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Foreword

This report has been produced under contract by the British Geological Survey dB@i9)
addendum to the Weald Basin study (Andrews, 201t4% based omarecent analysisf all available
information, together with published data and interpretations.

Additional information is available at th@il and Gas AuthoriffOGA website.
https://www.ogauthority.co.uk/exploratiorproduction/onshore/ This includes licensing
regulations maps,monthly production figures, basic well data and where to view and purchase
data. Shaleoil/gas related issues including hydraulic fracturing, indesxdmicity risknitigation
and the information regarding the onshore regulatory framework can also be found on this
webpage.

Interactivemaps, with licence data, seismic, relinduisent reportsand stratigraphic tops fomany
wells are available atww.ukogl.org.uk

A glossary of terms used and equivalences is tabled at the end of the (sperpagé?2).

All of thedetailed figures in thsreport are attached in A4 or largefiormat (AppendixO);
thumbnails arealsoincluded in the text for reference.
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Andrews (2014).
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copyright and database right (26l Contains British Geological Survey materials © NERC (2016).
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Figure 9Location of the six well correlation panslsown in Appendix B, with the main BGS
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maturity for oil generation (black polygon). Backgroumthe outcrop geology from BGS 1:50,000
scale DiGMapGB © NERZontains British Geological Survey materials © NERC (2016).

Figure 11. Location of 2D and Wytch Farm 3D seismic data used to map the subsurface in the study
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Figure 18Earthquakes recorded by BGS from 1970 to 2016 for the Wessex area, coloured by
magnitude. Also shown are the BGS structural elem@tisish Geological Survey, 19%6)d the
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Background is hifhaded topography. Contains Ordnance Survey data © Crown copyright and
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Figure B. Depth to Top Kimmeridge Clay Fm, as mapped by this study for the Wessex area and by
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MorgansBell et al. (2001); and well reports.

Figure30. Gross thickness of the Kimmeridge Clay Formation within the area it has been predicted to
have reackd oil maturity, and below a preseqfay burial depth of ¢. 3950 ft (1200 m). No part of
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Figure 3. TOC and S1 vs frequency plots for the Oxford Clay Formation in the Wessex area. Data are
from Ebukanson & Kinghorn (1985); England (2010); and vpalitse

Figure 2. Gross thickness of the Oxford Clay Formation within the area it has been predicted to
have reached oil maturity, and below a preselaty burial depth of c. 3950 ft (1200 m). Only a very
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Figure 33. 1D basin model fikimmeridge 5 indicating that the Oxford Clay has reached early
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Figure . TOC and S1 vs frequency plots for the Upper Lias in the Wessex area. Data are from
Ferguson (2002); Elaand (2010); and well reports.

Figure 3. Gross thickness of the Upper Lias within the area it has been predicted to have reached oil
maturity, and below a preserday burial depth of ¢. 3950 ft (1200 m). Dashed line is the extent of
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Figure 8. TOC and S1 vs frequency plots for the Middle Lias (including the Eype Clay) in the Wessex
area. Data are from Ferguson (2002)M&hdi (2004); England (2010); and well reports.

Figure 3. Gross thickness of the Middle Lias within the area it has been predicted to have reached
oil maturity, and below a presesttay burial depth of c. 3950 ft (1200 m). Dashed line is the extent of
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the Wessex area. Data are from Ebukanson & Kinghorn (1€B@koulakis et al. (2000); Scotchman
(2001); Ferguson (2002¥ajm (2003), data courtesy of P. Farrimon&tMahdi (2004); Eltera

(2004); England (2010); Farrimond (unpublished); and well reports.

Figure 3. Gross thickness of the Lower Lias withindhea it has been predicted to have reached oil
maturity, and below a preserday burial depth of c. 3950 ft (1200 m). Dashed line is the extent of
the predicted mature area below a preseddy burial depth of ¢. 5000 ft (1500)fRemoving the
top-down truncation does not alter the predicted mature area or gross rock volume significantly.

Figure40. (Left) All vitrinite reflectance data points in the Wessex area available to this study,
plotted against burial depth. (Right) Measured vitrinite reflectanae(aged where multiple values
exist for a single depth within a well) in blue and vitrinite reflectance calculated frgpinTorange,
plotted against burial depth.

Figure4l. Vitrinite reflectance derived fromg[xversus measured vitrinite reflectancata for the
Wessex area.

Figure £. a) S1 vs TOC for the Wessex area. Blue = Lower Lias, grey = all other data. b) S1 corrected
for evaporative loss vs TOC for the Lower Lias in the Wessex area (not including data from West
Comptonl ¢ see text for discussn). ¢) Corrected S1 vs TOC for all Jurassic shales in the Weald

Basin, from Andrews (2014).

Figure 8. Measured vitrinite reflectance (blue crosses) and vitrinite reflectance derived frgm T
(orange crosses) for the Wessex area, plotted against maxibwsial depth. The two trend lines
were derived from maturity data in the Weald Basin (Andrews, 2014), but show a good fit to the
maturity data from the Wessex area. Trend A (red line) Ras(R6% at 7000 ft (2130 m) and trend B
(green line) has = 0.6 at 8000 ft (2440 m).

Figure 4. Probabilistic distribution and cumulative probability curve representing the result of a
Monte Carlo analysis for the-place resource estimation of shale oil for all Jurassic shale intervals,
with a maturity cutoff of 2030 m.

Figure &. (Top)Core mature areafr the Jurassic shale intervals of the Weald and Wessex areas.
(Bottom) Zoomin of Wessex area. Location of the seismic sections in Figure 46 (red lines) and the
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Figure 4. Interpretationof three north-south seismic lines with horizons mapped in this study. (A)
Line AUKO4-AJ053 & B934, (B) UKOGRGO04, (C) BB53 1 & BRB53 2. Dashed black line is
approximately 1200 m (c. 3950 ft) below surfacds®é data provided by UKOGL. Location of lines
shown in Figure 45.

Figure Z. Correlation of the Lower Lias section demonstrating the significant increase in thickness of
this interval south of the Purbedkle of Wight Disturbance. Location of wells shdw Figure 45.
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truncation.
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shale interval evaluated in this study. Contains Ordnance Survey data © Crown copyright and
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1 Summary

This report on the Jurassic shale oil and gas potential of the Wassafollows previous
assessments of the potential distribution andglace resource for shale oil and gas onshore UK
(Figurel), including the Carboniferous shales of the Midland WatleScotlandNlonaghan, 201%
the Carboniferous shales of the BowlaHddder Andrews, 2018 and the Jurassic shales of the
Weald @ndrews, 201% it is intended as an addendum to the Weald Basin report. Following the
methodology used in the assessmeaithe Weald BasirAndrews, 2013 a preliminary irplace oil
resource calculation has been performed for the main Jurassic shale intervals in the \Afessé&s
in the Weald Basin, no significant shale gas resource is recognised in the Jurassicegsbmia
The resource assessment is of the hydrocarbons present in shale strata and does not include
volumes which have migrated into potential tight conventional or hybrid plays.

The study area has a long history of conventional hydrocarbon exploitid production, with
exploration activitysince the 1930dees & Cox, 1937and first production in 1961 from the
Kimmeridge OilfieldTheWytch Farm Qilfield in Dorset lies within the Wesasaand is the largest
onshore oil accumulation in Nort/est Europe. o other oil fields¢ Waddock Cross and Wareham
¢ are also situated within the study area.

The Wessextudy aredies immediately to the west of the Weald Basin, and is composed of several
fault-controlled subbasins and highChadwick, 1986 The Jurassic sedimentary section is

composed of six shallowingpward sequences of marine shales and siltstones capped by sandstones
or limestones lawkes et al., 1998Theareahas a complex tectonic history and has experienced

two significant phasesf uplift and erosiorg one in the AptiapAlbian, and a Tertiary phase

associated with Alpine compressidrake & Karner, 1987; Butler, 1998; Underhill & Stoneley, 1998
These events have led to a considerable amount of missing Late JqrissigCretaceous and

Tertiary section across much of theea

Five marine shale units within the Jurassic of the Weasexare the focus of this study: the Lower,
Middle and Upper Lias.¢werJurassic), the Oxford Clé@viddle-Upper Jurassi@ndthe Kimmeridge
Jay UpperJurassic). The amount of organic matter in these units varies acroasgheéoth
laterally and temporally. Organtich shales (witliotal organic carbonTOQ > 2%) occur regionally
in the Kimmeridge Clay, in the lower section of the Oxfolaly and in the Lower Lias. The most
signifcant shales in terms of T@@d S2 are the Kimmeridge Clay and all five shale intahatls
comprisethe Lower LiasA distinct difference to the Weald Basin is the organic richness of the Lower
Liasithe previaus study identified onlfimited potentialin this intervalyetin the Wessexareathere
are rich source intervathroughout thestrata. The contrast in organic richness and lithology
between the Wessex and Weadeas may be due to differences in palagmgraphy and organic
input or preservationAlthough both theUpperand MiddleLiashave welldeveloped clay intervals,
potential in these sections is more limited.

The maturity of the shales is a function of burial depth and heat flow through timeeliald
study @ndrews, 2013 the Jurassic shales are considered mature for oil generation at vitrinite
reflectance, R values between 0.6% and 1.1%raximum buriablepths between approximately
70008000 ft (21362440 m) and 1200@3000 ft (366EB960 n) below surface; analysis of available
vitrinite reflectance and J,xdata for thestudysuggest that these depths are also applicable to the

1
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Wessexarea Shales in the Wessaxeamay have experienced up to 6900 ft (2100ahyplift
(England, 2020during the two significant uplift and erosion events in the Cretaceous and Tertiary.

Burial depths indicatéhat only the Lower Lias in the Channel Basin, south of the Puilskckf

Wight Disturbance, may be in the oil window pres€éaly; howeverpalaestemperature data
suggest theocks reached higher maturity during the time of maximum burial attained prior to the
uplift/erosion events. In the modgdresented hereaccounting for maximum burial depth, only the
deepest intervak the Lower Liag isconsidered to have potential for oil in terms of source rock
richness and (palaepmaturity, and only in a localised ardargely south of the Purbedkle of

Wight DisturbanceTheexistenceof a mature source rock which has generated and expelled
hydrocarbons, at least locally within tlaeea, is supported by the presence of oil in conventional
reservoirghat has beercorrelatedto Lower Liasourcerocks(Colter & Havard, 1981; England,
2010) Aithough minor amounts of gas have been produced atdWy-arm and gas shows have been
encountered in several onshore welthe Lower Lias isot considered to ever have been sufficiently
deeply buried to have generated significant amounts of gas onskiéed 98/11-2 in Bournemouth
Bay encountered dry gas the Sherwood Sandstorfe1022 Relinquishment Document, 20684 a
thermogenic gas seep offshore at Anvil Point on the Darsast(Selley, 19925elley, 2012; APT UK
Ltd., 2013 indicates that the Lower Lias maturity may increase into the Channel é@gsdcentre

Shales with an oil saturation indeJafvie, 201pof greater than 100 are identified in all of the
intervalsof the Lower Liasand therefore can be considered to have excellent source potential.
Interpreting thepresenceof producible oil irthe organierich shales allows for an-place resource
volume to be calculated with broad range of probabilitie¥he determination of oiin-place was
undertaken using the same methodology applied in the Weald stddgrews, 201%and is

described irdetail inAndrews et al(2014. The total volume of potentially productive shale in the
Wessexareawas estimated using a 3D geological model built using seismic mapping integrated with
well data. This gross volume was then reduced to a net mature argiahishale volume using a
maximum, preuplift burial depth corresponding to a vitrinite reflectance of 0.6% (modelled at 7000
ft/2130 m and 8000 ft/2440 m). A further upwards truncation was then applied at two alternative
levelsc firstly at a depth of 3950 ft (1200 m) and secondly at a depth of c. 5000 ft (1500 m) (as
proposed by Charpentier & Cook, 2011) below surface. A first truncation value of c. 3950 ft (1200 m)
was used for this study (as opposed to c. 3000 ft (1000 m) used in the Weald siadg)récent
legislation in the Infrastructure Act 2015 stating that hydraulic fracturing (fracking) is permitted only
at depths greater than 1200 m below National Parks, groundwater source protection zones 1, World
Heritage Sites and Areas of Outstandiagural Beauty, which together coverost of the

prospective area. These caffs are applied regionally; the depth at which shale oil (or shale gas)
productivity becomes an issue in terms of pressure and hydrogeology will need to be addressed
locally.

The volumes of potentially productive shale and average oil yields were used as the input
parameters for a statisticalalculation (using a Monte Carlo simulatiamwhich all the parameters
were varied within their set distributions ov&0,000iterations) of the inplace oil resource (see
Andrews,2014). The results of the two scenarios modelled for each unit are presentédhiel.

This study offers a range of totakHmace oil resource estimates for the various Jurassic shales of the
Wessexareaof 0.2-1.1-2.8 billion bbl (32L49-378 million tonnes) (P9P5GP10). It should be
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SYLKIaAaSR -inkKF tt O6RSEZSIURNEE NBEFSNI G2 |y SadAavylras
contained in the rock formation, not how much can be recovered. A more refined methodology, like

GKS ! { D{ Qa ORIGHW 0 ISt (R BBRIENISH 1d 2 1iDSax NBIjdzA NBa L
wells, as yet unavailable for tretudy area

Given the paucity of data, there is a high degree of uncertainty in these figures. There is likely to be
fAGGES 2N y2 WFNBS 2AtQ F2NJ GKS hEF2NR /flLex !
and although the Kimmeridge Clay does sheowgellentsource potential, it is likely to be immature
regionally. The Lower Lias appears to be the only interval with shale oil potemsiabre albeit with
relatively small volumes in a localised ataagelysouth of the Purbecksle ofWight Disturbawce.

LJL

Total oil in-place estimates (billion bbl) | Total oil in-place estimates (million tonnes

With top of oil With top of oil With top of oil With top of oil
window at 7000 ft | window at 8000 ft | window at 7000ft window at 8000 ft
(2130 m) maximum| (2440 m) maximum| (2130 m) maximum| (2440 m) maximum

burial depth burial depth burial depth burial depth

Kimmeridge Clay

0.00¢ 0.01¢ 0.04

0.00¢ 0.00¢ 0.00

0.24¢ 1.50C 4.77

0.00¢ 0.00¢ 0.00

Oxford Clay 0.00¢ 0.01¢0.03 0.00¢ 0.00¢ 0.00 0.20¢1.17¢ 3.52 0.01¢0.06¢0.19
Upper Lialay 0.00¢ 0.00¢ 0.01 0.00¢ 0.00¢ 0.00 0.12¢ 0.39¢ 1.00 0.03¢ 0.09¢ 0.20
Middle LiasClay | 0.01¢0.03¢0.08 0.00¢ 0.01¢0.02 1.31¢4.38¢ 11.53 0.38¢1.21¢2.93
Lower Lias 0.52¢ 1.34¢ 2.70 0.22¢0.55¢1.08 | 71.5¢ 182.8¢368.4 | 30.0¢75.2¢147.3
All Jurassic clay

units - Wessex 0.2¢1.1¢c2.8 32¢149¢ 378
Kimmeridge Clay| 0.41¢2.03¢4.77 0.11¢0.61¢1.44 55¢ 270¢ 636 15¢81¢192
CorallianClay 0.20¢ 0.52¢ 1.04 0.11¢0.30¢0.61 27¢69¢ 139 15¢40¢81
Oxford Clay 0.59¢ 1.39¢ 2.46 0.41¢0.96¢ 1.70 79¢ 185¢ 328 55¢ 128¢ 227
Upper LiaLlay 0.28¢ 0.63¢ 1.05 0.22¢ 0.52¢ 0.85 37¢84¢ 140 29¢69¢ 113
Middle LiasClay | 0.33¢0.79¢1.43 0.27¢0.64¢ 1.15 44¢105¢ 191 36¢85¢ 153
ﬁ:ifsu_rsvs:;ﬁg'ay 2.2c4.4¢8.6 293¢ 591¢ 1143

Tablel. Estimates of the total potential iplace shale oil resourder the Jurassim the Wessex
study areatop) and in the Weald Basin (bottom, from Andrews (2Qbfghore southern England

P90, P50 and P10 values are given for each unit, where P10 is the most optimistic scenario. This

estimate only covers unconventional oil, and excludes volumes in poterttatdgigventional or

hybrid plays.
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2 Introduction to the Wessex Study Area
2.1 Area of Interest

This study is an extension to the assessment of th@dne reserves of the Jurassic shales in the
Weald Basin (Andrews, 2014hiF assessmertovers an area of 2455 mifg$359 knd)

immediately wesof the Weald Basin studyrigure2) from the New ForestHampshirg to Honiton

(East Devon). The area contains several sites which are considered protected areas for hydraulic
fracturing under the Infrastructure Act 2015, including the Dorset Coast which is designated a World
Heritage Site, groundwater source protectipones, the New Forest National Park, and the Isle of
Wight, Dorset and Cranborne Chase, and West Wiltshire Downs éfr€@agstanding Natural Beauty
(Figure 3)In these regions fracking can only take place at a minimum depth of c. 3950 ft (1200 m)
below the surface.

This study is concerned only with a subsection of the onshore portion of the Wessex Basin, which is
GSNYSR Ay G(KAA& NB LR THE WesdeSudybtes endoBipassésieaRet | NBI Qo
graben sukbasinsg the Dorset (or Winterbourne Kgston Trough)Mere (or Vale of Wardogyand

the onshore part of the&Channel (or PortlandlVight) sulkbasinsg which together, along with the

Pewsey Subasin, comprise the Wessex Basin (as defined by Underhill & Stoneley, 1998; see Section
3.5.1 of Andrew (2014) for a discussion of the terminologifle Pewsey Sdifiasin was included in

the Weald evaluationas it can be considered a westward continuation of the Weald Basin

(Andrews, 2014).

2.2 Interval of Interest

Shales of Jurassic age are the focus ofdtuidy.Source richness of Cretaceeaiged sediments has
been identified in limestones of the Purbeck Group (Riboulleau et al., Zabifiyder et al., 2009
but are not prospective due to their immaturity basinde (England, 2010There are no pre
Jurasi rocks withsignificanthydrocarbon potentialdentified within the study area (Stoneley,
1992), althougtorganicrich shales within the Triassic Mercia Mudstone Group were encountered in
the Kimmeridges well (Brand, 1980). To theast of the study areaaround the Bristol Channealark
shales of the Triassic Westbury Formation reagtain some organidch intervals (Macquaker et
al., 1986; Tuweni & Tyson, 199Knowledge of the Jurassic section within the study area comes
from a number of wells whichave penetrated the interval. The full Jurassic successmps out
within the study area (Figure 4), providing additional insight into lithology and facies variability.
Three main source rock intervals have been identifi¢lde Lower Lias, Oxford ClagcaKimmeridge
Clayc whilst additional potential may exist in other shale unitscluding the Middle Lias Eype Clay
and Upper Lias Downcliff Clgigure 5).

2.3 Exploration History

Oil and gas exploration in the Wesserabegan in the 1930s when geologi#fNE2 ¥ 5 Q! ND&
Exploration discovered oil seeps in Corallian, Purbeck and Wealden beds along theehastset

(Lees & Cox, 1937). After the 1934 Petroleum Productiormaoe into forcethe first exploration

f AO0OSyasSa 6SNB A a&ai dzS Rn (Ewins stdlo ¥998)) Rith Saflyledploratior® E LI 2 NI § A
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Figure 2(Top) Location of the BGS/DECC shale oil Weald Basin study and the BGS/OC
Wessex study area, southern Britain. (Bottom) Zaowf location of the Wessex study area
Contains Ordnance Survey data © Crown copyright and database right 2016.

targeting anticlinal structures which had been mapped at surface (Buchanan, 1998). Since then (as of
March 2016)there have been a total of 301 hydrocarbon wells drilled in the Weasss

consisting of7 7 exploration, 10 appraisal and 214 development weéNls.unconventional or hybrid

play wells have so far been drilled within the study area.

2.3.1 Oil Fields

There are four oil fields within the study area, including the largest onshore oil fisldrth-West
Europe, Wytch Farm. The other fields are Kimmeridge, Wareham and WaddockRiyoss §; all
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Figure3. Areas considered to be protected under the 2015 Infrastructure Act, where hydraul
fracturing (fracking) may only be permitted at burial deptifid200 m (c. 3950 ft) or greater.
Background is shadelief topography. Contains Ordnance Survey data © Crown copyright
database right (2016). Data sources: Areas of Outstanding Natural Beauty & National Park
Natural England copyright, 2016. Coms Ordnance Survey data © Crown copyright and
database right (2016); World Heritage Sites © Historic England (2016). Contains Ordnance
data © Crown copyright and database right (2016) The Historic England GIS Data containe
this material was olained on 21/04/2016. The most publicly available up to date Historic
England GIS Data can be obtained from http://www.HistoricEngland.org.uk; Groundwater S
Protection Zones (SPZ) © Environment Agency copy right and/or database right 2016.

fieldsare located in the northern part of the Channel Basin, close to the Portideadf Wightault
system, on JurassicEarly Cretaceous palag¢ighs. Wytch Farm and Wareham are interpreted to
have been charged by upwardad crosgault migration d oil from mature Lower Liassic source
rocks situated on the downthrown (south) side of the Purblsti of Wight fault system, prior to
Cretaceous and Tertiary upl{fynderhill & Stoneley, 1998; Buchanan, 1998; Scotchman, ZD64).
Kimmeridge field isnique in being the only commercial discovery in a trap created by Tertiary
structural inversion and the only producing field in the hanging wall of the Puiliséxkf Wight
DisturbanceEvans et al., 1998jawkes et al., 199&luyas et al., 2003%o far, of the four sub
basins in the Wesséasin(sensu Underhill & Stoneley, 1998nly the ChanndBasinhas proved a
viable petroleum system (DECC, 2013).

The Wytch Farm structure is aastwesttrendingfault blockbounded to the south by a normal

fault down-thrown to the south, with minor faults to the north, east and west (Eo& Havard,

1981). The initiadliscovery well, Wytch Farm Wwasdrilled byGas Council (Exploratiom) 1973and
encountered light oil in th&ridport Sands andil shows inthe Cornbrash. Wytch Farm D5, drilled in
1977, was the first test of the deeper Triassic Sherwood (Bunter) Sandstone and discovered light oil
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Figure 4. Surface geology of the study area witkshgided relief, with the Wessex study area
(shown in pink). Surface geology from BGS 1:50,000 scale DiGMapGB © NERC.

in that interval(Colter & Havard, 1981). In addition to the Bridport Sands&metwood Sandstone
reservoir inervals, oil shows are present in the Cornbrash and Forest Marble associated with vugs
and fractures (Colter & Havarti981). Sinc@roduction began in 197200wells have been drilled

in the Wytch FarnDilfield, whichhas produced approximately 76xX21%° oil and 4x16m? gas

(figures fromOGA Feb 2016more recent production figures are available at
https://www.ogauthority.co.uk/datacentre/datadownloadsand-publications/productiondata/).
Coupled with the offshore extensions, the Wytch Farm Oilfeés$timatedto contain500 mmbbls
recoverablereserves (DECC, 2013)

The oldest commercial hydrocarbon discovery in the Weasesis the Kimmeridg®ilfield (Evans
et al., 1998; Gluyas et al., 200B)was discovered bihe BRoperatedKimmeridgel well in 1959,
testing a large surface anticline (Colter & Havard, 19Bi¢.trap is a faulted inversion anticline,
formed in the Tertiary, immediately to theouth (on the downthrown side) of the Purbelste of
Wight Disturbance (Evans et al., 1998; Gluyas et al., 2B@&3Juction is from underpressured,
fractured tight limestones in the Cornbrash (Colter & Havard, 198lley & Stoneley987;Gluyas
et al, 2003).Following the Wytch Farm discoveKimmeridgeb was drilled in 1980 as a test of the
deeper potential at the Kimmeridge Oilfigllvans et al., 1998; Gluyas et al., 200&3ordingoil
shows in theBridport Sands and Sherwood Sandstdmducedvolumes athe Kimmeridge Oilfield
have exceeded the estimated trap volume, with several theories developed to explain this (Selley &
Stoneley, 1987; Evans et al., 199B)has been proposed that the field receiving charge from a
deeper reservoir preentday (Selley & Stoneley, 198)hough Evans et al. (1998) agphat the
production decline curve does not suppdahis. Alternatively, additional reserves may be trapped
either offshore in an unmapped extensioByans et al., 199&luyaset al., 2003)the fracture
systemmay extendthe reservoirinto the Oxford Clay (Evans et al., 1988)he Cornbrash reservoir
may be actively recharging frormaature lower Oxford Clay source (Fraser & Aryanto, in prep)
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Warehaml, drilled by BP in 1964, encountered oil in a thin fracturedrioféolite interval and at

the top of the Bridport Sands (Colter & Havard, 1981). The well was initially interpreted to have
failed to locate pay, but was subsequentlyaealuated, reentered and tested in 197MH{rst &

Colter, 1993. Warehan?, drilleddowndip from Warehani, produced oil from the Cornbrash after
acidwash treatment(Colter & Havard, 1981). Good oil shows were encountered in Wareham W2
(D5), drilled byGas Council (Exploratioim) 1980, in the Inferior Oolite and Bridport Sands, with
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Figure 6. Distribution of producing oil fields, discovery wells and well with hydrocarbon sh
within the studyarea, based on well reports and published literature. Also shown are area:
currently licensed or offered for award for exploration, and main BGS structural elements
(British Geological Survey, 1996). Contains British Geological Survey materials © NERC

formations. To date, less than &2.0° m® oil has been produced from the Wareham field (data from
OGA Feb 2016).

Waddock Cross was drilled by Gas Coun(ixploration)n 1982, and produced oil at sub
commercial flow rates from the Bridport Sandstone. The structure, aé&hef closure with fownway
dip, was reevaluated in 2003 by Egdon Resources with the drilling of Waddock Znobkgch
discovered a grss oil column of c. 78 ft (24 m) in the Bridport SandstéMaddock Cros2 Wellsite
Geological Repor2004) and began producing in 2013.

2.3.2 Other Hydrocarbon Indications

Alongside the producing fields, numerous other wells in the Weassahave encountered
hydrocarbon showsHigure §, givingfurther indication of an active petroleum system. On the Isle of
Wight the Arreton2 well, drilled in 1974 by Gas Coun{@ixploration)was completed as a dry hole
but encountered dead oil staining in several intervals. This suggests that the structures in the
Jurassic have been flushed, possibly as a result of late faulting/fg@amCouncildploration

1974) UK Oil & Gas Investments (UKOG) havaveduated the Arretor2 data and interpreted it to

be an undeveloped oil discovery, with T§23.8 m) oil pay in the Portland and 12738.7 m)oll

pay in the Inferior Oolite, and a P50-wmitplace volume of 218hmbbl in the whole Arreton structure
(UKOG press release, 2016

Also on the Isle of Wight, but to the north of the Purbésle of Wight Disturbance, minor oil shows
were encountered largely within limestones of the Great Odliteup inSandhills 1 (drilled in 1982),
and Sandhills 2z (drilled in 2005) Geochemical analysis sdmples from Sandhills ZZ2ndicates

that the oil is residual and highly biodegraded (GHGeochem, 2005).
10
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The Bushey Farm Al well (and sidetrack A1Hgdltby British Gas in 1981, was classified as a dry
hole although light, low sulphur oil was encountered in the top of the Bridport Sandstone reservoir
(Johnson & Lister, 1981)il was also found in the Bridport Sandstone reservoir within the Coombe
Keyres1 well, which additionally encountered small amounts of biodegraded oil within the Oxford
Clay and Lower Lias; the biodegraded oils were of a similar type and maturity to the non
biodegraded oil within the reservoir (McQullken & Cocksedge, 1989). @mdcdl analysis

indicates the oil found in minor shows at ChicketeForbes, 1987), Coombe KeydgdicQullken

& Cocksedge, 1989) and Bushey Farm Al (Johnson & Lister, 1981) is derived from the same or similar
source as the oil at the Wytch Farm, Warehand Kimmeridge oil fieldsorbes (1987pound a

good correlation between the oils and Lower Lias source rocks in the Chidkesdl| although the
Lower Lias is immature at the well location.

High levels of gas (€15) were encountered in the Loweéas mudstones of the Hewighwell,

although the target reservoir interval, the Sherwood Sandstone, was wateBlatated gas
readingswere commonthroughout the Jurassic and in the Triassic Sherwood Sandstone at Southard
Quarryl. However, despite logitierpretations indicating the presence of hydrocarbons in the target
reservoir intervals, poor hole conditions prevented open hole testing for a full assessment of the
potential (Bromfield, 199Q)Lulworth Bankd, drilled offshore in Quadnt 97 but onanonshore

license, discovered uncommercial gas in sandstones of the Bridport and Kellaways fornizE@a3 (
2014). Alsooffshore, in Bournemouth Bay, Well 98/Plwas a sultommercial gas discovery, with

the Sherwood Sandstone as the main reservoir intgiBR, 2Q1).

2.4 Seeps

As previously mentioned, surface oil seepages along the Darast gave exploration geologists an
initial indication of an active petroleum system in the Wessea(Lees & Cox, 1937) and have
subsequentlybeen reported at several locations on the coast, including at Osmington Mills,
Worbarrow BayMupe Bay, Lulworth Cove and Durdle Ddebkanson & Kinghorn, 1986%kelley,
1992;Bigge & Farrimond, 1998inderhill & Stoneley, 1998; Hawkes et al., 198&ton et al.,

2000. The seeps are limited to where JurasskarlyCretaceous beddip north into majorfaults

(Selley & Stoneley, 198 The cliff section of the Bencliff Grits (Middle Oxfordian age) at Osmington
Mills is dominated by c#tained sandstore (Watson et al., 2000), and aitwater contact has been
identified within the section (Cornford et al., 1988); Watson et al (2000) proposed that this is the
remnant of a breached trapn addition,thermogenicgas seeps have been reported from the sea
floor off Anvil Point, Swanage (Miles et al., 1993; Selley, 2012; APT UK Ltd, 2013). The gases are
thought to be oilassociated, as they were generated at a maturity equivalent to approximately 1.0%
R,, and have a similar source to other hydrocarbons inatea (APT UK Ltd., 2013).

The Mupe Bay seep is of particular significance as it has been cited as evidence for an Early
Cretaceous onset of petroleum generation and migration within the Wessex area (Cornford et al.,
1988; Kinghorn et al., 1994; Wimbledenal., 1996; Emmerton et al., 2013), although this view has
been challenged (Miles et al., 1993; Miles et al. 1994; Bigge & Farrimond, 1998; Parfitt & Farrimond,
1998). The seep occurs in a Wealden fluvial channel conglomeratic bed which contains itfarker o
cemented, poorly consolidated sandstone clasts in a matrix of sand permeated by light oil, with oil
continuing to seep into the sandstone at the present time (Lees & Cox, 1937; Selley, 1992;
Emmerton et al., 2013). Hesselbo & Allen (1991) inferreda kmurce for the clasts, either through
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collapse of a river bank or another surface degradation process. The seep oils have all been heavily
biodegraded (Bigge & Farrimond, 1998; Parfitt & Farrimond, 1998).

Cornford et al. (1988) proposed a tvphase staiing model for the seep based on maturity

differences between the oils in the clasts and matrix. In this model, oil generated in the Early
Cretaceous seeped to the surface and stained and cemented alluvial channel sands. These were then
eroded and redeposted as odcemented clasts in a conglomeratic sandstone, with the matrix then
stained by a subsequent migration of oil. This model is supported by sedimentological (Wimbledon

et al., 1996) and palaeomagnetic studies (Emmerton et al., 2013). Others lgnested that the

apparent difference in maturity can be explained by differential biodegradation between the clasts

and matrix (Miles et al., 1993; Bigge & Farrimond, 1998), or that in fact there is no difference in
maturity (Parfitt & Farrimond, 1998),thbugh this does not preclude two phases of oil staining or

Early Cretaceous generation and migration.
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3 Database

The assessment of the Jurassic shales of the Wessawas carried out with the development of a
3D model created from detailed seisnm@pping integrated with all available hydrocarbon well
data, relevant deep stratigraphic borehole information and outcrop geology. A total of 301
hydrocarbon wells have been drilled in theidy areaand numerous boreholes have been drilled
for resources commercial development or scientific studi@gure 7. Boreholes are generally
relatively shallow and lack downhole geophysical data that are commonly acquired with
hydrocarbon wells.

@®  Hydrocarbon Wells
@ Boreholes > 300 m depth
@ Boreholes 100-300 m depth

[ wessexstudy a0l

50.?“ N
50.%" N

BGS Structural Elements

B= 0 125 25 = 50 Km |
Il oi Field B L Il Il L 4 L 1 1 | . s
0GA 14th Round Blocks Offered For Award 0 5 10 20 Miles /
Licensed Blocks . { S | I e ] [ (| |

3°IW 2°IW 1°IW

Figure 7. Exploration, appraisal and development wells, and lnereholes (> 100 m total
depth) of the Wessex area. Background isshilded topographyContains Ordnance Survey
data © Crown copyright and database right (2016). Contains British Geological Survey ma
© NERC (2016).

Out of the total 87 exploration and appraisal wells drilled inshedy areatime-depth data was

available on 47 of these wellBigure8) which were used ttie the seismic interpretation anbuild

the velocity model for the depth conversiofi.selectiom of these key wells are illustrated in six

correlation panelgAppendixB), which extend into th&VealdBasinstudy areaFigure 9.

Geochemical data &re available on a total of 14 welldree boreholes and froneight outcrop

localities (Figurd.0). Theboreholes at Swanworth Quarry and Metherhills, southern Dorset, were
RNAEESR & LINIG 2F GKS Dbl iddzaNIf 9YyOPANRBYYSYyid wSasSt
ALISOALE G2LAO Wi ylaz2ye 2F | {2 dz2NOSFmaién] QX ' yR 02
(MorgansBell etal., 2000¢ KSNBE | NB ydzYSNRdza 6Sffa FyR 02NBK2f !
Lower Lias in southern Dorset and on the Isle of Wight, however many are too shallow or lack time

depth data for use in this projedGeochemical dates limited to one well on the Isle of Wight

13
© OGA 2016



THEJURASSIC SHALES OF THE WESSEXEAREYGY AMIBIALE OIL AND SHALERESOURCE ESTIMATION

51°N
51l’ N

@ Key Wells

D Weald Basin AOI

BGS Structural Elements.

Il oi Field e . - \ //

OGA 14th Round Blocks Offered For Award ~—— N /

@ Boreholes =2 ;
[ wessexstudy a0l - e /
N

50.5° N
50.5° N

Licensed Blocks ~ Z g s

3°IW 2°IW 1°W

Figure 8. Distribution of wells with tindepth data available for this study (blue). Also shown &
the boreholes for which stratigraphical and geochemical data were available (pink). Backgrc
is hillshaded topography. Contains Ordnance Survey data © Crown copyright and database
(2016). Contains British Geological Survey materials © NERC (2016).
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Figure 9. Location of the six well correlation panels shown in Appendix B, with the main E
structural elements (British Geological Survey, 1996). Contains British Geological Survey
materials © NERC (2016).
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@ Hydrocarbon Wells
@ Boreholes
A Outcrops
[ wessex stuay Aci
[ weald Basin a0l

D Lower Lias Core Mature Area

~——— BGS Structural Elements

50.?“ N

50.5¢ N

Legand 0 125 25
Tertiary Lower Greensand ! Kimmeridge Clay " Great Oolite " Middle Lias L 1 1 1 X’.”.‘ 1
Chalk Wealden [ Corallian I Inferior Oolite Lower Lias 7
0 10 20 Miles

" Upper Greensand & Gault % Purbeck & Portland W Oxford Clay and Kellaways Upper Lias Pre-Jurassic —I‘u_% s Cgta w o TN

3°w 29w 1ol

Figure 10. Location of wells, boreholes and outcrops for which geochemical data were availak
this study. Also shown is the area within which the Lower Lias isduktiehave reached sufficient
maturity for oil generation (black polygon). Background is the outcrop geology from BGS 1:50
scale DiGMapGB © NERC. Contains British Geological Survey materials © NERC (2016).

(Arreton2) and towards theedge or outside of the Lower Lias core mature area in southern Dorset
(Figure 10).

Seismic interpretatiomf six key horizong the Base Greensand Unconformity, Kimmeridge Clay,
Corallian, Great Oolite, Lower Lias and Penarmtascompleted on approximatel2734 miles
(4400 km) of 2Dseismiadata of various vintagesnd quality,and a coarse grid from thE998-
vintageWytch Farm 3[@overing an area af. 35miles’ (90 km?) (Figure 1}, all obtained from the
UK Onshore Geophysical Library (UKOEX{gmples of the 2D seismic data are shawhigure 12.
Generally data is of fair to good quality in areas witlelstructural deformation, but quickly
deteriorates across major fault zones.

The interpretation was tied to wells where surface picks, tiule@th curves (and deviation surveys if
necessary) were available and to the existing interpretation covering the VBealid as well as

being constrained by the outcrop geologiigured). After gridding, the time interpretation was

depth converted using a 3D velocity model which incorporated well-tiejgth data and faults to
account for the major lateral changes in velocity in areas of complex structure. The resulting depth
structure grids tahe top of each prospective interval were then merged with the Weald Basin study
grids, and are presented in Section 3.
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Figure 11Location of 2D and Wytch Farm 3D seismic data used to map the subsurface in
study area. Lines A & B show the location of the data shown in Figure 12. All seismic data
obtained from the UK Onshore Geophysical Library (UK ukogl.org.uk/).

Corallian

<4— Corallian

Figure 12Comparison of seismic data quality from a tectonically quiet ared_{Ae HB
84-014) with a structurally complex area{Rine BP7®2-233), demonstrating the
reduction in data quality in highly faulted areas. Seismic lines provided by UKOGL.
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4 Structure and Tectonic History
4.1 Structural Elements

The Wessex study area is located entirely within the Wessex Basin (sensu Underhill & Stoneley,
1998;Figurel3) and adjoins the Weald Basin stumyAndrews (2014). The Wessex Basin is a system
of extensional basins and inttzasinal highs, bounded by major eastst trending normal faults,
developed during episodic pulses of Perm@metaceous extensiofénn et al., 1987; Selley &
Stoneley, 1987Chadwick, 1993; Underhill & Stoneley, 1998; Chadwick & Evang, Zb@5basin (as
delineated by Underhill & Stoneley, 1998), consisting of fourmsgins, covers much of southern
England Eigurel3) and extends offshore to the Central Channel High\Wassex and Weald basins
have a similar tectonatratigraphic history and at times formed a single depositional b&tot{ &
Colter, 1987, but todaythe boundary is constrained by a fundamental change in subsurface geology
extending northwest from Southmpton, under the HampshitBieppe HighWnderhill & Stoneley,
1998; Newell, 2000 Locally the preserved Permidiertiary sediment thickness can be greater than

. 9840 ft (3000 m), although this thins to the weShé&dwick, 1986

l&) London Platform
&
Reading Shelf

= _—~——London Platform Boundary Faults—_

HBF Oty

GBF

Weald Basin

English Channel
Shelf

Channel Basin

Figure 13. The njar Mesozoic structural features of southern England. Adapted from Andrev
(2014), and based on Stoneley (1982); Chadwick (1983); Lake (1985); Sellwood et al. (198!
Hancock & Mithen (1987); Butler & Pullan (1990); Butler (1998); Hawkes et al. (1998hilU&d
Stoneley (1998); Chadwick & Evans (2005). The Wessex Basin sensu Underhill & Stoneley
lies southwest of the orange dashed line. Study area outlines in pink (Wessex) and purple (
Abbreviations: ARF = Abbotsbiridgeway Fault; LCF itdn-Cheney Fault; PF = Purbeck Fauli
NF = Needles Faults; SF = Sandhills Fault; PdBF = Pays de Bray Fault; BRF = Bere R€ljis

= WatchetCothelstone Fault; CF = Cranborne Fault; LSF = Lym8eytdhills Fault; MF = Mere

Fault; DHF = Dean Hilhult; PMF = PortsdowMiddleton Fault; VoPF = Vale of Pewsey Faults;
l.C I 123Qa .01 CldzZ T D. C -BolnepRaBlitf \BF = NX& |
DetentiorAshourBletchingley Fault; FZ = Fault Zone.
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Structurally, the study area is dominated by three major e@esst trending lines of inversion
developed along the basin bounding faults: the Vale of Pewsey Faults, the W-adldsdownFault
Zone and the Purbedssle of Wight Disturbancé-{gurel3; Chadwick 8&Evans, 2006 The
predominant eastwest trends of the basins and highs are offset by northvgesttheast trending
faults Ruffell & Wignall, 199@utler, 1998; Lake & Karner, I9&vhich are visible on gravity data
(Figure 14. The basitbounding faults consist of several-eshelon fault segmentdnderhill &
Stoneley, 1998

The presentday structure is a result of the interplay between tectonic inheritance, the extensional
graken system, and subsequent regional inversidhgdwick & Evans, 200%&xtension and basin
formation has been linked to the reactivation of Variscan faligure 15Chadwick, 1986; Penn et
al., 1987 Selley & Stoneley, 198Taylor et al., 200lwhich mparted the strong eastvest (from
thrusts) and northwessoutheast (from transfers) structural grainsake & Karner, 198 Karner et

al., 1987 Hawkes et al., 1998

4.2 Tectonic History

Evidence suggests that thWgessex Basi(sensu Underhill & Stoneley, 98) experienced several

episodes of crustal extension, including in the Permian, the Early Triassic, the Early Jurassic and Late
JurassiEarly Cretaceouhadwick, 1986 Basin development initiated in the west, forming the

Dorset Basin in the PewnTriassic and migrated to the east, forming the Weald Basin in the Early
Jurassic (Lake & Karner, 1987ifferentialsubsidence led to the formation of a series of asymmetric
grabens and haljrabens Penn et al., 1987 Rifting in the Jurassic was accompdriyy a

widespread marine transgressiondylor et al., 2001 Rapid subsidence during the Late Jurassic

Early Cretaceous rifting phase resulted in the deposition of thick clastic sequences which led to
sufficient burial for maturation of the Jurassic sairocks in the Weald and Channel baslreké &

Karner, 1987Hawkes et al., 1998; McMahon & Turner, 1298

Two main intervals of active faulting are determined from-ggpositional movement on the east

west trending faults during the Early and Late Jsi@scorrelating with the Central and North

Atlantic rifting phases respectivelygnkyns & Senior, 1991; Butld©98. The faults are

predominantly downthrown to the south, and there are considerable thickness changes in these age
sediments across the titt (Selley & Stoneley, 198Jenkyns & Senior, 199Chadwick & Evans,
2005;Evans et al., 20)1The total preTertiary displacement across the Purbésle of Wight fault
system exceeded c. 6560 ft (2000 m) in platéslerhill & Stoneley, 1998

In the Early Cretaceous, the entire WesBasinexperienced regional uplift, which was more
pronounced in the west and south, imparting a strong easterlylidké & Karner, 1987; Butler,
1998; Underhill & Stoneley, 1998\ widespread unconformity atéhAptianAlbian coincides with
the onset of sedloor spreading in the Bay of Biscayd the North Atlanti¢Lake & Karner, 1987;
Hawkes et al., 1998; McMahon & Turner, 1R98is believed this Base Greensdsaconformity
(also commonly referred to aseh_ate Cimmerian Unconformity) is a result of regional thermal
uplift associated withihe rifting and continental breakugHawkes et al., 199&nd is marked by a
progressively westward truncation of older strafddures 16 & 17), with considerable thiclesses of
sediments having been removed by erositimderhill & Stoneley, 1998Themid-Cretaceous is
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[ wessex study Aot
[ weatd 8asin ot

~——— BGS Structural Elements

Bouguer Gravity
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Figure 14Bouguemravity (nGal) (top) 50 km highpass filtered Bouguggravity (bottom),
horizontal gradient of Bouguer gravity (next page, topd &ilt derivative (next page, bottom) of
southern England. All images show thain BGSstructural element¢British Geological Survey,
1996)and Wessex (pink polygon) and Weald (purple polygon) study areas. Regiona¢siaahd
northwestsoutheast trend are clearly visible. Gravity data from the BGS UKCS compilation, which is
based on a compilation of BGS and ofiendata. Contains British Geological Survey materials ©
NERC (2016).

characterised by a changetectonic style, from faultelated subsidence to regional flexural
subsidence, which continued until the end of the Cretace@mafiwick, 198@enn et al., 1987
with the strata above the Base Greensand Unconformity generally unfaulted (Hamblin et al., 1992).

Late Cretaceous subsidencesssucceeded, towards the end of the Cretaceous or in the Early
Tertiary, by a nortksouth compressive tectonic regime, fault reversal and basin inverBiemn( et
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Figure 15. Crustal section across the Wessex and Weald dresisating the influence of
extensional reactivation of Variscan thrusts, after Chadwick (1986). See Figure 13 for location.
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al., 1987; Lake & Karner, 19&¢&lley & Stoneley, 198@nderhill & Stoneley, 199&mith & Hatton,
1998).Reverse movements along reactivated faults created major northwagdsing monoclinal
folds. The zones of most intense Tertiarydrsion are generally coincident with regions of greatest
Jurassid_ower Cretaceousedimentary thickness, although gentle inversions are also documented in
the Dorset BasirButler, 1998. In addition, structural highs also became inverted to become
Tertiary depocentresl{ake & Karner, 198 Karner et al., 1987@&nd the Wessex Basin depocentre
switched to the newhformed Hampshire Basin at the location of the former Hampsbieppe

High Underhill & Stoneley, 1998The exact timing of Tertiary inversits debated; according to
Stoneley (198p Chadwick (198&nd Evans et al. (20},1the inversion occurred in the Miocene,
whereasSelley & Stoneley (198 Bray et al. (1998pandGale et al. (1999 ave datedhe inversion

to the Eocene, whildtake& Karner (1987) believetertiary inversion to be intermittent throughout
the Eocene to the Oligocerdiocene. Uplift in the Early Miocene was associated with regional
tilting (Lagarde et al., 2003
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B Oxford Clay e e s w oy
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Figure 16. Generalised subcrop map beneath the Base Greensand Unconformity, determ
from seismic and well data, and Whikier (1985). Pink polygon outlines the Wessex study a

\ = Ga“"&LowerGreensand
W
_‘,.‘,"_T'V faldey,
Tiassic g w
er

Figure 17. Schematic cressction showing the progressively westward truncation of Juras
(and older) strata beneath the Base Greensand Unconformity in the Wessex area, after
Underhill &Stoneley (1998).
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4.3 Background Seismicity of the Wessex Area

Since 1970, BGa$irecorded eleven earthquakes within the Wessex study area (Figure 18) with
magnitudes ranging from 1.1 to 2.9 ML and focal depths of 2.6 to 12.dusnhovekhalf of these
earthquakes show conformance to major famtines Historical data (from 1700 td970, when BGS
began instrumental monitoring of UK seismic events) suggest the study area lies in a relatively
seismicallyquiet setting, with a maximum earthquake magnitude < 4 ML (Musson, 198@).
maximum horizontal compressive stress for southern &mjhas a northwessoutheast orientation
(Baptie, 2010).
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Figure 18. Earthquakes recorded by BGS from 1970 to 2016 for the Wessex area, coloure
magnitude. Also shown are the BGS structural elements (British Geological Survey, 1996)
the area in vhich the Lower Lias is predicted to be mature with a 1200 m below gteuel
cut-off. Background is hithaded topography. Contains Ordnance Survey data © Crown
copyright and database right (2016). Contains British Geological Survey materials © NER!
(2016). Earthquake database available from BGS at
http://earthquakes.bgs.ac.uk/earthquakes/dataSearch.html

4.4 Depth Grids

The depth grids to the top of each interval of interest (themideridge Clay, Oxford Clay, and Upper,
Middle and Lower Lias), as interpreted in this study and for the Weald (Andrews, 2014) are
presentedin Figuresl9-23. The Wessex area has an overall trend of deepening to the sasit)

the Lias reaches its greatest depth (presday) south of the Purbeelsle of Wight Disturbance on
the Isle of Wight. None of the intervadse nowas deep in the Wessex area as in'Weald
depocentre; at its deepest point in the Wessex area, the top of the Lower Lias is over 200 ft
shallower than the deepest point in the Wedleigure 2). The westward extent of each horizon
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decreases with younging age as the outcrop geology gets tidbe west, due to overall tilting.

Further to the outcrop geology limiting the extent of the Oxford Clay and Kimmeridge Clay, they also
suffered heavy erosion at the Base Greensdndonformity(Figures 6-17; 19-20); these

formations may locally exigh small fault blocks but theregional extent is limited.
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Figure 19 Depth to Top Kimmeridge Clay Fm, as mapped by this study for the Wessex area
Andrews (2014) for the Weald Basin. Contour interval = 500 ft.
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Figure 20. Depth to Top Oxford Clay Fm, as mapped by this study for the Wessex area anc
Andrews (2014) for the Weald Basin. Contour interval = 500 ft.
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Figure 21. Depth to Top Upper Lias, as mapped by this study for the Wessex area and by #
(2014) br the Weald Basin. Contour interval = 500 ft.
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Figure 22. Depth to Top Middle Lias, as mapped by this study for the Wessex area and by
Andrews (2014) for the Weald Basin. Contour interval = 500 ft.
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Figure 23. Depth to Top Lower Liaspregpped by this study for the Wessex area and by Andre
(2014) for the Weald Basin. Contour interval = 500 ft.
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5 Stratigraphy of the Jurassic in the Wessex
Area

The PermiasTertiary sedimentary fill of the Wessex area lies unconformably on Variscan
metamorphic basement (Colter & Havard, 1981). The Jurassic sedimentary succeggioeld),

the focus of this study, consists of six shallowiipgvards depositional sequences (Hawkes et al.,
1998); the base of each sequence are shale and mudstones, whitd gpavards into sandstones or
shallow water carbonateim sedimentstarved areasWhilst erosion has removed much of the Upper
Jurassistrataacross the study areall Jurassidormations arepresentin the Arreton2 and

Southard Quarnt wells A briefsummary of the stratigraphy of the Jurassic in the ¥¢gsarea
follows; for a more detailed description the reader is referred to several BGS publications which
cover parts of the study areacludingfor Dorset and SE Devon (Barton et al., 2011), thecviton
district (Bristow et al., 19995 haftesbury (Bristow et al., 1994)d the Isle of Wight (Hopson &
Farrant, 2015).
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Figure 24Generalised stratigraphic column for the Jurassic of the Wessex ai#add the
Jurassic megasequenasdefined by Hawkes et al. (1998).
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5.1 Lower Lias

The Lower Lias in the Wessex area is comprised of the Blue Lias For@atiommonly limestone
rich unit)and the Charmouth Mudstone Formati¢a more clayrich unit), consisting (in depositional
order) ofthe Shaleswvith-Beef, Black Ven &tl, Belemnite Marand Green Ammonit8eds

members, deposited as a marine transgression established adomninated shelf across the region
(Hawkes et al., 199&8arton et al., 2011)The Blue Lias Formation is charactdli®y cyclical
interbeds of bioturbated, oxic limestone and anoxic, laminated s{slesworth et al., 1998)The
Shaleswith-Beef consists of alternating shales and calcareous mudstones, thin beds of fibrous
calcite, and minor concretiobands (Gallois,@8).The Black Ven Marls are more shale dominated,
containing only occasional limestone interbeds. Alternating beds of light grey, calcareous,
carbonaterich, silty mudstones and darker carbdnh, less calcareous mudstones characterise the
Belemnite Mals (Weedon & Jenkyns, 1990) whilst the Green Ammonite Beds comprise of a medium
to dark grey mudstone which coarsens upwards (Barton et al., 2011).

Structural control on sedimentation during the whole Lias interval is reflected in the laterally varying
thicknesses of all formations. A major change in thickness occurs across the RalbetkVight
Disturbance, with the interval becoming thicker to the south. The interval also thins considerably
over the Cranborné-ordingbridge High.

A major difference btween the Wessearea and Weald Basis the organic content of the Lower
Lias. The Lower Lias becomes more limesiom@inant towards the east into the Weald Basin, as
evident in the well correlations (Appendix, Bjith significant differences betweeneHhog responses
in wells of the two aread{gure 24Whittakeret al,, 1985 Bessa & Hesselbt997).

5.2 Middle Lias

The Middle Lias (Dyrham Formation) consists of the Eype Clay and the Down Cliff and Thorncombe
Sand (or equivalents) members, deposited dgrinmarine regression. The interval is capped by a
highly condensed, ammonitech limestone, often called the Marlstone Rock Bed, Junction Bed or,

as proposedy Cox et al. (1999), tHgeacon Limestone Fm.

The Eyp&lay largely comprises micaceous mudstone with minor amounts of calcareous sandstone.
Overlying this member are the Down Cliff Sand, followed by the Thorncombe Sand, which form a
single unit inland from the Dorset coast (Barton et al., 2011). Towardsdtik of the study area,

and to the south of the Purbedkle of Wight Disturbance, the interval is variably shale or siltstone
dominated, with only minor sands encountered.

5.3 Upper Lias

Renewed transgression was marked by the deposition of the Downeljff &€sandy mudstone, with
the shallow water depositional environment restricting the development of source potential. The
formation grades up into silt and fingrained sand of the Bridport Sands Member, one of the main
reservoir intervals in the area. iBhhighly bioturbated interval was deposited in a high energy lewer
middle shoreface environment (Holloway, 1986; Fletsdl., 1987) and shows marked thickness
variation in the area, due to the persistent fault actiijampson et al., 2015)
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In the study area, the Upper Lisdominantly sand or siftrone. On the Isle of Wight, the Upper
Lias is expressed as a calcaresandy siltstone to sandy argillaceous limestdt@pson & Farrant,
2015, whereas at Marchwood, it contains a thick sand section.

5.4 Inferior Oolite

During the Middle Jurassic, a carbonate platform developed in the eastern side of the Wessex area

and acress the Weald Basina consequence of a change in drainage pattern which removed the
clastic source to the area (Hawkes et al., 1998 Inferior Oolite within the study area is generally
a condensed, shelly micritic limestone (Holloway, 1986), althevitihsharp lateral variations in
thickness Bristow et al., 199p At the eastern edge of the Wessex Basin, the Inferior Oolite of the
Weald Basin thins dramatically soutlestwards from hundreds of metres to a few metres (Scott &
Colter, 1987)The Inferdr Oolitehas a distinctive gammiay log response and was used as the
datum for the correlation panels in Appendix B.

5.5 Great Oolite Group

The Great Oolite Group consisis decreasingage, ¥ (1 KS CdzZf f SNR& 9 NI KX
and Cornbrash fonations. This succession is dominated by mudstavidsthin limestones
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facies (Barton et al., 201I)he gamma ray signatures for these are lower than for otheassic

mudstones, reflecting a generally more uniform calcareous nature (Whittaker et al., T9&5e

pass upwards into the Forest Marble Formation, comprised of shallow water sandstones, sandy
mudstones & limestones, and thin limestones of the Corrborasie Great Oolite develops south

west into the Wessex study area into a thicker, more argillaceous section compared to the Weald

Basin (Scott & Colter, 198Th. the Wincanton district the Great Oolite Group is dominated by

mudstones deposited in a leenergy environment.

5.6 Oxford Clay and Kell aways

The Kellaways Beds form a generally thin unit at the base of this section, and comprise mainly of
siltstones, with lesser amount of mudstone and limestqmesnterbedded calcareous firgrained
sandstone and mdstone on the IslefdNight (Hopson & Farrant, 2013t is overlain by the Oxford
Clay, which consists of three memberthe Peterborough, Stewartby and Weymouth Members.

The Peterborough Member is a dark, fissile and fossiliferous dKeafeq et al.1994)deposited in a
dysoxic environment during a period of renewed marine transgression and deepening of the water
column (Hawkes et al., 1998). The Stewartby and Weymouth members are predominantly lean
calcareous grey clays with minor siltstone (Penalgtl987; Kenig et al., 1994).

5.7 Corallian

The Corallian Beds are comprisedafyclical pattern ofhallow water sandstones, mudstones and
limestones laid down during a period of widespread uplBiafton et al., 201Hopson & Farrant,

2015) The sedirents were deposited on a rardgpe margin on an intrdasinal high that dipped
towards the southwest, but with thickness variations due to complex uplift and subsidence
associated with active normal faulting (Newell, 20Q@)g correlation within the Wesgearea is
complicated due to significant lateral and vertical lithology variations (Ahmadi, 1DBf8rences in
lithology between the Wessex and Weald areas is reflected in the log signatures, with the Corallian
of the Weald generally more argillaceo(W§hittaker et al., 1985).

5.8 Kimmeridge Clay

Extensive knowledge of the Kimmeridge Clay has been gained from many outcrop and borehole
studies, in particular the boreholes at Swanworth Quarry and Metherhills in Dorset, which cored the
complete formation. Fronthese two boreholes, MorgarBell et al. (2001) ideified four main

mudrock lithologies of the Kimmeridge Clay: medidank grey marl, mediurdark to dark grey
greenish black shale, dark grey to olblack laminated shale, and greyiblack to browniskblack
mudstone; the formation also contains minor amounts of siltstone, limestone and dolostone.
Rhythmic altenations in clay mineralogy and organic content occur throughout the succession
(Herbin et al., 1995¢lorgansBell et al., 2001 Taylor et al., @01).

The Kimmeridge Clayas largely deposited in an extensive, and periodically anegicontinental
shelfsea during a major marine transgressi@farrimond et al., 1984; Morgaigell et al., 2001,
Taylor et al., 2001 )with the sequence reflectingraoverall shallowing upwards depositional
sequencgHawkes et al., 1998The principal depocentres were the Wealdd Channebasins with
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marked thinning on structural highs and towards the margins of the Wessexwhese the
formation is commonly saner, more calcareous and therefore lear(@aylor et al., 2001).

The midKimmeridge Micrites (coccolith micrite beds) form thainreservoir for tvo recenthybrid-
play oil discoveries in the Weald BagjiBalcombe 2 (2013) and Horse Hill 1 (202jhough they
have low primary porosity and permeability, oil has been produced from natural fractures. The
micritesare thickest in the centre of the Weald Basin, but pinch out towards the basin margins
do not extend into the Wessex areahich is readily gparent in the log signature (Figure 25)
Conversely, the Kimmeridge oil shale present in the Wessex area is absent in the Weald Basin.

5.9 Portland and Purbeck Beds

The presence of the Portland and Purbeck Bedisent over much of the study area due to the
regional uplift events, is limited to the south of the Purbdsle of Wight Disturbancand in the

north of the study areaThe Portland Beds coarsen upwards from siltstones integiagned sands

and then into shallow marine limestones, representingagressive shallowing of the depositional
environment.Of the Purbeck Group, only the basal strata, consisting of finely laminated limestones,
are of Jurassic age (Barton et al., 2011)

SOUTHARD QUARRY 1 BALCOMBE-1

Figure 26Comparison of gamma ray and sonic logs forKirameridge Clay of the Wessex
(Southard Quarrgt) and Weald (Balcomt® study areas.
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6 Estimate of the Magnitude of Missing Section
6.1 This Study

Estimating the amount of missing section is fundamental for determithiagnaximum burial depth

of the Jurassishale intervals and assessing in which locatiahgsy mayhave reached maturitfor

oil generation Both the magnitude and timing of uplift/erosion events in the Wessex area are
debated (e.g. Law, 1998; England, 2010). The magnitude of uplift/erogiomecdetermined using
different methodologies, most commonly by using paltemperature profiles derived from Apatite
Fission Track Analysis (AFTA) and Vitrinite ReflectB)c@ (. Bray et al., 1998), interval velocity
analysis (Hillis, 1995; Law, B)@&nd stratigraphic restoration. For this study, interval velocity
comparisons and stratigraphic restoration have been carried out to estimate the amount of erosion
across the Wessex area.

Variations in sonic velocity between wells relative to a tdepth function based on an assumed

normal compaction relationship for a given interval can be used to give regional estimates of uplift

(Hillis, 1995; Law, 1998). Sedimentary rock porosity decreases, and therefore sonic velocity

increases, with burial depthhis effect is largely irreversible with exhumation (Hillis, 1995; Hillis et

al., 2008). Anomalously high interval velocities relative to the normal compaction relationship can

then be interpreted to represent uplift of a formation. This methodology isemgly sensitive to

errors in the normal compaction relationship and variations in sedimentary facies or diagenesis (Law,
Mppy VYT GKSNBF2NB GKS hEF2NR /fle& 6F4& dzaSR | & (KS
thick shale section is less likelyttave such errors.

All available timedepth data for the Top Oxford Clay and Top Great Oolite Group were collated and
used to calculate interval velocities for the Oxford Clay, which were then plotted against the
corresponding migpoint of the section irirue vertical depth susea level Figure27). The normal
compaction relationship is derived by finding the béstinear function passing through the data
points with the lower interval velocity for a given burial depth (Law, 1998). A comparison of the
interval velocity versus depth data points from the Wessex and Weald studies and the normal
compaction trend used for the Weald studsidure27) shows the compaction trend to hold for the
Wessex area. This trend was then used to give an estimate of tbararof erosion at each well
location using the following equation (Hillis, 1993w, 1998):

o6 2o o a

a

Wherem = the gradient of the normal compaction ling, is the surface intercept of the normal
compaction relationshipy; = interval velocity of the interval under consideration aig the mid
point depth of the interval.

As discussed in a previous section, the Wessex area has experienced (at least) two major phases of
uplift and erosionduringthe AptianAlbianand theMid-Tertiary, with overall regional tilting to the
east.To gain an estimate of the magnitude of missing section, well data, structural history and
palaeogeographies were considered in order to independently determine the amount of erosion.

The uplift evats have removed evidence for the original depositional thickness of the Upper Jurassic
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Figure27.Interval velocities vs TVD for determination of the normal compaction trend {INCT)
the Oxford Clay of the Wessex and Weald areas, used to estineadenount of erosion.

to Tertiary successioria some areashowever knowledge of the palaeogeogragind the
interplay of eustatic changes and tectonics can help to determinig tiginal depositional extent.

The Kimmeridge Clay was deposited duareriod of high global sdavel and active crustal
extension, so it is probable that deposition was thick and widespread, with most of southern England
being submerged (Chadwick, 1985tamblin et al., 1992 Deposition during the latest Jurastic

early Cretaceous times was molecaliseddue to a major fall in global sdavel coupled with post

rift isostatic restoration (Chadwick, 1985b), with sedimentatieithin the study areaestricted to

the Channel Basin, south of the Purbésle of Wight Disturbance (Hamblin et al., 1992y0 major
transgresive phases occurred in the M@retaceous, establishing sedimentation over a widespread
area once again, with the deposition of marine sedimerithe Lower Greensand, Gault and Upper
Greensand formations (Chadwick, 1985c); these formations thin towards the western and northern
margins of the Wessex area. The Chalkl downin the LateCretaceouswas depositedver most

of southern Britain (Chawick, 1985d). In the Wessex ar@dthough rates of tectonicallgriven
subsidence are thought to have been very slawhick Chalk section was deposited due to
accommodation created by compaction under loading of the thick;Gwak Mesozoic sequence
(hadwick, 1985d)ThickLower and Middle Tertiary sediments were deposited in the sauidheast

of England prior to major structural inversion (Chadwick, 1985e).

The interval velocity analysis method gives an estimate of the total erosion at a givenrotati to
account for the structural complexity of the region, two restored isopachs were creabed from
the Top Oxford Clay to tHeaseGreensand Unconformity, and one from tBaseGreensand
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Figure 28. Total erogicfor the Wessex area estimated in this study from interval velocity

analysis and stratigraphic restoration. Plotted values are those estimated using the NCT
(determined in Figure 27) for individual wells.

Unconformity to theMid-Tertiary. These restored isopactvere then summed to the topography to
give a pseudo Top Oxford Clay depth grid, which was then subtracted from the pdasenop

Oxford Clay depth grid to give an estimate of the overall missing seé&iguré28). Estimated

erosion from the interval velocity analysis is@plotted for comparisonThis study predicts a

maximum missing section thickness of approximately 5250 ft (1600 m), with the greatest estimates
south of the Purbecksle of Wight Disturbance where the Tertiary uplift event dominates.

6.2 Published Studies

Both palaeetemperature and interval velocity studies of the Wesaesahave predicted maximum
erosion on the knrscale Law, 1998Bray et al., 1998 The interval velocity analysis method used by
Law (1998 gives comparable estimates of erosion to thdstermined from AFTA, data in

inverted areas, but significantly lower results in more tectonically stable atems(1998 estimated

a maximum missing section thickness of 1640500 n) for the WytchFarm area, whereas AF R/
data suggest. 32806560 ft(1000-2000 nj uplift has occurred ithis region Bray et al., 1998

Similar values were determined Bfoneley (1982and Ebukanson & Kinghorn (1986aho

estimatedc. 16403940 ft 5600-1200 nj of Early Cretaceous uplift in the Wytch Faand Bushey

Farm areasOn the Isle of Wight, Gale et al. (1999) determined a minimum uplift of 1640 ft (500 m)
on the northern limb of the Sandown Pericline from the stratigraphical distribution of reworked
material. A total of 4844 ft (1476 m) of misgigection, from the Aptian to the base of the Miocene,
at Arreton2 was estimated to have been removed during Miocene tectonic inversion (Ebukanson &
Kinghorn, 1986a)Across the WesseZasin (sensu Underhill & Stoneley, 1988)n wholeBray et al.
(1998 estimated up to a maximum 7545 ft 2300 ) of Early Cretaceous uplift, addnes et al.

(2002 determined a maximum denudation of between49206560 ft(15002000 m). Offshore in
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the very southern extension of the Wesdgasinon the Central Channéligh,Beeley & Norton
(1998 estimated posiCretaceous uplift of up to. 4920 ft {500 n).

There is a degree of uncertainty in the amount of missing sectiwoss the Wessex study area (as
evident in the varied amounts predicted by published studiemyplicated by the presence of the
significant unconformities. Whilst there is a general agreement that erosion is greatest over major
structures Chadwick, 19864d;ake & Karner, 198Hlillis et al., 2008 estimates of the magnitude are
varied, depending on the methodology and assumptions used for the calculation. This may be
further compounded by the differinfandoften interchangeable) terminology, as is common in
studies of uplift’'exhumatior{Doré et al.2002),meaning values are not necessarily directly
comparable Neverthelessthe consensus in published studies is fordéaale erosion, certainly

south of the Purbecksle of Wight Disturbance, with which this study is in agreement.

AFTA is used to datmine the timing and magnitude of peak palaonperatures. The predicted
uplift is controlled by the value used for the geothermal gradient at the time of uplift

(Blundell, 2002 The higher palaetemperatures inferred from the AFTR/data may insteadbe

due to a phase of crustal heating rather than a result of deeper biBialy(et al., 1998

Alternatively, as the AFTR/data show that none of the studied wells are at their maximum burial
depth presentday, the reference wells used in the intervalacity studyto determine the normal
compaction curve may themselves have been uplif@cy et al., 1998 TheR, datashould be used
with caution as the data often form a wide scatter at a given depth or are anomalously low due to
vitrinite suppressiofin organierich material(seeSection 7.2

34
© OGA 2016



THEJURASSIC SHALES OF THE WESSEEAREXGY AMIBIALE OIL AND SHALERIZSOURCE ESTIMATION

7 Geochemistry

Hydrocarbon discoveries, shows and seeps within the Wessademonstrate the presence of a
mature oilprone source rock irof inthe vicinity of) the study areawith the Mupe Bay palaeseep
cited as evidencthat petroleum generation had begun by the Early Cretaceous (Selley, 1992
Emmerton et al., 2013The source potential of the Jurassic in the Wesasahas long been
recognised; oil shales of the Kimmeridge Clay were commercially expdoikchmeridge (Dorset)

for fuel and raw materials in the f&nd 19" centuries (Gallois, 1978). However, despite this, and
the long history of exploration, the avallle geochemical data in the public domain for the Wessex
areais sparseFigure 1Ghows the location of wells, boreholes and outcrops with geochemical data
used in this study, collated from well reports, published papers and academic work.

There are thre main intervals with good source rock potential in the Wesses the Lower Lias,

the Oxford Clay and the Kimmeridge Clay formations (e.g. Ebukanson & KinghorrEd@&s)son

& Kinghorn, 1990England, 2010)lhese intervals all have variations ihditogy, sedimentation rate,
organic content and kerogen type (Ebukanson & Kinghorn, 198&B)richest source rock intervals

are characterised by laminated dark shales, consistent with increased preservation of organic matter
in an anoxic environment (Ebaikson & Kinghorn, 1990; MorgaBell et al., 2001)n addition, he

Upper Lias and Middle Lias also have welleloped clay sections, and are included in the

evaluation for consistency with the Weald studye limited geochemical data available for tees
intervals suggest they have fair source potential at basiditionally, good source intervals are

200l arzylftfte LINBaSyld Ay GKS CNRBYS /ftlFé& |yR Cdz f &
of the Corallian and Inferior Oolite. Geochemical#s suggest the oils in the producing fields of

the Wessexareaare all sourced from the Lower Lias, from the source rock kitchen to the south of

the PurbecHsle of Wight Disturbance (Underhill & Stoneley, 1998; Scotchman, 2001; England,
2010).

Source rak qualityhas beerdetermined from Rock Eval analysis, including measurements of total
organic carbn (TOC), hydrogen index (HI), S1 (free hydrocarbons) and S2 (bound hydrocarbons).
Unfortunately, no oxygen index (Ol) data was available for this stugycommonly acceptethat a
rockrequiresa minimum TOC of 1-%% when immature to expel aiuring maturation(Lewan,

1987). However, a high TOC alone does not imply a good sourcéPeteks & Cassa, 1994n

other Rock Eval parameters need to be ddased to determine the source potential of a rock. S2
values>5-10 mgHC/gRock indicate good source rocks, whilst thdgemgHC/gRock represent

world class potential (Smith et al., 2014). Hl is the ratio of S2/TOC and gives an indication of kerogen
type, whether oil or gagrone.S1 is a measurement of the amount of hydrocarbons already
generated and present in the source rock, and of the free oil component that can potentially be
extracted after fracture stimulation.

7.1 Source Rock Potential

7.1.1 Kimmeridge Cl ay Formation

The Kimmeridge Cldprmation contains extremely organi@h intervals although the section is
largely immature across the Wessanea(Colter & Havard, 1981; Ebukanson & Kinghorn, 1985; Penn
et al., 1987; Cornford et al., 198Bigures29; 30). The highest TOC of 35.09% was recorded in the
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Figure ®. TOC an&1 vs frequency plots for the Kimmeridge Clay in the Wessex area. Out 0
total of 2813 data points, 150 have TOC values > 10%. The high S1 (>=5 mgHC/gRock) ar
samples taken from oil shales at outcrop. Data from Farrimond et al. (1984); Ebukanson &
Kinghorn (1985); MorgarBell et al. (2001); and well reports.

Swanworth Quarry 1 borehalbut high TOCs (>10%) are recorded throughout the sedition
approximately 6% of the samplénr,both the Swanworth Quarry 1 and Metherhills 1 boreholes
(Tyson, 2004)These boreholes were drilled specifically to target the organic content variability
within the Kimmeridge Clay, and identified five main orgaruh intervals, thought to bénked to
maximum floodhg surfaces (MorganBell et al., 2001). Tyson (2004) found the mean TOC within the
Swanworth Quarry and Metherhills boreholes to be negatively correlated with sedimentation rate,
indicating that dilution is a significant contraljvariable. High TOCs of 16.34% and 16.37% have
also been measured from outcropstae Ringstead Bay area atlie/ KI LYl y Q& t 22t S | NB|
respectively (Ebukanson & Kinghorn, 1985; Ebukanson & Kinghorn, 1990) and Farrimond et al.
(1984) reported TOGf up t057.2% in an oil shafeom an outcrop sample east of Kimmeridge Bay
(Dorset) Good quality intervals (TOC > 2%) are also present in the Aedarchwoodl and
Cranbornel wells.
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Figure 30. Gross thickness of the Kimmeridge Clay Formation vkighémea it has been
predicted to have reached oil maturity, and below a prestayt burial depth of ¢. 3950 ft (1200
m). No part of the predicted mature section is presently at depths of ¢. 5000 ft (1500 m) or
greater below the surface. The P50 estimatetfi@ proportion of organicich shale is 0.35.
Shaded region is the area of mature Kimmeridge Clay with rddem truncation applied.

S1 data are only available from outcrop samples (Farrimond et al., 1984) and are generally
XKL.5 mgHC/gRockigure29), as expected for an immature source rock; the highest value, of
28.0 mgHC/gRock was measured in an oil shidledataare only available from outcropamples
(Farrimond et al., 1984) arat a limited number ofiepths in the Marchwood well, but the vdues
are generallyxk500mgHC/gTO@dicating adominantlyoil-prone source. The Kimmeridge Clay
kerogen type ranges from type | to type Ill (Williams, 1986; Tyson, 2004).

This study predicts the Kimmeridge Clay to have reached matugity %) at itsnaximum burial
onlyin isolated segmentsn the Isle of Wighteven without the topdown truncation of c. 3950 ft

(1200 m) applied (Figure 30). It msnaximum gross thickness of potentially mature source of c.
450 ft (140 m) and an average gross thiclenes170 ft (52 m)A detailed petrophysical study of
available log and core data was not undertaken for this stadyhe distribution of the net thickness

of organierich shalecould not be confidently mapped (for any interval). However, on averagescro
the core mature area e Kimmeridge Clay has an estimated net to gross of 0.9, with the proportion
of organierich shale estimated at 0.35 (P50 value).

Thelimited maturity data from vitrinite reflectance, spore colouration and thermal alterationxnde
indicates the Kimmeridge Clay is immature across the Wessax(Ebukanson & Kinghorn, 1985;
Cornford et al., 1988). However, Ebukanson & Kinghorn (1986a) suggested that the Kimmeridge Clay
in the Arreton2 well is just entering the early oil maturityimdow, based on spore colour and basin
modelling which predicted a vitrinite reflectance of approximately 0.6% at the base of the

Kimmeridge Clay at maximum burial. This view was supported by Williams (1986), who modelled

the base of the Kimmeridge Clay the Isle of Wight as entering the oil window in the Late

Cretaceous. An alternative model using Lopatin Time Temperature Index calculations by Penn et al.
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(1987) suggests that the Kimmeridge Clay has only reached maturity in the northernmost part of the
Channel Basin. Higher maturity of the Kimmeridge Clay is observed in outcrop samples from the
southern side of the Purbedkle of Wight Disturbance compared to those from the northern side of
that structure (Ebukanson & Kinghorn, 1986a).

7.1.2 Oxford Clay Formation

The lower Oxford Clay (Peterborough Member) is demonstrated to have good source potential
across the Wessex aré@ngland, 2010), although it is largely immature acrossthdyarea
(Figures3l, 32). The highest TOC of 12.36% is measured from an outcrop at Chickerell, but TOCs
> 5% are also measured in intervals within the Encoilieilworth Banld, Southard Quarr,
Arreton2, Marchwoodl, Cranbornel, Coombe Keynesand Spetisburg wells.S1dataare only
available for the Spetisbuyand Coombe Keynédswells, with all values < 1 mgHC/gRdekjre

31). S2 data support the presence of intervals with excellent source potential within the Oxford
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Figure 31. TOC and S1 vs frequency plothéoDxford Clay Formation in the Wessex area. Da
are from Ebukanson & Kinghorn (1985); England (2010); and well reports.
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Figure 32. Gross thickness of the Oxford Clay Formation within the area it has been prec
to have reached oil maturitgnd below a preserday burial depth of c. 3950 ft (1200 m). Or
a very minor volume of the predicted mature section is below a pressniburial depth of c.
5000 ft (1500 m) (contour not shown). The P50 estimate for the proportion of omjzmic
shaleis 0.28.Shaded region is the area of mature Oxford Clay with nalteyn truncation
applied.

Clay, with a maximum value of 57.8fgHC/gRockieasured in the Spetisbufiywell; Encombéd,
Arreton2, Southard Quarr§ and Lulworth Bank also have severaltervals of good source
potential.

A maximum HI of 80gHC/gTOG measured in the Southard Quafrywell, but valuex200 are
common, indicating an egrone marine type Il kerogen source in the orgamit Peterborough
Member (Ebukanson & Kinghorr&5) The higher HI values in the Southard Quarwyell probably
reflect greater levels of preservation and/or increased marine input in this part of the basin
(England, 20100nly the Peterborough Member, the lowest interval of the Oxford Clay, hasicrga
rich shales whereas the overlying Stewartby and Weymouth members are composed of relatively
lean calcareous mudstones (England, 2010). There is a clearly defined trend of kerogen type from
type Il at the base through mixed type 1l/111, type 1l to ty@eat the top of the formation (Ebukanson
& Kinghorn, 1985). Variation in bottemater oxygen availability is thought to be the main control

on the level of preservation of organic matter (Ebukanson & Kinghorn, 1985; Kenig et al., 2004).

Vitrinite reflectance data generally show low values for the Oxford Clay ggddlues range from
415440°C in the available data set. The Oxford Clay is not thought to have reached sufficient
maturity onshore for the expulsion of hydrocarbons, although within the Padtl&/ight Basin
depocentre the formation may have reached early oil maturity at maximum burial (Ebukanson &
Kinghorn, 1986b; Penn et al., 1987; England, 20R€3ults from this study are in agreement with

this conclusion, with a maximum gross thickness.af00 ft (213 m) and a mean gross thickness of c.
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