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the B.P. GR-256 during the period 20th October - 27th October 1993.
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were obtained from a section exposed at the south east end of the pit and the remainder of 
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sets of measurements were collected with the Edinburgh University GR-256 on the 10th 
October 1995.

Artificial radioactive contamination as a possible, additional source of error 
(with Figure 6.01).
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Figure 1.05 Stratigraphic scheme for the Rhaetian - Pliensbachian interval as represented by the sediments of the 

Dorset coast, based upon Cope et al (1980). The boundary between the Blue Lias and Shales-with-'Beef is taken from 

Hallam (1960). The extent of the disconformity/hiatus associated with the Coinstone and Hummocky are indicated.
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FIGURE 1.06 Division of the Lower Lias interval in the Winterborne Kingston borehole into lithological 
gamma-ray units as proposed by Whittaker etaL (1985). Redrawn from Whittaker et al (1985)
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FIGURE 1.07 Thorium decay series of naturally occurring radiogenic isotopes. The 

thorium series corresponds to the simple formulae 4n and terminates with a stable isotope
of lead. (Based upon Rankama 1954)
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Total gamma-ray log
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Q

FIGURE 1.12 Depositional sequence stratigraphic interpretation of a total gamma-ray log for a coarse­ 
grained siliciclastic system. The associated lithological log is also given. The interpreted maximum- 

flooding surface is denoted mfs and the interpreted sequence boundary SB. Interpreted Vail et aL (1977) 
depositional systems tracts are also given. (Based upon Gawthorpe et aL 1994)
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FIGURE 1.16 A plot of the forward sorption (adsorption) rate constant 
(Rf) for Th versus particle concentration using data from various oceanic 
regions. The oceanic regions cover a wide variety of particle 
concentrations, particle type and primary productivity intensities. The 
full line represents the linear regression (excluding the Amazon data). 
Redrawn from Honeyman etal. 1988
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Chapter 2 
(Figures 2.01 to 2.20)

Methodology and Experimentation Required For 
Outcrop Gamma-Ray Spectrometry



FIGURE 2.01 The GRS-500 portable gamma-ray spectrometer. The machine is 
ideal for general reconnaissance work involving the detection of local 
concentrations of radionuclides at outcrop or the rapid location of finite sources 
(e.g. uraninite). However, the maximum sample time is 10 seconds and the 
machine therefore has limited applicability to studies involving the detection of 
low radionuclide concentrations.



>^» ^Jk~

FIGURE 2.02 The GR-410 gamma-ray spectrometer (above) and the GR-256 gamma-ray 
spectrometer (below). Both models can be accurately calibrated. The GR-410 records total counts 
attributed to K, U and Th whilst the GR-256 automatically converts the data to radionuclide ground 
concentration (e.g. K %, U ppm and Th ppm).
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FIGURE 2.04 Interference effects with the lower-energy part of the gamma-radiation 
spectrum from the Caesium reference isotope incorporated into the GR-256 detector 
system. Gamma radiation in the energy 800 KeV and below cannot be reliably resolved.



Temperature Drift Correct Results

(A) K3-88 Pad (High K concentration, low U and Th concentration)
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FIGURE 2.05 Calibration results with temperature drift are compared to calibration results collected 
when the GR-410 gamma-ray spectrometer was stable. The results were collected over a ten minute 
time Interval on the BGS calibration pads. During temperature drift on the K pad, the number of 
counts recieved by the K window are lower than the number recieved by the U window. Similarly on 
the U pad the number of counts recieved by the K window are larger than the number of counts 
recieved by the U window. Therse results would not be expected considering the K and U 
concentrations of the K3-88 and U8-89 pad.
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FIGURE 2.06 Temperature drift. Temperature drift is an important source of 
unpredictable error within the gamma-ray data-set collected with the GR-410 
spectrometer. The under-sensitivity towards K shown by the machine used in this 
investigation can be explained by drift of the K40 gamma-ray spectrum into the U 
window. This would deplete the number of counts detected in the K window but increase 
the number of counts recieved in the U window and so elevate the calculated U 
concentration. The slight over sensitivity towards Th can be explained movement of the 
higher portion of the U gamma-ray spectrum into the Th window. This is not accounted 
for by stripping factors and hence the calculated Th concentration would be elevated.
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ABOVE Numerical relationship between calculated K and Th concentration and 
calculated U and Th concentration from raw data collected with the GR-410. A positive 
covariant relationship between Th and K is not shown, as would be expected. This indicates 
that the data-set is not robust.

BELOW Numerical relationship between realigned K and Th concentration and 
realigned U and Th concentration using realignment formulae given in Chapter 2, Section 
2.05. Again a positive covariant relationship between Th and K is not shown, as would be 
expected.

The data-set comprises 139 measured samples from west of Kilve Pylle, Somerset (bucklandi 
Zone, bucklandi Subzone, to semicostatum Zone, Tyra Subzone).
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FIGURE 2.19 A Sample geometry for an uncollimated GR-256 or GR-410 gamma-ray 
spectrometer. Hemispheres a and b provide 60 % and 99 % of the sample. Half- 
thickness (x w ) is given by 0.639/mup where mu is mass absorption coefficient and/? is 
the density. (Adapted from Heath 1982).
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1992)

FIGURE 2.19 Relationship between counting geometry and stratigraphical bedding 
surfaces. Tool resolution is greatiy effected by the orientation at which the scintillation 
detector is placed upon the fresh outcrop surface. (Modified from Parkinson 1994).
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Chapter 3 
Figure 3.01 to Figure 3.60

The Gamma-Ray Characteristics of the Lower Lias
in Southern Britain
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FIGURE 3.10 Sinemurian - Pliensbachian Stage boundary. Dorset (SY 380927)

(ABOVE) The top of the Hummocky limestone (bed 103), an erosional disconformity at which the 
two highest subzones of the raricostatum Zone are absent; it represents the boundary between the 
Sinemurian and Pliensbachian Stages in Dorset. There is a distinct change in depositional style in the 
Lower Pliensbachian away from dominantly argillaceous style of deposition (typified by the Black Ven 
Marls) to a more pelagic style of deposition and the development of light marl - dark marl couplets. 
Geological hammer is 35 cm in length.

(BELOW) Skolithos in the Hummocky limestone. The base of the Hummocky limestone is probably 
the deepest level to which Pliensbachian burrowers penetrated (Hesselbo & Jenkyns 1995a). 
Pencil is 6 cm in length.
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FIGURE 3.11 Gamma-ray logs for the Lower Lias of the Somerset coast based on 501 individual measurements. The Blue 
Lias has been subdivided on the basis of total gamma-ray signature and elemental log signature into 9 gamma-ray units, Bl 3 
to BL 11. These gamma-ray units are at an equal or higher resolution than the lithostratigraphic divisions proposed by 
Palmer (1972). The units of Whittaker et al. (1985), identified from the same sequence from the Burton Row borehole in 
Somerset, are also shown. Clearly, much finer subdivision of the Whittaker et al. gamma-ray units is possible.
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FIGURE 3.12 Strata! packaging within the Lower Lias of the Somerset coast based on total gamma-ray signature. The 
gamma-ray units, defined in this study, can be enhanced by altering the aspect ratio of the total gamma-ray flux scale to 
exaggerate the low frequency component of the total gamma-ray signature. The units of Whittaker et al. (1995), identified for 
the same sequence from the Burton Row borehole in Somerset, are also shown.
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FIGURE 3.13A Gamma-ray logs for the Lower Lias succession of the Glamorgan coast based upon 196 sets of measurements. 
The St Mary's Well Bay Formation, Lavernock Shales and Porthkerry Formation have been subdivided on the basis of total 
gamma-ray signature and elemental-log signature into 5 gamma-ray units. These are equivalent to the single unit identfied by 
Whittaker et al, (1995) for the same sequence from the Burton Row borehole in Somerset. Clearly, finer subdivision of the 
Lower Lias gamma-ray signature is possible. The vertical scale is identical to that used in Figures 3.11 and 3.12.
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FIGURE 3.13B Strata! packaging within the Lower Lias of the Somerset coast based on total gamma-ray signature. The 
gamma-ray units, defined in this study, can be enhanced by altering the aspect ratio of the total gamma-ray flux scale to 
exaggerate the low frequency component of the total gamma-ray signature. The vertical scale is identical to that used in 
Figures 3.11 and 3.12.



FIGURE 3.14 The Blue Lias. St Audrie's Bav. Somerset

(ABOVE) The yellow field notebook is placed at the horizon currently recognised at which ammonites of 
the genus Psiloceras first appear and which delinate the boundary between the Rhaetian (Triassic) and 
Hettangian (Jurassic). The first appearance occurs six metres above the base of the Blue Lias. The section 
(ST 102433) has been recently proposed as a candidate Global Stratotype Section for the base of the 
Jurassic System (Warrington et al 1994). (Dimensions of notebook 20 cm x 13 cm).

(BELOW) Field aspect of the Hastens Zone at St Audrie's Cliff (St. Audrie's Shales of Palmer 1972). The 
liasicus Zone is dominantly argillaceous, a consistent character over southern Britain. The series of 
limestones in the middle of the cliff are Palmer's beds Cl to C29. (Cliff approximately 18 m in height).
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FIGURE 3.15 The Blue Lias. East of Kilve Pvlle. Somerset

(ABOVE) Field aspect of the angulata Zone and lowermost bucklandi Zone exposed east of Kilve Pylle 
(ST 153452). The section is typified by high-frequency alternations between limestone and marl and is 
equivalent to beds C31 to C121 of Palmer (1972). The boundary between the angulata Zone and conybeari 
Subzone (bucklandi Zone) is located just below the base of limestone C101 as indicated. (Cliff is 
approximately 40 m in height)

(BELOW) The bucklandi Zone at Kilve Pylle (ST 144455). The section represents the rotiforme Subzone 
with the thick limestone above the dark marl unit being C121 of Palmer 1972. (Field assistant is 1.82 m 
high).



FIGURE 3.16 The Blue Lias. West of Kilve Pvlle and at Hinklev Point. Somerset

(ABOVE) Field aspect of the bucklandi Subzone of the bucklandi Zone, west of Kilve Pylle (ST 139457 - 
ST 14455). The section corresponds to Division D of Palmer (1972). The thick prominent limestone 
running through the cliff is known as Fat Boy (bed number E13). Cliff is 8.6 m in height.

(BELOW) Field aspect at Hinkley Point (ST 210465) of the lyra Subzone of the semicostatum Zone. The 
section is entirely exposed as foreshore and corresponds to the Doniford Shales of Palmer (1972).



Figure 3.17 The Blue Lias at Doniford Bav. Somerset

Field aspect of the lyra Subzone of the semicostatum Zone at the west end of Doniford Bay (ST 079433 
to ST 082430). The section exposed corresponds to the Doniford Shales of Palmer (1972). The lyra 
Subzone is dominantly argillaceous and is expanded by a factor of 38.3 relative to the time equivalent 
strata exposed at Seven Rock Point, Lyme Regis (ST 328910). Dimensions of yellow field-notebook are 
20 cm x 13 cm.



FIGURE 3.18 The Blue Lias at St. Marv's Well Bav and Lavernock Point. Glamorgan

(ABOVE) The yellow field notebook is placed at the horizon at which ammonites of the genus Psiloceras first 
appear and which therefore delineates the boundary between the Rhaetian (Triassic) and Hettangian 
(Jurassic). The first appearance is 5 m above the base of the Blue Lias (St. Mary's Well Bay Formation of 
Richardson 1905). Dimensions of notebook 20 cm x 13 cm. Grid Reference ST 176677.

(BELOW) The yellow field notebook is placed on the boundary between the underlying argillaceous 
Langport Member (Lilstock Formation) and the Bull Cliff Member of the Blue Lias. The Bull Cliff Member 
(pre-planorbis ) is characterised by a 4 m sequence of planar bedded limestones with minor mudstone 
horizons. Section exposed at Lavernock Point (ST 187681).



FIGURE 3.19 The Blue Lias at St. Marv's Well Bay . Glamorgan

(ABOVE) Field aspect of the liasicus Zone (Lavernock Shales of Strahan & Cantrill 1902) at the 
designated type locality (Waters & Lawrence 1987) between St. Mary's Well Bay and Lavernock Point 
(ST 176677 - ST 187681). The liasicus Zone is characterised by a series of dark grey, calcareous, 
bioturbated mudstones with subordinate beds of nodular limestone and correspond in Somerset to the St. 
Audrie's Shales of Palmer (1972). Cliff is approximately 37 m in height.

(BELOW) The yellow field notebook is placed above the boundary between the underlying St Mary's 
Well Bay Formation and the overlying Lavernock Shales. The lithostratigraphic contact occurs within the 
liasicus Zone. (Dimensions of field notebook 20 cm x 13 cm).
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FIGURE 3.20

The Blue Lias at St. Mary's Well 
Bay and Nash Point. Glamorgan

(LEFT) Contact between the 
Lavernock Shales (liasicus Zone) 
and the Porthkerry Formation 
(angulata Zone) between St 
Mary's Well Bay and Lavernock 
Point (ST 176677 - ST 187681). 
The boundary is taken at the 
base of the first continuous 
group of limestone beds which 
contrast with the argillaceous 
nature to the underlying 
Lavernock Shales. The high - 
frequency alternations between 
limestone and marl are typical of 
the angulata Zone in the Bristol 
Channel Basin and correspond 
in Somerset to the Blue Lias 
(sensu stricto ) of Palmer (1972). 
Cliff is approximately 37 m high.

(BELOW) The Porthkerry 
Formation (Trueman 1920) at 
Nash Point (SS 914684). The 
section is biostratigraphically 
equivalent to the angulata Zone 
and conybeari Subzone of the 
bucklandi Zone. The boundary 
between the two ammonite 
Zones runs mid-way through the 
cliff, above which the limestone 
beds become markedly thicker 
and less concretionary. Cliff is 
38 m high.
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East of Kilve Pvlle, Somerset
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FIGURE 3.24A Linear regression correlation between Th concentration and K concentration. 
A correlation coefficient of 0.63 suggests a statistically robust correlation at the 95 % significance 
level (n = 154). The relationship between the two elements can be described by the linear

equation : Th ppm = 3.17 K % + 0.066
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FIGURE 3.24B Linear regression correlation between Th concentration and U 
concentration. A correlation coefficient of 0.36 suggests a weak but statistically robust 
correlation at the 95 % significance level (n = 154). The relationship between the two 
dements can be described by the linear equation :

Th ppm = 0.550 U ppm + 3.051
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West of Kilve Pvlle. Somerset
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FIGURE 3.26A Linear regression correlation between Th concentration and K concentration. 
A correlation coefficient of 0.59 suggests a statistically robust correlation at the 95 % significance 
level (n = 80). The relationship between the two elements can be described by the linear

equation : Th ppm = 3.916 K %+ 0.567
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FIGURE 3.26B Linear regression correlation between Th concentration and U 
concentration. A correlation coefficient of 0.15 indicates that no statistically robust 
relationship is between the two dements (n=80).
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Doniford Bay. Somerset
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FIGURE 3.28A Linear regression correlation between Th concentration and K concentration. 
A correlation coefficient of 0.81 suggests a strong, statistically robust correlation at the 95 % 
significance level (n = 123). The relationship between the two elements can be described by the 
linear equation : Th ppm = 5.190 K %- 2.727
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FIGURE 3.28B Linear regression correlation between Th concentration and U concentration. A 
correlation coefficient of 0.01 indicates that there is no Unear covariant relationship between the 
two elements.
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St Mary's Well Bav. South Glamorgan.

20

18- 

_ 16- 

£ 14 q 

I 12^
I
g 10-1

8 8-:

6-

H 4 j

2- 

0

o

0 0.5
"I* 
1.5

ITJT

2,5
r ^ r 

3.51 1.5 2 2,5 3 
Potassium concentration (%)

4.5

FIGURE 3.30A Linear regression correlation between Th concentration and K concentration. A 
correlation coefficient of 0.73 suggests a statistically robust correlation at the 95 % significance 
level (n = 96). The relationship between the two dements can be described by the linear equation

: Th ppm = 3.061 K% - 0.225
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FIGURE 330B Linear regression correlation between Th concentration and U concentration. A 
correlation coefficient of 0.25 indicates that there is no covariant linear relationship between the two 
elements. A correlation coefficient of 0.30 or more is required for a statistically robust correlation at 
the 95 % significance level for n =96.
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Nash Point. South Glamorgan.
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FIGURE 3.32A Linear regression correlation between Th concentration and U concentration. 
A correlation coefficient of 0.54 suggests a weak but statistically robust correlation at the 95 % 
significance level (n = 100). The relationship between the two elements can be described by the

linear equation : Th ppm = 2.93 K % - 0.067
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FIGURE 3.32B Linear regression correlation between Th concentration and K 
concentration. A correlation coefficient of 0.62 suggests a weak but statistically robust 
correlation at the 95 % significance level (n = 100). The relationship between the two 
elements can be described by the linear equation :

Th ppm = 1.42 U ppm + 0.195
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FIGURE 3.33 Gamma-ray logs for the Lower Lias succession of the Dorset coast based upon 421 measurements. The Blue Lias to 
Belemnite Marls have been subdivided on the basis of total gamma-ray signature and elemental-log signature into 10 gamma-ray units. 
Gamma-ray units SWB 3 and BVM 1 can be viewed as a single gamma-ray unit since there is essentially little difference in total gamma-ray 
signature between the Shales-with-'BeeF and Black Yen Marls over this interval. However, there is a very great change in Th/U ratio at the 
boundary between these two formations. The pronounced increase in Th/U ratio in the Black Yen marls arises from a decrease in U 
concentration and an increase in Th concentration. These two logs destructively interfere and result in essentially little change in total 
gamma-ray flux across the boundary between the Shales-with-'BeeF and Black Yen Marls. The units of Whittaker etal, (1985), identified 
for the same sequence from the Burton Row borehole in Somerset, are also shown. Clearly, finer sub-division of the Whittaker etaL 
gamma-ray units is possible.
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FIGURE 3.34 Strata! packaging within the Lower Lias of the Dorset coast based upon total gamma-ray signature. The gamma-ray units 
defined in this study can be enhanced by altering the aspect ratio of the gamma-ray flux scale. The gamma-ray units can clearly be 
identified by enhancing the low frequency component of the total gamma-ray signature in this way. The units of Whittaker et al. (1985), 
identified for the same sequence from the Burton Row borehole in Somerset, are also shown.



FIGURE 3.35 The Blue Lias Formation. Dorset.

;ABOVE) Boundary between the White Lias and the Pre-planorbis Beds of the Blue Lias at Pinhay Bay 
;SY 318908). The White Lias is composed of a series of redeposited carbonate-mud flows as inferred from 
the matrix-supported intraclastic nature of most beds. These contrast with the high-frequency limestone- 
marl alternations characteristic of the Blue Lias. Height of cliff approximately 16 m.

;BELOW) Contact between the Blue Lias and the Shales-with-Beef at Seven Rock Point, Lyme Regis (SY 
328910). In contrast to the Blue Lias, the Shales-with-Beef are dominantly argillaceous with minor 
:oncretionary or tabular limestones. The prominant uppermost limestone in the foreground is Grey Ledge 
which represents the boundary between the two formations. Height of cliff approximately 17 m.



FIGURE 3.36 Shales-with-'Beer at Seven Rock Point. Lvme Resis. Dorset

Field aspect of the lower Shales-with-'Beer at Seven Rock Point, Lyme Regis (SY 328910). The 
exposure is representative of the scipionianum Subzone of the semicostatum Zone. The argillaceous 
nature of the Shales-with-'Beef contrasts with the limestone-marl cycles developed in the Blue Lias. In 
the foreground, the top two limestones of the Blue Lias (known as Grey Ledge, and Glass Bottle) are 
biostratigraphically equivalent to the condensed lyra Subzone of the semicostatum Zone. The 
condensed lyra Subzone of the Blue Lias clearly contrasts with the expanded scipionianum Subzone of 
the Shales-with-'Beef. (Height of cliff is approximately 12 m).



FIGURE 3.37 The Black Ven Marls. Charmouth. Dorset

(ABOVE) Field aspect of the Black Ven Marls west of Charmouth at Black Ven (SY 364930). The 
formation, together with the Shales-with-'BeeP below, comprises a package of predominantly dark 
laminated shales and dark marls with occasional concretionary and tabular limestone horizons. The 
Belemnite Marls are exposed towards the top of the cliff. (Ciff approximately 50 m in height).

(BELOW) Black Ven Marls below Stonebarrow cliff, east of Charmouth (SY 380927). The lowermost 
limestone is known as the Lower Cement Bed (bed 80). The Black Ven Marls at Stonebarrow are 
slightly condensed with respect to the section exposed on Black Ven and the first recorded Asteroceras 
(Lang & Spath 1926) occurs slightly lower at Stonebarrow. These observations are compatible with 
synsedimentary activity on the intervening Char Fault during the late Sinemurian. (Cliff 
approximately 30 m in height).



FIGURE 3.38 Belemnite Marls exposed east of Charmouth. Dorset (SY 380927-SY 415918)

(ABOVE) The Belemnite Marls that outcrop beneath Stonebarrow, east of the village of Charmouth 
(SY 380927). The series of light marl - dark marl couplets are a striking feature of the formation and 
less strongly overprinted by diagenesis than comparable cycles developed in the Blue Lias. The 
formation as a whole can be considered as a sedimentary cycle of first progressively increasing and 
then progressively decreasing bed-couplet thickness. (Height of cliff approximately 23 m).

(BELOW) The Belemnite Stone (SY 415918). Biostratigraphic condensation at the top of the 
Belemnite Marls culminates in a condensed 5 cm light grey-brown concretionary horizon known as the 
Belemnite Stone, (bed 121) The nodular limestone contains abundant belemnites, bivalves and 
Chondrites. Above bed 121, the strata belong to the Green Ammonite Beds (davoei Zone). Hammer is 
35 cm in length.
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Blue Lias. Lvme Reels, Dorset.
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FIGURE 3.40A Linear regression correlation between Th concentration and K 
concentration. A correlation coefficient of 0.889 suggests a statistically robust correlation 
at the 95 % significance level (n = 87). The relationship between the two elements can be 
described by the linear equation : Th ppm = 3.9485 K % - 0.40727
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FIGURE 3.40B Linear regression correlation between Th concentration and U 
concentration. A correlation coefficient of 0.509 suggests a weak but statistically robust 
correlation at the 95 % significance level (n = 87). The relationship between the two elements 
can be described by the linear equation: Th ppm = 0.9119 U ppm + 1.2337
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Shales-with-'Becf. Charmouth. Dorset
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FIGURE 3.42A Linear-regression correlation between Th concentration and K 
concentration. A correlation coefficient of 0.87 suggests a statistically robust correlation 
at the 95 % significance level (n = 108). The relationship between the two elements can 
be described by the linear equation :

Th ppm = 3.95 K % + 0.943
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FIGURE 3.42B Linear-regression correlation between Th concentration and U 
concentration. A correlation coefficient of 0.14 indicates that no statistically robust 
relationship is shown by the two elements (n = 108).
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FIGURE 3.44 Total gamma-ray log, elemental-concentration logs and elemetal-ratio curves for Shales-with-'Beer and Black Yen Marls. 
Biostratigraphic boundaries are indicated. The gamma-ray logs are based on 222 sets of gamma-ray measurements.



Black Ven Marls. Charmouth. Dorset
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FIGURE 3.45A Linear-regression correlation between Th concentration and K 
concentration. A correlation coefficient of 0.64 suggests a statistically robust correlation 
at tine 95 % significance level (n = 114). The relationship between the two elements can be 
described by the linear equation :

Thppm = 4.24 K%+1.083
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FIGURE 3.45B Linear-regression correlation between Th concentration and U 
concentration. A correlation coefficient of 0.01 indicates that no statistically robust 
relationship is shown by the two elements (n = 114).
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significance level (n = 89). The relationship between the two elements is given with reference 
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The luridum Subzone at 

Blocklev Pit. Gloucestershire 
(SP 182369).

(ABOVE) Field aspect of 
Blockley Pit, currently owned 
and managed by Northcot 
Brick Co.

(LEFT) The lowermost 4.2 m 
thick fresh section exposed at 
the SE end of the pit. The 
section is argillaceous in 
character and shows no 
evidence for the development 
of light marl - dark marl 
couplets that are clearly 
displayed within the Belemnite 
Marls at Stonebarrow, Dorset 
(SY 380927). Lithologically, 
the section exposed at Blockley 
Pit shows more similarities to 
the Shales-with-'Beef and 
Black Yen Marls, in Dorset, 
than the time-equivalent 
Belemnite Marls. The 
thickness of the luridum 
Subzone is expanded by a 
factor of 324 at Blockley Pit 
relative to the Belemnite Stone 
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FIGURE 3.55A Linear regression correlation between Th concentration and K concentration. 
A correlation coefficient of 0.75 suggests a strong, statistically robust correlation at the 95 % 
significance level (n = 36). The relationship between the two elements can be described by the 
linear equation : Th ppm = 5.695 K %+ 0.649
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FIGURE 3.55B Linear regression correlation between Th concentration and U concentration. A 
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two elements.
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FIGURE 3.58 A Biostratigraphic divisions of the Burton Row borehole at the zonal level of resolution. The 
biostratigraphy in Burton Row is accurately known to the resolution of ammonite subzones between 404.68 m 
and 232.87 m, base planorbis Subzone to top scipionlanum Subzone (Whittaker 1983). Thereafter, resolution 
is at the level of the ammonite zone (see Ivimey-Cook & Donovan 1983).
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FIGURE 3.59 Divisions of the Burton Row borehole. The gamma-ray units originally identified by Whittaker 
etaL (1985) from this borehole are shown. Comparison with the gamma-ray units defined in this study are 
shown. Gamma-ray units BL 3 to BL11, defined from coastal exposure in the Bristol Channel Basin, can be 
identified in Burton Row. Gamma-ray units BVM 2 to BM 2, defined from the exposure along the Dorset 
coast in the Wessex Basin, can also be identified in the Burton Row borehole. It is difficult to distinguish 
gamma-ray units SWB 2 and SWB 3-BVM 1 in Burton Row between the depths 199.8 m and 154.63 m. It is 
probable that the Black Yen Marls are thicker than Whittaker's (1985) division would suggest

Biostratigraphy in Burton Row is accurately known to the resolution of ammonite subzones between 404.68 m 
and 232JJ7 m (baseplanorbis Subzone to top sciponianum Subzone). Thereafter, resolution is at the level of 
the ammonite zone (see Ivimey-Cook & Donovan 1983). Within Burton Row, the gamma-ray unit BVM 2 
additionally includes the oxynotum Zone that is represented by the Coinstone disconformity in Dorset The 
oxynotum Zone is represented between the depths 137.50 m and 154.63 m (Whittaker 1983).
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FIGURE 3.60 Division of the uncored Winterborne Kingston borehole into total gamma-ray units. 

A comparison of the divisions made by Whittaker etal. (1985) and those based on this study is shown. 

There are considerable differences in the identification of formation bou tdaries and the thickness of the 

recognised formations. All the gamma-ray units defined from the Dorsei outcrop gamma-ray log can b« 

identified in the Winterborne Kingston borehole.



Chapter 4 
Figure 4.01 to Figure 4.22

Interpretation of the Gamma-Ray Characteristics shown 
by the Lower Lias in Southern Britain
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This interpretation assumes that the total gamma-ray log for Burton Row reflects Th content. This 
assumption is only valid by comparison with the outcrop spectral gamma-ray log data and cannot be made on 
the basis of total gamma-ray flux alone.
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FIGURE4.il The obtusum Shales (gamma-ray unit BVM 2) at Stonebarrovv. Charmouth. Dorset.

(ABOVE) Eield aspect of the obtusum Shales that outcrop at Stonebarrovv (SY 3780927). The obtusum 
Shales form a distinctive stratal package that comprises organic-rich 'paper shales' with a maximum 
TOC of 11.68 %. Maximum measured U concentration is 12.7 ppm. In the photograph, the obtusum 
Shales are the sediment package that runs mid-way through the cliff above the scree slope and are bound 
by two concretionary limestone horizons. The lowermost, bed 82, is known as Pavior (P) and 
the uppermost, bed 89, is known as the Coinstone (C). Ciff is approximately 30 m in height.

(BELOW) The laminated nature of the obtusum Shales can clearly be seen in the small headlands below 
Stonebarrovv (SY 384926). The yellow field notebook rests on the Pavior limestone (P) at which there is 
evidence for a small stratal gap (e.g. Diplocraterion and Thalassinoides). Notebook is 20 cm x 13 cm.
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FIGURE 4.18 The wireline-log trace of two laterally persistent geophysical marker horizons 
recognised within the Lower Lias of Oxfordshire. The '70* and '85' Markers are considered 
to be sufficiently distinct to be defined as lithological members within the Lias sequence 
(Horton & Poole 1977) and can easily be distinguished using the sonic-velocity and total- 
gamma-ray logs. The '70' Marker Member is a moderate to low gamma-ray radioactive 
feature and lies within the jamesoni Zone. The '85' Marker Member is a low-radioactive 
feature of between 35-45 API on the total gamma-ray log and lies within the ibex Zone.



FIGURE 4.19 The '70' and '85' Marker Member. East Midland Shelf.

(ABOVE) Core representative of the '70' Marker Member from the Steeple Aston borehole (depth 
114.45 m). The '70' Marker Member comprises micritic limestones and bioclastic (bivalve) debris and is 
a moderate to low radioactive feature on the total gamma-ray log. The marker is taken to represent the 
boundary between the brevispina Sub/one and the taylori Sub/one (jamesoni Zone). Pencil is 16 cm long.

(BELOW) Core representative of the '85' Marker Member from the Steeple Aston borehole (depth 
89.35 m). The '85' Marker Member comprises calcareous mudstones and argillaceous limestones and is 
taken to represent the boundary between the valdani and luridum Sub/ones (ibex Zone). The marker is a 
distinctive low radioactive feature of 35-45 API on the total gamma-ray log. Pencil is 16 cm in length.
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Chapter 5 
Figure 5.01 to Figure 5.15

A Sequence Stratigraphic Synthesis for the Lower Lias 
in Southern Britain and Final Conclusions



Stratigraphic Record

FIGURE 5.01 The complex system of interactions and feedbacks which influence the 
Stratigraphic record. Sea-level is influenced by climate and global or regional tectonics. 
Deposition is influenced by accommodation space (the space available beneath base level which 
may be sea-level itself or storm wave-base). There is a negative feedback loop between 
accommodation and deposition but a positive feedback loop involving sediment compaction as 
a result of loading. Loading also acts to increase subsidence and hence accommodation. 
(Based on Smith 1994.)
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FIGURE 5.02 Depositional sequence stratigraphic interpretation of a total gamma-ray log for a coarse­ 
grained siliciclastic system. The associated lithological log is also given. The inferred maximum flooding 
surface is denoted mfs and the inferred sequence boundary SB. Inferred depositional systems tracts are 
also given although system tract terminology is not applicable to the Lower Lias of southern Britain as 
there is no pronounced change in depositional system away from the open marine environment. (Based 
upon Gawthorpe et al. 1994)
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•SPACE-LIMITED' SETTING 'SUPPLY. LIMITED' SETTING

__________Increasing distance from source of fine-grained sediment

Shelf-Slope Break 

relative sea-level I

Proximal mudrock facies 
(clastic dilution of carbonate) Distal mudrock facies 

(carbonate dilution of elastics)

N

A) Water-Mass Stratification Developed (birchi Subzonei

Body of oxygenated, warm water

Point of deposition upon shelf
in Dorset during birchi

Subzone

Body of dysaerobic, cold,& 
denser water

Biota utilise available oxygen in
lower part of water column and

anoxic conditions created at
sediment-water interface

B) Relative Sea-Level Rise (obtusum Subzone)

Shift in Locus of Sedimentation towards East 
Midland Shelf

Body of oxygenated, warm water

Anoxia created at sediment- 
water interface. Content of TOC 
and associated U in deposited 

mud increases. Body of dysaerobic, colder, & 
denser water migrates onto shelf.

FIGURE 5.06 Possible interpretation of the obtusum Shales (gamma-ray unit BVM 2). The 
development of regional anoxia during the obtusum Zone is attributed to migration of dense, 
dysaerobic water onto the shelf during relative sea-level rise. Anoxic conditions persist on the shelf 
during subsequent progradation but are destroyed by mixing of the water masses, possibly during the 
associated relative sea-level fall. Immediately following relative sea-level rise, the shelf may have 
beome starved (below the resolution of the ammonite subzone) to create the stratal gap at the horizon 
known as Pavior, prior to sediment progradation back into Dorset.



FIGURE 5.07 The Coinstone at Stonebarrow. Charmouth. Dorset.

(ABOVE) Field aspect of the Coinstone, which consists of a horizon of bored and encrusted early 
diagenetic, clay-hosted septarian concretions coincident with a biostratigraphic gap of three ammonite 
subzones. Several types of concretion of variable complexity have been distinguished (Hesselbo & 
Palmer 1992), of which two, probably derived from slightly different stratigraphic levels, have been 
juxtaposed by condensation at the erosion surface. (Field assistant is 1.62 m in height).

(BELOW) Exhumation above the sediment-water interface is evident in several Coinstone concretions 
due to intense surface boring. A mechanism of stratal erosion has been proposed by Hesselbo & Palmer 
(1992) in which burrowing by crustaceans is inferred to have caused resuspension and increased bed 
roughness, thus facilitating erosion by relatively weak bottom currents.
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oinstone disconfonnity as evident at outcrop in D
orset ( SY

 380927) show
s a variation in am
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onite subzonal duration across southern Britain. O

nly surface exposure and 

sub-surface data w
ith a subzonal biostratigraphic resolution is show

n. The disconfonnity developed w
ithin the Shales-w

ith-'B
eef 'is extrem

ely local in geographical extent and is likely to be 

independent of processes that produced the C
oinstone disconfonnity and m

ay be due to erosion from
 w

aves im
pinging upon the shallow

 E
ast M

idland Shelf. Based upon G
reen &

 M
elville (1956), 
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 (1963), Poole (1969), C
ope et aL (1981) and D
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he C
oinstone disconfonnity cannot be identified from
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a-ray data w
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corresponding am
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-flooding surfaces (M

SF) and candidate correlative conform
ities of sequence boundaries (SB) are 

show
n. Subzonal thicknesses are indicated.



TO RELATIVE SF.A.f JEVEL RISK

Point of deposition upon shelf
in Dorset during birchi

Subzone
In a 'space-limited' basinal location that

receives considerable amounts of detrital
material, biogenic carbonate would be
diluted by elastic material. This would

increase the Th concentratioo (and Th/K
ratio) of the marine sedimcDt characteristic

of a proximal mudrock facies. Thick 
argillaceous lithological units would be

deposited. Thick sediment packages 
deposited during relative sea-level rise.

In a 'supply-limited' basinal location
receiving less detrital male rial (most of

which is deposited oo (he shelf) carbonate
dilution of clastic material would occur.

This would lower the Th concentration (and
Th/K ratio) of the sediment characteristic of

a distal mudrock fades. A sensitive 
deposition system may develop and high- 

frequency alternations, in either 
productivity or input of clastic material, 
may be distinguished. Thick sediment 

packages deposited during relative sea- 
level fall.

B) DEPOSITION DURING RELATIVE SEA-LEVEL RISE

Locus of deposition shifts northwards on to the 
East Midland Shelf

Sediment starvation results in biostratigraphic
gap during the time interval represented by

three ammonite subzones

O DEPOSITION DURING HIGHSTANP AND RELATIVE SEA-LEVEL FALL

Swift progradation southwards during 
highstand and subsequent relative sea-level fall

1

Rapid infilling of available accommodation
space due to shallow shelf gradient. Proximal

mudrock facies deposited in Dorset.
Steep slope gradient and greater 

accommodation space. Distal mudrock facies
is deposited during the progradation of the

proximal mudrock facies across the shelf to the
north.

FIGURE 5.09 Possible interpretation of the Coinstone in terms of relative sea-level change.



FIGURE 5.10 
Migration of mudrock fades at the Sinemurian - Pliensbachian boundary

A) DEPOSITION DURING TJPPFR STNEMURTAN STAP.R

Shelf muds progradc across the shelf

BLACK VEN MARLS

Shelf muds are deposited with a gamma-ray
signature characteristic of a proximal mudrock

facies during the lowermost raricostatum
Zone.

B) DEPOSITION DURING THE LOWER PLIENSBACHIAN STAGE

BELEMNITE MARLS 

Locus of deposition shifts away from Dorset

MIGRATION OF DISTAL FACIES ON TO 
THE SHELF

Sediment starvation results in the
disconformity biostratigraphically equivalent
to the interval represented by the aplanatum
and macdonelli Subzones and lowermost part

of the taylori Subzone.

A distal mudrock facies with a low Th 
concentration and low total gamma-ray 

signature is deposited following relative sea- 
level rise. Carbonate content to the sediment is 
increased. The mudrock facies is characteristic 

of epciric sea settings distal to the shelf.
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Three types of shale can be distinguished in the Low
er Lias in southern Britain, prim

arily based on the U concentration log as Th concentration for all argillaceous intervals is high. In case A 
anoxia appears to have developed during a fall in relative sea-level as the supply of terrigenous nutrients to the m

arine environm
ent increased. This m

ay have led to an increase in productivity and oxygen- 
depletion of the w

ater colum
n, resulting in bottom

-w
ater anoxia. In case B, the sciponianum

 Shales are also interpreted as having been deposited during a fall in relative sea-level, but anoxia appears to have not 
been extensively developed, as indicated by a low concentration of U. In case C, the U concentration log show

s an increase follow
ed by a progressive decrease in U, w

hich is interpreted as the result of a rise in 
relative sea-level w

ith the m
igration of anoxic basinal-w

aters on to the shelf. The developm
ent of anoxia in the Low

er Lias is not diagnostic of any one particular part of the relative sea-level curve.



Appendix 1

Methodology and Experimentation Data Required for 
Outcrop Based Gamma-Ray Spectrometry.
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Cdifrgtion Pgd Sample Time Total counts K counts U counts Th counts

K3-88 120 seconds 16180 /772 \
K3-88 120 seconds 16520 / 776 \
K3-88 120 seconds 16530 775
K3-88 120 seconds 16180 772
K3-88 60 seconds 8050 386 ;
K3-88 60 seconds 8370 V 385 /

U8-89 120 seconds 30050 1816
U8-89 120 seconds 28820 2032
U8-89 120 seconds 30400 1735
U8-89 120 seconds 31070 1649
U8-89 60 seconds 15500 795
U8-89 60 seconds 15760 814

T3-88 120 seconds 38680 1151
T3-88 120 seconds 33690 1435
T3-88 120 seconds 36380 1304
T3-88 120 seconds 33740 1473
T3-88 60 seconds 16390 854
T3-88 60 seconds 15480 819

B3-88 120 seconds 7320 270
B3-88 120 seconds 7360 333
B3-88 120 seconds 7760 334
B3-88 120 seconds 7570 316
B3-88 60 seconds 3850 174
B3-88 60 seconds 3820 179

Summed Results

K3-88 600 seconds 82160 3882
U8-89 600 seconds 151600 8841
T3-88 600 seconds 174360 7040
B3-88 600 seconds 37680 1606

1200 66
1404 84
1537 44
1200 66
417 40
878 44

f !83
211
167
208
84
118

2103 1473
1439 1499
1818 1274
1462 1458
661 823
635 816

575 67
664 99
767 74
768 80
406 52
419 54

6490 369
6604 971
8118 7343
3599 426

Table 1.15 Temperature drift during calibration of the GR-410 eamma-rav
spectrometer. The number of U counts on U8-89 pad are only approximately double
those detected on the background radiation pad B3-88 . Similarly the number of K
counts on U8-89 pad are actually greater than the number of U counts detected on the
same pad. This indicates drift of the gamma-ray spectra with the K-energy window
recording a significant proportion of counts from a pure U source. On the K3-88
pad the number of U counts are actually greater than the number of K counts
indicating drift of the K gamma-ray spectra into the U energy window. In this case
the U window is recording a significant proportion of gamma-ray counts from a
pure K source. (See Chapter 2, Section 2.03).
The calibration data were collected on the 9th January 1995.
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Specifications Of Transportable Calibration Pads

Dimensions 1 m x 1 m x 0.3 m

Weight

Density

B-Pad 
K-Pad 
U-Pad 
T-Pad

B-Pad 
K-Pad 
U-Pad 
T-Pad

(B3-88) 680 Kg
(K3-88) 670 Kg
(U8-89) 670 Kg
(T3-88) 680 Kg

2.28 g/cm3
2.23 g/cm3
2.24 g/cm3 
2.28 g/cm3

Composition B-Pad Standard concrete with 3/8 inch limestone aggregate 
K-Pad Feldspar crushed to 3/4 inch with cement in the ratio

4 feldspar to 1 cement 
U-Pad Concrete with 3/8 inch limestone aggregate +

phosphate slag crushed to 1/4 inch 
T-Pad Concrete with 3/8 inch limestone aggregate + thorium

ore crushed

Perecentage of infinite source

K-Pad 
U-Pad 
T-Pad

86.5 % for 1.46 MeV potassium gamma-rays 
85.8 % for 1.76 MeV uranium gamma-rays 
84.2 % for 2.62 MeV thorium gamma-rays

Concentration of Transportable Pads

B-Pad 
K-Pad 
U-Pad 
T-Pad

1.43+/-0.01 
7.57 +/- 0.05 
1.07+/-0.01 
1.43 +/-0.02

(errors are at the one sigma level)

U(ppm)

0.94 +/- 0.02
1.22 +/- 0.09

46.93 +/- 0.32
1.74+/-0.16

Th(ppm)

2.32 +/- 0.06 
1.40+/-0.12 
2.75 +/- 0.07 

121.6 +/- 1.66

Table 1.17 Specifications of the calibration pads used at the British Geological 
Survey, Keyworth to determine stripping ratios and sensitivity constants for 
portable gamma-ray spectrometers.



Program PADWIN

The calibration program called PADWIN was originally written by Leif Lovborg and his associates at 
the Riso National Laboratory in Denmark. The program has been modified by the British Geological 
Survey to allow for the non-infinite size of the transportable pads. Calibration constants and associated 
errors are calculated. These errors take into consideration Poisson counting errors as well as 
uncertainties in the concentration of the pads.

The program is in executable form for an IBM-PC or AT compatible computer and will run with or 
without a math coprocessor. The program assumes that the gamma-ray spectrometer has a typical 7.6 
cm x 7.6 cm sodium iodide scintillation crystal within the detector assembly.

The following data are input into the program for any new calibration being processed :
1) number of pads
2) counting time in minutes on the Blank Pad
3) accumulated counts in the K-window on the Blank Pad
4) accumulated counts in the U-window on the Blank Pad
5) accumulated counts in the Th-window on the Blank Pad

The sequence is repeated for counting time and window counts for the potassium, uranium and thorium 
pads. The count time needs to be the same for each pad but can be a summation of separate count 
times. The program automatically determines, from the known radioelemental concentrations of the 
four pads, the errors in concentration and the geometric correction factors.

PADWIN first calculates the potassium, uranium and thorium window sensitivities for small pad-size 
sources from the total count and pad-concentration data. The geometric correction factors are then 
applied to these small source sensitivities to give infinite source sensitivities.

Table 1.18 Details of the BGS gamma spectrometer software program known as 
PADWIN (vl.l). The program is used determine stripping ratios and sensitivity 
constants for portable gamma-ray spectrometers from raw data obtained on 
transportable calibration pads.



(A) Calibration of GR-256 S/No. 1560 owned by B.P. 

llth January 1991 Test 1 Test 2

Total counts 2829
K counts 410
U counts 158
Th counts 63

25th March 1992 Test 1

Total counts 2947
K counts 461
U counts 249
Th counts 87

13th Mav 1992 Test 1

Total counts2826 2927
K counts 426
U counts 269
Th counts 99

19th October 1992 Test 1

Total counts 2744
K counts 431
U counts 143
Th counts 84

2822
443
164
66

2927
469
255
77

Test 2

2846
407
183
51

2709
423
157
86

Channels

70 - 255 
110- 124 
131 - 149 
194 - 216

Channels

70 - 255 
111- 125 
133- 151 
197-219

Channels

70 - 255 
110- 124 
113- 149 
194 - 216

Channels

70 - 255 
110- 124 
113- 149 
194 - 216

(B) Calibration of GR-256 S/No. 1521 owned by Leeds University

16th August 1995 Test 1

Total counts 2951
K counts 447
U counts 172
Th counts 45

31st August 1995 Test 1

Total counts 2885
K counts 428
U counts 169
Th counts 71

3083
453
205
51

2991
424
169
74

Channels

70 - 255 
110- 124 
113- 149 
194 - 216

Channels

70 - 255 
116- 130 
140 - 189 
210 - 232

Table 1.19 Calibration data for the GR-256 gamma-ray 
spectrometer owned by Leeds University using identical 
count rates and constants to those previously used by the B.P. 
machine. The Leeds University machine was subject to spectral 
drift which often brought the machine out of tolerance 
(as shown by the channels on the 31st August 1995). No 
measurements could be taken with the machine when this 
occurred and the spectrometer had to be sent away in order 
for the problem to be rectified. 
Data supplied by David Skinner & Partners Ltd.



CALIBRATION OF TRANSPORTABLE PADS 
(Data Processed and Obtained from PADWIN Program)

WINDOW COUNTS

BPad 
KPad 
UPad 
TPad

Time (minutes)

10.0
10.0
10.0
10.0

K counts

4808
15622
6213
6903

U counts

691
942

8603
5916

Th counts

551
517
701

A-MATRIX FROM NONLINEAR REGRESSION

176.0 (2.7570)
3.943 (0.7142)
0.4812 (0.5545)

13.33 (0.3257)
17.19 (0.3000)
0.2646 (0.3023)

3.377 (0.11470)
4.265 (0.04265)
6.988 (0.12690)

INVERSE A-MATRIX

0.005782 (2.7570)
-0.001239 (-0.0002646)
-0.0003512 (0.0004591)

-0.004480 
0.05967 

-0.001951

(0.0001142) 
(0.0008612) 
(0.002569)

-0.00005969 
-0.3582 
-0.1445

(-0.0001019) 
(0.0008875) 
(0.003043)

WINDOW SENSITIVITIES FOR SMALL SOURCES

K Sensitivity 
U Sensitivity 
Th Sensitivity

217.00 (2.757) counts per minute per % K 
19.74 (0.3007) counts per minute per ppm U 
8.32 (0.1269) counts per minute per ppm Th

WINDOW SENSITIVITIES FOR INFINITE SOURCES

K Sensitivity 
U Sensitivity 
Th Sensitivity

265.20 (3.213) counts per minute per %K 
22.60 (0.3518) counts per minute per ppm U 
9.21 (0.1510) counts per minute per ppm Th

Table 1.20 Calculated window sensitivities and stripping ratios for the 
Edinburgh University GR-256 gamma-ray spectrometer using the PADWIN 
(BGS gamma spectrometer software vl.l) program and CAL-256 program. 
Individual counts times have been summed into a single measurement taken 
over a 10 minute interval. This is the input into the program. The data 
were collected on the 10th October 1995. (1 of 2.)



STRIPPING RATIOS

ThintoU (alpha)
ThintoK (beta)
U into K (gamma)

0.6104 (0.0125)
0.4833 (0.0160)
0.7751 (0.0188)

U into Th (A)
KintoTh (B)
K into U (C)

0.0154 (0.0174)
0.0027 (0.0031)
0.0224 (0.0041)

(numbers in parentheses are estimated standard deviations).

Table 1.20 (2 of 2). The forward stripping ratios (alpha, beta, gamma) 
should be less than 1 whilst the backward stripping ratios (A, B, C) should 
be near to 0.



Time seconds Total counts

Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge
Iron Ledge

Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed
Lower Cement Bed

Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed
Belemnite Bed

Table 1.21
ray sensitivity

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

480
480
480
480
480
480
480
480
480
480
480
480
480
480
480
480
480
480
480
480

240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240

36420
37650
38030
38360
38410
37880
38410
37840
37510
38340
39320
39540
40100
40380
40670
40810
41090
39910
39290

35940
37560
38020
37990
37650
37390
36540
37170
37250
37780
37810
39540
44480
44240
43330
44320
44250
47410
46830
48310

43990
43170
43670
43650
44270
44320
44210
44450
45420
45670
45990
46000
46400
46510
46640
46350
47070
47280
47300

5.68 CPS/ur 4

21.37
22.10
22.32
22.51
22.54
22.23
22.54
22.21
22.01
22.50
23.08
23.20
23.53
23.70
23.87
23.95
24.11
23.42
23.06

21.09
22.04
22.31
22.29
22.10
21.94
21.44
21.81
21.86
22.17
22.19
23.20
26.10
25.96
25.43
26.01
25.97
27.82
27.48
28.35

25.82
25.33
25.63
2.56
25.98
26.01
25.94
26.09
26.65
26.80
26.99
27.00
27.23
27.29
27.37
27.20
27.62
27.75
27.76

.14 CPS/ur 4.73 CPS/ur Range in ur

29.322
30.31
30.62
30.89
30.93
30.50
30.93
30.47
30.20
30.87
31.66
31.84
32.29
32.51
32.75
32.86
33.08
32.13
31.63

18.09
18.90
19.13
19.12
18.95
18.82
18.39
18.70
18.74
19.01
19.03
19.90
22.38
22.26
21.80
22.30
22.27
23.86
23.57
24.31

44.27
43.45
43.95
4.39
44.56
44.61
44.49
44.74
45.71
45.96
46.29
46.30
46.70
46.81
46.94
46.65
47.37
47.58
47.60

5.67
26.53
26.80
27.24
27.07
26.69
27.07
26.67
26.43
27.02
27.71
27.86
28.26
28.46
28.66
28.76
28.96
28.13
27.69

15.83
16.54
16.75
16.73
16.58
16.47
16.09
16.37
16.41
16.64
16.65
17.42
19.59
19.49
19.08
19.52
19.49
20.88
20.63
21.28

38.75
38.03
38.47
3.85
39.00
39.04
38.94
39.16
40.01
40.23
40.51
40.52
40.87
40.97
41.09
40.83
41.46
41.65
41.67

Calibration of total gamma-ray flux to ur using each of theo *
constants

*-/

determined
Range in total gamma-ray flux (ur

from the BGS
units) between

transportable

3.66
3.78
3.82
3.88
3.86
3.80
3.86
3.80
3.77
3.85
3.95
3.97
4.03
4.06
4.08
4.10
4.13
4.01
3.95

2.26
2.36
2.39
2.38
2.36
2.35
2.29
2.33
2.34
2.37
2.37
2.48
2.79
2.78
2.72
2.78
2.78
2.98
2.94
3.03

5.52
5.42
5.48
0.55
5.56
5.56
5.55
5.58
5.70
5.73
5.77
5.77
5.83
5.84
5.86
5.82
5.91
5.94
5.94

total gamma
calibration pads.

each of the constants is given.



The Mann-Whitney Statistical Test 
(Procedure for Calculation)

Step 1

Rank the data (taking both data-sets together) giving rank 1 to the lowest score and so on. If there are 
tied observations the mean rank is given to each of the tied observations.

Step 2

Find the sum of the ranks for the smaller sample or if both samples are the same size find the sum of 
the ranks of sample A. Call this value T.

Step 3 

Find U where :
(NA (NA+l)/2)-T

where NA is the number of scores in the smaller sample or if both samples are the same size the 
sample for which ranks were totalled to find T.

Step 4

Find the standard deviation of U where :

SDu = [NA NB (NA + NB +1)/12] 0'5 

Step S 

Find the Z-score:

Z = [(U - (NA N. / 2) / SDJ

For a two-tailed non-directional test, the alternative hypothesis (i.e. there is a difference) is significant 
at the 95 % level if the observed Z if it exceeds 1.96. For a one-tailed directional test 95 % 
significance is attained if Z exceeds 1.64

Reference

Mann, H.B. & Whitney, D.R. 1947 On a test of whether one or two random variables is 
stochastically larger than the other, Annals of Mathematical Statistics , 18, 52-54.

TABLE 1.22 Mathematical Execution of the Mann-Whitney Statistical Test.
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(ur) K^ u ppm Th ppm

Multiple reading a f the same location

0 -°° -8.50 +13.28 -0.76
0-00 -8.50 +5.47 -9.92

-1-59 +4.58 -4.30 -6.87
+0.79 +4.58 -2.34 +11.45

0.00 +4.58 +1.56 +9.92
0-00 -1.96 -6.25 +0.76

+0.79 -1.96 +5.47 -5.34
-0.79 +4.58 -0.39 -9.92

+1-59 +4.58 -2.34 -6.87
-1-59 -1.96 -2.34 +2.29
-0.79 -1.96 +3.52 -2.29
0.00 -8.50 +1,56 -0.76

+0.79 +4.58 -8.20 +20.61
-1.59 -1.96 -4.30 -0.76
-0.79 -1.96 +3.52 -19.08

+0.79 +4.58 -8.20 +3.82
+2.38 -1.96 -0.39 +8.40
+0.79 -1.96 +1.56 +2.29
+0.79 +4.58 -2.34 +5.34
-1.59 -1.96 +5.47 -3.82

(B) Readings taken at different locations

-0.56 0.00 +2.51 -16.30
+0.24 0.00 +16.05 -4.55
+ 1.03 0.00 +0.58 -4.55
+0.24 0.00 +4.45 -4.55
-3.74 -6.67 +6.38 -8.96

+1.03 0.00 +2.51 -0.15
+3.42 +6.67 -5.22 +10.13
+2.63 +6.67 -11.03 +16.01
-5.33 -6.67 -3.29 +7.20
-0.56 0.00 -5.22 -10.43

+0.24 0.00 +0.58 +8.66
-0.56 0.00 -1.35 -0.15

+2.63 +6.67 +4.45 +8.66
-2.94 -6.67 -7.16 -14.83
-2.94 -6.67 -7.16 +4.26
-1.35 -6.67 +2.51 -10.43

+0.24 +6.67 -12.96 -6.02
-0.56 0.00 +2.51 +8.66

+4.22 0.00 +16.05 -1.62
+1.83 +6.67 -7.16 +17.47

Table 1.27 The percentage error calculated for total 
gamma-ray flux and radio-elemental concentration for 
measurements collected at the same location and 
different locations on the Belemnite Bed. The 
Belemnite Bed outcrops west of Seatown, Dorset 
(SY 318908). The percentage error is calculated from 
the data given in Tables 1.12 and 1.25.



Total Cur) U pom Th ppm

(A) Multiple readings at the same location

-2.71 
+ 1.81 
+0.68
-0.45 

+ 1.81
-0.45 

+ 1.81 
+0.68
-0.45 

+0.68
-1.58 

+0.68
-1.58
-1.58 

+0.68 
+0.68 
+1.81
-0.45
-0.45
-1.58

-2.2
-2.2
-2.2 

+8.7
-2.2

-13.0 
+8.7
-2.2
-2.2
-2.2
-2.2
-2.2
-2.2
-2.2 

+8.7
-2.2 

+8.7
-2.2

-13.0 
+8.7

-0.63 
+3.59 
+5.71
-2.75

-28.12 
+5.71
-2.75 

+3.59 
+3.59
-2.75 

+1.48
-4.86
-0.63 

+3.59 
+5.71 
+5.71 
+3.59 
+3.59 
+7.82
-11.21

(B) Readings taken at different locations

-7.39
-6.28
-7.39
-5.18

-16.21
-9.59
-9.59
-0.77
-4.08
-1.87

-10.69
-8.49
-9.59
-9.59 

+33.41 
+11.36 
+4,74 
+24.59 
+10.25 
+22.38

-2.17
-13.04
-13.04
-13.04
-13.04
-2.17
-2.17
-2.17
-13.04
-13.04
-13.04 
+2.17
-13.04
-2.17
-13.04 
+19.57
+8.70 

+41.30 
+19.57 
+41.30

-9.64
-1.61
-3.61
-3.61

-17.67
-17.67
-5.62 

+4.42 
+4.42
-5.62
-9.64
-7.63
-3.61

-15.66 
+72.69 
+8.43 
+4.42 
+0.40
-1.61 

+8.43

+4.43
-5.06

+4.43
+7.59

+10.76
-1.90 

+ 17.09
+4.43 

+ 10.76
+4.43
-5.06 

+4.43
-1.90
-8.23

-27.22
-14.56
-14.56 

+17.09
-14.56 
+4.43

-3.78
-0.34 

+6.53 
+6.53

-27.84
-31.27
-27.84
-10.65

-7.22 
+3.09
-3.78
-0.34

-14.09
-3.78
-0.34 

+ 13.40
+6.53 

+47.77 
+23.71 
+23.71

Table 1.28 The percentage error calculated for total 
gamma-ray flux and radio-elemental concentration for 
measurements collected at the same location and 
different locations on the Iron Ledge. The Iron Ledge 
limestone outcrops at Seven Rock Point, Lyme Regis, 
Dorset (SY 335916). The percentage error is 
calculated from the data given in Tables 1.11 and 1.26.
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Total Number of Counts Elemental Concentration
K II Th K% Uppm Th ppm

1562 469 125 1.2 4.3 3.4
1801 523 238 1.3 4.2 6.5
1502 601 199 1.0 5.3 5.4
1851 519 207 1.4 4.3 5.6
1605 519 147 1.2 4.7 4.0
1481 507 181 1.0 4.4 4.9
1510 448 267 1.0 3.2 7.3
1616 605 271 1.1 4.9 7.4
1455 561 208 1.0 4.8 5.7
1692 516 173 1.2 4.5 4.7
1540 573 239 1.0 4.7 6.5
1479 532 210 1.0 4.5 5.7
1540 601 146 1.1 5.7 4.0
1820 589 224 1.3 5.0 6.1
1833 433 227 1.4 3.3 6.2
1677 429 146 1.3 3.8 4.0
1770 451 217 1.3 3.5 5.9
1692 634 191 1.2 5.7 5.2
1793 469 261 1.3 3.4 7.1
1573 436 203 1.1 3.5 5.5

Table 1.30 Randomised total gamma-ray and radio-elemental 
data generated for the Belemnite Bed within the EXCEL 
software for the Macintosh. The range in total counts for 
K, U and Th were specified to be double those actually 
shown within the observed data-set. The radio-elemental 
concentrations were calculated using the equations given in 
Section 2.12 and the stripping factors and window 
sensitivities given in Secton 2.16.



Total Number of Counts Elemental Concentration
K U Th K% Uppm Th ppm

1537 501 157 1.1 4.5 4.3
1575 542 183 1.1 4.8 5.0
1484 546 141 1.0 5.1 3.8
1539 466 101 1.2 4.5 2.7
1553 679 198 1.0 6.2 5.4
1595 675 136 1.1 6.5 3.7
1469 528 151 1.1 5.3 2.0
1408 577 94 1.0 5.7 2.6
1334 659 188 0.8 6.0 5.1
1445 656 132 1.0 6.4 3.6
1442 512 85 1.1 5.1 2.3
1396 602 148 0.9 5.7 4.0
1344 574 154 0.9 5.3 4.2
1627 486 164 1.2 4.3 4.5
1332 673 172 0.8 6.3 4.7
1470 661 115 1.0 6.5 3.1
1384 642 70 1.0 6.6 1.9
1382 522 113 1.0 5.0 3.1
1319 481 180 0.9 4.1 4.9
1369 610 210 0.9 5.3 5.7

Table 1.31 Randomised total gamma-ray and radio-elemental 
data generated for the Iron Ledge within the EXCEL 
software for the Macintosh. The ranges in total counts for 
K, U and Th were specified to be double those actually 
shown within the observed data-set. The radio-elemental 
concentrations were calculated using the equations given in 
Section 2.12 and the stripping factors and window 
sensitivities given in Secton 2.16.
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Total (ur) K% Uppm Th ppm

-46.94 -40.00 -60.49 -27.58
-50.00 -46.67 -53.91 -18.53
-50.00 -46.67 -40.74 -27.58
- 39.80 - 40.00 - 57.20 - 18.53
-47.96 -46.67 -63.79 -41.16
-50.00 -46.67 -53.91 -41.16
-48.98 -46.67 -60.49 -36.63
-42.86 -40.00 -44.03 -32.11
- 43.88 - 46.67 - 34.16 - 14.00
-50.00 -46.67 -57.20 -45.68
-48.98 -46.67 -53.91 -32.11
-48.98 -46.67 -60.49 -45.68
-47.36 -45.00 -53.36 -31.73

Table 1.33 The percentage error calculated for total 
gamma-ray flux and radio-elemental concentration due to the 
orientation of the detector (e.g. parallel or perpendicular to 
bedding) during gamma-ray data collection. The errors 
given in this table are for measurements taken with the 
detector placed perpendicular to bedding in the vertical 
plane relative to measurements taken with the detector 
placed parallel to bedding in the horizontal plane.
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Appendix 2

Gamma-Ray Data for the Lower Lias in 
Southern Britain.
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ARTIFICIAL RADIOACTIVE CONTAMINATION AS A POSSIBLE. 

ADDITIONAL SOURCE OF ERROR

The uppermost part of the bucklandi Subzone and the lowermost part of the fyra 
Subzone, between 110.4 m and 127.0 m, exposed at Hinkley Point, Somerset (ST 210465) 
was not measured. It is represented by foreshore which was entirely covered by Fucus (order 
Phaeophycophyta) during August and September 1995. This made gamma-ray measurements 
impractical.

Additionally, the GR-410 data-set, previously collected from this locality during August 1994, 
suggests artificial radioactive contamination of the foreshore released from the outflow pipe 
from the nucleur power station. Sets of gamma-ray measurement were collected from the 
foreshore just west of the outflow pipe (Figure 6.01, overleaf). The minimum distance from 
the outflow pipe was 80 cm. The gamma-ray signature (Figure 6.01) shows an increase in U 
and Th concentration within the raw data-set with the concentration of the radionuclides being 
similar (e.g. mean Th ppm = 20.01 and mean U ppm = 20.70 ppm). This gamma-ray 
signature is unusual and records the highest Th concentration in the raw GR-410 data-set for 
the Somerset coast (This data-set can be obtained from the author on request). The lower 
boundary of the signature collected from Hinkley Point foreshore occurs 60 cm below the 
dramatic increase in U and Th concentration with the lowermost two readings taken from the 
base of the cliff rather than from foreshore. The upper boundary coincides with highest stratigraphic 
sample collected from the foreshore at Hinkley Point. It is likely that the calculated increase in 
U and Th concentration is due to radioactive contamination from an artificial radionuclide 
released in the outflow pipe from the nucleur power station onto the foreshore and emits 
gamma-radiation that can be recorded in the U and Th energy windows in the GR-410 spectrometer 
(1.76 MeV to 2.62 MeV). Thus, even with robust GR-256 data, it is possible that any 
gamma-ray log collected from Hinkley Point cannot be reliably interpreted in terms of depositional 
stratigraphic trends.
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