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1. Seismic interpretation and regional mapping Base Zechstein depth map

Nine horizons interpreted over the entire OGA
dataset three major uplift and erosion events:
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2. Source rocks and 3D basin modelling

Source rocks: Westphalian Coals are restricted in distribution (see subcrop map) and are largely immature for gas generation in the study area.
The two main source rocks are the Lower Namurian Bowland Shales and Dinantian Scremerston Coal Group

Bowland Shale depositional environments Bowland Shale maturity Inpgts to Tninity softvyare to build .3D model
[ [ T e * N ¢ nine depth depth grids of key horizons
| | Deira Pain T W & ; 1 : "
| ¥ ot welbmahi cog e three major uplift and erosion events
-HJ_ T JH.';‘,'E,,,M,_ ® Mitos £ 1 e restoration of missing section
Ty i '"“*“'"'i"""’“ “"lﬁ i / e crustal thickness and heat flow
W g b ol w "
Y 2 S 4 T i (= * maturity data
| s, | ; o
L hﬂ.ﬂu Imneulﬁ. i ; | " U ; g ; |
= e B | T_?H*-Lm-......m — Lo Summary of Maturity maps
| e Baas
RN e e Y '
:hﬂni:- 5 .--_ :.n{f:.m' g .l:.l_.-_.-' 3 : X 1
=1 = o i e 45 |
\ 1 ) o .:'.’f.m-.-mummlmru | ;? A ‘
. ﬁn'm'lrl'luwr
i . _I - 2 T {ﬁ S
E—rl-[/ = i = Cﬂﬁ__.x:ljas c."l 29
| Oil Mature ' + !
\ s & i 4@? !
S =
L l ;';
g fr— e a5
\1\\ kL] | 15 |T ‘33 4 ;_l,ﬂ A I“r an

1 1
[T EE o |

"
{ | o ]
" i

»

slﬂ " il '

Bk ! i1 o i
_I lmxi\”hﬁ o g, | o |ou ”}a .

| Scremerston Coal Group oil mature

Wl s

I .! + *ai:' l| -1:|.|-a.-| ?| |— v Pak @ el a1k |
- 2o | b % [} |- Criet T Scrermdon Coal Doz
| ¢ —F B oot (ER A g || Scremerston Coal Group gas mature
| e .;x\l: | '. | Bowland Shales gas mature
- ]
= 4 | = i )
J | = = B \Westphalian gas mature




Final Study Report

Petroleum Systems of the Mid North Sea High

Reference No: TRN010/03/2016

Submitted by:

Geoscience Wales Ltd
9 Connaught House
Riverside Business Park
Benarth Road

Conwy

LL328UB

Wales

16™ November 2016



Table of Contents

EXE@CULIVE SUMMIAIY ..cotiiiiierisminsssssssssssssssssssssssssssssssssssss s s s s s s s s s s snssssssassnssssssasssnssssnsns 2
LI T2 L= o o 3 =Y o 3
LIS o I o 1 6
LI o T TP 6
s I 1 1 oY et oo o T 13
2. Data Availability ... ———————————————— 14
b3 B [0 e Yo 11 [ o FO OSSR 14
b Y- o o Yol D - DT PP PP P PPPPTOPRRO 14
2.3. Potential Fields Data. . cui e ii ittt ettt st st s st s b e aee s 14
2.4 LAS WEII DAL . uiiiiciiiie ettt ettt e e ettt e et e e e e bt e e e e abbeeeeataeeesabaeeeensaaeesabaeeessaeeeasraeens 14
b T | B - | - TSP 14
2.6. Tops, Lithology and Shows Database ........ccc.ceuiiiiiiiiieniineeeeeee et s 15
2.7. GEOCHEMICAI DAl . .uuiiii ittt e ettt e et e e et e e e e tte e e e tteeeeeabaeeeetaeeeanraeaean 15
3. Geophysical Interpretation ... —————————— 23
3eL. SHTATIGrAPNY oottt ettt et sttt s b sae e 23
3.2. SEISMIC Data QUAITY.c.ueetietieieee ettt b ettt et e b e e et beea 23

3.2.2. L@GACY 2D AALA ... 23

3:2.2. OGA 2015 SUIVEY ...ttt ettt sttt ettt ettt s e st sne e 23
3.3. HOFIZONS INTEIPIrETEA .. .eeiieiieee ettt sttt st e ae e et e steesaeeseeeeenseens 24

3.3.1. Post Carboniferous Stratigraphy ..............ccccceeeecueiriinesicieiinisesieietse et 24

3.3.2. Pre-Permian Structure interpretation .............ccceoveuveeiriuiiirniniieniiiieisiieeisiice e enieee e 25
3.4. Devonian-Carboniferous Basins of the MNSH.........ccciiiiiciiiieceniece et 26

3.4.1. Dogger Granite, Dogger Shelf, North Dogger Basin and the Devil’s Hole Basin...................... 26

3.4.2. Northumberland Trough, Alston Block and Cleveland Basin ...............cccccceveeceecveneneneennnne. 27

3.4.3. Midland Valley and the Forth Approaches BaAsSin ...............cceceecueeerereesrenenieeeiesieneeeeeees 27
AR =Yt o oY el D L=V 7=] (oY o g =T oL 69
4.1. Devonian to Early Carboniferous Rifting ........c.coeeieienininiieeeecese e 69
4.2. Carboniferous Thermal SUDSIAENCE .......coeuiiiieiiiiecieceee et 70
£4.3. Variscan FOreland Basin ........oouiiiiiiieiiee et esiee ettt sie e s ste e st sbeesbeesbeesbeestaesnbeeeneeen 70
4.4. Variscan Orogeny and Base Permian Thermal Doming .....ccccceveereeieenieiensienieeieeee e 70
4.5. Permo-Triassic Basin FOrMation........cui ittt 71
4.6, 'Mid-Cimmerian’ UPlift EVENT ......ooiiiieieee ettt sttt et et 71
4.7 JUFASSIC RIFLING oot s 71
4.8. Cretaceous to Tertiary Thermal Subsidence ..., 71

4.9. Tertiary ‘Alpine’ Uplift and Erosion ..........cccciiiniiiiininiinicicinseceee s 72



4.9.1. Laramide Event (Latest Cretaceous — PAla@0CNE)............cccuvevuveeieesiresiresieesiiresieesissesnnns 72

4.9.2. Pyrenean Event (E0CENE-OliGOCENE) ............cccoeeuiririeieiiriieieiesiieiieetesesee e 72
4.9.3. 'Late’ AlPine EVENTt (=10 MQ) ......cccuoeieeueeieieseeesee ettt ettt 73
5. Gross Depositional ENVIrONmMENtS .......cummmmsmmmissssssssssssssssssssssssssssssssssssssssssssssssnns 78
Lok IO 1 o e [0 o USSR 78
5.2. Methodology ...ccoiiiiiiiiii 78
5.3. Mid-Miocene to Holocene (Nordland Group) ........ccoeeieereeneenieneeneeseeieeeee e e 79
5.4. Eocene (Stronsay GroUP) .....coocuiiiiiiiiiiiiiiiiiic ittt 80
5.5. Palaeocene (Moray and MontroSe GroUPS) ........cecuereeriereenieeneenieenieenieenie et ereeee st et sare e 80
L ST € 1= = Tol o 1 UL PT ST PO UPPPR PP 81
[y 2 V1 - 111 [ PP PP PP PP PP TPUT N 81
LR T I g T- 111 TSP UPTR 82
5.9. Early Permian (Rotliegendes GrouUP) ......c.ccereereereeiieniieieieee ettt 83
5.10. Late Permian (Zechstein GroUP) .....ccouireiiieiieneeieeieet ettt s 83
o T QT o Yo T V1 =T e YU S 84
5.21.1. Fell SANAStONE FOrMALION. ........cccuerceeeeiiessieecieesiieesieesteeesttessttesstesessteessassssesessesssseaesseeenses 84
5.11.2. SCremerston COAL GrOUP.........cocueseeeieeiieieee ettt ettt ettt et ieeateeee s 84
5.22.3. YOredale FOITMALION ........cccveeeieieeerieeitieetieseieestteette e te et e ettsestteesstsessasssssaessesensesessssessenenes 85
5.11.4. Early Namurian Yoredale/Bowland Shales ..................c.coceeeeeeieenininieenieeeeeseeee 85
6. Petroleum SYStEMS ... ssssssssss s snsssssssssssssssssssssnssssnsassessssssnssnss 128
ST T [0 e Yo [¥ et o Yo NSO OO PPSTRI 128
5.2, SOUITE FOCKS ..ttt ettt ettt sb e s bt b e s bt e s b e e bt e bt et e et e e b e eabeeabeeaseeabesaeessnesneenreens 128
6.2.1. Well defined SOUICE FOCKS ....c.eeuiiiiriieiieieiest ettt 128
6.2.2. Basins with poorly defined SOUICE rOCKS ............c.ceureeeeiesirieiesiesesieeesese st 130
6.2.3. UNAefined SOUICE FOCKS .........cccueveuiriieieieiiieiieeesee sttt 131
6.3. Distribution of HydroCarbons ...........c.ooiieiii e 131
6.4. Basin & Petroleum System Modelling........cccccooiiiiiiiiiiiiiii 132
6.4.1. Modelling APProQch.............cccccccuvuiiiiiiiiiiiiiiiicic 132
6.4.2. 50Urce ROCK PArameteriSALON ..........ccuveeueeesieresiieeiieeesiieesiieesteeesiteesieeestesesieeesieeesteaesseeessee s 132
6.4.3. DALAINPUL...cc.eeviiiiiiiiiiiiiiiiec et 134
6.4.3.1. Boundary CONQILIONS............ccocvevuiriiriiiiiisiieieiestse ettt 134
6.4.4. Trinity Model Calibration / Genesis INtegration .................ccecceceecvevuenircvecvcnininieiencrieaen 136
6.4.5. RESUIES & DISCUSSION ...vveveveeieeeiesesieeesieeseeesttaestaestteesttaesstaestsaesstaessesessesesssseasesensesessseesseees 136
6.4.6. Basin and Petroleum Systems SUMMQIY ..........cccoccoeouiciriiiiniicicieisiseieiese e 138
.......................................................................................................................................................... 183
7- Plays and Common Risk Segment Maps.......cuummmmmmmmmmsmmmsmsmsssssssssssss 202
2% B 1 oo (Ui 4 e o F OO UPOPRPRRUURPPO 202
7.2. Nordland Group ShalloW Gas Play.........uuueieeeeiiiiiiiieeiieeeeee e e e eeeeeeeeeeeeeeeeeeeeaan 202
7.2, INEFOQUCTION. ..ottt ettt ettt ettt e saneenaee e 202

7.2.2. Netherlands ANQIOGUES..............ccooeeeeeeeniirieiecesieeeee e e 203



7.2.3. Shallow Gas Play in the MNSH StUQY Qreq............c.coueeeeneineeniienieesiieseeseee et 203

7.3. Palaeocene to Eocene Heavy Oil Play ..ottt 204
7-4. UppPer Cretacous - Chalk ..ottt et et 205
7.5. Lower Cretaceous and Upper Jurassic Shallow Maine Play ........cccccovoeiienieninncenceneeceeee 205
7.6. Middle aNd LOWET JUFSSIC . uveeueieuireuieeiieeiiestiestee st e it e e e steeteentesete st esatesatesaeesaeesseesseeseenseenseennes 205
7.7- TriassiC ACOIIAN Play ....c.coiioiiiieie et sttt e 205
7.8. Zechstein Carbonate Play ..ottt et 206
7.9. Rotliegendes t0 DeVONIAN.......c.coiiiiiiieieieeee s 206

7:9.1. ROEUEGENAES ... 207

7:9.2. CAIDONIfOIOUS.......c..eeeeiteieeeee ettt 207

7:9:30 D@VONUGN ...ttt e e e e e e e e e e e e e e e e et 208
8. Petroleum System Summary and CoNclUSION ....cccvermsmssmmsesmsmssmsssssssssssssssss e sesssnsas 222
Lo T 3L =T =Y e X 223
Appendix 2. List of digital data included with the report .......cccoonvinsissnssssnsssnsssssesesssnnns 228
Y o 01T T L5 229
APPENAIX 5.0ttt st h e a et b h e b bttt h e bt e et r e eb e nennes 229
FAY oY o 1= o Lo LD 70 PSPPI 258

FAY oY o= o Lo LDt 70 TSR PSPRN 265



	Mid North Sea High Study November 2016
	GWL MNSH Summary Nov 2016
	MNSH Table of Contents

	MNSH Table of Contents v2

