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Preface

This report presents a new application of the Manitoba - Soil Landscapes of Canada (SLC) Map. The
Manitoba soil data base, derived from detailed soil survey profile data and reconnaissance map information.
has been interpreted and presented in the context of the Unified Soil Classification System for Engineering
Applications. The transformarion and interpretation of soil information in engineering terms is depicted
in standard figures in the text and on a generalized materials map (1:1 500 000 scale) contained in the
attached pocket. The information shown on the map was derived from the dominant soils/non-soils
information for each polygon. More details of the dominant soils and other conditions within each unique
polygon (with corresponding unique map and data base numbers) are provided in the extended legend in
the appendix.

This document is a first atterapt 1o portray soils information in a generalized context for geo-technical
applications. The aim of this document is o provide a guide for “broad brush" pianning for geo-technical
projects. It is envisioned that this information will have applications at various levels, for preliminary
assessments of construction and infrastructure development such as pipelines, highways, roads, power line
corridors, irrigation development, water retention and water conveyance structures. It may also have
broad implications for rural development in remote areas where materials are difficult to characterize.

This document is the culmination of the efforts of many people over many years of collaborative
interactions between the engineering community in both the public and private sectors including staff
members of Manitoba Department of Highways, Manitoba Hydro, and private engineering consulting firms
with soil scientists of the Land Resource Unit (Manitoba) of Agriculture and Agri-Food Canada.

The information, data, illustrations, writing and presentation however, are the sole responsibility of the
authors and staff of the Land Resource Unit. All users are encouraged to comment on any portion of the
technical or descriptive aspects of this publication. Comments should be forwarded to:

Head, Land Resource Unit,
Brandon Research Centre,
Agriculture and Agri-Food Canada
Rm 360, Ellis Building,

University of Manitoba,

Winnipeg, Manitoba,

R3T 2N2.
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Introduction

This report and map is another in a series of
interpretive and derived maps produced using the
Soil Landscapes of Canada map and data base for
Manitoba. The map portrays, at a broad level, a
general interpretation of soil characteristics and
parent material properties using the Unified Soil
Classification Systern. The report describes,
defines, and illustrates the interpretation
methodology for the map and computerized
legend containing information for each landscape
unit in Manitoba. This report, with
accompanying map and data base, provides an
overview of soil resources with an interpretive
application to engineering evaluations and project
planning.

Why were the maps prepared?

Terrain information and land classification
must serve a multitude of Jand uses, one of which
is for engineering application. Soil data bases
which describe the regional soils and their
properties may be expressed in terms that are
readily translated for engineering uses of land
using the Unified Soil Classification System
(USCS). The small scale map accompanying this
report attempts to express the properties of the
landscapes of Manitoba in a general geographic
format that can be used for educational purposes
and broad regional planning for various
engineering applications.

The published map and legend provide a
generalized overview of the soils of Manitoba in
terms of the engineering (Unified) soils
classification, as well as information on mode of
deposition and surface landforms. The [Land
Resource Unit, Brandon Research Centre,
Agriculture & Agri-Food Canada, and the
Agriculrural Resources Section, Soils and Crops
Branch, Manisoba Agricutture, have conducted
inventories and characterization of the near-
surface soil condition for more than 50 years and
published numerous reports describing the
pedological development and properties of the

unaltered soil materials. Since 1960, more
detailed soil investigations have been carried out
in Agro-Manitoba during which many soil and
environmental properties were observed and
measured. These properties were used 1o provide
interpretations for a range of land uses including
agriculture, engineering, and recreation. Also,
many Reconnaissance and Exploratory Surveys
in northern Manitoba were completed in the late
1970’s and representative sites of soil landscapes
were described in detail. sampled, and analyzed.
As a result of these activities, a considerable data
base has been compiled for the major soils
throughout the province. The results of these
studies have been generalized and have
culminated in the publication of the Soil
Landscapes of Canada series of 1:1 million scale
maps.

Between 1987 and 1995, the Centre for Land
and Biological Resource Research (CLBRR) of
Agriculture & Agri-Food Canada, in cooperation
with the Manitoba Soil Resources Section,
prepared a series of generalized maps depicting
various themes at a scale of 1:1 million. For each
polygon delineated on these maps, an associated
computerized data base was compiled which
contains the attributes of the dominant soil in the
landscape. This dara base has been supplemented
with additional information on soil classification
and chemical and physical properties of the soil
within the Yandscape. The soil landscape is
defined as the full array of attributes that describe
a distinct type of soil and its associated
characteristics, such as geologic materials,
landform, slope, watertable, permafrost, and
lakes.

What can the information be vsed for?
The information on the map and in the data base
can be used:

*  as a reconnaissance tool to define soil types
and properties for engineering applications,
and to portray the spatial distribution of the
various Unified soil classes.

» 1o assess the importance of soil properties



(Unified Soil Classification System) and
landscapes features affecting various land
uses associated with engineering applications.

» to inform users of various problems
associated with soil drainage, peaty surfaces,
bedrock conditions, high shrink-swell clays,
and permafrost.

« to apply general research findings and design
knowledge that are successful in one part of
the province to other areas with similar
attributes.

« 1o educate students of engineering, soils,
geography, and environment at colleges and
universities.

Note: The information contained in each map
symbol is an estimate for the entire area of the
polygon to which it refers and is not intended to
apply to a site-specific land parcel within the

polygon.

What information is recorded?

Map:

Map units depicting soil engineering
classification and engineering properties are
based on interpretation of soil and landscape
attributes shown on the generalized Soil
Landscape Map of Canada-Manitoba (SLC.
1989). The classification used is the Unified Soil
Classification System (USCS), as presented in
Table 1. The interpretation is based on attributes
recorded for the dominant soil landscape found in
each polygon. A brief description of these
attributes is provided in the map legend, which
utilizes symbols and color codes to convey the
main geological materials and the Unified group.
The geological materials are grouped according
to the mode of deposition such as lacustrine,
morainal, glacial fluvial, marine deposits, and
bedrock. Within each group, specific Unified
classes are described.

The colors on the map represent the mode of
deposition of the dominant geologic material
within the one to two meter depth. The shade of
color represents the Unified class as identified in

the map legend. A veneer or overlay, generally
up to one meter in thickness for mineral soils, or
up to ¢.6 meters for organic soils, is represented
by an overprinted hatch symbol according to
Unified System classification standards.

Within each polygon, the map symbol
consists of three lines. The symbols are as
follows:

top line is given as one Unified class if the
geologic material is relatively the same at depths
of one to two meters, or, if two contrasting
geologic materials occur, 2 dual Unified class
symbol is separated by a slash (/); the first
symbol indicates the classification of the veneer
or overlay maternial, while the second symbol
indicates the underlying geologic material.

middle linre provides the SLC codes for the
parent material mode of deposition, surface
landform, and percent stope gradient.

bottom line provides the unique number used to
identify each map polygon (or delineated area) on
the SLC map and provides a linkage to the soil
property and terrain data contained in the
extended legend for the SLC map.

Extended legend:

The table in the back of this report describes,
for each polygon, the attributes of the dominant
soil landscapes and certain important non-soil
features such as rock outcrops. It includes the
following (where available):

o Unified class for parent materials, e.g. CH

(inorganic clays of high plasticity)

+ origin of parent or geologic materials
» surface form

» slope class

o drainage class

e depth to water table (dominant only)
» plastic limit

» liquid Immit

« shrinkage limit

«  optimum moisture



»  maximum density

» distributon of permafrost

= dominant permafrost type

» degree of stoniness at surface

» the grid code for locating polygons on the
map and

» the area (kilohectares) of each polygon

Why were these attributes chosen as map
symbols?

The attributes shown in the map symbol and
legend serve to differentiate one polygon from
another. They were chosen for the following
FEasons:

Unified class of parent material - engineering
properties vary according to particle size
distribution, plasticity index and general
workability, stability, or bearing properties.

origin of parent material - because it provides
information on the surficial geology and
linkages to mapping methods used on the
source maps.

surface form - because of its influence on
moisture movement and retention, surface
water drainage, land use and soil
development.

slope class - because of its influence on land
use and water erosion risk or stability,
particularly when coupled with long slopes on
inclined or rolling surfaces.

kind of rock - because of its strength and
hardness properties and influence on the
chemistry of the drainage water and on the
plant or aquatic growth.

plasticity - because it provides an estimate of
the behavioural properties of the disturbed and
remolded soil.

permafrost - because it provides an estimate
as to its characteristics, occurrence and extent
enabling interpretation of impact on
engineering applications.

stoniness - because it provides an estimate as
to the occurrence and degree of surface stones

How were the maps compiled?

The designated subdivisions (polygons) in the
map have been derived from the Soil Landscape
Map of Canada -Manitoba (Canada Soil
Inventory. 1989), with subsequent adjustment as
a result of the publication of the Eco-
Stratification map of Canada (Environment
Canada, 1995). In southern Manitoba, where
reconnaissance and detailed soil maps were
available, polygons for the soil landscape map
were drawn and described by making
generalizations from the available information on
these large scale maps. In northern Manitoba
only exploratory surveys had been carried out by
heticopter; topographic maps and satellite
imagery were used to complete SLC polygons.
Available information from surficial deposit maps
were also utilized, particularly in northern
Manitoba. Compilation methods are described in
the Soil Landscapes Procedures Manual and
User's Handbook (1988).

The Unified soil classes and accompanying
physical properties were derived from
information published in Soil Survey Reports,
unpublished data and analytical files (CanSIS
detailed morphological, physical and chemical
files) of soil pedons from all areas of Manitaba,
setected data available from the Manitoba
Highways Branch, and published Geological
Reports for Northern Manitoba. A large volume
of descriptive and analytical data on the dommant
soils of each polygon has been compiled within
the Manitoba Soil Survey database. This
information included particle size distribution,
physical properties including the Atterburg limits
(plasticity), chemical properties and mineralogy.

How reliable are the maps?

Accuracy varied amongst the soil survey maps
from which the information for the landscapes
map was derived; information varied according
to scale and age of the map and from one part of
a map to another depending on the access for
ground truthing. A general guide to the reliability



of the information is given as a small inset on
each soil tandscapes map.

How often is the information updated?

As new information becomes available (for
example, when a soil map for a previously
unsurveyed area is produced), the attributes and
eventually the soil landscape boundaries will be
revised. The revisions will be recorded in the
computerized data base stored in CanSIS. New
maps will nat be published on a regular basis.
Therefore thc information in CanSIS may differ
from published hard copy products but can be
supplied on request. The detailed computerized
legends will also be made available on request
(CanSIS - Canada Soil Information System).

What products are available?

It is possible to produce soil landscape
information in various formats. The following
products can be obtained from the Land
Evaluation Section of the Eastern Cereals and
Oilseeds Research Centre (ECORC) in Ottawa:
o printed full-color map and the short report

containing the extended legend, packaged ina

labelled binder.

« full-color map only.

* maps, legends, and lists of attributes for maps
in preparation available in manuscript form.

= selected interpretive maps based on the
attributes. Interpretive maps include:

-water erosion risk (for all provinces).

-wind  erosion risk (for Alberta,

Saskatchewan, Manitoba and Southem

Ontario).

-soil salinity (for Alberta, Saskatchewan and

Manitoba).

-acidification (for British Columbia. Southern

Ontario and provinces eastward).

-detailed computerized legends available on

diskettes in ASCII format.

Description of Selected Unified Soil
Classification for Various Landscape Units

Map Description
Symbol

CL -morainal, moderately calcareous landscape
units (areas with theme of olive green on the
map)

These units occupy extensive areas in the
southwestern part of Manitoba. The symbol
identifies all moderately calcareous morainal
landscapes that have a composition of materiats
derived from the Precambrian (granitic),
Paleozoic limestones, and the Cretaceous shales.
These morainal materials occur above an
elevation of 380-455 masl (1250-1500 ft) in the
vicinity of, and west of, the Manitoba
Escarpment and above 455 masl (1500 ft) to the
south-west and the north-west regions. Local
surface forms are commonly of the knob and
kettle type. They have good surface drainage
through the convex part of the landscape and
poor drainage in the sloughs. In most tandscapes
the sloughs hold water temporarily throughout
the summer season, and thus the water table is
variable throughout the landscape.

Engineering properties such as particle size
distribution (Fig. 1), liquid limit, and plastic limit
are quite similar throughout this broad area.
Particle size distribution indicates clay contents
of commonly 19 to 25 percent and silt plus clay
content of 60 to 79 percent. Liquid limit ranges
from 31 to 39 percent and the plastic limit 16 to
23 percent. The soils are plastic with an index of
14 to 16.

Correlations were determnined for the Atterberg
limits in relation to the clay content on 50
samples from different areas comprising the
Darlingford, Waskada-Ryerson, Newdale,
Erickson and Waitville Soil Associations. The
clay contents varied from 15 to 42 percent. The
regression analyses were as follows using the
parameters pfastic index (PI), liquid limit (LL),



plastic limit (PL), and percent clay content
(%_C)

Pl = -0.06 + 0.68 %_C R? = 0.76
LL =157 +0.76 % _C R? = 0.75
PL =158 +0.08%C R? = 0.07
Pl =-10.6 + 0.80LL R? = 0.87

ML -morainal, very strongly to extremely
calcareous landscape units (areas with a theme of
green on map)

These units occupy extensive areas in the
Interlake, southeast. and northeast regions of
Manitoba. It indicates the very strongly to
extremely calcareous (calcium carbonate content
varies from 35-60%) morainal areas with a
composition mainly of Paleozoic limestone with
minor inclusions of Precambrian granitic
materials. These morainal materials commonly
occur below an elevation of 260 masl (850 ft). A
few smaller areas occur above the Manitoba
escarpment at approx. elevations of 485 mas}
(1600 f1).

Engineering properties such as particle size
(Fig. 2), liquid Jimit and plastic limit are quite
similar throughout its area of occurrence. Particle
size distribution indicates clay contents between
10 to 20 percent and silt plus clay content of 56
to 65 percent. The high calcite or dolomite
present in the various size fractions, as well as
the high stone content, contribute to the problems
of handling these materials for engineering
purposes. The liquid limit varies from 15 to 20
percent and the plastic limit is 11 to 15 percent.
The soils are slightly plastic with an index of 3 to
8.

These materials have a high density in their
natural state (1800-2000 kg per m*) and have a
relatively high stone content both at the surface
and within the material. Workability is a problem
since the moisture condition between the plastic
limit and the liquid limit is $0 narrow. Optimum
moisture for working ang for compaction of these
materials is approximately 13 percent.

CH -lacustrine landscape units (areas with a
theme of blue on the map)

These units occupy extensive areas in the
south-central part of Manitoba and in proximity
to and north of Lake Winnipeg. These are lake
sediment deposits from Glacial Lake Agassiz.
They generally occur below an elevation of 305
masl (1000 ft). Because of the level terrain, these
areas are imperfectly to poorly drained and
subject to frequent surface ponding. Improved
drainageways are common throughout the
southern clay areas.

The materials are fine grained with clay
contents of 40 to 80 percent. Liquid limits are
high with moisture contents commonly between
52 and 75 percent. The plastic limits are also
high with moisture values of 26 to 31 percent.
Shrinkage limits are commonly 17 to 19 percent.
Although most of the soils with high liquid limits
classify as CH, some of the analyses indicate that
they are MH. MH soils cannot be separated at
this scale of presentation and have been included
with the CH group. The grain size distribution
for soils from the southern half of the province
are provided in Figure 3, and for soils from the
northern half of the province are provided in
Figure 4.

SM -morainal, non-calcareous units (areas with
a theme of light yellow on the map)

These units occur in the north-western part of
Manitoba and are the dominant materials in
extensive areas. They consist mainly of sandy
sediments of dominantly granitic origin, volcanic
and pelictic (fine-grained clayey) meta
sedimentary rocks; some of the areas have a
considerable amount of boulders. The till
landforms are transected by numerous eskers and
radial kames. Soils of the area are affected by
permafrost.

The particle size of the matrix is dominantly
sand and granules, 20 t0 30 % silt, and 3t0 8 %
clay: materials are non-plastic.



The till density ranges from loose to compact,
but loose basal ablation till is most common.
These areas have been described in more detail
by Klassen (1976).

ML, SM -marine deposit landscape units (areas
with a theme of light and dark mauve on the
map)

These units occur in the north-eastern part of
Manitoba, southwest of Hudson Bay. The area
was inundated by the postglacial Tyrrell Sea. As
the sca rceeded, it reworked, transported, and
redeposited the underlying glacial sediment. Most
of the deposits are thin, nonfossiliferous, and lie
beneath a thin cover of peat. The exact limit of
marine inundation is difficult to determine, but
washing limits on till and eskers and the upper
limit of blanket marine deposits suggests a limit
defined by an approximate elevation of 160 masl
(525 f1) at the south and an elevation of 180 masl
(600 ft) in the northern part. A considerable
portion of the area is affected by permafrost.

Marine deposits vary in their particle size
distribution and Atterberg limits depending on the
sorting agency and water depth. On the beach
and littoral areas, the deposits are mainly sandy
with a varying amount of fines; the Unified
classes are dominantly SW and SM. In areas of
shallower water depths, there is an increase in
silts and clay particles with mainly sorted
material of ML Unified class. Where the sea
water was deeper, higher amounts of clay and silt
particles were deposited resulting in material of
CL Unified class. The main Unified classes are
designated on the map. Grain size distribution is
provided for the ML marine units in Figure 5.

Pt -peaty deposit landscape units (areas with a
theme of gray on the map or with a horizontal
overlay hatch)

Peaty deposits have been developed
dominantly from organic materials (plant residue)
that are saturated with water for most of the year
or are artificially drained. They are the soits that

in the past have been commoniy identified in
general descriptive terms such as shaltow peats,
deep peats, and muck soils of bogs, marshes,
swamps, fens, moorlands, and muskeg areas.
They occur dominantly east and north of the
Manitoba Escarpment, below an elevation of 305
m (100ft). The distribution of peat increases as
elevation decreases northerly towards Hudson
Bay as the result of climate, topography,
drainage conditions, and texture of underlying
mineral materials. The Hudson Bay Lowland is
dominantly a very poorly drained, level to
depressional plain with deep peat. Similarly, the
area along the east shore of Lake Winnipeg is
also dominantly deep peat. Polygons in these
areas have been daesignated as peat material with
common thickness between 1.6 and 4 m or more.
Deep peat materials are also distributed widely in
other areas, especially in the Interlake region,
and in the northern part of the Glacial Lake
Agassiz basin. However, most of these peat
deposits have been treated as overlays on mineral
material since the average thickness is commonly
less than 1.6 m.

In an engineering context, peat deposits have
been commonly referred to as muskeg, an
indigenous term of Algonquin and Cree origin
meaning a moss-covered muck or peat bog. Peat
lands consist of large continuous tracts which are
commonly wet or have a high moisture content,
very low density, and little tractive strength when
thawed.

SM/ML, ML/CR, SM/AR, etc.- landscape units
consisting of mineral deposits overlying varying
mineral deposits (morainal, lacustrine, alluvial,
etc.) are depicted by appropriate hatching, while
underlying mineral deposits (morainal, carbonate
rock, acidic rock etc.) are depicted by
corresponding theme colour on the map.

These units occur throughout the province and
consist of significant areas dominated by veneers
of mineral materials overlying unconsolidated
mineral deposits or bedrock. Organic veneers
overlying mineral deposits are discussed in the



previous section (Pt). The mineral veneers are
generally less than 1 m thick and are of different
origin than the materials they rest upon. The
Unified classes for both the overlay and the
underlying material are presented in the symbol
on the map. The engineering classification for the
overlay may be strongly contrasting to that of the
underlying material (e.g. CH/AR) or may be the
same (ML/ML). Examples of the grain size
distribution have been provided for the SM and
SP sandy overlay units in Figure 6.

Permafrost considerations

A major consideration for construction
purposes in areas of northern Manitoba is related
to the permafrost conditions in the soil. This
region is particularly sensitive to thermal
dynamics because swmmer ground temperatures
are usually only slightly above or below zero.
Changing the soil temperature by a few degrees
may result in a change of state. The principal
construction problems are related to:

1. Heave and subsidence due to ground ice.
Many of the difficuliies associated with
construction in permafrost are related to the
aggradation or degradation of bodies of
ground ice. Small disturbances leading to the
removal of the surface cover of insulating
peat or to fresh exposure of frozen, icy
subsoils in culs may cause rapid subsidence
and consequently, considerable ponding.
Conversely, draining of ponds may promote
deep freezing and the growth of ground ice.

2. Liquefaction of soils. Most of the silty and
clayey soils are of low plasticity. Liquid
limits range from 20 to 24 and plastic limits
are between 8 and 9. Moisture contents in
thawed soils are generally between the liquid
limit and plastic limits, but moisture contents
are excessively high in some places where
the soils are frozen. Newly excavated slopes
are therefore potentially unstable in these
areas.

Seasonal soil churning and frost heave of
bedrock. All mineral soils except those on
eskers, kames, beach ridges and blanket
sands have enough fines to render them
susceptible to frost churning (cryoturbation).
The activeness of this process is manifested
by the prevalence of unvegetated mudboils
throughout the region, both in the raiga forest
and on the barrens. Stony earth circles
around the margins of lakes; soliftuction
lobes north of the treeline; fen palsas covered
with dead sedges and not yet vegetated by
terrestrial plants; and rock blisters and the
presence of blockfields where moisture
accumulates at the bottom of slopes are all
indicators of seasonal soil churning frost
heave.
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Glossary

Alluvium - A general term for all deposits of
rivers and streams.

Association - A sequence of soils of about the
same age, derived from similar parent
material, and occurring under similar cli-
matic conditions but showing different
characterjstics due to variations in relief and
in drainage.

Bearing capacity - Capacity of soil (in moist to
wet conditions) to support loads such as
buildings, people, vehicles and animals.

Bedrock - The solid rock that underlies soil and
regolith or that is exposed at the surface; a
layer that is too hard to break with the hands
(>3 on the Moh's scale) or to dig with a
spade when moist.

Bulk density - The weight of ovendry soil (105
degrees C) divided by its volume at field
moisture conditions, expressed in grams per
cubic centimeter, or kilograms per cubic
meter.

Calcareous soil - Soil containing sufficient
calcium carbonate (often with magnesium
carbonate) to effervesce visibly when treated
with hydrochloric acid.

Calcium Carbonate Equivalent - Refers to the
percent of carbonates in the soil expressed on

the basis of calelum carbonate. Terms used
to express the carbonate contents of soils are:

noncalcareous. . .. ... .. ... <1%
weakly calcareous. . . ... ... 1-5%
moderately caleareous. . . . . . 6-15%
strongly calcareous. . . . . . . 16-25%
very strongly calcareous . .. 26-40%
extremely calcareous . . . . .. >40%

Clay - As a soil separate. the mineral soil
particles less than 0.002 mm in diameter:
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usually consisting largely of clay minerals,
As a soil texrural class, soil materials that
contain 40 or more percent clay, less than 45
percent sand and less than 40 percent silt.

Creep (soil) - Slow mass movement of soil and
soil materiat down rather steep slopes
primarily under the influence of gravity, but
aided by saturation with water and by
alternate freezing and thawing.

Crvoturbation - The condition of disrupted,
mixed, or broken surface horizons due to the
action of frost and ice. It may be indicated by
patterned ground features such as sorted and
nonsorted nets, circles, polygons, stripes,
and earth hummocks.

Delta - A fluvial or glaciofluvial fan shaped
deposit at the mouth of a river that empties
into a lake or sea.

Draipage (soil) - (1) The rapidity and extent of
the removal of water from the soil by runoff

and flow through the soil to underground
spaces. (2) As a condition of the soil, it
refers to the frequency and duration of
periods when the soil is free of saturation.

Drzinage in soil reports is described on
the basis of actual moisture content in excess
of field capacity and length of the satration
period within the plant root zone. The terms
are as follows:

Very rapidiy drained - Water is removed
from the soil very rapidly in relation to
supply. Excess water flows downward very
rapidly if underlying mater:al is pervious,
There may be very rapid subsurface flow
during heavy rainfall provided there is a
steep gradient. Soils have very low available
water storage capacity (usually less than 2.5
c¢m) within the control section (upper [.2 m
depth) and are usually coarse in texture, or




shallow, or both. Water source is precipita-
tion.

Rapidly drained - Water is removed from the
soil rapidly in reladon to supply. Excess
water flows downward if underlying material
is pervious. Subsurface flow may occur on
steep gradients during heavy rainfall. Soils
have low available water storage capacity
(2.5-4 cm) wishin the control section, and are
usually coarse in texture, or shallow, or
both. Water source is precipitation.

Well drained - Water is removed from the
soil readify but not rapidly. Excess water
flows downward readily into underlying per-
vious material or laterally as subsurface flow.
Soils have intermediate available water
storage capacity (4-5 cm) within the control
section, and are generally intermediate in
texrure and depth. Water source s
precipitation. On slopes, subsurface flow
may occur for short durations but additions
are equalled by losses. These soils are
usually free of iron mottles within 100 cm of
the surface but may be mottled below this
depth. Soil horizons are usually bright
colored.

Moderately well drained - Water is removed
from the soil somewhat slowly in relation to
supply. Excess water is removed somewhat
slowly due to low perviousness, shallow
water table, lack of gradient, or some
combination of these. Soils have
intermediate 1o high water storage capacity
(5-6 cm) within the control section and are
usuaily medium to fine in texrure. Soils are
commonly mottled in the 50 to 100 cm
depth. Colors are dull brown in the subsoil
with stains and mottles.

Imperfectly drained - Water is removed from
the soil sufficiently slowly 1n relation to
supply to keep the soi! wet for a significant
part of the growing season. Excess water
moves slowly downward if precipitation is

major supply. 1f subsurface water or ground-
water, or both, is the main source, flow rate
may vary but the soil remains wet for a
significant pant of the growing season.
Precipitation is the main source if available
water storage capacity is high; contribution
by subsurface flow or groundwater flow. or
both, increases as available water storage
capacity decreases. Soils have a wide range
in available water supply, texture, and depth,
and are gleyed phases of well drained
subgroups. These soils generally have mottl-
ing below the surface layers and generally
have duller colors with depth, generally
brownish gray with mottles of yellow and

gray.

Poorlv drained - Water is removed so slowly
in relation to supply that the soil remains wet
for a comparatively large part of the time the
soil is not frozen. Excess water is evident in
the soil for a large part of the time.
Subsurface flow or groundwater flow, or
both, in addition to precipitation are main
water sources. There may also be a perched
water table with precipitation exceeding
evapotranspiration. Poorly drained soils
have a wide range in available water storage
capacity, texture, and depth, and are gleyed
subgroups, Gleysols, and Organic soils.

Very poorlv drained - Water is removed
from the soif so slowly that the water table

remains at or on the surface for the greater
part of the time the soil is not frozen. Excess
water is present in the soil for the greater
part of the time. Groundwater flow and
subsurface flow are major water sources.
Precipitation is less important except where
there is a perched water table with precipit-
ation exceeding evapotranspiration. These
soils have a wide range in available water
storage capacity, texture, and depth, and are
either Gleysolic or Organic.

Drumlin - an elongated or oval hill of glacial

drift, commonly glacial till, deposited by



glacier ice and having its long axis parrallel
to the direction of ice movement.

Eolian - Soil material accumulated through wind
action.

Esker - A winding ridge of irregularly stratified
sand. gravel and cobbles deposited under the
ice by a rapidly moving glacial stream.

Fibric - Organic layer that has a large amount of
weakly decomposed fiber whose botanical
origin is readily identifiable. It has >40%
rubbed fiber by volume. (Fiber is defined as
the organic materia} rerained on a 100 mesh
sieve (0.15 mm), except for wood fragments
that cannot be crushed in the hand).

Field capacity - The percentage of water
remaining in the soil 2 to 3 days after the soii
has been samrated and free drainage has
practically ceased. The percentage may be
expressed in terms of weight or volume.

Fluvial deposits - All sediments past and present,
deposited by flowing water, including
glaciofluvial deposits.

Frost heave - The raising of the surface caused
by ice in the subsoil.

Glaciofluvial deposits - Material moved by
glaciers and subsequently sorted and
deposited by streams flowing from the
meling ice. These deposits are stratified and
may occur in the form of outwash plains,
deltas, kames, eskers and kame terraces.

Ground Moraine - Anunsorted mixeure of rocks,
boulders, sand, silt and clay deposited by
glacial ice. The predominant material is 1ill;
most till is thought to have accumulated
under the ice by lodgment, but some till has
been let down from the upper surface of the
ice by ablation. Resorting and modification
may have taken place to some extent by
wave-action of glacial melt waters. The
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topography is most commonly in the form of
undulating plains with gently sloping hills
and enclosed depressions.

Groundwater - Water beneath the soil surface,
usually under condittons where the voids are
completely filled with water (saturation).

Humic - Organic layers that have an advanced
stage of decomposition, a low fiber content
(<10% rubbegd fiber).

Impeded drainage - A condition that hinders the
movement of water by gravity through the
soils.

Kame - An irregular ridge or hill of stratified
glacial drift deposited by glacial meltwater.

Kettle - Depression left after the melting of a
detached mass of glacier ice buried in drift
(commonly referred to as sloughs in morainic
landscapes).

Lacustrine deposits - Material deposited by or
settled out of lake waters and exposed by
lowering of the water levels or elevation of
the land. These sediments range in texture
from sand to clay and are usually varved
(layered annual deposits).

Landforms - The various shapes of the land
surface resulting from a variety of actions
such as deposition or sedimentation, erosion,
and earth crust movements.

Landscape - Al) the namural features such as
fields, hills, forest, water, etc., which

distinguish one part of the earth's surface
from another part.

Liquid limit (upper plastic limit) -The water

content corresponding to an arbitrary limit
between the liquid and plastic states of con-
sistency of a soil. The water content at this
boundary is defined as that at which a pat of
soil cut by a groove of standard dimensions



will flow together for a distance of 1.25 cm
under the impact of 25 blows in a standard
liquid limit apparasus.

Mesic - Organic layer which has a stage of
decomposition intermediate between fibric
and humic; it is altered both physically and
chemically.

Mesophyte - Plants which require intermediate
moisture conditions and are not very resistant
to drought.

Minerotrophic - Wetland sites that receive
mineral nutrients, in addition to precipitation,
from flowing or percolating groundwater that
has been in contact with mineral soil. The
sites include fen, marsh and swamp.

Ombrotrophic - Acid peatlands, usually with
convex surface, that depend wupon
precipitation for water and minerals. Peat
accumulation or relief prevents the inflow of
mineral soil water and results in a condition
of low pH and mineral deficiencies.

Organic mater - The fraction of the soil which
consists of plant and animal residues at vari-
ous stages of decomposition, cells and tissues
of soil organisms, and substances synthesized
by the soil population. It is determined on
soils that have been sieved through a 2.0 mm
sieve. It is estimated by multiplying the
organic carbon by a factor of 1.72.

Outwash - Sediments "washed out” beyond the
glacier by flowing water and laid down in
thin beds or strata. Particle size may range
from boulders to silt.

Ovendry soil - Soil that has been dried at 105
degrees C until it has reached constant
weight.

Parent material - The unaltered or essentially
unaltered mineral or organic material from
which the soi! profile develops by pedogenic
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processes.

Pedology - The aspects of soil science dealing
with the origin, morphology, genesis,
distribution, mapping, taxonomy of soils, and
classification in terms of their use.

Permafrost -

l. Perennially frozen material underlying
the sofum.
2. A perennially frozen soil horizon.

Plastic Limit - The water content corresponding
to an arbitrary limit between the plastic and
the semisolid states of consistency of a soil.
The water content at which a soil will just
begin to crumble when rolled into a thread
approximately 3 mm in diameter.

Plasticity Index - The numerical difference
between the Jiquid and the plastic limit. The
plasticity index gives the range of moisture
contents within which a soil exhibits plastic
properties.

Regolith - The unconsolidated mantle of
weathered rock and soil material on the
earth's surface,

Shrinkage limit - This is the moisture content at
which an equilibrium condition of volume
change is reached and further reduction in
moiswure content will not cause a decrease in
the volume of the soil mass.

Shrinkage ratio - This is the ratio between the
volume change and a corresponding change
in moisture content. It equals the apparent
specific gravity of the dried solil.

Slickenside - Smoothed surfaces along planes of
weakness resulting from the movement of
one mass of sotl against another in soils
dominated by swelling clays.



Soil - The unconsolidated mineral material on
the immediate surface of the earth that serves
as a natural medium for the growth of land
planis.  Soil has been subjected to and
influenced by genetic and environmental
factors of: parent material, climate (including
moisture and temperature effects), macro-
and microorganisms, and topography, all
acting over a period of time,

Soil tandscape - The full array of attributes that
describe a distinct type of soil and its
associated characteristics such as geologic
materials, landform, slope, watertable,
permafrost, and water bodies.

Stoniness - The percentage of land surface
occupied by stones. The classes of stoniness
are defined as follows:

Stones O. Nonstony -- Land having less than
0.01% of surface occupied by stones.

Stones 1, Slightly stony -- Land having
0.01-0.1% of surface occupied by stones.
Stones 15-30 cm in diameter, 10-30 m apart.
The stones offer only slight to no hindrance
1o cultivation.

Stones 2. Moderately stony -- Land having
0.1-3% of surface occupied by stones.

Stones 15-30 ¢m in diameter, 2-10 m apart.
Stones cause some interference with cul-
tivation.

Stones 3. Very stony -- Land having 3-15%
of surface occupied by stones. Stones 15-30
cm in diameter, -2 m apart. There are
sufficient stones fo constitute a serious
handicap to cultivation.

Stones 4. Exceedingly stony -- Land having
15-50% of surface occupied by stones.

Stones 15-30 c¢m in diameter. 0.7-1.5 m
apart. There are sufficient stones to prevent
cultivation unti! considerable clearing has
been done.

Stones 5. Excessivelv stony -- Land having
more than 50% of surface occupied by
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stones. Stones 15-30 cm in diameter. less
than 0.7 m apart. The land is too stony to
permit cultivation,

Stratified materials - Unconsolidated sand, silt
and clay arranged in strata or layers. In
stratified materials, a bed is a unit layer
distinctly separable from other layers and is
one or more cm thick but a lamina is a
similar layer less than 1 cm thick.

Soil Survey - The systematic examination,
descripton, classification, and mapping of
soil in an area.

Swamp - An area saturated with water
throughout much of the year, but with the
surface of the soil usually not deeply
submerged. It is generally characterized by
tree or shrub vegetation.

Till, glacial - Unstratified glacial deposits
consisting of clay, sand, gravel, and boulders
intermingled in any proportion.

Unified Soil Classification System (engineering) -
A classification system based on the

identification of soils according to their par-
ticle size, gradation, plasticity index and
liquid limit,

Urban Land - Arcas so altered or obstructed by
urban works or structures that identification
of soils is not feasible.

Water table (groundwater surface; free water
surface; groundwater elevation) - Elevation
at which the pressure in the water is zero
with respect to the atmospheric pressure,
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Definitions of Extended Legend Attributes

Dominant soil landscape file:
Attributes. their classes, codes. and descriptors

Classes far all dominant landscape atiributes or
specific values are provided unless they either do not
occur or are not applicable, in which case one of the
following conventions are used:

Column No.,

Code with a dash (-) was used to indicate where
data was not required or not available

Code with the character # to indicate the attribute
is not applicable to describing the dominant soil
landscape

Code with blanks ” ” was used to indicate that the
information was not available or not pertinent for
the auribute

Data Field Name and Brief

Description are provided.

01

02

03

04

06

POLYNUM - Polygon number

All delineated {andscape units in Manitoba have
been assigned a number to which all other
attributes are appended.

GRIDLOCN - Grid code tor locating polygons
Locution of the landscape units are referenced by
an alpha-numeric grid from south te north at ¢very
1°latitude and west to east at every 2° longtitude,
respectively,

Area of the landscape unif, in kilohectares
{col.8-14)

Kind of rock or other material at the surface
(col. 15-16)

Unified classification of the surface rock or soil
material (col.17-18)

Provides the Unified material designation of the
dominant material if similar to depth of 1-2m or
identifies the overlay if two contrasting materials
are present.

Unifed classification of secondary material
(col.19-20)

Provides the unified maierial designation of the
secondary material below the averlay, if present
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07 Dominant regional landform (col.21)

Code

H

0]

08

Provides a code for the dominant regional
landform present in the landscape unit

Class
Hilland
dominated
Organic
dominated

Description
Natural elevation rising prominently
above the surrounding plain.
Areas dominated by arganic
materials >40 cm thick; contains
>30% organic matter by weight;
occurs in a variety of weland
forms.
Flat to very gently undulating areas
having few or no prominent
irregularities; formed by erosional
or depositional (or comnstructional)
processes; slopes are generally
<6%; relief generally <10 m;
extent generally >5 km in one
direction.
Terrain dominated by major
spillways,  drainageways, or
mountain (renches separated from
surrounding landforms by a
significant and abrupt break in
slope; the valley may be the V- or
U-shaped with an extensive valley
floor and flood plain up o about 5
km wide; valley profile may also
include eroded terraces and their
irregular slope segments,
(Urban land)

Plain
dominated

Valley
dominated

N/A

Local surface form (col.22-24)

Defines classes of local physical surface forms
{assemblages of slopes) or recurring patterns of
forms occurring on the earth’s surface.



Mineral surface forms

Code  Class
D Dissected

Description
A dissected (or gullied) patiern
providing external drainage for an
area.
H Hummocky A very complex sequence of slopes
(or irregular) extending from somewhat
rounded concavities (or
swales) of various sizes to
irregular, conical knolls
(or knobs) and short
discontinuous ridges; there
is a general lack of
concordance between
knolls and swales; slopes
arec 4-70%.
A very chaotic sequence of knolls
and numerous ketiles (or sloughs),
which occupy 15-20% of an area
and which have no external
drainage; slopes are generally
>3%.
A flat or very gently sloping
undirectional surface with a
generally constant slope not broken
by marked elevations and
depressions; slopes generally <2%.
A long, narrow elevation of the
surface, usually distinctly crested
with steep sides; ridges may be
paraile), subparallel, or intersecting.
A very regular sequence of gentle
slopes that extends from rounded
and, in some places, confined
concavities to broad, rounded
convexities producing a wavelike
pattern of low local relief; slope
length is generally <0.8 km and the
dominant gradient of slopes is
usually 2-5%; it lacks an external
drainage pattern.

K Knoll and
kettle

L Leve!

R Ridged

U Undulating

Wetland surface forms

B04 Domed bog - A bog with a2 convex surface that
may rise several metres above the surrounding terrain;
the centre of the bog usually drains in all directions;
peat development is usually >3m.

B0S Polygonal peat plateau bog - A perennially
frozen bog, rising about Im above the surrounding
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fen; the surface is relatively flat, scored by polygonal
pattern of trenches that developed over ice wedges.
B0O7 Peat plateau bog - A perennially frozen bog,
rising abruptly about lm from the surrounding
unfrozen fen; the surface is relatively flat and even;
the bog is usuaily associated with collapse scar bogs
and fens.

B14 Flat bog - A bog having a flat, featurcless
surface and occurring in broad, poorly defined
depressions; the depth of peart is generally uniform
BI9 Veneer bog - A bog occurring on gently sloping
terrain and containing discontinuous to very sporadic
permafrost; although drainage is predominantly below
the surface, overland flow occurs in poorly defined
drainageways during peak runoff; peat thickness is
usually between 0.4m and 1.6m.

F01 Northern ribbed - A fen with paraliel, low peat
ridges alternating with wet hollows or shallow pools,
oriented across the Major slope at right angles to
water movement; the depth of peat is > lm.

F13 Horizontal Fen - A fen with a very gently
sloping, featureless surface; this fen occupies broad,
ofien ill-defined depressions and may interconnect
with other fens; peat accumulation is generally
uniform.

09 Slope gradiant class
Provides the dominamt slope class within the
landscape unit
Code Class

1-3% (includes slopes <1%)

4-9%

10-15%

16-30%

31-60%

>60%

N/A (water)

TTMOgOwW>

10 Soil parent material mode of deposition
(or origin)
Provides a code for the mode of deposition of
mineral materials and undifferentiated organic
materials of the dominant material if similar to
depths of 1-2 m, or identiftes the overlay if wo
contrasting materials are present,

Code Class
A  Alluvial

Description

Sediment ranging in texture from
grave! to clay; alluvial sediments
may be well to moderately sorted



E Eolian

F Fluvio-
glacial

L Lacustrine

M Morainal

U Undiffer-
entiated

W Marnine

and usually display stratification.
Sediment, generally consisting of
medium o fine sand and coarse silt
particle sizes that are well sorted,
poorly compacted, and may show
internal structures such as cross
bedding or ripple laminae or may be
massive: these materials have been
transported and deposited by wind
action.

Material moved by glaciers and
subsequenuy sorted and deposited
by sireams flowing from melting
ice; deposits are stratified and may
occur in the form of outwash plains,
deltas, kames, eskers, and kame
terraces.

Sediment generally consisting of
either stratified fine sand, sil1, and
clay deposited on lake bed or
moderately well sorted and stratified
sand and coarser materials that are
beach and other nearshore sediments
transporied and deposited by wave
action; these materials either have
sctiled from suspension in bodies of
standing fresh water or have
accunulated at the margins through
wave action.

Sediment generally consisting of
well compacted material that is
nonstratified and contains a
heterogenous mixwure of sand, silt,
and clay particle sizes and coarse
fragments in a mixwure that has been
transported beneath, beside, on,
within or in front of a glacier and
not modified by any intermediate
agent.

A sequence of more than three types
of gemetic mineral materials
outcropping on a sleep erosional
escarpment; this complex is to be
used where units relating 1o
individual genetic materials cannot
be delimited separately at the scale
of mapping.

Unconsolidated deposits of clay,
silt, sand, or gravel that are well to
moderately well sorted (in some
places containing shells); they have
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settled from suspension in salt or
brackish water bodies or bave
accumuiated at their margins
through shoreline processes such as
wave action and longshore drift.

Specified organic materials

11

22

23

11

12

Code

R

W

M

Fibric sphagnum - Sphagnum organic material in
a fibric degree of decomposition in which the
fibric materials are readily identifiable as to
botanical origin.

Mesic sedge - Sedge organic material in a mesic
(or intermediate) degree of decomposition: peat
composed dominantly of sedge (Carex spp.).
Mesic woody sedge - Woody sedge organic
material in a mesic degree of decornposition; peat
is composed of sedge peat with subdominant
amounss of woody materials.

Mesic woody forest - Woody forest organic
materials in a mesic degree of decomposition; peat
is composed dominantly (>350%) of woody
material derived from both coniferous and
deciduous tree species.

Soil parent material (below overlay) mode of
deposition (cot.28-29)

Provides the mode of deposition of the underlying
secondary material below the overlay (see codes
above).

Drainage class (co).30)
Provides the soil drainage characteristics of the
dominant condition in the landscape.

Class
Rapid

Description

Water is removed from the soil
rapidly in relation to supply; excess
water flows downward if underlying
material is pervious; subsurface
flow may occur on steep gradients
during heavy rainfall; source of
water is precipitation

Water is removed from the soil
readily but ot rapidly; excess water
flows downward readily into
underlying pervious material or
laterally as subsurface flow.

Water is removed from the soil
somewhat slowly in relation to
supply; excess water is removed

Well

Moderately
well



somewhat slowly due to low
perviousness, shallow water table,
lack of gradient, or some
combination of these; precipitation
is the dominant source of water.

[ lImperfect  Water is removed from the soil
sufficiently slowly in relation to
supply to keep the soil wet for a
significant part of the growing
season; excess water moves slowly
downward if precipitation is the
major supply.

P Poor Water is removed so slowly in
relation to supply that the soil
remains wet for a comparatively
large part of the time that the soil is
not frozen; excess water 18 evident
in the soil for much of the time:
subsurface flow or groundwater
flow, or beoth, in addition to
precipitation are the main source of
waier.

V Very poor  Water is removed from the soil so
slowly that the water table remains
at or above the surface for most of
the time that the soil is not frozen;
groundwater flow and subsurface
flow are the major sources of water.

13 Depth to water table (col,31)

Provides a code which represents the depth of
water table (in meters) within the dominant part of
the landscape.

Code Class Description

1 0-2m  The most shallow water table during
the growing season

2 2-3m id.

3 >3 m id.

4 O-1m id.

5 1-2m id.

6 0-1m  With perenially frozen subsoil

# N/A (water, ice, rock)

14 Plasticity limit (co).32-33)

Provides a value of the plastic limit (if applicable)
ol the uniform soil material or overtay; it is the
water content, expressed as a percentage of the
weight of oven-dried soi.

15 Liguid limit (co!,34-35)
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16

17

18

19

20

21

22

23

Provides the liquid limil (if applicable) of the
uniform soi! material or overlay; it is the warter
content, expressed as a percentage of the weight of
oven-dried soil.

Shrinkage limit (c0l.36-37)

Provides the shrinkage limit (if applicable) of the
uniform soil material or overlay; it is the water
content, expressed as a percentage of the weight of
oven-dned soil.

Optimum moisture at optimum density
(col.38-39)

Provides a value of the optimum moismare content
(if applicable) of the uniform soil material or
overlay when the density is maximum; it is the
water content, expressed as a percentage of the
weight of oven-dried soil.

Optimum density af optimum moisture
(col.40-43)

Provides a value of the optimum density (Standard
Proctor Density), if applicable, of the uniform
material or overlay at the optimum moisture
content, expressed as kilograms per cubic meter.

Plastic limit of secondary material (col.44-45)
Provides a value of the plastic limit of the
secondary soil material below the overlay (if
applicable).

Liguid limit of secondary material (col.46-47)
Provides a value of the liquid limit of the
secondary soil material below the overlay (if
applicable).

Shrinkage limit of secondary material
(col.48-49)

Provides a value of the shrinkage limit of the
secondary soil material below the overlay (if
applicable).

Optimum moisture of secondary material
(c0l.50-51)

Provides a value of the oplimum moisure at
maximum density of the secondary material below
the overlay (if applicable).

Optimum density of secondary material
{c0).52-55)
Provides a value of the optimum density (Standard



Proclor

Density) at

optimum moisnure of the

secondary material below the overlay (if applicable).

24 Permafrost type (col.62)
Designates the type of permafrost, if present.

Code Type
0 Organic
) Static
Cryosol
T Turbic
Cryosol
# N/A

Description

Mainly frozen organic soils
(includes palsas, peat polygons, and
high centre polygons-plateaus).
Frozen mineral soils that have
minimal cryoturbation; they occur
mainly in coarse texmured materials;
organic soils in the area have
permafrost.

Frozen mineral soils that have
marked evidence of cryowrbation;
they generally occur on patterned
ground, which includes such
cryogenic forms as sorted and
nonsorted circles, nets, polygons,
stripes, and steps n stony or coarse
textured material and nonsorted
units such as earth hummocks in
medium and fine textured materials;
organic soils in the area commonty
have permafrost.

2S Permafrost distribution or occurrence (col.63)
Designates the distribution of permafrost within
the landscape unit, if applicable.

Code Class
C Continuous

D Discontin-
uous

S Sporadic

V Very
sporadic

# N/A

Description

Permafrost occurring everywhere
(or almost everywhere) {>80% of
polygon) beneath the exposed land
surface throughout a geographic
region.

Permafrost occurring in some areas
(20-80%) beneath the exposed land
surface throughout a geographic
region.

The occurrence of isolated patches
or islands of permafrost (5-20%)
near the southern boundary of the
discontinuous permafrost zone.
Sparse patches of permafrost (5%)
occurring near the southern limit of
permafrost occurrence.

Areas not affected by permafrast.
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26 Stoniness (col.64)
Designates the amount of stones, if present, within
the landscape unit.

Code Class
A Appreciably

stony

M Moderalely

storty
N Non stony
# N/A

Description

Land surface having greater than
3%

(3 ta >50%) of the surface
occupied by stones; stones 15-30 cm
in dia. are less than 1.5 m apan
(stoniness class 3, 4 and 5).

Land having 0.01 to 3% of the
surface occupied by stones; stones
15-30 cm in dia. are 2-30 m apart
(stoniness class 1, 2 and 3).

Land baving less than 0.01% of
surface occupied by stones
(stoniness class 0).

Peaty conditions, urban lands.



Extended Legend
Data Supplied By
Langd Resource Unit
Brandon Research Centre

Research Branch
Agriculture & Agri-Food Canada
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