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Ground Models
Landsystem

 Landsystem v Process Form Models Area of common terrain attributes,
different from those of adjacent
areas, in which recurring patterns of
topography, soils & vegetation
reflect the underlying geology, past
erosional & depositional processes,
Process-Form Model o T
Conceptual model that e N i
emphasizes the genetic '
interrelationships of
specific landform—
sediment associations at
both local & regional
scales in terms of known
process & form linkages

Benn, D., & Evans, D. J. (2014).
160! Glaciers and glaciation. Routledge.

7 Gravel with contorted stratification
"’*' due to melting of buried ice masses

Trough cross-bedded gravel - Peat
- Poorly sorted esker gravel Izl Till (diamicton)
I:I Sand ebris flow (gravelly diamicton)

Sand/silt rhythmites, possibly with contorted

. = bedding due to postdepositional collapse



University of
Y Portsmouth

Types of Ground Model

Engineering Geological Models - an
introduction: IAEG Commission 25
° Conceptual S. Parry, F. J. Baynes, M. G. Culshaw, M. Eggers,

. . . . J. F. Keaton, K. Lentfer, J. Novotny & D. Paul.
— Essentially qualitative in Y
nature & illustrate the key T, N3, CTHER MINOR HAZARDS

ARCHAEOLOGICAL FINDS
DEFOSITED BY (ROMAN!S AXON NEAREY IN CHALK),

H RELATIVELY FLAT THE PROCESS OF
features of a geological TMNS sewousore  IECSRST e RSO CobC s
' i MTADEINASE  seRNG L Rt S tnry
situation & the processes WASEIAD.  Buierioos S gD o GALEvs

SURFACE FLOW

active in that environment morrecie

WATER TAELE

TAELE

SITE BOUNDARY

SWALLOW

- Observational. SN i

MAGNETOMETER
COMDUCTIVITY CONTRASTS
™ HISTORICAL MAPS

SOIL AUGERING AND
GEOMORPHOLOGICAL
MAPPING

— Scaled down versions of
actual ground conditions
at specific sites

« Analytical

SOME STRUCTURELESS
REMOULDED GRADE V CHALK
{CLAY MATRIX)

HIGHLY FRACTURED
FISSURED ZONE

GROUNDWATER CHANNELED
HERE INTC DISSOLUTION
SUSCEFTIELE ZONE

— Representations of reality A Gt

Vj &

USing mathematical 30.'1111Isan+4lzmelm;m 4' ?- ~ RESISTIVITY SURVEY

. - [LOWEST RECORDED) (HIGH)
formulae, different media o 04 \ /

-
or schematics o onocsEa
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Informing the Ground Model
Quaternary History ........c.s

past’
Charles Lyell
‘ﬁrincfp[es qf geo%gy (1830)

Glacial & Periglacial Genesis

Engineering & Geohazard
Significance
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Informing the Ground Model

° ilddi H Schematic representation of the Late
BUIldlng bIOCKS requ"ed tO Devensian periglacial features of the
develop grou nd models for Scottish Highlands that were probably active

. . . during the Loch Lomond Stadial
glaciated & periglaciated (Ballantyne, 1984)

te rrai n s Large sorted circles

Large sorted
stripes

- Catalogue of

— Sediments ckfie Il \ Y - %
— Structures AR
* Macro IR % o
"'\:\\‘\i\ 1w:s%glamer 73
 Micro

-

RIONDNNTNRN
— Landforms e
e L7 =, _v_/SoIiﬂuctlonIobes
atfan 4 Debris-maréleé sla\)pes AN
L

//'\




University of
(Y Portsmouth

The Periglacial Landsystem
 Lowland Periglacial Terrain

Landsystems
— Plateau
— Sediment-mantled hillslope
— Rock slope
- Slope-foot Booth, S., Merritt, J., & Rose, J. (2015). Quaternary
Provinces and Domains—a quantitative and qualitative
— Valley description of British landscape types. Proceedings of the
. Geologists' Association, 126(2), 163-187.
— Buried
— Submerged o |
Corestones | |
- Upland Periglacial Terrain BT Tor | Tor |
associated with Stepped | slope———»|
Landsystems ’urxz::j;:?i’n;nd src;ge : accumulation
. , ,
— Plateau U ead
Colluvium
— Sediment-mantled hillslope Granite Alayium
+ + e + +
edro
— Rock slope
— Slope-foot

eSS Y= ==
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The Glacial Landsystem

* Ice sheet related landsystems
— Subglacial footprint
— lIce-marginal complexes
— Supraglacial debris complexes
« Upland glacial landsystems
— Subglacial footprint
— lIce-marginal complexes
— Supraglacial debris complexes
« Glaciofluvial landsystems Booth, S., Merritt, J., & Rose, J. (2015)
— lce-contact settings ~ Momine IS g Glacionial  Moraine et
— Proglacial settings o oravels ST gravei e
« Subaqueous glacial landsystem
— lce-proximal depo-centres
— Distal sediment piles Bedrock

Nichols 1991
Sedimentology & Stratigraphy

Glacial

[/ B

Outwash plain -
(sandur)
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Deposits, Structures & Landforms

« Building blocks for the Conceptual Ground
Model
« Sediments
* Glacial Environment
_ Glacial Depositional Processes &

— Glaciolacustrine &
Glaciomarine Processes

— Glaciofluvial Processes

* Periglacial Environment
— Periglacial Slope Processes
— Periglacial Fluvial Processes
— Fluvio-Aeolian Processes
— Cold-Climate Periglacial Aeolian Processes
— Periglacial Weathering Processes

Dinas Dinlle thrust block moraine North Wales (P. Brabham)




University of
LY Portsmouth

Deposits, Structures & Landforms

« Building blocks for the Conceptual Ground
Model

« Macro Structural, Erosional & Sediment
Architectural Elements | L
ce-wedge pseudomorph within periglacial
— Glaciogenic Sediment Macrostructures  fluvial sand & gravel, Whisby quarry, Lincoln,
_ . England. (J.B. Murton).
— Glaciotectonic Macrostructures
— Macroscale Erosional Forms

— Glaciofluvial Macrostructures &
Architectural Elements

— Glaciofluvial Macrostructures &
Architectural Elements

— Periglacial Macrostructures
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Deposits, Structures & Landforms

« Building blocks for the Conceptual Ground Model

* Microstructures
— Periglacial Microstructures in Engineering Soils

— Periglacial Microstructures Superimposed on Glaciogenic
Sediments

— Glaciogenic Sediment Microstructures
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n diamicton

apping of fabri
......

Stress History

\\\\\
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Base of subglacial mass flow diamicton into
meltwater canal, Whitburn, County Durham. Shows
localized shearing in diamicton, and disruption and

fragmentation due to liquefaction of underlying
stratified sediments. (E. Phillips)
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Deposits, Structures & Landforms

« Building blocks for the
Conceptual Ground Model

« Landforms

Glacial Landforms
Glaciotectonic Landforms
Glaciofluvial Landforms
Subaqueous Landforms
Plateau Landsystem

Sediment Mantled
Hillslope Landforms

Rock Slope Landforms
Valley Landforms
Buried Landforms

Ice rafted chalk megablocks, Overstrand, Norfolk, England.
(D. Giles)
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Engineering Significance

* Principal Engineering Significance of Glacial & Periglacial
Landsystems — Deposits, Structures & Landforms

Aggregate resource

Variable particle sizes, Coarse horizons

Anisotropic permeability, Anisotropic strength, stiffness
Compressible soils, Swell / Shrink potential

Ground movement, Low shear strength

Groundwater, High permeability zones permeability

Oversteepened zones bedrock Anisotr OPIC
Overstressed zones Q‘E‘fﬁﬁiiﬁti‘fe‘é‘?;ifﬁfii soils
fiely ) o .
Perched water tables stren gth: p:l»‘d o
Prone to liquefaction Hieh resourc
Shattered bedrock Z(I)Il(}edSShL‘;
Shear surfaces, Sheared bedrock o Ot,lplcldlbl

' Voids, Collapsible soils Shear
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Developed Nomenclature

Table 3.5 Geological Origin Name and Qualifiers with Examples in accordance with
BS5930 (Anon, 2015)

GEOLOGICAL ORIGIN Extended Terms | Ter

° G e o I o g i c a I 0 ri g i n N a m e a n d (;cologic(a)lr(é\il-:liﬁcr for e T -E&n;logy Gcol;;‘:i:;_li)crigin

Qualifiers with Examples in
aceo rd ance w i t h B S 59 3 0 Subglacial traction till Boulder Clay {GLACIAL DEPOSITS

Subglacial traction till)

* For example: g

Deformation Till

Subglacial Mclt-
Out Till

Sublimation Till

« Glacial Depositional Processes Comminsi i

Lee-side cavity
fills/ice-bed

— Subglacial Traction Till e

deposits

— Glaciotectonite e

Tectomict

— Supraglacial mass flow .
diamicton/glaciogenic debris Detuing et

Glaciotectonite Comminution Till | (GLACIAL DEPOSITS

flow deposit s

Deformation Till

Exodiamict

Glaciotectonite

Tectomict

Mass flow debris S lacial mass | S lacial (GLACIAL DEPOSITS

flow diamicton/ Melt-Out Mass flow debris)
glaciogenic debris | (Moraine) Till
flow deposits

Flow till

ey I —Y ([ (—),
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X\I ECSMGE 2015 Edinburgh 2015. Poster P-281

The Geological Society of London Engineering Group

Developed Nomenclature | v st

Corresponding Author: Dr Principal Lecturer qy
School of Earth and

Sclences,
dave.gliss@port.ac.uk
ofthe e Taaing derhe 3 Steorthe
Group Wsu?‘r gn

« Geological Origin Name and B
Qualifiers with Examples in
accordance with BS5930

 For example:

* Periglacial Slope Processes
— Granular head deposits
— Clay-rich head deposits
— Slopewash deposits
— Fluvio-colluvial deposits
— Talus deposits
— Avalanche deposits
— Blockslope deposits
— Debris-flow deposits
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present
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Proposed sediment name

Scdiment Name
35.13

Supraglacial mass flow diamicton/glaciogenic debris flow deposit

Previous Terms

Supraglacial morainic till, flow till, melt-out till, ablation till

Di; i Precomi ly cl PP massive to crucdely d or graded d but the seéi logy of
Characteristics supngluul r_epo c:ru‘es is corrplu cue to mulupl: :vcl:s. of gedepasition, curing formation. Typical facies

and bodies of laminated lacustrine sediments, and
glaciofluvial sands md gravels. Internal disturbance is common and characterized by rormal faulting, flow folding
and soft seciment deformation.

Environment of

Glacier surfaces or on ice-cored moraines

Formation

Common Although they appear largely massive, individual debris flows can form tabular or lens-shaped units, often with

Structures erosional, channelized bases anc flat tops. S flows can th be distinguished by their upper and/or

Present lower boundaries, which are commonly marked by basal concentrations of clasts, upper washed horizons/ intaxhads
of silt, sand or gravel, or very subtle partings. Each of these characteristics, as well as any internal structures, reflect
the nature of the mass flow type, specifically relnmd to the moisture content and coberence of the matrix.
Supnslunu] mass z'low deposits are most fidently icentified nl‘er j d with typical lacial facies

- At are p larly well developed at the basal boundaries of individual flows.

Here the substrate can be characterized smnll folds, thrusts and shears, associated with rotated to slightly attenuated
diamicton pebbles derived from the overlying debris flow. The debris flow-substrate interface can be marked by
clongate ‘flames’ of the substrate material separating lobate or pendant structures of the debris flow diamicton,
which are progressively tilted dospflow. The base of the debris flow can contain detached *flames’ or ribbons of
the substrate material as well as indi of ioral di such as circular, arcuate and galaxy-like grain
arrangements. Importantly, none of these features is singularly ciagnostic of debris flow deposits and can be found
in subglacial tills also.

Principal Variable particle sizes, Ani i bility, Ani pic strength, Ani pic stiffness, Perched water tables,

Engincering Coarse horizons, Shear ;urf.v:u.. Shenmd Dedrock

Signlfun:e

Fig 3.5.1.3a Crudely stratified gravelly mass flow deposits a stacked of di layers of p Ty
clast d but locally matrix-supported di separated in places by gravelly lags. Kuciigidkull Iceland. (D.J.A. Evans)

Sediments

Sedimentological
description

rng 3.5.1.3¢ Very crudely stratified bnuldcr rich and predominantly clast-supported diamictons witk contorted b:dn:mg structures and
localized pockets of stratified sand and gravel. Gillespie's Beach, New Zealand. (D.J.A. Evans)

Engineering
description

Sedimentological Description
Crudely stratified diamictons with a range of clast contents and
prop _ Often interbedded d by
discontinuous layers of silt, sand and gravel. Can display crude
grading, often with basal concentrations of clasts.

di defe

matrix with or

Flow

or soft features are visible

wherever the deposits possess any stratification.

Engincering Description

Often indistinctly bedded gravelly sandy CLAYS with low to
medium cobble ané low boulder content. Occasionally fine upwards.
Becding affected by flow and soft structure éeformation features.

Principal References

Lawson (1979). Exles (1979), Johnson & Rodige (1984). Owen (1994). Johrson & Gillam (1995). Phillips (2006), Evans et al. (2010)

Engincering Geology Case Studies

Bell (2000). Culshas et 2l (1991), McMillan et al. (2000), Reeves et al. (2006a, 20065b)

Principal
references

Engineering geology
case studies
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Structure Name
3.7.14

Relict periglacial shears

Diagnostic
Characteristics

Underlie gently sloping ground underlain by weathered clay bedrocks. Shear surfaces may be polished and striated.
Shallow, low-angle basal shears are the most extensive form, at depths of ¢. 1.5-3.0m, at or near the base of the
reworked clay or the top of destructured clay, and subparallel to the ground surface. Decper, subhonizontal
continuous shears occur near the base of weathered clay at depths of c. 4-8m. Smaller, discontinuous shears
produced by internal deformation during mass movement are commonly associated with both the shallow and the
deeper shears. High-angle shears sometimes present in reworkeé and destructured clay, and occur to depths of ¢
3m bencath hillslopes of 5° or less. Shears are often difficult to see in freshly dug sections when the soil is at its
natural water content, and time is needed for érying to cause shrinkage so that the clays pull apart along the shear
surfaces.

Principal
Engincering
Significance

Ground movement, Shear surfaces, Low shear strength, Anisotropic permeability

Typical Image

Fig 3.7.14 Basal shear surface with striations and polish in clay-rich head deposits, Severoaks, Kent, Englané. Scale in inches. (JN.

Hutchinson)

Principal References

Harris (2013);

Hutchinson (1991), Spink (1961), Skempton & Weeks (1976), Chandler (1970, 1972), Harris (1977), Skempton et al. (1951)

Macro Structures

Diagnostic
characteristics

Principal
Engineering
significance

Typical
images

Principal
references

Engineering geology
case studies
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3.8.2.4 Calcitans Microstructures
Calcitans are discontinuous coatings of secondary calcium carbonate that form by precipitation bereath particles. In this example, they
are not found on the same side of the aggregates but in different orientations, which indicates that the aggregates have rotated after the
calcitans started to form. Rotation nied gelifluction.

Fig 3.6.7.4a PPL Fig 3.6.7.4b XPL with gypsum wedge. Calcitans (dark brown in upper image) surrounding sediment aggregates
(‘pebble structure’; multi coloured in lower image) in silty-clay diamicton (till), Mount Provender, Shackleton Range, Antarctica. Field
of view = 6.4 mm wide. (J. van der Meer)

Principal References
van der Meer et al. (1993)

Micro Structures
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Terrain Unit | 3.11.2.1 Solifluction Sheets and Aprons

Image of relict form
Fi_s 3.11.2.1a Relict solifluction sheets, Bmlr:wnz. Cotswolds, Worcestershire, Enshnd. (D. Giles)
Form / Solifluction landfc are exp of mobile or formerly mobile seéiments on gentle to moderate slopes that have
Topography | moved downslope by solifluction ané which often terminate downslope at a step or riser. Solifluction sheets generally Form I Topog raphy

have little or no surface expression. Morphologically they are smooth convexo-concave slopes that can extend from
several hundreé metres to 3 or dkm downslope. Shear surfaces can be found typically at 2.3m deep in clay-rich deposits.
Landsystem Lowland Periglacial Terrain: Upland Periglacial Terrain: Sediment-Mantled Hillslope Landsystem

Process of Predominant form of periglacial mass in active periglacial envi and solifluction deposits and Landsystem

Formation land are widespread and are in relict form. Result from the slow éownslope movement of soil due to
recurrent freezing and thawing of the ground. Solifluction is due to one or more of three related processes: needle-ice
creep, frost creep and gelifluction. Emplaced on slopes with inclinations as low as 1.2 due to excessive pore water
pressures generated in thaw.

Modern
Analogue

Process of formation

Image of modern form

Associated features

o

Fig 3.11.5.2.152 Active solifluction sheet Beinn Bheoil. N Highlands, Scotland. (C.K. Ballantyne)
Associated Solifluction lobes, benches and terraces. . N . . N .
Features Principal engineering significance
Principal Ground movement, Shear surfaces, Anisotropic strength, Low shear strength
Engincering
| Significance

Principal Ballantyne & Harris (1994), Harris (1987, 2013) Principal Engineering geology

References Hutchinson (1891, 1692), Spink (1691), Skemptor & Weeks (1976), Chandler (1970, 1972), Harris (1977), Skempton et

al. (1951). Craot & Griffiths (2001). Whitworth et al. (2005) references case studies
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Terrain Unit

3.10.1.6 Whalcback

Image

Form /
Topography

A streamlined smoothed or scratched bedrock knoll with symmetrical Jongitudinal profiles, several metres to a few
hunrdred metres high, resembling a whale in profile.

Landsystem

Upland glacial lanésystem (hard rock terrain): Subglacial footprint

Process of
Formation

Formed by abrasion of both stoss and lee siéesof a rock knoll. Small whalebacks can form under only a few
hundred metres of ice, larger ones under deep ice streams.

Modern
Analogue

Fig 3.8.1.65 Striated whaleback, Konowbreen, Svalbard (D.J.A Evans)

Associated
Features

Rock drumlins

Principal
Engincering
Significance

Sheared bedrock

Principal

References

Rea (2013a), Glasser & Bennett (2004), Evans, LS. (1996)

Glacial Landforms

Image of relict form

Form / Topography

Landsystem

Process of formation

Image of modern form

Associated features

Principal engineering significance

Principal
references

Engineering geology
case studies
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Supporting Data

« Comprehensive reference list

— Contemporary glacial &
periglacial research

— Engineering geology case
studies

 QRA Field Guide Listings

— Sites to observe sediments &
landforms in the UK

Field Guide

Edited by
Colin K. Ballantyne & J. John Lowe




