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Non-technical summary: Enabling hydrogen storage 
near industrial clusters 

The storage of large amounts of energy is recognised as an important part of meeting low-
carbon ambitions. Energy- in the form of thermal (heat and cool), mechanical (pressure, motion) 
and chemical, (e.g., methane, hydrogen), can be released over various timescales, although 
many forms of geological storage are more suitable for ñLong-Durationò energy storage. This 
means that discharge times will typically vary from a few days to seasons, allowing geological 
storage to contribute to effective energy management in response to fluctuating demand and 
supply at those timescales. Hydrogen is one of the longer-term energy solutions, and can allow 
the transport, storage and use of energy that is derived from other sources (e.g., reformation of 
methane). There are several large concentrations of industry (so-called óindustrial clustersô) that 
account for a significant proportion of the UK CO2 emissions (see https://idric.org/), and these 
areas are likely early adopters to reduce emissions using hydrogen. The storage of hydrogen 
will be a critical part of the supply chain required to reduce carbon emissions, and geological 
storage ï in bedrock layers deep underground ï can accommodate the large volumes of 
hydrogen that will be needed for industrial-scale use. 

Current options for the geological storage of hydrogen include pumping the gas into large holes 
dissolved into naturally occurring beds of rock salt underground. However, these are limited by 
the distribution of suitable accumulations of rock salt, meaning this ócavern storageô is not 
possible everywhere in the UK (notably industrial clusters at the Black Country, South Wales 
and Grangemouth in east Scotland). Storage of hydrogen in porous rocks (where gas is stored 
in the tiny spaces between individual grains of sand that make up sandstone) may give an 
alternative option to cavern storage when located close to industrial areas.  

However, hydrogen storage is not commercially employed in porous rocks anywhere in the 
world, and there are processes including geochemical and microbial reactions in the rocks that 
can be enhanced in the presence of hydrogen which means concerns have been raised relating 
to containment and contamination of the stored hydrogen. Consequently, to support the uptake 
of porous storage, there is an urgent need to understand the behaviour of these rocks in terms 
of their effectiveness and efficiency. Laboratory-based experiments that address these 
questions could increase investor confidence and move porous storage potential beyond proof-
of-concept. 

In response to this need, the British Geological Survey (BGS) has recently completed a 
collaboration with the University of Manchester to investigate the behaviour of hydrogen in the 
laboratory using samples of porous rocks that may be considered for future storage. 
Experiments targeted two of the principal water producing rocks (aquifers) in the UK - the 
Triassic Sherwood Sandstone and Cretaceous Lower Greensand which underlie large areas of 
England (see figure below).  

Results of the laboratory experiments found no major changes to rock structure or composition 
following exposure to hydrogen at elevated temperatures and pressures. Some of the subtle 
changes observed could be attributed to tolerances in the analytical techniques used, and it is 
also possible that the experimental design itself may have contributed to some or all of the 
changes observed. While this study did not identify major changes in rock samples, there 
remains the possibility for geochemical reactions or microbial growth in rocks with different 
compositions. 

Full details of the research, including a downloadable research report and slide pack are 
available from the project website: https://idric.org/project/mip-7-4/; general information 
regarding the Industrial Decarbonisation Research and Innovation Centre is available here: 
https://idric.org/. 

https://idric.org/
https://idric.org/project/mip-7-4/
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Figure 1: National-scale assessment of areas of geology that may be suitable for hydrogen 
storage in porous rocks 

In the images above we have mapped two principal aquifers that may be suitable in some areas 
for the underground storage of hydrogen (the Triassic Sherwood Sandstone- left, and 
Cretaceous Lower Greensand- right) (Figure 1). The upper surface of both rock units has been 
interrogated to identify natural closures that may represent areas of structural closure that may 
represent potential storage areas suitable for further exploration. A depth cut-off has not been 
applied to these areas, although it is acknowledged that some closures are shallower than 100 
m and may therefore be technically or commercially unsuitable for storage. 
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Summary 

This report is the published product of a study by the British Geological Survey (BGS) working 
in collaboration with the University of Manchester. This report provides an initial laboratory-
based assessment of the changes in rock properties of three porous rock units that may be 
caused by exposure to hydrogen at elevated temperatures and pressures. The rock materials 
analysed are considered representative of possible targets for the onshore storage of hydrogen 
in the UK. 

The utilization of hydrogen as a fuel is one way to enable the decarbonisation of industrial 
clusters and domestic heating. This report describes an assessment of the potential for 
subsurface storage of hydrogen in porous rocks and relation to existing industrial clusters; if 
onshore storage becomes a plausible option then it would help avoid the need for surface 
storage facilities (Figure 2). Although gas storage is commercially undertaken in engineered 
caverns in halite, this is only possible in certain areas of the UK where there are suitable beds 
of halite (including Cheshire, Teesside, Lancashire), and results in cavern storage options 
nearby to the larger industrial clusters located near to Teesside, Humberside and Merseyside. 
Additionally, the Southampton industrial cluster is located near to the Wessex Basin (Dorset 
Halite) which may be suitable for cavern construction (although caverns have not yet been 
developed in this area). 

 

Figure 2: Map showing principal industrial clusters with a 3D facies map showing where the 
Sherwood Sandstone is present at surface and depth (including the Cheshire Basin), and 
absent over the London Platform, in England and Wales. Contains Ordnance Survey data © 
Crown copyright and database right 2021. 

The industrial clusters located near to the Black Country, South Wales and Grangemouth are all 
located significant distances from naturally occurring beds of halite within which caverns could 
be constructed. For these areas, alternative storage options in porous/ fractured bedrock need 
to be identified to support the implementation of hydrogen into supply chains. For areas located 
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near to halite beds, the identification of porous rock storage sites would give alternative storage 
options to those clusters. Regional mapping by BGS indicates that one or more principal 
aquifers with porous storage potential (Sherwood Sandstone Group or Lower Greensand 
Formation) are located locally to all major industrial clusters with the exception of south Wales 
and Grangemouth. For these two areas, potential storage units may be located in alternative 
geological formations onshore (e.g., secondary aquifers such as the Carboniferous Coal 
Measures sandstone), or there may be offshore storage opportunities, although these are not 
considered in the current research. 

Currently, hydrogen storage is not commercially employed in porous rocks anywhere in the 
world, and there are processes including geochemical and microbial reactions in the subsurface 
that can be enabled in the presence of hydrogen meaning questions concerning containment of 
hydrogen in porous rocks have been raised. Consequently, there is an urgent need to 
understand the behaviour of these porous rocks when acting as storage volumes for hydrogen 
on the effectiveness and efficiency of reservoirs for the storage of this important potential future 
energy need. This report outlines: 

¶ An experimental method suitable for exposing rock samples to hydrogen at elevated 
temperatures and pressures; 

¶ Rock materials selected for analysis; 

¶ Characterisation of rock samples before and following exposure to a hydrogen-rich, 
high-temperature and high-pressure environment; 

¶ Discussion on the potential effects of hydrogen on the porous rocks analysed; 

¶ Maps of where hydrogen storage in the Sherwood Sandstone and Lower Greensand 
might be possible. 

The study found no major changes to rock structure or composition following exposure to 
hydrogen at elevated temperatures and pressures, while subtle changes observed could be 
attributed to tolerances in the analytical techniques used. It is also possible that the 
experimental design itself may have contributed to some or all of the changes observed. While 
this study did not identify major changes in rock samples, there remains the possibility for 
geochemical reactions or microbial growth in rocks with a different composition that contain 
minerals that may be more prone to react with hydrogen (e.g., sulphate minerals; pyrite). 

In terms of supporting the decarbonisation of industrial clusters, most such areas are located 
near to saline aquifers that may represent hydrogen storage targets. We have mapped two 
principal aquifers that may be suitable in some areas for the underground storage of hydrogen 
(the Triassic Sherwood Sandstone and Cretaceous Lower Greensand). The upper surface of 
both rock units has been interrogated to identify natural closures that may represent areas of 
structural closure that may represent potential storage areas suitable for further exploration. A 
depth cut-off has not been applied to these areas, although it is acknowledged that some 
closures are shallower than 100 m and may therefore be technically or commercially unsuitable 
for storage.   
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1 Introduction 

The UK Governmentôs hydrogen strategy1 outlines an ambition for 10 GW of hydrogen 
production capacity by 2030 and acknowledges that storage is a critical part of the supply chain 
required to deliver this aim. Hydrogen storage in geological formations can provide the large 
volumes of storage that may be required to support the uptake of hydrogen on an industrial 
scale, and many studies acknowledge the role that storage must play to meet the projected 
demand for hydrogen and support increased uptake of renewable energy (e.g., Aftab et al., 
2022 Heinemann et al., 2021; Mouli-Castillo et al., 2021). 

The geological storage of natural gas (and to a lesser extent hydrogen) is currently employed in 
solution-mined caverns located in naturally occurring beds of halite - the distribution of halite of 
suitable thickness, composition and depth is therefore a limiting factor on the areas where 
cavern storage is possible. Alternative options for the geological storage of hydrogen include 
storage in porous rocks (either saline aquifers or depleted hydrocarbons reservoirs), but there is 
a limited understanding of the location and capacity of sites in the UK. The technology is 
considered to be at a low technology readiness level of 2-4 (Van Gessel & Hajibeygi, 2023), and 
experiments that prove some aspects of feasibility with laboratory-based studies could increase 
investor confidence and move the storage potential beyond proof-of-concept. Another 
consideration is that hydrogen may in certain circumstances react with host rocks, cap rocks 
and borehole infrastructure (including cements), and may encourage the growth of microbial 
communities. Such processes have the potential to affect the quality of the stored gas, impact 
reservoir integrity and/or affect cap rock and borehole sealing of the storage unit.  

This study had the following objectives: 

¶ To establish an experimental method suitable for exposing rock samples to hydrogen at 
elevated temperatures and pressures; 

¶ To select rock samples from geological units that may represent plausible hydrogen 
storage units; 

¶ To characterise rock samples before and following exposure to a hydrogen-rich, high-
temperature and high-pressure environment; 

¶ To better understand the potential effects of hydrogen on the porous rocks analysed; 

¶ A first-pass mapping exercise to identify areas in the UK which may be favourable for 
hydrogen storage in the Sherwood Sandstone and Lower Greensand. 

The Sherwood Sandstone, Lower Greensand and Chalk were selected for analysis in this study. 
The Sherwood Sandstone and Lower Greensand are plausible candidates for hydrogen storage 
given their favourable aquifer properties and distribution beneath many parts of northern, central 
and south-eastern England. Understanding the reactivity of Chalk with hydrogen is relevant as 
gas/hydrocarbons storage in fractured chalk has been carried out in both the UK and France, so 
could represent a target for future storage (Evans & West, 2008). 

In this study, 7 rock samples and one cement sample were selected for multi-technique 
characterisation both before and following exposure to a hydrogen-rich environment at elevated 
temperatures and pressures of 50 degrees C and 150 bar in a series of laboratory-based batch 
experiments. Samples were selected from rock types considered likely targets for hydrogen 
storage, focussing on principal aquifers of the Sherwood Sandstone and Lower Greensand (one 
sample of Chalk was also analysed). Within this study, access to a recently drilled section of 
Sherwood Sandstone core was possible. This allowed corresponding pore fluids to be acquired 
that have been used for the calibration of experiments using that material. Characterisation of 
samples included: 

¶ Petrography and SEM analysis; 

¶ Mineralogy with X-ray diffraction; 

¶ Porosity and permeability; 

¶ X-ray computerised tomography*; 

 

1https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/10112
83/UK-Hydrogen-Strategy_web.pdf 
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¶ Analysis for changes in microbial populations 

*: analysis carried out at the University of Manchester. 

The experiments were designed to evaluate the response of rock samples to hydrogen storage 
in terms of geochemical, mineralogical and microbial change, and small-scale structural 
changes that may affect reservoir performance (including porosity and permeability changes). 
An associated part of the study was the development of models that show the potential 
geological/structural closures in the Sherwood Sandstone and Lower Greensand that represent 
possible areas that may be suitable as hydrogen stores (subject to the uncertainties associated 
with evaluating sites at a national scale). 
 

  



7 

2 Sample selection 

This study focusses on the potential for hydrogen storage in porous rocks to support 
decarbonisation of industrial clusters. In the UK, there are 5 principal onshore aquifers that are 
dominated by porous storage: Carboniferous Fell Sandstone Formation, Permian sandstones, 
Triassic Sherwood Sandstone Group, Cretaceous Spilsby Sandstone Formation, and 
Cretaceous Lower Greensand Group. 

The BGS holds numerous borehole core samples from the Sherwood Sandstone, Lower 
Greensand and Chalk. Groundwater chemistry is a relevant parameter in experimental design 
as it allows samples to be calibrated with appropriate fluid chemistries (depending on 
composition, the chemistry of fluids may promote or attenuate reactions with hydrogen in the 
subsurface). Importantly, recently acquired fluid samples were available to calibrate the 
Sherwood Sandstone samples chosen for this study. 

The Triassic Sherwood Sandstone is local at subcrop near to the Humber, Teesside, Black 
Country, Southampton and Merseyside industrial clusters, and samples for use in this study 
were prioritised from this unit (Figure 2). Additionally, the Cretaceous Lower Greensand is 
present in the south-east of the UK and may give opportunities for hydrogen storage in this 
region (where there are few other obvious geological storage options in the subsurface). One 
sample of Chalk, located close to the Lower Greensand, was also selected for analysis. 

The BGS on behalf of NERC had recently drilled a borehole in the Sherwood Sandstone at Ince 
Marshes, Cheshire. As well as giving the opportunity for fresh core samples, borehole fluids 
were also available for the site which allow for calibration of samples fluids during experiments. 
Five bedrock sample points from the UKGEOS Ground Investigation Borehole A101 
(SJ47NE/141) were identified (Figure 3). 

Borehole sample points of the Lower Greensand were identified from two boreholes: A3 
Hindhead SU83/17, Laporte 360 TQ25SE/247. Aa sample of chalk (Glauconitic Marl) was 
obtained from the Faircross Borehole (SU66SE/21); Figure 3. 

 

 

Figure 3: location of bedrock samples taken for analysis. Contains Ordnance Survey data © 
Crown copyright and database right 2021. Ordnance Survey Licence No. 100021290 EUL  
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Table 1 gives the location data and summary description for these sample points. Nine bedrock 
samples were selected, from which 7 were analysed along with a sample of borehole cement 
(see also Appendix 1).  

Table 1: Location metadata and summary description for samples used in this study 

Borehole 
Name 

BGS 
reference 
number 

Subsam
ple 

number 

Depth 
interval 

(m) 

Lithology Rock unit 

UKGEOS 
CHESHIRE A-
101 

SJ47NE141. SSK138919 78.00 ï 
78.06 

Sandstone, red-brown, 
mottled pale pink, fine-
medium-grained, low-angle 
cross-bedded (channel fill) 

Chester 
Formation 

UKGEOS 
CHESHIRE A-
101 

SJ47NE141. SSK138920 81.70 ï 
81.80 

Sandstone, red-brown, 
moderately sorted, fine-
medium-grained, low-angle 
cross-bedded (channel fill) 

Chester 
Formation 

UKGEOS 
CHESHIRE A-
101 

SJ47NE141. SSK138921 89.97 ï 
90.07 

Sandstone, red-brown, fine-
grained, cross-laminated, 
micaceous (channel base) 

Chester 
Formation 

UKGEOS 
CHESHIRE A-
101 

SJ47NE141. SSK138922 106.42 
ï 
106.52 

Sandstone, red-brown and 
yellow-brown; medium-
grained, planar lamination 
(some minor soft sediment 
deformation in this unit); 
common mud-clasts 
(channel fill) 

Chester 
Formation 

UKGEOS 
CHESHIRE A-
101 

SJ47NE141. SSK138923 117.73 
ï 
117.83 

Sandstone, red-brown and 
yellow-brown, fine-medium 
grained, moderately sorted, 
sub-rounded grains, low-
angle cross-bedded with 
mudflakes up to 20 mm; 
deformation bands in this 
unit (Channel fill) 

Chester 
Formation 

A3 
HINDHEAD 
29R 

SU83NE17. SSK138924 47.01 ï 
41.11 

Sandstone, yellow, coarse-
grained, friable 

Hythe 
Formation 
(Lower 
Greensand 
Group) 

A3 
HINDHEAD 
29R 

SU83NE17. SSK138925 51.55 ï 
51.65 

Sandstone, yellow, coarse-
grained, friable 

Hythe 
Formation 
(Lower 
Greensand 
Group) 
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Borehole 
Name 

BGS 
reference 
number 

Subsam
ple 
number 

Depth 
interval 
(m) 

Lithology Rock unit 

LAPORTE 
360 

TQ25SE247. SSK138926 33.90 ï 
34.30 

Sandstone, grey, 
calcareous, very fine-fine 
grained, bioturbated 

Sandgate 
Formation 
(Lower 
Greensand 
Group). 

FAIRCROSS SU66SE21. SSK138927 320.30 
ï 
320.40 

Cementstone Glauconitic 
Marl Member, 
West Melbury 
Chalk 
Formation, 
Grey Chalk 
Subgroup, 
Chalk Group 

 

For each sample point, a series of sub-cores and offcuts were prepared for analysis (Table 2). 

Table 2: Samples prepared per sample point 

Borehole 
Name  

BGS reference 
number 

Subsample 
number 

Depth 
interval 
(m) 

Samples prepared 

UKGEOS 
CHESHIRE 
A-101 

SJ47NE141. SSK138919 78.00 ï 
78.06 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

UKGEOS 
CHESHIRE 
A-101 

SJ47NE141. SSK138920 81.70 ï 
81.80 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

 

 

 

 
 

Borehole 
Name  

BGS reference 
number 

Subsample 
number 

Depth 
interval 
(m) 

Samples prepared 
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UKGEOS 
CHESHIRE 
A-101 

SJ47NE141. SSK138921 89.97 ï 
90.07 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

UKGEOS 
CHESHIRE 
A-101 

SJ47NE141. SSK138922 106.42 ï 
106.52 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

UKGEOS 
CHESHIRE 
A-101 

SJ47NE141. SSK138923 117.73 ï 
117.83 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

A3 
HINDHEAD 
29R 

SU83NE17. SSK138924 47.01 ï 
41.11 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

A3 
HINDHEAD 
29R 

SU83NE17. SSK138925 51.55 ï 
51.65 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 

18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 

LAPORTE 
360 

TQ25SE247. SSK138926 33.90 ï 
34.30 

Narrow diameter core so 25 mm 
plugs could not be prepared: 4 x 
18 mm plugs taken 

Borehole 
Name  

BGS reference 
number 

Subsample 
number 

Depth 
interval 
(m) 

Samples prepared 

FAIRCROSS SU66SE21. SSK138927 320.30 ï 
320.40 

25 mm diameter plug: Poroperm 

25 mm diameter plug:  
contingency 
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18 mm diameter plug: Micro-CT 

2 x 18 mm plug: contingency 

Offcuts: XRD, surface area 
analysis (powder); SEM 
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3 Borehole descriptions 

Cores adjacent to the sample points described in Section 2 were logged to give 
sedimentological and structural context to the samples (Appendix 2). 

3.1 SHERWOOD SANDSTONE 

The Sherwood Sandstone samples (Borehole A101) are described in the UKGEOS data pack 
for that borehole2 (UKGEOS, 2022). These samples are from the Chester Formation of the 
Cheshire Basin and are available for inspection at the National Geological Repository at the 
British Geological Survey. 

Permo-Triassic age sandstones (and associated lithofacies) are present under large areas of 
England, stretching from the south-west, through the Midlands and into north-western and 
north-eastern areas; they are not present in the south-east of England due to non-deposition as 
they onlap onto the London-Brabant Massif. The British onshore Permo-Triassic records a near 
continuous record of sedimentary infill, beginning in the Permian with deposition of mostly arid 
and aeolian deposition (Appleby and Cumbrian Coast Groups), through to non-marine fluvial 
and aeolian deposition in the Early Triassic (Sherwood Sandstone Group) to a fully marine 
incursion in the Late Triassic (Penarth Group). 

The Early to Middle Triassic Sherwood Sandstone Group (SSG) is designated a Principal 
Aquifer by the Environment Agency due to its general high porosity, permeability, and 
favourable hydrogeological characteristics including high transmissivities and high yields of 
groundwater. The Sherwood Sandstone Group represents deposition of a series of quasi-
cyclical fluvial pebbly sandstones, conglomerates and fluvio-aeolian sandstones, that were 
isolated from marine influence (Newell, 2018). They were deposited in a series of linked and 
rapidly subsiding fault bounded extensional basins, that developed in response to the break-up 
of Pangaea, by a major river drainage system (termed the óBudleighensis Riverô) that flowed 
northwards from the south, sourced around present-day northern France.   

The Cheshire Basin is located in Cheshire and parts of Shropshire and Staffordshire. 
Structurally, the basin is fault bounded to the east and south-east and is partially separated from 
the East Irish Sea Basin to the north-east by the LlȒnïRossendale ridge. The Cheshire Basin 
covers an area approximately of 3500km2 and contains the thickest continuous Permo-Triassic 
sedimentary succession in England at around 4km (Plant et al, 1999 and Newell, 2018). The 
SSG of the Cheshire Basin comprises the following formations (oldest first): the Kinnerton 
Sandstone; Chester; Wilmslow; and Helsby Sandstone formations. The formations generally 
represent a series of alternating continental lithofacies ranging from fully aeolian (Kinnerton 
Sandstone Formation) to mixed aeolian-fluvial (Wilmslow Formation, Helsby Formation) to fully 
fluvial sedimentary deposition (Chester Formation). 

In the deepest part of the Cheshire Basin, the Chester Formation is very broadly 500m thick 
(Newell, 2018). Across the basin in general, it comprises a series of red-brown conglomerates, 
pebbly sandstones, and sandstones with subordinate dark reddish-brown mudstone interbeds.  
In addition, within the gravel and sandstone lithofacies, it is characterised by planar and trough 
cross-stratification, which indicate deposition by low - to medium-sinuosity braided river systems 
in an arid continental setting (Howard et al, 2007). Due to the nature of the sedimentary 
deposition, it is anticipated that the lithofacies alternate in a broadly cyclical manner; this is 
because the braided river channels and inter-channel dune areas shifted and eroded/deposited 
across an arid dynamic landscape (Hetherington et al, 2022). Typical lithofacies include cross-
bedded gravel, interpreted as representing mid-channel bars in confined braided channels; 
cross-bedded pebbly sandstones interpreted as representing transverse bars and dunes of a 
braided river system; silts and mudstone interbeds, interpreted as representing interdune or 
interchannel areas or periods of low flow velocity (Plant et al, 1999). 

 

2 https://data.ukgeos.ac.uk/geonetwork/srv/eng/catalog.search#/metadata/e79c782b-f0fd-0491-e053-
0937940aa9e3 
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3.1.1 Samples SSK138919 - SSK138923: UKGEOS Ground Investigation Borehole A101 
[BGS ID SJ47NE/141] 

The UKGEOS Ground Investigation Borehole A101 is located in the northern part of the 
Cheshire Basin and proves part of the central part of the Chester Formation, with core retrieved 
between borehole depths of 51.0 -121.2 m (Figure 3). Five sample points (Table 2) were 
identified from channel base and channel fill facies, representative of the majority of the cored 
succession (Table 1). These are typically red-brown, fine to medium grained, moderately sorted 
sandstone, with low angle cross-bedding. In addition, there is some nodules of post diagenetic 
white cement.  

3.2 LOWER GREENSAND/CHALK 

Borehole logs for the Cretaceous samples analysed as part of this project are in Appendix 1. 

Lower Cretaceous sandstones cover a large swathe of south-east England; they outcrop around 
the Weald and underlie areas to the north and south of the London Basin. Cretaceous 
sandstones are notably absent across the London Platform (Anglo-Brabant Massif) due to non-
deposition. The Lower Greensand Group of the Wealden Basin is 50-215m thick (Hopson et al., 
2008), and is a predominant lithofacies of the Lower Cretaceous sandstones. In general, the 
Lower Greensand comprises unconsolidated sands and sandstones of various grain-sizes, 
interbedded with subordinate siltstones and mudstones.  In addition, there is usually a 
component of glauconite (a dark green mineral), often as visible grains, giving rise to the Lower 
Greensandôs name and characteristic greenish hue.  Glauconite is found exclusively in marine 
settings, particularly continental shelf shallow marine environments with slow rates of sediment 
accumulation. The Lower Greensand was primarily deposited in a continental shelf shallow 
marine setting during Early Aptian to Early Albian times. Following a small unconformity and a 
global sea-level rise, the Gault Formation (Selborne Group) was deposited. The Gault 
Formation comprises a think dark grey mudstone; it was deposited in a mid to outer shelf edge 
marine environment and blankets the London Platform. During Late Albion times, the Upper 
Greensand Formation (Selborne Group) was deposited in a shallow marine setting and is the 
final sandstone of the Lower Cretaceous; it is a glauconitic fine - grained sandstone. It grades 
upwards from the muds of the Gault Formation into the sands of the Upper Greensand 
Formation. It then passes conformably upwards into the overlying Glauconitic Marl Member and 
this marks the base of the West Melbury Chalk Formation, a major chalk lithofacies of England 
(Hopson, 2008). In this context, Chalk is typically a micritic limestone of biogenic origin. The 
chalk represents a return to a deeper typically open marine environment, and dominates the 
Upper Cretaceous of England. 

Three samples (SSK138924, SSK138925, and SSK138926) were taken spanning the Lower 
Greensand Group sandstones of the Wealden Basin, and they are from the Sandgate and 
Hythe Formations. A further sample (SSK138927) was obtained from the Glauconitic Marl 
Member (SSK138927), which is from the very base of the Upper Cretaceous.   

3.2.1 Samples SSK138924 and SSK138925: A3 Hindhead 29R Borehole [BGS ID 
SU83NE/17] 

Two samples were taken from this borehole, both in the Hythe Formation of the Lower 
Greensand Group. The Hythe Formation is the second oldest of the Lower Greensand in the 
Wealden Basin, and is Early to Late Aptian in age. The lithological characteristics of the Hythe 
formation in the borehole where the samples were taken is as follows. The sandstone is 
generally a friable (and sometimes quite loose) pale cream and buff coloured, glauconitic, well-
sorted, fine- to medium grained sand and sandstone. It is trough and planar bedded.  It can be 
intensely (30-40%) glauconitic in places. The Hythe Formation at this location is interpreted as 
being deposited in a shallow marine environment, dominated by high energy currents which 
givie rise to the planar and trough cross-bedding. 

3.2.2 Sample SSK138926: Laporte 360 Borehole [BGS ID TQ25SE/247] 

The sample was taken in the Sandgate Formation of the Lower Greensand Group. The 
Sandgate Formation immediately follows the underlying Hythe Formation, in a transgressive 
fashion, and is Late Aptian in age. The Sandgate Formation in the Laporte Borehole comprises 
sandstones and silty sandstones. The sandstones are pale green-grey, glauconitic, and 
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massive. In addition, they are fossiliferous and bioturbated, although species and types of 
fossils/bioturbation were not seen. The sandy siltstones are medium grey-green, massive 
(structureless) and friable with an absence of fossils/bioturbation. The Sandgate Formation is 
interpreted as being deposited in a shallow marine environment (similar to the Hythe 
Formation), and this is clearly evidenced by the glauconite and fossiliferous/bioturbated nature 
of the sediments. 

3.2.3 Sample SSK138927: Faircross Borehole [BGS ID: SU66SE/21] 

The sample was taken at 320.3m ï 320.4m which was in the Glauconitic Marl Member, West 
Melbury Chalk Formation, Grey Chalk Subgroup, from the base of the Chalk Group. The basal 
unit in this borehole is the Upper Greensand Formation, a poorly consolidated, glauconitic, silty 
to very fine sandstone, with fossils and bioturbation. This is interpreted as being deposited in a 
shallow marine environment. The overlying unit, the Glauconitic Marl Member (basal member of 
the West Melbury Chalk Formation), rests disconformably, and marks the passage into the 
Upper Cretaceous in the Cenomanian. The Glauconitic Marl member is a heavily glauconitic, 
calcareous, silty, sandy marl; it passes conformably upward into the West Melbury Chalk 
Formation proper, marked by a rapid decrease in glauconite. The West Melbury Chalk 
Formation is a predominately pale to medium grey, marly, chalk with some fossil fragments and 
bioturbation with a wispy appearance. The West Melbury Chalk Formation (including the 
Glauconitic Marl Member) was deposited in an open marine environment. 
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4 Petrography 

Petrographic analysis was used: 

¶ to characterise rock samples petrographically through analysis of thin sections and rock 

chips,  

¶ to assess the effects of the experimental programme using pre-post same-site, high 

resolution imagery of selected rock chips used in the experiments. 

The cement sample was not characterised petrographically and was only examined as a post-
experimental chip.  

4.1 METHODS 

Petrographic analysis utilises a combination of several microscopy methodologies, principally 
based on optical and scanning electron microscope techniques. 

4.1.1 Sample preparation 

Polished thin-sections (PTS) oriented in the vertical plane were prepared from selected core 
samples. These were made from sample portions that were impregnated with an epoxy-resin 
with added blue dye to enable porosity to be readily identified and distinguished under the 
optical petrographic microscope. PTS were thinned and polished to a standard thickness of 
30 µm.  

After preparation, low magnification images of the PTS were recorded by digital scanning using 
an Epsom Perfection 1240U flatbed scanner equipped with a transmitted light (transparency) 
scanning attachment. Scanned whole-section images were recorded at a resolution of 1200 dpi. 

Rock chips were taken from unimpregnated sample remnants and mounted on 12 mm diameter 
aluminium pin stubs using carbon paint with freshly exposed surfaces presented uppermost for 
analysis.  

The rock chips examined as part of the pre-post experimental analysis were not mounted and 
the only preparation pre-experimentally was to ensure all loose surface grains were removed.  

The mounted rock chips, and selected PTS, were coated with carbon using the using an AGAR 
Turbo Carbon Coater, evaporation-coating unit, to a thickness of 25 nm, prior to analyses by 
scanning electron microscope. This type of coating is applied as an electrically conductive layer 
to facilitate removal of electrons from the sample surfaces. The pre-post rock chips were 
analysed (both pre- and post-experiment) without such coatings.  

4.1.2 Optical microscopy 

The system used for the optical microscopy of selected PTS, was a Zeiss Axio Imager A2m optical 
petrographic polarising microscope with a Zeiss AxioCam 305 color digital camera attachment 
driven by Zeiss Zen Pro (v2.5) software. Images were recorded as 24-bit JPG format files. 
Analytical modes used included transmissive plain-polarised light (PPL) and cross-polarised light 
(XPL), and reflective plain-polarised light (RF). 

4.1.3 Scanning electron microscopy 

Scanning electron microscope (SEM) techniques were used to assess the sedimentary textures 
of the samples, obtain a modal mineralogy (using large area phase mapping), identify mineral 
phases exposed to the pore system and determine their morphological and compositional 
characteristics from both PTS and mounted rock chip analyses. These were examined under 
high vacuum conditions (<10-4 Torr), at accelerating voltages of 10-20 keV, using an FEI 
Company Quanta 600 environmental scanning electron microscope (ESEM) and a Zeiss Sigma 
300 field emission SEM. The FEI ESEM is fitted with an Oxford Instruments X-Max 50 mm2 
SDD energy dispersive X-ray (EDX) detector running with Oxford Instruments INCA (v4) 
software, whilst the Zeiss SEM is fitted with twin Bruker Xflash 6|30, 30 mm2, 129 eV, EDX 
detectors running with Zeissô Mineralogic phase-mapping software and Bruckerôs Esprit 
microanalytical software.  
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EDX systems are used to identify the elemental compositions from where the electron beam is 
interacting with points and areas of surfaces, as an aid to phase identification and to map out 
phase and element distributions. The detector determines the energies of X-rays that are 
emitted by elements under the imaging electron beam. The EDX systems are capable of 
identifying elements from atomic number 4 (B) to atomic number 92 (U), and have detection 
limits of the order of 0.2 to 0.5 wt% for most common elements. As X-rays generated from rough 
surfaces can be variably attenuated through absorption by material adjacent to the analysis 
sites, EDX analysis is qualitative when used on samples with rough, unpolished, surfaces. 

Images were obtained with secondary electron (SE) and backscatter electron (BSE) imaging 
techniques. The brightness of a phase under BSE imaging is proportional to its mean atomic 
number. This means that many minerals can be distinguished by differences in brightness. 
Additionally, porosity in a PTS impregnated by a carbon-rich resin, typically shows as black or 
near-black and has a strong brightness contrast with most mineral phases. Consequently, 
BSEM images are very good for showing mineral phase distributions and variations in 
chemistry, but are less good at showing surface topography. SEM photomicrographs obtained 
under BSE and SE conditions were recorded as 8-bit greyscale TIF format digital images. 

For the pre-post experiment comparative petrography, detailed SEM imagery and phase 
characterisation were undertaken from selected surface sites of one rock chip sample from 
each of the experimental runs. This work was performed in the FEI ESEM using variable 
pressure (VP) conditions with a chamber atmosphere of water at a pressure of 0.6 Torr to 
prevent electron charge build-up. BSE imagery was collected using the conventional BSE 
detector, SE imagery using the VP-specific large field detector (LFD) system. EDX was used for 
qualitative compositional analysis as an aid to phase identification and characterisation.  

4.1.4 Phase mapping and modal analysis 

PTS samples were mapped using the Zeiss Mineralogic system over selected areas, at least 
5 x 5 mm in size, up to and including full section areas (23 x 36 mm). These were run with the 
SEM operating at 20 kV, with the 120 Õm aperture and óbeam boostô on to give a nominal beam 
current of 10 nA. Mapping was performed with a beam step size of ~10 to 5 µm and a dwell time 
of 10 ms. Phase identifications were based on normalised quantitative EDX data passed 
through expert-user-defined filters. Outputs were formed by combining data from multiple 
adjacent fields of view, mosaicked into phase map images with associated BSE images. 
Additionally, quantitative modal data was derived from the same source.  

Milodowski and Rushton (2008) reviewed differences between conventional modal analysis and 
a similar SEM-EDX approach, pointing out that conventional modal analysis (by optical 
microscope hosted point-counting), differentiates grain types such as lithic clasts (rock 
fragments), chert, polycrystalline quartz and monocrystalline quartz. However, modal analysis 
by an SEM-EDX phase mapping technique uses chemistry to differentiate components. 
Consequently, polyminerallic lithic clasts will be determined as their component minerals rather 
than as discrete particles, and polycrystalline grains will not be recognised. As a result, the 
modal analyses determined by the above described phase mapping underestimate the 
significance of lithic components normally considered in sandstone classification systems (e.g. 
Hallsworth and Knox, 1999). Monocrystalline quartz, polycrystalline quartz and chert are all 
essentially composed of SiO2, and are therefore grouped with ñquartzò. Similarly, no 
differentiation can be made between primary sedimentary and secondary or authigenic 
generations of the same mineral using SEM-EDX phase mapping, and in the current study, this 
is particularly relevant to quartz and K-feldspar, both of which have minor overgrowth 
development throughout the SSG interval.  

The principal advantage of the SEM-EDX modal analysis is the representativeness of the data 
and a greater certainty in phase identification. Conventional modal analysis is typically based on 
a few hundred grains, whilst the smallest areas mapped in this study contain thousands of 
grains. Another advantage is the output of phase map images which display the distribution of 
minerals and their relationships with each other, and the with the pore system. This 
contextualisation of the dataset adds considerably to its usefulness. 
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4.1.5 Pre-post experiment petrography 

Normal post-experiment analysis always leaves interpretive uncertainty as the typical natural 
variations in mineral distributions, habits and compositions prevent definitive identifications of 
changes at the pore scale. Microscopic observations are needed to help explain changes to 
bulk properties and fluid chemistries.  

To overcome this uncertainty, rock chip samples were taken from the experimental sample set 
pre-experiment, and were analysed by SEM using the VP capabilities of the FEI Quanta 600. In 
this form, the sample does not need any special surface coatings or preparations. Several sites 
on each sample surface were visited, analysed, and the sites marked-up on a full sample image 
(Plate 1). The samples were then returned and included in the full experimental process. Post-
experiment, the same chips were retrieved and, using the pre-experiment imagery, the same 
sites were revisited, if they had not been lost or obscured.  

Comparing images and microanalytical data then shows any definitive changes that have 
occurred. 

  

Plate 1: Experiment rock chip from Sherwood Sandstone SSK138919, pre-experiment, with 
analytical sites marked up on the whole chip SEM image (right).  

4.2 RESULTS 

4.2.1 Sherwood Sandstone characterisation 

Of five initial samples selected from the Sherwood Sandstone Group (SSG), three were 
selected to go through the experimental programme (SSK SSK138919, SSK138921 and 
SSK138922).  Here, full characterisation is described for the three samples which underwent 
the experimental programme, some of the general observations recorded are obtained from 
analysis of all five samples. 

The five samples are all SSG sandstones, mostly moderately sorted with grain sizes ranging 
from fine to medium sand (Plate 2, Plate 3, Plate 5). SSK138921 is strongly laminated with a 
very fine grain size and a lamination-controlled content of detrital clay matrix (Plate 2). Grains 
are subrounded to subangular, with the latter dominant. Quartz is the dominant detrital grain 
type (Plate 3), with lesser but common feldspars (mostly K-feldspar; the less abundant 
plagioclase is largely albite). Micas are minor constituents apart from in SSK138921, where they 
are common and aligned with the lamination (Plate 4). Scattered accessory minerals include 
zircon, apatite, tourmaline, spinel and iron-titanium oxides. Accessory minerals are 
concentrated in some of the laminations in SSK138921 (Plate 4). Compaction is moderate with 
point and short edge grain contacts dominant. Many detrital sand grains have red-stained, 
patchy, inherited grain-coating clays. 

Carbonate minerals are the dominant diagenetic phases in the SSG samples, with considerable 
variation in content from sample to sample. Dolomite is most common, being present in all 
samples, locally concentrated in areas rich in detrital clays, but also as a widespread pore-filling 
cement of rhombic crystals up to 300 µm across. Dolomite crystal surfaces exposed to open 
pores were noted to have notched and pitted surfaces (Plate 9). Some samples have common 
calcite as mm-scale nodules where it completely occludes porosity (SSK138919, Plate 3). The 
calcite cement displays rough faces where it has formed against grains with clay coatings, and 
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deep pitting (Plate 10), where exposed to porosity. The pitting of carbonate cement faces 
suggest minor diagenetic dissolution has affected them. 

The most abundant diagenetic silicate mineral, by area exposed on pore walls, is a grain-
coating clay. This was observed throughout the sample set as a webbed-platy morphology 
(Plate 6) and a composition (from EDX analysis) that suggests it is an illite-smectite. It has a 
patchy distribution in terms of grain-surface coverage and thickness, both within and between 
samples (Plate 7, Plate 8). It can be up to 25 µm thick, but is more normally 10-15 µm thick. It 
has formed over the inherited clay coatings, which have smoother surface morphologies and 
more illitic compositions. Both calcite and dolomite formation post-date the grain-coating clay 
formation and there is evidence of some of the diagenetic clay having been compacted around 
the margins of grain contact sites.  

There are minor amounts of diagenetic quartz and feldspar overgrowth. These have both 
formed as fine euhedral extensions formed through and around the grain-coating clays. K-
feldspar overgrowths are dominant and most extensively developed typically partially developed 
locally as multiple fine euhedral forms (Plate 6, Plate 11). Quartz overgrowth is locally well 
developed, typically where the grain-coating clays are sparse (Plate 12). 

Grain dissolution and alteration has affected some grains, with accessory mineral and feldspar 
grains most affected. This has crated minor secondary porosity.  

Porosity is high to moderate, mostly primary intergranular macropores, lowest in SSK138921 
where the clay matrix has facilitated a greater degree of compaction. In the other samples, 
outside of the carbonate cemented areas, pores are open and moderately well interconnected, 
although the diagenetic grain-coating clay considerably constricts some pore throats and 
roughens pore walls (Plate 6, Plate 8). The carbonate cements only form local barriers to pore 
interconnectivity.  

 

Plate 2: Full section scans of all Sherwood Sandstone sample thin sections, with those taken 
forward for the experimental study highlighted (SSK138919, SSK138921 and SSK138922). 
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Plate 3: Combined petrography plate for SSK138919 PTS. Phase map key: Yellow: Quartz; 
Pink: K-feldspar; Dark Blue: Albite; Red: Biotite; Purple: Muscovite; Light green: Apatite; Mauve: 
Kaolinitic; Royal blue: Dolomite (Fe); Cyan: Calcitic; Red-pink: Mixed clays (Fe); Orange: Fe 
Sulphidic.  

 

Plate 4: SSK138921, SEM image from rock chip sample. A very fine-grained sandstone, with a 
lamination defined by aligned micas, detrital clay content and locally, accessory mineral 
enrichment (bright grains). 
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Plate 5: SSK138919, SEM image from rock chip sample. A moderately sorted fine-medium 
grained sandstone. Most grains are of quartz with rare overgrowths (qtz). Minor grain types 
include clay clasts (altered), tourmaline (tur, note Rare Earth Element inclusion). Box is site of 
Plate 6. 

 

Plate 6: SSK138919, SEM image from rock chip sample, showing typical K-feldspar grains with 
well-developed partial overgrowths (K feldspar). Diagenetic grain-coating clays are mostly well 
developed with a webbed-platy morphology. Box is site of Plate 7. 
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Plate 7: SSK138919, SEM image from rock chip sample. Detail of an area of diagenetic grain-
coating clay, showing a box-work webbed-platy morphology. Microquartz overgrowths partially 
enclose the clays and are better developed where clay coverings are poorly developed (lower 
left). 

 

Plate 8: SSK138920, SEM image from rock chip sample, showing an area of varied 
development of the grain-coating clays, sparse at the top, thick and well developed at the base. 
Note clays have formed at the edge of a muscovite (ms) mica.  
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Plate 9: SSK138922, SEM image from rock chip sample showing an area of dolomite cement 
(dol). The uppermost dolomite surface is exposed to porosity and has a roughened surface with 
deeper incision along cleavage planes. The dolomite has partially enclosed an adjacent K-
feldspar overgrowth (Kfs).  

 

Plate 10: SSK138919, SEM image from rock chip sample. A partially dissolved plagioclase (pl) 
with a patchy clay coating. A breach in the coating (centre; circled) reveals a microporous 
interior. Calcite (cal) cement displays pitting where exposed to porosity (base). 
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Plate 11: SSK138921, SEM image from rock chip sample. From the central boxed area in Plate 
4. In this area clay matrix is absent and grain-coating clays are well developed. The multi-layer 
euhedral and parallel oriented grain overgrowths (centre to bottom) are multiple developments 
of K-feldspar overgrowth (Kfp). 

 

Plate 12: SSK138923, SEM image from rock chip sample. showing well developed quartz 
overgrowths (qtz) and authigenic quartz associated with an altered grain (right). Sparse, thin 
grain-coating clays are visible in overgrowth gaps.  
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4.2.2 Lower Greensand / Chalk characterisation 

This set of samples represent both potential storage (Lower Greensand) and cap rock (Chalk) 
lithologies (Plate 13).  

 

Plate 13: Full section scans of all of the Lower Greensand / Chalk sample thin sections. All were 
taken forward for the experimental study. 

4.2.2.1 LOWER GREENSAND 

Two of these samples (SSK138924, SSK138925 both Hythe Formation) are moderately to 
moderately-well sorted fine to medium grained sandstones with quartz and glauconite. The 
dominant detrital grain types (Plate 14) include local patches of detrital matrix. Both have high 
contents of well-interconnected macropores (Plate 15). The third sample (SSK138926 Sandgate 
Formation) is a moderately poorly sorted muddy bioclastic fine grained sandstone, which mostly 
comprises quartz, bioclasts (mostly calcitic shell fragments and sponge spicules) and glauconite 
in a detrital matrix (Plate 16, Plate 17); its porosity is dominated by micropores and common 
poorly interconnecting secondary macropores (Plate 14, Plate 16). All three samples have high 
contents of subangular grains (Plate 15, Plate 16) 

Diagenesis in the two sandstone samples is dominated by the formation of grain-coating and 
pore-lining silica-based phases. These are present as both a finely (<1 µm) textured thin layer 
(5-10 Õm thick) absent at grain contact sites and with common scattered å5 µm diameter pits 
(Plate 18), and as scattered more coarsely textured patches with a mix of granular to platy 
habits (Plate 18, Plate 20). In detail, the former comprises domains and stacks of subhedral, 
rod-like, sub-micron forms, typically locally parallel-aligned (Plate 19). The coarser textured 
patches also commonly contain sub-micron subhedral forms as well as fibrous and platy 
morphologies (Plate 20). Some of the equant pits appear to have facetted outlines (Plate 20). 
All of these constituents are speculatively identified as forms of opaline silica.  

Outside of the silica formation, most other diagenesis involves dissolution of detrital phases. 
The rare feldspar grains typically show evidence of slight dissolution. There are also common 
elongate secondary macropores (sub-millimetre scale; Plate 14) the outlines of which are 
consistent with typical spicule morphologies. These secondary pores have most likely formed 
through the dissolution of silica-based sponge spicules and this silica is a likely source for the at 
least some of the grain-coating silica. In these samples the secondary macropores significantly 
contribute to both the volume and interconnectivity of the pore system.  

The pore system in these two samples are therefore mainly lined by silica phases, most likely 
opaline.  

The muddy bioclastic sandstone sample has some diagenesis in common with the two 
sandstones, principally in the widespread formation of silica phases and the dissolution of 
siliceous bioclasts. In this instance the deposited silica phases are on most surfaces exposed to 
macropores, including secondary pore walls and bioclast chamber walls, with a range of 
morphologies from botryoidal to fibrous (Plate 21, Plate 22). Dissolution again appears to be 
largely of spicule forms. Additionally, there has been widespread, but to variable extent, 
dissolution of the calcitic bioclasts (Plate 16, Plate 17); there is also evidence of dissolution to 
the coccoliths present as part of the matrix (Plate 23).  
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Other diagenetic phases identified in the muddy bioclastic sandstone sample are zeolite, pyrite 
and some clay minerals. The zeolite is present as an overall minor phase, but is widespread as 
fine (mostly <30 µm) euhedral crystals lining macropore walls, also associated with some of the 
partially dissolved calcitic bioclasts (Plate 22and Plate 17 respectively). Microanalysis suggests 
it is clinoptilolite. Pyrite is scattered throughout, present as microcrystals and framboids in the 
matrix, also lining bioclast chambers. Some of the pyrite forms suggest it has formed replacively 
after bioclastic or organic constituents (Plate 21). The curled and webbed edges to detrital clay 
flakes indicate some diagenetic clay formation through alteration and overgrowth of these matrix 
constituents (Plate 23). 

The pore system in this sample is highly complex, comprising a wide range of pore sizes, 
dominated by micropores with scattered poorly interconnected macropores. Many different 
mineral phases are exposed in the pore system, in contrast to the other two samples of Lower 
Greensand, with widespread silica, but also carbonate, zeolite, pyrite and clay minerals.  

 

Plate 14: Full section phase maps for the three Lower Greensand samples. Hythe Formation left 
and centre; Sandgate Formation right. 
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Plate 15: SSK138924 Hythe Formation, SEM image from rock chip sample. A moderately well-
sorted medium-grained sandstone, with common subangular grains. Most are of quartz, with 
scattered glauconite (glt) and rare heavy minerals (HM). Most grains have thin diagenetic 
coatings of silica phases. Grain contacts are mostly point, porosity is high and well 
interconnected. 

 

Plate 16: PPL image from PTS of SSK138926 Sandgate Formation. There is a high content of 
bioclasts including part-dissolved calcitic shell fragments (bio) and microporous sponge spicules 
(sp). Glauconite grains (glt) are typically fractured. The fabric is grain-supported but matrix is 
abundant. Most of the microporosity comprises isolated secondary pores (secondry) after 
spicule dissolution.  
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Plate 17: SSK138926 Sandgate Formation, SEM image from rock chip sample. Showing a 
calcite (cal) bioclast in clay matrix. In the lower left quadrant is dissolved bioclast with a relict 
structure of fibrous calcium carbonate (cal). Blocky authigenic zeolite (zeo) is associated.  

 

Plate 18: SSK138924 Hythe Formation, SEM image from rock chip sample. From the large 
boxed area in Plate 15. This rare K-feldspar (Kfp) grain has been fractured by sample 
preparation, revealing minor internal dissolution. Adjacent grains are thinly coated by finely 
(<1 µm) textured silica, absent at grain contact sites. 
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Plate 19: SSK138924 Hythe Formation, SEM image from rock chip sample. From the small 
boxed area in Plate 15, showing the rod-like sub-µm form of much of the silica grain-coating, 
typically parallel-aligned in domains and stacks with subhedral forms. 

 

Plate 20: SSK138925 Hythe Formation, SEM image from rock chip sample, illustrating different 
forms in the silica grain-coatings, also including two ófacettedô pits. The disc-like platelets (left 
side), also silica, contain radial fibres and stubby fibrous extensions. 
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Plate 21: SSK138926 Sandgate Formation, SEM image from rock chip sample. In the muddy 
bioclastic sample, bioclast chambers that are not filled with matrix are typically lined by 
botryoidal silica with stubby surface extensions. A rod-like cluster of framboidal pyrite (py) has 
probably formed replacively. 

 

Plate 22: SSK138926 Sandgate Formation, SEM image from rock chip sample. The left part of 
the field of view is a cylindrical silica-based bioclast (sponge spicule) with a fibrous thin to 




