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Aims of presentation

 Background to the project IS16/04 “Integrated Biostratigraphic & Lithostratigraphic 
framework of offshore Ireland”

 Provide summaries of some of the results to date
- Focus on west of Ireland 

- Jurassic

- Lower Cretaceous

- Palaeocene

- Radiometric dating

 Other aspects of the project results are shown on our posters
- Palaeozoic

- Upper Cretaceous

- Geochemistry
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All interpretations shown in this presentation are PROVISIONAL and therefore 
subject to change



Mesozoic stratigraphy of north west Atlantic margin
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 Despite long history of exploration in Ireland (first 
offshore well in 1970) there is no “official” stratigraphic 
nomenclature in place.

 Workers and researchers use a mixture of informal, in 
house or UK names

 PIP therefore commissioned a project in 2016 to define a 
new stratigraphic framework for offshore Ireland for all 
workers in the area to use 

 A Merlin-led consortium was awarded the project to 
develop this framework, incorporating…

- New lithostratigraphic subdivisions and nomenclature
- Biostratigraphic database (legacy and new data)
- Biozonation schemes
- Sequence stratigraphy schemes (well based)
- Definition of major seismic horizons/sequences
- Maps showing the distribution of newly defined 

lithostratigraphic units
- Palaeogeography maps
- Comparisons with Eastern Canada and North Sea
- Integration with geochemistry database
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Background

Study area



 Team of 16 people

 Stratigraphers

 Geochemists

 Seismic interpreters

 Petroleum geologists

 Igneous geologist

 GIS geoscientists

 Data managers

 Project management
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Composition of the Merlin consortium

PALAEODATE LTD

DUNFORD EXPLORATION LTD



 Project steer and management
- PIP; Nick O’Neill, Martin Davies

- PAD; Kara English (mentor), Clare Morgan, 
Michael Hanrahan

- Steering Group (as above + Cairn, 
Providence, Statoil, Woodside)

 Deliverables
- Report

- Atlas

- Project databases

 Project due for completion in 2018.
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Project steer & deliverables

 Stratigraphic Nomenclature 
Committee

- Pat Shannon (Chairman), plus PAD, PIP, D. 
Naylor, G. Sevastopulo, P. Haughton, S. 
Tyrrell, A. Doré, P. Copestake, N. 
Ainsworth

- Aim to guide the process of defining new 
offshore lithostratigraphy and seismic 
sequences



Database; biostratigraphy coverage & sampling

 Legacy biostratigraphic database:

- 163 Wells 

- 9 IODP/DSDP/ODP sites (30 holes)

- 10 Shallow Boreholes

- 203 total wells & boreholes

- 313 data sets

 All interpreted (chronostratigraphy, 
initial lithostratigraphic subdivisions, 
key biostratigraphic markers 
synthesized)

 Entered into Stratabugs & IC 
databases, summary logs & 
correlation panels created

 Litho and chrono tops into IHS 
Kingdom seismic database to 
constrain seismic interpretations (see 
poster for seismic database)

 Lithologies interpreted and entered 
into IC database
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Legacy biostratigraphy coverage: Wells & age intervals re-sampled:

 Re-Sampling:
- 106 wells sampled

- focus on filling data gaps and 
addressing particular stratigraphic 
problems



8

Summaries of initial results to date 

(note all lithostratigraphic subdivisions shown in the following slides 
are informal and will need agreement with Stratigraphic 
Nomenclature Committee, followed by establishment of new names)
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Lower Jurassic development eastern and western offshore Ireland
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 North Sea – UK published J sequences (Partington et al., 1993) can be applied at least for 
the marine parts of the Jurassic offshore Ireland

 10 J sequences through Lower Jurassic

 Presence of major unconformity, intra Upper Pliensbachian (base J16 sequence), plus at 
Sinemurian/Hettangian boundary (base J04 sequence)

 Overall background claystone succession

 Punctuated by major limestone and sandstone units

 Limestones in Hettangian – earliest Sinemurian in Celtic Sea-Fastnet Basins

 Overlain by Sinemurian sandstones

 Limestones range younger in west of Ireland; often called Broadford Beds

 Overlain by Late Sinemurian “Suisnish Sst”, oil reservoir in 27/4-1 (Bandon) 
discovery

 This sandstone correlates with Sinemurian Sandstone east of Ireland (in 
J06 sequence)

 Early Toarcian high gamma claystone J17-J18
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50/3-1, 50/3-3 together represent thickest Lower Jurassic  in Ireland, 2350m
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Jurassic development in St George’s Channel Basin

42/21-1NE SEUK 103/1-1,-2

Base J17 sequence, near 

base Toarcian

Area of possible 

downlap/onlap

? Carb Lmst

? Kimm Lmst

Chalk

Quaternary

St George’s Channel Basin contains 

>4500m of Lower Cretaceous-Jurassic 

(Tappin et al., 1994).  We estimate 

thickness of 3000m of Lower Jurassic. 

This is probably the thickest Lower 

Jurassic depocentre in N W Europe 

(nearly 3 x thickness of Mochras 

Borehole; 1305m)
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Middle Jurassic & age of Bajocian Unconformity

 It is likely that the unconformity is the same age in all areas, though difficult to pin down; need 
relatively complete succession

 Ties to period of rapid subsidence and extension in Slyne Basin

 Best estimate of age is Intra Bajocian

 Similar age to Intra Aalenian, J20 unconformity in North Sea, but younger

 Intra Bajocian age unconformity also in Greenland (Surlyk & Ineson, 2003)

 We have not  seen an equivalent significant break in the Fastnet-Celtic Sea basins
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Seismic line across Corrib Field (Dancer et al., 2005)
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Upper Jurassic stratigraphy, Porcupine Basin, Connemara Discovery
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26/28-2

Conglomerates in 

red claystone 

matrix; core 12

Additional section 

seen on seismic, 

post J4.4, beneath 

BCU.  ?Undrilled 

in basin

J4.4
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Upper Jurassic 

non to shallow 

marine in 

Porcupine 

Basin • BCU is, 

where 

minimal 

unconformity, 

at the 

Berriasian/Tit

honian 

boundary.

• Note this is 

older than the 

North Sea 

BCU.  The 

Ireland BCU 

equates with 

a different 

sequence 

boundary in 

the North 

Sea, that at 

the base of 

J73



Seismic line across Connemara Field
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Line NP-81-63
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SENW

Additional 

section seen 

on seismic, 

post J4.4, 

beneath 

BCU

BCU

26/28-5

26/28-1

26/28-5

Intra 

Tithonian 

seismic 

sequence 

boundary

Lower Cretaceous

BCU is a major angular 

unconformity on seismic, 

with truncation beneath 

and onlap above.  Looks 

very similar to BCU in 

North Sea



Upper Jurassic biostratigraphy & 
potential sequence stratigraphy
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Reworked Trocholina spp., M. washitensis6250
Reworked ?G. barremiana, common E.

caracolla & G. sigmoicosta, L. ouachensis, M.

robusta, T. acutangula, V. arguta, common F.

?praemoesiana & T. pyramidata

6266.4

Reworked S. spinosa6299.21
FDO Textularia sp. B, pyritised bivalve spat6332.02
FDO superabundant E. chapmani & G.

intermedia, common P. subcretacea. 

Reworked V. kasahstanica, N. (C.) mertensi,

Schuleridea sp. B

6364.83

FDO abundant M. robusta, superabundant O.

schloenbachi, R. minuta.  Abundant

squashed Haplophragmoides spp., V.

chapmani

6394.36

Reworked G. barremiana, common F.

xenagena

6397.64

FDO common C. lamplughi & E. chapmani, 

L. lamplughi, abundant P. subcretacea, V.

neocomiensis

6407.48

FDO A. nitida, T. roberti, influx G.

intermedia, common O. schloenbachi,

common Textularia sp. B

6423.88

FDO calcitic bivalve spat6496.06
FDO pyritised bivalve spat, pyritised R.

perforata

6512.47

FDO common calcitic bivalve spat, pyritised

gastropod

6594.49

FDO E. liassica, superabundant pyri tised

bivalve spat

6643.7

FDO P. elongata6692.91

FDO common E. liassica, ?L. varians, D.

leguminella, abundant L. cf. striata

6889.76

FDO common E. parastelligera, abundant L.

varians, abundant G. gordial is, H. serpentina,

common pyri tised bivalve spat & turreted

gastropods

6988.19

FDO common L. subalata, superabundant L.

varians

7086.61

FDO abundant echinoderm debris7283.46

FDO abundant E. parastelligera, G.

?dorsetensis

7381.89

FDO Ammodiscus spp., abundant pyritised

bivalve spat

7467.19

FDO major influx Ammodiscus spp.*7468.83

FDO common Limnocythere sp. A7472.97

FDO charophyte oogonia7496.72

FDO D. oblonga, common Klieana sp. A7545.93

FDO common K. "reticulata"7562.34

FDO common D. oblonga, influx Klieana sp.

D. Klieana sp. F, common Klieana sp. H,

abundant K. "reticulata", common Leiria

spp., Theriosynoecum? sp. 3

7578.74

FDO abundant Klieana sp. A, Klieana sp. G7611.55

FDO ?T. aff. conopium7742.78

FDO influx L. hibernica7759.19

FDO T. aff. conopium7775.59

FDO influx T. aff. conopium, T. gr. anglica7824.8

FDO abundant calcitic gastropods7956.04

FDO influx T. gr. anglica, superabundant

calcitic gastropods

7982.28

Major influx L. hibernica*7994.59

FDO common Klieana sp. C8087.27

FDO abundant Klieana sp. C*, L. "tumida"*8202.1

Abundant Theriosynoecum sp. A*8234.91

FDO superabundant Klieana sp. C*8267.72

FDO ?F. boloniensis8284.12

FDO L. cf. striata*8431.76

FDO Klieana sp. D*8661.42

FDO influx shell debris*8727.03

FDO FDO C. ?armata/inermis, Klieana sp. H*8923.89

FDO Leiria spp.*  LDO superabundant shell

debris*

8956.69

FDO Carbonita spp.8973.1

FDO common Carbonita spp., Shivaella spp.9005.91

Key Palynology Markers

O. tentoria6266.4

A. cf. neptuni6394.36

LDO Cretaceous palynomorphs6397.64

Common Subti lisphaera spp.  L. stoveri6407.48

G. cf. cladophora.  Common Valensiella /

Epiplosphaera spp.

6430.45

G. dimorphum6463.25

D. pannea, G. cf. mutabilis (grana)6528.87

FDO G. cladophora, common G.

paeminosum

6594.49

G. dimorphum.  Reworked? G. jurassica6791.34

?G. longicornis6824.15

FDO G. jurassica, L. mirabile6856.96

L. eumorphum.  Common Valensiella /

Epiplosphaera spp.

6894.03

Common G. jurassica6988.19

Significant G. jurassica, G. cladophora & L.

subtile

7103.02

Abundant G. jurassica.  C. ehrenburgii acme7185.04

S. dictyotum peak7234.25

FDO G. jurassica longicornis, S. crystallinum,

S. luridum

7250.66

Common S. areolata7316.27

LDO prominent dinocysts7349.08

S. dictyotum osmingtonense7381.89

Eclusively miospores between 2250.0m -

2276.50m*

7384.02

"Flimsy" AOM7470.47

Classopollis / Corollina acme7472.11

FDO Dissiil iodinium spp. acme7496.72

LDO Dissiliodinium spp. acme7578.74

Increased Botyococcus7627.95

Downsection miospore increase.  S. areolata7759.19

Influx Botryococcus7775.59

Influx C. rallus7857.61

Common R. regalis. Q. anellaeformis,

Dissiliodinium sp.

7956.04

FDO Chasmatosporites spp.8021.65

Reworked M. fuscus & Ovalipoll is8054.46

FDO N. gracilis.  G. jurassica adecta8120.08

Miospore dominated8202.1
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Mesozoic miospores dominant*.

Carboniferous miospores (common Lycospora

spp., T. securis)*

8923.89

Reworked Carboniferous spores, including C.

magna & V. fenestrata

8940.29

Increase diversity in Carboniferous miospores.

 Increase Lycospora spp. FDO C. kosankei, E.

globiformis, Florinites spp., Triqui trites

bransonii, T. sculptilis & V. laevigata?*

8956.69

L. trileta8973.1
C. ovalis, L. pusilla, V. fenestrata8974.74
A. splendidus, L. gigantea, S. spinosus9005.91

M. cf insuitatus, T. pseudothiesseni9112.53

FDO  W. irregularis9169.95

LDO Thymospora spp.9183.07
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Red brown 

mudstones

• Upwards shift from 

marginal/non-marine to 

marine palynofloras and 

microfaunas; indicative 

of major flooding

• Late Oxfordian in age

• Correlates with base 

J56 MFS in North Sea

Middle Jurassic dinocysts

present; interpreted as 

reworked. Previously 

interpreted as in situ 

Middle Jurassic

Non marine ostracods 

(Cetacella, Leiria), Late 

Jurassic, similar forms seen 

in Kimm-Oxfordian of North 

Celtic Sea & Portugal

Potential stratigraphic 

sequences recognisable 

within marine J4 unit

J3.3 sandstone/shale boundary in core 2;

Middle?-Late Oxfordian in age
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FDO common H. delrioensis & H. planispira, G.

cenomanica, L. ciryi inflata

3116.8

FDO G. berthelini, common Arenobulimina spp.3182.42
FDO P. gibba, common G. cenomanica, superabundant L.

muensteri, A. chapmani, Protocythere spp., inf lux

Inoceramus debris

3215.22

FDO G. intermedia, C. gr. ovata3248.03
FDO fish teeth3280.84
FDO Pontocyprella spp.3313.65
Caved A. macfadyeni3346.46
FDO abundant fish debris3379.27
FDO abundant Cenosphaera spp.3444.88
FDO superabundant fish debris3543.31
FDO E. liassica, Lenticulina spp., T.

globigeriniformis, T. squamata, common

Cenodiscus spp., superabundant Cenosphaera

sp. 1, O. mclaughlini, P. blowi subsp. A,

superabundant P. jonesi, common S. devorata

3674.54

FDO superabundant Cenosphaera spp., P. blowi3740.16
FDO L. ?major.  Major decrease in radiolaria3805.77
FDO L. major3871.39
FDO common E. liassica, Crucella spp., influx

P. jonesi, common P. blowi, Spongodiscus sp.

3.  Re-appearance superabundant Cenosphaera

spp.

4133.86

Indeterminate ostracod4461.94

Re-appearance abundant Cenosphaera spp.4658.79

FDO turreted gastropod4724.41

FDO L. subalata, influx Trochammina spp. 

Re-appearance E. liassica

4921.26

FDO Marginulina spp.4986.88

FDO common H. canui & Spongodiscus sp. 35118.11
FDO A. deceptorius, T. ?jurassica.  Re-appearance T.

globigerinformis, T. squamata, superabundant P. jonesi
5183.73

FDO Spongodiscus sp. 25249.34

FDO L. ectypa5314.96

FDO G. dissimilis5380.58

FDO superabundant L. muensteri, P. beirana5774.28
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19/11-1A Upper Jurassic

 Typical North Sea type Kimmeridge 
Clay & Heather with matching 
biostratigraphic content (e.g. 
dinocysts, radiolaria)

- Further example in Dooish area (see 
later slide)

 Part way down the Upper Jurassic 
section a distinctive ostracod 
association appears that has been 
interpreted by some as Bathonian, 
but which we consider to be 
Oxfordian

 In some wells this is associated with 
red beds

 These red beds are believed to 
correlate with Celtic Sea and 
Porcupine basins
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 Marine deposition throughout

 Most well developed 
sandstones are “Greensands” 
in Middle-Late Albian

 Widespread around margin of 
Porcupine Basin

 “Neocomian Sandstone” 
(Hauterivian age) in 12/13-1A 
in Erris Basin

 12/13-1A succession very 
similar to North Sea

 Formations & log units 
identifiable

 Biostratigraphy is also 
North Sea type

 Set of depositional sequences 
provisionally recognisable

 I_K12 to I_K55

 Appear to correlate with 
published North Sea K 
sequences (Copestake et 
al., 2003; Millennium 
Atlas)
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Lower Cretaceous seismic stratigraphy west of Ireland

 4/5 seismic horizons identified

- Base Upper Cretaceous (Base Chalk)

- Mid Albian

- Aptian

- ?Hauterivian

- 1 deeper horizon, not yet tied to well

 Aptian horizon tied to base I_K45

 Mid Albian horizon ties to base I_K55

 From wells there are three unconformities fairly close to each 
other; intra Aptian, base Aptian, Mid Albian; each of which 
can be confused with “Intra Aptian seismic sequence 
boundary”

 Plus other older unconformities; base I_K30, base I_K14
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5/22-1 thickest 

Paleocene section 

offshore Ireland; 

contains 

volcaniclastic sands

35/17-1 drilled to 

test basin floor 

Palaeocene mound.  

No sand present

35/17-1

Danian-Late Maastrichtian 

submarine lavas (interbedded 

with deep marine sediments)

35/19-1 thickest 

Paleocene section 

in Porcupine Basin

35/19-1



Igneous rocks and radiometric dating

 Units selected for dating are either previously 
undated or where a check on previous dating 
needed

 Focus on core samples

 These have been described and studied 
petrographically (Dr Carl Stevenson, University of 
Birmingham)

 Samples with appropriate mineralogy and freshness 
high graded for dating

 Two examples illustrated here

- 12/2-1Z

- 62/7-1.
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“Dooish

Sandstone” 

yields very poor 

biostratigraphic

data, both in 

legacy data and 

new analysis

Late 

Carboniferous 

(Pennsylvanian) 

biostratigraphy 

in lower 

sandstone unit

Lava flow within 

“Dooish

Sandstone”, if 

can be dated, will 

provide valuable 

evidence of age

Samples 

taken

Core log (Reservoir Geological Study; Robertson, 2004)

Radiometric date of 250 Ma from core 1 (3950.85-

3956.25mMD) (final well report); = Early Triassic on 

current time scale.



12/2-1Z lava within the “Dooish Sandstone”

Samples taken

Base of lava 
(3963.3m)

Top of lava
(3958.1m)

K feldspar present in basal sample; 

potential for radiometric dating

4mm



Jurassic?/Carboniferous boundary in 12/2-1Z
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Significant erosional contact between 

?Mesozoic “Dooish Sandstone” and 

Carboniferous. Seen in Core 3

We await the results of the 

radiometric dating
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likely pre-Tithonian Jurassic
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Goban Spur well 62/7-1

 200m of porphyritic basalt with interbedded coals

 2-10mm phenocrysts of alkali feldspar

 Overlain by Hauterivian sediments

 Immediately underlain by undated sediments

 Various radiometric dates for the lava published by Esso (Colin 
et al., 1982; Bathonian), 130-137 Ma (Valanginian) (Tate & 
Dobson, 1988), 93.8 Ma (Turonian) (BGS, 2009)

 

 Porphyritic texture with large 
partly fragmental plagioclase 
phenocrysts 

 Potential for radiometric 
dating of phenocrysts or 
groundmass

 Once dated, comparison 
should be made with 56/26-1 
microgabbro sample from 
Fastnet, previously dated as 
Middle Jurassic

2mm

Sample 

from core 1

62/7-1
Scale: 1:2000
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Goban Spur well 62/7-1
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Base Cretaceous 

horizon currently 

interpreted above 

the lavas, so 

favours Jurassic 

age. Probable 

faulted contact at 

well

“Base Cretaceous”

62/7-1
Scale: 1:2000
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We await the results of the 

radiometric dating

W E
62/7-1



Comparisons with Eastern Canada (Flemish Pass Basin)

Comparisons with Ireland:-
 Cenozoic seismic markers/sequences compare 

well to Ireland
 Major unconformities developed at similar 

times, e.g. Santonian, base Cenomanian, 
Middle Albian/Barremian, base Cretaceous, 
suggesting similar structural histories

 Fewer clastics in Paleocene-Eocene compared 
to Ireland

 Base Tertiary unconformity more major in 
Flemish, Danian absent

 Upper Cretaceous, “Chalk” facies in both areas
 More Albian sands in Ireland
 No observed Aptian sandstones in either area 

to date
 Some sandstones in basal Cretaceous in both 

areas
 Tithonian reservoirs (Bodhran Fm/Jeanne 

d’Arc in Flemish) not yet seen in Ireland, but 
suggestion from biostrat that incomplete 
Tithonian in Ireland wells drilled to date

- Major unconformity at base of Bodhran, which 
correlates with Jeanne d’Arc Basin, not yet proven 
in Ireland but may be present on seismic data

 Faunas and floras in Tithonian very similar to 
Porcupine Basin, but not to Slyne-Erris basins

26
North Atlantic plate reconstruction at Aptian time (Gouiza

et al., 2016)

Lithostrat column is from Jeanne 

d’Arc Basin not Flemish Pass

Nalcor (Beicip-Franlab, 2015)

IRELAND

East 

Orphan 

Basin
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Orphan 
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Nalcor
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Geochemical database and interpretation

Geochemical database:
 A fully integrated geochemical database has been compiled based on 

the data available from the Source Rock Atlas project  (IS16/01) carried 
out by Beicip-Franlab

 When finalised the new stratigraphy will be applied to the database 
within the IS16/04 project

 Detailed information on the contents of the database are available on 
the poster “An integrated geochemical database for petroleum 
exploration offshore Ireland”

27

Geochemical interpretation (future work):
 The compiled database will be used to characterise source intervals in 

the context of the updated stratigraphy 

 Organic richness, kerogen type, hydrocarbon generation potential, and 
maturity will be documented for individual source intervals

 Source intervals will be characterised for each basin and lateral 
variations highlighted within and between basins

N.B. Both plots show data for the full Jurassic interval in the Porcupine Basin, based on the old stratigraphy
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Summary & Conclusions

 Major new stratigraphic framework project initiated, funded by 18 oil companies 
and PAD

 This will standardise the stratigraphy for the whole of offshore Ireland

 Legacy stratigraphic database from 200 penetrations has been reinterpreted, 
supplemented by new biostratigraphic data generated on key wells and intervals

 Initial comparisons with East Canada and the North Sea becoming apparent

 Significant progress made regarding subdivisions and correlation of Palaeozoic, 
Jurassic, Lower Cretaceous, Upper Cretaceous, Paleogene

 Initial sequence stratigraphy subdivisions proposed from wells and seismic ties

 Once new stratigraphy is finalized, this will be integrated with the geochemistry 
database to generate enhanced understanding of source rock intervals

 Project due for completion next year, to include report, atlas and databases.
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Come and talk to us over coffee and at the Merlin stand
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Thank you for listening
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