
GENETIC INFLUENCES ON THE 

NATURE AND PROPERTIES OF BASAL 

HELT OUT TILLS 

A THERIS SUTIMITJ'm) }1'OR THE DEGREE OI"~ 

DOCTOR OF l-HILOSOPHY IN T1:"E DEP.a..P.TMENT C:" 

CIVIL EN GINEERDW, UNIVERSITY OF S'rRA'l'RCLTIE, GLASGm~!. 

FEBRUARY, 1975. 



IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl.uk 

BEST COpy AVAILABLE. 

VA IABLE PRINT QUALITY 



IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl.uk 

Best copy available 

Print close to the edge of 

the page and some cut off 



IMAGING SERVICES NORTH 
Boston Spa, Wetherby 

West Yorkshire, LS23 7BQ 

www.bl.uk 

SOME PAGES BOUND 

INTO/CLOSE TO SPINE. 



VOLUME 2 

Pl, I'.rl~i;:~ ----



LIST OF TABLES. 

CHAPTER 3. 

TABLE 3.1. The Relation BetHeen Average Siz.es of Hon-Uniform 

Particulate Substances, Provided a Log-normal 

Distribution is Obeyed. 

CHAPTER 4· 

TABLE 4.1. Construction Details of liorlIegian Dams, (After 

Kjaernsli, 1968). 

TA-13LE 4.2. Geotechnical Prop~rties of T~ '.1 ~.i;:-,tc:dals in 

Canadian Dams (After HcDonald et aI, 1961). 

I!'J..BLE ,. J.. Clrossif:i cation of Some Scottj sh In -lls. 

T ... '.BLE 5.2. Classification of Some Scot Gis!l and Modern Glacial 

'1'j.1: s. 

TlU3LE 5.3. Cl afJ::;~ . fj.caticn of Norvlegia..'"). Dn.rn l'ills (2-22). 

TADLE 5.4. Cl~:':sir ... icaticn 0 ·'" J . Norwegian l)ar.l Tills (27-BXI). 

TABLE 5. : .• Clasd i ·l.0ation of C '1Jladi ,Ul »:::..1 'l'ills (After I~cJ)onalc. 

et 1.1 1961). 

TABIJE I:: r 
,.1.0. Cl a:: sj.:i cat i on of Varioun Can::'.c1.i£.". Tills. 

TABLE 5.7. Cla.sE:;'fj cat'.~~ll of Krwnbejn'~ Val1)a!'aiso Tills (1-8). 

TABLE 5.8. Classification of KrumbehJ's Valpardno Tills (9-16) • 

TABLE 5.9. Classification of Kru:7lbein's V:'),l paraiso Tills (1 7-2L;.). 

• TABLE 5.10. Classification of Krumbei:-l's Illinois Tills (A-H) • 

'l'ABLE 5.11. Classification of Krumbein is Illinois Tills (J -PI). 

TABLE 5.12. Classification of Krumbein's Illinois Tills ( C:-U). 

CHAPTER 6. 

TABLE 6.1. Mean Particle Size Difference in Tills. 

Table 6.2. Particle Organisation in COl-1al Till ,.;hen Compaoted at 

Optimum British Standard Conditions. 



TABLE 6.3. Relative Apparent Abund.mce Classification. 

TA13l,E 6.4. Average Physical Pronerties of NorHeg im1 cnd. Ice

landic rrills. 

TABL}~ 6.5. Properties of Frozen Tills from Eorllegim1 2..ncl Ice

landic Glc:.ciers. 

TABLE 6.0. Percentage of Clasts '~n Each of Seven Descriptive 

Shape Classes ancl Indexes of Flatness for- the Tills 

Sampled 

'l'AJ3LE 6.7. Apparent Rel ative Abundances of :~lcl~entary Particle 

Arrangements. 

r.rABLE 6.8. Apparent Helati ve Abundance of 'l;he Basic Level of 

Particle Assemblages. 

'l'A3LE 6.9. Apparent Rela.tive kbundance of PJrc Space Arrange-

TA~LE 6.1e. ~oil PrC'pei"i;ios of ?ill Vim'Ted in >::lectron loiicro-

SOOj:C. 

CH!~PT!<~R 7. 

TABLE 1.1. Specific Gravi ti~s of Itaterials Tested. 

TABLE 7.2. Propos(, j Limits of !'article Siz~ Distribution for 

Bases and SU.rfacings, '\-:i th Tolerances. 

TABLE 7.3. 

TABLE 7.4. 

Rang~ of Natural rlater Contents i, Tills Tested.. 

Relationship Betl-Ieen Proctor Optimum Water Contcnt 

and ,later Content at MinirlUm Permeability for Nor

wcgian Dams. 

TABLE 7.5. Permeability Values in Montreal 'rills. 

TABLE 1.6. Source and Properties of Koerner's (1910a) Soil. 



CHAPTER 2. 

Fig. 2.1. 

CHAPTER 3. 

Fig. 3.1. 

Fig. 3.2. 

Fie. 3.3. 

Fig. 3.4. 

Fig. 3.5. 

Fig. 3.6. 

Fig. 3.7. 

CHAPTBR 4. 

Fig. 4.1. 

Fig. 4.2. 

Fig. 4.3. 

It'ig. 4.4. 

Fig. 4.5. 

Fig. 4.6. 

Fig. 4.7. 

Fig. 4.8. 

LIST OF FIGURES. 

Classification of Till s and GI~cial Drift in 'llrans

port, (Dreimanis and Vaguer 1971). 

Grain analyses of IUnerF'ls ~n 138.11 1.ii11:o, Nicroline. 

Heterogeneous Distribution, (Irani ~'X1d Callis 1963). 

Heterogeneous Distributions (Irani and Callis 1963). 

Frequency ::Jis-Lri .... ,ution of JOlCJni:c8 in OJ1t2.rio r.I:ills 

(After Dreinan5.s ind Vc>"gners, 1969). 

Terminal TIoc.les in 13,~pal Tii.1 (Lftcr Drc"ir:wnis and 

Vagners, lj69 ~. 

Garnet Dis·~rj.h\.\tion :in Tills of Ontario (After Drei

manis 8nl'l Var,Ite:..'s, 19"(1). 

Dolomitic 'rnll:'. of S.H. ('ntario~ Ca..::ada (l.fter Drci

manis, 1969)" 

Scottish SiteH 8tu~i~d. 

Map Sho\'line Li11t:S of Ice Floli <:-nd. '~he Lim~.~s of 

Glaciation in t~H~ J3ri'~ish Il:lles (Hright 1~3'r). 

Map Sholling l,ir.1its of Glacial Readve.nca (5issons, 196,). 

Glacial r.!argins of A\'le, ~.rne and Long Glaciers, 

(Charlesl'lOrth 1956). 

Sample Locations and Glacial Directions at La~lingarten 

Margins of Spey and TCl\Y Glaciers (Charles\'Torth 1956). 

Sample Locations and Glaciation Directions at Corrour 

Forest. 

Margins of Ice in South West HighlcU1ds (Charles\lorth 1956). 



Fig. 4.9. 

Fig. 4.10. 

Fig. 4.11. 

Fig. 4.12. 

Fig. 4.13. 

Fig. 4.14. 

Fig. 4.15. 

Fig. 4.16. 

Fig. 4.17. 

Fig. 4.18. 

Fig. 4.19. 

Fig. 4.20. 

Fig. 4.21. 

Fig. 4.22. 

Fig. 4.23. 

Fig. 4.24. 

Fig. 4.25. 

Fig. 4.26. 

Fig. 4.27. 

Sample Locations and Glaciation Direction~ at Glen 

Kingie. 

}.1argins of Lomond, Aberfoylc and Callander Glaciers 

(CharleS\'l'orth 1956). 

Sample Locations and Glaciation Directions at Strcdh

yre Forest. 

Sample Locations and Glaclation Directions at Glen 

Orchy Forest. 

Sample Locationa and Glaciation Directions at Cairn 

Ed\~ard Forest (!3ennan Section). 

Sample Locatit'ns a'l1.d Glacintion Directions at Gar

croggo Forest. 

Sample Locationn and Glaciation Direc·tions at Garrarics 

Forest. 

lvlateria1s in Bar;kwaGt"r D? .. -n. 

Margins ol Dea, Epk-Ai."dle and Out e . .:' 7: f'':Y OlC\ciers 

(Charlesllorth 1956) ~ 

Breidamerkurjokul l and it s Proglacial Area. (;~ficr Pri ... ~~ 

1969 ). 

Map of West Breida Sampling Area. 

Central Breida Till Plain. 

Sampl ing Area at Bl ai sen, Southern N orl1C\y. 

Prog1acia1 Feat\"r "~s at Blaisen Southern norway. 

Sample Points a.t Blaisen Southern Norway. 

Looation of Lacroix Glacier Sample Site. 

Bedrock l~ap of N orwa;!. 

Looations of lYor\1egian Dams Studied. 

Looations of Dams in Canada with Respect to the 

Distribution of Dominant Surfaoe Soil Gro\1ps (1.!cDona1d 

et aI, 1961). 



CHAPTER 5. 

Fig. 5.1. 

Fig. 5.2. 

Fig. 5.3. 

Fig. 5.4. 

Fig. 5.5. 

Fig. 5.6. 

Fig. 5.1. 

Fig. 5.8. 

Fig. 5.9. 

Fig. 5.10. 

Fig. 5.11. 

Fig. 5.12. 

Fig. 5.13. 

Fig. 5.14. 

Fig. 5.15. 

Fig. 5.16. 

Fig. 5.11. 

Fig. 5.18. 

Fig. 5.19. 

Fig. 5.20. 

Fig. 5.21. 

Fig. 5.22. 

Fig. 5.23. 

Fig. 5.24. 

Fig. 5.25. 

Fig. 5.26. 

Size Factors Graph (After Shepps 1958). 

Grain Size Distribution of Tills from Elson (1961). 

Triangular Grain Size Distribution for About 500 Tills 

by Elson (1961). 

Typical Gradings of Brown 'i'ill s Tested in Cowal. 

Cu~ulative and Frequ(;l.cy ~istribution Curves for 

Lag1ingarten Till. 

Log Permeability Plot of CO\'lal Tills. 

Phi - Prohability Plot for Lag1ingartcn Till. 

·Semi Log Plot of Other Scottish Tills. 

Log Probc:.bili ty Plot of 8cott :i,sh Tills. 

Semi - Log Plot fer Foreign ~ills. 

Log- Pr011abi!.it:r fo), Foreit"l'l Tills. 

Phi - Prob~bi1 ::. t:, Plvt for Glen K~_I\.:,:ie Till. 

Phi - Prcb~bi ,U'!:;r PJ ot for Coy~~'ur 1i.11. 

Typical Gr.1.<iil1g vf Grey CO't>,al rrill. 

Log Probabi1:i.ty PJ.ot of Gre;.r COlial Till. 

Range of GI'ad:i.ng3 for Lag11.ngnrten 'l'ill. 

Strachur Till Grad~ng. 

Glen Kinglas Till Gradings. 

Strathlachlan Till Grading. 

Dunans Till G~adings. 

Size Fraction:;: for Laglingarten Till. 

Size Fractions for Strachur Till. 

Size Fractions for Glen Kinelas Till. 

Size Fraction forStrathlachlan Till. 

Size Fractions for Dunans Till. 

Textural Classific2.tion Based on Ql' r.;d' Q
3 

for Coual Soil s. 



Fie. 5.27. 

Fig. 5.28. 

Fir;. 5.29. 

Fie. 5.30. 

Fig. 5.31. 

Fig. 5.32. 

Fig •. 5.33. 

Fig. 5.34. 

Fig. 5.35. 

Fig. 5.36. 

Fig. 5.37. 

Fig. 5.38. 

Fig. 5.39. 

Fig. 5.40. 

Fig. 5.41. 

Fig. 5.42. 

Fig. 5.43. 

Fig. 5.44. 

Fig. 5.45. 

Fig. 5.46. 

Fig. 5.47. 

Corrour r 'orest '1i118 (Pcrsit Roo,c.l.). 

Corrol.lr Forest rri1J.s (Ghuilbinn Ro o.,cl). 

Corrour r;'orest 'rill s (Stratllo s [d. C!J.1 ii ;:-cy). 

Corrour Forest (Plot ShOlJing the Cur.rulaiiive and. 

Frec:.uency Distribution Curves for Sp...!npl e 1+2600 Persit 

Road. 

Size Fractions for Corrour Tills (Fersit Road) • 

Size Fr:).ctions for Corrour '11ill ( Ghui11)inn Hoad) • 

Siz(~ j?:ca0tions for Corrour Till (Strathossi2Jl Hey). 

'I·eA~",11.·1.1 Classification Eased on Ql' l.i1.' Q
3 

for 

Corrour Tills (Fersit Road). 

Textural Classificc::.tion Based on Ql' !'~d' '13 fcu' 

Ghuilbinn Road, Corrour. 

T~xtural Classification Based on Ql' ITa.' Q3 fo': 

Corrou1' Forest (Strathossian Hay). 

Glengarry Forest Till (Glenkingie FOr~1f'~ n.·-Y..4). 

Glengarry Forest Tills (Glenkingie FOl'Hst :(5· TGO). 

Glengarry F<:>rest Till (Glenking'ie Fored K'!.l-Zl(~). 

Glen Kingie Forest, Plot Shovling the Cumv.laii i'.re 'md 

Freq,uency Distribution Curves for Sample ~~ o, K12. 

Size Fractions for Glen Kingie Tills (kl - K5). 

Size Fractions for Glen Kingie Tills (K6 - K9). 

Size Fractions for Glen Kingie Tills (KlO-K13). 

Size Fraction for Glen Kingie Tills (K14-Kl6). 

Textural Classification Based on Ql' IIId , Q
3 

for Glen 

Kingie Tills. 

Gradings for Strathyre Tills. 

Strathyre Forest, Plot Sho\·1ing the Cumulative and 

Frequency Distribution Curves for SaJllple No. 7. 



Fig. 5.48. 

Fig. 5.49. 

li'ig. 5.50. 

Fig. 5.51. 

Fig. 5.52. 

Fig. 5.5j .. 

Pig. 5.54. 

Fig. 5.55. 

Fig. 5.56. 

Fig. 5.57. 

Fib. :'.58. 

Fig. ).59. 

F~f;. ).60. 

:Tit: • 5.61. 

Fiv. ~.62. 

F'!.c:. 5.63. 

Pig. 5.64. 

Pig. 5.65. 

Fig. 5.66. 

Fig. 5.67. 

Fig'. 5.68. 

Fig. 5.70. 

Fig. 5.71. 

Size Fractions for Strathyrc Tills (STl - ST7). 

Size Fractions for Strathyre frills (s'r8 - S'1'12). 

'l!extural Classification Based 011 Ql' McI' Q3 for 

Strathyre Tills. 

Gradings for Glen Orchy Tills (GOl - GO~ ). 

Gradings for Glen Orchy Tills (G05 - G08). 

Gradings for Glen Orchy Tills (G09 G01 2). 

Gradings for Glen Orchy Tills (G013 - (018). 

Glen Orchy Forest. 

Size Fractions for Glen Orchy 'i'ills (GOl -
Size Fractions for Glen Orchy TiP.s (Gq5 -
Size Fractions for Glen Orchy Till f, (G09 -

Size Fractions for Glen Orchy T:l.l!.c (G014-

G04) • 

G08) • 

G013) • 

G018). 

T(' Xt"l'<'~: !Jlassifi0C'..tion B[;u:;eci (ll' ('~ :I.) l' ~ ~, 0.3 for Glen 

Orchy Ti.lls. 

Graclj ,.\{;"2 for J3e~men Till s. 

Gr~dinss for G~rcrocgo T~lls. 

Gradings f,1r GarrP-rics T::'lls. 

Glen Truol Forest Park. 

Size It'r'.'lctions fo!' Bennan Tills. 

Size Fractions for Garcrogo Tills. 

Size Fractions for Garraries Till~. 

Textural Classification Ba~~d on Ql' Md' Q3 for Bennen 

Tills. 

Textural Classification Based on etl , Md' Q3 for 

Garcrogo Tills. 

Textural Classification Based on Ql' Md' Q3 for 

Garraries Tills. 

Gradings for Bacbrater Dam Upper Sil ty fJ.1i11s. 



i-;--. 

Fig. 5.72. 

li'ig. 5.73. 

Fie. 5.74. 

Fig. 5.75. 

Fig. 5.76. 

Fig. 5.77. 

Fig. 5.78. 

Fig. 5.79. 

Fig. 5.80. 

Fig. 5.81. 

Fig. 5.82. 

Fig. 5.83. 

Fig. 5.84. 

Fig. 5.85. 

Fig. 5.86. 

Fig. 5.87. 

Fig. 5.88. 

Fig. 5.89. 

Fig. 5.90. 

Fig. 5.91. 

Lor; Probability Plot of 13acb19,ter Upper Silty '.P ill. 

Size Fractions for B"'.ck-.-mter Upper Sil ty 'hll. 

Textural Classification Based on 9.
1

, H
el

, Q
3 

for BC'.c~-· 

l'later Upper Silty Till. 

Gradings for J3achmter Dam North Deposit Till s . 

Bachmter Dam Eorth Dep.osi -l: r.rill - Plot Shol:i ng 

Cumulative and FrequencJ C·.1xves. 

Size Fractions for Back\-mter l>e.m lJorth Deposit Tills. 

Textural Classification 13ase(: on Ql' Bd' 0 for -3 

I3ackuater :!lam No:.:th Deposit 'hlls. 

Triangular Diog'.'a •. ls for Cowa1 2nd Corrour Till .-

Graclings of Fine Fi r8,~tions. 

Triangular Di8gl'a.ml: for Glen Kingie and Strath;'t re 

Till - G'.'adinr,:E- 0; Fine Fri'.cti?n~. 

Triangul:?r Diagrl'm£ for Glen C:'(;h~' and Gl!u 'L'1 '001 

Till s Gr8.tiing~ l.lf Fine Fracti:>r.B. 

Triangu1C'l.r Di?-er~ for All Sco'ctisil rrill :F'ine !>"'~ac-

tions. 

Gradings for Breid.2i"erkurjokull Tills. 

Gradings for Blaisen Tills. 

B1aisen Till - Plot Shol'ring the Cumulative and 

Frequency Distribution Curves for B/72/C. 

Log Probability Plot of Blaisen Till Gradings. 

Size Fractions for Blaisen Tills. 

Textural Classification Based on QI' !.1d , Q3 for Blaisen 

Tills. 

Size Fractions for Antarctica Tills. 

Log Probability Plot for Antarctica Till. 



Pig. 5.92. 

Fig. 5.93. 

Fig. 5.94. 

Fig. 5.95. 

Fig. 5.96. 

Fig. 5.9;. 

Fig. 5.98. 

Fig. 5.99. 

Fig. 5.100. 

)ilL; • 5.101. 

Lc'ie. :1.102. 

'!i'" ... log. 5.103 • 

Fit;. 5.104. 

Fig. 5.105. 

Fig. 5.106. 

Fig. 5.107. 

Fig. 5.108. 

Fig. 5.109. 

Fig. 5.110. 

Fig. 5.111. 

Fig. 5.112. 

Fig. 5.113. 

Fig. 5.114. 

Fig. 5.115. 

Fig. 5.116. 

Fig. 5.117. 

Triangular Diagram for J3laisen aDcl ArJ.tarctica. 'rill 

Fine Fractions. 

Gradings for Bordal Da.rn Till (2). 

Gradings for Arstaddalen Dam Till (7). 

Gradings for Tunhovd Darn Till (12). 

Gradings for Hyttejuvet Dam Til1 (1.3). 

Gradings for ~(ersvatn Dam Till (17). 

Gradings for Kalvatn (Sprutfuss I'lyr~,) Dam Till (18). 

Gradings for Vasslivatn D8~ Till (22). 

Gradings for J?ollosjp Dru:1 Till (?7). 

Gradings for Hann(1,pln. Dam Till (2R). 

(:rc::.dinGs for Various HOI'peg-ian ]) vns. 

Grading for Stolsvatn Dam (EX1) Till. 

Log Probability Pl'1-~ cf Hor.-]eF-;ian DU.l Tills (2-17). 

Log Prob?bili ty Plot for !70r'legim-, :J:.lm Tills (18-27). 

LOt" Pl'ob:'Lbility Plots for No;o:-vlegiar. Dam '1'ills (51-EX1). 

Size F::.'actions for N or\'legi.m D~m Till s (2-17) • 

Size Fra0ti.ons fo:r' Horllcgian ~aJ'1 'f1l1s (18-27) • 

Size !I'ract ionEl for- l10rvlegian Dem Tills ( 51 EX1). 

Textur-al Classification Based on Ql' Md' Q3 for 

UorNel,;ian Dams. 

Triangular Di~gram for Norllegian Till - Gradings of 

Fine Fractions. 

Gradings for Canadian Dam Til!s (6-9). 

Gradings for Canadian Dam Tills (11-18). 

Log Probability Plot for Canadi2~ Dam Tills (6-9). 

Log Probability Plot for Canadian Dam Tills (11-18). 

Fine Fractions of Canadian Dam Tills. 

Triangular Diagram for Canadian Dam Till Fine Fractions. 



]lig. 5.119. 

F'ig. 5.120. 

Fig. 5.121. 

Fig. 5.122. 

Fig. 5.123. 

Fig. 5.1Z6. 

li'ig. 5.128. 

Pig. 5.129. 

Fig. 5.130. 

Fig. 5.131. 

Fig. 5.132. 

Fig. 5.133. 

Fig. 5.134a) 

b) 

Fig. 5.135. 

Textural Classifica.tion Based on Q,l' Ea' Q
3 

for 

Canaciian Dam Tills. 

Gradinf,s for Shand De.m C['.nD.cl2. (18). 

Log Probability for Shand Dam, Canada (18). 

Fine Fractions of Shand Dam Till Cn.nnda. 

rri1ls Consisting of Igneous and Ect2Inorp}dc Rock 

Fragments Central Ontario - Frequency Plot 

(Dreimanis 1969). 

Log Probahility Plot of Seclimenta:oy, I eneous emu 

Log Probability Plots of Dolomiti0 'J.'ills in Ontario 

(After DrE'ir:lC'.!l:Ls 1969). 

Gradings for Sedimentary Metamorp!dc and Igneous 

Rock Ti!ls from OL~&rlo. 

G.::-adhJgs for Dolo!nitic TiJ Is in ol;t?~'~io (After 

'l'rianC".llar Diagram for Caru·.dia.u rrillE' From Drej.manis 

ViilC ]'r<?o-:' ions. 

Textural Classificat.ion Based on Q1' Md' Q3 for 

Canadian Tills (After Dreimanic). 

Gradiut'Ss froe: Ville La Sa11e, La(:hinc Montreal Tills. 

Gradings from Ile Heron, River Nord Montreal Till. 

Log Probability Plot of Ville La Salle, Lachinc, 

)tontreal Till. 

Log Probability of lle Heron 1,lontrea1 Till. 

Fine Soil Fractions of Montreal Tills. 

Triangular Diagram for Fine Fractions of ~tontrea1 Tills. 

Textural Classification Based on Q1' Hd , Q3' 

Location Nap for Krumbein's Samples. 



Fig. 5.136. 

Fig. 5.137. 

Fig. 5.133. 

Fig. 5.139. 

Fig. 5.140. 

Fig. 5.141. 

Fig. 5.142. 

Fig. 5.143. 

Fie. 5.144. 

Fig. 5.145. 

Fig. 5.147. 

Fig. 5.148. 

Gradings for YJ'Umbein's Valpar2.iso 'llil1s (1-5). 

Gradings for Krumbein's V~lparaiso Tills (7-12). 

Gradings for Krumbein's Va1paraiso l).'i11s (13-18.). 

Gradings for Krumbein's Valparaiso Tills (19-24). 

Log Probability Plot of Krurnbein Vnlpar2.iso 'i'ills (1-5). 

Log Probnbili ty Plot of Krumbein' s Valp?.raiso Till s 

Log Probability Plot of Krumbein' s ~.ralparaiso Tills 

(13-18). 

Log Probability Plot of Krumbeil1ts v?,.lparaiso Tills 

(19-24). 

I-I.:mge of Gradings of Fine Fractions "f Krumbein's 

Valparaiso Tills. 

Tcxt·l'.rr~l Classif; ~~ti(.on Based en Q1 ~ Hc1 ' Q) for 

Kr'.lmbcdn' [j Valparc.ioo Tills (1-12) Fine Practions. 

Ter~\1.:,al Claasification Based on Ql' Md' Q3 for 

Krumbein'l3 Valparaiso Tills (13-24) Ii'il:e Fractions. 

Trian~~lar Diagram for Krumbci~'s ValY2~aiso / Illinois 

Tills - Fine Fractions. 

Lithologic Variation in Valpar5.is() 'Till (After 

lCrumbcin, 1953). 

Fig. 5.149. Variation of the Grain Size Indices and Fines Conten~ 

Fig. 5.150. 

Fig. 5.151. 

Fig. 5.152. 

Fig. 5.153. 

Fig. 5.154. 

in Valparaiso Till. 

Gradings for Krumbein's Illinois Tills (A-D). 

Gradings for Krumbein's Illinois Tills (E-H). 

Gradings for Krumbein's Illinois Tills (I-L) • 

Gradings for Krurnbein's Illinois Tills (ltI-p 1)' 
... 

Grad-ings for lCrumbein's I~linois Tills (Q-V). 



Fig. 5.155. 

Fig. 5.156. 

Fig. 5.157. 

Fig. 5.158. 

Fig. 5.159. 

Fig. 5.160. 

Fig. 5.161. 

Fig. 5.162. 

Fig. 5.164. 

Fig. 5.166. 

Fig. 5.167. 

Fig. 5.168. 

Fig. 5.169. 

CHAPTER 6. 

Fig. 6.1. 

Fig. 6.2. 

Fig. 6.3. 

Log Probability Plot of Krumbcin's Illinois 'I'ins ( A- !.) . 

Log Probability Plot of Kr'umbein's IllinoiB rr'ills (:~-? ). 

Log Probability Plot of Krumbein's Illinois Till (1-L). 

Log Probability Plot of Krumbein' s Illinois Tills (!.~-Fl). 

Log Probability Plot of Krumbein's Illinois Tills (0,-'.: ). 

Range of Gradings for Krum'uein's Illinois '?ills -

Fine fractions. 

Textural Classification Based on Ql' Md' et3 for 

Krumbein's Illinois Tills (A-H). 

Textural (ilassif.ication Based on QI' Hd, Q3 for 

Krumbein's 11:' .. i.l1ois Tills (J-p). 

Textural iJIussification Edsed. on ql' Hd , Q
3 

for 

Krumbein's 1ll·~:r.l)i:; ':'ills (Q-W). 

Lithologi~ Vm' iu-t~_ol1= in Il1in:.li~ T:i."U (.Afte:-

Krumbein, 1953). 

Variation ~.n Grdn Size 1ncliceo an1 Fiaes Content in 

Krumbein' oS Illinois ':rills. 

Variation in Urpel:' Split Sizes in All Tills. 

Variat iO!l in Percentage Fines in A).l '.1.':1.lls. 

Median Grain Size Indices in All THIs. 

Triangular Diagram for All Tills. 

Model of Composite Soil. 

Minimum Possible Voids in Beds of Two Component Sizes 

(After Pumas 1931). 

Void Ratio of Composite Soil. 

Dry Density Percentage Fines - Master Curves for Uni-

form S.O. D 2.68. 



Fig. 6.5. 

Fig. 6.6. 

Fig. 6.8. 

Fig. 6.9. 

Fig. 6.10. 

'Fig. 6.11. 

Fig. 6.12. 

Fig. 6.13. 

Fig. 6.14. 

Fig. 6.15. 

Fig. 6.16. 

CHAPTER 7. 

Fig. 7.1. 

Fig. 7.2. 

Gradings of the COHal Till Used in Laboratory 

Compaction Tests. 

Variation in Haximum Dry Density of a Composite Soil 

From Standard Proctor Tests and Tipping. 

Plot of Field Density r.ieasurements for Brotm Cot·lal 

Tills. 

In-Situ Density of Central Breidamerkurjokull Til:3. 

In-Situ Density of Blaisen Til~s. 

Tiera~ D:;'agram Expressing the Location and Dip of 

a--r :;ldl~es of Clasts at Three Levels \h thin Breidamer

kurjokull, Sample BR/Cl7. 

Contou.red Schmidt liet Expressing Cla-bt Fabri c IJa+.a 

for 9.5cm Level Sho~m in Plate 6.3. an~ Fi~~ 6.1C., 

for Breidamerkurjokull Till BR/C17. 

Schematic Representation of Elementary Pa.rtillle 

Arrangements. 

Schematic Representation of Particle A~sem-ol/:jzeE'. ~ 

Sohematic Representation of Pore Spatle TY::HE; (Collins 

and McGo\,Tn 1974). 

Icelandic Clast Fabric Data - Schmid~.; Net, JJo\"e!' 

Hemisphere. 

NOrl'legian Clast Fabric Data - Schmidt Net, Lo\-ter 

Hemisphere. 

Swedish Classification of Soils From Moraines (Besko\-T, 

1951). 

Relation Between Liquid Limit, Naximum Grain Size and 

L.S. Difference for Morainic Soils. 



Fig. 7.3. 

Fig. 7.4. 

Fig. 7.5. 

Fig. 7.6. 

~'ig. 7.8. 

Fi.r;. 7.10. 

Fie. 7.11. 

Fig. 7.12. 

Fig. 7.13. 

Fig. 7.14. 

.-~;, . 
:-)~J.i.J:;'~'!I,.~ ." ~,' .. 

Grading Curve of Typical Ha"terin1 Tested <Uld Ta.l bot' 8 

Theoretical Curve. 

Compact ion of Soil Eortar at Optimum J.ioisture Content 

with Different Percentage Gravel Contents (After 

High\·ray Research Board 1962). 

Dry Density Gravel Content Relationship (After Hal.n-

fort and Lavrton 1952). 

Relationship bet,..yeen Maximum Dry DEl'isi ty and Gravel 

Content (After Hol tz and LO\'li tz 1~57). 

Suggested Particle Size Limits ~or base J,lat.erials. 

Typical Relationships Betlveen loloul d.ing Content and 

'.:Jry Density for Varying Compactivr; Effort for 

Laglingarten Tills. 

'I':,rpic:\l R.)lationl:!hlps Bctl'leen Pc.'ll~.ing Hater Content 

a:nd Dry D-:;nsHy fl)r Ve.ryi;lg Compc;(;ti ve Effort and 

r'el'ce~'d; !'I.gc Finos for Corrour Till. 

Typical Relationships Be'l; .. ;~en I,io"..lldh.g Hater Content 

and. Dr~r Density for Vary:mg Gompadive Effort for 

strath~'.:'E; Tills. 

Relationship Between Percentage }<'inc Content and 

~iaxiriltlm Dry Density for Varying Corr:pact i ve Effort 

for La~lingarten Tills. 

Relationship Be'tl'leen Percer.tage Fine Content and 

Maximum Dry Density for Varying Compactive Effort 

for Corrour Tills. 

Relationship Bet\'1een Fines Content and Maximum Dry 

Density for Varying Compactive Effort in Strathyre Tills. 

Relationships Betl'leen Percentage Fine Content and Dry 

Density at Optimum Water Content plus 5 percent for 



' ::'::~~. . .' .! 

.~~·~;·!x\ci;;~:;~~/ , 

Fig. 7.15. 

Fig. 7.16. 

Fig. 7.18. 

Fie. 7.19. 

Fig. 7.20. 

Fig. 7.21. 

Fig. 7.22. 

Fig. 7.23. 

Fig. 7.24. 

Fig. 7.25. 

Fig. 7.26. 

Fig. 7.27. 

Relationship Eetl'ieon PercentaGe Fine Content :'.nc. !)r:.' 

Density at Optimum Hater Content minu!3 5 IJercent for 

Varying Compacti ve Effort for Laelingarten Till. 

Rela.tionship TIet,·,een Percent age Pine Content a:lct nr~r 

Density at Optimum Hater' C-:-r:>tent plus 5 percent for 

Varying Compactive Effort for Corrour Till. 

Relationship Behleen Percentage Fine content and Dry 

Density Ctt Optimum Hater Content minus 5 percent for 

Varying C<'lmpacti~!e Effort for Corrour Till. 

Relationship Be+'''16:n Percerta.ce Fines C,ontent a.ncl Dry 

Density o.t OptirntUn ~'lc1.+'er Cont0nt Illinus 5 percent for 

Varying Compac'~ivc Effort for Strathyre Till. 

Compariscr. of C .... ti::'lUfol P.S.D.: ~ !'li'~"n '1'.1.1. bot t s ro::-rr'.lla.. 

Particle ~ize Dlstribution Curves Sho\-ring 'Gr.e De-

gradation Gm:,s<1G. by Compact ion for I,Co.glingco.rte:n Till. 

Particle Size Disi;ribu.ticn Cl.rvCS Sho':!ing U:e :;) €:-

€radation Cauced i'Y Ccrnpac '~ion for Co:ri~our Till. 

Dimensions 6f Permeability Cylinde~. 

Particle Size Distribution of Co~-:al Tills TJsed in 

Permeability Tcst~. 

Constant Head Permeability Apparatus (After Younger 

and Lim 1969). 

Particle Size Distributions of Artificially Graded 

Baokwater Till (Younger and Lim 1969). 

Velooity - Gradient Plot for 5 peroent Fines Compacted 

Dry of Optimum (After Younger and Lim 1969). 

Velooity Gradient Plot for 25 percent Fines Compaoted 

Dry of Optimum (After Younger and Lim 1969). 



Fig. 7.28. 

Fig. 7.29. 

Fig. 7.30. 

Fig. 7.31. 

Fig. 7.32. 

Fig. 7.33. 

Fig. 7.35. 

Fig. 7.36. 

Fig. 7.37. 

Fig. 1.39. 

Fig. 7.40. 

Fig. 7.41. 

Velocity Gradient Plot for 64 percent Fines Compacted 

Dry of Optimum (After Younger and Lim 1969). 

Velocity Gradient Plot for 76 percent Fines Compacted 

Dry of Optimum (After Younger and Lim 1969) • 

Relation Bet\"leen Water Content at Compaction and Per

meability of Sandy Moraines (After Bernell, 1957). 

Relationship Between Water Content Dry Density Anu 

Permeab:lity for Cowal Till (55% Fines) (After Younger 

and L:im '..969). 

He I. :'Itiur..ship Betwe.en Water Content, Dry Den~i ty and 

Perme~bility for Backwater Till (46% Fine::.) (After 

Younge.r a~d Lim 1969). 

Rele.tiom:hip Between Water Content, Dr;)'" r..3r.sit~i J.ll(1. 

Pprmeubility for Akersvatn Dam, Norlvay (3~11d(, 19'?~). 

Relationship Bet\"leen Percentage Fines :'...1'l0. :r-br:ne~,~,.Ui t y 

for COlval Till. 

Permeability-Time Variations in Cowal rhll. 

F-olll Range 'of Permeability - Percentage Fi.:>.e~\ Re) ation

ship for Backwater Tills Tested by Ycungcr f~l LLm 

(1969). 

Relation Bet\-leen Void Ratio and PermeCibili ty of 

Norainic Soils (After Bernell, 1957). 

Relationship Between Void Ratio and Permeabj lj.ty for 

Va.rious Tills. 

Plot of Percentage Fines - Minimum Permeability at 

Proctor Compaction for Cowal, Norwegian and Canadian 

Tills. 

The Effect of Particle Shape (Koerner 1970a). 

The Effect of Particle Size (Koerner 1970a). 



Fig. 7.42. 

Fig. 7.43. 

}i'ig. 7.44. 

Fig. 7.45. 

Fig. 7.16. 

Gradings used by Holtz and Gibbs (1956) and Holtz 

and Ellis (1961). 

Shear Strength - Gradational Relationship for Some 

Soil Hixtures. 

Dry Density Shear Strength Plot for Cowal Till. 

Percentage Fines Shear·Strengt.h Plot for Cm·ml Till. 

Percentage Fines Shear Strength Relationship for 

Some Tills~ 



CHAPTER 4. 

PLATE 4.1. 

PLATE 4.2. 

PLATE 4.3. 

PLATE 4.4. 

PLATE 4.5. 

PLATE 4.6. 

CHAPTER 6. 

PJJATE 6.1. 

PLATE 6.2. 

PLATE 6.3. 

PLATE 6.4. 

PLATE 6.5. 

PLATE 6.6. 

PLA'l'E 6.7. 

CHAPTER 7. 

PLATE 7.1. 

PLATE 7.2. 

PLATE 7.3. 

LIST OF PJJATES. 

Vie, .. of Brediamerkurjokull and Breid2l!1erksanclut, 

South East Iceland. 

Fluted till, Centra1 Braida, Showing Flute Enter

ing Sub-Glacial Gro('7e. 

Proglacicl Area of Blaisen, Southern Norl'lay. 

View of Lacroix Glacier, f}.'nylor Valley, Antarctic 2, . 

East Enee of ~nout of Lacroix Glacier, View Towar6s 

N.N.W. 

Antarctic Tj.:i I, u"ient elt Sample, Vie\·,ring South. 

The Light~.;cight. Contact GO}"liOMeter~ 

Block of ~e1t: i'0bri:-R1c~, Ice with Clast6 3cFinni~[ 

to EmE-reen 

Breid?Jncrjwrjolmll Sample BF!Cl7. Levell eel \-;i th 

P1astp.r . Re:nove.d :i.'r(lm Upper Surface! :md One 3ide. 

View of Brust!ng Apparatus. 

G1acie1' Sole Grc0ved by 1.5 m d:iw.'.:ter i3uuldel'. 

Glacier Sol~ Grooved by Roche M~untonec 40 m Inside 

the Margin of Blaisen, Nor"my. 

A Small Push Moraine in Process of Formation at the 

Margin of Blaisen, Southern Nonlay. 

Automatic Compactor Used for Tests with a C.B.R. 

Mould Fitted to Base. 

The Permeability Apparatus. 

Constant Head Permeability Apparatus (After Younger 

and tim 1969). 



LIST OF MICROGHAPHS. 

Hic. 1. Blaisen 1972 Till - Gra.r l1.l1ar Hn.trices and A[:,'gregations. 

Mic. 2. Blaisen 1912 Till - Detail of Mic. 1. 

Mic 3. Blaisen 1972 Till - Open Granular Area. 

Mic. 4. Blaisen 1972 Till - Detail?f Mic. 3 - Open Connector. 

Mic. 5. Blaisen 1972 Till - Compact Granular Area. 

Mic. 6. Blaisen 1972 Till - Detail of Mic. 5 - Granular Natrix. 

Mic. 7. Blaisen 19'72 '}ill - Relatively Fines Rich Area. 

lUc. 8. Blaisen 19"/2 Till - Detail of Mic. - Fine ~rea. 

Mic. 9. B1aisen 1972 Till - Detail of Mic. 8 - Fine A[':.","et~ ,l.t.ion. 

Mic. 10. Blaisen 1972 Till - Detail of Area Hi th J\eGrcea-~io~l ~!~:a. 

Connectors. 

Mic. 11. Blaiscn 1972 Till - Detail of Mic. 10 - COnn&0tor. 

Mic. 12. El ai ~ en 1965 'fill - Granular !11atrix. 

Mic. 13. Blaisen 1965 Till - Detail of J>1ic. 12 - Gl'a:1U] a:r' A:.'ea. 

Mic. 14. Bl~"isen 1965 Till - Detail of Mic. 13. 

Mic. 15. Bla! sen 1965 Till - Open Area ,oJi th Clay c:<' .. ,"tzes. 

ruc. 16. Blaisen 1965 Till - Detail of Clay Size Arr3.Ilgem·:::lts. 

liic. 17. Breidamerkurjokull Till - General Fabric nt S~d.e of stone. 

IHc. 18. Breid&merkurjokull Till - Detail of Mic. 17 Pores. 

Mic. 19. Breidarnerkurjokull Till - An Area Away from stone. 

)lic. 20. Brediamerkurjokull Till - Detail of Mic. 19. 

Mic. 21. Breid~merkurjokull Till - Area Rich in Fines. 

Mic. 22. Breidamerkurjoku1l Till - FiRe Aggregations and Connectors. 

)lic. 23. Breidamerkurjoh."Ull Till - Deta.il of Mic. 22 - Connector. 

Mic. 24. Breidamerkurjokull Till - General Vie .. 1 of Granular Area. 

Mic. 25. Breidamerkurjoku1l Till - Detail of ~iic. 24. 

Mic. 26. Breidamerkurjokul1 Till - Detail of Hic. 25. 



"' .' . 

Mic. 27. Antarctica Till - Gcneral Nature of Fabric. 

Mic. 28. Antarctica Till - Sand Particle in Clay Granular Matrix. 

Mic. 29. Antarctica Till - Detail of Clay - Granular I,!atrix. 

Mic. 30. Antarctica Till - Open Granular Area. 

Mic. 31. Antarctica Till - Fines Rich Area. 

Mic. 32. Antarctica Till - Detail of Partly Discernible Fines in 

Mic. 31. 

Mic. 33. Antarctica Till - Nore Open Fines Rich Area. 

Nic. 34. Antarctica Till - Partly Discernible Fines in Mic. 33. 

Nic. 35. Co,"ml Till - General Fabric. 

Mic. 36. Coual Till - Gene~aJ ~atrix. 

lac. 37. CO\"lal Till - Matrix uHh Clothcc. Grains. 

Mic. 38. COl'lal Till _. T:t:.in Flak~' Fj.ne Par"ti01es. 

Mic. 39. Cowal Till - llit!. (;10;(" S:lz:es. 

Mic. 40. CO\'lal Till·· JJetuil of Clay Si~e'l. 

Mic. 41. Cowal Till - P8rticlep in She;a)' Z'-: .... e. 

Mic. 42. Cowal Till - n~t~il __ ,f M:i c. 41. 

Mic. 43. Glen Orchy Till - )H::;;tri"bution of Goars\: aY~d }i'ine Pw-ticle:s. 

Mic. 44. Glen Orchy Till - Co::>rse Grain ~On!H:ct,)!·. 

IUc. 45. Glen Orchy Till Fine Pa"t'ticle Connecto:'. 

Mic. 46. Glen Orchy Till Detail of }llic. 45. 

Mic. 47. Glen Orchy Till - Aggregation Assemblage of Granular 

Particles. 

Mic. 48. Glen Orchy Till - Finer Area of Mic. 43. 

Mic. 49. Glen Orchy Till - Detail of Clay Size Particles. 





TAJ3LE 3.1. 

PARTICULATE SU3S~L'!JfCES, PR0 1!IJJED A LOG-NOm.:AL DISTHIEUTION IS 

OBEYED. 

Average Size SY'l1bol 

Mathematica.l 
" 

Definition 

(Surnmat ion 

between 

i=l and i=n) 

Equivalent Natura.l 

Logarithms in Terms 

of Statistical Para

meters of Distribution 

Curve by Number, M 
n 

and tr 
'n 

r-------------~------~--------------~----------------------
Geometric 

mean on weight 

basis 

iZ 
g 

£n. M.4 
J. 1 

r------,..I---+----------t--------------,-_." -
Arithmetic 

mean on 

number basis 

E en 

r------4----4-----------+-------------... ·--

Surface area - 2"," InMn + 1.01n \'::-1 

r--------------I~------+_------------;_--------------------~ 

VOlume 

Specific 

surface area 

2 
InMn + 2.51n O"n 



,., 

, 

... - , .... et 
Con.uvct .... -. Hel .... .-

r~ 

hall '.J COIfsrOUCTJC* "TAilS or "!''ftj('''. 0_ ( ... "'.--.., "",, 

clICSr coe 

LOft<J'. . ! ;-r 
• ro... "t.u-i.l cup.chon ,.,_ec I Pd Of:t. • opt.: Tr.neJUotI 

" 
5_U"1I rJll Bedrock 

dO.. -- I L' ./"" 
J J J I • _ 
f2 1 J9~... ,.2 1300 CurltK .on!_ /8 t v1bnUnv I I 2::;.D;;;Sr--t7."-t-;::;:;;:;-::':::::-:--!--;C::.:: .... :::;1~.::;1::: .. ::.::.;"";':1.::--t--;:o:o::!:::-:~=-I 
luol'd.1 1 lfV( 3oci., I up.tr... roUn, n... 2.10- 0.6 • 1.~.re, .luicae 

lII·l~ h.,..u I 1 .net ca-pec hd _I th 
8 t ",lbr .. rolhr 

9.0 

Are " __ 1 ... H.,,,,. "dOO • I 
Sandy or.vel 
end tunn.l 
.pail 

UuIlU led rock, 
S • leyara. 
SI~, .1 c.d . 

Cryahlli,.. 
11 ••• tCM"l. 

J961"" ~9 30iJ I Curved COte 1,... J!t \ u.c:te. I .. 2.10 
tfo ,:~ • .,,0 1 I upe\ra. 0.1» layer a 1.1" 

I ' : 1 1 1------+-----1 
12 I 1966 .. 65 31 320 I Cu,",," .orab.. t, t v .. bUUng! .. , 
Tunhovd i MVl 2U 1 up .. t~._ ,oller, I 9.10 2.15 

I 
I H.6 • layera ! 

I i :: 

7.~ Sandy or" vel Oo.r-,.ti "_ITunMl 
.poll p11!'r:~ 1" 
: - .S r I y.ra and 
.luie.d. Up. t. ~P "" 

l;uetried rock • .,.l't1), 
iu.apgoJ in •• te, 

C.lcitIc 
01eb ... 

t I i _ ; I 

I;U t' 19(.)-65 I 93 . 350 1 Cur"ad .orel,.. . 1~ t tnettr ! -l. 2.11 1 7•• 1 Sendy 9I't"'.I . / ;';uorr1eC: roCk, 5tI Ilea Schlet 
HyU_ju.... Nor.. l,.l~ 7 ",.tre. D.2S. hy." 7.10, and tunn.l lay~u .• luice" 

, tt)'oJro . , .poil 

17 
IIkeravat." 

11 
I.elvet,. 

27 
• a .. U"at" 

27 
'.lh'-

2a 
•• " ... 11. 

51 
Or.w1adale-.... 

U _M'. 
IS 
.MieN"" 

19t.o ..... 7 
NV[ 

196~-67 

.''t 

1967 
".1 ••• ;.0.1 .. 
(lttktrte1-
t.t.~.rk 

19b~' 
"11( 

1,.,-69 
SundabaN 
kufL.,.rk 

1971·72 
.1Il 

S3.5 
1.08$ 

a'.5 
.00 

2S 
70 

70 
.. 0 

26.5 
U. 

29 
JII 

41S 
7 

390 , 

150 
5 

S6S , 
110 

5 

340 
5 

Cur wed 
UIIatr •• 

Cur wed 
...petre. 

Curftd 
upatre • 
R_l~S. 

Curved 
UlMtr .... 
hl!1S. 

'=urwed 
"Patra., 
".;l1o. 

PuU, 
cur.,ed 
~tl.", 
,._100. 

.oralna 

ltar.l .... 

.... 1,.. 

1101'.1,.. 

.oul,... 

.,.t,. 

• ~1'.lM ,,,,,du •• r,' . 
2, S1~ I ",150" ! 

1971·;3 '. I" • i~' r1O ... ,/I" I -1 ... n..... I __ ;;.1 .... 
J97I.73 
.vc: " 110 

350 

, 
j 

8 t vibrat 1"9 
roUar, 0." 
layer. 

8 t vlbnt:nQ 
roUer, 0." 
layare 

1~ t tract .. 
0.250 • 1."... 

L 
10 t db;~~"9 
roll .... a ... 
leyan 

1.10 .. 1 2.15 

1.10"! 2.10\ 

3.10" 2.17 

, J 2. JO·! 
2.10 

a.a t "lbd,lftC) _] 2.10\ 
roUllr, 0.4- I 5.10 
leyen 

IS t tract., 
U.~ ja,et •• 10'" I 

i 
I 

z..aa 

• • S 

19.5 

7.S 

7.S 

7.3 

7 . ~ 

J 

[;.ravrlly •• nd 
and tunnel 
:.Ioloil 

I (;ray .tUy .and 

I
· am! t unnel 

.p.l ll 

I e .... Uy .... 

: Gr ev.Uy .end 

, and t\f~l 
.poll 

!SIInc:lY 9 rave l 

1 

IS.nd' oraw.l 
er:d t~1 

1.('IoU 

I 
IIi . d U , tJ.I'g _'I I IS"""" 91 ..... :. 

roU.r. 0.'. I '.'-:' 2.1.- ".' 801 to ... ",...! I J."." i I anol , 

i 

I 

uuarrled rock. 5M 
hyera. .lu! ced 

lJuarrled rock. S
layera . ... lu ' .ed 

Tunne l apoJ.l, 
l.S • leyara, 
aluleed 

t;u a r r ! ed roc k , 5fII 
h''f.r~ el u 1e8d 

Tunnel .poil, I.SIt 
!lIy"ra •• 1uiced 

Tunnel .poil 
1.» layera. 

elule_d. 
a. .arri.d roc~, 

~ a iaye .... 
eluic.d. 

U".!!'led rocl(, 
, • I_yan. 
.lu1c.4 • 

5ch1at 

aln Sehht 

M:>hll1olJ.t.. an es 
CnJ ••• "'lca 
Schlat 

Cuattute 

Cni .... 1th 
kphl.llPUt. 
ancJ mice 
layere. 

Cn8' .. [;.1'."lt. 

... U..--r-;--;-Vl-.-.-tt-.. - ..... p. ..!. 's i· · c, ••••• '0 "u • ., ••••• ek, I ;;·l .r, 0." 5.1' I .h& ,... . tJl'il,. .pol } :- 1.y.r., 
I :.y.... L .1,,1ead 

11·,,----+-I-n-l.-7-'---l-sa---+12III---+I-·-·-·-·-ly--t-: .. ~ •• -1-.. ---1 ;,:::.;.--- 3.10.1 -1 %.12 [' •• 0-1:···..... Tu,,",,' 0 0 0 11, c;.. ..... 
• , ...... 1.VC 210 5 ...... ".. 0.2s.. hy... tUl'Vlel 1.,011 l. !. hy.re. c.r.,. :ta , -. I (;\H,rrhd rock, 

:!~:.- , ~ J .,u •. 
'-___ ..L. __ • ___ -'-____ L-__ .L. ____ '-____ l. _ ____ l--..--' -- . ___ -...i 



,. .. ", 
. /~~::; 

" , I . 
Table 4.2 G£OT£CHNICAl PROPERTIeS or TIll mAT~RIAlS IN CA~~DI3~_DA~S {After ~~~~~et aI, 1961) 

A . DAm OR DYKE it~ERVIOU~ FILL mATERIAL 
~ .... '- , .. .' ! 

~; Name Type (A) k{jJm/sec) LL (%) - ~~;:Jt. (%fmrtJ) G 'SHEAR STRENGTH PLACING CONDITIONS ' 
No. year of max. height max. Hydr P ' (%) 111 max. (t/m3 ) S At Wopt At 125% at '.!.'opt Av. Field Comp' 

completion (m) Gradient L Pd { o} ! ¥1d (o) Compaction Water Content ( 
: I I I'C,~ (kN/m2 ) ! CJ (kN/m2 ) Olethod (% of Proctor) 

GLACIAL TILLS-PLASTIC 

6 Niagare RS 0.025 -4 141 ~O 2.70 - 23-26 Sheepsfoot 92 
Storage 20.6 2.8)(10 21 1.66 - 4.8 Roller 105 
1957 

7 Conesto90 EH 0.05 -4 20-32 10-17 2.67 - - Pneumatic 95-100 
1957 30.9 0.7)(10 11-1'7 2.03- - - Tired 100 

~~ __ ~~~ __ ~~~~ _______ ~~~~ ____ +-~~ ____ ~1.81 Roller 
8 fanshewe' EC 0.005 4 15-25 - - , 2.65 - - Construct- 95-100 I 

1952 30.9 1.3lClO- 13-18 - 'I - - ion EqUiP-I 100 \ 
. munt ! 

9 St. mary EH - -4 35 15 2.71 28 - Sheepsfoot I 94 i 
1950 60.6 0.8)(10 14 1.81 20.3 - Holler 95 ~ 
GLACIAL TILLS-NON PLASTIC i 

11 menihek EH - I Ll.3 -4 J 10 ~--- 2.t3 28 ! - Shoepsfoot I 8c-loo l 
1953 12.1 1.2x1::1 . 14 ,2.11 2.74 19.1 -t - Roller 95 ~ 

14 Sisson EH 2.5 -4" I j 2·-18 1- - I" Shoepsfoot UD-.l2Q I 
1952 25.7 0.4)(10 - 1.97-1. 75 - - I - Roller 90-105 ! 

15 lake RS 15.0 -4 Non- U 2.73 39 39 Cor.struct- 101 i 
St. Anne 36.3 4.5)(10 Plastic 2.05 22.7 16.7 ion Equip- 98 I 
1958 Silty Till mcnt ! 

16 Bersimis RS 2.0 -4 Non- 9 2.72 35.5 38.0 Construct- 101 ! 
No. 1 68.2 6.0xlO Flastic 2.16 65.5 51.6 ion £quip- 9U i 
1955 Silty Till ment I 

17 Cornwall EH 0.25 -4 14 10 2.71 - 39 Sheepsfoot 9li I 

1958 25.7 0.5x10 10 2.11 - 0 Holler 101 ! 
18 Shand EH 0.06 -4 - 9 2.74 32 - 5rltJ8psfoot I 129 

1942 22.7 0.6)(10 - 2.14 46.4 - Rollor i 92 ----------l Notes -(A) EH - Earthfil1, Homogenuous Section 

CB} measured jn stancJenj Prlld.or T.ti'3~ __ 

£c - ~e=thfil1, Cen~ral Core RS - Rockfill, Slopin9 CorD 
I 

j 



TABLE 5. f CLASSIFICATION OF SOME SCOTTISH TILLS 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE GRADING 

SPLIT 
SIZE 

mm 

~ 

RANGE % FINES 
FOR 100 mm 
DIAMETER 

'COWAL 
ROAD 
SITES 

MICA 
SCHIST 

FIGS. 5.16 
to 5.20 

0.6 
0.8 

23-95% 

53% 
Average 

CORROUR 
FOREST 
FERSIT 
ROAD 

GRANITE 

FIG. 27 

2.0 
-1.0 

45-73% 

58% 
Average 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B. S. 1377 

MODIFIED 
WENT
WORTH 
SCALE 

en 
'VI " «"" "0 -' w u 
Oven 
w-

2~Q - ........ 

Mox. 
Aver. 
Min. 

SillY 
SAND 

COARSE SILT 
FINE TO 
V. FINE 
SAND 

Q, MD C 3 
5.74.83.1 
5.53.72.5 
4.' 2.6 1.7 

SILTY 
SAND 

SILT 
SAND 

Q 1 MDQ 3 

4.61.30.i' 
3.9 1.80.4 
3.2 1.30.0 

CORROUR 
·FOREST 
G~I UILBINN 
ROAD 

GRANITE 

FIG. 28 

0.8 
0.3 

43-63% 

52% 
Avercoe 

SILTY 
SAND 

COARSE 
SillY V. 
FINE TO 
MEDll'M SAND 

Q I Mr.Q;3 

4.53.1 1.8 
4.03/11.75 
3,82.9 1.7 

COP.flOUR 
FORE:;-, 
STRATH
OSSIAN 
WAY 

GRANITE 

fiG. 29 

0.8 
0.3 

28-52 

48% 
Average 

SILTY 
SAND 

COARSE 
SiL1Y V. 
;:II\;[ TO 
MEi);UM SAND 

Q I lA DQ 3 

4.~2.~1.5 

J.:l 2.:i1.3 
3.2::'.11.1 

GLENGARRY 
FOREST 
GLEN 
KINGIE 

GRANULITE 

FIGS. 5.3i' 
to 5.''£ 

0.4 
1.3 

10-66 

30°/" 
Average 

SillY 
SAND 

MEDIUM TO 
COARS~ 

SILT -
FINE SAND 

Gc ~ W. D Q 3 

6.Z 4.1 2.2 
4.73.11.9 
3.32.3 1.6 

STRATHYRE 
FOREST 

QUARTOZE 
MICA SCHIST 

FIGS. 5.46 

0.4 
1.3 

25-58 

53% 
Average 

SILTY 
SAND 

COARSE 
SILTY 
v. fine 
SAND 

Q
1

M
D

Q
3 

5.54.02.9 
5.03.82.8 
4.7~.52.7 

GLEN ORCHY 
FOREST 

QUARTZITE 
AND MICA 
SCHIST 

FIGS. 5.51 
to 5.54 

0.2 
2.3 

5-25 

14% 
Average 

SllTY 
SAND 

COARSE 
SILT 
v. fine 
SAND 

Q,"OQ3 

5.84.13.1 
4.83.52.8 
4.02.82.4 



·TABLE 5.2 CLASSIFICATION OF SOME SCOTTISH AND MO'ERN Gl..ACI,AL TILLS 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE 

GRADING 

AVERAGE 
SPLIT 
SIZE 

RANGE OF 
% FINES FOR 

mm 

~ 

100 mm DIAMETER 

GLEN TROOL 
CAIRN EDWARD 
FOREST 
(BENNEN) 

GRANITE 
GREYWACKE 

Fig. 5.61 

0.6 
0.8 

20-50% 
34% 

Average 

GLEN TROOL 
GARCROGO 
FOREST 

GRANITE 
GREYWACKE 

Fig. 5. t~ 

0.3 
1.3 

9-35% 
25% 

Avera~e 

CLASSIFICATION OF Flt--'E SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

'" - w 
'" -J ::5 In <: 
o ~b< 
O°'Q. o~ __ 

MAX. 
AVER. 
MIN. 

Silty Sand 

Coarse Silty 
Fine to very 
I ine Sand 

0 1 Md ~ 
6.2 3.8 2.1 
4.9 2.9 1.8 
3.8 2.1 1.4 

Siity Sand 

Medium Coarse 
Silt - Fine to 
V. Fine sand 

0 1 Md ~ 
5.8 4.1 3.0 
5.3 3.5 2.5 
4.8 2.8 2.0 

GLEN TrOOL 
GARRARIES 
FO~EST 

GRANITE 
GREYWACKE 

Fig. ';.63 

O.? 
O. 1 

35-54% 
47% 

Average 

5i1ty Sand 

Medium Coar:.e 
Silt - Fine to 
V. Fine Sand 

0 1 Md ~ 
5.2 3.3 2.0 
5.03.11.9 
4.8 2.9 1.7 

8ACKWAT~1 
DA'A, UPPER 
SIL TY 7" ~LL 

SCH!STOZE 
GRIT/MICA 
SCHIST 

Fig. 5.71 

0.2 
2.3 

30-66% 
48% 

Average 

Crarey 
S~lt \',!th 
Sctnd 

Clayey Silt 
with V. Fine 
Sand 

Q 1 Md q 
10.0 5.7 4.1 
7.8 5.1 3.8 
6.1 4.7 3.3 

~ACKWATER 

DAM -
NORTH 
BORROW 
PIT 

SCHISTOZE 
GRIT/MI'..:A 
SCHIST 

Fig. 5.75 

0.2 
2.3 

50-65% 
57% 

Average 

Cia) e! 
Silt wi''''. 
Sand 

Clayey Silt 
with V. 
Fine Sand 

Q 1 Md ~ 
10.3 5.8 4.1 
8.4 5.1 3.8 
7.0 4.6 3.4 

BLAISEN 
HARDANGER -
JO~·:JLEN 

GRANtrE -
GNIESS 
PHYLLlTE 

Fig. 5.85 

0.11 
3.2 

26-45% 
38% 

Average 

Clayey 
Silt 

Cloyey V. 
Fine to . 

Coarse Silt 

01 Md ~ 
8.3 6.7 5.6 
7.8 6.3 5.4 
7.35.95.1 

LACROIX 
GLACIER 
ANTAROICA 

GRANITE -
GNIESS 

Fig. 5.90 

0.095 
3.4 

50% 

Cloyey 
Silt 

Cloyey V. 
Fine to 
Coarse Silt 

°1 Md °3 

7.4 5.8 4.6 



TABLE S.3 CLASSIFICATION OF NORWEGIAN DAM rrns (2 - 22) 

LOCATION 

DAMNO. 

LITHOLOGY 

PARTICLE SIZE 
GRADING 

AVERAGE 
SPLIT 
SIZE 

RANGE OF 
% FINES FOR 

mm 
,tJ 

20 mm D lAM ETER 

BORDAl 

2 

Gniess -
Gronite 

Fig. 5.93 

0.2 
2.3 

28 - 50% 
35% 

Average 

ARSTADDAlEN TUNHOVD 

7 12 

CrystalPne Caicif'ic 
lime'ltone Diebc-se 

Fig. 5.94 Fig. 5.95 

o. 1 
3.3 

47 -70% 
59% 

Average 

0.15 
2.8 

38 - 67% 
48% 

Average' 

HYTHJ UVET 

13 

Mica Schist 

Fig. 5.96 

0.1 
3.3 

35 - 54% 
50% 

Average 

CLASSIFICATION OF FINE SOil FRACTION (MATRIX) 

ACCORDING to 
B. S. 1377 

MODIFIED 
WENTWORTH 
SCALE 

TYPICAL 
DOEGLAS'S 
GRAIN SIZE 
INDICES ~) 

Sandy 
Silt 

V. Fine 
Sand 
V. Fine to 
Coarse silt. 

0 , Md 0 3 

6.7 4.3 3.2 

Sandy 
Silt 

Clayey -
V. Fine to 
Coorse :ilt 

0 1 Md 0 3 

9.1 6.0 4.3 

Sandy 
Silt 

Clayey -
V. riM to 

Coarse silt 

~ndy 
Silt 

Clayey -
V. fine to 
( oo,.,~ silt 

0 1 Md ~ 0 1 Md 0 3 

7.B 5.9 4.5 9.5 7.0 5.1 

AKERSVATN 
(UMSKARAT) 

17 

Schist 

Fig. 5.97 

0.13 
3.0 

38 - 60% 
53% 

Average 

Sandy 
Silt 

Clayey -
V. Fine to 
ClJOr~~ silt 

KAlVATN 
(SPRUTFUSS-

MYRA) 

18 

Mica Schist 

Fig. 5.98 

0.22 
2.1 

47 - 83'10 
62% 

Average 

Sar.dy 
Silt 

V.Fineto 
Fine sand -
V. Fir.e to 
Coar~ silt. 

0 1 Md Q 3 01 Md 0 3 

7.2 5.6 4.4 6.2 I i . • I 3.0 

VASSLlVATN 

22 

? 

Fig. 5.99 

0.4 
1.3 

32 - 57% 
40% 

Average 

Sandy 
Silt 

Clayey -
V. Fine to 
Coarse silt 

0 1 Md 03 

7.1 4.9 2.9 



TABLE 5.4 CLASSIFICATIONS OF NORWEGIAN DAM TIllS (27 - Ex J ) 

LOCATION 

DAM NO. 

LITHOLOGY 

PARTICLE 
SIZE 

GRADING 

AVERAGE 
SPLIT mm 
SIZE ~ 

,FOllSJO 

27 

Amphilolite 
and Gniess 
Mica Schist 

Fig. 5.100 

0.28 
1.9 

RANGE OF % FINES 14 - 700k 
FOR 20mm DIAMETER 48% 

Average 

MANrx;1LA 

28 

Quartzite 

Fig. 5. 101 

0.19 
2.4 

34 - 68% 
54% 

Average 

CLASSIFICATION OF FINE SOIL FRACTION ( MATRIX) 

ACC~RDING 

TO 
B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

TYPICAL 
DOEGLAS'S 
GRAIN SIZE 
INDICES (Jf) 

Sandy 

Silt 

Clayey 
V. Fine to 
Coarse Silt 

Q , Md ~ 

6.6 4.8 3.0 

Sandy 

SiI~ 

V. Fine to 
Fine Sand -
V. Fi"le to 
Coarse Silt 

01 Md ~ 

5.9 4.2 3.4 

DRAVLA
DAlSVATN 

51 

Gneiss with 
Amphilolite 
And Mica 
Layers 

Fig. 5. 102 

0.15 
2.C 

51% 

VOTNA 

52 

Gniess 
Granite 

Fig. 5.102 

0.38 
1.4 

52% 

JUKLAVATN 

55 

? 

Fig. 5.102 

0.7 
0.6 

48% 

Sandy :;:lty Silt,,! 

$ilt ';'lnd Sand 

r:nc to fine to Fine to 
Coarse Silt Coarse Sil; Coarse Silt 
V. Fine to V. Fine to V. Fine to 
fine Sand Fine Sand Medium Sand 

° 1 Md ~ C; 1 Md ~ Q 1 Md ~ 

5.7 4.3 3.6 4.0 3.3 2.3 5.2 3.4 2.0 

MYSEVATN 

56 

Gniess 
Granite 

Fig. 5. 102 

0.3 
1.7 

49% 

Silty 

Sand 

Fine to 
Coarse Silt 
V. Fine to 
Fine Sand 

01 Md ~ 

5.1 3.8 2.7 

STOlSVATN 

Ex 1 

Gniess 

Fig. 5.103 

0.15 
2.3 

22 - 49% 
40% 

Average 

Sandy 

Silt 

Fine to 
Coarse Silt 
~. Fine to 
Fine Sand 

01 Md ~ 

5.2 4.1 3.5 



"1' .• , 

TABLE 5.5 CLASSIFICATION OF CANADIAN DAM TILLS (After M-:Donold et al 196i) 

NIAGARA 
STORAGE 

(6) 

CONESTOGO FAN~HAWE ST. MARY MENIHEK SISSON LAKE BERSIMIS 
NO.l 

(16) 

CORNWALL SHAND 

LOCATION (7) 

LITHOLOGY 

PARTICLE 
SIZE Fig.5.112 Fig.5.112 

DISTRIBUTION 

SPLIT 
SIZE 

mm 
Jf 

0.052 
4.3 

0.06 
4.1 

% FINES FOR 85% 73% 
A MAXIMUM 
DIAMETER (mm) (max 2mm) (max 4mm) 

(8) (9) (11) (14) 

NOT GIVEN 

ST .ANNE 
(15) 

Fig. 5. 112 Fig. 5. 112 f ig • 5. 113 Fig. 5. 113 f ig • 5. 113 fi:J .5. 113 

0.026 
5.3 

48% 

0.04 
4.8 

73% 

0.4 
1.3 

n% 

0.68 
0.6 

44% 

0.6 
0.8 

10% 

0.56 
0.9 

n% 

(17) (18) 

Fig.5.113 Fig.5.113 

0.18 
2.4 

48% 

0.35 
1.5 

71% 

(max Bmm) (max O.4mm) {max 2Omm} (max 15mm) (max 2Omm) {max 20mmt {max2Omm} {max 2Omm} 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

8.S. 1377 

MODIFIED 
WENTWORTH 
SCALE 

DOEGLAS'S 
INDICES 
(~ SCALE) 

Clayey Clayey 

Silt Silt 

Clayey Clayey 
very fine to very Fine to 
Coarse Silt Coarse Silt 

- Q 1 Md ~ . 0 , Md ~ 

9.67.86.29.67.65.8 

Clayey Clayey 

Silt Silt 

Clayey Clayey 
very fine to very Fine to 
Medh:m Silt Coom Silt 

Silty 

Sand 

Met:ium to 
coarse siity 
';ery Fine to 
:ocrt,e Stln.:i 

Sandy 
Clayey 
Silt 

Silty 
Clo,.~y 
Santi 

Silty Silty 

Sand Sand 

Silt'! Silty 
very fine to very fine to 
Coors.~ Sand Coarse Sand 
With Clay 

Sandy 

Silt 

Fine to very 
Fine Sandy 
Silt with 
Clay 

Sandy 
Clayey 
Silt 

Medium to 
very Fine 
Sandy Silt 
With Clay 

Q 1 ~'\i Q:3 °1 Mc ~ Q 1 ~/d 0:; Q) ;Vd Q 3 Q, Md ~ Q, Md ~ Q, Md ~ °1 "'''cJ ~ 

9.9 B.l 6.9 .108.76.6 3.92.62.0 9.36.12.8 4.92.5 1.9 5.1 3.; 2.0 7.4 5.4 3.9 8.65.93.7 



TABLE 5.6 CLASSIFICATION OF VARIOUS CANADIAN TILLS 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE 

DISTRIBUTION 

SPLIT 
SIZE 

mm 
~ 

% FINES FOR . 
MAXIMUM 
DIAMETER 

SHAND 
DAM 

Dolomite 

Fig. 5.119 

0.35 
1.5 

52% 
DOLOMITIC 
TILL 
ONTARIO 

As Above 

Fig. 5.124 

0.14 
2.9 

67% 
DO lOMITIC 
Till 
ONTARIO 

As Above 

Fig. 5.124 

0.19 
2.4 

50-87% lO% 56% 
74% Average 

(moxa l00mm) (Mox. 30 mm) (Mox. 50 mm) 

ClA.SSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B .S. 1377 

MODIFIED 
WENTWORTH 
SCALE 

DOEGLAS'S 
INDICES 
(~ SCALE) 

Sandy 
Clayey 
Silt 

Medium to 
Very Finf! 
Sandy Siit 
with Cloy 

0, Md ~ 

8.6 5.9 3.8 

Sandy 
Clayey 
Silt 

Very Fine 
Sandy Silt 
with Clay 

0, Md ~ 

7.9 6.' 4.6 

Sandy 
Silt 

Fine to VerI 
Fi~ s.::tn~y 

Silt with Cloy 

01 Md ~ 

6.8 5.1 3.7 

77el 
.0 

DOLOMITlC 
TILL 
ONTARIO 

As Above 

Fig. 5.124 

0.055 
4.2 

21% 

(Mox. 6Omm) 

Sandy 
Silt 

Very Fine 
SaMy Silt 

°1 ;"~ ~ 
6.0 4.8 4.0 

VlllE LA 
SAllE 

MONTREAL 

Not Known 

Fig. 5.129 

0.03 
5. 1 

3-78% 
30% Average 
{Mox. 100 mm} 

Clayey 
Silt 

Clayey 
Very Fine to 
t\ \et:!ium Silt 

0, Md ~ 

8.5 6.9 6.0 

IlE HERON 

MONTREAL 

Not Known 

Fig. 5. 130 

0.04 
4.7 

20-60% 
50% Average 
(Mox. 100 mm) 

Clayey 
Silt 

Clayey 
Very Fine to 
Coarse Silt 

Q 1 Md °3 

R.3 6.8 5.5 



TABLE 5.7 CLASSIFICATION OF KRUMBEIN'S VALPARAlSO TILLS (1 - 8 ) 

LOCATION 

LITHOLOGY 

PARTICLE 
SIZE 
DISTRIBUTION 

SPLIT 
SIZE 

% FINES 

mm 
~ 

( MAX. SIZE OF 
COARSE 1 mm ) 

Fig. 5.136 

0.05 
4.4 

70 

2 

Fig. 5~ 136 

0.048 
4.5 

76 

3 4 5 6 7 8 

AS SHOWN IN FIG. 5.148 

F ig. 5. 136 Fig. 5. 136 Fig. 5. 136 Fig. 5. 136 Fig. 5. , 37 Fig. 5. 137 

0.030 
5. ; 

73 

0.055 
4.25 

68 

0.042 
4.6 

88 

0.040 
4.7 

84 

0.050 
4.4 

83 

0.049 
4.35 

n 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

DOEGLAS 
INDiCeS 
(~ SCALE) 

CLAYEY 

SILT 

COARSE TO 
V. FINE SILTY 
CLAY 

CUoYEY 

~ILT 

COAi{SE TO 
V. FIf\<E SILTY 
CLAY 

C.AYEY 

Sill 

COARS~ 70 
V. FINE 
SILTY CLAY 

ClAYEY 

SIU 

CCARSE TO 
V. ~INE 
SILTY CLAY 

CLAYEY 

SILT 

COARSE TO 
V. FINE 
SILTY CLAY 

CLAYEY 

SILT 

COARSE TO 
V. FINE 
SILTY CLAY 

CLAYEY 

SILT 

COARSE TO 
V. FINE 
SILTY CLAY 

CLAYEY 

SILT 

CLAYEY 
V. FINE TO 
COARSE SILT 

Q 1 Md Q 3 0 1 Md Q 3 Q t Md ~ Q 1 Md Q 3 Q 1 Md Q 3 0 1 Md 0 1 0 , Md 0 3 Q, Md ~ 

9.9 7.6 5.9 10.0 7.85 6.3 10.2 8.3 6.7 10.5 8.0 6.0 9.8 7.9 6.4 9.85 7.7 6.35 10.3 8.06.5 8.957.15.95 



TABLE 5.8 CLASSIFICATION OF KRUMBEIN'S VAlPARAISO TillS (9'" 16) 

LOCATION 9 

LITHOLOGY 

PARTICLE 
SIZE FIG. 5.137 
DISTRIBUTION 

SPLIT 
SIZE 

% FINES 

mm 
$J 

(MAX SIZE OF 
COARSE 1 mm) 

0.069 
3.95 

86 

10 

!=IG. 5.137 

0.07 
3.9 

88 

11 12 13 

A~ SHOWN IN FIG. 5.148 

FIG. 5.137 

0.026 
5.3 

80 

FIG. 5.137 

0.052 
4.3 

83 

FIG. 5.138 

0.045 
4.6 

80 

CLASSIFICATION OF FINE SOil FRACTION (MATRIX) 

ACCORDING CLAYEY 
TO 

B.S. 13n SilT 

MODIFIED 
WENTWORTH 
SCALE 

CLAYEY 
COAR5E TO 
V. FINE SilT 

CLAYEY CLAYEY CLAYEY CLAYEY 

SILT S!lJ SILT S!LT 

COARSE TO COARSE TO COARSE TO CLAYEY 
V. FINE SlLTY V. FIN!: S:LTY V. !=INE S!lTY COARSE"!"O 
CLAY CLAY CLAY V. F1f'h: S,LT 

14 

FIG. 5.138 

0.05 
· 4.4 

78 

CLAYEY 

SILT 

CLAYEY 
COARSE TO 
V. FINE SILT 

15 

FIG. 5.138 

0.04 
4.7 

56 

CLAYEY 

SILT 

16 

FIG. 5.138 

0.04 
4.7 

62 

CLAYEY 

SILT 

COARSE TO COARSE TO 
V. FINE SILTY V. FINE SILlY 
CLAY CLAY 

DOEGLAS 
INDICES 
(~ SCALE) 

0 1 Md C.t 3 0 1 Md 0 3 Q1 Md °3 <1 '\\ .. 03 °1 !-\d ~ °1 Md 0:- 01 Md ~ <1 Md 03 

9.9 7.7 5.95 10.4 8.0 6.2 10.3 8.8 7.1 10.1 8.1 6.3 9.4 7.3 6.0 10.0 7.4 5.Y tC.2 7.7 6.0 10.3 7.8 6.3 



TABLE 5.9 CLASSIFICATION OF KRUMBEIN'S VAlPARAISO Till S (,7 - 24 ) 

- LOCATION 17 

LITHOLOGY 

PARTICLE 
SIZE FIG. 5.138 

DISTRIBUTION 

SPLIT 
SIZE 

% FINES 

mm 

~ 

(MAX. SIZE OF 
COARSE 1 mm) 

0.046 
4.5 

80 

18 

Fig. 5.138 

0.034 
5.0 

78 

19 20 

AS SHOWN IN FIG. 5. ~48 

Fig. 5.139 

0.020 
5.7 : 

74 

Fig. 5. 139 

0.021 
5.6 

69 

CLASSIFICATION OF FINE SOl'.. fRACTION (MATRIX) 

ACCORDING 
TO 

B.S. 13n 

MODIFIED 
WENTWORTH 
SCALE 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Cloy 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Cloy 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Cloy 

Clayey 

Silt 

Coarse to 
V Fine Silty 

Clay 

21 

Fig. 5.139 

0.018 
5.9 

57 

Clayey 

snt 

Coarse to 
V. Fine Silty 

Clay 

22 23 

Fig. 5.139 Fig. 5.139 

0.021 
5.6 

5.5 

Clayey 

Silt 

Coarse to 
V. Fine Silty 

Clay 

24 

Fig. 5.139 

0.019 
5.8 

52 

Silty 

Clay 

Medium to 
Fine Silty 

Clay 

DOEGLAS 
INDICES 

° 1 Md '3 °1 Md °3 ° 1 Md ~ Or Md °3 °1 ~ ~ Or Md °3 ° 1 Md 0:3 01 Md ~ 

(~ SCALE) 10.2 7.9 6.3 10.3 8.4 6.9 10.5 8.6 7.1 10.1 8.0 6.7 10.5 8.7 7.2 - - 10.5 8.9 7.3 10.5 9.3 7.8 



l~~;: :.\:-\:., 

.. 
TABLE 5.10 CLASSIFICATION OF KRUMBEIN'S ILLINOIS TILLS (A - H ) 

LOCATION A B C D E F G H 

LITHOLOGY AS SHOWN IN FIG. 5.164 

PARTICLE 
SIZE Fig. 5.150 Fig. 5.150 Fig. 5.150 Fig. 5.150 Fig. 5.151 Fig. 5. 151 Fig. 5.151 Fig. 5. 151 

DISTRIBUTION 

SPLIT. mm 0.072 0.07 0.065 0.060 0.('31 0.028 0.033 0.029 

SIZE ~ 3.8 3.9 4.0 4. 1 5.1 5.2 4.95 5.15 

% FINES 
(MAX. SIZE 
1 mm) 40 45 50 50 45 52 40, 46 

C~SSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING Cloyey Cloyey Cloyey Clayey Cloyey Cloyey Clayey Clayey 
TO 

B.S. 13n Silt Silt Silt Si:i' Silt Silt Silt Silt 

MODIFIED Cloyey Cloyey Clayey Cloyey Clayey Clayey Clayey Clayey 
WENTWORTH V. Fine to V. Fine to V. Fine to V. Fine to V. Fine :0 V. Fine to V. Fine to V. Fine to 

SCALE Coarse Silt Coarse Silt Coarse Silt Coarse. Silt Coarse Silt . Coarse Silt Coarse Silt Coarse Silt 

DOEGLAS'S °1 Md 03 <1 Md °3 Q 1 Md °3 °1 Md °3 Q 1 Md ~ °1 Md °3 °1 Md °3 °1 Md °3 
INDICES 
(~ SCAtE) . 8.4 6.4 5. 1 8.8 6.7 5.3 0.5 6.5 5.~ 9.0 6.9 5.5 9.8 7.6 5.9 9.9 7.7 6.2 9.0 7.1 6.0 9.0 7.5 6.2 



. ~ 
.~.i<' '~~ • , 

"-,.1. '''TASlE 5. JJ CLASSfFfCATfON OF KRUMBEfN'S fLLlNOfS TfLLS (J - Pr> 

LOCATION · J K L M N ' 0 P ~ 

LITHOLOGY AS SHOWN IN FIG. 5.164 

PARTICLE 
SIZE Fig. 5.152 Fig. 5.152 Fig. 5.152 Fig. 5. 153 Fig. 5.153 'Fig. 5.153 Fig. 5.153 Fig. 5. 153 

DfsTRIBUTION 

SPLIT mm 0.023 0.021 0.025 0.028 0.020 \).021) 0.025 0.030 

SIZE ~ 5.5 5.7 5.4 5.3 5.75 5.75 5.4 5.15 

% FINES 
(MAX. SIZE 68 66 65 77 60 77 88 88 

1 mm) 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING Clayey Clayey' Clayey Clayey Clayey Clayey Clayey Clayey 
TO 

B .S. 1377 Silt Silt Silt Silt Silt Silt Silt Silt 

MODIFIED Medium to Medium to Medium '0 Moc:t.:r.1 ·0 Medh, to tvleJium to Medium to Medium to 
WENTWORTH Very Fine Very Fine Very Fj~ '!ery Fine './et/ Ftrte Very Fine Very Fine Very Fine 

SCALE Silty Clay Silty Cloy SHty Clay 3 ',~rv Cb" Si'l)" Clay Silty Clay Silty Cloy Silty Clay 

DOEGLAS'S °1 Md °3 ° 1 Md °3 °1 Md °3 Q 1 
M

J Cl °1 
iI 

°3 °1 Md °3 °1 Md °3 °1 Md °3 
INDICES 3 .~, d 

(~ SCALE) 10.0 8.1 6.8 9.6 7.6 6.6 9.6 7.9 6.6 9.6 7.7 6.6 9.5 7.6 6.7 9.9 7.9 6.9 10 5 8.4 7.1 10.5 9.0 7.4 



· ~,~ " 
" ', .~ . 

TABLE S.12 CLASSIFICATION OF KRUMBErN'S 'lllNOIS TIllS (Q - W ) 

LOCATION Q 

i< 

LITHOLOGY 

PARTICLE 
SIZE Fig. 5.154 

DISTRIBUTION 

SPLIT 

SIZE 

% FINES 

mm 

~ 

( MAX. SIZE 
1 mm) 

0.039 

4.8 

83 

R 

Fig. 5. 154 

0.032 

5.0 

92 

S T 

AS SHOWN IN FIG. 5.164 

Fig. 5. 154 

0.031 

5.1 

86 

Fig. 5. 154 

0.030 

5.15 

82 

CLASSIFICATION OF FINE SOIL FRACTION (MATRIX) 

ACCORDING 
TO 

B .S. 1377 

MODIFIED 
WENTWORTH 

SCALE 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

C ~ :lyey 

Silt 

Fine to very 
Fine Sitty 
Clay 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

u 

Fig. 5. 154 

0.030 

5.15 

84 

Clayey 

Silt 

Fine to very 
Fine Silty 
Ciay 

v 

Fig. 5.154 

0.030 

5. 15 

82 

Clc/'3Y 

Silt 

Fine to very 
Fine Silty 
Clay 

W 

Fig. 5. 154 

0.032 

5.00 

88 

Clayey 

Silt 

Fine to very 
Fine Silty 
Clay 

DOEGLAS'S 
INDICES 
(~ SCALE) 

°1 Md °3 °1 Md °3 °1 Md 0'3 °1 Md °3 °1 Md Q 3 °1 Md Q 3 Q 1 Md °3 

10.2 8.1 6.7 10.5 8.6 7.1 10.5 8.8 7.2 10.3 8.2 6.7 10.3 8.4 7.0 10.3 8.4 7.0 10.2 8.7 7.0 



roIBfJ.I PARTICLE SIZl!; * SITE 
IHFFErr.::m CE 

Scottish Tills 

Cm'lal 0.02 to 0.014 
'. 

Courrour ~.(;C.t4 to 0.02l 

Strathyre 0.005 to 0.007 

Glen Orchy 0.008 to 0.011 

Glen Tro01 O.Oos to 0.02 

Backwater Da.l'i! 0.0085 to 0.01 

-.... - --, 
B1aisen I 0.(101·4 to 0.003 

- ,--
Norwegian Dams 

1 
2 I 0.0j I 

J 7 0.029 

12 0.013 

13 (;.02('; 

17 0.023 

18 0.035 

22 0.012 

27 0.018 

28 0.048 

~1 0.054 

52 0.034 

55 , 0.027 

56 0.039 

EX1 0.042 

.. 1--- ... _- - - -........ -
.. . _._. _ .-..-, _ ___ .... _ ___ __ _ . • -"K. ___ .. .. ' .... _ _ •• __ _ " . 



TABLE 6.1. Cc.c....()....;,n..;..t_d...;: • ...J,) __ "'t" _____________ -t 

1:E.flN PA.HTICLE SIZ;E .v. 

J>IFft'EHBlT CE 
SITE 

Canadian Dams 

6 0.023 

7 0.022 

8 0.015 

9 0.032 

11 0.009 

lL~' 0.002 

15 0.006 

16 0.042 

17 0.015 I 
___ .~~ .• _~ __ • _____ .• __ .. .•. __ ~ __ ~. __ O~.O~~_ .. . ____ .. _ . _._ L 
Mo~tre21 Villa la SaIl· . 0.009 I 
.IlO •. I~~:O-"-._. ___ ...... _._ .. _._~~~ ____ .. J 
Valr~ra.iso 

Illinois 

0.042 

0.087 __ ._. ____ ... ___ ..... _ .'._.' ___ .. __ J. 

* Me~~ Particle Size Difference is ta~en as the 

ratio of the fine soil fraction D 50 size to 

the coarse soil fraction D 50 size when the 

maxim~~ particle size is 100 mm diameter. 



OPTIJ.lUJ.l BRITISH srrANDARD CONDITlmrS. -_. __ ._._----- - ... -.. -.... .. -.- . ~ . - '" _ ."'-- --- ---_ ........ - ... ... .. _._---

Percentage Fines State of Particle 

Content Organisation 

o - 10 "Clast Controlled 

10 - 15 Clast dominated 

15 - 37 Well graded 

37 - 80 Matl'ix dominated 

80 - 100 ~l atrix controlled 

.-. 



- '--.. 
RELATIVE ABUNDAHCE REPRESENTATIVE DESCRIPTION 

OF A FORJ.t. SYMBOL. 

" 

Not apparent N .A. No examples of . 
this form are I 

I 
observable. . 

Rare 1. Few exam!'] C8 of 

this fO~l'm to be 

found. 

I 
Occasional 2. EX2R I:.les vf j;!1';. :.; 

fOI'm '"re ('OSf> 1 V· 

able "t:)Ut not 

comli:on. 

Frequent 3. A lc.rge ',wllI'ocr of 

fOl~"lF, 0: ~:-,j :.! 

typt; !.I.l'':: tC' 'te 

found. 

Domine.nt 4. This fO:"'tn is \tJry 

, com:r,on a..."1(i is dom-
I inant. I 

L ---



SOIL PROPERTIES CENTRAL BREIDAMERKURJOKULL WEST BREIDAffiERKURJOKULL BLAISEN 
ICELAND ICELAND NORWAY 

LIQUID LIMIT (%) 16 20 18 

PLASTIC LIMIT (%) 13 15 15 , 

WATER CONTENT (%) 9 7.4 10 

DRY DENSITY (t/m3) 2.37 1.95 1.81 
I 

SPECIfIC GRAViTY 2.B5 
I 

2.85 I 2.74 
! 
i ----- I - -

ROCK CONSTITUENTS B8~JJ1~ ~liit(' I 9as:llt suite Granite-i 
I gneiss, 
f I Qhlllite , 

TABLE 6.4. AVERAGE PHYSICAL PROPERTIES Of NOnWEGIAN AND ICELAND!C TILLS 



1 
-

SOIL PROPERTY BREIDAMERKURJOKULl BLAISEN 
ICELAND NORWAY 

LIQUID LImIT (%) 26 20 

PLASTIC LIMIT (%) 19 14 
I 

WATER CONTENT (%) 60 ~4 I 
I 
I 

~ . 

TABLE 6. 5 PROPERTIES OF FROZEN TILLS FRom NORWEGIAN AND ICELANDIC GLACIERS 

•• '''' .,..._. " . ....... ' A ' '"' _ '" ,'_ . '~'._ . • ~ "",~ .•• ~ •• ,'. ,_ " . _ •.. • 



CLASSES AND INDEXES OF FLAr:t.1NESS FOR THE TILLS SA1;PLED. --.-.--.--"'-._.----.--'- .. _._._ .. _ .. __ .--_._--..... ------- .... ----._._._-_ ..... 

ICELAND NORHAY Descriptive :;-----_.------ --. -_._-_. 
shape classes BR/C 17 BR/C 10 BR/VI 3B B/65/A B/72/n 

OVOID 8 16 24 20 8 

RHOMBOHEDROID 20 16 8 12 12 

TAl3ULAR 14 20 8 20 20 

DISCOID 2 12 16 

HEDGE 4" " 28 44 24 28 

ROD 14 )4 12 8 16 

VARlHEDROID ') 4 4 4 4 <. 

---- --·----r- .-.--. .,..- .-.-------. ~-. ,,. . .. -.- ... .. - -- ~.-- , .. -.... --
Number of olasts 100 I '(:; 50 50 50 

I _ .. --_. 
----~- " I ---.--.. , •• . - .-.. ... ~ ------- . ~ - ... -.. ---- ~ - ---_ ..... -

Number of levels I 
I 

I 
sampled "' i 3 " 2 2 :> I £. 

Index of flatness 

173 197 185 217 225 

46 J 144 48 65 l 81 I ___ ._ ._._. ____ .. . __________ . ___ .... _____ -.l Standard Deviation 

*If = a+b .100 (Cailleux 1947) 
20 



CLAY SIZE ARR~NGEmENTS GRANULAR ARRANGEmENTS 
~OIL 

- ovtRALL OVE:Rt\LL SINGLE PARTiCLe: GROUPS PARTLY DIS- CLEAN CLOTHED 
PRESENCE '~ERN I~tE PRESENCE 

GRAm/GRA IN RANDom PARALLEL RANDom Pi\RtiLLEL 'ARRAN, mENTS GRAIN/GRAIN 

BLAISEN 1972 1 ~ 
3 --L 2 

2 N.A. 4 3 3 
P'JORWA Y 

1965 1 :3 3 i 2 2 1 4 2 4 
1 

BRE IDAMERKUR- I I [JOKULL, 1-2 3 3 2 2 ILI\ • 1-4 2 4 
ICELAND i 

- ----
LACROIX 
GLACIER 2 1 N.A. 3 2 3 3 2 4 

ANTARCTIC 
i 

CO\lJAL I 
SCOTUIND 1 N.R. 3 N.R. 3 N.A. 4 4 2 I 

I 
I 

GLEN ORCHY I 
~COTLAND 1 1 2 2 4 1 5 4 2 

~-- .. 

TABLE 6. 7 APP~T RELATIVE ABUNDAI\CE:; 0'1 EL~,jrliTARY PARTICLE J\1lli.ANGm,Ir;~'l'~. 



SOIL CONNECTORS INTERWEAVING AGGREGATIONS mATRICES 

BUNCHES REGULAR IRREGULAR CLAY/GRANULAR GRANULAR J 

BLAISON, 
NORWEGIAN 1972 2 N.A. 2 N.A. N.A • 4 

. _--
1965 N.A. N.A. 1 N.A. 2 4 

BREIDAmERKURJOKULL I 
ICELAND 1 N.(\ • 3 {-:l 2 :5 

--- I""""' 

LACROIX GLACIER ' 
ANTARCT ICA 1 tJ.A. i 3 N.A. 2 4 

, 
---..---__ --.L.-___ ... 

I ---COlUAL, I I SCOTLAND N.A. N.I\. r~. t\ • I N.A. N.A. 4 ----t---~----t ' GLEN ORCHY, .' 
SCOTLAND 2 N.A. 3 N .11. 4 

-. I _ _ ,I , 

TABLE 6.8 APPAREl'iT RELATIVE ABUNDAl~CES OF 'rHE BASIC L:r::K::. OF PP.RTICLE ASSElI;BLAGES. 



SITE GLEH CRClfY 

LIQUID LDUT (%) 27 27 17 
- .- .--------------. ----' .. ---.--'._.- -.-.... -- -------_._.,. --.------ .~- .--

PLASTIC LDUT (%) 11 25 15 
~-~--... -----,-------._._ ... ---- --_._ .. .. - . ~ .. -... , ..... ~ ----y .. -...... _._- .. ~-----.-----.-.-

\'lATER CONTENT (%) 13-60 6-18 
_____ ..•.. __ _. ___ . _____ .. _______ . - _ .~ • .• __ . __ -0_ . __ - _______ _ 

DRY DENSITY (t/m3) 2.26 1.0-2.01. 

SPECIFIC GRAVITY 2.71 2.68 

Rock Constituents Grani~::. 

Gneiss 
Quartzite 
Grn.ni te 
Schist 

rUca Sc~~ists I QU2.:."t~~i-l;;c 
S~nd~tone I Limestona ____________ ~ ___ ~~.~c.:~.-~.:~~J. __ ._~_- . __ w _ . .. __ . _ . __ __ ~ ____ • _______ '. 



TABLE 7.1. 

Origin o~ Specific Grc::.vi ty Specific Gravity 
HaterJ.aJ.. of Fines of Coarse 

L agl ingart en 2.65 ~.71 

I Strathyre 2.66 2.71 

C~"'rour 2.58 2.64 
, 
i 
'--- --



TABLE 7.2. PROPOSED LHlI'l'S OF PAnTICLE-SIZE DISTRIBUTION Fon BASES 

AND SURFACINGS, HI'l'H TOLERAHCES. 

Percentage passing I 
I 

" Surfac- Base or 
Base ing Surfacing 

Uom.max. Nominal 

Nominal maximum size size maximum size 
. ---I--

n.s. 
Sieve 3-in. :1, ' )',-;-l.n. :3 ' -,if-J.n. :3 • :,r-l.n. ~. sl.n. 

;5, 
i61n• 

Size 
- -

3 in. 100 - -
I 

- - -

I-tl" in. 80 - 100 100 - - - -
I ,>i. 60 - 80 80 - 100 100 ] 00 - -4 l.n. 
I 
I I 
I 

Z, • 
45 65 n:, BD Co - 1(10. I ...." 100 J.()O I 

8 l.n. - - I C.J'.J - - I .); 
I 
I 

3' 30 - CC) 6e '> - 80 -
I 

50 40 50 75 100 100 I 

i& l.n. - - - I)) 

IC~ No. 7 - 3Q ,. 50 35 - 60 ! 45 - 70 50 - 80 80 -
I ,J No. 14 . - - - I 35 .. 60 40 - 65 50 - ~' 'f 

No. 25 10 - 30 15 - 30 15 - 35 - .. 30 - 6< 

No. 52. - - - 20 .J 4C 20 - 40 20 - 4t 

No. 200 5 - 15 5 - 15 ~ ... - 15 10 - 25 10 -- 25 10 - 2~ 

Notes 

1. Not less than 10 per cent should be retained bet"Teen each uair of 

successive sieves specified for use, excepting the largest pair. 

2. The two smaller sized materials (~and ~in.) may have up to 35 per 

cent of stones not larger than l~-in., provided that the material 

passing the ~in. sieve is within the limits specified. 

3. The material passing the No. 36 sieve shall have the following 

characteristics (B.S. 1377: 1967);-



TABLE 7.2. (contd.) 

for basis 

For surfacings 

Liquid limit not exceeding 25 per cent. 

Plasticity index not exceeding 6 per cent. 

Liquid limit not exceeding 35 per cent. 

Plastici t;)r index beti'l€en 4 and 8 per cent. 

Extract from soil mechanics for Road Engineers 

H.M.S.O. 



TAJ3LE 1.3. RAlrGE OP lIATURAL HATER COWfE1JlrS IH 'i'ILJ,S TESTZD 

Hater Content of < 20 mm (-i" ) Haterial 
Site -I 

Ninimum I Average I Maximum 

L ag1 ingart en 13.4 I 31.0 59.7 

C,')rrour Forest 3.40 8.40 I 15.0 I 

&~rathyre 7.6 25.9 54.0 

L-__ ... _ _ .• _ --_ ... ~ 



"'." 

TABLE 7./f RELIlTIONSHIP BETt:1EEN PROCTOr. OPTIMUM t"l\TER COr-.ITE~~T AND WATER CGrJTENT AT 

mINIMum OCRnlEAB!LITV r L~l POf l! Er.J~ rJ v:,:.!!!2. 

I 

DAM* PHOCTOR OPTIMum WATER CIJNTE:NT 
WATER CONTENT ' AT ffiINIMU ffi PE~mEABILiTY 

(%) «: ) \ ,-

AKERSVATN 8.5 IG.O 

KALVATN 9.3 11.0 

VASSLIVATN 7.2 9.4 

FOLLSJt 7.1 9.2 

IilANNDOLA 7.0 8.0 

DRAVALADALSVATN 9.2 11.2 

VATNA 8.5 8.5 

[IIYSEVATN 7.S 8.7 I 
! 

JUKLAVATN 7.S 7.8 

_J STtL5VATN 7.2 8.5 
- ------- _._- ----~-

* TYPICAL GRADINGS DETAILED IN CHAPTER 5 WERE USED IN THESE TESTS 

WITH A MAXIMum PARTICLE SIZE LIMIT OF 20 mm DIAmETER • 

•. ~.~,,,,.,, .... , 'JO\' .. , •• " ..... ~ .... ,.,., -~, .... - •. ""'.~~: •• ,1-~, .• ~_.o.'~ .• .,ot-~~ ... -.""'.~ _ ....... -.' ..... v"~ ..... -""'"_,.._,,....~ .. I6n.~ ............. ___ .. __ ... '(-.... _"" .""". ....~ ..... w 'l ~ ,_9\"' .... ~ .... _, ... ~ #"-' .• _~ .... ,_ .... ~_ ..... 

DIfFERENCE IN 
WATER CONTEr~ T 

( /~) 

+1.5 

+1.7 

+2.2 

+2.1 

+1.0 : 

+2.0 

0 

d.2 

+u.3 

+1.3 
---- - - - - - - - -

i 
I 

I 

I 

, 

i 

...J 



TABLE 7.5. PErmEABILITY 'Lt\..LUES IH I·: 01!THB1JJ '.rILLS . 

i I Humber Co ef:l'ic icnt of Pcrr:l(;2"1) i 1 i t :v ~Ur1!scc) 
, 

Soils 'l'cstcd I 

of ri'cst r.-; Avcr,,,-c e I Hc..nc e 

Undisturbed 
10-2 10-1 JJaboratory 30 2.8 x 3 x to 1 x 

Specimen 

Remou1dul 
10-3 Laboratol'"lJ 25 - 10 to 

Specimen 

---
I 
I 

In-situ Undi sturb- I 

10-1 I 
10-1 

€od. Permeability 7 3 x I " "( to 9 x v 

Test I 
I --

I 
nei;om)acted Till 32 1.5 10-6 

3 -4 to 1 In-situ Test 
I 

x I . 10 x 

.---. . - - ---

TA.ilL:i~ 7.6. :.:30LmGB .fi.iD pnOPEnTn~S OF KOEill1~ll'S (\970a) SOIL. 

;',1 a.:x:. ;- 1 :Tr: 
I 

tlJ 0 Hazen t s J.iin. 
Source 'YT • ~ • t D . t ( .) I un~lo:cm~ .y ens3 .y 

I mt'. Goefficicnt (till!' ) 
:uens~ty .P.ngu1ar-

J!Y.:~ L...--.----..... ,---.oor-.. . .-~---
I ; 

1\ Crllshed I 
mar.;rd v e mill:y 0 ... 2:; t 1.25 1.18 
qu.artz 

Crushed 
O-;;;;a\'1a Sand 

Fines of 
Otta"Ta Sand 

0.25 

0..25 

1.25 1.38 

1.25 1.47 

ity 

I 

• 

1.57 Angular 

l.C6 Sub-
Angular 

1.73 Sub-
Rounded 

~ 
10-3 

10-3 

10-7 

Sphcr-
icty 

0.45 

0.58 

0.67 

I 

I 
! 



FIGURES 



,. ~ .. 

fJni===:~::~~~::::~;=::~::~~::~~:==,===:~~~=========================================== 11 = 
11 

GLACIAL DRiFT DEPOSITED AS TILL GLACIAL DRIFT IN TRANSPORT 
ON LAND .- tN LAKE OR SEAl 

I , 

Tt LL 

SU PERGLAC!At:--_RRIFT;;:,--;;d> 
------..-...::~---. .;~-"";' 

W . . ' ~ 

u ENGLAC lA L ' /If----------., 
-.J . I r:""T / )1 DEPOSITED BY 
::f __ D~~ __ -,-L-. .t1 BASAL BASAL MELTING 

~ B"'SAL DRIFT ~ Tl LL DEPOSITED BY . 
;-l .... I LODGMENT I! 

" (!) I _ I -LOCAL TI ll..; I1 

DEFORMED 8EDROCK OR SEDIMENTS[.> DEFORMATION Till 11 
! . I d 

A.alATION TILL 
WATERLAID 

FtG-. 2..1. CL..ASS IF"l CATION OF ~ILLS Awn . G-LACIAL.. bR-1FT It.( TRA~SPO~T (D~l~~IS ANt> YAGNE.R 1971). 



9 

8 

7 

6 

5 

4 Z 3 4 5 6 7 
SItE 

FI~. 3· t. ~RAIN -'.NAL't'5E.S 01= 1\1INER.Al.5 IN BALL N'! t L~ ,5, ~ICP.OaiN:: 

CENTRAL FIGURE: F'REQUENC'!' - OISTRIBUTION CUR\lES, PER C.ENT Sy NUM~ER O~ ~~,, : ~ ;S 

PL.OTTEO AGAINST SitE, mm, AS NONlINAL. SECTIONAL. DIAMe.T~R , ~;.:.~ N~ ~1i3t:l;!. 0 : 

HtIN ~OTATe.O OR'!' IN BAloL N'tlloL.. 

UPPE.R LEI='T: SP~ERICITY, BASEO UPON PATTE.RNS 01= RITTENHOUSe, "ND Pi..ClTT~':) 

FRONl SCATTER DIA<4RAN'lS. NUI'I'lBER5 R~I=e:R TO LE.N~TH 01=' TIME ROn.TE,O, 

LOWER RIC:.I-lT: R.OUNDNE.SS, BA.SED UPON PATTE.RNS O~ KR.U!'flB~IN. NUN'lBE.'<'5 

RE~ER. TO LENc.-TH OF TUllE ~OT"TE.D. 

-" 
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(.:1&.~).5. TERMINAL MODES '''l BASAL TILL - .-------.-.--

~RAIN 517.E (~) 

1 2 3 5 6 7 B 9 10 

.~-':' ~.1 I -

-

I 
. ,l ,_" 

-

'-t;g --- -
~ 

. . 
" --r - 1---- -- _ ._-- - '- -

I 
"'" 

J ____ I t --- "'"--- . .,-- --,.------
~. 

, -,--_.- ---'---'_._--
I ! I --
I I , 

I L .. - -- -F--~--f i'>',· ' ."'i!r!!':t ---- - ----'---
t 

--r- I · -- ! '-

I 
I 

I , 

.-. .- -_.-

"'" 

I-

O.'Z.S O.06Z O.0~6 0.004- 0.004 

c::.RAIN SIZE (mm) 

DOLOIOITE (PRE:5G Ni Slur)',,; 

QUA.~TZ (PR.ESENT Si'.'')'1~ 

krl;::I.l I S ·;~ ",s·p'(~O;(;_ "'::~ 

(pReSF~. T ~TLJC:": 

A:t'i?rli:';Oi ,E.5 eSTl "H-: L.: '_~ . ,.' 6~' 

~: ~~'J'1 ~"\""~R.A.LS 
(p:;r,:.!tcN, STW:,'r) 

H!.::.A..VV r,il"'=R~l.~ 
("""'\1/"- 1 TOV, 19E '2) 

~E L D5PARS (PRE.5~NT ~>7"ft ; 

ORT~OCL;"S=: 6~ARRi5CN letS: : , ' 

r 

; 



R-1f:t""~~~" 
g~-~.:,~t, ,. 
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E'G._4:7. SAMPLE LOCATIONS AND GLACIATION bJR£~no~ 
AT CoR ROUR.. !="ORES r. 
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T·) .L J 

NOTES ON SAmPLING NOMENCLATURE 

Fer purpose of identification of samples the roads 
in Corrour Forest area have been split into Fersit 
Road, Strathossian Way, and Ghuilbinn Road, all as 
indi~at8d on the map opposite. 

Due to the ~nEccessibility of the roadline for . 
Slrathossi~~ ~av samples relating to this section 
were taken from the existing drovers trzck Some 
200 ft. in Gltitu~g above,the level of the proposed 
ruad. 

A study of the glaciology of this section indicates 
that the samples should be af similar nature to the 
sail on the proposed roadline. 
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opposite. 
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'~ ~'j,E~(:;I/ipt/ONOF SAMPLE 

I LOG SETTLING VeLOCITY ~ CM PER SE:C. 

" 

'\.:.;I!.., _,~ .r. ...... ;.~r. .... ' :..., oJ' ~-_ ~ '-\. ~':';_'~ ' ... ~l ;~~\,·_.,{\ 

F'ARTlCLE ' SIZE DlSTRIBUiJON 
SEMI - L.ot; PLOT 

I 8 . S. SIEVE NUi18ER 

10 or 4 -11/ 1 ' ,~, I I ~ T I , I ! I ! 200 ;50 100 7"'" I I I . I' I C. '0 52 % 

I "1 r 1"1 . 
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80i+H 
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ST 11 -)(---)(-

~ bo
llll 

t-

ST 12 -Il 6-

:z 
uJ 
u 
~ 50 
a. 
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PHi 
SCAL£. 
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. PARTICLE SIZE DISTRIBUTlOfJ 

t:::~J.: 'OESCRIPTION OF 'S:;4.MPLE" : .. 
, SE"''' - :..C,C; ,""LOT DATE: OF TEST :-
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90t-tti . 
I U I I 80 

70t-

bO 

''' 1 LOG St'r~LlN6 ' ~£LOCiT~ - 'CM PER Sl:C J B !~, :;/£':\/£ \'I JM8!:~ APERTURE SIZE I~ INCHES 1 
4 3 z T ' I .-:c() ,'j'i .on 7cfl c'':' :;t, 25 18 104 iOq 1 ~ j~ ~ ~ ~ ~ 1 I~ 2 J -4 (. I 
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DESc.R/~T,.tdN " ,OFL. SAft1 P.LE :-

" ' ~ · < "":: .:" \._.'O ;; 4:\.t"., .. ......... ~ ~oot ~ .::. ~, \. .... ... \. -"; \~~~.: ... _ 
, ...... ' ... "\ 

PARTICLE SIZE DiST.;;:'IBUTlON 
SEMI- LOG PLOT DATE' OF TeST;-

f/ LOG S£T"fLING V£LOCITY , - Cn PER SEC. . 8.S. SIEVE NUMBER. APERTURE SIZE IN INCHES --I 
.. I , 

, • 4 3 Z T 200 150 100 7Z '0 5Z ~ . 2.5 I~ /4 10 B 7 ~ ~ ~ ~ ~ 1 1 I~ 2 j ~ &. J 
10

0 
I I I I I , , I , I I , , , I, I I If I I I! /' I t I I I J I 1/1';'1/ r f i 

GLEN ORCHY FOREST j 11 I , i~1J ._J I 14I,f}1! I! !J 
legend I,' 11 I 'I I',' I! t >1/ . Titl ' I' ! i 

90 

t / ! I I! 1 ,1 I 
80t-

G05 ---- i ,! II1I11 _' !/JI i!ll.! .LJ 
" 6 ---- I I1 ~ f-} v I m l' r- i 

70H-
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50 

I I I i 

If 7 --- . 1 I i IIIVI/U! I! ILJ 
" 8 I: I! ~I'I! I vl/ \ IY ,I 1111 ! I 

! I I: ! ! ' ! I, I J11 LLL_i -L I 
I ; I i; ! 'I i : II : , I I' I I~' { y'~' I I !\ II ! i l l I ' " I I "1 :1, / k·.. I I : I 1 I 
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1 1

• I I / V 'i 1 I I I I 

40 
I I III 

:30 
I I ! 

20' .1 , 

, I I I I It I! ld~ I! 1 1 /1 1 I I I I I l l! ~ 
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. ' i 1 !, 1 11'v: I I ' I I 'I 
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'ilofr. 4~.;J· .~A-,·y-<~ ,,,{ ••. '''':r'"~--~~~~f . ~~ .. "~ ::,. '., 
OESCRIt='TION iOF SAMPLE':'-'--

1 :·~ .. ·t ':,;.j;.} .. ~·~~~".·.\:4. ~.- .t; ',.~~. :, .. :-.: .... ~ ~.....:. ~:~t .~~ ..... '-'\ ;.";""~ '\ 

PARTICLe S/.ZS DISTRIBUTION 
S£MI- 1..0G PLOT DATE OF TEST:-

I 'LOG SETTL ING VELOCITY - cri PER S£C, I 8.S. SIEVE NUT'18ER APERTURE SIZE II-J INCHES I 

I 

4: 
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qO ,9 

" 10 
11 11 

" 12 

3 Z 
I' 1/ 11 
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I ~ I 3 I 3 I 
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'OESCRIPTI F SAMPLE :;;. 

PART/CLE; SIZE DISTRIBU TION 
$ENf - l..OG PLOT DAT E' OF' TEST :-

. LOG': S£TTLiNG VELOCITY ... CM PER SEC. 8 .5. SIEVE NUMBER APERTURE: SIZE /i'J INCHES i , 
") , ~ , '1 I ':l I " 

200 :50 iOO 7::: {,o 5t 3t-. Z5 18 /4 ;0 8 7 8 /b:4 A Z ~ I I Z ;: .3 4 b . 

~~~~~--~~~~~~--~~I 
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i I , ft ' I (',./.' l/. . I j 

'--,- I .. - I 1 1 I I ! i I ~ i- I »1·iTT·~·-r' 
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801-
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" 14 
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PARTICLE SIZE DISTRIBUTION 

SF-M; - r..CG PL OT DATE' OF' TEST:-
·}b~s.CRleT'ioN ... SAMPl.f::- ,.". . " 
! ,-L.OG"SE'TTLlNGVE'LOC!TY ,- CM PER SEC, /' :3 t' . .::';IEv£ tJUMBE::~ APE R.TURE SIZE II-J INCHES I 

- - -- '.l' '3' 3' /' :} 2 I 20C' ,:';Ci ,00 72£0 '<:·2 3c ~.5 la /. 10 [) 7;, '4, 4 '8 2 4' I Ji 2 3 ~ b 

" " , , , ", , (, 11 , ' J' "'! r'V
I
' { ~tirllTTlT~---J-"1 I I /Itftl/ II 

I i I i ! _ . ilJ __ l--.J 
1=16.5.55. GLEN ORCHY FOREST ! I ! I I1 I I 'I I I" v! i I I! i 

I I : I I I ,/ I :Ul!l I 
pLot $bowin~ th: cur.~ulative 3hd m

l 

' ,lLU .. -- i ~ : 1._ I I i / ' ,I' , !,L~-.~ 
freguenc'l d!sttlbutlon curves 11 .1 i I I ! T I I 11 I I I I' / TIl l i ! 

for sample no. 1;0 ';;.,4'~1-4-i---L.i 11 I ! " V I t·1 ! I J
1 

ill: I, : W· I 1' I! J / \1111 -U I I 1 ~ I I I.! 
'I: i ' I i! I , I ' /'" I I I l-i-+-t 1-- I I 

• t /I 1 1 ! " . 
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90t-

4 
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1111: 11 lYfII;! I III , I n-l i !I I III 1I 
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. l=INaS . 

" Specific Gra\.ity of L .• = S 
compost t .e soil 

G = Specific Gr~; vi!. y of I:: 
r::Carse g!'ail"'3 

G~ = Sp6cifil- Gravity ef 
fine graint'! 

ZERO 
M:\SS 

Mw 

re 

Ms 

-

v = Total volume of 
5 composite soil 

V = Absolute volume of c fraction coarse 

Vr = Absolute volume of 
fine fraction 

V = Absolute volume of v voids in composite soil 

v ::: Volume of voids vc within fraction coarse 
::: (Vr + V ) v 

V vf = Volume of voids ,'J5 tr,::'n 
fine fraction 

::: (V - Vf ) .- V vc v 

nls = mass of COlr.pOS';' te ::'\li1 

mc = mass of coarse fJ.'c~·t!f)~1 

IOf = mass of filll'l fra c tion 

mw = mass of water 

Not& S~ffix~s:- S denotes the composite ~oil 

c 11 11 coarse fraction 

.'. f " 11 fine fraction. 

F'~. 6.1. tvlObfL OF" CO~POS'TE SOIL. ----------------

.\ 
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PLATE 4:1 VIEW OF BREIDA MERKURJOKULL AND BREIDA MERKUSANDUR, 
SOUTH EAST ICELAND. 



PLATE 4.2 FLUTED TILL, CENTRAL BREIDA, SHOWING FLUTE ENTERING 
SUBGLACIAL GROOVE (FOREGROUND). 



PLATE 4.3 PROGLACIAL AREA OF BLAISEN , SOUTHERN NORWAY. 



PLATE 4.4 VIEW OF LACROIX GLACIER, TAYLOR VALLEY, ANTARCTICA. 
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PLATE 6.1 THE LIGHTWEIGHT CONTACT GONIOMETER 



,. 

PLATE 6.2 BLOCK OF MELT DEBRIS-RICH ICE WITH CLASTS BEGINNING TO EMERGE. 

(Note : Emerging clasts are circled and ice foliations are 
chai ., dotted.) 



PLATE 6.3 BREIDAMERKURJOKULL SAMPLE BR/Cll 
LEVELLED WITH PLASTER REMOVED FROM 
WPPER SURFACE AND ONE SIDE. 



PLATE 6.4 VIEW OF BRUSHING APPARATUS. 



PLATE 6.5 GLACIER SOLE GROOVED BY 1.5 m DIAMETER BOULDER. 



PLATE 6.6 GLACIAL SOLE GROOVED BY ROCHE MOUNTONNEE 
40 m INSIDE THE MARGIN OF BLAISEN, NORWAY. 

(Note: Regelation ice clusters on left side, recording 
seventeen sliding events in the range 0.04 to 0.08 m) 



PLATE 6.7 A SMALL PUSH MORAINE IN PROCESS OF FORMATION AT THE 
t~ARGIN OF BLAISEN, SOUTHERN NORWAY . 

I' 



PLATE 7.1 AUTOMATIC COMPACTOR USED FOR 
TESTS WITH A C.B.R. MOULD 
FITTED TO BASE. 



PLATE 7.2 THE PERMEABILITY APPARATUS 



PLATE 7.3 CONSTANT HEAD PERMEABILITY APPARATUS (AFTER YOUNGER AND LIM, 1969) 
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MIC.7. BL.A.\SEN \972 TH .. L - ~ELATIVELY FINES RICH AREI\. 
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- GE.t-J£RAL VIEW OF GRANuL,bR, AREA. 

MIC . 25. e>REII>AlV)E1ZK.uR~()KUu... TIl.L- DETAIL OF MIC. 24. 
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MIC . 26 . BR.e.It>AMERJ<.URjOKULL. TIL-L. 

-bE:TAIL O'F MIC . 25". 
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MIC.27. ANtARCTICA TILL - c::.-ENE.RAL NATURE OF FABRIC. 



M\C.2.B. ANTARCTICA TILL - SAND PAA.T1CLE IN CLAY

Q-RANUL..lar.R... MATRIX. 

I 



!:lIe . 2.9. ANTARCTICA TtLL- DETAlL OF= CLAy- GRANULAR. t-1A.T~IX . 
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_MIC . 37. CO'WAL TlLL - MATRIx WliH CLOTHED q-RAINS . 
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MIC .38. COvJ~ TILL - ~IN FLAkY ~'NE. PARTIc.LE.S . 



MIC . .39 CO'WAL TILL- AREA. WITH CLAY SIZE5. 

MIC.40. CCWAL TILL- 'DE-TAIL a~ CLAY SIZES . 





MIC. 4:5. GL..Eto.J ORCHY TILL - D\STRlBUTION 01=' CoAASE AND FINE. PARnCLE~ 
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MIC.48. GLEN ~J4Y TILL - t=INER 

AREA OF MIC.43. 

MIC.49 GLEN OR.C~y TILL - 'DE-jAIL 

OF CL.AY SIZE PAR.T/CLES . 


