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SUMMARY

This report is a compilation of data obtained from a 100 m deep borehole that was drilled in the Chalk at
Carnaby Moor [TA 1505 6486], south of Bridlington, Yorkshire. The borchole was drilled in December
1996 as part of the National Groundwater Survey Programme, hydrogeology of the Chalk of Yorkshire and
Lincolnshire. The borchole was drilled to provide information on the stratigraphy, gecophysical characteristics
and hydrogeology of the Flamborough Chalk in the vicinity of Bridlington. The following is a summary of
the principal observations.

. The Chalk consists mostly of hard, creamy coloured chalk with frequent marl bands and stylolitic
horizons. Flint is absent. The only perceptible lithological changes are the occurrences of slightly
greyer, marly, bioturbated chalks from 75.4 m to 76.25 m bGL and from 83.85 m to 94.05 m bGL,
Initial correlations with the standard succession described by Whitham (1993) suggest that the
borchole is located in the Sewerby Member of the Flamborough Chalk Formation, and that the
bottom of the borehole is at least 110 m above the basc of the Formation.

e Fracture intensity is relatively high (with an average spacing in the borehole trajectory of 17 em) and
consistent with depth. In addition, matrix porosity is relatively low (17.8 to 28.4%). Thereis a
(non-systematic) correlation between matrix porosity and 8'*C and 8'%0 stable isotope profiles.
From this it is inferred that the Chalk has been significantly modificd by diagenetic processes that
may have been associated with the Howardian-Flamborough faulting episode.

° Five localised inflows can be identified on the flowmeter logs at 42, 50, 56, 72 and 80 m bGL,
generally assoctated with bedding planc fractures. Pore water chemistry is consistent with relatively
young recharge waters, however, there is evidence that pore waters are out of cquilibrium with water
in the borehole. No systematic changes in pore water chemistry can be scen across the depth
intervals where there are localised inflows into the borchole.

Additional work could be undertaken to confirm the precisc stratigraphic position of the borchole. This may
include; (i) correlation of the geophysical logs with logs from borcholes in the Yorkshire Wolds, (ii) extension
of the biostratigraphic correlation to standard successions 1o the south of the area, cg. Trunch, (iif) correlation
of the 8"°C profile with the Trunch 8*C stratigraphic profile, and (iv) deepening of the borehole to prove
the base of the Flamborough Chalk. Deepening of the borchole would also provide additional information
concerning the depth trends in fracture and matrix propertics and in pore water chemistry. Additional work
could also be undertaken to investigate the correlations between porosity and whole rock '*C and 8'%0 stable
isotope by studying changes in profiles into the Howardian-Flamborough fault zone. This would provide
insights into the processes of Chalk diagenesis.
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1. INTRODUCTION

Work on the Hydrogeology of the Chalk of Yorkshire and Lincolnshire was begun in 1996 as part of the
National Groundwater Survey Programme. During the review of data from boreholes in the region, it was
recognised that stratigraphic secessions and geophysical logs could be correlated from south of the Humber
Estuary northwards to the Yorkshire Wolds, and that it was potentially possible to correlate major flowing
horizons based on these regional geological correlations. However, it was also found that it was not possible
to tie in observations from boreholes from the Yorkshire coast south of Flamborough Head with the
stratigraphic and geophysical logs to the west and south. This was because borcholes on the coast were
located too high in the geological secession (in the Flamborough Chalk). Consequently, it was decided to drill
a deep borehole near the coast, south of Bridlington, in an atiempt to identify the base of the Flamborough
Chalk and to establish a correlation with the underlying Burham Chalk. To this end, a 100 m borehole was
drilled in December 1996 at Camaby Moor. The purpose of this technical report is to collate the data from
the Carnaby Moor borehole investigation and to present a brief sunumary interpretation.

The report is organised as follows: Details of the site and the borchole construction are given afler a
description of the regional and site geology and hydrogeology. The geological log is presented, with a
stratigraphic interpretation, followed by the hydrogeological logs, including physical properties, and solid
phase and pore water chemistry logs. The report is concluded with a summary interpretation and an outline
of possible future activities at the site. References and data appendices are attached.

2. REGIONAL GEOLOGY AND HYDROGEOLOGY

The object of this section is to describe very briefly the regional geology and hydrogeology of the Chalk of
Yorkshire.

2.1 Regional Extent of the Chalk

The Chalk of Yorkshire and Lincolnshire forms a thick belt on the cast coast of England {rom Bempton in
the north to Skegness in the south and to Market Weighton and Caistor in the west. Figure | illustrates the
distribution of the Chalk, Quaternary and Recent deposits (from Allen et al. 1997). In the western and
northern parts of the area the Chalk crops out at the surlace, forming the downland scenery of the Yorkshire
and Lincolnshire Wolds and sca cliffs of up to 100 m in height where the Wolds meet the coast at
Flamborough Head. However, in the central and castern part of the region the Chalk is buried beneath drift
deposits, mainly Late Pleistocene (Devensian) tills, sands and gravels of glacial origin and post-glacial
(Holocene) coastal and marsh sediments, The Chatk is absent to the north of the region, but to the south of
the region it re-emerges from beneath the drift cover on the Norfolk coast at Hunstanton.

2.2 Thickness of the Chalk across the Region and Chalk Stratigraphy

Throughout Yorkshire the Chalk is characterised by a relatively homogencous lithology and there are only
very Himited thickness variations across the region. There are no significant lateral facics changes at the
regional scale although variations in matrix characteristics with stratigraphic age and in response to localised
tectonic activity can be recognised. In the central and southern part of the region the Chalk Group overlics
the East Midlands Shelf on which a moderatc thickness of at lcast 500 m of chalk sediments built up (Barker,
1994; Berridge and Pattison, 1994). There is a general expansion of the Chalk succession eastward offshore.
A total thickness of over 800 m of Chalk is present some 40 km from the coast in a late Cretaceous basin
adjoining the Sole Pit Trough an inverted Jurassic basin. The Chalk is thin or absent across this inverted
basin, but is over 1200 m thick to the east of the Sole Pit Trough, in the central North Sea. North of the River
Humber, the Market Weighton High or 'Axis' was an arca of relative uplift which affected Jurassic and
Cretaceous sedimentation. In this area, the Chalk Group is thinner than in the central and southern part of
the region, the changes in thickness being particularly noticeable in the lower part of the Group (Jeans, 1973).
The preserved thickness of the Chalk in Yorkshire is illustrated in Figure 2 (from Allen et al, 1997), and
Table 1 presents a summary of the Cretaccous stratigraphic sceession of the region,



2.3 Regional Structure

The Chalk of Yorkshire and Lincolnshire forms an open syncline, known as the Wolds Syncline (Donovan,
1968), plunging gently (2° to 5°) towards the south-cast along an axis between Drifficld and Bridlington.
The syncline extends out into the North Sea and the eastern hmb of the syncline abuts against the
Flamborough anticline and Dowsing Fault Belt approximately 50 km off-shore (Donovan and Dingle, 1965;
Kent 19803, 1980b). Across much of the southern and central part of the region the Chalk forms the south-
western limb of the syncline and dips fairly uniformly to the north-east, away {rom the escarpment of the
Wolds, with an average dip of approximately 1° (je. 15 to 20 m per kilometre). In the north-east of the
region the Chalk forms the north-zastern limb of the syncline and dips to the south-west. In addition to the
main syncline, Kent (1974), Neale (1974), and Foster and Milton (1976) have described a series of minor
fold axes which plunge concordant with the main synclinal structure. Contours on the base of the Chalk are
offset slightly by the Caistor Monocline (Barker, 1984; Berridge and Patlison, 1994), an east-west trending
structure which can be traced eastwards from the Chalk ocutcrop through to the coast at Grimsby.

Over the Market Weighton High (Figure 1), the dip of the bedding swings round to the south-east, and at
Flamborough the average dip 1s 3° (o 5° to the south or south-south-west. This zone is associated with a belt
of faulting and flexuring that can be traced westward across the Wolds towards Malton and is known as the
Howardian-Flamborough Fault Belt. It relates to late Cretaceous or carly Palacogene uplift, or inversion, of
the buried southern margin of the Cleveland Basin (Kirby and Swallow, 1987; Rawson and Wright, 1992;
Peacock and Sanderson, 1994). The Howardian-Flamborough Fault Belt consists of several disturbance
zones, generally trending west-cast, best exposed in the arca of Flamborough Head (Kirby and Swallow,
1987). Smaller folds and faults are common throughout the Chalk of the Lincolnshire and Yorkshire region.
Rawson and Wright (1992) have described minor folding from the north end of Selwicks Bay, mainly
developed above décollement horizons formed by thin marls. It is thought that these small-scale folds
associated with local displacements on marls, may be common throughout the entire Wolds Syncline.

2.4 Regional Hydrogeology

In Yorkshire the Chalk aquifer is unconfined in the drifl-free Wolds and confined where it is covered by
glacial tills. The unconfined-confined boundary coincides generally with the position of the buried cliff-line,
cast of which there is up to about 40 m of drift covering the aguifer. The unsaturated zone in the Yorkshire
Wolds varies in thickness from less than 10 m in the Wold valiey o up to 120 m on the higher ground.
Seasonal fluctuations of the water table can be up to 20 m on the highest ground, and around 10 m in the dry
valleys. Perched water tables are uncommon. Flow in the unsaturated zone is thought to take place by a
combination of matrix flow and by-pass flow through fractures, although it is not clear whether flow is
vertical to the water table, or whether a horizontal component of flow occurs along more permeable horizons.

In Yorkshire groundwater movement on a regional scale tends to follow the dip of the Chalk; flow is away
from a major groundwater divide which closely parallels the Chalk escarpment, generally trending north-west.
The hydraulic gradient in the confined Chalk is very shallow, bul is stecper in the Wolds, where it mirrors
the topography. Flow variations in the heavily disturbed Chalk in north Yorkshire have not been studied in
detail.

The groundwater head in the Chalk has declined historically through pumping. Boreholes which were once
ariesian now require pumping. The fall in head has resulied in saline intrusion {rom the Humber Estuary,
which is controlled by groundwater management. Based on 87 pumping tests, the average transmissivity
value for the Chalk in the region is about 1200 m?¥d, but ranges over more than four orders of magnitude
from less 1 to 10,000 m*d. The average storage co-efficient is 7.2 x 10 with an interquartile range of
1.5%107 t0 0.018 (Allen ¢t al, 1997).

Groundwaters are dominantly of Cu-HCO, type but increasing salinity in the coastal zone results from the
greater influence of Na and Cl. Down the groundwater flow gradient, notable changes in water chemistry
occur, influenced particularly by the position of the redox boundary.



3. SITE DESCRIPTION AND BOREHOLE CONSTRUCTION

The Carnaby Moor borchole [TA 1505 6486] (NGRC Reg. No.: TAI6SE/6) is located south west of
Bridlington on the edge of a domestic waste landfill site owned by Wastewise Ltd. Figure 3 shows the site
and borehole location. The site was chosen, in conjunction with the Environment Agency, because: 1) it was
believed to be located in the lower part of the Flamborough Chalk, ii) there was casy access to the site, and
1i1) the Environment Agency, who co-funded the construction of the borchole, required a borchole in that area
for groundwater monitoring purposes. 1t was agreed that on completion of the borehole study the borchole
would become the property of the Environment Agency. A historic leakage of leachate from one of the
neighbouring landfills was known to have effected some local surface watercourses but it was not thought
to have affected the groundwater at the site (J. Aldrick, pers. comm.),

The borehole was drilled between the 2nd and 19th December 1996, Air flush rotary core drilling was used
because of difficulties in supplying large amounts of water for water flush, and because of problems
associated with disposal of dirty drilling water at the site. The borehole was cored to a total depth of
100.64 m and superficial deposits and soft and poorly consolidated Chalk near the surface were cased out
to a depth of 26 m using Demco plastic casing (cement grouted). The casing projects 0.2 m above ground
level and has a threaded top to allow for additional casing to be added or {itting a cap on the borehole. It has
been reported that the bore become artesian during the winter of 1998 (J. Aldrick, pers. comm.).

It was found that 17.5 m of superficial deposits and drift overlic the Chalk, with the top 4 m of the Chalk
being soft and putty-like. Table 2 shows core recovery in the Chalk below 17.5 m. 'Soft ground' was
recorded by the driller in the interval 19.10 (o 20.73 m, chalk rubble was obtained in the interval 19.10 to
20.02 m and between 20.02 and 20.73 m the borehole was open-holed. Core recovery is poor in the interval
21.581023.72 m but is good below this latter depth and is generally greater than 95%.

4, LOGGING AND SAMPLING ACTIVITIES

A standard suite of geophysical logs were run by BGS on the 19th and 20th December 1996. These included
caliper, Gamma ray, resistivity, magnetic susceptibility, {luid EC, temperature, and {lowmeter logs. The core
was sealed in Mylar coreliners and taken to the BGS core store in Keyworth where geological and
hydrogeological logs were made and where it was sub-sampled for physical properties and pore water
chemistry samples (7th to 10th January 1997). Samples werce (aken at an interval of approximately one every
metre for physical properties and solid phase chemistry tests and samples for pore water chemistry analysis
wete taken at infervals of approximately one every two metres. Where possible samples for pore water were
taken adjacent to samples for physical properties analysis.

5. GEOLOGICAL LOG AND STRATIGRAPHIC INTERPRETATION

The cored section consists mostly of hard, creamy coloured chalk with frequent marl bands and stylolitic
horizons. Flint is absent. The only perceptible lithological changes are the occurrences of slightly greyer,
marly, bioturbated chalks from 75.4 m to 76.25 m bGL and from 83.85 m to 94.05 m bGL. A detailed
lithological log (from Woods, 1997) is given in Appendix .

Figure 4 shows the inferred correlation between the standard succession as described by Whitham (1993) and
the Carnaby Moor borchole (from Woods, 1997). Figurc 5 shows the inferred stratigraphic position of the
Carnaby Moor borchole with respect to the stratigraphy of the Chalk of northern England. The frequent marl
seams and absence of flints are characteristic of the Fiamborough Chalk. However, precise marl correlations
between the Carnaby Moor borehole and stratotype successions are highly problematical and there is an
absence of good faunal markers in the core. This has led to possible two interpretations of the succession.



Woods (1997) has suggested that the base of the Flamborough Chalk lies about 135 m below the bottom of
the borehole, while M Sumbler (pers. comn.} suggests that the base of the Flamborough Chalk fies about
110 m below the bottom of the borehole.

6. GEOPHYSICAL LOGS

Figure 6 presents the geophysical logs for the Carnaby Moor borchole. The caliper log shows an enlarged
and very variable borchole aperture immediately below the casing at 26 m bGL, probably due to pervasive
fracturing of the shallow chalk. The induction resistivity log shows a marked reduction in resistivity below
about 75 m and again below about 84 m bGL. These changes in the resistivity log are probably associated
with an increased clay confent in the greyer, marly, bioturbated chatks described in the lithological log
between 75.4 m and 76.25 m bGI. and between 83.85 m and 94.05 m bGL. There 1s an increase i fluid
conductivity at about 70 m bGL and a fall in temperature at about 80 m bGL. These could be interpreted as
reflecting more saline waters towards the base of the borchole, bul this interpretation is not substantiated by
the pore water chemistry profiles, Figure 9 (sce section 7.2). The {low logs suggest localised m{lows to the
borehole at 42, 50, 56, 72 and 80 m bGL, and, with the exception of the inflow at 80 m bGL, they all appear
to correlate with local (fracture controlled?) enlargements in the catiper log.

7. HYDROGEQLOGICAL LOGS
7.1 Physical Properties

A detailed hydrogeological log of the Carnaby Moor borchole is given in Appendix 2. The fracture data
summarised i Figure 7 is taken from the hvdrogeological fog. Figure 8 is a depth plot of the core porosity
data along with the 8"*C and &"0 stablc isotope data for cach of the samples tested for porosity. The
porosity and stable isotope data arc also listed in Table 3.

Figure 7 is a graphic log of the fracture data and shows the location of cach fracture (left hand plot) and the
fracture density profile (right hand plot). 473 fractures were logged in the borchole over a total length of
c. 80 m of core and have an average spacing of 17 cm. Fractures are not clustered and are probably
dominated by joints, although faults have been inferred from slickensides on fracture surfaces at 70.35 m
bGL and 90.19 m bGL. Fracture density is relatively constant through the section and only shows a slight
decrease with depth, This contrasts markedly with the large changes in the caliper log with depth. Higher
fracture densities in the 72 m bGL, 77 m bGL and at 99 m bGL intervals may correlate with steps seen in
the flow meter logs al 72 m bGL, 80 m bGL and 96 m bGL (Figure 6).

Porositics arc in the range 17.8% to 28.4% with a mean porosity of 23.0%. Figure 8 shows a general decease
in porosity with depth. The porosity values arc relatively low for the Upper Chalk of Northern England, a
typical value being 35% (Bloom{icld et al. 1995). Many of the samples contain stylolites, indicating that the
section has undergone extensive pressure solution compaction (Bloomficld, 1997). The reduction in porosily
with depth may be interpreted simply as being due to burial diagenesis. However, the Chalk exposed at
Flamborough Head, to the north of Bridlington, is extensively stylolitised, and some workers (eg. Peacock
and Sanderson, 1994} have suggested that these stylolites and the fow matrix porosity are primarily tectonic
in origin (associated with regional scale faulting).

Figure 8 shows that 8"*C is in the range 2.32 to 2.88 wilh a mecan of 2.54 and that 8'%0 is in the range -5.75
to -3.30 with a mcan of -3.89. Small changes in the gradient of the porosity profile appear to correspond with
changes in the gradient of the stable isotope profiles, but no consistent relationships can be identified. These
correlations are thought to reflect both primary sedimentalogical characteristics and diagenetic events,



Values of 8"°C are thought to primarily reflect patterns of organic carbon content in Chalk. This is because
organic carbon is preferentially enriched in the lighter isotope 8'°C, and its removal from the oceanic reservoir
causes oceanic waters (o be relatively enriched in 8'°C. Jenkyns et al. (1994) demonstrated: (i) the
remarkable similarity of 8°3C profiles across the UK, (ii) between the Chalk of the UK and the Cretaceous
Scaglia deposits of Italy, and (iii) that 8"*C profiles may be used for stratigraphic correlation, Visual
comparison of the 8"*C profile in Figurc 8 and the 8"*C profile for the Trunch borchole (Jenkyns et al, 1994,
Figure 8) suggests that the Carnaby Moor profile corresponds with a section towards the base of the
Companion in the Trunch borchole (this is consistent with the biostratigraphic interpretation, Figures 4

and 5).

The ratio of oxygen in pore waters to oxygen in iitially porous carbonate sediment is high, consequently,
there is potential for considerable diagenetic change in values of 8'*Q. For example, burial diagenesis at
elevated temperatures and diagenetic meleoric-water cementation can add isotopically light 8'%0 cements.
Although the exact stratigraphic position of the Carnaby Moor borchole is uncertain, comparison with the
3*20 profite from the Trunch borehole (Jenkyns ct al, 1994, Figure 8 - where values are typically in the range
-1.75 to -2.5) indicates that the Carnaby Moor borchole has undergone significantly greater diagenetic
alteration than the Trunch borchole.

7.2 Pore Water Chemistry
7.2.1  Chemical Evolution of Chalk Groundwaters

The reaction of rainwater and soil water with the chalk matrix (dominated by low Mg calcite) is rapid and
shallow groundwaters quickly attain saturation with respecl to calcite by the following reaction:

CaMg)CO, + H,O + CO, = Ca® + Mg* + 2HCO,

This reaction is congruent with the ratios of dissolved tons having the same proportions as those of the chalk.
This process occurs until saturation with respect to caleite is reached and equilibrium achicved, the amount
of ions dissolved being largely controlled by the initial amount of CO, entrapped in the water from the
atmosphere and soil zone. Further reaction continues through incongruent reactions, even though saturation
is achieved, because the walers are in dynamic equilibrium with chalk t.e. further dissolution is balanced by
precipitation of chalk. This process effectively leads to an increase in the waters of the impurities which are
present in the calcite {e.g. Mg, Sr), and waters with relatively high Mg/Ca and Sr/Ca ratios are, therefore,
indicative of a longer residence time. These processes are highlighted on a cation trilinear diagram (Figure 9)
where recharging waters are shown to be dominated by Ca and further reaction feads to waters with higher
Mg/Ca ratios. Mixing may also occur with deeper more saline groundwaters or with remnant pore waters
leading to displacement towards the Na and K apex of Figure 9.

7.22  Water Type and General Characierisiics

The porewaters extracted from the chalk arc atkaline with laboratory-measured pH values of 8.0 - 8.4
(Figure 10), but aquifer values are probably [ess due to an increase caused by degassing of CO, between
collection and analysis. 1t is difTicul( to cstimate what the redox condition of the porewaters was before
coring; the presence of NO;-N and SO, and low Fe and Mn may provide evidence for relatively oxidising
conditions although the rapid changes which take place within the core arc not known. The waters are
relatively fresh with low mincralisation (SEC: 307 - 426 S em'; Table 1) and the waters are alt of Ca-HCO,
type, typical of shatlow chalk groundwaters (Figurc 9). Note that the SEC range in the pore water profile is
significantly grater and the depth trends significantly more heterogencous than the equivalent SEC depth
profile measured by the geophysical logging (Figure 6). From this, it is inferred that the pore waters are not
in equilibrium with the water in the borchole.



7.2.3  Vertical Variations in Chemistry

The pH of the porewaters shows little change with depth in the borehole profile and is well buffered with
reactions with the chalk matrix. There arc relatively small but significant changes in SEC (Figure 10a) with
a pronounced high at ¢, 45-56 m bGL and possibly a slight increase in trend towards the base of the borehole.

The major element chemistry of the porewalers are very similar and there are no large changes in
concentration with depth. There is possibly a slight increase in concentration of Ca and K and a slight
decrease in HCO, and Mg. Sodium and Cl show a slight increase towards the base of the borehole although
Na/Cl ratios are similar to seawater and the rest of the profile indicating that this is not due to water-rock
interaction, but may be related to a remnant saline porewaler phase. Sulphate is refatively low through most
of the profile but shows a distinct enhancement between 84 and 94 m bGL. The nitrate profile shows an
increase in concentration to ¢. 84 m bGL and then a rapid decline: this may well be an indication of the
presence of a redox boundary and the onset of reducing conditions. An increase at the lower part of the
borehole possibly indicates a bypass routc al depth. Between 86 and 94 m there is an increase in F
concentration which, until saturation is reached, generally increases in the chalk aquifer with reaction time
and, therefore, residence time.

7.2.4  Indicators of Residence Time and Relative Ages of Porewaters

There is no information on absolute ages in these chalk porewalters, but several indicators are present which
may provide some information on relative ages as well as a very rough indicator of residence time in the
Chalk aquifer. These include element concentrations such as Sroand F (until saturation with fluoride is
reached) and ratios such as Sr/Ca and Mg/Ca which increase with reaclion time and therefore often can be
used as an indicator of restdence ime. As discussed above there is little vertical stratification of the major
elements in the chalk porc water profile, Strontivm docs show a gradual increase with depth but
concentrations are low in comparison with many Chalk groundwaters and point 1o a relatively young age.
In addition, St/Ca and Mg/Ca ratios are also low; consistent with this observation. The Mg/Ca ratio is, rather
surprisingly, highest in the lowest part of the profile and it i1s not clear whether this may be related to a
lithological control; Sr/Ca ratios are also slightly high but do not decrease to the same degree as Mg/Ca
deeper in the profile. Nevertheless the relatively small changes indicate that there is unlikely to be significant
differences in the age of the waters in this part of the profilc.

The relatively high F concentrations towards the base of the borchole are mirrored by relatively high SO,
Mg/Ca and a slight increase in Sr/Ca and Li and may indicate an older water which has undergone more
enhanced water-rock interaction. The deercase in these parameters below this depth, in agreement with the
higher NO, may be due to bypass flow,
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TABLES AND FIGURES



Table 1 Summary of the regional Cretaceous stratigraphy (from Allen et al. 1997),

Systemn Stage Formation Lithological division Approximate
thickness
{m)
Flamborough
Chalk unknown
Senonian Bumham Chalk
— unknown
Upper Turonian unknown
Cretaceous Welton Chalk
Cenomanian Ferriby Chalk Hunstanton (Red) 7
Chaik
Albian Carstone Carstone Grit 3
s Carstone Sand and 4
Aptian Clay
Sutterby Mar} 3
Upper Roach 3
Roach Roach Stone 5.5
Barremian Lower Roach 7.5
Lower Upper Tealby Clay 11
Cretacecus Tealby Clay Tealby Limestone 4
Lower Tealby Clay 13
Hauterivian Upper Claxby
[ronstone
Claxby Hundlby Clay 9
Valanginian Lower Claxby
Ironstone
Ryazanian Upper Spilsby 2
Sandstone
Porttandian Spilsby Lower Spilshy 22
Sandstone Sandstone




Table 2 Core recovery in the Chalk,

Core Top Base Interval  |Recovery {Recovery
Run No. [(m) {(m) {m) {m) (%)

1 17.5 17.72 0.22 0.18 81.82
2 17.72 18.5 0.78 0.5 64,10
3 18.5 18.85 0.35 0.21 60.00
4 18.85 19.1 0.25 0.2 80.00
5 20.73 21.58 0.85 0.77 90.59
6 21,58 22.63 1.05 0.8 76.19
7 22.63 23.72 1.09 0.78 71.56
8 23.72 24.77 1.05 0.98 93.33
9 24.77 26.31 1.54 1.38 89.61
10 26.31 27.71 1.4 1.29 92.14
11 27.71 29.3 1.59 1.4 88.05
12 29.3 30.63 1.33 1.32 99.25
13 30.63 32.11 1.48 1.43 96.62
14 32.11 33.47 1.36 1.3 95.59
15 33.47 34,95 1.48 1.47 99.32
16 34.95 37.96 3.01 2.85 94 88
17 37.96 40.89 2.93 2.77 94 .54
18 40.89 44,02 313 2.89 92,33
19 44.02 47.05 3.03 3.03 100.00
20 47.05 50.06 3 2.97 99.00
21 50.05 53.02 2.97 2.94 98.99
22 53.02 55.86 2.84 2.82 989.30
23 55.86 58.82 2.96 2.89 97.64
24 58.82 61.83 3.01 2.97 98.67
25 61.83 64.76 2.93 2.9 98.98
26 64.76 67.72 2.98 2.96 100.00
27 87.72 70.58 2.86 2.75 96.15
28 70,58 73.57 2.99 2.86 95.65
29 73.57 76.17 2.6 2.59 99.62
30 76,17 78.89 272 2.71 99,63
31 78.89 81.71 2.82 2.81 99.65
32 81.71 84,59 2.88 2.83 98,26
33 84.59 87.48 2.89 2.88 99.65
34 87.48 90.14 2.66 2.64 99.25
35 90,14 93.07 2.93 2.88 98.29
36 93.07 95.98 2.91 2.7 92.78
37 95.98 98.65 2.67 2.55 95.51
38 88.65 100.64 1.99 1.74 87.44




Table 3 Porosity and stable isotope data.

Sampie Porosity |Top Base Mean |d13C d180

number Depth |Depth {Depth

(%)

{m bGL) i{m bGL) |{m bGL){(PDB) (PDB)

1523/1H 27.48 20.80 | 21.00 | 20.85 2.55 -4.00

1623/2H 21,93 22.00 | 2210 | 22.05 2.47 -3.73

1523/3H 22.81 23.05 | 23.10 | 23.08 2.53 -3.79

1523/4V 22.54 24.00 | 2411 | 24.06 2.50 -3.48

1623/5H 26.74 25.00 | 25.20 | 25.10 2.58 -3.88

1623/6H 24,32 26.00 | 26,15 | 26.08 2.51 -3.68

1523/7H 27.73 2730 | 27.40 | 27.35 2.59 -3.68

1523/8H 22.28 28.00 | 28.10 | 28.05 2.52 -3.87

1523/9H 23.09 28.93 | 29.01 | 28,97 2.49 | -3.81

1623/10M | 26.72 29.92 | 30.03 | 29.98 2.54 -3.79

1823114 | 27.01 30.95 | 3112 | 31.04 2.44 -4.04

1623/12H{ 24.89 31.95 | 32.08 | 3202 2.54 -3.30

1523/13H | 22.31 32,81 | 32.68 | 3265 2.48 3,70

15623/14H | 22.38 32.92 | 33.03 | 32.98 2.45 -3.5

1623/16H | 22.62 33.98 | 3411 | 3405 2.38 -3.73

1523/16H | 22.49 34.79 | 34.91 | 34.85 2.53 -3.54

1523/17H | 25.93 35.88 | 36.02 | 35.95 2.52 -3.43

1523/18H | 24.40 36.98 | 37.08 | 37.03 2.52 -3.70
1623/19H | 22.71 38.07 | 38.28 | 38.18 2.47 -3.74
1623/20H | 22.30 38.98 | 39.08 | 39.03 242 -3.75
1623/21H | 21.18 39.97 | 40.15 | 40.06 2.41 -3.75
1523/22H | 21.44 41.19 ; 4129 | 41.24 2.32 -3.72
1623/23H | 2417 4217 | 4225 | 42.21 2.43 -4.04
1523/24H | 22,88 43.10 | 43.26 | 43.18 2.58 -3.97
1523/25H | 25.29 4440 | 4447 | 44.44 2.43 -3.65
1523/26H | 25.36 45.02 | 4515 | 45.09 2.53 -3.89

1623/27H | 24.25 45.98 | 4610 | 46.05 2.44 -3.75

15623/28H | 24.29 46.98 | 47.05 | 47.02 2.46 -3.96

1523/29H |1 24.87 47.81 | 47.89 | 47.85 247 -3.85

1623/30H | 22.50 49.07 | 4916 | 4912 | 247 =3.77
1623/31H | 22.14 50.26 | 50.40 | 50.33 2.50 -3.83
1523/32H | 23.85 51.20 | 51.32 | 51.26 2.51 -3.55
1523/33H | 23.32 52.02 | 52.08 | 52.05 2.37 -3.73
1523/34H | 22.45 62.87 | 53.02 | 52.95 2.56 -3.72
1523/35H | 21.70 54.06 | 54.17 | 54.12 2.56 -3.71

1523/36H | 23.91 55,08 | 5524 | 55,16 2.45 -3.90

1623H37H! 26.09 56.04 | 56.19 | 56.12 2.42 -3.94

1523/38H 1 22.28 6§7.22 | 57.30 | 57.26 2.43 -3.84
1523/39H | 23.05 58.10 | 58.24 | 58.17 2.48 -3.80
1523/40H | 26.41 58.82 | 59,01 | 58.92 2.45 -3.96
1523/41H | 21.95 60.00 | 60.11 | 60.08 2.49 -3.78
1523/42H | 2518 60.92 | 61.04 | 60.98 2.51 -3.82
1623/43H 1 20.53 61.90 | 62.05 | 61.98 2.50 -3.82
1523/44H | 22.82 62.95 | 63.05 | 63.00 2.54 -3.76
1523/45H | 26.14 63.94 | 64.12 | 64.03 2.42 -3.94
1523/46H | 26.15 65.09 | 6517 | 85.13 2.57 -3.85
1523/47H | 23.81 65.89 | 66.08 | 65,99 2.52 -3.79
1523/48H | 24.85 67,02 | 67.07 | 67.05 2.53 -3.77
1523/49H ¢ 25.66 67.90 | 68.03 | 67.97 2.62 -3.96
1523/50H | 23.14 69.27 | 69.34 | 69.31 2.49 -3.64

1523/51H | 20.91 69.88 | 69.95 | 69.92 2.52 -3.73




Table 3 Porosity and stable isotope data (continued).

Sampie Porosity |Top Base Mean |d13C d180

number Depth iDepth Depth
(%)
(m bGL) [(m bGL) |(m bGL)|[(PDB) (FPDB)

1523/52H | 24.87 71.01 | 7115 | 71.08 2.53 -3.84
1523/53H | 21.59 7207 | 7247 | 72.12 2.47 -4,31
1523/54H | 22.61 72.96 | 73.03 | 73.00 2.6 -3.95
1523/55H | 24.14 73.87 | 73.84 | 73.91 2.58 -3.78
1523/56H 20.48 74.92 74.99 74.96 2.52 -3.89

1623/57H | 22156 76.17 | 76.25 | 76.21 2.58 -4.07

1523/58H | 21.15 7725 | 77.34 | 77.30 2.59 -4.02

1523/59H | 19.68 77.97 | 7811 | 78.04 2.53 -3.87

1623/60H 1 22.18 78.32 | 7942 | 79.37 2.57 -4.07

1623/61H 21.79 79.98 | 80.13 | 80.06 2.62 -3.82
1623/62H | 21.12 81.18 | 81.27 | 81.23 2.56 -4.04
1523/63H | 21.99 8232 | 82.43 | 8238 2.52 -3.956
1523/64H | 24.78 82.99 : 83.03 | 83.01 2.61 -4.11
1523/65H | 22.62 83.06 | 84.07 | B84.02 2.6 -4.18
1523/66H | 20.98 85.19 | 8529 ; 8524 2.66 -3.89
1523/67H  17.77 86.03 | 86.18 | 86.11 2.55 -5.75
1523/68H | 24.37 86.92 | 87.07 | 87.00 2.77 -4.09
1523/69H | 24.94 88.09 | B88.20 | 88.15 2.76 -4.1
1823/70H ] 20.94 87.82 | 87.98 | 87.95 2.88 -3.89
1523/71H | 20.30 90.33 | 90.39 | 90.36 2.69 -3.75
1623/72H | 20.43 91.18 | 91.27 | 91.23 2.69 -4.11
1623/73H | 28.40 9217 | 82.26 | 92.22 2.78 -4.44
1523/74H | 19.99 92.88 | 93.02 | 92.85 2.77 -3.85
1623/75H | 19.79 94.20 | 94.34 i 94.27 2.65 -4.2
1623/76H | 18.31 9521 | 9536 | 95.29 2.75 -4.1
1823/77H | 18.79 896.17 | 96.25 | 96.21 2.62 -4.18
1523/78H | 18.16 97.02 | 97.07 | 97.05 2.6 -3.89
1523/78H | 21.40 97.94 | 98,00 | 97.97 2.64 -4.09
1523/80H | 24.61 99.14 | 9919 | 99.17 2.73 -4.38

1523/81H | 18,53 99.89 | 100.01 | 99.95 2.66 -4.2
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Figure 1 Illustration of the distribution of the Chalk in the region (from Allen et al. 1997).
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Figure 3a. Carnaby Moor site location.

Topography based on the 1976 Ordnance Survey (1:50,000, Scarborough Sheet 101)
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the Carnaby Moor borehole (from Woods 1997),



Lt
S
Lfg‘ N L TReSTRATIGRARPKY
L Q
B5le
““———Eywm
- . u()v l“ *
- . sl B ;
-4l 3
s -
ERPE N
| Eoey E S' )
Z -5 -
o i - . B .
[ & STl T
! Pl /’\l":’.._ F§. ' F‘\o.\m\oo\’aun\a .l
T () N v e .
N (O Y Cwalk
T @
I Foomavion |
eey
.
i s d £
J aog
z 1 A
L ':)Lﬁ s i
¢ £ | .
e oy |
e %Y = i
PR !
o Efi1 33 i
S AFH :
: P f
N |
fz g 1‘
[ !
: _\(J _J:’: H
5 ’Z' ; : ?D\A‘"\"\\’\CLVW
: § !
Do AiT Unolk
| af i
-
i gli FOTW\OQ\-'\OV\
L iz
. gl
NN
g L lE
Z
g i
!3 J WQ_\\'D\/\
a \
- E.Xf\o.‘.k
Laviany %‘OCVV\CA_\“\OV\
Z  [Paemle
<k
Z T S ouag b -
z j l""‘é,,\“ri'\c“3
% -2 C_J\no\_\lk
EEE F o cwnarion

e e Sveararedbn o) Yae Onadk o viesdhen
= voland (Voased %om \v}\f\/\i%—‘th VAL a9l ¢ Mivdhal 1998
2 ;

I. : S\—fcw.c.:jrap\ms rq} aweed To s Cepot

Figure 5 Inferred position of the Carnaby Moor borehole with respect to the stratigraphy of the
Chalk of northern England (from Woods 1997).



y 1 (BGS logs 19/20 Decembar 1986)

‘Well Name: Carnab

26
265
26

{Jwmiti]
cps)

Flowma i
Tlaw
{
O 5 i A O R

Cps
cpg
met:

! Loedagra el .

s b o b o
o g o -t
ks | il p—
o R
~
Ik | m
al -~ .
=y Y M A
Eg’ gg T i ‘._,.'.‘ u ”]“4 }
‘Ue r—e =1 ¥ }*' 8 ‘ W h‘ [F¥, 'i ' ‘| 3 "‘ ! Jw “f I'!J# ) —
e Y T Tl A ISR A
iy 1 Y GLUEA,
= 'ﬂ e 1 :-a"- —
skl La' MR -
o !lul|11|1!fi|rll||a|I;Hx¥u||l|:1|l1i|}l;f||l|ilt
W (o
[P I R - o
© —t
a9 d
S — : B N e o —
W’G‘\g “Mh," e WA ]
Mo G E-——- Yy
u\Ngj___. ]
luNu': "
S -
Mo =
He - &
oL~ ud — o
o .
g4
gdz g - i A ~
wﬂlﬂ Lid #l [ AL [ Y lgvad v es e g boe o b el
[0 ] ¥ ’ lw |w‘l
23 ]
I3 L
o J—
E —]
“ > —
o 1g 15 ]
o SO -
£ {d858 H‘ . e ' ]
=1 5 | 1 \
:TxE. Evﬁv A | | i "y i{‘[ ; | 7
a [ i N Al t ]
h S
] =
' - po—
EZ -
s g : o 1 | l | | | Lo bl T
=8 o & | Ll b e ilboah o e s s b ey [ Lii]
iR Ll Y y
o —
£E - _
S« . o
o @ T
wh o= _
257 |3 — I —
o = — ]
in'g = [
QDQ:E ]
583 3 —
E o s ]
L o .
g s w — md
Egsg Lix vt b b b s ey Lo d o bvrea Lol e e d oy
Zz'ﬂﬁ =} o o =] [=) o = o o ] o
835 T D 7 T N ? T ® , 2 -
531—3 g wnop sofq ssiew yydeq 1 |

Figure 6 Geophysical logs for the Carnaby Moor borehole.
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Figure 6 Geophysical logs for the Carnaby Moor borehole {continued).
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Figure 10a. Pore water chemistry depth profiles.
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Figure 10b. Pore water chemistry depth profiles.




Figure 10¢. Pore water chemistry depth profiles.
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Figure 10d. Pore water chemistry depth profiles,
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Figure 10e. Pore water chemistry depth profiles.
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APPENDIX 2. HYDROGEOLOGICAL LOG.
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