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General Geology of the local Vale of White Horse area

The Vale of the White Horse district, from the uplands of the North Wessex Downs (Berkshire Downs) south of 
Wantage to the floodplain north of East & West Hanney consists of three main geological formations: Chalk, Sand and 
Clay. These form bands from West to East of varying surface area and vertical extent.

The Chalk strata forms part of the major continuous Chalk Aquifer called the 
Northwest European Chalk Province that extends from as far away as Denmark, 
through Germany, Netherlands, Belgium and France to East Anglia and in a 
south-westerly direction continues through to Portland Bill in Dorset. But the 
Vale lies in the northern extremity of the chalk strata and only the northern edge 
is seen in the Berkshire Downs as shown in Figure 1. Although more complicated 
in certain areas, basically Tectonic warping of the original flat deposited chalk 
tilted the strata with the northern edge being higher to form outcrops while the 
southern edge becomes subsurface basins. 

The youngest strata is the Chalk which is a Late Cretaceous limestone made 
mostly of microscopic algal plates and plankton around 66-100 Million Years ago 
(see Figure 2). Originally it was laid down as marine lime-mud in a broad, warm 
inland sea. This was compacted and cemented into the soft white limestone. Flint, 
found in the chalk, was later formed from silica remobilisation. 

Upper Greensand: Commonly seen at the surface in many fields around 
Wantage during ploughing e.g. the fields between the A417 and the Harwell 
Cycle Track/footpath that goes from Larkhill Road to join the West Lockinge road. This is a late Cretaceous period 
strata, deposited roughly 100-105 Million Years ago as a shallow marine shelf under relatively strong water 
current/wave energy which transported heavier particles rather than the earlier clays.

Gault Clay: Formed around 100-112 Million Years ago during the Lower Cretaceous period. It is a stiff, bluish-grey 
marine clay with some glauconite (a green mineral), occasional phosphatic nodules, and can be interspersed with thin 
sand layers. Tends to be deposited in a relatively shallow marine shelf environment, during a high sea-level phase with 
slow sedimentation.

Kimmeridge Clay: Formed around 152-157 Million Years ago during the Upper 
Jurassic period. A bituminous (organic-rich) mudstone that can be dark brown to 
black, often with a strong petroleum smell due to high oil content. Kimmeridge 
clay is one of the UK’s most important petroleum source rocks - it feeds the 
North Sea oil fields, and has both shale oil and gas potential.

Corallian Rock: Formed about 157-161 Million Years ago in the Upper 
Jurassic period (Oxfordian stage). It’s mainly calcareous sandstones and oolitic 
limestones. Often contains fossils of corals, shellfish and echinoderms (hence the 
name Corallian) as it was formed in shallow, warm, tropical seas. The different 
beds vary between hard, massive limestones and softer calcareous sandstones as 
the sea level and currents varied over time to create the alternating beds of 
limestone and sands. This can act as another aquifer to chalk in our region.

Oxford Clay: Formed around 157-163 Million Years ago during the Middle to 
Upper Jurassic period. It’s a dark grey to bluish-grey marine clay and mudstone, often soft when freshly exposed - but 
weathers to brown. Contains occasional calcareous concretions and septarian nodules. Rich in organic matter, giving it a 
distinctive smell when exposed. This is where famous fossil marine reptiles are found e.g. plesiosaurs, pliosaurs and 
ichthyosaurs. And can contain other marine fossils such as ammonites and even fish.

Except for geological processes such as folding, erosion and displacement of sediments by wind, rain and river flow 
that occurred over many millions of years, the local area would present the following sequence by age of the 
predominant strata.
Chalk (Late Cretaceous) Youngest    66-100 Million Years
Upper Greensand (Late Cretaceous)  100-105 Million
Gault Clay (Early Cretaceous)  100-112 Million Years
Kimmeridge Clay (Upper Jurassic)  152-157 Million Years
Corallian (Upper Jurassic)  157-161 Million Years
Oxford Clay (Middle to Upper Jurassic) Oldest  157-163 Million Years

Figure 1: The Chalk Aquifers in England

Figure 2: The Geological Time-Line



Figure 3 shows a closer view of “our” local geology of Oxfordshire with a sequence 
from Chalk on the Downs through Sands, in a line between west of Wantage 
through Didcot and Wallingford and then east into the Chilterns, into the Clays that 
are common throughout the Vale. These Clay strata are very deep enabling them to 
be excavated to produce the impermeable core of the bund wall for the proposed 
SESRO Abingdon Reservoir.

While the chalk strata was originally formed as a continuous sea-bed, later 
compressional stresses, during the period when tectonic forces also caused the Alps 
to be formed (late Cretaceous ~66-100 Million Years ago), down-folded the London 
Basin and up-folded the areas around the Chilterns and North Wessex Downs. The 
London chalk was subsequently covered by younger clays and sands. Our local 
chalk may have extended further north than at present, and was probably covered by 
similar younger clays and sands to those of London. But erosion of the younger 
clays, sands and the thinner edges of the chalk removed these to expose the older 
and deeper Gault, Kimmeridge and other Clays leaving just the elevated and 
exposed chalk escarpments that we see today on the Berkshire Downs.

This north-facing chalk escarpment, which otherwise slopes downward 
south towards Great Shefford where the chalk is sufficiently near the 
surface to produce groundwater flooding, meets the underlying Clay 
surfaces creating the spring-line that extends along the northern edge of the 
Berkshire Downs from above Ginge, Letcombe Bassett and Sparsholt from 
where the Ginge, Letcombe and Childrey Brooks emerge. A visualisation 
of this is shown in Figure 4.

The Chalk layer at the Gramps Hill reservoir above Letcombe Bassett is 
190 metres deep, whereas at Antwick Manor in Letcombe Regis, apart 
from a shallow 6m surface layer of soil and Greensand, the next 94m is a 
mixture of clays, a situation repeated at Church Farm, Goosey where clay 
is still present at 93m. This may not be the lower limit - this is just where the Borehole drillers stopped drilling.
 
But the Clay layers are not consistent in their depths and composition across the Vale and underlying all this clay is a 
much older aquifer formed by Jurassic limestone. This limestone strata begin to come to the surface to the west and 
north-west e.g. in the Cotswolds. Like our local chalk aquifer on the Berkshire Downs, this limestone aquifer is 
recharged by rainfall. That such an aquifer exists is evidenced by a borehole sunk by Defra/EA at Marcham. At this 
location just 3.4m of Kimmeridge Clay overlies the Corallian limestone aquifer. The top of the borehole at 59.666m is 
0.533m above the Datum reference level at 59.133m which is itself higher than the surrounding terrain which drops to 
57.8m. The borehole groundwater records since 2001 have consistently exceeded  58.4m and have in 2002, 2008, 2014 
and 2024 come very close to over-topping the borehole pipe. This is an example of the Artesian Well effect. The 
overlying Kimmeridge Clay is acting as an impermeable cap - creating what is known as an “aquitard” as opposed to an 
aquifer.

The borehole in drilling through this Kimmeridge Clay layer into the limestone aquifer beneath has released the 
hydrostatic (water) pressure created by the elevated groundwater water level in the uplands of the Cotswolds and 
elsewhere. 

Why doesn’t the water keep rushing out until the elevated water in the Berkshire Downs chalk aquifer is emptied?

Because there is an inbuilt resistance within any soil or rock due to it’s porosity (the amount of air space in the soil or 
rock) and how that air space is formed. There are two forms of Porosity describing rock strata, one (Total Porosity) 
describes it’s physical properties in terms of volume of air space in a rock sample and the other (Effective Porosity) 
describes the ability of the rock to transport water through or retain within this air space.

Total Porosity. Counter-intuitively, a volume of clay has a much higher Total Porosity (more air space between 
particles) than the same volume of sand. Sand has a larger total porosity than limestone or chalk - again counter-
intuitively when a lump of chalk seems closer to clay than sand - but chalk in the strata consists of the “matrix” (those 
dense lumps of chalk) together with fissures that are often very large and inter-connected. Clay may therefore “hold” a 
lot more water than sand or limestone/chalk but, because of the higher surface tension forces acting between the clay 
particles and the water, clay is more “reluctant” to give the water up. 

Figure 3: Our local Geology

Figure 4: Schematic section through the Berkshire  
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Effective Porosity is the fraction of pore space in the strata that actually transmits water - and here the strata roles are 
reversed with highly connected fissured chalk having high Effective Porosity (water flows easily through the chalk) 
while Clay has a very low Effective Porosity (water hardly moves through it).

An example of the effect of Porosity is: despite extended drought conditions, crops grown in clay soils will continue to 
grow longer than those in a sandy soil. The clay retains the moisture, limiting evaporation and drainage losses while the 
plants root water uptake system (which includes many biological and physical means to overcome the high surface 
tension forces holding the water molecules to the clay) can still gain access and transport water into the plant. The 
moisture in the sandy soil either drains away or is easily evaporated during these extended droughts and the plants wilt.

Applying the idea of Porosity to the Borehole Artesian Well question above: This “tug-of-war” between hydrostatic 
head pressure forcing the water upwards out of the borehole is opposed by the surface tension forces around the 
limestone particles. An analogy is the balance between atmospheric pressure pushing down on the mercury surface of a 
mercury barometer balanced against the increasing weight (and therefore gravity) of the longer mercury column. 

Borehole Geology Records - the area around Grove-Wantage

Borehole records can be obtained from the British Geological Survey’s GeoIndex Onshore  interactive website at:

 https://mapapps2.bgs.ac.uk/geoindex/home.html?layer=BGSBoreholes

[There is an appendix at the end of this report detailing how to successfully navigate this website.

Figure 5 below shows the only boreholes to provide geological data. The boreholes labelled with the Black dots are 
confidential without any allowable data. Many of the boreholes are registered in the BGS GeoIndex Onshore database 
but include only the Title page with no further data.  Many of these records are from the early 20th century and before 
and the records may have been lost. The borehole sites, surrounded by the Black Circles and with the borehole 
designation (a) - (n)  are those that I have subjectively chosen and contain tabulated data from the boreholes examined. 
There are many others, which can be accessed if required. But this collection provides a general picture of the local 
“surface” geology. The colours inside the Black circles indicate the depth of borehole:    - Unknown length,    - 0-10m, 
-- - 10 - 30m,     - 30m+.

Figure 5: Map of borehole locations in the local area
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The Borehole Records

The following entries are selected transcribed entries from the hand-written borehole documents - copies of which I 
have and can be copied to anyone who requires them.  As stated above, the original borehole documents can be obtained 

from the BGS GeoIndex Onshore website (see Appendix) The (dates) refer to the borehole construction date and the → 
indicates a progression downwards from the previous description. I have highlighted several entries to show the 
diversity and heterogeneity of the geology - the geology is not like a “layer cake”.

   Location Depth Description of geology soil/rock types

a) 7 Vale Avenue, Grove: 0.45-1.00 m  Soft grey/brown → light brown silty CLAY with fine to med. Limestone/flint frags
(1985) 1.00 - 6.00m Gault clay - from soft to firm to very stiff /hard.

b) Abbey Farm, Goosey: 0.00-0.46m  Soil
(1897) 0.46-31.39m  Kimmeridge Clay - Clay and shells →  Clay  → , Sandy Clay and shells

31.39-32.46m  Corallian Rock (possibly Ironstone)
32.46 - 33.93m Corallian Sand

c) Chain Hill Reservoir: 0.00 - 0.30m Top Soil Typical Berkshire Downs Summit
(1995) 0.30 - 7.00m Firm Chalk borehole - thin layer of soil and then

7.00 - 10.00m Hard Chalk Chalk all the way down to where the 
10.00-24.00m firm Chalk Greensands start to appear
24.00-27.00m hard Chalk
27.00-33.00m soft puggy Chalk
33.00 - 41.00m marly Chalk
41.00 - 50.00m olive green fine Sands and Silts with Clay

d) Challow Marsh Farm: 0.00-0.61m Soil
(1896) 0.61 - 9.75m Gault Clay (Blue Clay)

9.75 - 10.06m Sand
10.06 - 69.65 Kimmeridge Clay (Stone → Clay and Stone → Clay → Sand and Shells → Clay 

and Shells (with rock at 61.83 to 62.18m) → Sandy Clay and Shells)
69.65 - 96.81m Upper Corallian (Sandstone → Sandy Clay → Rock → Sandy Clay → Sand → 

Rock → Sandy Clay)

e) Church Farm, Goosey: 0.00-1.39m Soil
        (1895) 1.39-33.83m Kimmeridge Clay (Hard Blue/Brown clay → Black Shaly Clay → Rock → Hard 

Black shaly Clay → Hard Black Shaly Clay and Shells → Hard Black Shaly clay 
with rock at base → Shaly Clay and shells → Hard Black Clay)

33.83-58.83m Upper Corallian (Hard sandstone & Shells → Blowing Sand → Grey Sandstone → 
Sand → Grey sandstone → Sandstone and Clay → Shell Rock → Sandstone → 
Sand and thin bands of Clay)

58.83 - 92.96m Oxford Clay (Blue Clay with a little sand → Blue Clay - Sandy Blue Shaly Clay)

f) Manor Farm, Denchworth 0.00 - 40.54m Blue Clay → Claystone → Blue Clay → Claystone → Blue Clay - Claystone → 
(1900) Blue Clay

40.54 - 45.42m Hard Rock → Dark Green Sand → Hard Rock → Sand → Hard Rock → Sand → 
Rock

g) Garlands Farm, 0.00 - 2.00m Gault Clay Expected geological horizon
      W.Challow 2.00 - 32.00m London Clay of descending clays (although the
        (2016) 32.00 - 35.00m Hard Band Kimmeridge and Corallian bands 

35.00 - 80.00m Clay [slop] are missing before arriving at the 
80.00 - 83.00m Sand and Crag Limestone.
83.00 - 146.00m Hard Limestone bands (85,92,96,99-108m) → soft Clay and sands

h) RAF Station, Grove 0.00 - 0.30m Top Soil
0.30 - 0.91m Gault Clay (Mottled Clay)
0.91 - 2.94m Gault Clay (Grey Boulder Clay)
2.94 - 11.89m Gault Clay (Blue Marl)
11.89 - 31.70m Gault Clay (Blue Clay)
31.70 - 56.84m Kimmeridge Clay (Clay → Kimmeridge Clay hard seams → Dark Brown Rock → 

Kimmeridge Clay)
56.84 - 60.96m Corallian (Rock or Boulder → Blue Clay)



RAF Station (cont) N.B. Water struck at depth 150 ft (rose to 90 ft), then again at 160ft (rose to 60ft), then at 188ft (rose to 
54 ft = rest-level of water). Combined with the stated “Suction at 178’ 6”” implies classic 
artesian well effects where hydrostatic pressure within the aquifer pushes water up the borehole. The 
deeper the drill goes - the greater the hydrostatic head force from the elevated aquifer (i.e. the 
Berkshire Downs repository).

I) Upper Circourt Farm, 0.00 - 0.46m Soil
      Denchworth 0.46 - 28.50m Kimmeridge Clay (Gault? → Mottled Clay and stone → Blue Clay and Shells → 

(1889) Rock → Blue Clay → Rock → Blue Clay and Shells (with rock)
28.50 - 50.90m Upper Corallian (Rock → Loamy Sand → Rock → Sandy Clay and Rock → Rock)

j) Wantage Brewery 0.00 - 14.02m Upper Greensand (Chalky and sandy beds)
 (1889-90) 14.02 - 83.82m Gault ( Grey, slightly micaceous and calcarous → Hard Clay (with sandstone band) 

→ Clay with Sand )
83.82 - 113.69m Kimmeridge Clay (Hard Green sand (grey clay with shells) → Hard Dark Clay → 

Hard Clay with Shells → Hard Clay → Hard Stony Clay) 
113.69 - 139.16m Corallian (Rock → Clay → Rock → Light Grey Sand → Rock → Dark Green 

Loamy Sand → Hard Blue Clay → Rock → Light Grey Sand → Dark Grey Loamy 
Sand)

k) Mill Cottage, 0.00-0.50m Overburden/Turf A confused strata with 
  Letcombe Regis 0.50 - 9.50m Clay Sands and gravels a lot of intermixed layers
   (Nov 2020) 9.5 - 30m Blue Mudstone/rock The Clay Sands and gravels

30m - 75m Clay at 0.5m probably provides
75 - 125m Mudstone the conduit for the near 

N.B. Groundwater at 1m below surface surface groundwater

l) Woodhill Farm 0.00 - 2.13m Top Soil - Sand
   East Challow 2.13 - 50.40m Gravel
      (1923) 50.40 - 62.48m Greensand

62.48 - 74.07m Kimmeridge Clay
74.07 - 76.71m Rock
76.71 - 80.47m Seams of Sand, Rock and sandy clay

m) Antwick Manor 0.00 - 1.22m Soil
    Letcombe Regis 1.22 - 5.79m Greensand
      (1934) 5.79 - 8.99m Gault (Blue Clay)

8.99 - 9.14m Gault (Bratch ??)
9.14 - 99.36m Gault( Blue Clay → Bratch → Blue Clay → Bratch → Blue Clay → Bratch → Blue 

Clay → Light Blue → Pink Clay)
99.36 - 101.80m Upper Corallian (Blue Sand)

N.B. Drilling abandoned owing to thick clay slurry rising to within 45.7m of surface 
in two days. This repeated after being cleared out many times - Boring abandoned 
for drinking purposes - on mains since Dec 1940.

n)  Gramps Hill Although not measured - sited on thin Clay with Flints above Upper Chalk
    (1973) 0.00 - 39.5m Upper Chalk
  39.5 - 87.8m Middle Chalk (TWA discussion - much thinner than expected)

87.8 - 190.0m Lower Chalk (TWA discussion - Much thicker than expected)
190.0 - 206.0m Upper Greensand

The Gramps Hill borehole record shows most clearly the Chalk escarpment geology - with a classic progression down through the 
various aged chalk layers before the Upper Greensand - itself a useful water-bearing rock strata. 

Historic Borehole Geology - East and West Hanney

Figure 6  below shows the only boreholes to provide geological data. The boreholes labelled with the Black dots are 
confidential without any available data. The Coloured dots represent the same borehole depths as indicated above for 
the Wantage-Grove map. Those boreholes indicated by the Black Circles and the Borehole Name are the only ones 
available which contain tabulated data - although Church Farm and the E & W Hanney has only borehole drilling data 
and no geological data - included just for completeness of available data. Rather than try to convert the written account 
of the geology encountered in the boreholes to a structured list as in the Wantage-grove listing above, the actual data 
pages have been scanned and included at the end.



Summary Discussion

Summarising the geology of the Vale of the White Horse and its surroundings is not easy although it might appear so 
depending on which borehole record you look at. While there are general expected strata patterns visible with younger 
deposits overlaying older deposits e.g. with clays overlying ancient limestone within the Vale itself - the escarpment 
outcrop of the Chalk initially confuses the structure. Why is the major aquifer below the clays when chronologically it 
should be on top. This is answered because the water-bearing aquifer beneath the Vale is a more ancient limestone than 
the clay overburdens, whereas the water-bearing aquifer supplying our chalk streams (the Ginge, Letcombe and 
Childrey Brooks) is the northernmost outcrop escarpment of the chalk strata that descends towards Newbury and 
provides the water for the source of the Lambourn River.

While Figure 3 near the beginning of this document seems 
to indicate marked and obvious demarcation of geological 
rocks - a more detailed look at the area taken from the 
https://geologyviewer.bgs.ac.uk/ website shows a more 
mixed formation with intrusions of strata into other strata. 
And this, as evidenced by the Borehole data, continues to 
even smaller scales such that boreholes just a few 100’s of 
metres apart may show different horizons.

This local disorganisation or confusion of the geology may 
create the conditions where groundwater flooding may be 
possible in areas supposedly capped by a substantial and 
impermeable clay layer - but where local intrusions or 
horizontal or vertical fissuring provides the conduit for 
artesian water transport from the underlying Jurassic 
limestone aquifer. 
Although the Chalk and the Limestone aquifers are not 
normally in direct hydraulic connection within the Vale, the limestone which is replenished by rainfall to the west of our 
region in for example, the Cotswolds, may via these intrusions or fissures provide horizontal water transport to beneath 
the Vale.
This water at depth, could then surface through vertical fissures and strata intrusions of sands during high groundwater 
levels beneath the Cotswolds. The above is speculative - but during normal high intensity winter rainfall which floods 
Vale fields and other areas, such as urban roads and developments, with apparent overland flowing and stream 
floodwater, groundwater ingress into these areas would not be apparent as it emerged invisibly into the overlying water 
column. Such water intrusion, apparently possible from the Marcham borehole data, would probably last longer than the 
observable or expected flood timescale and would extend the time that flooding was experienced. 

Figure 6: Map of Boreholes in East and West Hanney
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Figure 7: BGS Geology Viewer image of local area
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Appendix -downloading further Borehole Records - Step-by-Step Guide.

Step 1: In browser tab - go to https://mapapps2.bgs.ac.uk/geoindex/home.html?layer=BGSBoreholes

N.B. If you go into https://mapapps2.bgs.ac.uk/geoindex/home.html  ?   instead, you will have to use the “Add Data” 
option  to see the boreholes. This opens up a whole set of available layers, which at first site seems to indicate that 
“everything” is currently open on the map (at least that’s how I initially interpreted all the “Green” boxes). Rather 
counter-intuitively you have to click the “Borehole records green tick box, which then turns “Red” for the Borehole 
Records to be loaded. This latter action may take some time - the circle icon in this graphic  will revolve while 
the data is collected.
However, to restrict how much borehole data is retrieved - best to first zoom to where you want to go as below.

This opens up the map of the United Kingdom.

Either zoom in using mouse or +/- zoom buttons in lower left-hand corner of the map 

or write a village or town address (with county)in the Enter Location area of the box in top left-
hand corner. This will zoom the map and place the centre of the map over the location address.

Again you can use mouse or zoom buttons above to expand or reduce the zoom.

What the map now shows are the boreholes within the map area. They have different colours to 
mainly denote depth of borehole - but the black ones are confidential and no data is available. 
Click on the “Show Legend” area of the BGS box to the right for explanation.

Clicking on any coloured dot opens up a summary record of Borehole data for that location 
including its location name, map Easting/Northings, borehole depth and other Reference information.

At the bottom of the summary is Record Scan - click on Scan and this will open up the Borehole record for that 
location. This can be examined by scrolling through the document. Many locations just contain the front page of the 
Borehole Record with no following geological or hydrological data.

If you want to save a copy of this document, my Firefox browser has the following in the top right hand corner of the 
Borehole Record document.

BUT DON’T DO THIS:
Clicking on the button to the left of the >> symbol seems to take you to a “Save as” pdf option - it does save a pdf with 
a title such as BGS borehole 414198 (SU48NW9).pdf  but the pdf contains nothing on the first few pages - then pages 
with “diamond patterns” on them.

INSTEAD DO THIS:
Clicking on the “Printer” button next to the “Save As” button opens up “Print” option list shown here. 
Make certain the “Destination” at the top is set to “Save to PDF” - most other options can be left as 
default. Click “Save” at the bottom - which will open up the “Save As” dialogue again.

At this stage - don’t change the pdf title given in the title bar - this is generally of the form:

For some reason - if you change the title to something else sensible e.g. the above refers to the 
“Chain_Hill borehole AT THIS STAGE - the document doesn’t get saved in it’s correct form. 
Unfortunately, this isn’t a hard and fast rule - i.e. this renaming at this stage may or may not save the 
document properly - sometimes it works - other times it didn’t.

So I recommend saving with the name option given. Once saved in your file manager location - open it 
to see whether the data is there. If OK - then rename the file in the file manager.

https://mapapps2.bgs.ac.uk/geoindex/home.html?layer=BGSBoreholes
https://mapapps2.bgs.ac.uk/geoindex/home.html
https://mapapps2.bgs.ac.uk/geoindex/home.html?layer=BGSBoreholes

