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Correlation, Facies Distribution and Sequence Stratigraphic Analysis of the 
Westphalian B Coal Measures in Quadrant 44 of the Southern North Sea. 

Peter T. O'Mara 
(Submitted in 1995 for the degree of M.Sc) 

Abstract 
In the early 1980's a number of significant gas discoveries were made in reservoirs of 
Westphalian B age in Quadrant 44, Southern North Sea. This study develops an 
integrated scheme to enhance the correlation of existing wells and to assist in future 
predictability. It allows for an improved understanding of the succession thickness and 
character, utilising the concepts of high-resolution non-marine sequence stratigraphy. 
This is based on a chronostratigraphic framework built on palynostratigraphy and the 
identification of the marine bands which subdivide the Silesian. 

Conventional palynological analysis provides the basis for the chronostratigraphic 
framework; the palynological assemblages described from Quadrant 44 wells compare 
favourably with similar studies on equivalent sections onshore. This allows the upper 
Westphalian A to lower Westphalian C interval to be subdivided into 5 broad zones. 
However, there is a considerable margin of error in these deep Carboniferous 
exploration wells due to a number of sedimentological and drilling related factors. To 
achieve the chronostratigraphic resolution required it is necessary to identify the 9 well 
known marine bands which subdivide the Westphalian B to lower Westphalian C 
interval. In the subsurface marine band log recognition relies on spectral gamma ray 
logs, where the individual marine bands can be recognised from their uranium 
enrichment. This process required the definition of a marine band characterisation 
scheme, whereby 4 types of marine band are recognised from their uranium response, 
out of a total of 8 marine bands showing varing degrees of uranium enrichment. A 
further marine band relies on the location of marine macrofauna. The marine bands are 
then incorporated into the established chronostratigraphic framework. An additional 
stratigraphic marker, the Sub-Clowne tonstein, is identified from the spectral gamma 
ray logs, and provides an independently determined time line. 

A method whereby the common Westphalian B facies could be identified in Quadrant 
44 wells was developed in this study. It was based on the work of Fielding (1984, 
1986), Giuon and Fielding (1989) and Haszeldine (1981, 1983a,b) combined with 
Westphalian B outcrops on the Northumberland coast and core material from 
Westphalian B intervals in Quadrant 44 wells. This facies identification scheme defined 
13 lithofacies, which were grouped on typical wireline response into 8 wireline log 
facies associations (Leeder et al. 1990). Facies distribution, determined from the facies 
analysis within the chronostratigraphic framework was used to develop a high
resolution sequence stratigraphic scheme. This enabled a 3rd order sequence in the 
terminology of Galloway (1989a,b), from maximum flooding surface to maximum 
flooding surface to be defined with an important 3rd order sequence boundary and 
overlying alluvial transgressive systems tract. The remainder of the succession was 
interpreted as a transgressive sequence set, subdivided by a number of 4th order sub
regional flooding surfaces. Both the 3rd and 4th order surfaces were used to provide a 
high resolution correlation for Westphalian B sediments in Quadrant 44. 
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Scope of the project 

The thesis was initiated in response to the need for increased confidence in well 

correlation in Quadrant 44. Problems had arisen in the conventional 

palynostratigraphic and lithostratigraphic techniques used by ARCO British Limited to 

correlate Westphalian B sediments in existing wells. Thus there was no knowledge of 

the true succession thickness and how this thickness varied across the inferred 

palaeoslope. There was a poor understanding of fades distribution and the relative 

stratigraphic position so consequently there was no confidence in correlating one well 

with the next. This thesis attempted to solve these correlation problems by using high 

resolution non-marine sequence stratigraphy. 

Non-marine sequence stratigraphy requires a chronostratigraphic framework on which 

it can be based, so that sediments in equivalent time intervals are compared. Thus the 

initial step was to establish a chronostratigraphic framework. The onshore Westphalian 

is most effectively sub-divided chronologically using palynomorphs. However, there 

are numerous schemes that attempt to produce a palynostratigraphy for the onshore 

Westphalian of north west Europe, Britain and the Netherlands, so a standardisation 

was required. This produced a basic palynostratigraphic outline on which to re

interpret the palynological reports for Quadrant 44 wells. Previously these had been 

interpreted by individual contractors which had no standard scheme and there were 

differences in their respective schemes and interpretations. A palynostratigraphy for 

Quadrant 44 resulted. However, this was not of sufficient resolution for high 

resolution sequence stratigraphic purposes. 

Marine bands are used to enhance the resolution of the palynostratigraphy in the 

onshore, their identification in the offshore was tenuous. No Westphalian B marine 

band had been successfully correlated without the recovery of marine macrofauna. It 

was known that marine bands had high uranium concentrations but not why these 

·concentrations appeared to vary widely between marine bands. This Thesis established 

criteria for subsurface recognition of marine bands and classified them in terms of 

faunal content and expected uranium response. In the process explaining why different 

types of marine bands have different uranium responses. The marine bands were 

incorporated into the palynostratigraphic framework to produce the basic 

chronstratigraphic scheme. Additionally the Sub-Clowne tonstein an ash band known 

from the onshore succession was identified in Quadrant 44 wells, this had not 

previously been described from the Southern North Sea. The Sub-Ciowne tonstein 
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may be identified on wireline log response alone, independent of palynostratigraphy 

and is therefore an important additional chronostratigraphic time line. 

Non-marine sequence stratigraphy relies on the identification of important surfaces that 

separate packages of chronostratigraphically constrained strata. These surfaces are 

recognised by faCies changes which occur in response to base level changes. To 

identify such facies changes in the Westphalian B of Quadrant 44 a facies identification 

scheme was required. Westphalian B facies associations and facies are described in 

detail from the onshore Pennine Basin by Fielding (1984a,b, 1986), Guion and Fielding 

(1988) and Haszeldine (1984) these are considered analogues for Westphalian B 

sediments in Quadrant 44 (Collinson et al. 1993). Based on these facies descriptions 

eight wireline log facies associations are defined in this study, these have a distinctive 

and easily recognisable wireline log response. 

The sequence stratigraphic interpretation of Westphalian B sediments in Quadrant 44 

used this wireline log facies identification scheme within the chronstratigraphic 

framework to identify the major surfaces within the succession. It was necessary to 

define statigraphic base level before interpreting what its changes might mean. The 

effect of stratigraphic base level changes on Westphalian B sediments was discussed so 

that sequence boundaries and maximum flooding surfaces may be recognised. Several 

orders of base level change were recognised in Westphalian B sediments. Base level 

falls could only be recognised when they were of sufficient magnitude to create 3rd 

order sequence boundaries. However, base level rises of different magnitude were 

recognisable and were classified to allow for easy and consistent interpretation. A 3rd 

order sequence was defined for the Westphalian B. This had numerous 4th order 

sequences superimposed upon it. The maximum flooding surfaces of these 4th order 

sequences were shown to have a sub-regional extent and coincide with non-marine 

bivalve beds. It was shown that these were traceable across Quadrant 44 and that their 

use enhanced the correlation. 

High resolution sequence stratigraphic correlation of the Westphalian B sediments of 

Quadrant 44 allowed better understanding of: 

1) the succession thickness, and how this varied across the palaeoslope, including how 

this extra thickness was accommodated; 

2) the unconformity at the base of the Westphalian C "red beds" and; 

3) the diachronous relationship at the base of the well drained alluvial sediments, which 

was demonstrated to occur at an earlier stage than previously thought. 
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Palynology 
Synthesis of Onshore schemes 
for the Westphalian A to C 
Coal Measures 

---------' 

Palynological zonation 
scheme for Westphalian A 
to C sediments in 
Quadrant 44 wells 

r-------' 

Discussion of non-marine 
sequence stratigraphic 
terminology and processes 

Marine Bands 
Discussion of 
Palaeontology 
and faunal phases 

Marine Bands 
Discussion of 
uranium 

Classification of Marine 
band faunal content 
and expected uranium 
enrichment 

Subsurface recognition 
of marine bands 

Facies Associations 
Description of facies 
within the Durham I 
Northumberland Coalfield 
and the Pennine Basin 

Identification of common 
Westphalian B facies 
associations and 
calibration with their 
wireline log response 

Facies of Quadrant 44 wells, using facies association 
identification scheme for Westphalian B sediments, within the 
Chonostratigraphic framework allows the recognition of the 
important surfaces such as sequence boundaries and maximum 
flooding surfaces 

Sequence stratigraphic scheme developed for Westphalian B 
sediments in Quadrant 44. Identification of a 3rd order base level 
curve with both 4th order allocyclic fluctuations and autocyclic 
variations superimposed 

High resolution correlation scheme for Quadrant 44 wells 

Fig. 1.0 Flow chart of how the project was structured. 

vi 



Acknowledgements. 

Firstly I would like to dedicate this thesis to Jane, without whose love and support, I 

would not have attempted such an undertaking. Secondarily my parents, Pat and Anne, 

sister Sally and Auntie are thanked immeasurably for their constant encouragement 

over the years. 

Brian Turner is thanked for his help and advice as supervisor during the last two and 

an half years and for initiating an enjoyable project. 

ARCO British Limited contributed greatly to the smooth running of the project by 

allowing me a free run at their Library and photocopier and are acknowledged for 

letting me get on with it, without attempting to influence my opinions. In particular Jim 

Hollywood is thanked for the initial idea and adaptation of Brian's proposal, Colin 

Taylor is thanked for making sure the expenses were generous. Rod Crawford is 

thanked for his ideas and thoughts on the Carboniferous. Chris Atkinson provided the 

necessary late impetus and the chance to tour the Pennines in luxury and Diana Cooper 

made the Enclosures possible by her patience in teaching me the complexities of 

Stratlog. 

Sarah Prosser and John Howells are thanked .for the crash course in sequence 

stratigraphy. 

I am most grateful to all the technical staff at the Department of Geology in Durham, 

all of whom have helped me during the last two and an half years. Karen Atkinson for 

all the draughting equipment, Alan Carr for introducing me to the five-a-side team, 

Jerry Dresser for the use of the dark room and photographic equipment, Carole for the 

telephone and fax, and last but not least Dave Asbery for sorting out the expenses. 

All Postgrad's at Durham are acknowledged for the various degrees of assistance, most 

notably Charlotte, Zoe, Booler, Ziad, Sue and Billy. Also Wayne, AJun, Jipper, Steeley 

and Tim for matters regarding both Beer and Football. The remainder of the staff and 

students of the Department of Geology, are thanked for making my time in Durham an 

enjoyable one. 

Thanks! 

vii 



Contents 

Title page ...................................................................................................... . 

Declaration and copyright ............................................................................. 11 

Abstract . ...................................... .. . . . . . . . . . . . . . . . .. . . ... . .. . . . .. . . . . . . . . ... . . . . .. . . . . . .. . .. . .. . . . .. 111 

. Scope of the project ....................................................................................... 1v 

Acknowledgements ........................................................................................ VII 

Contents ......................................................................................................... vii 

Chapter 1: Introduction 

1.1 Aims of the Project ............ .............................................................. 1 

1.2 Geological Background 1 

1.3 The Pennine Basin ............................................................................ 6 

1.4 The Southern North Sea .................................................................. 11 

1.4.1 Exploration History ............................................................. 11 

1.4.2 Carboniferous sub-crop and basin delineation .................... 11 

1.4.3 Structure of the Southern North Sea Basin ........................... 15 

1.4.4 Stratigraphy and facies ........................................................ 17 

1.4.4.1 Pre-Westphalian: Dinantian ............................................... 17 

1.4.4.1 Pre-Westphalian: Namurian ................................... 18 

1.4.4.3 Westphalian ............................................................ 19 

1.4.5 Quadrant 44 ......................................................................... 20 

Chapter 2: Silesian palynostratigraphy 

2.1 Introduction 

2.1.1 Introduction to Silesian stratigraphy 22 

2.1.2 A review of the commonly used palynological zonations ... 24 

viii 



2.2 

2.3 

2.4 

2.5 

Contents 

Description of Westphalian A (Langsettian) zones ................... . 28 

2.2.1 Triquitrites sinani - Cirratriradites saturni 

(SS) miozone ..................................................................... . 28 

2.2.2 Radiizonates aligerens (RA) miozone ............................... 30 

2.2.2.1 Schulzospora rara subzone .................................... 32 

Description of Westphalian B (Duckmantian) zones ................. . 35. 

2.3.1 Microrecticulatisporites nobilis - Florinites junior 

(NJ) miozone ..................................................................... . 35 

2.3.1.1 Smith and Butterworth (1967) subzones ................. 35 

2.3.1.2 Dictyotriletes bireticulatus subzone ..................... 36 

2.3.1.3 Vestispora magna subzone ..................................... 38 

Description of Westphalian C (Bolsovian) zones ....................... . 

2.4.1 Torispora Securis- Torispora laevigata (SL) miozone ... . 

2.4.1.1 Discussion of Westphalian C zonation schemes ..... . 

A Silesian palynostratigraphic scheme for Quadrant 44 ............ . 

2.5.1 Introduction to offshore palynostratigraphy ........................ . 

2.5.2 Problems with conventional palynostratigraphy .................. . 

2.5.2.1 Data collection ....................................................... . 

39 

39 

40 

43 

43 

43 

43 

2.5.2.2 Individual contractors appraisals ............................ 44 

2.5.3 Comparison of contractors appraisal schemes .................... 45 

2.5.3.1 The Geochem Group ............................................... 45 

2.5.3.2 ECL/SSI .................................................................. 45 

2.5.3.3 GAPS Geoconsultants 47 

2.5.3.4 SHELL (UK) EXPRO ............................................. 49 

2.5.3.5 BGS (NERC) .......................................................... 49 

2.5.3.6 Sheffield University Industrial Palynology Unit ...... 51 

2.5.4 The palynological scheme used in this study for 

Quadrant 44 ........................................................................ 55 

2.5.4.1 Uppermost Westphalian A- Schulzospora rara 

(SR) zone ................................................................ 55 

2.5.4.2 Lower Westphalian B- Dictyotriletes birecticulatus 

(DB) zone ............................................................... 56 

2.5.4.3 Upper Westphalian B - Vestipora magna . 

(Triquitrites sculptilis) (VM) zone ........................ 57 

2.5.4.4 Lower Westphalian C- Vestipora fenestrata 

ix 



Contents 

(VF) zone ................................................................ 58 

2.5.5 Conclusions ........................................................................ 59 

Chapter 3: Westphalian B marine bands 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

Introduction .................................................................................. . 

3.1.1 Marine bands and the Southern North Sea 

Marine band macrofauna ............................................................ . 

62 

64 

64 

3.2.1 Marine band faunal phases .................................................. 65 

3.2.2 Non-marine bivalves 

Marine band recognition ............................................................. . 

3.3.1 Introduction to geochemical theory ................................... . 

69 

70 

70 

3.3.2 Uranium enrichment in marine bands ................................. 70 

3.3.3 Development of wireline log response recognition ........... 72 

3.3.4 Controls on uranium enrichment ........................................ 76 

Methodology of marine band identification in the subsurface .. 80 

3.4.1 Introduction ....................................................................... 80 

3.4.2 The effects of borehole conditions on 

uranium concentration ....................................................... 82 

3.4.3 The Sub-Clowne tonstein .................................................. 84 

Incorporating marine bands into the palynostratigraphy 

3.5.1 A review of upper Westphalian A to 

89 

lower Westphalian C marine bands .................................. 90 

3.5.1.1 Cambriense, Shafton and Edmondia marine bands 92 

3.5.1.2Aegiranum marine band ........................................ 93 

3.5.1.3 Sutton and Haughton marine bands ....................... 94 

3.5.1.4 Sub-Clowne tonstein/Clowne marine band ......... . 

3.5.1.5 Maltby marine band ............................................. . 

3.5.1.6 Vanderbeckei marine band .................................. . 

Conclusions ................................................................................. . 

94 

95 

95 

96 

Chapter 4: Westphalian B facies associations 

4.1 Introduction ................................................................................ . 99 

X 



4.2 

4.3 

Contents 

4.1.1 Lower delta plain association ........................................... 101 

4.1.2 Upper delta plain association ............................................ 101 

4.1.3 Alluvial plain association ................................................. 102 

4.1.4. Well drained alluvial "Red Bed" association ................... 102 

Facies associations ...................................................................... . 

4.2.1 Upper delta plain I coastal alluval plain associations ...... . 

4.2.1.1 Introduction ......................................................... . 

4.2.1.2 Durham I Northumberland Coalfield ................... . 

104 

104 

104 

107 

4.2.1.3 Coarse grained overbank facies ... . ..... ...... .. . ...... .. . 107 

4.2.1.4 Fine grained overbank facies ............................... 109 

4.2.1.5 Proximal major crevasse channel facies .............. 109 

4.2.1.6 Medial crevasse splay I minor delta facies .......... 110 

4.2.1. 7 Distal crevasse splay I minor delta facies ............ 111 

4.2.1.8 Outer minor delta I overbank facies ..................... 111 

4.2.1.9 Anoxic lake facies ................................................ 112 

4.2.1.10 Lake margin facies ................................................ 113 

4.2.1.11 Coal swamp facies ................................................ 114 

4.2.1.12 Minor distributary channel facies .......................... 115 

4.2.1.13 Major distributary channel facies .......................... 116 

4.2.1.14 Major stacked fluvial systems ............................... 117 

4.2.2 Coal-bearing alluvial plain association ···················:··········· .119 
4.2.2.1 Introduction............................................................... 119 

4.2.2.2 Coal-bearing alluvial plain facies ............................ 121 

4.2.2.3 Palaeosols ................................................................ 122 

4.2.3 Well drained "Red Bed" alluvial facies................................ 124 

Quadrant 44 facies indentification scheme .................................. . 126 

4.3.1 Introduction .......................................................................... 126 . 

4.3.2 Geophysical logs .................................................................. 128 

4.3.3 Wireline log facies associations (WILFS) ........................... 128 

4.3.3.1 Crevasse splay WILF (CIS) .................................. 128 

· 4.3.3.1a Crevasse channels and associated facies .............. 128 

4.3.3.1b Crevasse splay and associated subfacies .............. 130 

4.3.3.2 Interfluvial floodplain WILF (IFL) ....................... 131 

4.3.3.3 Interdistributary bay and lake WILF (1/D) ............ 134 

4.3.3.4 Marine band WILF (MB) ..................................... 138 

xi 



Contents 

4.3.3.5 Minor distributary channel WILF (DC1) .............. 138 

4.3.3.6 Major distributary channel WILF (DC2) .............. 139 

4.3.3. 7 Major stacked fluvial systems WILF (DC3) ......... 142 

4.3.3.8 Alluvial floodplain WILF (AFL) .......................... 143 

4.4 Conclusions .................................................................................... . 145 

Chapter 5: Westphalian B sequence stratigraphy 

5.1 

5.2 

5.3 

5.4 

Introduction ................................................................................... . 

Non-marine sequence stratigraphy: concepts and applications . 

5.2.1 Stratigraphic base level ..................................................... .. 

147 

148 

148 

5.2.2 Sequence stratigraphic terminology ..................................... 151 

5.2.3 Accommodation space and base level control ...................... 152 

5.2.4 Base level and stratigraphic architecture 

in a coastal plain setting ...................................................... 154 

5.2.5 Sequence boundary recognition in a coastal plain setting .... 158 

5.2.6 Relative base level fall incised valleys 

in a coastal plain setting ...................................................... 159 

5.2. 7 Type 1 versus type 2 sequence boundaries .......................... 160 

5.2.8 Recognition of maximum flooding surfaces with alluvial strata 161 

5.2.9 Genetic sequence stratigraphy ..... ;....................................... 162 

5.2.10 System tracts and alluvial strata .......................................... 163 

Sequence stratigraphy for coastal-alluvial plain environments .. 

5.3.1 Coal seam distribution ........................................................ . 

5.3.2 Flooding surface hierarchy .: ............................................... . 

165 

165 

166 

5.3.3 Sequence boundary recognition ........................................... 170 

5.3.4 A Westphalian B 3rd order sequence .................................. 175 

5.3.5 High frequency 4th order sequences in the Westphalian B .. 177 

Conclusions ................... ............................................................... . 180 

Chapter 6: Westphalian B correlation in Quadrant 44 

6.1 Introduction .................................................................................. . 182 

6.2 A high resolution correlation scheme for Quadrant 44 ............. . 182 

xii 



Contents 

6.2.1 Caister I Murdoch fields and the surrounding area ............. 182 

6.2.1.1 Biostratigraphy ......................................... 185 

6.2.1.2 Vanderbeckei marine band to 

Hutton flooding surface ............................ 185 

6.2.1.3 Caister sandstone ...................................... 186 

6.2.1.4 Caister sandstone to Hutton flooding surface 190 

6.2.1.5 Hutton flooding surface to 

Brass Thill flooding surface . .. .. .. .. .. .. .. .. .... 192 

6.2.1.6 Brass Thill flooding surface to Durham Low 

Main flooding surface ............................... 193 

6.2.1. 7 Durham Low Main flooding surface to 

Blackball Estheria Bed ............................. 195 

6.2.1.8 Blackball Estheria Bed to 

Metal flooding surface .............................. 197 

6.2.1.9 Metal flooding surface to 

High Main flooding surface 198 
6.2.1.10 High Main flooding surface to 

Maltby marine band .................................. 200 

6.2.1.11 Conclusions .............................................. 202 

6.2.2 The Southern Blocks : 44/26, 44/27, 44/28 and adjacent areas 204 
6.2.2.1 Comparison of the Southern Blocks with the 

established flooding surface hierarchy ...... 204 

6.2.2.2 Maltby marine band to Aegiranum : onshore 

section ...................................................... 208 

6.2.2.3 Maltby marine band to 

Lower seam flooding surface . .. .. .. . .. ... .. ... . 209 

6.2.2.4 Lower seam flooding surface to 

Upper seam flooding surface .................... 210 

6.2.2.5 Upper seam flooding surface to 

Moorland flooding surface ....................... 210 

6.2.2.6 Moorland flooding surface to 

Manton Estheria Bed ................................ 210 

6.2.2. 7 Manton Estheria Bed to 

Clowne marine band ................................ 211 

6.2.2.8 Clowne marine band to 

Haughton marine band .............................. 213 

6.2.2.9 Haughton marine band to 

xiii 



Contents 

Unnamed seam flooding surface ............... 214 

6.2.2.10 Unnamed seam flooding surface to 

Sutton marine band ................................... 214 

6.2.2.11 Sutton marine band to 

Aegiranum marine band ........................... 215 

6.2.2.12 Conclusions .............................................. 217 

6.2.3 Correlation of block 44/21 .................................................. 219 

6.2.3.1 Introduction .............................................. 219 

6.2.3.2 Comparison of block 44/21 with the established 

flooding surface hierarchy ........................ 219 

6.2.3.3 Conclusions .............................................. 223 

6.2.4 Correlation of northern wells in blocks 44/18 and 44/19 ... 224 

6.2.4.1 Introduction ............................................... 224 

6.2.4.2 Comparison of the northern wells with the 

established flooding surface hierarchy ...... 224 

6.2.4.3 Stratigraphic details .................................. 227 

6.2.4.3 Conclusions ................................ ,............... 229 

Chapter 7: Summary and Conclusions 

7.1 Palynostratigraphy .............................. ; ......................................... . 230 

7.2 Marine bands ................................................................................ . 231 

7.3 Facies associations and facies .................................................. -... . 232 

7.4 Sequence stratigraphy ................................................................ . 233 

7.5 Correlation ................ ; ................................................................. . 235 

7.6 Future work ................ : ................................................................ . 236 

References 237 

Appendix ................................................................................ A 

Enclosures 

Enclosure 1 to 4 are contained within the envelope 

xiv 



Chapter 1 
Introduction 

1.1 Aims of the project 

The primary objective of this project was to produce a high resolution stratigraphic 

correlation of the Westphalian B Coal Measure sediments of Quadrant 44 in the 

Southern North Sea. It was established to enhance the correlation and understanding 

of Westphalian B sediments following the discovery of a number of important gas 

fields in Carboniferous age reservoirs (Fig. 1.1 ). This was achieved by initially 

establishing a biostratigraphic zonation scheme, based on palynostratigraphy, but with 

the integration of available macropalaeontological and palaeobotantical information as 

well, in order to produce a coarse or broad stratigraphic subdivision of the succession. 

Based on this biostratigraphic zonation the zonal bounding marine bands were 

identified from analysis of spectral gamma ray logs, their position in the succession and 

the extent to which marine conditions were established across the Quadrant. This 

approach allows for direct comparison with the equivalent onshore Silesian succession 

which is sub-divided using these marine bands. These provide a chronostratigraphic 

framework for correlation and the production of isopachs, based on local and regional 

thickness variations. A facies identification scheme, based on common Westphalian B 

facies described from the onshore succession allowed for the recognition of wireline 

log facies associations within this chronostratigraphic framework and provided the 

basis for sequence stratigraphic analysis of the succession. The purpose of this was to 

relate Westphalian B facies development to relative stratigraphic base level, thereby 

increasing the reliable predictability of the facies. This in tum allows for a precise 

understanding of the stratigraphic distribution, location and depositional architecture of 

the important sandstone reservoir horizon in Quadrant 44. 

1.2 Geological background 

The Carboniferous of North West Europe is subdivided into the major biostratigraphic 

zones shown in Fig. 2.1. The individual methods of zonation vary depending upon the 

gross facies association. Dinantian lower Carboniferous marine carbonate successions 

are zoned on the basis of corals and brachiopods, with more precise fine-tuning 
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provided by conodonts and foraminifera. The predominantly clastic Namurian and 

Westphalian successions,/are mainly fresh to brackish water even in deep basins. 
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Fig. 1.1 Palaeogeographic map of the Southern North Sea and adjacent Pennine Basin 

showing the modern day structural units and relative position of Quadrant 44 (adapted 

from Besly 1990; Collinson et al. 1993; Fraser and Gawthorpe 1990). 
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Nevertheless, repeated short-lived transgressions forming marine bands allow for a 

precise subdivision (George et al. 1976; Ramsbottom et al. 1978) owing to the rapid 

evolution of goniatites in the open ocean that sourced these incursions. These marine 

bands often have distinctive and unique faunas. Where no goniatites occur other 

distinctive organisms confirm the marine salinities. To supplement the marine band 

stratigraphy various other organisms are used including conodonts for the Namurian 

(Higgins 1976) and the non-marine bivalves (Trueman and Weir 1946) and plant 

megafossils (Crockhall 1955) for the Westphalian. However, the most widely 

applicable zonation scheme is that based on palynomorphs (Smith and Butterworth 

1967; Neves et al. 1972, 1973; Clayton et al. 1977; Owens et al. 1977). This achieves 

a fairly even biostratigraphic subdivision (Besly 1990) from the Dinantian to the mid 

Westphalian, but loses definition in the late Westphalian C. For the Westphalian C 

dates have only been obtained from plant macrofossil impressions (Wagner 1983) and · 

from tetrapod occurrences (Paton 1974). 

The regional plate tectonic setting (Fig. 1.2) of the Carboniferous of North West 

Europe is summarised by Leeder (1988). The Southern North Sea and adjacent 

Pennine Basin lay in an equatorial to sub-equatorial position (Parrish 1982; Rowley et 

al. 1985) north of the Variscan Orogenic belt. This orogen resulted from the east-west 

oriented collision, with northerly directed subduction (Fig. 1.2 and 1.3), of the African 

portion of Gondwanaland and the European portion of Laurussia (Besly 1990). The 

deformation front associated with this orogen, which had started in the late Devonian 

in a zone passing from Galica to Southern Germany, migrated northwards during the 

Carboniferous (Fig. 1.2). As it did so it closed a broad back-arc seaway (known as the 

Rheno - Hercynian zone) floored by mildly deformed lower Palaeozoic sediments 

which were thought to have been deposited on the southern portion of Laurussia 

(Cameron 1993). In response to this northwest directed relative crustal shortening 

(Leeder 1988; Leeder and Hardman 1990) these sediments were subsequently 

deformed into a series of major thrust I nappe complexes (Fig. 1.3), which led to 

loading and formation of a flexural foreland basin (Fig. 1.2). The continued northward 

migration of this orogenic belt led to corresponding northward migration of the 

foreland basin during the Namurian and Westphalian, which reached its maximum 

northward extent in central England by the latest Westphalian or Stephanian (Besly 

1990). Regional Variscan deformation reached these areas soon afterwards, in the 

Autunian, giving rise to widespread folding and block faulting. This was followed by 

major erosion, forming the Saalian Unconformity, hereafter known as the Sub-Permian 

unconformity. The Southern North Sea and adjacent onshore areas were largely 

peripheral to the orogen, although the tectonic effects associated with it increased with 

time, influencing the tectonic history of the basin. 
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Fig. 1.2 Map to show the main tectonic elements of the European Hercynides. Note 

the location of the lower to early middle Carboniferous extensional terrane of northern 

Britain and Ireland, north of the active tectonic shortening zones of mainland Europe. 

(after Leeder 1988).ECORS profile is a line of section shown in Fig.1.3. 

The basins of northern Britain (Fig. 1.4) were separated from the seaway of the Rheno 

- Hercynian zone and its north flanking flexural basins by a stable basement massif 

known as the Wales-London-Brabant High, which became an increasingly important 
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structural element during the Carboniferous (Besly 1990). The origin of this block is 

attributed to peripheral bulging formed by flexural response to thrust loading (Besly 

1988; Kelling 1988). 

Inner zone -

crJ plutons 

autocthonous Palaeozoic 

Caledonian Brabant 
zone 

Fig. 1.3 Simplified section along the ECORS deep seismic line (location see Fig. 1.2) 

to show loading imparted by the nappe emplacement (after Leeder 1988). 

N[ 

The Variscan tectonic effects were superimposed on a Carboniferous structural history 

that recorded the break up of the stable Old Red Sandstone (Pangaea) continent 

established during the Caledonian Orogeny. This began in the late Devonian in 

response to widespread lithospheric extension. The reason for this is unclear and is the 

subject of debate (see Leeder (1988) and Leeder and Hardman (1990) for discussion). 

In northern England and Ireland north of the Wales-London-Brabant High, this 

extension produced a zone of rapidly subsiding fault bounded asymmetric grabens and 

half grabens, which formed individual basins (Fig. 1.4), separated by horsts and half 

horsts (blocks) (Fig. 1.5) (Fraser and Gawthorpe 1990). The location of these more 

slowly subsiding blocks, appears to have been controlled by basement heterogeneities, 

in particular, the location of Devonian and Pre-Cambrian granitoids (Bott 1967) and 

the tectonic grain inherited from earlier orogenic events (Caledonian) (Fraser et al. 

1990, Fig. 1.2 and 1.3). On these blocks lower Carboniferous carbonate platforms or 

condensed sections accumulated. These either remained as relic highs (Collinson 1988) 

or collapsed due to changes in subsidence patterns culminating in very rapid deepening 

(Grayson and Oldham 1987). The Namurian in:fill of this relic basin and block 

topography proceeded from north to south in response to major deltaic progradation. 

During this period the crustal extension regime gave way to more uniform patterns of 

subsidence which Leeder (1982, 1988) considered to represent a period of regional, 

post-rift (Leeder and Hardman 1990) thermal "sag" subsidence caused by the thermal 
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re-equilibration of thinned lithosphere. Consequently the late Namurian and the early to 

mid Westphalian have much more uniform subsidence patterns and succession 

thickness (Fig. 1.5), although syn-depositional fault activity continued to affect the 

southern margins of the Pennine Basin .in England (Fulton and Williams 1988). By the 

Westphalian the infill basin topography was nearly complete so that emergent or near

emergent conditions prevailed during the Westphalian A to Westphalian C (Fig. 1.5) 

over the whole of the Variscan foreland area (Van Wijhe and Bless 1974; Diessel 

1988; Guion and Fielding 1988). Syn-depositional fault activity was much reduced, 

affecting sedimentary facies distribution in subtle ways, including the splits of coal 

seams and stacking patterns of channel sandstones (Fig. 1.6) (Fielding 1984a,b; Guion 

and Fielding 1988) or influencing minor intrabasinal uplift (Turner and O'Mara 1995). 

1.3 The Pennine Basin 

During the Westphalian A and B a continuous area of sediment accumulation existed in 

a position corresponding to northern England, bounded in the north by the Southern 

Uplands and associated small scale landmasses such as the Cheviot Block (Wills 1951; 

Kirk 1982, 1983; Guion 1987), and to the south by the Wales-London-Brabant High 

(Fig. 1.4) (Trueman 1947, 1954; Wills 1948, 1951, 1956; Calver 1968a,b, 1969). The 

Westphalian A to B succession throughout much of the basin is complete, (Calver 

1968a,b; Ramsbottom et al. 1978), thus continued subsidence is inferred. However, 

sedimentation is thought to have kept pace with subsidence as the sedimentary facies 

indicate that deposition took place in shallow water environments, with periodic 

emergence enabling peat development and ultimately coal seam formation. The 

coalfields of northern England are known to have been originally part of a continuous 

depositional area (Calver 1968a,b, 1969; Wills 1951) which became separated by later 

Variscan folding and subsequent erosion. 
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Fig. 1.4 Generalised palaeogeographic map of the Pennine Basin during Westphalian A 

and B times, showing major faults known to have controlled sedimentation (after 

Guion and Fielding 1988). 
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The sedimentology of the Westphalian interval (Fig. 1.7 and 4.4) of the Pennine Basin 

suggests that the deposition of the Westphalian A and B took place in a deltaic to 

broad coastal alluvial plain environment, in which lower and upper delta plain and 

coastal alluvial plain environments may be differentiated (Guion and Fielding 1988). 

Sediment was dispersed by a system of channels of several types, with a range of 

sinuosities. These had a mainly south-southwesterly directed palaeoflow (Haszeldine 

1981) down an inferred low gradient south-southwesterly palaeoslope, although not all 

channels conformed to this flow direction (cf. Haszeldine 1983a,b; Turner and O'Mara 

1995). These channel systems sediment for the infilling of interdistributary 

bays and lakes, crevasse splay I minor delta systems and floodplain overbank areas via 

a complex network of distributary channels. Coal seams, which represent swamp 

deposits, were deposited slowly on infilled and abandoned lakes and bays, channels and 

floodplain areas, predominantly in the upper delta plain I coastal alluvial plain 

environment. The controls on sedimentation were both allocyclic mechanisms such as 

eustasy and tectonism as well as autocyclic controls such as channel and crevasse splay 

I minor delta switching and differential compaction. 
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Fig. 1.5 Schematic north-south cross section of the Pennine Basin from the Southern 

Uplands High to the Wales-London-Brabant High, showing the major faults that 

influenced Westphalian A and B sedimentation (after Guion and Fielding 1988). 
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In the more elevated marginal areas of the basin, relic highs or terminal fans (Besly and 

Turner 1983) were probably associated with well drained "red bed" alluvial sediments, 

which interdigitated with the poorly drained environments (Besly and Turner 1983; 

Besly 1988) described above. These became increasingly important in the Westphalian 

C when climatic conditions became markedly more arid and the level of the water table 

(stratigraphic base level) fell, leading to deposition of better drained facies types. 
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SPLiniNG 
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CHANNEL 
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SUBSIDENCE 

FAULT MOVEMENT
RAPID SUBSIDENCE, 
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0 
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Fig. 1.6 Models for controls on channel sandstone stacking and coal seam geometry in 

Westphalian coal-bearing successions in northern England (after Besly 1990, based on 

Fielding 1984b). 
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Fig. 1. 7 Generalised depositional models for the Westphalian A and B of the Pennine 

Basin, A) lower delta plain; B) upper delta plain. (after Guion and Fielding 1988). 
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1.4 The Southern North Sea 

1.4.1 Exploration history 

The coals in the upper Carboniferous of the Southern North Sea basin (Fig. 1.8) have 

long been known to source the huge Permian Rotliegende gas accumulations (Eames 

1975). The exploration of the Carboniferous, as a potential reservoir horizon, 

however, was largely confined to the onshore Netherlands and Germany where gas 

reserves were discovered in Westphalian C and D reservoirs (Hedemann 1980; 

Nederland Aaardolie Maatschappij and Rijks Geologische Dienst 1980). Hydrocarbon 

exploration in the Southern North Sea, and on the Mid North Sea High, prompted by 

these onshore finds, began in the early 1960s and the first wells were drilled soon after. 

Unfortunately the results suggested that the Carboniferous was generally 

unprospective, having an unpredictable development of heavily cemented sandstone 

reservoirs (Besly 1990). A dramatic decline in the level of interest in Permian 

objectives in the Southern North Sea together with a growth in the understanding of 

Carboniferous depositional systems led to the Carboniferous forming primary 

objectives in a number of frontier areas in the early 1980s. This coincided with 

favourable economic conditions, the availability of good quality seismic data beneath 

the Permian and the indications of gas potential already found in the Carboniferous of 

Quadrant K in the Netherlands. A combination of these factors led to important 

discoveries in the eighth round of licensing blocks 44/22 (Murdoch) and 44/28 (Ketch) 

(Glennie et al. 1987) and subsequent discoveries in blocks 44/19, 44/21, 44/23 

(Caister), 44/26 (Schooner), and more recently 44/18 (fyne). To date more than 60 

deep wells (Hollywood and Whorlow 1993) have been drilled to evaluate the 

Carboniferous, focused on Quadrant 44 and the surrounding area. 

1.4.2 Carboniferous sub-crop and basin delineation 

Carboniferous rocks underlie the whole of the Southern North Sea Basin with the 

exception of small areas of the Mid North Sea High, and the Wales-London-Brabant 

High. Details of the Sub-Permian subcrop are given in Fig. 1.9. In a broad belt flanking 

the Mid North Sea High, to the north part of Quadrant 44, the Dinantian to Namurian 

successions subcrop the Permian, where they rest conformably on or onlap onto the 
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underlying Devonian in a similar situation to the Southern Uplands onshore area, of 

which the Mid North Sea High is an extension (cf. Collinson et al. 1993). 

Cleveland Ba 

.../ Folds affecting the 
Carboniferous 

/ Late Carboniferous 
thrust faults 

/
Major basin faults affecting 
the Carboniferous 

Fig. 1.8 Palaeogeographic details of the Southern North Sea showing Quadrant 44 and 

the important structural elements (adapted from Besly 1990; .. Collins<}n et al. 1,993; 

GAPS 1994). 
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Rocks of this age also extend southwards as tongues in the cores of at least 5 major 

southeast plunging anticlines (Fig. 1.8) known as the Sole Pit, Amethyst, Ravenspurn · 

43/17 and 43/18, 44/7 and 44/9 anticlines. The Westphalian succession overlies the 

Namurian conformably and subcrops the Permian extensively across the centre of the 

Southern North Sea basin. The succession is subdivided into Westphalian NB (which 

may include the very base of the Westphalian C) and the Westphalian C/D units (Fig. 

1.10). The Westphalian NB is thought to have a major depocentre in the southern 

portion of Quadrant 43. In contrast the Westphalian C/D has a limited subcrop (Fig. 

1.9) associated with localised shedding of sediment from the folding of earlier 

sediments during late stage Variscan uplift. On the southern margin the succession 

seen to thin, as in Quadrant 53 (fubb et al. 1953), onto the northern flanks of the 

Wales-London-Brabant High where the Westphalian is seen to overstep (Leeder and 

Hardman 1990) the Namurian to overly older rocks. 

Thus the basin may be delineated in the north by the Mid North Sea High (Fig. 1.8) 

which is an extension of the Southern Uplands massif {Leeder and Hardman 1990) that 

bounds the Pennine Basin, and is similarly cored by granites (Donato et al. 1983). The 

Mid North Sea High was probably a site of major condensation of the Carboniferous 

and fault reactivation inducing uplift during Variscan tectonism. The offshore 

extension of the Wales-London-Brabant High forms the southern boundary of the 

basin (Fig. 1.8) is also thought by Allsop (1987) to be cored by an extensive granitoid, 

which Leeder and Hardman (1990) named the North Norfolk Pluton. The East 

Midlands High and Its offshore extension into Quadrant 47 separates this basin or sub

basin (Leeder imd Hardman 1990) from the Pennine Basin in the west. This high is also 

cored by granitoids and represents an area of slow subsidence rates. The eastern 

boundary of the basin (Fig. 1.8) lies well into the Dutch Sector, and consequently 

Quadrant 44 lies predominantly within the region of Westphalian subcrop (Fig. 1.9), 

with some Namurian subcrop in the north adjacent to the Mid North Sea High and in 

the central structural province of Leeder and Hardman (1990). 
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Fig. 1.9 Pre-Permian subcrop of the Southern North Sea, showing blocks and 

principal well locations. (after Leeder and Hardman 1990; GAPS 1994). 
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1.4.3 Structure of the Southern North Sea Basin 

Covering most of the Southern North Sea basin, from the southern Quadrants 48 and 

49 to the central parts of 42 to 44 (Fig. 1.8), is an impressive en-echelon fold belt 

(Leeder and Hardman 1990) lying in a 100 km wide zone between the southern flanks 

of the Mid North Sea High to the northern flanks of the Wales-London-Brabant High. 

Its western margin is bounded, as is the whole basin, by the East Midlands High and its 

offshore extension into Quadrant 47. Within this central fold belt upwards of 47 

individual anticlines may be recognised {Leeder and Harman 1990) which trend 

consistently northwest - southeast (Fig. 1.8), but with a noticeable tendency for the 

northern folds to trend more west-northwest to east-southeast (Leeder and Hardman 

1990). These orientations parallel trends in the Carboniferous subcrop of the onshore 

East Midlands (Smith 1987; Fraser et al. 1990) which may result from a lower 

Palaeozoic (Caledonian) basement fabric (Soper et al. 1987). Truncations of the intra

Carboniferous reflectors such as the Westphalian and late Namurian coals across the 

crests of such structures date the majority of them as Pre-Permian folds. However, 

Leeder and Hardman (1990) demonstrate that these folds (Fig. 1.11) were true growth 

folds, as evidenced by the fact that during the Westphalian C/D interval conformable 

successions of well drained alluvial sediments "red beds" occur in adjacent synclines 

that onlap unconformably onto the partly eroded flanks of the anticlinal structures. 

This situation occurs across the southern part of Quadrant 44 and the Ravenspum 

Anticline in Quadrant 43 both of which are significant northwest - southeast structures 

flanked by conformable successions of well drained alluvial sediments "red beds" up to 

1500' thick. 

The southern flanks of the Mid North Sea High, to the north of this zone, and in the 

north of Quadrant 44 are characterised by homoclinal strata separated by large normal 

, faults (Fig. 1.12) of broadly east-west orientation analogous to the onshore structures 

such as the Closehouse I Lunedale I Butterknowle fault and the Stublick I 90 fathom 

fault. These were active as syn-rift structures located at the margins of tilt blocks and 

half grabens that dominated the early Carboniferous. Leeder and Hardman (1990) have 

named these normal faults to the south of the Mid North Sea High, which down throw 

thick successions of Silesian strata against the Dinantian, as the Dogger Hinge line 

(Fig. 1.8). They assume that the whole of the Mid North Sea High was initially 

covered by onlapping Silesian, which has subsequently been removed by Pre-Permian 

erosion. As discussed in section 1.4.2 the Silesian succession thins onto the northern 

flanks of the Wales-London-Brabant High. However, Leeder and Hardman (1990) 
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Fig. 1.10 Lithostratigraphic units of the Carboniferous of the Southern North Sea and 

adjacent onshore areas. (adapted from Besly 1990). BR =Barren Red Group; CBG = 

Coal Bearing Group (Moray Firth = informal name); CG = Cementstone Group; CL:: 

Carboniferous Limestone; LG =Lower and Upper Limestone Groups and Arnsbergian 

part of Passage Group; MG = Millstone Grit; ORS= Old Red Sandstone facies; OSG = 

Oil Shale Group; PCM = Productive Coal Measures; UPG= Post-Alportian part of 

Passage Group; and TS = Tubbergen Sandstone Formation. 
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Fig. 1.11 Summary block diagram to show the growth fold I synclinal basin tectono

stratigraphic model for the Westphalian C/D unit (after Leeder and Hardman 1990). 

1.4.4 Stratigraphy and Facies 

It was beyond the remit of this thesis to detail the Dinantian and Namurian facies and 

stratigraphy but for completeness they are briefly summarised here. 

1.4.4.1 Pre-Westphalian: Dinantian 

The Dinantian of the Southern North Sea (Fig. 1.10) occurs only in scattered well 

penetrations in the centre of the basin but this information is supplemented by wells in 

the extreme south, which are not typical of the succession as a whole (Besly 1990) and 

as a consequence the stratigraphy is poorly known. Besly (1990) describes two broad 

areas recognised on facies development: a northern and central area, and a southern 

area. In the northern and central areas the predominantly clastic Dinantian sediments 

resemble the succession seen in the coastal sections of the Northumberland Coast. In 

the extreme south on the South Hewitt Shelf the Dinantian is similar to that seen in the 

East Midlands and is characterised by marine carbonate shelves. The succession is 

thought to record the initial phases of crustal extension characterised by the formation 

of a block and basin topography typical of the equivalent Dinantian succession (Fig. 
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1.5) onshore. The clastic successions in the north indicate the first stages of deltaic. 

progradation that typifies the later Namurian. 

1.4.4.2 Pre-Westphalian: Namurian 

Significant penetrations of Namurian rocks have been made in an increasing number of 

wells following important discoveries in the· Rough Rock equivalent (ARCO pers. 

comm.). Besly (1990) suggests that Namurian facies and stratigraphy (Fig. 1.10) show 

a broad similarity to those in the equivalent onshore setting with early Namurian deltaic 

facies in the north of the Southern North Sea resembling those of Northumberland 

overlain by major basin-fill episodes comprising basinal muds, turbitites, slope and 

emergent delta-top facies. These are in turn overlain by shallow water delta systems 

which parallel those seen onshore (Collinson 1988). These then pass into the lower · 

delta plain Westphalian A sediments. In the extreme south where the Namurian onlaps 

the lower Palaeozoic at the northern edge of the Wales-London-Brabant High, in the 

most distal setting, a thick mudstone package suggests that major deltas never reached 

this far south. The Namurian succession is believed to record the in:fill of the block and 

basin topography developed in the Dinantian, by repeated progradation of a major 

north-south delta system. 

CARBONATE RAMP 
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Fig. 1.12 Schematic block diagram to show the extensional tectono-stratigraphic 

model proposed for the Dinantian to Westphalian B evolution of the Southern North 

Sea basin (after Leeder and Hardman 1990). 
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1.4.4.3 Westphalian 

Westphalian coal-bearing rocks are known from a large number of well penetrations in 

both the United Kingdom and Dutch North Sea sectors. The facies present are similar 

to those described from the Durham (Fielding 1984a,b, 1986) and Northumberland 

(Haszeldine 1981, 1983a,b, 1984) Coalfields, and consist of crevasse splay I minor 

delta systems, prograding into predominantly lacustrine interdistributary bay and 

floodplain areas, producing coarsening- and shallowing-upward fills. These are capped 

by minor distributary channels or coal seams, with interspersed major distributary 

channels. Occasional major braided channel systems (Cowan 1989; Ritchie and 

Pratsides 1993) are interpreted to occur in response to tectonically induced base level 

fall (Turner and O'Mara 1995). Sediment provenance was dominantly from the north 

(Besly 1990; Collinson et al. 1993) and systems were thought to flow down a regional 

south-southwesterly palaeoslope which resulted in a southward decrease in the amount 

of sandstone in the succession (Besly 1990; Collinson et al. 1993). Even in the more 

proximal areas in the north some well sections show low sandstone content, with 

others appearing to concentrate channel sandstones, suggesting that the major 

distributary channels may have been concentrated by local syn-depositional faulting, in 

a similar manner to that inferred from the onshore (Fielding 1984b; Guion and Fielding 

1988). 

The late Westphalian B and early to mid Westphalian C (Fig. 1.10) are characterised 

by well drained commonly red coloured alluvial sediments colloquially known as "red 

beds" or "Barren Red Measures" which are either primary or secondary in origin 

(Besly et al. 1993). Primary well drained alluvial sediments are well developed in the 

Silverpit Basin and adjoining areas of the Dutch sector and the South Hewitt area (Fig. 

1.8 and 1.9) (Tubb et al. 1986). Interdigitation of well drained "red beds" and poorly 

drained grey coal bearing measures in some parts of this area suggests a diachronous 

facies relationship comparable to that noted by Besly and Turner (1983) and Besly 

(1988) in the English Midlands. These well drained alluvial sediments or red bed 

interdigitations may have an unconformable relationship with the underlying Coal 

Measures, or they may be part of a conformable succession. A second phase of well 

drained alluvial sediments occurred some time in the Westphalian C/D, although due to 

the lack of dating methods the timing is unresolved. Leeder and Hardman (1990) 

attribute these sediments to further crustal shortening associated with the continued 

northward migration of the Hercynian thrust front in the Westphalian C/D into the 

foreland basins of South Wales, Kent, and Calais. This caused the development of the 

growth folds (Fig. 1.11) discussed in section 1.4.3. and subsequent syn-tectonic 
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unconformity development along the margins of these folds. A surrounding apron of 

coarse-grained, often conglomeratic, fluviatile red beds of Westphalian C/D age occurs 

in response to the formation of this unconformity with the result that these sediments 

lie unconformably above either the Coal Measures or the well drained alluvial 

measures. 

1.4.5 Quadrant 44 

Quadrant 44 (Fig. 1.8 and Fig. 1.14) lies 150 to 200 km to the east of the Yorkshire 

Coast, adjacent to the United Kingdom-Netherlands median line. The Pre-Permian 

subcrop is given in Fig. 1.9 where the most striking feature is the major northwest

southeast directed Murdoch anticlinal structure that occurs in the southern blocks of 

Quadrant 44. The Westphalian C/D lies in two broad belts (synclines) either side of the 

anticline. In the north of the Quadrant, and in the crest of the anticline, the Westphalian 

A and B, which are undifferentiated, subcrop. In blocks 11-13 it is believed that it is 

the Westphalian A that subcrops. This is proved in the adjacent block 44/16 but in 

other areas it is the Westphalian B that subcrops. The Namurian and Dinantian occur in 

a broad belt adjacent to the Mid North Sea High associated with the Dogger Hinge 

Line (Fig 1.8 and 1.9). The majority of the wells available for study are located in the 

southern blocks as these are the only wells with significant portions of Westphidian B 

section in areas of Westphalian B to Westphalian C subcrop. This frequency of wells 

also corresponds to positions on the Murdoch anticline which forms a structural trap 

for the important gas discoveries discussed in section 1.4.1. Several wells also occur in 

the synclinal belt to the north and south of the anticline although the primary objective 

in these wells, was the Westphalian C/D well drained alluvial sediments. Nevertheless 

they display significant sections of Westphalian B succession. 

There is a variety of data of variable quality, quantity and type associated with 

individual wells as summarised in Fig. 1.13 which gives the database used. Well 44/22-

1, for instance, has an accompanying data suite of composite log (with gamma ray, 

sonic and inferred lithology), spectral gamma ray log (complete section), core 

descriptions (Geochem, Gaps), palynological report (BGS, Geochem), palynological 

integrations (Geochem Group, Turner and McLean 1990), sedimentological report 

(Geochem, SPM Geos), heavy mineral analysis (Geochem) and vertical profile log 

(integration by GAPS of sedimentology and palynofacies). In comparison traded wells 

in 44/21-4, 44/21-7 and 44/21-6 have only a gamma ray trace and sonic log. 
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WELL COMPOSITE GAMMA SONIC NATURAL FGR PAlYNO BIOSTRAT SED CORE CONSULTANT 
LOG LOG LOG GAMMA REPORT REPORT REPORT REPORT REPORT 

RAY LOG 

44/l4-1x y y y y 

44/17-1 y y y su 
44/17-2 y y y su I 
44/18-1 y y y y SSI GAPS .... I 
44/18-3 y BGS GAPS 

44/19-3 y y y y GEO BGS 

44/21-1 y y y y y y 

44/21-2 y y y y BP y GAPS '94 

44/21-3 y y y y 

44/21-4 y y I 
44/21-6 y y 

44/21-7 y y 

44/21-9 y y y y su 
44/22-1 y y y y y GEO.SU GEO,SPM GEO GAPS '94 

44/22-2 y y y ABANDONED 

44/22-3 y y y y y GEO.SU GEO.SPM GEO GAPS '94, GE0'88 

44/22-4 y y y y y GEO,SU GEO,SPM GEO 

44/22-5 y y y y y GEO.SU /GEO.SPM GEO 

44/22-6zl y y y y y GEO,SU GEO.SPM GEO 

44/22-7 y y y y y GEO,SU GEO GEO 

44/22-8 y y y 

44/23-4 y y y y PS*,GEO GEO. CJ ECL '90.GAPS '94 

44/23-5 y y y y PS",GEO GEO GAPS '94 

44/23-6 y y y GEO GAPS '94 

44/23-7 y y y y y GEO GEO .... " GEO GAPS '94 

44/23-8 y y y y GEO 

44/24-2 y y y y BGS* BGS ; I I 
44/26-2 y y y y I BAD I GAPS '94 I 

44/26-4 y y y y SHELL iLOMOND/ 

44/27-1 y y y y i BAD I GAPS '94 

44/28-1 y y y SHEll* i y GAPS '90',94.ECL '90 

44/28-2 y y y y SHEll* SHELL y GAPS '90. '94 

44/28-3 y y y I GAPS '94 

44/29-1 y y y y ROB* I ECL '90.GAPS '94 

44/29-3 y y I GAPS '94 

Fig. 1.13 Database available for Quadrant 44 Wells used in this study. Key: Natural 
gamma ray log=natural gamma spectrometry log; FGR=final geological report; Palyno 
report=palynological report with count sheets (* without count sheets); Biostrat 
report=biostratigraphic report with or without palynological integration; Sed report= 
sedimentological report(** with palynological zonation also, *** includes comparison 
with other wells); SU=Sheffield University Industrial Palynology Unit; 
SSI=Stratigraphic Services International; Geo=the Geochem Group; BGS=British 
Geological Survey; SPM=SPM Geos; PS=Palaeoservices; O=Collinson Jones 
Consultants; Bad=Badley Ashton & Associates; Rob=Robertsons Research. Note: 
GAPS '94 includes palynological zonation and core descriptions. 
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Chapter 2 
Silesian Palynostratigraphy 

2.1 Introduction to Silesian stratigraphy 

Westphalian B successions in onshore Britain are dominated by coastal plain clastic 

sediments consisting of a variety of largely non-marine lithofacies (see Chapter 4 for 

details). Precise local, regional and intercontinental correlation of such laterally 

impersistant facies are only possible because of the repeated occurrence of short lived 

but widespread marine incursions or "marine bands" (see Chapter 3 for more details), 

with their rapidly evolving and distinctive goniatite faunas. Sixty of these marine 

mudrock horizons occur throughout the Silesian and nineteen within the Westphalian 

A to Lower Westphalian C succession. 

The Silesian can therefore be subdivided using these marine bands to establish a 

stratigraphy, which was used as the basis for a comprehensive stratigraphic synthesis of 

the Westphalian by Ramsbottom (1978) (Fig. 2.1), with re-evaluations and refinements 

by Guion and Fielding (1988) and Besly (1990) (Fig. 2.2). These syntheses utilised the 

goniatite data from the marine bands combined with various other organisms that offer 

reasonably precise zonations (Fig. 2.1) in particular non- marine bivalves (frueman 

and Weir 1946; and plant megafossils Crookall 1955). However, the most widely 

applicable zonation used in the British onshore Westphalian and in Western Europe is 

that based on palynomorphs, utilising the work of Clayton et al. (1977), Owens 

(1991), Smith and Butterworth (1967) and Van Wijhe and Bless (1974). 

Although palynological assemblages achieve an even biostratigraphic subdivision of 

consistently spaced markers, it is less precise than that obtained from the identification 

of marine markers, leading to some difficulty in making detailed correlation in thick 

sequences of non marine strata. Nevertheless, a regional Western European 

palynological zonation scheme, shown in Fig. 2.3, was established by Clayton et al. 

(1977) based on earlier work by Lobioziak (1974) in Northern France, and Smith and 

Butterworth (1967) in the Pennine Coalfields of the United Kingdom. 
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Fig. 2.1 Summary diagram of Westphalian stratigraphy from Ramsbottom (1Y78), 

showing comparison of palynological schemes to other zonation methods. 
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2.1.2. A review of the commonly used palynological zonations 

Owens (1991) writes "The concept that an ideal fossil group for biostratigraphic 

zonation purposes should be one that encompasses a rapidly evolving lineage of forms 

which occur in the widest possible range of sedimentary environments, suggests that 

dispersed miospores should offer considerable potential." But he then adds that 

"Despite 60 years of detailed investigations in the Carboniferous of the Northern 

Hemisphere that potential has not been fully achieved. No fully comprehensive 

integrated zonation scheme is yet available to substantiate long range correlations." 

The composite scheme published by Clayton et al. (1977) (Fig. 2.3) for Western 

Europe is generally considered the most workable in a regional context. It combines 

work .from the United Kingdom. and the Netherlands, and is therefore the most useful 

guide for the Carboniferous sediments in the Southern North Sea. The scheme is based 

. on the composition of miospore assemblages throughout the Westphalian and is 

characterised by the process of gradual change, with a small number of horizons being 

recognised as major palynological events. The criteria employed in the definition of 

these "miospore zone" boundaries are commonly based on the appearance and 

disappearance of diagnostic taxa. 

The scheme proposed by Clayton et al. (1977) (Fig. 2.3) consists of 5 "miospore 

zones" that encompass the entire Westphalian. It is beyond the scope of this study to 

investigate the whole of the Westphalian, so that only those miospore zones directly 

affecting the Westphalian B and its boundaries will be summarised and discussed here. 

The following discussion incorporates data from Clayton et al. (1977) and Owens 

(1991) compared with that of Smith and Butterworth (1967) and Van Wijhe and Bless 

(1974). The comparison of these schemes is shown in Fig. 2.4. 
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Fig. 2.2 Re-evaluated Westphalian stratigraphy (Besly 1990). 
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S!AGE STAGE MARKEM SANDS MIOSPORE ZONES NON-MARINE 

BIVALVES 

Heerlen 1935 Clayton et al 19n Trueman & Weir 1947 
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Fig. 2.3 Relationship between stage names and the biostratigraphic scheme for the 

British Westphalian of Clayton et al. (1977). 
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2.2 Description of Westphalian A (Langsettian) zones 

2.2.1 Triquitrites sinani - Cirratriradites saturni (SS) miozone 

Miospore assemblages from the SS miozone are characterised by the presence of 

numerous representatives of a variably complex group of miospores which show 

complete morphological intergradation between the genera Triquitrites and 

Ahrensisporites. Representatives of the monolete genus Laevigatosporites become 

quantitatively significant in the assemblages from the middle part of the zone at an 

horizon approximately equivalent to the middle part of the Lensiculata non-marine 

bivalve chronozone (Fig. 2.3) and its sudden quantitative increase represents a 

potential marker at this horizon. Cirratriradites saturni becomes common and other 

species including Cristatisporites splendidus, Planisporites gr(mifer and Florinites 

mediapudens make their appearance at the base of the SS miozone which corresponds 

to the Westphalian I Namurian boundary and the Gastrioceras subcrenatum marine 

band. The upper boundary is located approximately at the boundary between the 

Lensulcata and Communis non-marine bivalve chronozones. 

Smith and Butterworth (1967) from their D. annulatus (V) assemblage (Fig. 2.5 and 

2.6), which roughly corresponds to the SS miozone, describe common components of 

the assemblage to be ; Punctatisporites sinuatus, Apiculatisporites variocorneus, 

Raistrickia fulva, Reinschospora speciosa, Dictyotriletes bireticulatus, Radiizonates 

striatus, Cingulizonates bialatus, Crassispora Florinites simi/is with rare 

Schulzospora rara, Schopfipollenites ellipsoides and Mooreisporites Justis together 

with Bellispores nitidus which become extinct in the lower part of the miozone. 

Van Wijhe and Bless (1974) working in the Netherlands, (Fig. 2.7) describe an 

Apiculatisporis assemblage marked by the extinction of Schulzospora campyloptera at 

the base and Radiizonates aligerens at its top. The assemblage includes frequent 

occurrences of various species of the genus Apiculatisporis with Densosporites 

annulatus, D. sphaerotriangularis and Savitrisporites nux and rare Dictyotriletes 

bireticulatus, Cirratriradites Radiizonates difformis and Florinites spp. This 

zone corresponds to the D. annulatus zone (assemblage V) of Smith and Butterworth 

(1967), (Fig. 2.8) and equates to the SS biozone of Clayton et al. (1977) but may also 

continue into the lower part of the overlyingRadiizonates aligerens biozone. 
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Fig. 2.5 Late Visean to Westphalian ranges of index genera and species in coal bearing deposits of Britain. Adapted from Smith and Butterworth 

(1967). 
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In other parts of Europe (Fig. 2.9) Kmiecik (1987) and Teteriuk (1976) showed the 

Westphalian I Namurian boundary to be marked by a slow progressive change in 

assemblage composition which may reflect the existence of specialised parent flora at 

this time in Great Britain only. No influx of Triquitrites spp. and Ahrensisporites spp. 

was noted. 

2.2.2 Radiizonates aligerens (RA) miozone 

The Radiizonates aligerens miozone was originally defined by Loboziak (1974) and 

referred to as Zone 1. See Fig. 2.3 for the subdivision scheme developed for 

Westphalian deposits of Western Europe. The base of the Radiizonates aligerens 

miozone is indicated by the appearance of the zonal index species R. aligerens at the 

base of the communis non-marine bivalve chronozone (Fig. 2.3). This species is known 

to have limited stratigraphic distribution; limited to the extent of the miozone, and in 

some paris of Britain it is not thought to extend to the top of the miozone as defined 

by Clayton et al. (1977). The lower boundary is marked by the appearance of 

Punctatosporites spp. (particularly P. minutus ), the disappearance of Spelaeotriletes 

triangulus and the increased frequency of Florinites spp., Laevigatosporites spp., 

Reticulatisporites reticulatus and R. polygonalis when compared to the preceding SS 

miozone. Other common components are representatives of the genera Lycospora, 

Densosporites and the species Cingulizonates loricatus, while Schulzospora rara, 

Punctatisporites sinuatus, Savitrisporites nux, Endosporites zona/is and 

Grumosisporites varioreticulatus occur sporadically throughout the interval. The 

middle part of the miozone marks the top of Kraeuselisporites ornatus · and in the 

uppermost part of the miozone the first isolated Westphalensisporites irregularis and 

Disaccates non striatiti have been noted. The upper boundary corresponds to the 

Vanderbeckei marine band and Westphalian AlB boundary. 

Smith and Butterworth (1967) (Fig. 2.5) comment that the base of the Radiizonates 

aligerens zone (assemblage VI) is marked by the appearance of Florinites 

mediapudens, Endosporites zona/is and Pitysporites westphalensis. The definition of 

the top corresponds to the extinction of the zonal species Radiizonates aligerens, a 

point that will be discussed in the following section. 
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Fig. 2.6 Details of Westphalian miospore zonation of the British Coalfields, (after 

Smith and Butterworth 1967). 
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Van Wijhe and Bless (1974) (Fig. 2.7) define the limits of the zone by the first and last 

occurrence of the zonally diagnostic species Radiizonates aligerens, and describe 

common components as Densosporites sphaerotriangularis, Raistrickia saetosa, 

· Apiculatisporis spp., Florinites spp. and Laevigatosporites minor. In the uppermost 

parts of the zone are the first recorded appearances of Vestispora costata, V. tortuosa 

and Endosporites globiformis. The occurrence of the latter species, a common 

component of the Westphalian B, is interesting as Van Wijhe and Bless (1974) defined 

the upper limit of the zone to be below the uppermost part of the Westphalian A 

Therefore, the description of this species within such assemblages disagrees with Smith 

and Butterworth (1967) and Gayton et al. (1977) who suggest that the first 

appearance of this species is immediately below the Westphalian NB boundary. 

2.2.2.1 Schulzospora rara subzone 

The Radiizonates aligerens miozone as defined by Clayton et al. (1977) (Fig. 2.4), 

differs from the subdivision proposed by Smith and Butterworth (1967). The latter 

scheme is based on work in the British Coalfields using coal seam assemblages. Smith 

and Butterworth (1967) noted that Radiizonates aligerens, the zonal index species for 

the miozone, was not present in the uppermost part of the zone towards the 

Vanderbeckei marine band. They were able to demonstrate a distinctive and persistent 

unit termed the Schulzospora rara zone (assemblage Vll). 

This subzone has its base at the last coal assemblage containing Radiizonates 

aligerens, which forms the top of the underlying Radiizonates aligerens zone 

(assemblage VI). The Schulzospora rara subzone (assemblage VII) then consists of 

the remaining two or three .coals between this level and the Vanderbeckei marine band, 

where Schulzospora rara becomes extinct, marking the top of the zone (Fig. 2.6). 

There is an increased abundance of Dictyotriletes bireticulatus and Densosporites 

sphaerotriangularis, corresponding to the onset of this subzone in some cases, 

otherwise the absence of R. aligerens is the only criteria for distinguishing the two 

zones. Owens (1991) suggests that the proposal of Smith and Butterworth (1967) only 

applies in situations where coal seam assemblages are examined, as was the case with 

the work by Smith and Butterworth (1967). Owens (1991) also indicates that where 

argillaceous samples are investigated R. aligerens can be found up to the Westphalian 

NB boundary. 

Van Wijhe and Bless (1974) only rarely recorded Schulzospora rara and therefore did 

not use this species as a zonal or subzonal indicator (Fig. 2. 7 and 2.8). However, they 
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did note that Radiizonates aligerens did not extend to the Westphalian NB boundary 

even working on mixed lithology assemblages. Their equivalent to the Schulzospora 

rara subzone is encompassed within a Dictyotriletes bireticulatus assemblage that 

occupies the range of uppermost Westphalian A to middle Westphalian B. It straddles 

the Westphalian NB boundary and begins with the frequency increase of Dictyotriletes 

bireticulatus and Densosporites sphaerotriangularis that coincides with the demise of 

Radiizonates aligerens. 

Grebe (1972), working in the Rhur, (Fig. 2.8) established a scheme similar to Smith 

and Butterworth (1967) in identifying a Schulzospora rara assemblage (II) between 

the Westphalian AlB boundary and the top of Radiizonates aligerens. 

Quadrant 44 well biostratigraphic reports (see section 2.5.3) tend to reinforce the 

views of Smith and Butterworth (1967) rather than Oayton et al. (1977) and Owens 

(1991) in that Schulzospora rara is relatively common and makes a first down hole 

appearance at or near the Westphalian NB boundary or Vanderbeckei marine band. 

The Vanderbeckei marine band can be independently identified, and where found S. 

rara can_ be a useful zonal or subzonal indicator marking the top of the Westphalian A, 

whether the Radiizonates aligerens miozone or Schulzospora rara subzone is utilised, 

and regardless of the presence of R. aligerens. Data from Quadrant 44 wells also 

suggest that in the Southern North Sea as in the Netherlands, R. aligerens does not 

extend to the Westphalian NB boundary and is absent from sediments up to 200' 

beneath the Vanderbeckei marine band, reiterating the importance of S. rara. To 

summarise, there are two significant events. The downhole influx of S. rara at or near 

the Westphalian NB boundary, and the incoming of R. aligerens some 200' below 

indicating the onset of the R. aligerens miozone. 
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2.3 Description of Westphalian B (Duckmantian) zones 

2.3.1 Microreticulatisporites nobilis- Florinitesjunior (NJ) miozone 

The Microreticulatisporites nobilis - Florinites junior or NJ miozone (Fig. 2.3) as 

defined by Clayton et al. (1977) coincides with the entire Westphalian B. Its lower 

limit is marked by the Vanderbeckei marine band at the Westphalian NB boundary and 

its upper limit by the Aegiranum marine band at the Westphalian B/C boundary. 

(Jayton et al. (1977) defined the lower extent at the extinction of Radiizonates 

aligerens (see section 2.2.3 for discussion), Punctatosporites sinuatus and 

Schulzospora rara which corresponds to the appearance of Microreticulatisporites 

nobilis, Florinites junior and Endosporites globiformis. The latter species may make 

its appearance as rare individuals, at some localities below the Vanderbeckei marine 

band, and presumably this is why it is not used as the zonal index species. However, it 

only becomes significant above the Vanderbeckei marine band. 

Many of the taxa from the preceding Radiizonates aligerens miozone continue to be 

important constituents of the assemblages including Dictyotriletes bireticulatus, 

Vestispora costata, V. tortuosa, V. cancellata, Cirratriradites Crassispora 

kosankei and Cingulizonates loricatus with representatives of the genera 

Laevigatosporites, Densosporites, L ycospora, and F /orinites. 

2.3.1.1 Smith and Butterworth (1967) subzones 

Significant differences exist between the schemes proposed by Clayton et al. (1977) 

and that introduced by Smith and Butterworth (1967) for the Westphalian B (Fig. 2.4). 

The entire range of the Westphalian B is encompassed within the 

Microreticulatisporites nobilis - Florinites junior (NJ) miozone of Clayton et al. 

(1977) whereas the Smith and Butterworth (1967) scheme invokes the use of two 

zones, described here as subzones. 

Van Wijhe and Bless (1974) (Fig. 2.4) agree with Smith and Butterworth (1967) in 

allocating two zones to the Westphalian B, although as previously discussed in section 

2.2.3.2 their D. bireticulatus zone crosses the Westphalian NB boundary to include 

the uppermost Westphalian A sediments. This corresponds to the Schulzospora rara 
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(assemblage VII) of Smith and Butterworth (1967) and is combined with the 

equivalent of the D. bireticulatus zone (assemblage VIII) of Smith and Butterworth 

(1967) to form a zone from the uppermost Westphalian A to the middle Westphalian B 

·Maltby marine band. The D. bireticulatus zone or subzone of Smith and Butterworth 

(1967) is equivalent to the lower part of the NJ miozone of Clayton et al. (1977), 

whereas Van Wijhe and Bless (1974) include the top portion of the RA miozone of 

Clayton et al. (1977). 

The remainder of the Westphalian B, above the Maltby marine band, and including the 

lower Westphalian C up to the Cambriense or Top marine band (the boundary of the 

upper Similis pulchra I Phillipsi non-marine bivalve chronozones) is allocated to the 

Vestispora magna zone (assemblage IX) by Smith and Butterworth (1967). Van Wijhe 

and Bless (1974) are in agreement with this synopsis. This zone equates to the upper 

part of the NJ miozone and lower part of the overlying SL miozone of Clayton et al. 

(1977). 

2.3.1.2 Dictyotriletes bireticulatus subzone 

Smith and Butterworth (1967) assign this subzone "Assemblage VIII" (Fig. 2.5). It 

runs from the Vanderbeckei marine band at the Westphalian AlB boundary, as in the 

case of the NJ miozone, to the top limit at the Maltby "Two Foot" marine band, in the 

middle part of the Simi/is - Pulchra non-marine bivalve chronozone (Fig. 2.3), some 

distance beneath the Westphalian B/C boundary. The base of the zone, as defined by 

Smith and Butterworth (1967), is marked by the appearance of Radiizonates tenuis, 

Endosporites globiformis and Vestispora pseudoreticulata and the extinction of 

Schulzospora rara. Other common components recorded are Dictyotriletes 

bireticulatus, Radiizonates striatus, Cristatosporites connexus, Cingulizonates 

loricatus, Crassispora kosankei and Vestispora tortuosa. The upper limit is recognised 

by the sudden quantitative reduction in the frequency of D. bireticulatus 

Van Wijhe and Bless (1974) delineate the base of their D. bireticulatus zone (Fig. 2.7) 

by the incoming of Vestispora pseudoreticulata and the upper limit by the sudden 

quantitative reduction in the frequency of D. bireticulatus (cf. Smith and Butterworth 

1967). Their assemblages are similar, but with the added common taxa 

Cristatosporites indignabundus. 
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Fig. 2.8 Distribution of key miospore taxa in the Westphalian of the 

Netherlands and comparison with zonation schemes in the Ruhr and Britain. (after Van 

Wijhe and Bless 1974). 
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In Poland Kmiecik (1986) concurs with the idea of two zones for the Westphalian B 

(Fig. 2.9) and introduces a lower Westphalian B Endosporites globiformis (Eg) zone 

with E. globiformis as the zonal index taxa, which is equivalent to the D. bireticulatus 

zone (assemblage VIID of Smith and Butterworth (1967). The assemblages described 

are very similar and correlate closely to those described above. 

2.3.1.3 Vestispora magna subzone 

Smith and Butterworth (1967) describe the base of the Vestispora magna zone 

(assemblage IX) (Fig. 2.6) as being marked by the appearance of Triquitrites sculptilis, 

Cristatosporites solaris and Vestispora magna, although they comment that these 

components are rare and sometime absent in the seams between the Maltby marine 

band and theAegiranum (B/C boundary) marine band, the lower part of the zone. This 

implies that it may be difficult to distinguish the V. magna zone from the underlying D. 

bireticulatus zone, with which the lower part is otherwise similar. Subtle differences 

noted by Smith and Butterworth (1967) are the increased abundance in the upper part 

of the zone of Cingulizonates loricatus, Endosporites globiformis, Florinites 

mediapudens and Cristatosporites solaris. The base of the zone coincides with the 

extinction of several species at or just below the top of the underlying D. bireticulatus 

zone, including Ahrensisporites Grumosisporites varioreticulatus, 

Mooreisporites Justis and Savitrisporites nux, which help to delineate the lower limit 

of the zone. 

The Vestispora magna (assemblage IV) zone of Van Wijhe and Bless (1974) (Fig. 2.7) 

is defined at its lower limit by the marked decrease in frequency of D. bireticulatus and 

by the incoming of Vestispora fenestrata at its upper limit. They too noted that the 

zonal species Vestispora magna was rare in the lower part of the zone but becomes 

common from the Aegir or Aegiranum marine band at the base of the Westphalian C 

upward. They described similar assemblages to those of Smith and Butterworth (1967) 

with a mention of Laevigatosporites vulgaris common throughout and infrequent 

occurrences of Triquitrites sculptilis and representatives of the Punctatosporites 

granifer I minutus complex in the lower Westphalian Conly. 

Kmiecik (1986) working in Poland describes the upper of his two zones as the 

Triquitrites sculptilis (fs) zone (Fig. 2.9) which equates to an upper Westphalian B 

zone only and is not carried over the Westphalian B/C boundary to include the lower 

Westphalian C, unlike Smith and Butterworth (1967) and Van Wijhe and Bless (1974). 

Kmiecik (1986) uses Triqutrites sculptilis as the zonal indicator, as the species is a 
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common component of the assemblages. This is in agreement with the British 

Coalfields where the range and abundance concurs with the data from Poland. It may 

be appropriate to substitute T .sculptilis for Vestispora magna as the zonal indicator of 

the upper Westphalian B subzone in the United Kingdom, as the former species 

appears to have a higher abundance and is more likely to occur in the whole of the time 

range extending down to the Maltby marine band, the lower limit of this zone. 

Owens (1991) suggests that since the recognition of the base of the Vestispora magna 

zone is difficult, due to the scarcity of the zonal indicators, it seems preferable to utilise 

the subdivision of the Clayton et al. (1977) scheme (Fig. 2.3). However, this scheme 

was developed with regional correlation in mind, and therefore established broad or 

coarse zonation bands. This is not sufficient in the offshore realm where a higher 

degree of resolution is required, hence it is argued here that where Vestispora magna 

and Triqutrites sculptilis are available they should be used where possible to increase 

the awareness of stratigraphic position (refer to section 2.5 for details). Coupled with 

the disappearance of these two taxa downhole, is a marked downhole frequency 

increase of Dictyotriletes bireticu/atus in coal seams beneath the Maltby marine band, 

(see Smith and Butterworth 1967 and Van Wijhe and Bless 1974) and the first 

occurrence of Ahrensisporites Mooreisporites Justis and Grumosisporites 

varioreticulatus, (Fig. 2.6), but probably not Savitrisporites nux which both Owens 

(1991) and Clayton et al. (1977) believe continues to the Westphalian B/C boundary. 

The points noted above can thus be used to define a Vestispora magna subzone, which 

can be used to enhance correlation where available. 

2.4 Description of Westphalian C (Bolsovian) zones 

2.4.1 Torispora securis- Torispora laevigata (SL) miozone 

Clayton et al. (1977) defined the base of the SL miozone (Fig. 2.3) just above the 

Aegiranum marine band by the appearance of the monolete genus Torispora together 

with Vestispora fenestrata, both of which subsequently become quantitatively 

significant components of the assemblages. The boundary also marks the top of the 

epibole Cingulizonates loricatus, Grumosisporites maculatus, Savitrisporites nux and 

Raistrickia fulva. They disagree with Smith and Butterworth (1967) (Fig. 2.4) in that 

they believe Grumosisporites varioreticu/atus also disappears here and not at the 

Maltby marine band (the top of the underlying Dictyotriletes bireticulatus zone). 

39 



Silesian Palynostratigraphy 

In the middle part of the miozone representatives of the genera Triquitrites and 

Punctatosporites become quantitatively important, with the appearance of 

Punctatosporites granifer together with a perceptible reduction in the number of 

spores of the Densosporites group. Whilst in the upper part of the unit 

Westphalensisporites irregularis and Vestispora fenestrata show a marked increase in 

relative abundance, but it is in the succeeding zone that they reach their maximum 

development. It is also possible to recognise the beginning of the biozone by the rare 

presence of isolated specimens, of Disaccates striatiti and Lundbladispora gigantea 

which become more significant later. 

Throughout the miozone representatives of the genera Lycospora, Laevigatosporites, 

Punctatosporites, Torispora and Florinites constitute the common components in the 

assemblages with accessory Crassispora Densosporites spp., and 

Triquitrites spp. Many of the taxa characteristic of the preceding NJ miozone including 

Reticulatisporites polygonalis, R. reticulatus, Microreticulatisporites nobilis, 

Florinites junior and the Vestispora costata I cancellata lineage continue to occur. 

2.4.1.1 Discussion of Westphalian C zonation schemes 

The lower part of the interval occupied by the Torispora securis- Torispora laevigata 

(SL) miozone of Clayton et al. (1977) from the Aegiranum marine band to the 

Cambriense marine band (Fig. 2.3) is equivalent to the upper part of the Vestispora 

magna zone (assemblage IX) of Smith and Butterworth (1967) (Fig. 2.4). The 

remainder of the Westphalian C is assigned by Smith and Butterworth (1967) to the 

Torispora securis zone (assemblage X), the base of which was originally defined by 

Butterworth and Millott (1960) on the basis of the appearance of Torispora securis, 

Vestispora fenestrata and Punctatosporites granifer. Most of the other components 

of the zone are compatible with those recorded in the SL miozone of Clayton et al. 

(1977) although it is worth mentioning that Smith and Butterworth (1967) noted 

increased numbers of Cirratriradites megaspinosus and an abundance of C. solaris 

near the top of the zone. 
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Van Wijhe and Bless (1974) agree with Smith and Butterworth (1967) in that they 

note the appearance of Vestispora fenestrata at the Cambriense (lower Westphalian C) 

marine band, not the Aegiranum (Westphalian B/C Boundary) marine band (Fig. 2.4). 

They use V. fenestrata as the zonal index species and their V. fenestrata zone (V) 

extends at least to the top of the Westphalian C and is marked by the extinction of 

Cirratriradites saturni. Their assemblage consists of common Cristatosporites 

indignabundus, C. connexus, C. solaris and Densosporites annulatus with accessory 

Densosporites sphaerotriangularis, Microreticulatisporites nobilis, M. silicates, 

Cirratriradites Laevigatosporites minimus, Savitrisporites concavus, 

Triquitrites sculptilis, T. T. tribullatus, Vestispora costata, V. magna, V. 

pseudoreticulata and V. tortuosa. This is similar to the SL miozone assemblage 

described by Clayton et' al. (1977) 

In Poland Kmiecik (1986) concurs with Clayton et al. (1977) in Fig. 2.9 in 

distinguishing Vestispora fenestrata at the base of the Westphalian C at the Aegiranum 

marine band. The taxa is then utilised as an index species to defme a Vestispora 

fenestrata (Vf) zone equivalent to the Torispora securis - Torispora laevigata (SL) 

miozone of Clayton et al. (1977). The assemblages described by Kmiecik (1986) have 

similar taxa content and ranges to those described by Clayton et al. (1977) so it can be 

assumed the zones are equivalent. 

Discrepancies exist between the position assigned to the base of the Torispora securis 

- Torispora laevigata (SL) miozone of Oayton et al. (1977) and the Torispora securis 

zone (assemblage X) of Smith and Butterworth (1967), and the Vestispora fenestrata 

(V) zone of Van Wijhe and Bless (1974) (Fig. 2.4). The latter is located close to the 

top of the upper simils - pulchra non-marine bivalve chronozone (Fig. 2.3) at the 

Cambriense marine band in the lower Westphalian C, whereas the base of the SL 

miozone is located just above the Aegiranum marine band in the lower part of the non

Marine chronozone. Owens (1991) notes this but suggests that the scheme of Clayton 

et al. (1977) (Fig. 2.3) is more widely applicable to other parts of Europe, including 

Poland and is thus more useful regionally. The major disagreement seems to be on the 

range of the important taxa Vestispora fenestrata. The scheme developed by Clayton 

et al. (1977) and utilised by Owens (1991) is more recent and is based on a greater 

quantity and quality of data and therefore I suggest that the range of V. fenestrata does 

extend to the Westphalian B/C boundary, and thus the SL miozone, encompassing the 

whole Westphalian C of Clayton et al. (1977), should be adopted. 
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2.5 A Silesian palynostratigraphic scheme for Quadrant 44 

2.5.1 Introduction to offshore palynostratigraphy 

Macrofossils are only preserved in offshore well sections in exceptional cases and 

direct comparison with the macrofossil zones (Fig. 2.1), defining the onshore stages of 

the Silesian using marine bands, is not feasible. The positions of the marine incursions 

have therefore to be identified by other methods and palynological analysis of the 

Carboniferous sediments has evolved as the most effective biostratigraphic technique 

to evaluate these offshore well sections. The palynological zonations that have been 

derived are relatively well constrained against onshore although the method 

as a "stand alone" stratigraphic tool is not precise. This is due to the reliance on 

terrestrially derived spores and pollen which have an erratic facies related distribution 

and preservation potential in the upper delta plain sediments of the Westphalian Coal 

Measures. Consequently they can occur at slightly different levels in different wells, 

especially as the zonation schemes are based on palynological events such as 

evolutionary inceptions (first down hole occurrence) and extinctions (last down hole 

occurrence) and quantitative acmes (down hole frequency increases or reductions). 

2.5.2 Problems with conventional palynostratigraphy 

2.5.2.1 Data collection 

Conventional palynological zonation schemes are based on the analysis of drill 

cuttings, side wall core plugs and core chips. However, correlations cannot be relied 

· upon with a high degree of confidence for several reasons. 

(1) Reworking of taxa occurring during deposition: Spores and pollen may be 

reworked at the time of deposition of the sediments, as they are remarkably resistant to 

abrasion and thus may be on their second or third cycle of sedimentation. This problem 

is compounded by the fact that the source for the Westphalian B is thought to include 

components of the underlying Westphalian A and Namurian, both of which show 

similarities in their miospore assemblages. 
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(2) Down hole contamination: The evolutionary inception of species is identified by 

last down hole occurrences. However, these are not always diagnostic due to the 

presence of caved material in the drill cuttings, which is a common problem in deep 

wells with a significant proportion of "open hole". This problem is compounded by 

rapid lithological variations especially in Carboniferous wells which often experience 

these difficulties. 

(3) Rapid facies variations: Local ecological factors may have an impact on miospore 

assemblages, in that these affect the extent to which the life assemblage is captured in 

the rock Thus appreciation of the Carboniferous palaeoenvironment and its 

lack of horizontal continuity must be taken into account when using such palynological 

events as abundance peaks (acmes) and reworking events for correlation. Before using 

such events local reworking or facies related events must be confidently distinguished 

from those of regional importance. 

(4) Rig site conditions: Miospore assemblages can be drastically affected by conditions 

at the rig site in that the increased use of down hole turbines and. PDC drilling bits 

significantly reduces assemblage diversity and quantity of miospores. Striving for 

increased rate of down hole penetration will destroy the majority of the palynomorphs. 

Sampling error, where samples were not taken at the right place due to lag time 

calculation error or due to poor supervision on the part of the well site geologist or 

mudlogging contractor will affect the data quality. This may be compounded by poor 

sample labelling or transport. Sample spacing is important for high resolution 

correlation potential. 

The above criteria control data quality so that good quality reports satisfy less of the 

above criteria than bad ones. 

2.5.2.2 Individual contractors appraisals 

The palynological data from the original contractors appraisals varies in content and 

quality. It commonly comprises the original routine biostratigraphic reports and raw 

data count sheets commissioned or undertaken by the operator, occasionally 

complimented by additional reports highlighting certain aspects of the wellbore. The 

individual contractors differ in the zonation schemes each utilises to subdivide the 

Westphalian. Variances occur due to differences in the marker taxa used and in the 

interpreted age significance of these taxa in time and between consultants. 
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2.5.3 Comparison of contractors appraisal schemes 

In Quadrant 44 wells there are 7 major schemes, which are briefly worth commenting 

on. 

2.5.3.1 The Geochem Group 

The Geochem Group (Fig. 2.10) undertook the work on the Murdoch and Caister 

wells in blocks 44122 and 44123 for Conoco and Texas Gas in the early exploration and 

appraisal drilling. Their biozonation scheme is the least useful as it is based on 

palynoevents, palynofacies and reworking events, which clearly are 

palaeoenvironmentally or palaeogeographically influenced. The Geochem Group 

appear to place little significance on extinctions and inceptions of particular taxa, and 

do not relate their scheme to the marine band hierarchy. The zonation established by 

the Geochem Group was not utilised, but where available, the count sheets proved 

particularly useful for correlation of the Murdoch I Caister fields. 

The Geochem scheme uses an lbrahimispores microhorridus zone of reworked taxa at 

or near the Westphalian AlB boundary. This may relate to reworking at the base of the 

Caister Sandstone and may not be an unequivocal regional correlation tool, aithough it 

may tell us something about erosion relating to Caister Sandstone generation. They 

also have a Vestispora pseudoreticulata zone (zone 22) that may correspond to the 

negative interval discussed in section 2.5.3.3 and a Triquitrites sculptilis zone above 

the Westphalian BIC boundary. Both of these intervals display an increase in the 

respective zonal species, which may be a local palaeoenvironmental factor, as it is not 

mentioned in any other literature. 

2.5.3.2 ECL I SSI (Exploration Consultants Limited I Stratigraphic 
Services International) 

The ECL I SSI palynomorph zonation scheme (Fig. 2.11) follows that of Smith and 

Butterworth (1967) (Fig. 2.5). Consisting of a latest Westphalian A Schulzospora rara 

biozone beneath the Westphalian AlB boundary, an early Westphalian B Dictyotriletes 

bireticulatus biozone up to the Maltby marine band and a late Westphalian B 

Vestispora magna biozone, the latter ceases at the Westphalian BIC boundary. A 

Vestispora fenestrata biozone then encompasses the early Westphalian C, which is 
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more comparable to the SL miozone of the Clayton et al. (1977) scheme (Fig. 2.3), but 

ceases at the Cambriense marine band. 
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Fig. 2.10 The palynological zonation scheme of The Geochem Group (1990). 
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The early Westphalian B is subsequently subdivided into 5 subzones, based on 

prominent coal seams defined by sonic log peaks. I would comment that it is unlikely 

that these coal seams could be correlated regionally due to the rapid lateral facies 

variations (see Chapter 4) and problems in identifying which coal is which, thereby 

preventing this part of the scheme being utilised. A similar situation is seen in their late 

Westphalian B and early Westphalian C which is subdivided by the various marine 

bands. Although they are regionally correlateable it is not always possible to identify 

them in the wellbore, and they have no palynological significance and cannot be 

identified palynologically. I have not used this part of the scheme. 

2.5.3.3 GAPS Geoconsultants 

The GAPS zonation (Fig. 2.12) is based on the Smith and Butterworth (1967) 

zonation scheme (Fig. 2.5), utilising the last down hole and first down hole 

occurrences of diagnostic taxa with further subdivisions based on faunal acme's or 

frequency increases. The zone WP 4 is equivalent to a Schulzospora rara zone (Smith 

and Butterworth 1967), but extends slightly above the Vanderbeckei marine band, 

where the Endosporites globiformis IS. rara faunal changeover is thought to occur. 

The Westphalian B is split into three zones: WP 5, WP 6 and WP 7. WP 5, which 

encompasses the lower Westphalian B, is based by the extinction of S.rara and the 

inception of E. globiformis, and its top is marked by the downhole frequency increase 

of Dictyotriletes bireticulatus. GAPS suggest that this does not correspond to the 

inception of Triquitrites sculptilis and Vestispora magna and thus the Maltby marine 

band, but occurs some distance beneath it. This establishes a "negative" zone where 

few D. bireticulatus are found and upper Westphalian B taxa are not present. 

The problem with this "negative" zone is that it is difficult to identify and delineate 

with any confidence, especially for regional correlation, as the taxal recovery may be 

affected by local conditions at deposition or subsequent operational factors that can 

extend the zone in some wells by destroying taxa. It would be more useful to identify a 

particular assemblage at this point. Other workers (Smith and Butterworth 1967; Van 

Wijhe and Bless 1974; Kmiecik 1986) noted that both T. sculptilis and V. magna do 

extend to the Maltby marine band contradicting GAPS argument and therefore if either 

of the two taxa extend down to the Maltby marine band, uncertainty is always present. 

Unusually the downhole frequency increase of D. bireticulatus, that marks the lower 

limit of the zone, does appear to be of regional extent and is not a facies related 

phenomenon. It probably does occur some distance beneath the Maltby marine band 

(cf section 2.5.4.2) thereby constraining the lower limit of this "negative" zone. 
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PALYNOMORPH ASSEMBLAGE 
CHARACTERISTICS 

SUMMARY . 

Due to the diachronous nature olthe Barren Red Measures/Coal Measures 
boundary the preservation of Weslphalian 0 strata in productive measures is 
sporadic.Assernblages of this age dominated by small m:>notetes wch as 
Thymospora' 6tJP.,Punctatosporites spp:,and LJitosporires 6tJP.,with Schopfites 
dimorp/'i.Js, Mooreisporites spp.,and common Vestispora £PP. 

Asserrbtages oenerally domnated by Vestispora spp.,wilh V. fenestral a and 
V. laevigata the marker ipecies.Regulac Torispora S8CUris.Punctatosporites spp. 
and Llrtospcries spp.,wilh Endosporites giobilomlis also r.dicative of this age, 

The downh:>le appearance of £UCh miospores as Raisttd<ia fulva. Cirratriradit es 
utumi and Dictyotriletes bireticulatus indicates this age or older strata.True age 
designat'ioo is based on assemblage characteristics which often incUde trequen1 
to common Endosporites globiformis, Vestispora pseudoreticulata and Fiorinites 
mediapudens,together with more age diagnos1ic taxa such as Vestispora magna 
Cristatisporites solaris and Triquitrites sc:ulptilis. These latter species are 
generally more regular in the Early Westphalian C stra1a but are rare and 
sporadic in the Late Westphalian B.No diagnos1ic taxon or asserrblaoe changes 
mark the Westphalian BIC boundary and c is often very diffiCUh to split the two 
ages.However,taxa such as Ahrensisporites guerickei,Radiizonates tenuis and 
Cristatisporites irdignabundus indicate definite pene1ra1ioo o1 Westphalian B 
strala when they appear.ln addition,insitu Vestispora fenestrata and ·Torispora 
S8CUris indicate ,if presen1, a Westphalian Cor younger age. 

Coal seams bebw the Maltby M.B. generally con1ain more frequent represen1a· 
tion of Dictyotriletes bireticulatus. This species may also be more reQular1y repr· 
sen1ed in the non-coal horizons bu1 not atways.Palynomorph assemblages 
usually contain increased frequency of Densosporites sphaerotriangularis. 
especially from the thick ooal searns.Also characterised by freq.Jent Vestispora 
costatal!ortuosa,Savitrisporites nux,Raistrid<ia spp.,Cristatisporites 
indignabundus.Granulatisporites granulatus and Fbrinites spp.Endosporites 
gbbiformis rema ins numencally siQnifocant although not so ab<Jndant as the 
overlying aoe. Vestispora pseudoreticulata exhibits a gradual reduction in 
abundance co<nc'ding with the rise in V.cos_tatal!ortuosa nurrbers.A backgrourld 
abundance ol Lyr;ospora pusilla.Laevigatosporites spp. and Crassispora 
lcosanl<ei io noted in most asserrolaQes of this age. 

Assemblages are very similar to above. However presence of Schu/zospora rara 
together with other species with recorded Westphalian A tops such as Aurara
spora stolidata • Westphalian A.Endosporites globifonnis extremely rare or 
absen1 and has a stratigraphic 'base' in this age. Vestispora pseudoreticulata 
also does not extend below this age,ahhough Vestispora costatal!ortuosa 
remains frequen1. Dictyotriletes bireticvlatus often reduces in rurrbers at the 
base of this age. 

Aoe marir.ed by the downhole incoming of Radiizonates aligerens, which is often 
frequen1 to oomrron in the upper part,but becomes near the base of the 
zooe.The age is additionally detected by the downhole appearance of 
Kraeuselisporites omatus in the middle/upper part and Cirratriradites rarus near 
Its base.ln addition, Vest ispora costatalfortuosa has its stratigraphic base in the 
upper part of this zone.General assemblage contains abundan1 Crassispora 
kosanl<ei,Lyoospora pusilla.Laevigatosporites minor and Fbrinites spp.,together 
wilh reQUlar Radiizonates spp.,Cristatisporites connesc:us and Calamospora spp. 

Oiffia.Jh to determine if caving is a problem in wells.Definite penetration of this 
age indicated by the occurrence of insitu Spelaeotriletes arenaceous, 
Knoxisporites dissidius and Trinidulus dimorphus.Cirratriradites rarus is generally 
more regular than above.A downhole reduction in Laevigatosporites spp. occurs 
in the upper part of the age.Onshore,large numbers of Triquitrites and 
Ahrensisporites spp. occur in this age but this is generally rd recorded offshore. 
The WestphaliarvNamurian boundary is very d iffiCUlt to detennine palynologically. 
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GAPS zone WP 7 is split by a downhole frequency increase ofT. sculptilis, a factor 

not noted by other workers and which may be difficult to identify regionally. The 

problems of faunal acme's are that they can vary in time and with facies. Zone WP 8 is 

marked by the inception of Vestispora fenestrata, which GAPS consider to be at this 

point (see section 2.2.5.1. for discussion), and striate bisaccates and the extinction of 

Raistrickia fulva. The WP 8 zone is subdivided into WP Sa and WP 8b on the 

inception of Torispora securis between the Aegiranum and Cambriense marine bands, 

thereby concurring with Smith and Butterworth (1967) (see section 2.2.5.1. for 

discussion). 

2.5.3.4 SHELL (UK) EXPRO 

Shell (UK) EXPRO's palynological scheme (Fig. 2.13) uses a Schulzospora rara zone, 

(Smith and Butterworth 1967) beneath the Vanderbeckei marine band (Fig. 2.6). h 

with GAPS (see section 2.5.3.3) they identify a "negative" zone separating a 

Dictyotriletes bireticulatus or lower Westphalian B equivalent zone from an upper 

Westphalian B Vestispora magna equivalent. This latter zone extends to the 

Cambriense or Top marine band, and thus differs from many other zonations by 

continuing across the Aegiranum marine band (see discussion 2.2.5.1). Alternatively 

Shell (UK) Expro adopt a two zone subdivision system for the Westphalian B with a 

sliding boundary across the "negative" zone indicating that in some cases the criteria 

for identifying the zone boundaries lack consistency. This latter observation suggests 

that this boundary could not be rigidly applied to all Westphalian B sections in the 

region. 

2.5.3.5 BGS (British Geological Survey) 

The British Geological Survey offer technical advice via several biostratigraphic 

reports, although do not publish a zonation scheme. They use both Smith and 

Butterworth (1967) (Fig. 2.6) and Clayton et al. (1977) (Fig. 2.3) as a basis to 

subdivide the Carboniferous. Where available, I preferentially use both the reports and 

count sheets which draw on the greater experience and stratigraphic awareness of the 

workers. A brief of their notes is given here. 
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Westphalian C sediments are identified using complex forms of the genus Triquitrites 

and the occurrence of Torispora spp. and Vestispora magna. They note that the 

definition of the Westphalian B/C boundary using palynology is difficult due to the 

reduced incidences of miospore evolutionary inception and extinction events and the 

poor stratigraphic control of the Westphalian B/C boundary in non marine facies. 

A mid to late Westphalian B assemblage is characterised by Dictyotriletes 

bireticulatus, D. castaneaeformis, and D. muricatus, whereas an early Westphalian B 

assemblage contains a high frequency of cingulate miospores Cingulizonates loricatus, 

Cristatosporites indignabundus, Densosporites annulatus, D. pseudoannulatus and D. 

sphaerotriangularis. The distinctive miospore taxon Endospori(es globiformis makes 

its first stratigraphic appearance at the base of the Westphalian B just above the 

Vanderbeckei marine band. Latest Westphalian A microfloras are characterised by the 

occurrence of the short range taxon Schulzospora rara which makes its last 

stratigraphic appearance immediately below the Vanderbeckei marine band, thus the 

Westphalian AlB boundary is well confined palynologically. 

2.5.3.6 Sheffield University Industrial Palynology Unit 

The Industrial Palynology Unit at Sheffield University worked for CONOCO on 

establishing a correlation scheme based on coal seam assemblages, for the Murdoch 

field wells 44/22-1, 44/22-3, 44/22-4, 44/22-5, 44/22-6z and 44/22-7 (Fig. 2.14). The 

high degree of well spacing and good data quality allowed distinctive coal seam 

assemblages to be identified in these wells and provided a higher resolution than all 

comparable schemes. The scheme, however, is specific to Murdoch wells and may not 

be widely applicable to the whole of Quadrant 44, due to reduced well spacing away 

from the Murdoch field and the lack of confidence in coal seam identification. The 

zonation concurs with that of Smith and Butterworth (1967) who also worked on coal 

seam assemblages. 

The Sheffield University Industrial Palynology Unit recognise three highly distinctive 

seams in all of the wells and the stratigraphic interval studied. These are the 11 + 111
, "-1 11

, 

and "-211 seams respectively (Fig. 2.14) and are supplemented by the recognition of six 

groups of palynologically similar seams identified in four of the six wells (Fig 2.14). 

The assemblages quoted are similar to those described in section 2.3.1 with the zonally 

diagnostic taxa Endosporites globiformis, Schulzospora rara and Radiizonates 

aligerens equating to those of Smith and Butterworth (1967) (Fig. 2.5). 
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The problems with the scheme are outlined below. 

{1) The palynological nature of coal seams is such that a section through an individual 

seam will contain several different palynological assemblages or "phases". In order to 

identify an ideal "palynological signature" for any individual seam it would be 

necessary to obtain a "channel sample" of the coal in which all of these phases are 

equally represented. In practise this is never attained with offshore data, even with core 

material. The recovery of drill cuttings and the curation of core is such that it is 

impossible to know whether all of a seam is represented in a core, and commonly it is 

not. In some cases complete seams maybe absent from curated cores. 

(2) The use of the method and its correlation to those areas reliant on drill cuttings are 

such that even though drill cuttings appear to represent a "channel sample" from a 

drilled section, it is impossible to know what proportion of a seam is actually 

represented in a drill cuttings sample and whether any "phases" are over represented. 

One gram of coal may yield up to one million spores and pollen grains, so clearly one 

cutting out of place will greatly affect data, especially quantitative data. 

(3) Where seams are closely spaced several seams can be represented in one sample. 

( 4) Coal seam identification and correlation using this method requires comparison 

with wireline data, especially gamma ray and sonic. These tend to mis-represent coal 

seams by amalgamating several closely separated seams into one peak because they 

lack the resolution to determine thin seams. 

The problems illustrated above mean that reliance on this method as a "stand alone" 

palynological tool is difficult without closely spaced cored well data, but it may be 

useful for "infill stratigraphy" once a target has been isolated, subsequently aiding 

reservoir management and development. The one point of note is the three 

palynologically highly distinctive seams occurring in all wells. The "+ 1" seam is 

immediately above the regionally correlateable Caister Sandstone and contains the last 

down hole occurrence of Westphalian B taxa. The "-1" seam, that is the coal 

immediately below the Caister Sandstone and hence the Vanderbeckei marine band, 

corresponds to the first down hole occurrence of Schulzospora rara which is the 

diagnostic taxa for uppermost Westphalian A sediments. The "-2" seam is equivalent to 

the first down hole occurrence of Radiizonates aligerens which is the diagnostic taxa 

for middle Westphalian A sediments. All of this supports the Smith and Butterworth 
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(1967) scheme and agrees with the whole rock palynological analysis, (section 2.5.4). 

The remainder of the zonation reflects a locally applicable refinement. 
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Fig. 2.14 The palynological scheme of of the Industrial Palynology Unit at the 

University of Sheffield (after McLean and Turner 1990). 
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2.5.4 The palynological scheme used in this study for Quadrant 44 

It is beyond the scope of this study to undertake independent palynological analysis to 

establish a scheme based on new data. Therefore, to establish a universally applicable 

palynological zonation scheme for Westphalian B sediments in Quadrant 44 an attempt 

has been made to synthesise all of the data available. This consisted of a review of the 

literature (see section 2.1) and an extensive study of the palynological count sheets and 

accompanying reports. Data quality is the controlling factor and good quality data 

(abundant and diverse taxa recognised; lack of reworking or downhole contamination; 

and; efficient sample spacing) allows the maximum number of taxa to be utilised. This 

allows for a palynological zonation based on primarily events such as extinctions and 

evolutionary inceptions to form the boundaries to zones. Each zone is then 

characterised by a particular assemblage with unique co-occurrences. These are 

described in section 2.5.4.1. It is necessary to understand the peculiar characteristics of 

the neighbouring Westphalian A and Westphalian C assemblages to recognise those of 

Westphalian B age, therefore a scheme (Fig. 2.15) from the middle of the Westphalian 

A to the middle of the Westphalian C is described here. 

2.5.4.1 Uppermost Westphalian A- Schulzospora rara (SR) zone 

The middle to upper Westphalian A is defined as the Radiizonates aligerens or RA 

subzone by Clayton et al. (1977) (Fig. 2.3), but it is separated into the Radiizonates 

aligerens (VI assemblage) and Schulzospora rara (VII assemblage) subzones by Smith 

and Butterworth (1967) (see section 2.2.3.2 for discussion). Owens (1991) suggests 

that where the subzonal indicator Schulzospora rara is found, considered rare by some 

workers in the United Kingdom and Netherlands, a S. rara subzone should be 

employed. 

Throughout Quadrant 44 the taxon Schulzospora rara is seen to occur, consistently 

some 200' above the first downhole occurrence of the zonally diagnostic taxon 

Radiizonates aligerens. This concurs with the work of Smith and Butterworth (1967) 

and Van Wijhe and Bless (1974) (Fig. 2.8) who noted the absence of the latter taxa for 

several coal seams immediately below the Vanderbeckei marine band. Where the 

Vanderbeckei marine band can be identified by other means, (i.e. marine macrofauna) 

the first downhole occurrence of S. rara is immediately below, therefore it is 

appropriate to use S. rara to define a subzone from the Westphalian NB boundary 

(Vanderbeckei marine band) to the first downhole occurrence of Radiizonates 
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aligerens. Punctatosporites sinuatus also has its first downhole occurrence at the 

Westphalian NB boundary and may be used to define the subzone. Unfortunately this 

taxon is not found consistently in Quadrant 44 assemblages. 

Additionally several typical Westphalian B taxa have their last downhole occurrences 

immediately above the boundary and therefore assist in delineation. These include 

Endosporites globiformis, Vestispora pseudoreticulata, Radiizonates tenuis, 

Cristatosporites indignabundus, Microreticulatisporites nobilis and Florinites junior. 

The latter is one of the index species for the NJ zone of Clayton et al. (1977), but it is 

infrequent in Quadrant 44 assemblages. 

The recognition of a combination of last downhole occurrences of Westphalian B taxa 

and the first downhole occurrence of S. rara allows the Westphalian NB boundary to 

be well constrained by palynology even in data reliant on cuttings. 

2.5.4.2 Lower Westphalian B- Dictyotriletes bireticulatus (DB) zone 

The Westphalian B has been split by various workers into one, two or three zones, (see 

section 2.4 and Fig. 2.4). However, in terms of palynological events there are two 

clear zones, based largely on Smith and Butterworth (1967) (Fig. 2.6). A lower 

Westphalian B Dictyotriletes bireticulatus zone .and an upper Westphalian B 

Vestispora magna (Triquitrites sculptilis) zone. 

The lower Westphalian B D. bireticulatus zone has its base at the extinction (first 

downhole occurrence) of Schulzospora rara and evolutionary inception of the group 

of taxa mentioned in section 2.5.4.1, that coincides with Vanderbeckei marine band 

defining the Westphalian NB boundary. A typical assemblage includes elements of 

Ahrensisporites Camptotriletes bucculentus, Cingulizonates loricatus, 

Cirratriradites Crassispora Cristatosporites connexus, C. 

indignabundus, abundant Dictyotriletes bireticulatus, Endosporites globiformis, 

Grumosisporites varioreticulatus, Knoxisporites stephanephorus, Mooreiporites 

Justis, Planisporites granifer, Radiizonates tenuis, Raistrickia fulva, R. striatus, 

Savitrisporites nux, Vestispora cancellata V. costata, V. pseudoreticulata, V. tortuosa. 

as well as representatives of the genera Densosporites, Laevigatosporites, Lycospora 

and Florinites. 

The top of the zone is marked by the drastic decrease in frequency of the genus 

Dictyotriletes, as indicated by the BGS (section 2.5.3.4), and includes D. bireticulatus, 
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D. castaneaeoformis and D. muricatus and a decrease in the cingulate miospores 

Cingulizonates loricatus, Cristatosporites indignabundus, Densosporites annulatus, 

D. pseudoannulatus and D. sphaerotriangularis. There is also a comparative reduction 

in the Vestispora costata I tortuosa group in favour of Vestispora pseudoreticulata. 

There is some suggestion that this frequency change occurs in coal seams some 

distance beneath the upper/lower Westphalian boundary marine band, the Maltby 

marine band (see section 2.5.3.3). Although this may be the case frequency changes 

can also be difficult to identify in the wellbore due to local facies variations or drilling 

conditions. However, from a study of Westphalian B sediments in Quadrant 44 this 

downhole frequency increase is clearly evident even in poor quality data and therefore 

it can be used stratigraphically, despite the fact that it does appear to occur some way 

beneath the Maltby marine band. The top of the zone is marked by the extinctions of 

Ahrensisporites guerickei, Grumosisporites varioreticulatus and Mooreisporites 

Justis, and the inception of upper Westphalian C taxa. However, these may only be 

recognised with good quality data which in some cases forces reliance on the 

downhole frequency increases, which are not accurate stratigraphic markers. 

2.5.4.3 Upper Westphalian B - Vestispora magna (Triquitrites 
sculptilis) (VM) zone. 

The base of the Vestispora magna (Triquitrites sculptilis)(VM) zone is marked by the 

extinctions of lower Westphalian B taxa as mentioned in section 2.5.4.2 which occur 

some way above the distinctive downhole frequency increase of Dictyotriletes 

bireticulatus and associated taxa (also discussed in section 2.5.4.2). The extinctions 

correspond to the inception or last downhole occurrence of typical upper Westphalian 

B to lower Westphalian C taxa Vestispora magna, Triquitrites sculptilis and 

Cristatosporites safaris. However, it has been noted that these taxa are rare to very 

rare in the assemblages immediately above the upper/lower Westphalian B Maltby 

marine band, hence the reason why Clayton et al. (1977) did not use them as zonal 

indicators. It makes accurate assessment of the position of this particular marine band 

and the boundary of the two zones difficult. 

In Quadrant 44 it appears that Triquitrites sculptilis especially, is identified in 

sediments a short distance above the Maltby marine band. This taxa may be more 

important than the usual index species V. magna, therefore in Quadrant 44 it may be 

more useful to refer to a T. sculptilis zone as Kmiecik (1986) (Fig. 2.9) suggests. In 

exceptional cases this extends to the Maltby marine band, but more commonly it ceases 
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in sediments a few tens of feet above. If any of the three species are present they are 

important indicators. 

The zone differs from the underlying Dictyotriletes bireticulatus zone as described in 

section 2.5.4.3 in the reduction in a number of key taxa. Endosporites globiformis and 

Florinites mediapudens, however, become more significant, as does Vestispora 

pseudoreticulata at the expense of the Vestispora costata I tortuosa group. The taxon 

Alatisporites hoffmeisterii is noted to range from coal seams just beneath the Maltby 

marine band upwards (Smith and Butterworth 1967) and is a common component of 

V. magna assemblages. It is also a good zonal indicator. 

The top boundary of the V. magna or upper Westphalian B zone is marked by the 

extinction of Savitrisporites nux, a taxon that has a high frequency in Westphalian B 

assemblages. Its first downhole occurrence is therefore seen as a prominent pulse that 

is easily identifiable. Smith and Butterworth (1967) and Van Wijhe and Bless (1974) 

consider the extinction of Dictyotriletes bireticulatus to be at this point, but by this 

time the taxon is numerically insignificant and therefore largely redundant in boundary 

definition. Camptotriletes bucculentus may assist in boundary definition as it is 

identified in good quality data assemblages and dies out at this boundary. There is a 

further perceptible reduction in the number of spores of the Densosporites group. 

These factors correspond to the evolutionary inception (last downhole occurrence) of 

typical Westphalian C taxa (see section 2.5.4.4). 

2.5.4.4 Lower Westphalian C- Vestisporafenestrata (VF) zone 

Typical Westphalian C taxa {Fig. 2.5) have their evolutionary inception (last downhole 

occurrence) at or slightly above the Westphalian C/B boundary, marked by the 

Aegiranum marine band, in particular Vestispora fenestrata and Punctatosporites 

granifer. The former of these, Vestispora fenestrata, is commonly identified in 

Quadrant 44 well data and combined with the extinction (first downhole occurrence) 

of Westphalian B taxa it therefore is important in delineating Westphalian C sediments. 

The exact position of the Westphalian B/C boundary is often difficult to locate as the 

sedimentary facies are dominantly upper delta plain/alluvial plain passing to "red beds". 

Miospores are not in sufficient quantity and diversity, and compounding this is sample 

spacing which is often poor in the upper Westphalian B to lower Westphalian C, with 

little coring. Westphalian sediments of this age are more commonly oxidised and their 

miospores destroyed due to proximity to the Sub-Permian unconformity and the 

impending onset of Westphalian C well drained alluvial sediments. 
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Despite these unfavourable conditions Vestispora fenestrata, which marks the 

Westphalian B/C boundary, appears consistently and is useful in terms of correlation. 

The SL miozone of Clayton et al. (1977) (Fig. 2.3) corresponds to this V. fenestrata 

zone, with its base corresponding to the Westphalian B/C boundary. However, many 

workers rely on a major faunal influx midway between the Aegiranum and Cambriense 

marine bands to form the base of a Westphalian C assemblage. This includes the 

appearance (last downhole occurrence) of the genus Torispora, striate bisaccates and 

two important members of the Triquitrites genus (T. T. tribullatus). This is 

coupled with the demise (first downhole occurrence) of typical Westphalian B taxa 

Cingulizonates loricatus, Raistrickia fulva and Grumosisporites maculatus. as well as 

an increase in numbers (downhole frequency decrease) of members of the 

Punctatosporites spp (including Punctatosporites granifer) and Triquitrites spp. 

A typical assemblage for this zone yields Cirratriradites Crassispora 

Cristatosporites indignabundus, C. connexus, C. solaris, Densosporites 

sphaerotriangularis, Florinites junior, Laevigatosporites minimus, Reticulatisporites 

polygonalis, Savitrisporites concavus, Triquitrites sculptilis, T. T. 

tribullatus, Vestispora fenestrata, V. magna, V. pseudoreticulata, and V. tortuosa. 

The Vestispora fenestrata zone is equivalent to the SL miozone of Clayton et al. 

(1977). This is identified using the V. fenestrata palynoevent at the Westphalian B/C 

boundary, which is usually sufficient to delineate the zone. However, if this species is 

not present the distinctive palynoevent of the Torispora/Triquitrites genera between 

the Aegiranum and Cambriense marine bands assists in stratigraphic awareness. 

Representatives of this zone are the stratigraphically highest in the region. 

2.5.5 Conclusions 

The Westphalian A to C interval can be satisfactorily subdivided i.Jsing palynological 

taxa. This is achieved by maximising the number of significantly available and useful 

taxa to develop a methodology that incorporates all of the stratigraphically important 

data which enables the upper Westphalian A to lower Westphalian C to be divided into 

5 zones (Fig. 2.15). These are taken from existing published correlations, where all the 

palynoevents that these are based on are compared. Those events which appear most 

frequently and those events which occur in sediments nearest to the study area are 

preferentially utilised. As a consequence this scheme bares most resemblance to that of 

Smith and Butterworth (1967) and Van Wijhe and Bless (1974). Where points of these 
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schemes are shown to inaccurate by Owens (1990) and Oayton et al. (1977) such as 

the range of Vestispora fenestrata, these changes are adopted in this study. These 

latter two schemes cover too large an area and generally lack the resolution to be 

adopted in full. The 5 zones defined in this study are consistent and reliable, and lack 

the subjectivity of individual contractors appraisals (section 2.5.4.1 to 2.5.4.6). The 

zones are palynologically distinct, easily recognisable and are -based on a combination 

of onshore schemes from which they take the best points to maximise the resolution of 

the correlation attainable. This Chapter together with Chapter 6 demonstrate that these 

zones can be used on a Quadrant wide spectrum, to subdivide Quadrant 44 well 

intervals, which subsequently ties into the onshore British and Dutch Westphalian 

succession. 

It has been shown by this study that the Westphalian B assemblages conform to the 

work of Smith and Butterworth (1967), in that although most of the taxa are simply 

Westphalian B specific, distinct lower Westphalian B and upper Westphalian B 

assemblages can be ascertained that compare favourably to the assemblages described 

for the British Coalfields. Thus, it is possible where good quality data is available to 

subdivide the Westphalian B into two zones. However, where data quality is inferior it 

is necessary to infer a "negative" zone (cf. GAPS, section 2.5.4.3; SHELL (UK) 

EXPRO section 2.5.4.4) that occurs between the two palynologically distinct zones. 

This is due to the lack of overlap of taxa, or the occurrence of a significant interval 

between associated inception and extinction of the significant zone-defining taxa. In 

this case the Maltby marine band cannot be palynologically constrained and other 

methods are required to identify the marine band and therefore the boundaries of the 

two zones concerned. 

The limitations of the proposed scheme are data quality, which varies markedly. Good 

data quality requires the recognition of diverse and abundant assemblages, lack of 

reworking and downhole contamination and clearly defined tops and bottoms to taxa 

ranges. Whereas poor quality data only allows for a broad or coarse stratigraphic 

subdivision. Nevertheless, by maximising the number of taxa utilised this problem can 

be circumvented in some instances. In other instances a simple Westphalian B 

assemblage may be the only interpretation proposed. The coarseness of the scheme, is 

a further limitation in that only a two or three fold division for the Westphalian B is 

applicable. This in itself is not of sufficient resolution to satisfy the needs of 

development and appraisal drilling programmes. However, the scheme produces a 

chronological control on which to base further more detailed work (Chapter 3 to 

Chapter 6). 
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Chapter 3 
Westphalian B marine bands 

3.1 Introduction 

The Silesian sediments of North West Europe consist predominantly of upper delta 

plain/coastal alluvial plain shales, siltstones, sandstones and coals. The lateral facies 

variations common to these depositional environments (Chapter 4) and the repeated 

stacking of these facies in a subsiding basin (Chapter 5) make lithostratigraphic 

correlation difficult if not impossible. Chapter 2 demonstrates that palynological 

analysis can achieve a stratigraphic subdivision, with 6 broad zones encompassing the 

upper Westphalian A to the lower Westphalian C (Fig. 2.15). The recent increases in 

exploration interest in the Carboniferous of the Southern North Sea requires a higher 

definition of zone boundaries and an increase in zone frequency to more accurately 

constrain reservoir successions. Within the largely non-marine Westphalian succession 

there are 19 (Ramsbottom 1978) relatively short lived marine incursions preserved as 

distinct marine horizons or marine bands (Fig. 3.1 ). Typically these are thin shale beds 

distinguishable from other shales in the Carboniferous by their marine fauna (Calver 

1968a). Ramsbottom (1978) describes marine bands as geographically widespread 

(occurring throughout Europe) and according to Leeder and Maynard (1990) they 

represent regional marine flooding events when a regional eustatic rise in sea level 

drowns the low lying upper delta plain/coastal alluvial plain slightly influenced by 

palaeotopography. 

The extreme consistency and widespread geographic distribution (the Vanderbeckei 

marine band is reported to be traceable from Ireland to the Urals in Russia) of 

individual marine bands with their short duration, regular occurrence throughout the 

succession and characteristic, unique faunal populations makes marine bands 

universally acceptable as regional chronostratigraphic markers (Ramsbottom 1978; 

Besly 1990). The Silesian coincided with a phase of rapid goniatite evolution with 

most of the major marine bands containing distinctive, age diagnostic goniatite 

populations. A sequential inception of goniatite taxa enables marine bands to be named 

and correlated regionally and allows them to be used by Carboniferous stratigraphers 

(Ramsbottom 1978; Besly 1990) to subdivide the Westphalian (Fig. 3.1). Marine 

events are restricted (Ramsbottom 1978) to the lower to middle Coal Measures (up to 

the top of the simi/is - pulchra non-marine bivalve chronozone which is equivalent to 
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the lower Westphalian C) (Fig. 3.1) and defme the primary chronostratigraphic 

framework (Ramsbottom 1978; Besly 1990) on which the palynozones described in 

chapter 2 are based. Recent work by Leeder et al. (1988) suggests that the marine 

responsible for the marine horizons are probably of glacio-eustatic 

origin (Hecek 1986; Veevers and Powell1987; Leeder 1988) and if correct, it provides 

an even more reliable degree of correlation, assuming diagnostic goniatites can be 

identified. 
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Fig. 3.1 Subdivision of the Westphalian B illustrating the relative stratigraphic 

position of marine bands compared with estabished zonations. Adapted from 

Ramsbottom (1978) and Besly (1990). 
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3.1.1 Marine bands and the Southern North Sea 

Onshore, marine bands are readily recognised as "time lines" or tie points on which to 

subdivide the Westphalian. This allows the marine bands to be equated to the 

palynological assemblages to enhance correlation, based on the identification of the 

diagnostic goniatite fauna. However, in the offshore realm the recognition of marine 

bands directly relies on extensive coring or accurate side wall coring as these are the 

only methods by which marine macrofauna can be returned to the surface. Both these 

processes have until recently been used primarily for sandstone reservoir analysis with 

the result that there is a paucity of material from which goniatites might be extracted, 

thus making alternative methods of marine band identification a necessity. 

3.2 Marine Band Macrofauna 

"Analysis of side wall cores from ARCO well 43/24 - 2 revealed . the presence of 

goniatites and microgastropods". (ARCO British, pers. comm.) 

The report of goniatites in the wellbore is a rare event within the cored or side wall 

cored material, though it is becoming more common due to the increased realisation of 

the usefulness of marine bands. This leads to more coring programmes geared to 

finding marine bands with the ultimate aim of establishing a workable correlation 

scheme based on marine bands for the Westphalian of the Southern North Sea (ARCO 

well 44/18-3; section 6.2.1). The above extract is the only report of distinguishable 

diagnostic goniatites located within or near the study area, whereby the identity of the 

marine band can be unequivocally established. Thus other methods of determining the 

position and identity of marine bands are required. It has been established that the 

diagnostic goniatites that are used to verify the identity of marine bands in the onshore 

are very rare and therefore cannot be relied on to pinpoint marine bands. However, as 

Calver (1968a) noted there are other marine and brackish water fauna that are 

associated with marine bands. These fauna tend to be more common (wells 44/28-2, 

44/23-5, 44/24-2, 44/18-3) as they extend over a greater thickness, suggesting there 

were initially more of them and they are more resistant to post depositional 

disturbance. Although not containing diagnostic goniatites, the faunal assemblage itself 

can be used to separate marine bands and if not, they are crucial in simply identifying 

the presence of a marine horizon and may have sequence stratigraphic implications 

(Chapter 5). 
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3.2.1. Marine band faunal phases 

Many workers in Britain (Calver 1968a; Wignall 1987) and Europe (Bless 1976) 

recognised 3 faunal cycles (Fig. 3.2) within the relatively thin marine horizons: an 

advance (transgressive); acme and retreat (regressive). These cycles were characterised 

by particular suites of micro- and macrofauna, and were termed faunal phases. Calver 

(1968a) noted that the nature of the faunal phase at the acme of the marine incursion 

gave details of the environnie!ltal conditions prevalent at the time of maximum 

development (transgression) of the marine band. This method characterises the 

individual marine bands in terms (Fig. 3.3) of the maximum extent of transgression, 

and thus separating the less geographically widespread or "more marginal" marine 

bands. The individual faunal phases are characterised by paralic faunal assemblages by 

which they are designated. (Calver 1968a; Wignall 1987). The regressive episode with 

its characteristic faunal phase is often similar to that of the advance but it is commonly 

more drawn out, illustrating the asymmetry of the eustatic base level rise and fall (c£ · 

Maynard and Leeder 1992) where the withdrawal of marine conditions was generally 

less rapid that the advance (Calver 1968a). 
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Fig. 3.2 Faunal cycles within Westphalian B marine bands. After Calver (1968a). 
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The extent in the British onshore of each Silesian marine incursion was documented by 

Calver (1968a) in terms of faunal phases, with the most effective results obtained in the 

East Midlands. He noted that the development and distribution of British Silesian 

marine bands closely reflected the palaeogeographic changes that occurred throughout 

the Silesian sub-system. Namurian marine bands, for instance, in all but very marginal 

situations develop fully marine faunal phases despite the trough and block 

palaeotopography and they have extensive goniatite acme phases with well developed 

diagnostic fauna. The Coal Measures in its upper delta plain/coastal alluvial plain 

setting experienced a reduction in the number of marine events upwards through the 

succession (Fig. 3.1 ). Ten marine bands are present in the Westphalian A, five in the 

Westphalian Band four in the Westphalian C. However, the distribution is not uniform 

throughout the succession with a concentration in the lower Westphalian A and 

another in the upper Westphalian B I lower Westphalian C. This latter cluster of 

marine bands is generally more marine in aspect and tends to have a wider geographic 

distribution than those in the Westphalian A. Clearly this coastal alluvial plain had a 

sufficiently low relief to allow 4th order (see Chapter 6) eustatic sea level changes to 

affect the whole region. 

The identification of faunal phases within marine bands allows an appreciation of the 

extent to which true marine conditions were established for particular marine bands. 

The work of Calver (1968a) gave an indication of the possible geographic extent of 

these phases (Fig. 3.4). This characterisation of the faunal phases within marine bands 

assists in correlation, as it allows primary identification of marine bands, as in well 

44/28-2 where an Orbiculoidea brachiopod, in core material, which identifies the 

Cambriense marine band. When it could be confused with the Shafton or Edmondia 

due to inaccurate palynology and unequivocal wireline recognition (section 3.3). 

However, the latter two are not known to have reached the Orbiculoidea faunal phase 

(Fig. 3.3) thus distinguishing the Cambriense. Secondarily the determination of the 

conditions at the acme of a marine band may indicate the possible uranium 

concentration that may be expected from that marine band. This appreciation of 

possible uranium concentration allows individual marine bands to be identified by 

spectral gamma ray logs (section 3.3). 
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3.2.2 Non-marine bivalves 

Non-marine bivalves are contained within the faunal advance (transgressive) and 

retreat (regressive) phases of marine bands, and occur in separate coal seam drowning 

surfaces throughout the Westphalian B Coal Measures. These distinctive and persistent 

units can sometimes be traced for significant distances comparable to marine bands e.g. 

Blackball &theria Bed (Smith and Francis 1967; Riley 1994). Trueman and Weir 

(1948) demonstrated that the Westphalian B could be subdivided using these non

marine bivalves (Fig. 2.1). However, these units, like marine macrofauna, have limited 

stratigraphic use in the offshore due to: The lack of stratigraphic reports containing 

data upon on specific non-marine bivalve taxa; the difficulties in species recognition 

with these similar looking long ranging taxa and; the lack of any distinctive wireline 

expression (Chapter 4) allowing independent verification. These factors contrive to 

make correlation using this data difficult in many wells. Nevertheless they should be 

taken advantage of where available as a back up or verification technique. The 

exceptions are wells such as 44/18-3 and 44/28-2 where extensive sections have been 

cored throughout the Westphalian B to establish stratigraphy. The drilling of these 

wells was not planned on reservoir assessment alone as in most in the region, but 

specifically to increase stratigraphic awareness, and thus there was no bias to sampling 

reservoir sands only. The complete Westphalian B interval was cored. This is essential 

for the identification of these fauna as they occur in non-marine shale drowning 

surfaces (section 5.3.2) to coal seams and interdistributary bay areas (Chapter 4). 

Consequently thick sections of non reservoir material are required for sampling and 

zonation. Detailed macropalaeontological analysis, as for example by Riley (1994), in 

well 44/18-3 is subsequently required to identify the bivalve species and its 

significance, which can then be compared to the established non-marine bivalve 

stratigraphy in Durham (Smith and Francis 1967), East Midlands (Smith et al. 1973) 

and Yorkshire (Eden et al. 1957). 
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3.3 Marine band recognition 

3.3.1 Introduction to geochemical theory 

Detailed "wet chemical" research by Knowles (1964) on known stratigraphic sections 

at outcrop in Yorkshire confirmed that certain marine bands have higher radioactivity 

than the associated non-marine sediments. Subsequent identification of marine bands in 

the subsurface using the standard gamma log became a widely practised technique in 

many United Kingdom onshore boreholes, particularly in the central Pennine Province. 

The marine band was identified from its abnormally high total gamma response and its 
' 

presence was used to solve correlation problems (Howitt and Brunstrom 1970; 

Downing and Howitt 1969; Whittaker et al. 1985). 

However, in the offshore realm reliance on the total gamma log alone is insufficient for 

confident marine band identification, due to the inability of the standard gamma log to 

rule out other sources of high radiation within Carboniferous sediments, such as 

feldspar or mica-rich non-marine shales, tuffs, tonsteins, zones of mineralisation and 

concentrations of feldspar and heavy minerals in sandstones. When this is coupled with 

the variations in downhole conditions and the distance removed from stratigraphically 

well known onshore sections, unlike those of the East Midlands boreholes, no 

confident marine band identification can be achieved. A higher than background total 

gamma signature due to an abundance of any one of the radioactive elements can lead 

to miscorrelation of a uranium peak in one well with a potassium peak in another. 

3.3.2 Uranium enrichment in marine bands 

Knowles' (1964) research supported the ideas of Adams and Weaver (1958) who 

demonstrated that uranium and thorium concentrations are good indicators of 

environment of deposition (Fig. 3.5). They noted that marine black shales contain 

higher levels of uranium than continental shales and attributed this to the fact that in an 

oxidising environment uranium forms highly soluble uranyl ions, whereas thorium is 

effectively insoluble in water and thus behaves purely as a detrital mineral. 

Consequently, in a terrestrial environment uranium is more readily leached from the 

sediment than thorium. In an anoxic restricted marine environment, uranium is actively 
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removed from solution, a solution in which uranium is believed to be 5000 times more 

concentrated than thorium (i.e. 0.0002 thorium : uranium of Adams and Weaver 

1958). Thus, sediments deposited in anoxic marine environments would concentrate 

more uranium than their continental counterparts. The processes that bring this about 

are thought to be complex with a large amount of the uranium concentrated possibly in 

phosphatic, carbonaceous or bituminous factions (Ponsford 1955; Knowles 1964; 

Spears 1964). Organic matter appears to play an active role in extracting uranium from 

the solution in anoxic environments (Kochenov et al. 1977) and can be fixed in 

sediment by oxidating and reducing reactions following "sorption" of uranium ions by 

humic acids (Borovec et al. 1979). They are produced by the decay of organic matter 

and lead to the adsorption on to the surface of plant fragments, the substitution of ions 

in clay and phosphate minerals and the precipitation in the· presence of hydrogen 

sulphide (H2S). 
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Fig. 3.5 Distribution of thorium and uranium in sediments. After Adams and Weaver 

(1958). 
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3.3.3 Development of Wireline log response recognition 

The research work summarised above concerned marine sediments and their associated 

uranium concentrations and was chemically based. Archard ·and Trice (1990), 

however, investigated the Westphalian/Namurian boundary marine band, Gastrioceras 

subcrenatum, and the Namurian marine bands, Gastrioceras cumbriense and G. 

cancellatum, from type sections in Yorkshire and demonstrated that the uranium 

anomaly could be detected using standard wireline techniques (Fig. 3.6) by using a 

hand held spectrometer tool. These results were supported by Leeder et al. (1990) who 

also worked largely on the Namurian section and reached similar conclusions on 

outcrop sections. However, Leeder et al. (1990) utilised the development of downhole 

natural gamma spectrometry (NGS) logs capable of distinguishing the gamma ray 

contributions of radioactive potassium, uranium and thorium for a subsurface 

Namurian to Westphalian A section in well 48/3-3 in the Southern North Sea, to 

isolate zones of high uranium within the wellbore thereby highlighting possible marine 

bands. Leeder et al. (1990) note that caution must be exercised in extending such 

correlations into areas remote from cored boreholes or outcrops where biostratigraphic 

control is lacking. For example Whittaker et al. (1985) state that the Gastriceras listeri 

marine band in the East Midlands and Central Pennines is usually highly radioactive, 

but in other areas and even in many recently drilled wells within the area, the horizon 

may not be distinguished on gamma ray logs. This causes problems in extending 

correlations to an area as remote as the Southern North Sea from the onshore, 

especially as well spacing is relatively poor. 

Other points of discussion from Leeder et al. (1990) are that significant authigenic 

uranium content usually occurs only where black, fissile, pyritous, shaley mudrocks are 

developed. These contain climax fauna of the marine band and are dominated by 

pelagic groups such as goniatites and pectinoid bivalves. They are noted by an absent 

benthos (Calver 1968a) and are presumed to occur due to the development of de

oxygenated conditions. Leeder et al. (1990) add that increased levels of radioactivity 

due to the concentrations of authigenic uranium may be related to a slow rate of 

sedimentation under anoxic bottom waters and the fixation of uranium by organic 

tissues (reviewed by Bell 1978). Thus there is a strong positive correlation between 

uranium and the presence of phosphatic and carbonaceous materials (Knowles 1964). 

In the light of the faunal evidence cited, and recent advances in the understanding of 

the genesis of black shales in other parts of the geological record (Myers and Wignall 

1988), it was considered likely by Leeder et al. (1990) that the greatly enhanced 
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uranium contents are mostly authigenic and that they are directly related to the 

deposition of slowly sedimented organic rich anoxic marine mudrocks. They state that 

it follows that the development of such uraniferous black shales will be related to local 

or to regional bathymetric conditions during Silesian marine transgressions and that the 

absence of anoxic bottom waters will lead to "normal" (oxygenated) marine mudrocks 

with a benthonic faunal development without uranium enrichment. No gamma log 

anomaly is thus expected from such marine horizons and hence the authors predict that 

uranium content of marine shales will vary widely. 
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Fig. 3.6 Spectral gamma radiation over the G. subcrenatum marine band measured in 

the field by a hand held spectrometer. After Archard and Trice (1990). 
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The regional development of goniatite-bearing black shale facies in the most 

widespread onshore Silesian marine bands has been shown by Calver (1968a) to be 

closely related to regional patterns of subsidence, as derived from isopachs of strata 

between marine bands (Fig. 3. 7). The isopachs describe a "bulls eye" pattern centred 

around the major depocentres in Lancashire and Yorkshire, and a similar situation is 

believed to have occurred in the Southern North Sea where a major depocentre occurs 

in block 44/26 and to the south. This important correlation clearly establishes that 

anoxism could only develop after the acme of the marine transgression in an area 

where Silesian subsidence was at a maximum. The failure of anoxic conditions to 

develop may be due to local or to regional slow subsidence, probably reflecting 

proximity to areas of high sediment influx and thus to contemporary palaeogeography. 

This latter point will include the important unknown controlling parameter, the slope 

of the coastal plain. Upslope areas with progressive water shallowing will inhibit the 

development of anoxia during marine transgressions, even when subsidence is still high 

(Leeder 1988). 

It must be noted that these workers were largely looking at Namurian marine bands, 

which differ from their Westphalian counterparts in that they were fully developed 

marine bands in a lower delta plain setting. They had prominent pelagic phases that 

developed high organic contents and hence uranium enrichments, far in excess of the 

background. Since they formed in deep water where true anoxic conditions developed. 

The topography across this Namurian delta plain was probably more marked than that 

in Westphalian times when the coastal alluvial plain had a low relief due to slower 

more consistent subsidence (Leeder 1988) hence the Namurian palaeobathymetric 

variations were more noticeable and uranium concentrations may have been more 

variable. 

It has become evident from this study that Westphalian B and C marine bands quite 

clearly have high uranium signatures (Section 3.5) based on an analysis of the natural 

gamma spectrometry (NGS) logs in Quadrant 44 wells and the relative stratigraphic 

position determined by palynology (Maltby marine band). A notable exception is the 

Vanderbeckei marine band which is most often identified from marine fauna because of 

its proximity to the major Caister Sandstone (Chapter 4) (also seen in the Pennine 

Basin, Maynard and Church pers. com.). However, if we followed the arguments 

presented above then Westphalian B marine bands should not be significantly enriched 

in uranium as they do not contain abundant, thick, black, pyritous shales with extensive 
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pelagic fauna as required by Leeder et al. (1990) for significant enrichment. Regional 

palaeogeographic reconstructions of the Westphalian B describe a low relief coastal 

alluvial plain, where transgressive marine bands would have a decreased relative water 

depth compared with Namurian marine bands, as reflected in the predominance of 

benthonic faunal phases within marine bands, and the rare development of goniatitic 

black shales. Marine bands in the Westphalian B are commonly indicated by acmes in 

productoid, pectenoid and Myalina phases (Fig. 3.3) with rare Linguloid phases 

(Calver 1968a). Consequently the area is more proximal (as indicated by shallower 

water faunal phases) to sediment influx and spent less time at maximum water depth 

and possible anoxia. Intuitively then one might expect the uranium ppm to decrease 

(cf. Leeder et al. 1990), whereas in fact the opposite appears to be the case. This 

suggests the possibility of either very significant changes in eustatic water level to 

produce anoxic black shales of a Namurian type, forming under conditions of high 

water depths, high levels of anoxia, slow rates of sedimentation and abundant marine 

organic matter. This should produce short lived but highly uraniferous horizons, a 

situation refuted by the palaeontological evidence, (Fig. 3.3). Alternatively there may 

have been other controls on Westphalian B marine band uranium enrichment, as 

discussed below. 

---- ISOPAOIS 

Fig. 3. 7 Generalised isopachs of the combined lower and middle Coal Measures of the 

southern part of the Pennine Basin, illustrating the "bulls eye" pattern. Mter Calver 

(1968a). 
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3.3.4 Controls on uranium enrichment 

De Voto (1978) suggests that favourable conditions for uranium enrichment in 

sediments are: 

1) marine or lacustrine slow rates of sedimentation 

2) abundant preserved land plant debris 

3) strongly reducing environments 

4) paucity of terrigenous, non-organic sediment 

5) availability of phosphate 

Quite clearly the Namurian marine bands satisfy many of the above criteria, especially 

the slow rates of sedimentation, strongly reducing environments and paucity of 

terrigeneous input, where uranium is fixed by algae that thrive in this environment. 

However, despite the Westphalian B and C marine bands being different in character, 

in that they are more marginal, as reflected in their faunal phases (Calver 1968a). They 

have highly enriched uranium responses and therefore must satisfy different criteria or 

the same criteria in different ways, than their Namurian equivalents. Figure 3.8 

illustrates how uranium may be fixed within sediment. The Westphalian marine bands 

when compared with their Namurian counterparts would, because of their more 

marginal setting, have a higher proportion of source area material, but included in this 

terrigenous input would be a significant amount of land plant debris derived from the 

low lying well vegetated humic coastal alluvial plain. The concentration initially 

increases offshore to an optimum distance where plant derived detritus is at a 

maximum before gradually decreasing offshore (Fig. 3.9). Plant debris of this nature in 

humid climatic conditions at low latitudes such as the Westphalian would provide 

abundant sites for uranium adsorption and thus the uranium concentration should 

mirror that of the abundance of land plant debris. The terrigenous portion of this land 

derived sediment would be at a minimum as erosion would be shifted landward by the 

relative base level high designated by the marine band. The relatively elevated nature of 

the coastal alluvial plain compared to the Namurian delta system suggests that the 

transgression would be approaching its landward limit, though the waters would be 

sufficiently saline from its marine provenance to contain a higher uranium 

concentration (cf. Section 3.3.1) than the surrounding lacustrine environments. The 

marginal marine setting allows the presence of abundant Lingula which Swanson, 

(1960) suggests preferentially concentrates uranium within its phosphatic test (Fig. 

3.8). 
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Fig. 3.8 Sites for Uranium fixing within black shales. After Swanson (1960). 

In conclusion there does not appear to be a simple direct correlation between water 

depth and uranium concentration (Fig. 3.9) as Leeder et al. (1990) and Archard and 

Trice (1990) postulated. I believe the relationship is more complicated and may result 

in rapid lateral variations in the uranium response of marine bands over their 

geographic extent due to the interaction of several interrelated factors. This allows for 

a possible four fold division of marine bands. 

1) Namurian marine bands are marine anoxic black shale events, with thick goniatitic 

acme phases, that concentrate uranium as outlined by Leeder et al. (1990) and 

summarised in section 3.3.3. 

2) Vanderbeckei type marine bands have poorly developed anoxia, thin goniatitic acme 

phases and abundant benthos, resulting from shallower water depth (cf. Namurian 
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marine bands) and consequently negligible uranium enrichment. They contain a low 

proportion of humic material from land derived organics (cf. Westphalian B/C marine 

bands) as the distance to contemporary shoreline was greater (Fig. 3.9). 

·3) Westphalian B/C marine bands are more marginal, but have an abundance of land 

plant derived fragments with absorbed uranium, as well as uranium entrapped within 

the phosphatic tests of Lingula which are more abundant in these types of marine 

bands and consequently have high levels of uranium enrichment. 

4) Brackish water Lingula beds with high proportions of terrigenous input, and 

negligible uranium response. 

The variety of marine bands types described above supplements the ideas of previous 

workers and attempts to explain the differing uranium responses for different types of 

marine band and within the same marine band encountered within Westphalian B 

sediments as described in section 3.5.1. Most probably there is a transition from 

offshore Namurian type, through Vanderbeckei type to marginal type (Westphalian 

B/C) marine bands due to an interrelationship between anoxia, organic land-derived 

detritus, sediment supply and marginality (water depth and faunal content), leading to 

the perceived variation of uranium concentrations even within individual marine bands, 

as noted in the Listeri marine band by Leeder et al. (1990). All share, and are aided in 

their uranium concentration, by the intracratonic relatively shallow nature of the basin 

with restricted access and subsequent restricted circulation leading to the prevalence of 

reducing conditions. 

Confusing this situation further are the high background levels of uranium in 

Westphalian environments due to the abundance of land plant debris which adsorbs 

uranium and the reducing conditions due to the high water table, favouring the 

formation of siderite. Lacustrine environments are common throughout Westphalian B 

facies associations and appear to be sites of uranium enrichment. Conceivably they may 

be anoxic (stratified) with poor current mixing leading to highly reducing bottom 

waters, combined with land plant debris, and they may have uranium levels 

approaching those of some marine bands. However, their waters were initially less 

enriched in uranium, and the terrigeneous input is high. Thus marine bands particularly 

enriched in uranium can still be distinguished. Difficulties arise with marine bands of 

the Vanderbeckei type which are not significantly enriched above the non marine 

lacustrine background and in view of the abundance of such environments within the 

Westphalian B succession, extreme care is required. 
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Fig. 3.9 Distribution of humic and sapropclic materials in a shallow sea in which black muds are accumulating, and estimated uranium 

concentration. After Swanson (1960). 
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3.4 Methodology of marine band identification in the subsurface 

3.4.1. Introduction 

Marine band identification is essentially a qualitative exercise and as discussed in 

section 3.3 the most important element for marine band recognition is uranium. In 

many subsurface well sections the uranium and thorium levels can be measured directly 

using the Natural Gamma Spectrometry Log (NGS of Schlumberger, Spectralog of 

Western Atlas Wireline). Modern tools have the ability to measure the spectrum 

ranging from 0-3 MeV which takes into account both high and low radiations. A 

recent research exercise by the Dutch Geological Survey on a late Carboniferous well 

section in the Joppe 1 borehole displayed high uranium and U:Th values at exactly the 

same interval as the Haughton marine band which was confirmed by marine fossils. 

(Fig. 3.10). 

High uranium levels are not exclusively restricted to marine bands. Other possible 

causes of high uranium concentrations in Westphalian sediments are: 

1) detrital heavy minerals such as zircon and magnetite (containing uranium) in 

sandstones; 

2) tonsteins; 

3) tuffaceous material and; 

4) zones of mineralisation. 

All of the above may exhibit higher uranium values than general background. To 

eliminate these potential causes of high uranium it is important to accurately establish 

lithology, as marine bands almost exclusively occur in shales, as drowning surfaces to 

coal seams. The application of depth matched gamma, lithodensity, sonic and any 

cuttings information usually proves satisfactory in eliminating these non shale 

anomalies. Once lithology has been determined, comparison with the spectral gamma 

log allows uranium peaks to be highlighted. Leeder (1970) suggests a threshold for 

significant enrichment of 6ppm, although this is borehole dependant (section 3.4.2). 

The next step is to calculate thorium uranium ratios (Th:U) and according to Adams 

and Weaver (1958) values of less than 2. are diagnostic of marine depositional 

environments. Hollywood and Whorlow (1993) propose a slightly higher cut off of 3 

(Fig. 3.11) to account for variations in log quality and what they call variations in the 
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extent to which fully marine conditions are established in different areas (section 

3.3.4). Most importantly, appreciation of the individual borehole conditions is 

required. 

3.4.2 The effects of borehole conditions on uranium concentration 

Excessive rugosity or hole roughness can cause severe interpretational problems and it 

is essential to evaluate hole conditions by reference to the caliper log. Wells 44/22-6z 

and 44/21-3 illustrate the problem where gamma peaks occur as the tool sticks during 

connections if wireline is run on drill pipe. Oil based mud systems tend to yield good 

uranium capture. Running speed of the tool can also significantly affect the uranium 

concentrations recorded, and increased tool recovery rates above recommended speeds 

severely reduces uranium levels, so that anomalies do not appear significantly higher 

than background levels. 

The borehole variations mentioned above preclude the use of any absolute values. 

When picking marine bands from spectral gamma ray data, a background non marine 

shale uranium and thorium:uranium level can be established, although this may not be 

constant throughout the wellbore. Frequently the high uranium values experienced 

with marine bands are accompanied by either a constant thorium, or a drop in the 

thorium levels, both produce a pronounced "kick" in the Th:U ratio. Positive uranium 

anomalies accompanied by collective positive thorium and potassium are more likely to 

represent tool sticking events (check cable tension) though uranium peaks with just 

thorium peaks may still be caused by marine bands if the th?rium peak is relatively 

insignificant. Distinct corresponding uranium and thorium peaks are most probably 

tonsteins (section 3.4.3). 
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Fig. 3.11 Marine band identification from spectral gamma ray logs. After Hollywood 

and Whorlow (1993). 
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The processes outlined above aim to isolate uranium peaks that correspond to marine 

bands with high uranium levels and low thorium uranium ratios. With Quadrant 44 

wellbores this requires elimination of much of the scatter experienced on the standard 

thorium uranium ratio log, where uranium readings at potential marine horizons need 

enhancing and anomalous thorium uranium ratio values that can occur in some channel 

lags in sandstones and in some coal seams need elimination. Sonic log identification of 

coals and accurate depth matching of the gamma log helps eliminate this, which 

particularly important as marine bands frequently overlie coal seams, so any mis

matching will result in the event not being identified. In rare cases where coals have 

either an anomalously high uranium level or a marked reduction in thorium so that the 

thorium uranium ratio appears low, careful appreciation of the sonic is required 

·especially as marine black shales often show a broad low sonic peak. Channel 

sandstones are usually identified using the total gamma log (Chapter 4) which can 

distinguish the channel relatively easily based on generally consistent low gamma 

response. Distinct gamma peaks that then occur within the designated channel are then 

attributed to channel lags. This has been checked by calibration of wireline response 

using cored sections of channels compared to the total gamma log (Chapter 4). 

3.4.3 The Sub-Clowne tonstein 

Most tonsteins as discussed in section 3.4.1 have high uranium levels which may be far 

in excess of background levels. This usually corresponds to a distinct thorium peak 

which allows them to be distinguished from marine bands. However, these laterally 

extensive, kaolinitic-rich clays are commonly no thicker than 20mm and it is unlikely 

that with standard running speeds the spectral gamma log could resolve these beds. 

However, there are 2 tonsteins within the Westphalian B to lower Westphalian C 

succession (Fig. 3.12), one of which-the Sub-Clowne tonstein-has been described by 

Rippon and Spears (1989) as having considerable thickness. It is associated with the 

Clowne marine band in the late Westphalian B and (Fig. 3.13) it displays a very high 

total gamma reading comparable to marine bands ( + 150 API) and greatly in excess of 

background which is composed of both uranium and thorium (cf. marine bands). Due 

to its extensive geographic distribution it may be used as an additional correlateable 

horizon. It has a particularly distinctive gamma response that can be used as a "time 

line" independent . of palynology, making this horizon (where identifiable) 

of great importance. 
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