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Background & Presentation Aims

* To rectify this, in 2016, a Merlin led
consortium was commissioned by the Irish
Government (PAD) and 18 operating
companies to

* Define a new stratigraphy for offshore Ireland
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* Lithostratigraphy, biostratigraphy, sequence stratigraphy
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» Palaeozoic to Quaternary
+ 309 lithostratigraphic units recognised

of which 63 are previously existing names from the UK
area
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» radiometric dating of selected extrusive igneous units
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* Project finished in 2020 and released publicly in
2021 as a special publication (Merlin Energy
Resources Consortium, 2020). Free download at:
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https://www.gov.ie/en/publication/d4923-the-standard- 2
stratigraphic-nomenclature-of-ireland/ o _— ;
« Aim today to present key results of the study A
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* Focus on biostratigraphy & its applications
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New lithostratigraphic framework

for offshore Ireland
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A new standard lithostratigraphic framework for offshore Ireland;
regional chronostratigraphic summary chart
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Merlin Consortium Members
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Well & borehole database
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« 264 wells & boreholes

* 219 oil and gas wells
- 31 DSDP/ODP/IODP boreholes
14 shallow/mining boreholes
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Wells & boreholes with legacy biostratigraphic data

* 198 wells & boreholes with biostratigraphic
data

« 531 legacy biostratigraphic data/reports

* Released wells, boreholes, PhD theses, published
papers, published DSDP/ODP/IODP reports
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New biostratigraphic analysis

* Supplemented by new biostratigraphic
analysis on >3000 samples from 106 wells

» Targeted at particular intervals where more data was
required

All legacy & new biostratigraphic data
compiled, interpreted & displayed in

Q StrataBugs \(
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Biostratigraphic databases created; StrataBugs { StrataBugs

* All legacy biostratigraphic data (inc. distribution charts) incorporated into newly created

StrataBugs database e \
vvvvvvvvvvvvvvv Legacy biostratigraphic data (distribution chart) j - __

3 T N/ R
Sl ie | B E|E]E I R I | ===
' Dil i
SIE[E]| g5 |85 £ | & zZ 8 z = - ; H i
e R R e i e N Y e e B AR Redisplay in Stratabugs database |,
it £ |/ e S HE HARIE i
E ]
EHIE
=7 UAESARNAN
Nl in
2 33‘ 3 KR - i
e i = EEE
i3 i =
i ‘ ; t i
ot 7 4] . = i D
i '
H|E
E TG
H|E
FLLIE
I
[
o] —— }
L] 52
et
- 1
LH
w| FHE L
g
H It
Rk 11
e e ] R 1
: ! ; HE 3
sSnseze: o [ SRR ICR i
T T i !

W PALAEODATE LTD RILEY GEOSCIENCELTD



Biostratigraphic databases created; StrataBugs £ StrataBugs

* Integrated with all new biostratigraphic data, e.g. Lower Cretaceous nannofossils from
35/8-1 well
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198 stratigraphic summary logs are

Biostratigraphic databases created; IC available via download

 Key biostratigraphic markers and biozones/subzones added to /C database
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How has the biostratrigraphy been used in the offs

nore Ireland area?

e Characterisation of the

lithostratigraphic units

SYBIL FORMATION
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The Sybil Formation is defined here for a dominantly marine mudrock umit of Late Jurassic, intra Early Kimmeridgian to inf
Late Oxfordian, age, which lies in the lower half of the Muckross Group, within the Slyne Basin. These sediments may all
extend mnto the Conall, Rénan and Rockall basins. This formation is the lower formation of the Muckross Group. Tt is overld
by the Dawros Formation, which in tum overlies the Beara Group, Minard Formation.

The formation 1s equivalent to the Lower Kimmeridge Clay Formation unit of Ternan (2006) in the “Slyne-Erris basin™

The formation 1s comparable in age and facies to the Heather Formation of the UK offshore area (North Sea and West
Shetland) however, the formation in offshore UK area cannot be proven to be contiguous with the formations as developed
the offshore Ireland area and for this reason a new name has been applied to the Ireland lithostratigraphic unit.

Name. After Sybil Head, Dingle Peninsula, County Kerry.

ype section. 19/11-1A: 1294-2127.5m below KB. See Figure D.7. 20.

SYBIL

A Tlns unit comprises 2 dominantly claystone/silty claystone succession, in association with thin limestone aj
ingers. Rare sandstones beds/laminae are also present in the 19/11-1A well.

X and silty claystones are generally medium dark grey. olive black to greyish black, micromicaceous, locally st
or sandy, grains\(lear, very fine to fine grained, subrounded, non to slightly calcareous, subblocky to subfissile, and gradi
1nto siltstones. The\thin limestones and dolomites are pale yellowish grey, greyish orange to dark yellowish orange, mudstor)
microcrystalline, vell indurated. The thin interbedded sandstones are transparent, pale brown, olive grey, locally i
greenish grey, dark yell\wish orange, very fine to fine grained, well sorted, subangular to subrounded, locally m_icac.euusj
feldspathic, and calcareoud\ Black, subblocky, vitreous lustre, coal fragments have been reported below 1990m in the 19/1
1A well.

Wireline log character. The wirhline log motifs are finely to locally highly serrated. In the latter case these reflect the presen|
of imestone and sandstone interbedg. A number of wireline log cycles can be recognised within the formation. These
prove to be correlatable between wells\

Upper boundary. The upper boundary iS\parked by a downsection lithological change from the organic-rich non-calcareo)
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claystones of the Dawros Formation to the Maystones of the Sybil Formation. The boundary is expressed by an increase HT
sonic velocity on wireline log criteria. This maXcoincide with a slight decrease in gamma ray values.

Lower boundary. The lower boundary 1s marked by a downward lithological change from dark grey to olive black mudrocks,
to either medium dark grey to light brownish grey sy claystones/claystones or the more thickly bedded sandstones of the
Minard Formation. This change is expressed on wirdline log criteria either as an increase in gamma ray values and a
corresponding increase i sonic velocity (claystones) or ushally by a marked decrease in gamma ray values (sandstones). No
sonic velocity curve was run over this boundary in the 18/20-X\well.

Subdivision. No subdivision 1s recognised.

Thickness. The formation varies in thickness fic

sidiary radiolaria and very rare ostracod taxa are present in this sedimentary succession, no attempt has been made to erect
a microfaunal zonation scheme over these sediments within the Slyne Basin at this present time. Occurring with Palynological
ez DM7B to DM6B.

idziagintra Late Ox.fordﬂl
Depaositional environment. Marine, itiner to outer shelf. to possibly upper bathyal. Within the Sybil Formation of the 19/11-
1A well two distinct transgressive cycles are recognised. The lowermost interval yields microfaunas suggesting an overall

Age. Late Jurassic, (TS Davipk

Regional correlation. g%eTyFﬂ Formation 15 Jaterally eq;:‘aﬁll to the Bolus Fon:latmnT Rinroe Member, from the Porcupine
Basin, west of Ireland. In the Fastnet and Celtic Sea basins the Sybil Formation is age equivalent to the Galley Formation,
while in southern England it 15 laterally equivalent to the Clavellata, Sandsfoot, the upper part of the Ampthill Clay and lower
part of the Kimmendge Clay formations (Wright, 2001a, b). The formation is comparable in age and facies to the Heather
Formation of the UK offshore area (North Sea and West of Shetland). Onshore north west Scotland this formation is a lateral
equivalent to the upper part of the Staffin Shale Formation.

Comparison with Eastern Canada. The Sybil Formation 1s age equivalent to the mid part of the Rankin Formation (claystones
and carbonates, below the Egret Member) in the Jeanne d Arc, Flemish Pass and Orphan basins, offshore east coast of Canada.

Merlin (2020)
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How has the biostratrigraphy been used in the offshore Ireland area?

SYBIL FORMATION

The Sybil Formation is defined here for a dominantly marine mudrock umit of Late Jurassic, intra Early Kimmeridgian to intra
Late Oxfordian, age, which lies in the lower half of the Muckross Group, within the Slyne Basin. These sediments may also
extend into the Conall, Rénan and Rockall basins. This formation is the lower formation of the Muckross Group. It is overlain
by the Dawros Formation, which in tum overlies the Beara Group, Minard Formation.

Fossil assemblages used to
indicate depositional
environments

STRATIGRAPHIC CONSULTING LIMITED

tathe T ower Kimmeridee Clay Formation unit of Ternan (2006) in the “Slyne-Erris basin™.

Thretform R

Shetland) however, the formation in offshore UK area cannot be proven to be contiguous with the formations as developed in
the offshore Ireland area and for this reason a new name has been applied to the Ireland lithostratigraphic unit.

Name. After Sybil Head, Dingle Peninsula, County Kerry.

Type section. 19/11-1A: 1294-2127.5m below KB. See Figure D.7. 20.

Reference section. 19/8-1: 960-1187.5m below KB. See Figure D.7. 20.

Lithology. This unit comprises 2 dominantly claystone/silty claystone succession, in association with thin limestone and
dolomite stringers. Rare sandstones beds/laminae are also present in the 19/11-1A well.

The claystones and silty claystones are generally medium dark grey, olive black to greyish black, micromicaceous, locally silty
or sandy, grains clear, very fine to fine grained, subrounded, non to slightly calcareous, subblocky to subfissile, and grading
1nto siltstones. The thin limestones and dolomites are pale yellowish grey, greyish orange to dark yellowish orange, mudstone,
microcrystalline, and well indurated. The thin interbedded sandstones are transparent, pale brown, olive grey, locally light
eenish grey, dark yellowish orange, very fine to fine grained, well sorted, subangular to subrounded, locally micaceous or
feNspathic, and calcareous. Black, subblocky, vitreous lustre, coal fragments have been reported below 1990m in the 19/11-

Upper boundary\ The upper boundary is marked by a downsection lithological change from the organic-rich non-calcareous
claystones of the Dxyros Formation to the claystones of the Sybil Formation. The boundary is expressed by an increase in
sonic velocity on wirelge log criteria. This may coincide with a slight decrease in gamma ray values.

Lower boundary. The loWer boundary 1s marked by a downward lithological change from dark grey to olive black mudrocks,
to either medium dark grey ¥ light brownish grey silty claystones/claystones or the more thickly bedded sandstones of the
Minard Formation. This is expressed on wireline log criteria either as an increase in gamma ray values and a
corresponding increase i sonic velgeity (claystones) or usually by 2 marked decrease in gamma ray values (sandstones). No
sonic velocity curve was run over thi\poundary in the 18/20-7 well.

Subdivision. No subdivision is recognis
Thickness. The formation varies in thicknesx from 121.5m (18/20-7) to 833.5m (19/11-14).

Biostratigraphic characterization. Dated by digocysts. Although rich and diverse foramuniferal faunas, in association with
subsidiary radiolania and very rare ostracod taxa ard\present in this sedimentary succession, no attempt has been made to erect
a microfaunal zonation scheme over these sediments Wthin the Slyne Basin at this present time. Occurring with Palynological
Subzones DM7E to DM6B.

Age. ic, ntra Early Kimmendgian-intra Late Chfdteuﬂ

epositional environment. Marine, itner to outer shelf. to possibly upper bathyal. Within the Sybil Formation of the 19/11-
A well two distinct transgressive cycles are recognised. The lowermost interval yields microfaunas suggesting an overall

|-
The formation is comparable in age and facies to the Heather Formation of the UK offshore area (North Sea and West of »

ally a number of shallow water foramniferal taxa (including Palaeomiliolina sppreQuingueloculina
s) are present, which are replaced upsection by an increase in microfaunas and dinocysts sugges a well
grGenated. middle to outer shelf environment, while midway through the member, rich and moderately diverse radioMs
assemblages are recorded indicating deeper waters (outer shelf to possibly upper bathyal). These are replaced upsection by
return to a middle to outer shelf environment, denoted by an increase in numbers of foraminifera and ostracods, with the upper
part of the formation reflecting a deeper outer shelf to Pupper bathval environment as suggested by the re-appearance of
radiolaria The whole formation is placed into the J55 stratigraphic sequence and the evidence of deepening and shallowing
trends within the formation suggest there may be potential to subdivide this sequence in the future.

the 19/8-1 well the Sybil Formation 1s considered to have been deposited in a well oxygenated, inner shelf, marigs/
nt, denoted by the large numbers of foraminifera (mainly agglutinating taxa) and miospores, in association wifrare

Distribution. The oven to be present in three wells (19/8-1, 19/11-1A and 18/
formation 1s considered to be possibly smeitha.Caonall and Ranan basi

the Slyne Basin. The
e Dasis of seismic evidence (inferpretation

of the presence of the Base Cretaceous seismic horizon in these basins). The formation may also be present in the Rockall
Basin, to the south west of the 12/2 area, where the Dawros Formation, that normally overlies the formation, is proven. The
south westerly limit is tentatively taken as far south in this basin approximately in line with its interpreted southerly limit in the
Slyne Basin.

The presence of Sybil Formation in the Upper Jurassic of the 18/20-7 well (Corrib Field area), truncated below the Base
Cretaceous Unconformity, implies that in the undrilled Slyne Basin centre it is not unreasonable to expect that the formation,
as seen in 19/8-1 and 19/11-1A to the north, 1s also present in the Slyne Basin to the south of the latter wells

Source rocks. The Sybil Formation shows increased TOC contents in three wells in the Slyne Basin, but with a mamly Type
IIT kerogen composition the source rock potential is limited, and the interval is mainly gas prone (Appendix E). Only few
samples show elevated hydrocarbon vields (S2) and a more Type ITTII kerogen composition, indicating increased hydrocarbon
generative potential.

Tn well 19/8-1 in the Slyne Basin the Sybil Formation corresponds to source rock intervals Late J3 and Late J1 that were
1identified in project IS16/01 (BeicipFranlab, 2017). Interval Late J3 in 19/8-1 was considered as a Type II oil-prone source
rock in project IS16/01, which is possibly an error

Regional correlation. The Sybil Formation is laterally equivalent to the Bolus Formation, Rinroe Member, from the Porcupine
Basin, west of Ireland. In the Fastnet and Celtic Sea basins the Sybil Formation is age equivalent to the Galley Formation,
while in southern England it 15 laterally equivalent to the Clavellata, Sandsfoot, the upper part of the Ampthill Clay and lower
part of the Kimmendge Clay formations (Wright, 2001a, b). The formation is comparable in age and facies to the Heather
Formation of the UK offshore area (North Sea and West of Shetland). Onshore north west Scotland this formation is a lateral
equivalent to the upper part of the Staffin Shale Formation.

Comparison with Eastern Canada. The Sybil Formation 1s age equivalent to the mid part of the Rankin Formation (claystones
and carbonates, below the Egret Member) in the Jeanne d Arc, Flemish Pass and Orphan basins, offshore east coast of Canada.
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How has the biostratrigraphy been used in the offshore Ireland area?

» Age dating & calibration of

» Age dating & calibration of

seismic horizons

unconformities/flooding

surfaces/sequences
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How has the biostratrigraphy been used in the offshore Ireland area?
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Biostratigraphy used as basis for regional correlation
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Biozonation schemes
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Jurassic biozonation scheme (Fastnet — North Celtic Sea Basins
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Late Jurassic biozonation scheme west of Ireland (Porcupine, Slyne & Rockall Basins)
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Late Jurassic stratigraphic scheme west of Ireland (Porcupine, Slyne & Rockall Basins)
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Use of biostratigraphy in reservoir zonation; e.g. Connemara Discovery reservoir section
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Early Cretaceous biozonation scheme North Celtic Sea — Fastnet Basins

* Many of the faunas and floras are similar to

northwest Europe.

Standard nannofossil zones in Barremian - Albian

Marked unconformity, with Early-
Middle Albian sediments absent
in the Fastnet and Celtic Sea
basins.

I

Merlin (2020)
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Use of biostratigraphy in reservoir zonation; e.g. Lower Cretaceous reservoirs, North Celtic Sea
Basin
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* Late Albian Agone & Bream sandstones are reservoirs in several fields
& discoveries in the basin, e.g. Kinsale, SW Kinsale, Old Head of
Kinsale, Midleton, Carrigaline, Galley Head, Schull & Ballycotton

* Late Aptian Eel Formation is hydrocarbon reservoir in Seven Heads
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Use of biostratigraphy in reservoir zonation; e.g. Lower Cretaceous reservoirs, North Celtic Sea

Basin
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Early Cretaceous biozonation scheme Goban Spur, Porcupine, Slyne, Erris & Rockall basins

—

Berriasian faunas similar to
Canada, not seen in the North Sea
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—

High resolution nannofossil
biozonation (Bown et al., 1998;
Jeremiah, 2000; emended)
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Early Cretaceous stratigraphic scheme Goban Spur, Porcupine, Slyne, Erris & Rockall basins
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Jurassic/Cretaceous boundary

“Intra Perch” seismic
horizon (N. Celtic
Sea Basin)
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Late Cretaceous biozonation scheme for offshore Ireland
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Late Cretaceous stratigraphic scheme for offshore Ireland

Sta L._,,, Rockall Macdara, | Goban Spur Errig-Slyme- Fastnet North Celtic | South Celtic ; Seismic
ge Basin A Basin Porcupine Basins Basin Sea Basin Sea Basin Formation | Group Horizons
L = Sh;la:i"::zup
= Marmbar
Ll = =
(4] ( el g
=] DAMNIAN C110 K Fm Mangach 2|5
w P ersaltary ' @ | &
= Formabon =
=y
o
T T T I 1
T T T T I
- ol o
[MAASTRICHTIAN| K100 1L oo I a|é
Tepae Treae a [ =
- Fm Fm? £
b et P -l
P ;
-~ [ LT T o1 c
-h-.- ¥ %
CAMPANIAN | K90 £
FRTI §
| |
1l 1 | Santonian
a) I
s ! Z | x
@ T T T T 1 ; S| 2
2| santo e
§ TOMNIAM Ayl 0 I
£ - 2 .
i K&0 = T
U ==
E E=
< | COMIACIAM T T T 1T
|
- T T L T1
- LT T 1
— Turonian
(Top Scadan)
L Scadan c
TURONIAN | 179 Sadnnh o8 £|$
] Fm Il al| 8
g e Parrt Peras L0 S| @
P Ml e ar Mbr el Wibr L = .
Merlin (2020) )
pB0c = ade /
= Fm
CENOMANIAN [K60|— RUEJAAR -~ == N Fm ER g | [ =t L
e Sadne 21 FmM adogt . Squ 4 TUrenn kK ] A I Blanny - 3 - N
30 ” o - Mameer * [l Wheber T e AT Mbr - o S iL Merlin
STRATIGRAPHIC COI Energy Resources Lid
[




Paleogene stratigraphy of offshore Ireland
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Paleogene stratigraphy of offshore Ireland |

Good biostratigraphy (on the whole)

Complex lithostratigraphy (including lateral variations)

Good seismic data quality (especially west of Ireland)
Complex sequence stratigraphy & unconformity development

THE MOST DETAILED STRATIGRAPHY OF ALL INTERVALS HAS BEEN DEFINED FOR THE TERTIARY
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Seismic line across Porcupine Basin showing complexity of Tertiary seismic sequences
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In conclusion

Study represents a unique (to our knowledge), whole country, highly detailed
stratigraphic data set

* much more detail than any of the released OGA studies in the UKCS
* Irish authorities and the sponsoring companies are to be commended for releasing this data publicly

Good example of multiproxy stratigraphic approach to the evaluation of a whole country

Will provide a foundation for all future geoscience work in the offshore Ireland area
* oil & gas, carbon capture, utilisation & storage, geothermal, geohazard, academia etc

Key comparative data set for the wider North Atlantic region

Is this a possible model for other offshore country jurisdictions to follow?

Today we have only been able to touch on certain aspects of the study. We would be
pleased to discuss any other aspects of the study separately.
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