp.

Tricolpopollenites verrucatus
Euretitricolpites Group A Wilk. & Bitr. 1980
Supraretitricolpites Group B Wilk. & Bitr. 1980
Tricolporopollenites verrucatus
Tricolporopolienites pseudocingulum
Triporopollenites robustus
Verrucatosporites alienus
Verrucatosporites balticus balticus
Arecipites symmetricus
Cupuliferoidaepolienites liblarensis liblarensis
Cryillaceaepolienites megaexactus
Deltoidospora maxoides

Deltoidospora spp.

Gothanipollis Group B Wilk. & Bitr. 1980
Lycopodiumsporites spp.

Pityosporites spp.

Polyatriopolienites carpinoides
Euretitricolporites cf. microreticulatus
Tricolporopollenites sp. B
Retitricolporites sp. A
Tricolporopolienites spinus
Boehlensipollis Group B Wilk. & Bitr. 1980
llexpollenites illiacus

Tricolporopollenites sp. A
Sequoiapollenites spp.
Verrucatosporites favus favus
Verrucatosporites favus paeudosecundus
Corrusporis tuberculatus tuberculatus
Tillaepollenites ceciliensis
Tricolporopollenites baculoferus
Verrucatosporites spp.
Podocarpidites spp.

Porocolpopollenites calauensis
Supraretitricolpites Group D Wilk. & Bitr. 1980
Caryapollenites veripites
Sciadopityspollenites spp.
Tricolporopollenites spinoreticulatus
Trivestibulopollenites betuloides
llexpolienites margaritatus

Bisaccate pollen

Cicatricosisporites spp.

llexpolienites spp.

Tricolporopolleites spp.
.| Polyatriopollenites stellatus
Inaperturopollenites cuspidateformis
Stereisporites spp.
Tricolpopollenites hastus
? | Dicolpopollis spp.

Toroisporis spp.

Triplanosporites microsinuosus
Arecipites Group D Wilk. & Bitr. 1980
Cycadopites sp, A

Cyperaceaepollis spp.

Tiliaepollenites instructus

Retitricolpites sp. A
Polypodiaceocisporites spp.
Retitricolporites gentianoides
Saxosporis gracilis
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Baculatisporites nanus E
Baculatisporites spp. E
e T s e e ) Baculatisporites primarius E

S 00O
U

Baculatisporites quintus
Camarozonosporites Camarozonosporites heskemensis
Cicatricosisporites chattensis chattensis
Cicatricosisporites spp.

? | Corrusporis chattensis
Corrusporis globoverrucatus
Corrusporis spp.
Corrusporis tuberculatus minutus
Corrusporis sp. A
Deltoidospora spp.
Deltoidospora wolffi
Echinate spore sp. A
Echinate spore sp. C
Gleicheniidites spp.
Inaperturopollenites cuspidateformis
Inaperturopolienites dubius
Inaperturopolienites hiatus
Inaperturopollenites insulipapiliatus
Laevigatosporites haardti
Lycopodiumsporites spp.
Momipites coryloides
Nyssapolienites incognitus
Nyssapollenites kruschi analepticus
Pityosporites microalatus
Porocolpopollenites vestibulum
Quercoidites microhenrici
Saxosporis gracilis
Toroisporis spp.
Euretitricolpites Group A Wilk. & Bltr, 1880
Supraretitricolpites Group B Wilk. & Bitr. 1880
Tricolporopollenites pseudocingulum
Tricolporopollenites spinus
Trilites multivallatus
Trilites spp.
Triplanosporites microsinuosus
Triporopollenites robustus
Verrucatosporites balticus balticus

Verrucatosporites spp.

Verrucatosporites favus favus
Verrucatosporites favus pseudosecundus
Ainipollenites verus

Cupuliferocidaepolienites liblarensis liblarensis
Cupuliferoipolienites cingulum pusilius
Cupuliferoipollenites cingulum oviformis
Inaperturopollenites radiatus megaradiatus
Mediocolpopollis compactus

Momipites quietus

Nyssapollenites satzveyensis

Pityosporites spp.

Platanuspollienites ipelensis

Euretitricolporites cf. microreticulatus

Euretitricolporites microreticulatus

Tiliaepolienites sp. A

Tiiaepolienites spp.

Tricolporopolienites sp. B

Tricolporopollenites verrucatus

Tricolporopolienites spp.

Echinate spore sp. B

Tricolpopolienites spp.

Camarozonosporites spp.

Cupulifercidaepollenites liblarensis fallax

Inaperturopolienites cf. hiatus

Tiliaepollenites sp. B

Supraretitricolpites Group D Wilk. & Bitr. 1880

Tricolporopolienites baculoferus

Trivestibulopollis betuloides

Gothanipollis Group B Wilk. & Bitr. 1980
7  Holkopolienites spp.

llexpollenites liacus

Laevigatosporites discordatus

Polypodiacecisporites gracillimus

Polypodiaceoisporites saxonicus

Retioperculotricolporites spp.
Sciadopityspollenites verticillatiformis
Tricolpopollenites verrucatus
Stereisporites spp.
Tricolpopollenites hastus
Arecipites spp.
Arecipites Group A Wilk. & Bitr. 1980
7 | Arecipites Group E Wilk, & Bitr. 1880
Arecipites Group C Wilk. & Bitr. 1880
Bisaccate pollen
Boehlensipollis Group B Wilk. & Bltr. 1980
Camarozonosporites Camarozonosporites decorus
Corsinipollis oculusnoctis
Dicolopopollis kockelii
7 | Dicolopopollis Group D Wilk. & Bitr. 1980
Gleicheniidites senonicus
Laevigatosporites haardti crassicus
Polypodiaceoisporites spp.
Porocolpopollenites calauensis
Retitricolporites gentianocides
Sciadopityspollenites spp.
Varrirugosporites megaverrucatus
Verrucatosporites alienus
Caryapollenites veripites
Deltoidospora maxoides
llexpollenites margaritatus
Nyssapollenites spp.
Retitricolpate pollen
Echinatisporis embryonalis
Hydrosporis levis ~
7 | Muerrigerisporis spp.
Trilete spores (undifferentiated)
Verrucingulatisporites spp.
Tricolporopollenites cf. spinus
Cicatricosisporites dorogensis
Cicatricosisporites paradorogensis
Cryillaceaepollenites megaexactus
Cycadopites sp. A
Nyssapollenites kruschi accessorius
Pityosporites labdacus
Polyatriopollenites carpinoides
Polyatriopollenites stellatus
Tliaepollenites instructus
Tricolporopollenites spinoreticulatus
Triporate pollen
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Alnipollenites verus

Arecipites Group A Wilk. & Bitr. 1980
Arecipites Group C Wilk. & Bitr. 1980
Baculatisporites spp.

Baculatisporites quintus

Bisaccate pollen

Camarozonosporites spp.
Cupuliferoidaepollenites liblarensis liblarensis
Cupuliferoidaepollenites liblarensis fallax
Cupulifercipollenites cingulum pusillus
Cupulifercipollenites cingulum oviformis
Dettoidospora spp.

Deltoidospora wolffi

Dicolpopoliis kockelii

Echinatisporis spp.

Graminidites laevigatus

llexpollenites illiacus

llexpollenites margaritatus
Inaperturopollenites dublus
Inaperturopolienites hiatus

Laevigatosporites discordatus
Laevigatosporites haardti

Momipites coryloides

Momipites quietus

Nyssapollenites incognitus

Nyssapollenites kruschi accessorius
Nyssapollenites kruschi analepticus
Pityosporites microalatus

Pityosporites spp.

Platanuspollenites ipelensis
Polyatriopollenites carpinoides
Polyatriopollenites stellatus

Quercoidites microhenrici
Sciadopityspollenites verticillatiformis
Stereisporites (Distancoraesporis) ancoris
Stereisporites (Distgranisporis) granisteroides
Euretitricolpites Group C Wilk. & Bitr. 1880
Tricolpopolienites verrucatus
Euretitricolpites Group A Wilk. & Bitr. 1980
Supraretitricolpites Group B Wilk. & Bitr. 1980
Tricolpopollenites hastus
Supraretitricolpites Group D Wilk. & Bltr. 1980
Tricolporopollenites verrucatus
Tricolporopolienites pseudocinguium
Verrucatosporites spp.

Arecipites spp.

Cycadopites sp. A

llexpollenites spp.

Nyssapollenites satzveyensis

Pityosporites labdacus

Podocarpidites libellus

\Porocolpopolienites vestibulum
Euretitricolporites microreticulatus
Tilimepollenites sp. A

Tricolporopollenites spinoreticulatus
Tricolporopollenites spinus

Trilites multivallatus

Triplanosporites microsinuosus
Verrucatosporites favus paeudosecundus
Foveotriletes spp.

Laevigatosporites spp.

Porocolpopollenites calauensis
Retioperculotricolporites spp.
Cupuliferoidaepolienites parmularius
Mediocolpopollis compactus

Baculatisporites primarius
Cicatricosisporites paradorogensis
Cicatriccsisporites spp.
Crylllaceaepollenites megaexactus
Deltoidospora maxoides
[Polypodiaceoisporites gracillimus semiverrucatus
Sciadopityspollenites quintus
Sciadopityspolienites spp.
Stereisporites spp.

Trilites spp.

Verrucatosporites baiticus balticus

? Dicolpopoliis spp.

|Gothanipollis Group B Wilk. & Bitr, 1880

Hydrosporis levis

|Triporopollenites robustus

Cycadopites sp. A

|Inaperturopollenites radiatus megaradiatus

Euretitricolporites cf. microreticulatus

Arecipites Group D Wik. & Bitr. 1980

Inaperturopollenites cuspidateformis

Inaperturopolilenites cf. hiatus

|Saxosporis gracilis

Tiliaepollenites ceciliensis

Tiliaepolienites sp. B

Trivestibulopolienites betuloides

Bosehlensipollis Group B Wilk. & Bitr. 1880
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