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ABSTRACT 9 

Sedimentological studies are important in understanding and predicting reservoir quality, especially in 10 

shallow buried sandstones that are dominated by eogenetic processes.  Understanding the sedimentological 11 

controls on siliciclastic depositional environments will enhance the knowledge and prediction of reservoir 12 

architecture and reservoir quality, both of which are essential to resource exploitation and future CCS and 13 

hydrogen storage projects.  Here, we present a study of sedimentology and depositional mineralogy, as well 14 

as controls on the deposition of siliciclastic sandstones, from the shallow-buried, Upper Jurassic Corallian 15 

marine sandstones of the Weald Basin, UK.  These sandstones host small oil accumulations and, being close 16 

to large centres of population, are possible gas storage or carbon capture and storage sites.  We used wireline 17 

log analysis, high resolution core logging, optical petrography, and SEM-EDS imaging to investigate 18 

reservoir architecture and the relative importance of depositional versus secondary diagenetic controls on 19 

reservoir quality.  Shallow marine conditions, adjacent to a continent experiencing a warm humid climate, 20 

are interpreted based on ichnofabrics and mineralogy.  Tectonic processes influenced water depth which 21 

subsequently controlled both the quantity of detrital bioclastic material (and the resulting calcite cement), 22 

and the amount of detrital clay matrix.  The eustatic influence on deposition led to the development of a 23 

relatively thin intra-Corallian mudstone which compartmentalises the reservoir into discrete upper and lower 24 

sand bodies.  The results of this study underline the importance of integration of detailed sedimentological 25 

and wireline log analysis in improving the prediction of reservoir quality in tectonically active environments 26 

for shallow buried, eogenetic-dominated sandstones. 27 

Keywords: 28 

Weald Basin, Corallian sandstone, transgressive sandstones, reservoir quality prediction, eodiagenesis, 29 

tectonism, wireline log lithology 30 

1. Introduction  31 

Siliciclastic shallow-marine environments are one of the settings that mark the boundaries between continent 32 

and ocean.  The transient nature of the boundaries between continent and ocean is due to the interplay of the 33 

mechanisms that control deposition, including relative sea level, tectonic processes such as fault movement, 34 

sediment flux and climate (Andrieu et al., 2016; Burton et al., 1987; Dailly, 1975; Lawrence, 1993; 35 

Posamentier and Vail, 1988; Wagoner et al., 1990).  The interplay of these four controls produces a wide 36 

range of possible depositional sedimentological characteristics (Kupecz et al., 1997; Walker and James, 37 

1992) which in turn control reservoir quality, especially in shallow buried reservoir rocks (Worden et al., 38 

2018). It follows that reservoir quality prediction must involve sedimentological analysis of primary sand 39 
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characteristics as well as petrophysical analysis of the effects of diagenetic processes  and their evolution 40 

with time during burial, compaction and heating (Kupecz et al., 1997). 41 

Many studies have applied depositional mineralogy, facies and facies associations as key elements to unlock 42 

an appreciation of the depositional controls on reservoir quality (Rahman and Worden, 2016; Schmid et al., 43 

2004).  Some studies have also considered the effects of primary depositional controls on reservoir quality 44 

(Griffiths et al., 2019) but this approach is not routine.  Understanding the relative influences sea level, 45 

tectonics, sediment supply and climate, together with depositional processes and subsequent diagenetic 46 

controls will lead to improved reservoir quality interpretations which in turn will enhance the prediction of 47 

reservoir quality away from, and between, well control points. 48 

Here, we have investigated the influence of depositional processes on the reservoir quality of shallow-buried 49 

siliciclastic reservoir rocks in the Weald Basin. The current burial depth is less than 1000 metres, but burial 50 

restoration by Palci et al. (2018) has the Upper Jurassic buried as deep as 1500 m in the northern flank of the 51 

Weald Basin, before uplift to current depths. These Upper Jurassic rocks in the Weald Basin are dominated 52 

by eogenetic processes as they have not been buried very deeply, so that the physical and chemical processes 53 

that result from mesodiagenesis, and typically obscure depositional and eogenetic signals, have not occurred.  54 

This study focuses on sandstones from the Upper Jurassic Corallian Group (Fig. 2C), which were deposited 55 

during a period of active tectonism and sea level rise.  The Corallian Group is dominated by carbonate 56 

lithologies across much of the UK (Arkell, 1933) but there are Corallian sandstones at outcrop on the Dorset 57 

coast (Allen and Underhill, 1989; Goldring et al., 1998) and in Calne, Wiltshire (de Wet, 1987).  The 58 

Corallian sandstones are locally-important oil-bearing rocks in the Weald Basin (Trueman, 2003).  We aimed 59 

to understand the relative contributions of eustasy, tectonism and climate on sediment supply and deposition 60 

in this shallow marine depositional environment with the aim of appreciating their relative impacts on 61 

reservoir quality.  The two oil fields employed in this study, Palmers Wood and Bletchingley, are relatively 62 

close to London and other populous parts of the SE of the UK.  Given the proximity of these oil fields to 63 

energy-hungry areas and the UK’s progressive drive to carbon-neutrality, it is possible that these relatively 64 

old petroleum discoveries could be re-purposed, in the near future, for one or other of carbon capture and 65 

storage, compressed air storage or hydrogen storage.  Understanding the sedimentology, internal architecture 66 

and distribution of reservoir quality of Corallian sandstones may become increasingly important as the 67 

energy transition advances.  This study addressed the following questions: 68 

1. What were the tectonic, eustatic and climate conditions prevalent during the deposition of the 69 

Corallian sandstones in the Weald Basin? 70 

2. What were the consequences of syn-sedimentary tectonism on reservoir architecture and reservoir 71 

properties (especially  porosity)? 72 

3. What controls reservoir quality in the Corallian sandstones in the Weald Basin? 73 

To answer these questions, we have analysed primary and secondary sedimentary structures in core, defined 74 

depositional facies and looked for links between sedimentological expressions and reservoir quality.  We 75 

also looked for relationships between wireline log data, sedimentology and reservoir quality. 76 

2. The Weald Basin 77 

2.1 Background geology and tectonism 78 

The outcrop geology of the Weald Basin reveals much about its tectonic history (Fig. 1).  The Weald Basin is 79 

bound to the north by the London-Brabant platform, to the south by the Portsdown-Paris Plage ridge 80 

(Portsdown-Middleton trend), the Hampshire and Wessex Basins to the west and it merges into the Paris 81 

Basin to the east (Butler and Pullan, 1990; Hansen et al., 2002) (Fig.1).  The basement of the Weald Basin 82 

includes extensively-deformed later Palaeozoic (Middle Devonian to Lower Carboniferous) rocks whose 83 

deformation occurred during the Hercynian orogeny (Butler and Pullan, 1990; Taylor et al., 2001) (Figs. 1B 84 
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and 2A).  The Hercynian deformation event was characterised by north-south compressional forces with 85 

resultant east-west thrusts (Fig. 1B) in the basement rocks (Butler and Pullan, 1990; Hansen et al., 2002; 86 

Trueman, 2003).  87 

The Weald Basin formed as a result of thermal subsidence after late Triassic to early Jurassic extensional 88 

faulting (Lake and Karner, 1987), when north-south crustal extension, utilising earlier Hercynian east-west 89 

faults, caused the Weald area to subside south of the stable London-Brabant Platform (Hansen et al., 2002; 90 

Trueman, 2003).  Sherwood Sandstone Group sediments, important geothermal and petroleum reservoirs in 91 

the Wessex Basin to the west (Downing et al., 1983; Hogg et al., 1996), do not typically extend into the 92 

Weald Basin as Mesozoic sedimentation in the Weald generally commenced with Rhaetian-Hettangian 93 

transgression over Devonian and Carboniferous basement (Andrews, 2014).  94 

The Lower Jurassic saw the deposition of the transgressive limestone-shale units of the Lower Lias over the 95 

Palaeozoic basement which was followed by Middle Lias shale and Upper Lias shale-sandstone units 96 

(Andrews, 2014; Sellwood et al., 1986).  The presence of sandstones in the Upper Lias has been attributed to 97 

regression by Sellwood et al. (1986).  Extensive carbonate ramp structures in the Middle Jurassic led to the 98 

deposition of the Inferior Oolite and the oil-bearing Great Oolite Formations (Butler and Pullan, 1990; 99 

Heasley et al., 2000) whose passage into quieter conditions are marked by the muddy and ferruginous units 100 

towards the centre of  the Weald Basin (Sellwood et al., 1986).  Isopach maps from Sellwood et al. (1986) 101 

show the deposition of the upward-coarsening, intensely-bioturbated transition muddy sandstones of the 102 

Kellaways Beds with clays at the base and sand at the top (Ebukanson, 1984).  103 

Through the Upper Jurassic to Lower Cretaceous, the Weald Basin became a significant depocentre during 104 

continued thermal subsidence, with associated active faulting and deposition of the basinal, black, and 105 

commonly laminated Oxford Clay Formation (Butler and Pullan, 1990; Hansen et al., 2002; Sellwood et al., 106 

1986) (Fig.1).  The Oxford Clay Formation was followed by the deposition of the shallow marine Corallian 107 

Group (Fig. 2C), the subject of this study, in the Upper Jurassic Oxfordian stage, during a period of marine 108 

transgression and tectonic activity (Sellwood et al., 1986; Sun, 1992). Sun (1992) placed Corallian 109 

sandstones, at the top of the Corallian Group, in the Early Kimmeridgian, which was a period of marine 110 

transgression (Fig. 2B and 2C).  Deposition of the Corallian Group was also a time of the development of 111 

extensional east-west, low angle faults (Hansen et al., 2002; Hawkes et al., 1998) that now separate Palmers 112 

Wood and Bletchingley oil fields.  The Corallian Group was followed by marine deepening and deposition of 113 

the Kimmeridge Clay Formation (Hallam, 1978) during a period of sea level rise and increased seismicity, 114 

with evidence indicating contemporaneous fault activity during the deposition of the Kimmeridge clay (Fig. 115 

2).  116 

Deposition of the bioturbated, glauconitic Portland sands, during the Tithonian, marks the uppermost 117 

Jurassic unit (Andrews, 2014) which was sourced from the London-Brabant massif to the north (Hawkes et 118 

al., 1998).  The Portlandian was succeeded by a relative sea-level fall, during hot arid conditions, and the 119 

consequent deposition of sabkha-type, anhydrite-bearing lower Purbeck sediments (Upper Portlandian to 120 

Ryazanian) signalling a regressive episode (Andrews, 2014; Butler and Pullan, 1990; Hansen et al., 2002).  121 

The Wealden clay then succeeded the Ryazanian Purbeck group during the Lower Cretaceous Valanginian 122 

stage (Andrews, 2014).  Sellwood et al. (1986) interpreted the zero isopachyte for the Weald as result of 123 

erosion from Cimmerian tectonic activity (Fig. 2) and lowstand sea level. 124 

The overlying thin Gault-Upper Greensand succession  has been interpreted to signal the gradual cessation of 125 

fault movements and transgression (Butler and Pullan, 1990) or post-Cretaceous erosion (Sellwood et al., 126 

1986).  Although well-exposed along the south and north margins of the Weald Basin (i.e., the South and 127 

North Downs), the overlying Chalk Group is absent, or too thin for seismic identification, in the Weald Basin 128 

(Sellwood et al., 1986); it is not possible to be definitive about seismic activity during its deposition.  129 

Chadwick (1985a) suggested that the Chalk Group was deposited during compaction-subsidence of 130 

underlying sediments (Butler and Pullan, 1990; Chadwick, 1985b). 131 
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The Cenozoic was a period of fault reactivation and uplift in the Weald Basin, including Palmers Wood and 132 

Bletchingley oil fields, due to regional-scale compressional movements (Hawkes et al., 1998; Hillis et al., 133 

2008).  The uplift has been attributed to two factors, the opening of the North Atlantic which led to regional 134 

uplift in the Paleogene and a second phase in the Miocene associated with the Alpine tectonism (Jones, 135 

1999) or possibly the Pyrenean Orogeny (Parrish et al., 2018).  Cenozoic inversion was discussed by Hillis et 136 

al. (2008); in the Weald, it manifested as a large scale N-S anticline.  Uplift has been estimated to range from 137 

as little as 701.4 m (2300 ft), based on mapping and extrapolating a base chalk surface (Chadwick, 1993), to 138 

as much as 2276.7 m (7470 ft), based on the analysis of sonic logs compared to normal compaction trends of 139 

the Oxford Clay Formation (Law, 1998).  The basin inversion and uplift led to the formation of broad, dome-140 

shaped hanging wall anticlines, with subsidence of the London Basin to the north and the linked Hampshire-141 

Weald-Dieppe Basins to the south, during the late Palaeocene-Eocene (Hansen et al., 2002). 142 

2.2 Conditions during the deposition of the Upper Jurassic in the Weald area 143 

The Jurassic was a greenhouse period with no polar ice caps, and tropical and subtropical zones that were 144 

wider than present day ranges (Hallam, 1975; Hallam, 1977, 1984; Talbot, 1973).  In the Oxfordian, when 145 

the Corallian was deposited, the palaeolatitude of Britain is estimated to have been in the subtropical range 146 

between 31o N and 37o N (Hallam, 1975) or alternatively about 24°N (Scotese, 2001).  The climate was 147 

generally warm with peak temperatures in present-day NW Europe (Britain) occurring in the Kimmeridgian 148 

(Haq, 2017).  However, Ruffell and Rawson (1994) concluded that the aridity/humidity of the local land-149 

masses of southern and eastern England, England, NW Europe and southern France during the deposition of 150 

the Corallian (in the Oxfordian) have not been well documented.  Nonetheless, a study by Hallam (1984) 151 

suggested the occurrence of a humid Jurassic climate in eastern, central and north-western Europe up until 152 

the Kimmeridgian. 153 

It has been concluded that Jurassic sea levels were not significantly different to present day sea levels, as 154 

suggested by Hallam (1981); Haq (2017); Hardenbol et al. (1998) (Fig. 2B); it was inferred, by these authors, 155 

that the Upper Jurassic was a period of overall sea level rise.  A modified curve of Upper Jurassic sea levels 156 

(Fig. 2B), as documented by Haq (2017), presents a eustatic rise in sea level from the Lower Oxfordian 157 

through to the Kimmeridgian, as well as several short-term sea level falls of uncertain magnitude. 158 

3. Datasets and methodology 159 

3.1 Sedimentary logs 160 

This study focused on the examination of Corallian cores from three wells, Palmers Wood-3 (PW3), and -7 161 

(PW7) and Bletchingley-5 (BL5), from the Weald Basin, onshore SE England (see Fig. 1).  The cores are 162 

held at the British Geological Survey (BGS) core store in Keyworth, Nottinghamshire.  The three wells were 163 

initially logged at high resolution (1:24).  PW3 had 17.1 m of core, PW7 had 16.6 m of core and BL5 had 164 

19.8 m of core.  Measured depths from the cores were converted into true vertical depth by taking well 165 

deviation into account.  The present-day true vertical depths to the top of the Corallian sandstones are BL5: 166 

844.2 m, PW7:875.4 m and PW3: 904.1 m. Each core was logged for lithology, grain size, sedimentary 167 

structures, ichnology, bed contacts, cement types and degree of cementation.  Ichnofabrics were described 168 

using the approach defined by Pemberton et al. (2012).  Lithology, grain size and sedimentary structures 169 

were recorded to determine primary depositional conditions.  Bed contacts and ichnology was recorded to 170 

give indications of primary depositional conditions andsequence stratigraphic surfaces such as 171 

discontinuities.   172 

Sedimentary  logs were summarised and digitised at a resolution of 1:120, with their facies classified based 173 

on texture and lithological attributes following Farrell et al. (2012).  Facies associations were interpreted to 174 
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help determine depositional environments, using methods described by Hampson and Storms (2003) and 175 

Kamola and Van Wagoner (1995) relevant for shallow marine shoreface to shelf depositional environments. 176 

3.2 Petrography 177 

Petrographic analysis of the Corallian sandstones was carried out using automated Scanning Electron 178 

Microscopy-Energy Dispersive Spectroscopy (SEM-EDS) and optical microscopy.  Fifty-one polished thin 179 

sections (30 μm thickness) were prepared from rock samples from the three cores with samples first injected 180 

with blue dyed resin to highlight any porosity.  Twenty-three samples were from BL5, nine were from PW3, 181 

and 19 were from PW7. 182 

Optical petrography, using an Olympus BX51 transmitted light microscope, was carried out to investigate 183 

lithology, micro-textures, cement types and mineralogy.  Samples were point counted, using a CVS Petrog 184 

stage, for 300 counts per section.  185 

SEM-EDS was undertaken to provide a quantitative evaluation of mineral proportions as well as grain and 186 

pore space morphology.  The equipment used in this study was an FEI WellSite QEMSCAN, at the 187 

University of Liverpool, equipped with a tungsten-filament, operating at 15 kV and two Bruker EDS 188 

detectors (Wooldridge et al., 2018).  The QEMSCAN is made up of a scanning electron microscope 189 

equipped with energy dispersive X-ray spectrometers and is capable of automated mineral identification 190 

from an extensive mineral database known as Species Identification Protocols (SIPs) (Armitage et al., 2010; 191 

Pirrie et al., 2004).  SEM-EDS  has spatial resolution of about 1 μm, thus it cannot identify minerals grains or 192 

pore space less than 1 μm.  Mineral quantification with SEM-EDS is accurate to within fractions of a 193 

percent. 194 

3.3 Wireline logs 195 

Gamma ray, neutron porosity, sonic velocity, density and resistivity logs from PW7, PW3 and BL5 were 196 

available for analysis.  For the overall interpretation of lithology and fluid saturation, porosity was derived 197 

from the density log using: 198 

Porosity (RHOB
 %) = 100 .


meas

− 
b

matrix − fl

  199 

(Equation 1) 200 

Where matrix is the assumed matrix (rock) density, meas is the reported log (bulk) rock density (b) and fl is 201 

the assumed fluid density for the invaded zone of the near well-bore region. 202 

The fluids in the pore space were divided into water and petroleum using the deep resistivity log (Rd) and 203 

equation 2, the Archie equation: 204 

 Sw = √
a . Rw


RHOB
m  . Rd

n
  205 

(Equation 2) 206 

Where Sw is the fractional water saturation, a, m and n are the Archie constants (default values: 1, 2 and 2 but 207 

modified here to fit the Sw to as close to 1.00 as possible in the water leg), RHOB is the porosity determined 208 

using the density log (equation 1) and Rd is the deep resistivity of the formation.  Formation water salinity 209 
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was assumed to be between 85,000 and 100,000 ppm, resulting in an in-situ resistivity (Rw) of about 0.06 210 

ohm.m (Trueman, 2003). 211 

The solid part of the rock was split into proportions of shale and sand using gamma log data and the Vshale 212 

calculation: 213 

Vshale =
GRmeas − GRmin

GRmax − GRmin
 214 

(Equation 3) 215 

Where GRmax is the maximum gamma value for the reservoir-top-seal section of interest, GRmeas is the 216 

measured gamma value for the depth of interest and GRmin is the minimum gamma value for the reservoir-217 

top-seal section of interest. 218 

The computed wireline lithology and neutron-density cross-over plots were used to define pay and non-pay 219 

zones and to help deduce correlations between wells.  Gamma ray logs were used for correlations across 220 

facies associations to determine the lateral continuity of facies associations between wells and tectonic 221 

structures.  Core-to-log depth-shifts were applied to allow comparison of core and log data and true vertical 222 

depths calculated to put the porosity data into context of the present-day depth of burial and possible extent 223 

of uplift. 224 

4. Results 225 

4.1 Sedimentary logs 226 

In the following sections, where we refer to depth in text or on figures, all depths are reported in terms of 227 

measured (as opposed to true vertical) depth in metres (m-md) but were originally reported in units of feet.  228 

We also have used a single key to represent the logged data from cores (Fig. 3) as shown in Figure 4 for the 229 

sedimentary logs in Figures 5, 6 and 7.  All cores were dominated by light grey to brown sandstones, 230 

siltstone and minor dark brown to black mudstones (Fig. 3).  Bivalve clasts are common and appear as white 231 

and grey, thin curved shells in core (Fig. 3), especially in the coarser grained sections.  Grain size varies from 232 

clay, through silt to coarse sand with beds showing repeated coarsening upward cycles.  Some of the 233 

coarsening upward cycles then reverse into a fining upward cycles (Figs. 5-7). 234 

The Mudstones are predominantly highly bioturbated (Fig. 6, 1096.7-1097.9 m) and mainly occur as thin 235 

beds or laminae within the sandstones (Fig. 6, 1089.6 m), or at the boundary with the underlying Corallian 236 

argillaceous unit (Fig. 5 at 1138.0 m) and overlying Kimmeridge Clay (Fig. 5 at 1122.5 m).  Typical 237 

sedimentary structures include lenticular bedding, cross-lamination, mottled fabrics where bioturbation has 238 

obscured primary depositional features, and massive featureless beds that may be wholly bioturbated.  239 

Mudstones in core are apparently free of bioclasts (Fig. 3E). 240 

The Siltstones are present adjacent to mudstones at the upper boundary of the Corallian argillaceous unit and 241 

the lower boundary of the Kimmeridge Clay, and in the middle section of PW7 (Figs. 5, 6, 7).  Sedimentary 242 

structures in the siltstones include lenticular bedding (BL5 at 2193.6 m), mud drapes, mottled fabric (PW7 at 243 

1128.9 -1129.6 m) and massive bedding (PW3 at 1081.4 m). 244 

Sandstones make up most of the Corallian section with a range of sedimentary structures including: planar-, 245 

trough- and hummocky-cross-bedding, massive-bedding, lenticular- and flaser-bedding, as well as current-, 246 

wave- and climbing-current ripple lamination (Figs. 5, 6 and 7).  Bed types seem to be randomly stacked 247 

over short vertical intervals (Figs. 3C, 5, 6 and 7).  Bivalve clasts are common and appear as white and grey 248 

pin-shaped, curved shells in core (Fig. 3), especially in the coarser grained sections. 249 
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Secondary features in the Corallian sandstones include cementation, bioturbation, erosional surfaces and 250 

hydrocarbon staining.  The cores have variable degrees of carbonate cementation as well as hydrocarbon 251 

staining (Fig. 3), with dark brown hydrocarbon staining found in the poorly cemented, more porous zones 252 

(Fig. 3B) and negligible hydrocarbon staining in highly cemented zones (Figs. 3A and 3C).  Bioturbation is 253 

common but with varying intensity and diversity.  Intense bioturbation has resulted in a mottled fabric (Fig. 254 

3C) as well as mixing clean sands beds with more clay-rich beds (PW3, 1087.5-1089.4 m).  Bioturbation 255 

intensity is here described on a scale of 0-6  using the Taylor and Goldring (1993) index.  Common 256 

ichnofabrics include Skolithos ichnofacies (Seilacher, 1967) with Skolithos, Ophiomorpha and 257 

Diplocraterion (Fig. 3, 5, 6 and 7); the Cruziana ichnofacies (Seilacher, 1967) with Rhizocorallium, Rosellia, 258 

Teichichnus, Thalasinoides as well as Zoophycos ichnofacies (Pemberton et al., 2012) with Chondrites (Fig. 259 

3D and 3E).  Some non-graded bed boundaries were erosive with sharp changes in grain size locally 260 

accompanied by abrupt increases or decreases in the degree of bioturbation (Fig. 5, 6 and 7). 261 

4.2 Interpretation of sedimentary logs 262 

The localised variations of grain size and sedimentary structures in the Corallian sandstones in the three 263 

wells (Figs. 5, 6 and 7) indicates variable energy conditions during deposition.  Abrupt decreases in grain 264 

size can be interpreted in different ways.  For example, reductions in grain size in PW7 (at 1122.8 m), PW3 265 

(at 1082.0 m) and BL5 (at 2193.9 m) are here interpreted as flooding surfaces as they are succeeded by a 266 

change in lithology to shale, signifying an increase in water depth (Walker and James, 1992) while changes 267 

in grain size above scours (e.g. Fig. 3D) represent erosional surfaces which have here been interpreted as 268 

erosional or non-depositional (hiatal) discontinuities (Hampson and Storms, 2003) (Figs. 5, 6 and 7). 269 

Based on grain size and both primary (bed-relationships) and secondary (bioturbation) sedimentary 270 

structures, a total of 12 facies have been identified (Table 1).  The ichnofacies in the Corallian sandstones 271 

indicates varied energy conditions during deposition.  Skolithos, Ophiomorpha and Diplocraterion of the 272 

Skolithos ichnofacies are typical of episodic high energy erosion and sedimentation events (Seilacher, 1967) 273 

while the Cruziana and Zoophycos ichnofacies are typical of deposition under lower energy conditions 274 

(Pemberton et al., 2012; Seilacher, 1967).  The occurrence of both the Skolithos and Cruziana ichnofacies re-275 

emphasises the varied energy conditions during the deposition of these sandstones.  The diversity of the 276 

facies suggests varied hydrodynamic conditions during marine deposition.  For example, the massive 277 

mudstone facies (Mm) was deposited from suspension under low-energy, sediment-starved conditions 278 

(Walker and Plint, 1992) with a slow rate of deposition under quiescent conditions conducive for sediments 279 

to be reworked by fauna (Gowland, 1996). Sandstone facies represent deposition in relatively high energy 280 

conditions; for example, planar cross-bedded sandstones, trough cross-bedded sandstones and low angle 281 

cross-bedded sandstones  of the cross-bedded sandstone facies (Sx) are products of dune migration under 282 

high energy condition (Vakarelov et al., 2012) and  hummocky cross-bedded sandstone represent deposition 283 

by storm events (Pemberton et al., 2012; Vakarelov et al., 2012).   284 

From a reservoir quality perspective, the dominance of sand in this part of the Corallian is an indicator of 285 

potential reservoir zones.  Although there is no simple relationship between cementation and depositional 286 

facies, the occurrence of hydrocarbon staining only in the less-cemented intervals indicates that porosity has 287 

been destroyed by cementation (Fig. 3A and 3B).  Reservoir presence has also been affected by 288 

homogenisation of sand and clay beds and laminae by bioturbation which has locally reduced the net clean 289 

sand fraction in some bioturbated sections of core (Fig. 3C and 3D). 290 

4.3 Wireline logs 291 

The wireline logs were converted to fractions of sand, shale, water and oil using equations 1, 2 and 3 (Figs. 292 

5B, 6B, 7B).  The interpreted lithology logs reveal sand- and shale-rich sections in the Corallian, including 293 

relatively coarse beds that contain abundant clay minerals due to bioturbation (Fig. 6 at 1088.9 m).  The 294 

interpreted lithology logs have good relationships with the neutron density cross-over logs, delineating 295 
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sections with potentially good reservoir.  The neutron-density cross-over plots together with the lithology 296 

logs reveal the dominantly sand-rich lithology of the Corallian sandstones evolving from the underlying 297 

shale-rich Corallian argillaceous unit and into the overlying shale-rich Kimmeridge Clay (Figs. 5B, 5C, 6B, 298 

6C, 7B, 7C).  All three wells show a decrease in sand- and increase in shale in the middle of the Corallian 299 

section, representing an intra-Corallian shale horizon.  In addition, BL5 also has an extra clay-rich section at 300 

2199.0 -2201.5 m. 301 

The wireline-derived lithology, the neutron-density cross-over plots and the gamma ray logs show the intra-302 

Corallian argillaceous section correlates across all three wells (Figs. 8 and 9).  The two deepest sandstone 303 

packages (S1 and S2) seem to correlate from PW3 and PW7 to BL5.  However, by reference to the true 304 

vertical depths, there is a distinct thickening (of more than 4.27 m) of the Corallian sandstones southward 305 

from Palmers Wood to Bletchingley (Fig. 8).  The sandstone package at the top of BL5 (labelled S3 in Fig. 306 

8) does not correlate with any of the sandstone packages in the Palmers Wood wells and accounts for the 307 

southward thickening of the whole Corallian sandstones (Fig. 9). 308 

The correlated sandstones, above and below the intra-Corallian mudstone, all show variable, but locally fair 309 

to good, porosity (Figs. 5, 8); in contrast, the top-most sandstone in BL5 seems to be different, having 310 

uniformly low porosity (Figs. 7 and 8). 311 

BL54.4 Petrographic data 312 

Optical microscopy and SEM-EDS data help support interpretation of the conditions during deposition; they 313 

reveal that the Corallian is locally quartz-rich with minor feldspars, berthierine-ooids, phosphate ooids, 314 

bioclasts and minor clay-rich lithic grains (Figs. 10A, C and 11A).  Sandstone grain sizes range from coarse- 315 

and medium- (Figs. 10A and C) to fine-grained (Figs. 12A and B).  The cements include calcite, dolomite, 316 

siderite, pyrite, berthierine, quartz and kaolinite (Figs. 10, 11 and 12).  There is no evidence for the 317 

development of evaporitic cements, such as gypsum. 318 

Pore-filling detrital clay minerals are composed of illite, berthierine and kaolinite (Fig. 12).  Other poor-319 

filling, fine-grained minerals include biotite, K-feldspar, plagioclase feldspar and rutile (Fig. 12). 320 

Petrographic images reveal a relatively uncompacted texture where grains are separated from each other by 321 

cement or pore spaces (Figs. 10 and 11).  In cases where the detrital grains are in contact, they dominantly 322 

have face-to-edge contacts (Fig. 10C).  Sandstones range from coarse- and medium- (Figs. 10A and C) to 323 

fine-grained (Figs. 11A and C).  Disarticulated bivalve clasts are most common in the coarsest grained 324 

fractions (Fig. 10A and C).  Acicular cement occurs around bivalve fragments, suggesting marine 325 

cementation (Scholle and Ulmer-Scholle, 2003) (Figs. 10 A, C).  Bioclasts show a great degree of 326 

micritisation of their edges (Adams, 1998; Tucker, 1981), even in completely neomorphosed bioclast grains 327 

(Fig. 10), confirming that the Corallian was deposited in the marine photic zone. 328 

Modal analysis (point count) data are shown in a ternary plot (McBride, 1963), in Figure 12C with Q 329 

representing the sum of polycrystalline and monocrystalline quartz. F is the sum of plagioclase and K-330 

feldspars and L is the sum of all lithic fragments including extrabasinal mudstone, extrabasinal chert, 331 

extrabasinal sandstone, extrabasinal quartzite, muscovite, berthierine and bioclasts.  The ternary plot shows a 332 

composition typical of a quartz arenite, with minor subarkoses and sublitharenites (Fig. 12C).  The plots 333 

show no distinct distribution of QFL by facies association except for the offshore facies association, which 334 

has slightly elevated feldspars and the upper shoreface which shows a high lithic content.  The distribution of 335 

feldspars in the offshore facies association is due to the abundance of fine-grained feldspars in the lower 336 

energy, argillaceous zones (Figs. 11B and 12B).  Lithic fragments are abundant in the upper shoreface facies 337 

association because the high density larger bioclasts and ooids can settle under high energy upper shoreface 338 

environments.  339 
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SEM analysis revealed that calcite is the main cement, with an average of up to 39% (Fig. 13B).  Dominant 340 

calcite cement can be seen in images where the SEM image is next to an equivalent optical image, e.g., Figs. 341 

10, 11A and 11B as well as 12A and 12B with abundant calcite cement evident in samples with elevated 342 

bioclast concentrations (Figs. 10 and 11C) and less abundant in samples with fewer bioclasts and clay 343 

minerals (Figs. 11A and 12).  This relationship is also seen at the well-scale where BL5 has fewer bioclasts 344 

and clay minerals and more calcite (Fig. 13B, 13C and 13D).  The dominant calcite cement fills pore spaces 345 

and separates framework grains from each other, suggesting an early origin (Fig. 10).  Longitudinal grain 346 

contacts are not common in these sandstones as early calcite cementation has filled pores and hindered pore-347 

loss due to compaction (Fig. 10A, 10B, 10C and 10D).  Calcite-poor samples have higher porosity (Fig. 11A 348 

and 13).  It is also worth noting that bioclasts are less abundant in finer-grained, clay-rich samples (Fig.11C) 349 

and more abundant in the coarse-grained, clay-poor samples (Fig. 10).  The relationships between bioclasts, 350 

grain-size and clay content suggests a hydrodynamic control on bioclast accumulation.  351 

4.5 Facies associations and depositional environments 352 

Five facies associations (Table 2) were derived from the 12 facies (Table 1) to help reveal the overall 353 

sedimentary environment of these relatively thin bedded, variably bioturbated and complex sediments.  354 

These facies associations include foreshore, upper shore face, proximal lower shoreface, distal lower 355 

shoreface and offshore shelf/ramp facies associations (Table 2).  The facies associations are presented below 356 

in order of decreasing energy conditions. 357 

4.5.1 Foreshore facies association (FSFA) 358 

The foreshore facies association (Table 2) is composed of fine- to medium-grained, low angle, planar-359 

parallel laminated sandstones (Fig. 3A).  The foreshore facies association is absent in PW7 (Fig. 9) but forms 360 

thin beds in PW3 and BL5, with the thickest beds in the lower sandstone unit of PW3.  The foreshore facies 361 

association has a sharp basal contact with the upper shoreface facies association in PW3 (Fig. 6A at 1085.1 362 

m).  The foreshore facies association is commonly non-bioturbated, but where, bioturbated it displays low 363 

intensity Macaronichnus (Fig. 6A at 1090.0 -1091.8 m). 364 

Foreshore facies association sandstones are well-sorted to very well-sorted with sub-rounded to rounded 365 

grains (Fig. 10A).  They show an abundance of disarticulated bivalve shells aligned in one direction 366 

suggesting transport of the bioclasts into and within the depositional environment (Fig. 10A).  The coarser-367 

grain sizes, disarticulated bivalve shells, rare bioturbation and sharp contacts with other facies associations 368 

suggest high energy deposition of this facies association similar to lithofacies unit 3 of Sun (1992), who 369 

described deposition in a shallow, high energy environment.  These sandstones are, however, not glauconitic 370 

as described in Sun (1992); instead they contain the Fe-clay mineral berthierine.  It seems that Sun (1992) 371 

mistook berthierine for glauconite as both are green marine clay minerals. 372 

4.5.2 Upper Shoreface facies association (USFA)  373 

The upper shoreface facies association (Table 2) is the most common facies association in the three wells; it 374 

is characterised by upper fine- to medium-grained sandstone.  Massive, structureless bedding is common 375 

(Fig. 3B) as well as trough cross-bedding (Fig. 6A), planar cross-bedding (Fig. 6A) and localised low angle 376 

cross-bedding (Fig. 5A).  Minor planar lamination (Fig. 5A) and hummocky cross-stratification (Fig. 5A) 377 

and wave ripple lamination (Fig. 7, 2210.9 m) are also present. 378 

Sandstone body thicknesses are variable, from less than thirty centimetres (Fig. 6A, 1092.5 m) to greater 379 

than four metres (Fig. 5A, 1129.6 -1135.8 m).  Some beds within individual sand bodies display upper and 380 

lower erosive contacts within the upper shoreface facies association (e.g., Fig. 5A at 1134.8 m) indicating 381 

high energy conditions. 382 
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Ethological expressions are sparse to moderate probably because of high energy depositional conditions.  383 

Where present they include: Ophiomorpha, Skolithos, Planolites, Cylindrichnus, Anchonichnus and 384 

Macaronichnus (Figs. 5-7) supporting an interpretation of high energy deposition. 385 

Erosive lower contacts occur between the relatively high energy, upper shoreface facies association sediment 386 

and underlying lower energy facies associations, e.g., on proximal lower shoreface facies association (Fig. 387 

5A at 1135.9 m; Fig. 7A at 2211.1 m) and on distal lower shoreface (Fig. 6A at 1087.5 m).  These erosive 388 

contacts reveal sudden, rather than gradational, increases in energy conditions. 389 

Sharp upper contacts are common between the high energy, upper shoreface facies association sediment and 390 

overlying finer-grained, lower energy facies associations, e.g., with offshore facies association and with 391 

distal lower shoreface facies association (Fig. 5A at 1129.6 m).  These sharp contacts also represent a 392 

sudden, as opposed to gradational, change in energy conditions. 393 

In contrast, gradational upper contacts occur between the high energy, upper shoreface facies association 394 

sediment and overlying high energy foreshore facies association (Fig. 7A at 2203.6 m). 395 

Carbonate cementation, visible in core in the upper shoreface facies association, is variable and is broadly 396 

proportional to the quantity of micritised, detrital, disarticulated bivalve shells (Fig. 10C).  The pronounced 397 

preferential alignment of bivalve shells (Fig. 10C) suggests deposition following high energy current 398 

transport. 399 

Upper shoreface facies association sediments are interpreted as deposits above fair wave base under the 400 

influence of wave activity.  The low degree of bioturbation (Figs. 3B, 5-7) implies high energy conditions 401 

which were intermittently interrupted by the low energy conditions, in the photic zone, as evidenced by the 402 

alignment of micritised bivalve shells (Pemberton et al., 2012; Salah et al., 2016).  The erosively-403 

amalgamated beds within sand bodies occur due to stacking that indicates continuous deposition succeeding 404 

erosion, rather than completely eroded older beds (Hampson and Storms, 2003).  This facies association is 405 

similar to lithofacies 3 and 5 of Sun (1992), with medium-grained trough cross-bedded, planar cross-bedded, 406 

structureless-bedded and low angle cross-bedded sandstones with many shell fragments typical of  high 407 

energy depositional environments. 408 

4.5.3 Proximal Lower Shoreface facies association (pLSFA)  409 

The proximal lower shoreface facies association (Table 2) is characterised by upper fine- to fine-grained 410 

amalgamated sandstone beds (Fig. 7, 2211.1 -2212.8 m).  Proximal lower shoreface beds commonly have 411 

current ripple lamination (Fig. 6, 1095.1 m), cross lamination (Fig. 7, 2211.6 m) and mud-drapes (Fig. 5, 412 

1128.2 m).  These sediments are moderately- to intensely-bioturbated with common ichnofossils in 413 

argillaceous zones including Anconichnus, Ophiomorpha, Palaeophycus, Rhizocorallium, Cyclindrichnus, 414 

Teichichnus rectus, Thalasinoides and Chondrites (Fig. 3C).  Bed thicknesses vary from less than 415 

centimetre-scale laminae (Fig.7 at2206.1 m) to beds that are about 2.13 m thick (Fig.5A at1137.5 m).  Beds 416 

in this facies association commonly have erosive lower contacts with distal lower shoreface facies 417 

association sediment (Fig. 5A at1128.4 m and 1138.2 m).  Carbonate cementation is variable; it seems to be 418 

most intense in the most highly bioturbated zones (Fig. 3C and Fig. 5A at 1137.6 m). 419 

Based on grain size, sedimentary structures and degree and type of bioturbation, the proximal lowershoreface 420 

sandstones are interpreted to have been deposited under moderate energy conditions when the influence of 421 

wave action above the storm wave base was dominant (Pemberton et al., 2012).  The moderate- to intense-422 

bioturbation suggests that periods of low deposition rate and non-deposition were more prevalent in these 423 

proximal shoreface sandstones than in upper shoreface sandstones.  The occurrence of bed amalgamation 424 

suggests repeated high energy conditions that interrupted ambient moderate energy conditions (Vakarelov et 425 

al., 2012), mostly likely due to storm activity (Hampson and Storms, 2003).   426 
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4.5.4 Distal Lower Shoreface facies association (dLSFA)  427 

Siltstones and fine-grained sandstones are the dominant lithology in the distal lower shoreface facies 428 

association (Table 2), which also hosts minor medium grained sandstone (Fig. 3D).  These sandstones are 429 

moderately-sorted to poorly-sorted mostly due to their high clay content and are composed of sub-angular to 430 

sub-rounded grains (Fig. 11C and D).  Sedimentary structures include hummocky cross-stratification, minor 431 

wavy lamination and wave ripple lamination (Figs. 5-7).  Beds are mainly non-amalgamated (Fig. 3B).  432 

These distal lower shoreface sediments show moderate to intense bioturbation, suggesting deposition in low 433 

energy conditions with low input of sand-grade sediment but in aerobic and nutrient-rich conditions 434 

(Seilacher, 1967).  Erosive amalgamation of non-bioturbated, distal lower shoreface beds is relatively rare 435 

(e.g., Fig. 6A at 1088.1 m). 436 

Distal lower shoreface sandstones are mostly thin-bedded, typically varying from less than ten centimetres to 437 

half a metre  (Fig. 6A at 1095.6 m) but reaching up to about two metres (Fig. 6A).  These sandstones are 438 

commonly erosively overlain by higher energy facies associations, e.g., proximal lower shoreface (Fig. 5A at 439 

1128.4 m) and upper shoreface facies associations (Fig. 6A at 1087.5 m). 440 

Ethological expressions in distal lower shoreface sandstones are dominated by the Cruziana ichnofacies and 441 

include Anchonichnus, Chondrites, Ophiomorpha, Planolites, Palaeophycus, Rosellia, Rhizocorallium, 442 

Terebellina, Teichichnus rectus and Thalasinoides (Fig. 3D, Figs. 5 to 7).  The presence of Cruziana 443 

ichnofacies suggests intensive deposit feeding behaviour typical of low energy environments (Pemberton et 444 

al., 2012).  These sandstones are similar to lithofacies 2 of Sun (1992) and composed of very fine to fine-445 

grained intensely bioturbated sand deposited under fluctuating storm activity.  The distal lower shoreface 446 

facies association is here interpreted to have been deposited below storm wave base, with deposition mostly 447 

from suspension, probably between storm events (Hampson and Storms, 2003; Pemberton et al., 2012).  The 448 

non-amalgamated beds typify low energy deposition from low velocity flow connoting a predominance of 449 

low energy regimes with little significant erosion (Vakarelov et al., 2012).  Localised erosively-amalgamated 450 

non-bioturbated beds suggest high energy pulses from storm-induced higher energy conditions capable of 451 

injecting coarser grains and eroding bed boundaries (Andrieu et al., 2016; Hampson and Storms, 2003). 452 

4.5.5 Offshore Shelf/Ramp facies association (OSFA) 453 

This facies association is composed of dark mudstone, siltstone, and some thin beds of fine-grained 454 

sandstone (Fig. 3D; Table 2).  The main sedimentary structures include wave ripple lamination, current 455 

ripple lamination and heterolithic bedding (Figs. 6 and 7).  Lenticular bedding is present but rare in this 456 

facies association. 457 

Bioturbation tends to be intense and there is wide diversity of ichnofabrics with ichnofossils mostly 458 

belonging to the Cruziana ichnofacies.  These include Chondrites, Cylindrichnus, Planolites, Palaeophycus, 459 

Terebellina, Teichichnus zigzag, Teichichnus rectus, Thalasinoides and Rhizocorallium. 460 

The offshore shelf/ramp facies association shows a sharp basal contact with the upper shoreface at the top of 461 

PW7 (Fig. 5); this represents an erosive basal contact with the upper shoreface in the intra-Corallian section, 462 

at 1129.6 m.  In PW3, the basal contact of the offshore shelf/ramp facies association is erosive (Fig. 6A at 463 

1082.2 m) and is interpreted as a flooding surface.  464 

The offshore shelf/ramp facies association is interpreted to have been deposited below storm wave base, 465 

mostly from suspension in low energy water as evident by occurrence of siltstone and mudstone as well as 466 

the abundance of the Cruziana ichnofacies (Pemberton et al., 2012). 467 

The offshore shelf/ramp facies association is found mostly in the upper and lower part of the Corallian 468 

section (Figs. 5, 6 and 7).  Only PW3 contains about half a metre of this facies association in the middle 469 
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section (Fig. 5).  The offshore shelf/ramp facies association at the bottom and top boundaries of the Corallian 470 

sandstones represent transition from the Corallian argillaceous section and to the Kimmeridge Clay, 471 

respectively.  This facies association is similar to lithofacies unit 1 of Sun (1992), as it is diagnostic of low 472 

energy deposition of mostly fine-grained sediments with sedimentary structures, such as  ripple lamination 473 

and low energy ichnofabrics such as chondrite. 474 

4.6 Breaks in sedimentation 475 

4.6.1 Erosional discontinuities 476 

Erosional discontinuities are common throughout the Corallian sandstones.  Erosional surfaces may indicate 477 

a lowering of storm wave base due to minor fall in sea level or due to storm events (Hampson and Storms, 478 

2003).  The presence of erosional discontinuities here have been interpreted where there is an increase in 479 

grain size and a reduction in bioturbation intensity in beds overlying an erosional bed contact (Fig. 5A at 480 

1126.1 m and 1128.4 m, 1134.8 m, 1137.1 m, 1137.6 m and Fig. 6A at 1088.1 m).  481 

Inferred erosional discontinuities (represented by dotted lines on Figs. 5, 6 and 7) have been added where 482 

there is either (i) a sharp increase in grain size (but no change in bioturbation) or (ii) a marked decrease in 483 

bioturbation intensity (but no increase in grain size).  Erosional contacts are common in the high energy, 484 

wave-dominated facies associations, e.g., in the upper shoreface facies association in BL5 (Fig. 7A), in the 485 

proximal lower shoreface facies association in PW7 (Fig. 5A) and at the boundary between the distal lower 486 

shoreface and the proximal lower shoreface also in PW7 (Fig. 5A). 487 

Correlation of erosional discontinuities is represented in Figure 9 with PW7 and PW3 having three 488 

correlations: two at the base of the Corallian and one at the middle (Fig. 9).  These correlated discontinuities 489 

are at facies boundaries and represent shore-ward shift to higher energy facies associations.  Erosional 490 

discontinuities are typically succeeded by high energy, storm-related deposits (Fig. 5 at 1137.6-1138.1 m). 491 

4.6.2 Non-depositional discontinuities 492 

The Corallian sandstones have abundant evidence of non-depositional discontinuities.  Non-depositional 493 

discontinuities are here recognised by a sharp reduction in grain size, an abrupt increase in bioturbation 494 

intensity and anomalous (non-contiguous) successions of facies associations (Hampson and Storms, 2003).    495 

Non-depositional discontinuities are common in the proximal lower shoreface and upper shoreface facies 496 

associations in BL5 and PW7 and are found in the distal lower shoreface and upper shoreface associations in 497 

PW3. 498 

The non-depositional discontinuities are here interpreted to be a result of a drop in energy due to sea-level 499 

rise, a tectonically-induced break in sediment supply or waning storm-wave conditions (Hampson and 500 

Storms, 2003). 501 

Except for the flooding surface marking the transition to the Kimmeridge Clay Formation  at the top of all 502 

three wells, only one other non-depositional discontinuity correlated in the middle section of PW7 and PW3 503 

(Fig. 9).  The correlated non-depositional discontinuity is at the boundary between the upper shoreface facies 504 

association offshore facies association (PW7) and distal lower shoreface (PW3).  The correlated non-505 

depositional surface marks a basinal shift to lower energy facies associations in the middle of the Corallian 506 

sandstones. 507 

5. Discussion 508 

5.1 Relationship between wireline and sedimentary logs 509 
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The variations in the relative abundance of sand and shale proportions in the wireline lithology logs and 510 

neutron-density cross-over plot show changes in sand and shale sediment deposition as seen when compared 511 

with the sedimentary logs in figures 5,6 and 7. The sedimentary logs show thick sand bodies in all the wells.  512 

High gamma ray values are observed in some thick sand bodies due to small-scale, clay-rich sedimentary 513 

structures, such as flaser beds, lenticular beds (Fig. 7 at 2206.5 m; Fig. 6at  1088.0 m), mud drapes (Fig. 7 at 514 

2210.4m) and intense homogenisation of sand and clay by bioturbation (Fig. 7 at 2207.4-2208.0m; Fig. 6 at 515 

1088.7 m). 516 

The evolution from deposition of the Corallian argillaceous section  to deposition of the overlying Corallian 517 

sandstones is represented by the elevated sand fraction, shown by the lithology log and the basal sand in the 518 

neutron-density cross-over plot (Fig. 8).  Similarly, the top of the Corallian grades into the Kimmeridge Clay 519 

Formation where there is a marked decrease in the sand fraction also shown by the lithology log and neutron-520 

density cross-over plots (Fig. 8). 521 

The intra-Corallian mudstone, correlated across this part of the basin, may be the result of a transient 522 

increase in sea level (Newell, 2000) that exceeded the rate of supply of sand.  Considering that the 523 

sandstones were deposited during a period of eustatic sea level rise (Fig. 2), the deposition of clastic 524 

sediment indicates  that supply of material outpaced sea level rise (Conybeare, 2013). Conversely, the  intra-525 

Corallian mudstone and siltstone represents subdued coarse clastic deposition where sea level rise has caused 526 

an increase in accommodation space and sediment starvation (Newell, 2000) 527 

The deposition of the upper and lower Corallian sandstones during a period of sea level rise, makes it similar 528 

to the highstand deposition interpreted for the Corallian in the Wessex Basin (Newell, 2000). Thus, we have 529 

also used a highstand systems tract interpretation for these sandstones. 530 

The sedimentary logs, wireline lithology logs and neutron-density cross-over plots (Figs. 5, 6 and 7) all show 531 

agreement in a dominant sand-rich lithology with reservoir potential (pay zones).  The correlation of the 532 

intra-Corallian section across all three wells splits the reservoir in the Corallian sandstones into an upper and 533 

lower unit (Fig.8).  The pay zones S1 and S2 have lateral continuity across the three wells (Fig.8) and hence 534 

can be predicted away from the wells.   535 

5.2 Correlation of Corallian sandstones and intra-Corallian mudstone 536 

Mudstone packages that correlate across all three wells, M1 (Corallian argillaceous section), M2 (intra-537 

Corallian section) and M3 (base of Kimmeridge shale), mark genetically related lithologic units. Similarly, 538 

the sandstone package, S1 below the intra-Corallian section and S2 above the intra-Corallian, also correlate 539 

across all three well (Fig.8).  The mudstone packages indicate a transient regional reduction in clastic input 540 

while the sand packages indicate a regional flux of clastic sediment (Conybeare, 2013; Walker and Plint, 541 

1992).  542 

Mudstone package M* and S3 in BL5 do not seem to correlate with any of the sandstone and mudstone 543 

packages in Palmers Wood indicating a local control on deposition.  In addition, the Corallian section from 544 

S1 to S2 does not show significant thickness variation but the increase in thickness in excess of 4.3 m in M* 545 

and S3 is typical of fault-controlled deposition (Childs et al., 2003; de Wet, 1998; Newell, 2000). 546 

Facies associations correlate relatively well between PW7, PW3 and the lower to middle section of BL5 547 

(Fig.9).  The upper section of BL5 show non-contiguous juxtaposition of lower energy proximal and distal 548 

lower shoreface facies association with upper shoreface facies association.  These facies associations at the 549 

upper section BL5, which do not correlate with PW7 and PW3, show anomalous juxtaposition typical of syn-550 

depositional fault control (Cecil, 2013; de Wet, 1998). 551 

  552 
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5.3 Eustatic controls on sediment supply and deposition 553 

Marine deposition of the Corallian sandstones can be inferred from the marine deposition of both the 554 

underlying Oxford Clay and overlying Kimmeridge Clay Formations, which were both deposited during 555 

periods of sea level rise (Hallam, 1981; Haq, 2017; Hardenbol et al., 1998) and the absence of any evidence 556 

of significant regression preceding deposition of the Corallian sandstones.  Direct evidence of marine 557 

deposition of the Corallian includes eogenetic carbonate and phosphate cements (Fig. 12B), acicular calcite 558 

cement fabrics lining bivalves and framework grains (Scholle and Ulmer-Scholle, 2003) (Fig. 10C), presence 559 

of marine ichnofossils (Fig. 3), micritisation of bivalve shells (Figs. 10) and the absence of evidence of 560 

rhizocretions, paleosols or other signs of emergence surfaces within the Corallian sandstones. 561 

The intra-Corallian mud- and silt-stone, high gamma interval represents a regionally correlated transgressive 562 

event (Figs. 8 and 9).  The non-depositional surface identified in core at the base of the intra-Corallian 563 

section (Figs. 5 to 7) suggests that there was a reduction in energy and sediment supply due to sea level rise 564 

outpacing sediment supply.  Coarse-grained, high-energy facies associations overlay the intra-Corallian (Fig. 565 

9) suggesting resumption of sediment supply rate outpacing sea level rise. Analysing the lateral extent of the 566 

non-reservoir intra-Corallian and reservoir sandstone packages, beyond the case study location, is limited by 567 

the number of wells in this study. However, the intra-Corallian section was previously described as 568 

lithofacies unit 4 by Sun (1992) and correlated across PW3, PW5, BL2 and Collendean Farm 1 in the Weald 569 

Basin.  Similarly, in the Wessex Basin, transgressive events were also noted at the equivalent Oxfordian-570 

Kimmeridgian boundary in the nearby Wessex Basin by Sun (1989).  The occurrence of the transgressive 571 

events in both the Weald and Wessex Basins suggests an allocyclic influence where sea level rise outpaced 572 

sediment supply. 573 

Local conditions influenced deposition.  Although non-depositional discontinuities (hiatuses) could mark 574 

reduction in marine circulation caused by sea level rise, their frequency and lack of correlation across the 575 

three wells suggests localised effects (Fig. 9).  Similarly, erosional surfaces that do not correlate between 576 

wells also suggest local conditions rather than a basin-scale influence expected of sea level rise. 577 

Overall, we can infer that eustasy led to the deposition of the intra-Corallian mudstones but played a muted 578 

role in controlling deposition of the Corallian sandstones. 579 

5.4 Tectonic controls on sediment supply and deposition 580 

Although deposited during a period of transgression, the Corallian consists of coarse-grained siliciclastics 581 

with several coarsening upward cycles (Figs. 5  to7).  These cycles observed in core, confirm coarsening 582 

upward cycles reported from gamma ray logs by Sun (1992).  This pattern can only be explained by the net 583 

rate of sediment supply exceeding the net creation of accommodation space. 584 

Tectonic activity is capable of increasing the rate of creation of accommodation space and sediment supply 585 

such that sedimentary expressions typical of transgression are in one part of a basin and regression in other 586 

parts of a basin as a result of the interplay of locally variable subsidence and deposition rates (de Wet, 1998; 587 

Lake and Karner, 1987; Newell, 2000). 588 

Evidence supporting syn-tectonic depositional controls on the Corallian sandstones include thickening of the 589 

Corallian section at the upper section of BL5 in excess of 4.3 m, across the fault separating the Palmers 590 

Wood wells from BL5 (Figs. 8, 9 and 14).  The position of extra sand and mud packages in the upper section 591 

of BL5 suggests that syn-depositional faulting occurred in the final stages of Corallian sandstone deposition.  592 

Fault-controlled sedimentation of Corallian sediments in the Weald Basin was also proposed by de Wet 593 

(1998).  594 
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Fault activity led to localised water depth differences and, as a consequence, different styles of sedimentation 595 

between the Palmers Wood and Bletchingley (Fig.9 and 14).  The common occurrence and lack of extended 596 

lateral correlation of both erosional and non-depositional discontinuities in all three wells suggests local 597 

changes in the creation of accommodation and sediment supply linked to local tectonic activity, rather than 598 

global sea level changes.  Consequently, basinal facies associations south of the fault in BL5 emphasise the 599 

increasing water depth across the fault separating BL5 from PW3 and PW7 (Figs. 8 and 14). 600 

The overall accumulation of facies in the three wells is typical of fault-controlled, marine sediment 601 

accumulation (Castro et al., 2019; de Wet, 1998).  The irregular arrangement of coarsening and fining 602 

upward cycles (Figs. 5, 6 and 7), as well as the short-range vertical juxtaposition of facies associations (e.g., 603 

Sun (1992) in the top sand package S3 in BL5 (Fig.9), suggest transient changes in water depths  as 604 

coarsening upward cycles indicate shoaling while fining upward cycles indicate flooding (Newell, 2000; 605 

Walker and Plint, 1992).  The non-contiguous succession of facies associations in S3, as well as  the absence 606 

of  local correlation with other sand packages in the  other wells required local variations in accommodation 607 

and sediment supply (de Wet, 1998), typical of aperiodic, allocyclic, tectonic controls (Cecil, 2013).    608 

5.5 Climatic controls on sediment supply and deposition 609 

The occurrence of coarse clastic Corallian deposits suggests a significant influence of hinterland weathering, 610 

run-off, and fluvial discharge into the marine environment (Leeder et al., 1998; Ruffell and Rawson, 1994) at 611 

the sites of Bletchingley and Palmers Wood.  The distance of these fields from the London platform source 612 

area (Fig. 1), and the presence of products of hinterland weathering such as detrital kaolinite (Figs. 11 and 613 

12), as well as mineralogical and textural maturity, are further indicators of continental  weathering and 614 

fluvial transport. 615 

Climatic conditions in the hinterland,-the London Platform,- that supplied the sediment are here inferred 616 

from mineralogical proxies which suggest warm, humid conditions with high rainfall.  These mineralogical 617 

proxies include (i) kaolinite in detrital clay (Figs. 11B, 11D and 12B), (ii) presence of the iron-rich minerals, 618 

siderite and berthierine (Fig.11D), (iii) the absence of evaporite minerals or alkali-rich clays such as smectite 619 

(McKinley et al., 2003). 620 

Kaolinite typically is produced in warm tropical to sub-tropical climates with high rainfall rates and 621 

vegetation (Burley and Worden, 2003).  The decay of organic matter under humid conditions creates acidity 622 

which enhances chemical weathering of feldspar- and mica-bearing silicate rocks to produce kaolinite 623 

(Burley and Worden, 2003; Hallam, 1975).  624 

The presence of siderite and berthierine in marine sediment indicates warm, humid, continental weathering 625 

because the formation of shallow marine iron-rich minerals requires intense weathering of continental rocks 626 

under humid conditions to form lateritic soils, which are then eroded and the iron transported to the marine 627 

environment (Hallam, 1984; Tucker, 1981).  The presence of kaolinite (Worden and Burley, 2003) and the 628 

abundance of Fe-rich minerals (Worden et al., 2020), is here taken to show that advanced weathering in the 629 

hinterland occurred in organic-rich soils that resulted from lush vegetation. 630 

The absence of evaporite minerals in these marine Corallian rocks  precludes deposition on an arid shoreline,  631 

because evaporite minerals require subaerial concentration of dissolved salts, typical of arid conditions 632 

(Tucker, 1981).  The absence of Ca2+ and Mg2+ clays, such as smectite, also seems to preclude arid 633 

conditions, as high rainfall typically causes intense leaching of alkaline and alkaline earth cations thereby 634 

reducing alkaline conditions and reducing the possibility of the creation and deposition Ca2+ and Mg 2+  clay  635 

minerals (Burley and Worden, 2003; Sladen and Batten, 1984). 636 

In summary, the climatic controls on sediment transport further provide an insight into the geology and 637 

weathering characteristics of the hinterland London Platform.  As the Corallian sandstones are relatively 638 
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shallow buried, we can infer their source-area characteristics as they have not had their depositional 639 

character overprinted by burial (meso) diagenesis (Sladen and Batten, 1984).  We can therefore infer that the 640 

Upper Jurassic London platform created mature sediments which resulted from advanced weathering in a 641 

warm humid environment.  The material deposited as the Corallian sandstones was transported from a warm 642 

vegetated hinterland, with substantial rainfall , capable of causing fluvial transport of sediments which were 643 

deposited in a shallow marine environment. 644 

5.6 Controls on reservoir quality 645 

From a sedimentological perspective, all three wells have well-defined sand packages (Figs. 5, 6, 7, 8 and 9).  646 

From core examination, the elevated degree of hydrocarbon staining in the less cemented sandstone zones 647 

(Figs. 3A and B) indicates that calcite cementation is a significant control on reservoir quality.  Calcite 648 

cement is present in variable amounts throughout the cores and seems to display no distinct relationship with 649 

sedimentary structures, lithology or bioturbation (Figs. 5, 6 and 7).  Analysis of log-derived porosity for each 650 

well, subdivided by facies association, shows that there is apparently no simple relationship between porosity 651 

and depositional facies association (Fig. 13A).  This is because the trend of high and low porosity is not 652 

consistent with facies associations, as seen in Figure 13.  For instance, the upper shoreface facies association 653 

has porosity above the mean value in BL5, below the mean value in PW3 and slightly above the mean value 654 

in PW7 (Fig. 13A). 655 

Comparison of sedimentary logs to log-derived porosity and oil saturation, for all three wells (Figs. 5 to 7), 656 

confirms that there is no simple relationship between grain size and porosity.  For example, the elevated 657 

porosity in PW3 at 1090.9m is associated with finer-grained sandstones than the lower porosity-bed 658 

immediately below (Fig. 6).  In all wells, the fluctuations in porosity in the sandstones above and below the 659 

intra-Corallian mudstone are not linked to variations in the proportion of clay minerals, as revealed by the 660 

interpreted shale volumes in Figures 5 to 7.  The 10 to20 % variations in Corallian sandstone porosity must 661 

be due to another process.  The core-derived estimation of intensity of cementation (weakly, moderately or 662 

highly calcite cemented) links well with the wireline-log-derived estimation of porosity with the highest 663 

porosity values tied to weakly or moderately cemented sandstones.  The low porosity beds in the Corallian 664 

sandstones are all highly calcite cemented.   665 

The anomalous extra sandstone interval (S3) at the top of the Corallian in BL5 is unusual in that it has 666 

uniformly poor reservoir quality; the high porosity values typical of the sandstones either side of the intra-667 

Corallian are absent (Fig. 7).  There are two possible explanations for the poor reservoir quality.  First is that 668 

the shale proportion in S3 never gets lower than 10 % and is more typically 20 %.  Second is that core 669 

description showed that the whole of the anomalous top sandstone layer in BL5 is highly calcite cemented. 670 

The intra-Corallian, defined by the high shale proportion, also tends to be highly calcite cemented (Figs. 5 - 671 

7) suggesting that this correlatable unit will act as a baffle or a barrier to fluid movement due to the 672 

abundance of both clay minerals and carbonate cement. 673 

Petrographic analysis confirms the combined interpretation of core and wireline logs, as it revealed that 674 

calcite cement is the dominant pore-filling mineral (Fig. 10) with the most porous samples having the least 675 

quantities of calcite cement (Fig. 11A).  SEM-EDS analysis revealed that median calcite volumes are 676 

relatively high (9% to 39%), but the interquartile ranges are large confirming that calcite cement is 677 

heterogeneously distributed (Fig. 13B).   The Corallian  sandstones do not display signs of advanced 678 

compaction, with an absence of long grain contacts and occurrence of a floating-grain texture (Fig. 10B 679 

and11A) suggesting that mechanical compaction did not play a major role in porosity-loss and proving the 680 

role of cementation in reservoir quality evolution.  Petrographic examination revealed that clay minerals 681 

occupy pore space as matrix, especially in the finer grained samples (Fig. 12) showing that the presence of 682 

clay minerals has also caused reduction in reservoir quality. SEM-EDS analysis confirmed that median clay 683 
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mineral volumes are relatively low (1 % to 2 %) but high upper quartile ranges shows that it is locally 684 

present at high concentrations (Fig. 13C). 685 

5.7 Influence of depositional controls on reservoir quality 686 

Depositional controls have two effects on reservoir quality and reservoir architecture: (1) stratigraphic 687 

controls caused by sea level rise as seen in the intra-Corallian: this caused compartmentalisation of the 688 

reservoirs into upper and lower units, (2) regional lateral controls caused by tectonism, as seen in the 689 

additional (anomalous) uppermost sand package (S3) in BL5 as well as the elevated clay content in BL5 690 

(Figs. 8, 13 and14) 691 

Syn-depositional tectonism in the Weald Basin, with predominantly downthrown faults to the south is 692 

interpreted to have caused an increase in water depth south of the fault, as indicated by the greater prevalence  693 

of lower energy, deeper water, facies associations in BL5 compared to PW3 and PW7 (Fig. 9).  The increase 694 

in water depth is interpreted to have had three effects: (1) potential recycling of sediments from the upthrown 695 

side (PW3 and PW7) to the downthrown side (BL5) (Fig. 14), (2) increase in accommodation space leading 696 

to the deposition of a thicker Corallian section in BL5 (Figs. 8 and 14) and (3) reduction in energy leading to 697 

the deposition of finer-grained, lower energy facies associations (Fig.9) as well as fewer bioclasts (Fig. 13D).  698 

From a reservoir quality perspective, porosity decreases across the fault from an average 12% in PW7 and 699 

13% in PW3 to 8% in BL5 (Fig. 13A).   However, BL5 has the lowest quantity of calcite of  the three wells 700 

(Fig. 13B) with  a mean of  only 9.3 % as against PW3’s 38.9 % and PW7’s 22.3 %.   The difference in 701 

calcite quantity is interpreted to be a consequence of the reduction in energy in the depositional environment 702 

across the fault, hence a reduction in capacity to transport bioclasts that then neomorphosed to calcite cement 703 

(Adams, 1998; Scotchman et al., 1989; Worden et al., 2019).   704 

6. Conclusion 705 

1. In the Palmers Wood and Bletchingley area of the Weald Basin, the majority of the Corallian sandstones 706 

were deposited as two distinct sand bodies separated by a flooding surface, represented by an intra-Corallian 707 

mud- and silt-stone section.  Both upper and lower sand bodies have numerous coarsening upward cycles, 708 

characteristic of highstand conditions, where sediment supply outpaced base-level rise during normal 709 

regression conditions.  The absence of paleosols, rhizocretions or terrestrial ichnofossils suggests emergence 710 

did not happen and support and interpretation of deposition under highstand conditions with sediment supply 711 

transiently outpacing eustatic sea level rise.  The major evidence for a eustatic influence on deposition is the 712 

intra-Corallian fine-grained section and flooding surface which suggests a major allostratigraphic event 713 

caused by base level rise outpacing sediment supply. 714 

2. Evidence of a tectonic influence on the Corallian sandstones include non-correlation of erosional and 715 

hiatal surfaces across a major E-W fault, non-contiguous facies associations and thickening of the Corallian 716 

sandstone across the fault. 717 

3. Climatic conditions during weathering and transport of the Corallian sediments, from the hinterland inthe 718 

north are here interpreted to have been warm and humid with abundant vegetation.  These conditions were 719 

responsible for the accumulation of iron-rich, sand-dominated sediment that may have been nutrient-rich, 720 

thus encouraging the intense bioturbation typical of the Corallian clastic  sediments. 721 

4. There is not a strong relationship between facies association and reservoir quality.  Depositional controls, 722 

however, influenced reservoir quality distribution and reservoir architecture.  The sandstone reservoir units 723 

are compartmentalised into an upper and lower unit by eustatic controls.  Tectonism caused the increase in 724 

net thickness of the sandstone units in BL5.  Tectonism also caused the horizontal separation of the 725 

sandstone unit S3 from the other reservoir sections and the reservoir quality is somewhat poorer across the 726 

fault in BL5 which has a slightly higher clay content than the Palmers Wood wells, caused by tectonism. 727 
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5. Reservoir quality variations, in these shallow buried sandstones, are largely controlled by the variable 728 

abundance of calcite cement.  The best reservoir quality is associated with the lowest amounts of calcite 729 

cement.  Calcite cement abundance is directly linked to the proportion of primary calcareous bioclasts 730 

revealing that autogenic controls dominate reservoir quality. 731 
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Figure captions 938 

Fig. 1: Location map of the study area giving the surface geology with inset at the top-left showing the map 939 

of England and the case study location (1A). The top –right area shows the an enlargement  of the study 940 

location highlighting faults separating the Palmers Wood and Bletchingley Fields. (1B)Schematic subsurface  941 

section and major structural trends as adapted from Andrews (2014); Butler and Pullan (1990); Trueman 942 

(2003).  Structures in the Weald Basin show a general east-west trend, one of these (marked in the rectangle 943 

to the north) is the east-west fault separating Palmers Wood and Bletchingley fields (1A). 944 
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Fig. 2: (A) Stratigraphy of the Weald Basin, modified from Butler and Pullan (1990),showing major tectonic 947 

episodes and lithologic units with the Corallian section highlighted by the rectangle in the Upper Jurassic.  948 

The section show the Corallian sandstones deposited during a period of tectonic activity accompanied by 949 

graben development and regional subsidence.  The Corallian has been described as both a group (Wright, 950 

1981) and a formation (de Wet, 1998).  Here we have adopted the term Corallian Formation to match the 951 

naming of the under- and overlying Oxford Clay and Kimmeridge Clay Formations. (B) Jurassic sea level 952 

curves, modified from Haq (2017), show dominant sea level rise through the late Jurassic with the dotted 953 

rectangle showing the time that the Corallian sandstone was deposited.  Sequence boundaries define rapid 954 

seaward shoreline movements corresponding to minor sea level falls punctuating an overall landward 955 

shoreline movement. (C) This is a stratigraphic section summarising the Corallian Group as  modified from 956 

Sun (1992).  The Corallian sandstone Formation is highlighted at the top of the Corallian Group. 957 
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Fig. 3: (A) PW3 (1090.6-1090.9) highly cemented foreshore sandstone with no visible bioturbation (B) PW7 960 

(1131.6) loosely cemented medium-grained, massive bedded upper shoreface sandstone with no visible 961 

bioturbation.  The brown colour is from intense hydrocarbon staining.  (C) BL5 (2207.5 m to 2207.9 m) 962 

proximal lower shoreface sandstones has been intensely bioturbated obscuring original fabric (BL5 is 963 

deviated at an angle of about 50, explaining the great difference in measured depths).  (D) PW3 (1087.9 m) 964 

distal lower shoreface sandstones, beds show rapid colonisation after a storm event. The broken line shows 965 

an erosional surface at the top of the storm bed.  The non-amalgamated coarse-grained bed at the middle is 966 

succeeded by an argillaceous low energy section with parallel lamination (S pl) and increase in bioturbation.  967 

(E) PW3 (1098.5 m) offshore muds with laminated silty lenses.  Lenses have parallel lamination (S pl) and 968 

wave ripple lamination (S r-lam). Anconichnus (An), Asterosoma (As),bivalve (bi) shells, Chondrites (Ch), 969 

Ophiomorpha (O), Paleophycus (Pa), Planolites(P),Diplocraterion habichi(Dh), Skolithos (S), Teichichnus 970 

(T), Terebellina (Te) and Thalasinoides (Th). 971 

 972 

  973 



Page 27 

 

Fig. 4:  The key for the sedimentary logs in figures 5, 6 and 7. 974 
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Fig. 5:   Detailed sedimentary log, wireline lithology log, and neutron-density cross-over plots for PW7: (A) 977 

sedimentary structures, extent of cementation, facies associations, bioturbation and discontinuities. (B) the 978 

lithology interpretation from wireline logs with relative proportions of oil saturation, sandstone, shale and 979 

water. (C) a neutron-density cross-over plot with non-pay zones coloured brown and pay zones coloured 980 

yellow.  The sedimentary log shows the Corallian sandstones separated by a local argillaceous section.  The 981 

sedimentary logs also show coarsening upward cycles interrupted by a fining upward cycle (top of B and 982 

lower part of A).  Common discontinuities point to a varied interplay of energy levels and/or sediment 983 

source.  The lithology log shows good sand/shale correlation with grain size variation and bioturbation 984 

(when grain size does not change).  Also note the increase in porosity in the top and bottom argillaceous 985 

sections.  Wireline depths have been shifted to match core. 986 
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Fig. 6: Detailed sedimentary log, wireline lithology log, and neutron-density cross-over plots for PW3: (A) 989 

sedimentary structures, extent of cementation, facies associations, bioturbation and discontinuities. (B) the 990 

lithology interpretation from wireline logs with relative proportions of oil saturation, sandstone, shale and 991 

water. (C) a neutron-density cross-over plot with non-pay zones coloured brown and pay zones coloured 992 

yellow.   In the sedimentary log beds show frequent short-range facies shifts with mostly upper shoreface 993 

facies association truncated by lower energy facies associations.  The middle argillaceous section does not 994 

show change in grain size but has been highly bioturbated.  Wireline depths have been shifted to match core 995 

depths. 996 
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Fig. 7:  Detailed sedimentary log, wireline lithology log, and neutron-density cross-over plots for BL5: (A) 999 

sedimentary structures, extent of cementation, facies associations, bioturbation and discontinuities. (B) the 1000 

lithology interpretation from wireline logs showing relative proportions of oil saturation, sandstone, shale 1001 

and water. (C) a neutron-density cross-over plot with Non-pay zones coloured brown and pay zones coloured 1002 

yellow.  Note that BL5 has another argillaceous section from 2201.9 m to 2199.4 m.  Several coarsening and 1003 

fining upwards cycles are observed and argillaceous sections are more common in this well compared to the 1004 

Palmers Wood wells.  The log also shows common erosional and non-depositional discontinuities, and short-1005 

range vertical heterogeneity in cementation and sedimentary structures.  Wireline depths have been shifted to 1006 

match core depths. 1007 
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Fig. 8: Schematic section across the Palmers Wood and Bletchingley fields, showing the stratigraphic 1010 

framework from the Oxfordian to Early Kimmeridgian.  The Corallian argillaceous section is succeeded by 1011 

highstand conditions and deposition of the Corallian sandstones.  The highstand conditions were interrupted 1012 

by a rise in base level before the resumption of highstand conditions.  The Corallian is succeeded by the 1013 

Kimmeridge Clay Formation deposited during resumption of transgression.  The section shows about 14.02 1014 

m of Corallian sandstones in BL-5, 9.14 m in PW3 and 9.44 m in PW7.  Correlation shows that BL5 has an 1015 

extra sand and mud package in its upper section.  The extra sand package shows lower reservoir quality than 1016 

the other sand packages.  1017 
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Fig. 9: Integration of sedimentary logs (Figs 5, 6 and 7) and gamma log data from the three wells with 1020 

correlation of facies associations. The panel correlates erosional and non-depositional (hiatal) discontinuities 1021 

across the Palmers Wood wells at the boundaries of facies associations. These discontinuities do not 1022 

correlate to BL5.  The Corallian section is thicker in BL5 than the Palmers Wood wells, with the top section 1023 

of BL5 showing non-contiguous successions of facies associations possibly suggesting that the normal fault 1024 

separating the two fields underwent syn-depositional movement.  The question marks in the upper section of 1025 

BL5 indicates the sand package S3 (Fig. 8) which do not correlate to the other sand packages/facies 1026 

associations in PW3 and PW7.  1027 
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Fig. 10: (A) PW3 (1091.5 m), optical image of medium- to coarse-grained foreshore sandstone. Calcite 1030 

cementation is intense with cements around grain surfaces typical of phreatic conditions.  Aligned, 1031 

neomorphosed bivalve shells are outlined by earlier-formed micrite envelopes.  (B) is an SEM-EDS image of 1032 

the rectangle outlined in (A), it shows pervasive calcite cementation. (C) is an optical image of a highly 1033 

calcite cemented, upper shoreface sandstone from PW7 (1130.0 m).  Like (A), bivalve shells are aligned 1034 

suggesting deposition from suspension during relatively low energy conditions.  Also, bivalve shells (e.g., 1035 

top-left and top-right) have acicular calcite cement lining (D) is also an SEM-EDS image of PW7 (1130.0 m) 1036 

showing dominant calcite cement with some dolomite cement. Quartz (Qtz), calcite (Cal), bivalve (bi) shells, 1037 

siderite (sid). 1038 
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Fig. 11: (A) This is an optical image of proximal lower shoreface sandstone PW3 (1137.4 m) showing fine 1041 

grained sandstone with high porosity.  Bivalve shells are not common compared to Figure 10.  (B) represents 1042 

an SEM-EDS image (area of A highlighted in the rectangle). The thin laminae could either be mud drapes or 1043 

the lining from burrowing organisms. (C) is a distal lower shoreface sandstone from BL5 (2199.9 m) 1044 

showing Fe-ooids cemented in calcite cement. The degraded Fe-ooids are recognised by their oval shape and 1045 

relics of their laminae around detrital grains (centre and bottom-left of image).  Some of the Fe-clay has 1046 

recrystallised to fill pores as seen in the top-centre of Fig.11C (D) is another image of BL5 (2199.9 m) 1047 

showing siderite matrix, fine-grained quartz and kaolinite, suggesting that sediment was sourced from an 1048 

iron-rich, extensively-weathered environment.  Quartz (Qtz), kaolinite (ka) 1049 
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Fig. 12:  Data from PW7 1122.5 m which  is an offshore clay-rich siltstone.  In (A), the dark areas are 1052 

detrital clay which is distributed throughout the optical image.  The bivalve shell in the centre is highly 1053 

micritised and calcite cement and clay minerals can be seen filling pore spaces.  (B) is an SEM-EDS image 1054 

revealing the highly bioturbated characteristics of the sediment and includes the area of Figure 12A.  The 1055 

SEM-EDS image shows that bivalve clasts are not common in this section and the detrital clay material is 1056 

mostly composed of illite, with some kaolinite.  Some medium grained sand grains are also found within the 1057 

section suggesting energy conditions were not exclusively low during deposition. (C) Ternary plot, after 1058 

McBride (1963), showing the relative proportion of quartz (Q) feldspars (F) and lithic grains (L).  The plot 1059 

shows a dominance of a quartz-rich lithology representing a quartz-arenite with minor subarkosic and 1060 

sublitharenites.  Quartz (Qtz), calcite (Cal), bivalve (bi) shells, siderite (sid). 1061 
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Fig. 13:  Boxplots comparing density porosity by facies associations for PW7, PW3 and BL5 (A), calcite 1064 

content for PW7, PW3 and BL5 (B), clay content for PW7, PW3 and BL5 (C), and percentage of bioclasts 1065 

for PW7, PW3 and BL5 (D).  1066 
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Fig. 14: Depositional model for the Corallian sandstones showing sediment source and increase of water 1069 

depth across the main fault separating Palmers Wood and Bletchingley. 1070 
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Tables  1073 

Table 1: Table showing facies in the Corallian sandstone.  The number and variety of facies indicates 1074 

deposition under a wide range of hydrodynamic conditions. 1075 

 1076 

S/n Lithofacies Interpretation 

1 Cross-laminated sandstone (S xl) Upper flow regime deposition 

2 Trough-laminated sandstone (S tl) Deposited by migrating subaqueous 3D ripples 

3 Planar laminated sandstone (S pl) 
Deposited by migrating subaqueous 2D ripples, 

high sedimentation rates 

4 
Wave/ combined flow ripple-laminated sandstone 

(S r-lam) 
Deposited by migrating  wave generated 2D ripples 

5 Planar cross-bedded sandstone (S px) Deposited by migrating 2D dunes 

6 Trough cross-bedded sandstones (S tx) Deposited by migrating 3D dunes 

7 Massive bedded sandstone (S m) Formed by rapidly deposited sand 

8 Hummocky cross-bedded sandstone (S hx) High energy storm deposited sandstone 

9 Swaley cross-stratified sandstone (S sw) 
Deposited during high energy  uni-directional wave 

action 

10 Bioturbated/mottled sandstone (S biot) 

Deposited from high energy conditions followed by 

low energy regime conducive enough for 

organisms 

11 Bioturbated/mottled siltstone (Sl biot) 
Deposition from suspension , shortly disturbed by 

organisms 

12 Lenticular bedded sandstone/siltstone (s M I) 
High energy injection interrupting low energy  

sand-starved  conditions 

13 Sandstone/siltstone-mudstone intercalations (S/M) Rapid changes in energy/sediment supply 

14 Low-angle laminated siltstone (Sl x) Deposition from suspension 

15 Trough ripple laminated siltstone (Sl tr-lam) Deposition by migrating 3D ripples 

16 Planar ripple laminated siltstone (Sl r-lam) Deposition by migrating 2D ripples 

17 Mudstone (massive, silty) (M m) 
Suspension deposits below wave base representing 

deposition in a low energy offshore setting.   
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Table 2: Summary of facies associations, based on a modified version of the facies associations described by 1078 

Hampson (2003).  The facies associations are grouped on the basis of lithology, sedimentary structures and 1079 

ichnology. 1080 

Facies 

association 

Lithology and sedimentary 

structures 
Bioturbation 

1. Foreshore 

(FSFA) 

Low angle Planar-parallel 

laminated, fine to medium-

grained sandstone, commonly 

highly cemented.  

Absent, rare Macaronichnus. 

2. Upper 

shoreface 

(USFA) 

Upper-fine  to medium-grained 

sandstone. Low angle cross 

beds, trough and tabular cross-

bedded with minor planar 

lamination and hummocky 

cross-stratification.  

Cementation is variable. 

Sparse to moderate (Ophiomorpha, Skolithos, 

Planolites, Cylindrichnus some Anchonichnus and 

Macaronichnus) 

3. Proximal 

lower 

shoreface 

(pLSFA) 

Very-fine to fine-grained 

amalgamated sandstone beds.  

Hummocky cross-stratification, 

wave ripple cross-lamination, 

current ripple lamination, mud-

drapes. Cementation is variable. 

Moderate  to intense (Anconichnus, Ophiomorpha, 

Palaeophycus, Rhizocorallium, Arenicolites, some 

Cyclindrichnus, Teichichnus rectus, Thalasinoides 

and Chondrites in argillaceous zones)  

4. Distal 

lower 

shoreface 

(dLSFA) 

Clayey siltstone and sandstone 

with some fine to medium-

grained sand.  Beds are non-

amalgamated  with hummocky 

cross-stratification, minor wavy 

lamination and wave ripple 

cross-lamination.  Cementation 

is variable. 

Moderate to intense (Anchonichnus, Chondrites, 

Ophiomorpha, Planolites, Palaeophycus, Rosellia, 

Rhizocorallium, Terebellina, Arenicolites, 

Teichichnus rectus, Thalasinoides) 

5. Offshore 

shelf/ramp 

(OSFA) 

Mudstone, silty mudstone, 

siltstone with some beds of very 

fine-to upper fine-grained 

sandstone.  Wave ripple 

lamination, current ripple 

lamination, lenticular beds, 

sand-mud heterolithics beds.  

Cementation is variable. 

Intense (Chondrites, Cylindrichnus, Planolites, 

Paleophycus, Terebellina, Teichichnus zig-zag, 

Teichichnus rectus, Thalasinoides some 

Rhizocorallium) 
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