
iii 

CONTENTS 

  PAGE 

CHAPTER 1. INTRODUCTION  
1.1. Rational, aims & objectives ..............................................................  1 
1.2. Background......................................................................................  2 
1.3. Constraints.......................................................................................  2 

   
CHAPTER 2. PHYSICAL CHARACTERISTICS OF STUDY AREA  

2.1. Location of study area......................................................................  4 
2.2. Bedrock geology ..............................................................................  4 

 2.2.1. Jurassic.............................................................................  8 
 2.2.2. Cretaceous........................................................................  8 
   2.2.3.    Discussion 9 

2.3.  Relief ...............................................................................................  10 
2.4. Drainage .......................................................................................... 12 
2.5. Hitchin Gap & channels.................................................................... 14 
2.6. Structure .......................................................................................... 16 
2.7. Superficial deposits.......................................................................... 17 

 2.7.1. Clay-with-Flints.................................................................. 17 
 2.7.2. Till ..................................................................................... 20 
 2.7.3. Glaciofluvial deposits......................................................... 21 

 2.7.4. Letchworth Gravels ........................................................... 23 
 2.7.5. Glaciolacustrine deposits .................................................. 23 
 2.7.6. Hoxnian deposits............................................................... 23 
 2.7.7. Brickearth.......................................................................... 23 
 2.7.8. River terrace deposits ....................................................... 24 
 2.7.9. More recent deposits ........................................................ 24 

   

CHAPTER 3. DESK STUDY:  REVIEW OF LITERATURE AND PREVIOUS RESEARCH   

                       PART 1:  INTRODUCTION & DESCRIPTION OF PLEISTOCENE DEPOSITS 

                       WITHIN STUDY AREA 

 

3.1. The Pleistocene - an overview ......................................................... 26 
3.2.  Pre-Anglian glaciation ..................................................................... 28 

 3.2.1. Chiltern Drift ...................................................................... 28 
 3.2.2. Pebbly Clay Drift ............................................................... 29 

3.3. Pre-Anglian relief ............................................................................. 29 
3.4. Pre-Anglian drainage ....................................................................... 30 
3.5. Letchworth Gravels .......................................................................... 33 

 3.5.1. Discussion......................................................................... 35 
3.6.  Glacial deposits................................................................................ 38 

 3.6.1. Erratic lithologies............................................................... 38 
 3.6.2. Till ..................................................................................... 41 
 3.6.3. Glaciolacustrine deposits ................................................. 43 

3.7. Glacial deformation .......................................................................... 44 
 3.7.1. The Hitchin Gap & Chalk escarpment ............................... 44 
 3.7.2. North of the Chalk escarpment.......................................... 45 
 3.7.3. Mechanisms of deformation .............................................. 46 

3.8. Buried channels ............................................................................... 48 
 3.8.1. Channels within the Hitchin Gap ....................................... 50 

 3.8.2. The origin and evolution of the buried channels ................ 53 
 3.8.3. The Ashbrook Channel...................................................... 54 
 3.8.4. Channel infill ..................................................................... 54 
 3.8.5. Other drift-filled channels .................................................. 60 

 3.8.6. Tunnel valley formation ..................................................... 63 
3.9. Post-Anglian interglacial deposits ................................................... 67 

 3.9.1. Hitchin Formation ............................................................. 68 
 3.9.2. Hatfield Member................................................................ 69 



iv 

    

   PAGE 
 3.9.3. Post-Hoxnian fossiliferous deposits .................................. 70 

3.10 Summary ......................................................................................... 70 
   

CHAPTER 3. DESK STUDY:   PREVIOUS RESEARCH AND LITERATURE REVIEW  

                       PART 2.  SURROUNDING REGIONS 

 

3.11. Introduction ..................................................................................... 72 
3.12. South Hertfordshire - Tills of the Lower Beane Valley and the Vale 

of St. Albans ....................................................................................
72 

 3.12.1.  Hill (1914).......................................................................... 73 
 3.12.2.  Clayton & Brown (1958) .................................................... 75 
 3.12.3. Gibbard (1974, 1977, 1978a, 1978b, 1983)....................... 76 
 3.12.4. Cheshire (1983a, 1983b,1986).......................................... 77 
 3.12.5. Summary........................................................................... 78 

3.13. North of the study area......................... ........................................... 79 
 3.13.1. The Wash & Fen Basin ................................................................79 
 3.13.2. Witham on the Hill ................................................................ 82 

3.14. West of the study area .................................................................... 82 
 3.14.1.  Lower Till........................................................................... 82 

  3.14.2. Chalky Upper Till............................................................... 83 
3.15. East of the study area ...................................................................... 84 

 3.15.1. Barrington ........................................................................................84 
 3.15.2. Mid-Essex ........................................................................................86 
 3.15.3. Suffolk..............................................................................................87 

3.16. Summary of Sections 3.12 – 3.15 .................................................... 88 
3.17. Patterns of Ice Flow. ........................................................................ 88 

 3.17.1. Early Research.................................................................. 90 
 3.17.2.   Re-interpretation by Perrin, Rose & Davies (1979)............ 94 
 3.17.3. Subsequent revisions ........................................................ 95 

   
CHAPTER 4. METHODOLOGY  

4.1.  Introduction ...................................................................................... 100 
4.2. Selection of methods ....................................................................... 100 

 4.2.1. Particle size distribution – sieving & laser diffraction 
methods ............................................................................

 
100 

 4.2.2. Carbonate analysis ........................................................... 101 
 4.2.3. Macrofabric analysis ......................................................... 101 
 4.2.4. Small clast lithological analysis ......................................... 102 
 4.2.5. Colour of till ....................................................................... 102 
 4.2.6. Derived microfossils .......................................................... 103 
 4.2.7. Statistical analyses............................................................ 103 
 4.2.8.  Discussion of further methods ........................................... 104 
 4.2.9. Summary .......................................................................... 105 

4.3.  Fieldwork ........................................................................................ 105 
 4.3.1.  Sampling ........................................................................... 105 
 4.3.2.  Macrofabric analysis ......................................................... 106 

4.4. Laboratory Methods ......................................................................... 110 
 4.4.1. Macrofabric analysis ......................................................... 110 
 4.4.2. Preparation for further analyses ........................................ 111 
 4.4.3. Particle size analysis (> +4.5 phi fraction) ......................... 112 
 4.4.4. Carbonate analysis ........................................................... 113 
 4.4.5. Particle size analysis (< +4.0 phi fraction) ......................... 114 
 4.4.6. Small clast lithology........................................................... 117 
 4.4.7. Colour of till ....................................................................... 117 
 4.4.8. Microfossil analysis ........................................................... 117 
    



v 

    

   PAGE 
4.5. Discussion on procedures................................................................ 119 

 4.5.1. Deflocculation ................................................................... 119 
 4.5.2. Carbonate analysis ........................................................... 121 

4.6.  Statistical analyses ........................................................................ 121 
 4.6.1. Macrofabric ....................................................................... 121 

 4.6.2. Particle size data............................................................... 123 
 4.6.3. Multivariate analysis .......................................................... 123 

 4.6.4.  Comparison with previous data ......................................... 126 
  
CHAPTER 5. SITE DESCRIPTIONS  

5.1. Introduction ...................................................................................... 128 
5.2.  Sites within & adjacent to the Hitchin Gap (Sites 1 – 11).................. 131 
5.3. Sites lying to the west of the River Ivel (Sites 12 – 18)..................... 202 
5.4. Sites 19 and 20................................................................................ 215 
5.5. Sites on and adjacent to the Northeastern Plateau (Sites 21-26) ..... 219 
5.6. Sites in the west of the study area (Sites 27 – 30)............................ 233 

   
CHAPTER 6. MACROFABRIC ANALYSIS  

6.1. Introduction ...................................................................................... 250 
6.2. Creation of till macrofabric ............................................................... 250 
6.3. Description of macrofabric properties............................................... 251 
6.4. Methods and objectives ................................................................... 252 
6.5. Results............................................................................................. 257 

 6.5.1. Resultant Vectors................................................................ 257 
 6.5.2. Eigenanalysis .................................................................... 257 
 6.5.3. Comparison with previous work......................................... 257 

6.6. Discussion and interpretation ........................................................... 265 
 6.6.1. Sites south of Hitchin......................................................... 265 
 6.6.2.   Sites north of Hitchin ......................................................... 271 
 6.6.3. Sites in the western part of the study area......................... 274 

6.7. Discussion ...................................................................................... 276 
 6.7.1. Site 11 - Data from writer’s previous research .................. 276 

6.8.  Till Genesis ...................................................................................... 277 
6.9. Ice flow trajectories .......................................................................... 277 

6.10. Comparison with macrofabrics from previous studies  ..................... 280 
6.11. Conclusions ..................................................................................... 283 

   

CHAPTER 7. DISCRIMINATION BETWEEN TILL UNITS 

                       PART 1: MULTIVARIATE ANALYSES 

 

7.1. Introduction ...................................................................................... 286 
7.2. Statistical analyses – Database 1 .................................................... 288 

 7.2.1. Dataset A .......................................................................... 288 
 7.2.2. Dataset B .......................................................................... 293 
 7.2.3. Dataset C.......................................................................... 304 
 7.2.4. Dataset D.......................................................................... 309 
 7.2.5. Dataset E .......................................................................... 317 
 7.2.6. Dataset F .......................................................................... 323 
 7.2.7. Dataset G.......................................................................... 326 

7.3.  Comparison dataset – Database 2. .................................................. 332 
  

CHAPTER 7. DISCRIMINATION BETWEEN TILL UNITS   

                       PART 2: DISCUSSION AND FURTHER ANALYSIS OF DATA 

 

7.4.  Introduction ...................................................................................... 335 
 7.4.1. Discrimination between tills based on particle size 

analysis .............................................................................
 

335 



vi 

    
   PAGE 
 7.4.2. Discrimination between tills based on acid-soluble 

content (Dataset C) ...........................................................
 

342 
 7.4.3. Discrimination between tills based on small clast 

lithologies (Dataset F) .......................................................
 

348 
 7.4.4. Discrimination between tills – Datasets F & G. .................. 352 
 7.4.5. Lower Tills at Sites 2 (Norton Green),3 (Cannocks 

Wood), 8 (St Ippollitts) and 11 (Primrose Hill Quarry) ........
 

354 
 7.4.6. Microfossil analyses .......................................................... 356 
 7.4.7. Summary........................................................................... 356 
    
CHAPTER 7. DISCRIMINATION BETWEEN TILL UNITS   

                       PART 3: COMPARISON WITH DATA FROM CENTRAL AND EAST  

                       HERTFORDSHIRE  

 

7.5. Multivariate analysis of Database 2. 361 
 7.5.1. Ware Member ................................................................... 367 
 7.5.2. Stortford Member .............................................................. 370 
 7.5.3. Wadesmill Member ........................................................... 371 
 7.5.4. Summary........................................................................... 372 

    
CHAPTER 8. THE HITCHIN GAP  

8.1. Introduction ..................................................................................... 373 
8.2. Subglacial contours......................................................................... 373 
8.3. Deposits and stratigraphy ............................................................... 379 

 8.3.1. Stratigraphic relationships ................................................. 379 
 8.3.2. Lower till............................................................................ 383 

 8.3.3. Outwash deposits.............................................................. 383 
 8.3.4. Thistley Farm Member/Charlton Member .......................... 384 
 8.3.5. Glaciofluvial deposits......................................................... 385 
 8.3.6. Upper till............................................................................ 386 

 8.3.7. Summary........................................................................... 386 
  
CHAPTER 9. PALAEOGEOGRAPHIC RECONSTRUCTION  

9.1. Introduction ..................................................................................... 387 
9.2. Prior to glaciation ............................................................................ 387 
9.3. Glacial History.................................................................................. 389 
9.4. Timing of advances.......................................................................... 394 
9.5. Discussion ....................................................................................... 397 
9.6. Reconstruction of glacial events....................................................... 397 
9.7. Post-glacial events........................................................................... 406 
9.8. Regional stratigraphic correlations ................................................... 406 

   
CHAPTER 10. SUMMARY AND CONCLUSIONS ......................................................... 408 

10.1 Recommendations for future work.................................................... 415 
    
 References ...................................................................................... 417 
  

 
 
 
 
 
 
 
 
 

 



vii 

 
APPENDICES  

APPENDIX 

1 
Procedure for taking macrofabric measurements  

   
APPENDIX 

2 
Pilot study of particle size analysis of tills performed on the 
Malvern laser-diffraction analyzer.  

 

   
APPENDIX 

3 

Small clast lithology analysis: identification and separation of 
categories 

 

   
APPENDIX 

4 

Statistical data (on disc).  

   
   

 

FIGURES 

FIGURE 

NO. 

 PAGE  

1.1 Chief towns and topographic features of the study area.........................  3 
2.1 Coverage of the area by BGS Geological Survey 1:50,000 map sheets.  5 
2.2 Bedrock geology of the study area. ........................................................  6 
2.3 Relief and drainage of the study area.....................................................  11 
2.4 Detail of the Hitchin Gap. .......................................................................  15 
2.5 Simplified drift deposits of the study area. ..............................................  18 
3.1 Marine isotope curve for the Early & Middle Pleistocene........................  27 
3.2 Pre-Anglian river systems and position of the Milton 

Formation…………….. ...........................................................................  
 

31 
3.3 Letchworth Gravel outcrop and gravel pits referred to in text..................  34 
3.4 Suggested buried channels in the study area.........................................  49 
3.5 Section across the Northeastern Plateau. ..............................................  62 
3.6 The Vale of St Albans and localities mentioned in text. ..........................  74 
3.7 Patterns of ice advance suggested by Baden-Powell (1948)..................  91 
3.8 Patterns of ice advance suggested by West & Donner (1956) 93 
3.9 Suggested direction of ice movement a) after Perrin et al. (1979), b) two 

stage model of Rose, (1992).. ................................................................  
 

96 
3.10 Patterns of ice advance suggested by Fish & Whiteman (2001). ............  97 
4.1 Site locations. ........................................................................................  107 
4.2 Results of deflocculation trial..................................................................  120 
5.1 Key to lithostratigraphic units shown in the borehole logs. .....................  130 
5.2 Borehole log for Site 1, Knebworth Park. ...............................................  132 
5.3 Particle size & macrofabric data for Sample 1........................................  134 
5.4 Particle size & macrofabric data for Sample 2........................................  135 
5.5 Small clast lithology data for unit 4 at Site 1, Knebworth Park. ...............  136 
5.6 Borehole log for Site 2, Norton Green ....................................................  137 
5.7 Particle size & macrofabric data for Sample 3........................................  139 
5.8 Particle size & macrofabric data for Sample 4........................................  140 
5.9 Small clast lithology data for unit 1 (lower till) and unit 4 (upper till) at 

Site 2, Norton Green. .............................................................................  
 

141 
5.10 Borehole log for Site 3, Cannocks Wood................................................  142 
5.11 Particle size data for Sample 5...............................................................  145 
5.12 Particle size data for Samples 6 & 7.......................................................  146 
5.13 Particle size & macrofabric data for Sample 8........................................  147 
5.14 Particle size & macrofabric data for Sample 9........................................  148 
5.15 Particle size & macrofabric data for Sample 10. .....................................  149 
5.16 Particle size & macrofabric data for Sample 11. .....................................  150 
5.17 Particle size & macrofabric data for Sample 12. .....................................  151 



viii 

FIGURE 

NO. 

 PAGE 

5.18 Particle size & macrofabric data for Sample 13. .....................................  152 
5.19 Particle size & macrofabric data for Sample 14. .....................................  153 
5.20 Particle size & macrofabric data for Sample 15. .....................................  154 
5.21 Small clast lithology data for Unit 1 (lower till) and Unit 3 (upper till) for 

Site 3, Cannocks Wood. ........................................................................  
 

155 
5.22 Borehole log for Site 4, Letchmore.........................................................  157 
5.23 Particle size data for Samples 16 & 17...................................................  159 
5.24 Particle size & macrofabric data for Sample 18 .....................................  160 
5.25 Small clast lithology data for unit 2 at Site 4, Letchmore. ......................  160 
5.26 Borehole log for Site 5, St Ibbs...............................................................  161 
5.27 Particle size & macrofabric data for Sample 19......................................  162 
5.28 Small clast lithology data for unit 2 at Site 5, St. Ibbs. ............................  163 
5.29 Borehole log for Site 6, Little Wymondley...............................................  164 
5.30 Particle size & macrofabric data for Sample 20......................................  166 
5.31 Particle size & macrofabric data for Sample 21......................................  167 
5.32 Particle size & macrofabric data for Sample 22......................................  168 
5.33 Small clast lithology data for unit 3 at for Site 6, Little Wymondley .........  169 
5.34 Borehole log for Site 7, Great Wymondley .............................................  170 
5.35 Particle size & macrofabric data for Sample 23......................................  172 
5.36 Particle size data for Sample 24.............................................................  173 
5.37 Particle size & macrofabric data for Sample 25......................................  174 
5.38 Small clast lithology data for unit 1 at Site 7, Great Wymondley.............  175 
5.39 Borehole log for Site 8, St Ippollitts ........................................................  176 
5.40 Particle size data for Sample 26.............................................................  179 
5.41 Particle size & macrofabric data for Sample 27......................................  180 
5.42 Small clast lithology data for unit 2 (lower) and unit 5 (upper) tills at Site 

8, St Ippollitts. .......................................................................................  
 

181 
5.43 Particle size data for Sample 28.............................................................  183 
5.44 Small clast lithology data for Site 9, Maydencroft ...................................  183 
5.45 Schematic diagram of exposed face at Site 10, Baldock. .......................  185 
5.46 Particle size & macrofabric data for Sample 29......................................  186 
5.47 Particle size & macrofabric data for Sample 30......................................  187 
5.48 Particle size & macrofabric data for Sample 31......................................  188 
5.49 Particle size & macrofabric data for Sample 32......................................  189 
5.50 Small clast lithology data for Site 10, Baldock ........................................  190 
5.51 Borehole log for Site 11, Primrose Hill Quarry........................................  192 
5.52 Particle size data for Sample 33.............................................................  196 
5.53 Particle size & macrofabric data for Sample 34......................................  197 
5.54 Particle size & macrofabric data for Sample 35......................................  198 
5.55 Particle size & macrofabric data for Sample 36......................................  199 
5.56 Small clast lithology data for Units 5 & 10 at Site 11, Primrose Hill 

Quarry....................................................................................................  
 

200 
5.57 Locations of Sites 12 to 18 & boreholes mentioned in text. ...................  207 
5.58 Particle size data for Sample 37.............................................................  208 
5.59 Small clast lithology data for Site 12, Upper Stondon.............................  208 
5.60 Particle size data for Sample 38.............................................................  209 
5.61 Small clast lithology data for Site 14, Broom ..........................................  209 
5.62 Particle size data for Samples 39 & 49...................................................  210 
5.63 Small clast lithology data for Site 15, Southill .........................................  210 
5.64 Particle size & macrofabric data for Sample 41......................................  211 
5.65 Small clast lithology data for Site 16, Moggerhanger..............................  212 
5.66 Particle size data for Sample 42.............................................................  213 
5.67 Small clast lithology data for Site 17, Sandy...........................................  213 
5.68 Particle size data for Samples 43 & 44...................................................  214 
5.69 Small clast lithology data for Site 18, Warden Street..............................  214 



ix 

FIGURE 

NO. 

 PAGE 

5.70 Particle size data for Sample 45.............................................................  217 
5.71 Small clast lithology data for Site 19, Edworth........................................  217 
5.72 Particle size data for Samples 46 & 47...................................................  218 
5.73 Small clast lithology data for Site 20, Millowbury Farm...........................  218 
5.74 Locations of Sites 21 – 26 & boreholes mentioned in text ......................  223 
5.75 Particle size data for Sample 48.............................................................  224 
5.76 Small clast lithology data for Site 21, Potton. .........................................  224 
5.77 Particle size and macrofabric data for Sample 49 ..................................  225 
5.78 Small clast lithology data for Site 22, Cockayne Hatley..........................  226 
5.79 Particle size data for Sample 50 ............................................................  227 
5.80 Small clast lithology data for Site 23, Hatley...........................................  227 
5.81 Particle size data for Sample 51.............................................................  228 
5.82 Small clast lithology data for Site 24, Longstowe....................................  228 
5.83 Particle size data for Samples 52 & 53...................................................  229 
5.84 Particle size data for Sample 54 & 55 ....................................................  230 
5.85 Particle size data for Sample 56.............................................................  231 
5.86 Small clast lithology data for Site 25, Caxton .........................................  231 
5.87 Particle size data for Sample 57.............................................................  232 
5.88 Small clast lithology data for Site 26, Wrestlingworth. ............................  232 
5.89 Particle size data for Samples 58 & 59 and macrofabric data for 

Sample 58..............................................................................................  
 

236 
5.90 Small clast lithology data for Site 27, Milton Bryan. ................................  237 
5.91 Particle size data for Samples 60 & 61...................................................  238 
5.92 Small clast lithology data for Site 28, Potsgrove.....................................  238 
5.93 Particle size data for Sample 62.............................................................  239 
5.94 Small clast lithology data for Site 29, Munday’s Hill................................  239 
5.95 Schematic diagram of exposed face at  Site 30, Heath & Reach............  240 
5.96 Particle size and macrofabric data for Sample 63 ..................................  243 
5.97 Particle size and macrofabric data for Sample 64 ..................................  244 
5.98 Particle size and macrofabric data for Sample 65 ..................................  245 
5.99 Particle size and macrofabric data for Sample 66 ..................................  246 
5.100 Particle size and macrofabric data for Sample 67 ..................................  247 
5.101 Particle size and macrofabric data for Sample 68 ..................................  248 
5.102 Small clast lithology data for Site 30, Heath & Reach.............................  249 
6.1 Plot of S3/S1 eigenvalues. .....................................................................  258 
6.2 Macrofabric data plotted on ternary (Benn) diagram. .............................  259 
6.3 Data from the present study overlain by process fields obtained from 

modern glaciers (after Dowdeswell & Sharp, 1986)................................  
 

261 
6.4 Data from Hertfordshire tills ...................................................................  262 
6.5 Data from Primrose Hill Quarry (Brownsell, 1996;  Etienne, 2001), 

Barrington (Fish, 2000) & Suffolk (Allen et al., 1991)..............................  
 

263 
6.6 Statistically significant macrofabrics at sites within the Hitchin Gap........  266 
6.7 Statistically significant macrofabrics at sites north and west of Hitchin ...  272 
6.8 Generalised flow directions from current study overlain on patterns of 

ice flow suggested by West & Donner (1956).........................................  
 

281 
6.9. Generalised flow directions from current study overlain on patterns of 

ice flow suggested by Rose (1992) ........................................................  
 

281 
6.10 Generalised flow directions from current study overlain on patterns of 

ice flow suggested by Cheshire (1986) and Whiteman (1991)................  
 

282 
6.11 Generalised flow directions from current study overlain on patterns of 

ice flow suggested by Fish & Whiteman (2001)......................................  
 

282 
7.1 Dataset A 

Similarity coefficients > 98.0% plotted on the PCO axes 1 & 2. .............  
 

291 
   
   



x 

FIGURE 

NO. 

 PAGE 

7.2 Dataset B 
a – c Eigenvectors (loadings) on the first three principal components 
      d Comparison of loadings on first three axes. ..................................  

 
 

297 
7.3 Dataset B 

Similarity coefficients >93.0% plotted on PCA axes 1 & 2. .....................  
 

298 
7.4 Dataset B 

PCA scatterplot of axes 1 & 2 with envelopes enclosing multiple 
samples from the same till unit. .............................................................  

 
302 

7.5 Dataset B 
Results of cluster analysis overlain on PCA scatterplot. .........................  

 
303 

7.6 Dataset C 
a – c Eigenvectors (loadings) on the first three principal components 
      d Comparison of loadings on first three axes. ..................................  

 
305 

7.7 Dataset C 
Similarity coefficients >91.0% plotted on PCA scattergaph axes 1 & 2...  

 
306 

7.8 Dataset C 
Similarity coefficients >91.0% plotted on PCA scattergaph 2 & 3 ...........  

 
307 

7.9 Dataset D 
a – c Eigenvectors (loadings) on the first three principal components 
      d Comparison of loadings on first three axes. ..................................  

 
311 

7.10 Dataset D  
Similarity coefficients >96.5% plotted on PCA scattergaph ....................  

 
312 

7.11 Dataset D 
Results of cluster analysis overlain on PCA scatterplot .........................  

 
316 

7.12 Dataset E 
a – c Eigenvectors (loadings) on the first three principal components 
      d Comparison of loadings on first three axes. ..................................  

 
319 

7.13 Dataset E 
Similarity coefficients >98.0% plotted on PCA scattergraph ..................  

 
320 

7.14 Dataset E 
Results of cluster analysis overlain on PCA scatterplot ..........................  

 
321 

7.15 Sites linked by Euclidean distance of < 0.8 on PCO axes 1 & 2 .............  324 
7.16 Dataset G 

Sites linked by Euclidean distances of <8.7 on PCO axes 1 & 2 ............  
 

329 
7.17 Dataset G 

Results of cluster analysis overlain on PCO axes 1 & 2 .........................  
 

330 
7.18 Percentage (by weight) of fine fraction (< +4.5 phi) of samples from 

Sites 1 – 9..............................................................................................  
 

338 
7.19 Percentage (by weight) of fine fraction (< +4.5 phi) of samples from 

Sites 10- 30............................................................................................  
 

339 
7.20 Scatterplots of PCA of dataset C on a) axes 1 & 2 and b) axes 2 & 3 

showing location of sites relevant to chalk scarp....................................  
 

343 
7.21 Percentage of acid-soluble lithologies present in the sand fraction  

(-1.0 to +4.0 phi) ....................................................................................  
 

344 
7 22 Flint/quartz ratios from Sites 10 – 30......................................................  349 
7.23 Flint/quartz ratios for all samples............................................................  351 
7.24 Provenance of tills suggested by results of microfossil analyses............  359 
7.25 Extent of Ware Member ice and sites showing high similarities with 

Ware Member tills. .................................................................................  
 

362 
7.26 Extent of Stortford member ice and sites showing high similarities with 

Stortford Member tills. ............................................................................  
 

363 
7.27 Maximum extent of Wadesmill Member ice. ...........................................  364 
8.1 Profile along the centre of the Hitchin Channel.......................................  374 
8.2 Details of the Hitchin Channel south of Hitchin.......................................  376 
8.3 Interpretation of Hitchin Channel along Line 2 of Figure 8.2b. ................  377 



xi 

FIGURE 

NO. 

 PAGE 

8.4 Section along the Hitchin Channel. ........................................................  381 
9.1 Relationship of the ice flow trajectories suggested by Fish & Whiteman 

(2001) to the sub-Pleistocene geology ...................................................  
 

391 
9.2 Results of field mapping and research reported by Rose (2007). ...........  395 
9.3 Likely extent of possible ice advance from the northwest. ......................  399 
9.4 a) Maximum extent of first advance from the northeast into Hitchin Gap.  

b) Retreat of ice ....................................................................................  
 

400 
9.5 Maximum extent of the second advance from the northeast. .................  401 
   

   

 PLATES  

4.1 Acid-soluble content of samples from Sites 25 (Caxton) and 30 (Heath 
& Reach)................................................................................................  

 

115 
5.1 Core samples from Site 3, Cannock Wood.............................................  156 
5.2 Primrose Hill Quarry, Holwell (1996) ......................................................  201 
5.3 Examples of till from Site 30 (Heath and Reach) ....................................  241 
5.4 Examples of erratic lithologies and fossils found at Site 30 (Heath and 

Reach) ...................................................................................................  
242 

  

 

TABLES 

 

TABLE  

NO. 
 PAGE 

2.1 Solid geological sequence of the study area ..........................................  7 
2.2 Ages of drift deposits within the study area. ..........................................  19 
3.1 Gravels of the Letchworth area ..............................................................  36 
3.2 Examples of descriptions of gravels within the study area......................  40 
3.3 Stratigraphic relationships within the Hitchin Channel ............................  56 
3.4 Revised nomenclature of deposits in the Vale of St Albans & 

Hertfordshire referred to in the text. (Bowen, 1999)................................  
 

73 
3.5 Summary of regional stratigraphy ..........................................................  89 
4.1 Sample Details.......................................................................................  108 
4.2 Sub-sample details ................................................................................  112 
4.3 Categories of lithology used in small clast lithological analyses .............  118 
4.4 Summary of datasets used in multivariate analyses...............................  125 
4.5 Details of locations of comparison data used in analyses of the 

comparison dataset................................................................................  
 

127 
5.1 Details of BGS boreholes referred to in text ...........................................   202 
5.2 Summary details for Sites 12 – 18. ........................................................  205 
5.3 Details of BGS boreholes referred to in text. ..........................................  216 
5.4 Summary details of Sites 19 and 20.......................................................  216 
5.5 Details of BGS boreholes referred to in text. ..........................................  221 
5.6 Summary details of Sites 21 to 26..........................................................  221 
5.7 Summary details for Sites 27 – 30 .........................................................  235 
6.1 Samples subjected to macrofabric analysis............................................  254 
6.2 Results of macrofabric analysis..............................................................  255 
6.3 Data obtained from Primrose Hill Quarry (Site 11) from previous work 

by Brownsell (1996). ..............................................................................  
 

277 
7.0 Samples used in statistical analyses ......................................................  287 
7.1 Dataset A: PCO component loadings ....................................................  290 
7.2 Dataset A: Between-site links with > 98% similarity coefficient...............  290 
7.3 Dataset A: Group membership suggested by cluster analysis................  292 
7.4 Dataset B: Between-site links for groups 1 – 4. ......................................  299 
7.5 Dataset B: Group membership suggested by PCA.................................  300 
7.6 Dataset B: Group membership suggested by cluster analysis................  301 



xii 

TABLE  

NO. 
 PAGE 

7.7 Dataset C: Group membership suggested by cluster analysis................  308 
7.8 Dataset D: Between-site links for Groups 1 & 2......................................  313 
7.9 Dataset D: Group membership suggested by PCA. ...............................  314 
7.10 Dataset D: Group membership suggested by cluster analysis................  315 
7.11 Dataset E: Group membership suggested by cluster analysis................  322 
7.12 Dataset F: PCO component loadings .....................................................  325 
7.13 Dataset F: Group membership suggested by cluster analysis ................  325 
7.14 Dataset G: PCO component loadings ....................................................  328 
7.15 Dataset G: Between-site links with Euclidean distances < 8.7................  328 
7.16 Dataset G: Group membership suggested by PCA. ...............................  331 
7.17 Dataset G: Group membership suggested by cluster analysis ...............  331 
7.18 Comparison dataset: Summary of similarity coefficients > 99.6%...........  333 
7.19 Summary of results from cluster analyses (CA), principal component 

analyses (PCA) and principal co-ordinate analyses (PCO) for Datasets 
A to G ...................................................................................................  

 
 

336 
7.20 Average & ranges of fine material (< +4.5 phi) in different geographical 

areas......................................................................................................  
 

340 
7.21 Average & ranges of acid-soluble content of tills in different 

geographical areas ................................................................................  
 

345 
7.22 Average & ranges of flint/quartz ratios in tills in different geographical 

areas .....................................................................................................  
 

350 
7.23 Species of ostracod identified in this study.............................................  357 
7.24 Species of foraminifera identified in this study........................................  358 
7.25 Similarity coefficients above 99.6% in the Comparison dataset..............  366 
7.26 Comparison data links (Ware Member) from Table 7.25 ........................  367 
7.27 Primrose Hill Quarry (Site 11) - Similarity coefficients between middle 

(this study) and upper (comparison) tills.................................................  
 

369 
7.28 Comparison data links (Stortford Member) from Table 7.25. ..................  370 
7.29 Similarity coefficients between samples from this study and 

comparison samples from Cottered .......................................................  
 

371 
8.1 BGS borehole data referred to in this chapter ........................................  375 
9.1 Summary of deposits within the Hitchin Gap and a suggested 

relationship with those of the Vale of St Albans .....................................  
 

388 
   
   
   
   

 Note:  Additional copies of Table 7.19 and Figure 8.4 for reference 
purposes are provided inside the back cover of this report. 

 

   
 


