
Flesearch Direction~le 
Branch de la recherche 

Contribution Number 142 

A soil mapping system 
for Canada: Revised 



A soil mapping system 
for Canada: revised 

Report submitted to the 
Expert Committee on Soil Survey 
by the 
Mapping System Working Group 

Land Resource Research Institute 
Contribution Number 142 

Research Branch 
Agriculture Canada 
1981 



Copies of this publication are available from 
band Resource Research Institute 
Agriculture Canada 
Ottawa, Ontario 
KIA OC6 

@I Minister of Supply and Services Canada 1984 



CONTENTS 

Page 

LIST OF TABLES 
LIST OF FIGURES 

PREFACE 

1. INTRODUCTION 

2, SOIL MAPPING 

2.1 Soil and Soil Survey 
2.2 Soil Mapping 
2.3 Soil Mapping and other Resource Inventories: 

the criteria used 

3. SURVEY PLANNING AND INTENSITY LEVEL 

3.1 Survey Objectives and the Mapping System 
3.2 The Planning Sequence 
3.3 Accuracy and Precision in Soil Mapping 
3.4 Survey Intensity Level 
3.5 A Soil Inspection 
3.6 Inspection procedures: sampling design 
3.7 Inspection Density 

vi 
vii 

ix 

1 

7 
8 
9 

10 
12 
12 
14 

4. SOILS AND MAP UNITS 

4.1 Soil Mapping: a classification procedure of 
subdivision and agglomeration I7 

4.2 Stratification and the Differentiation of Soils 
and Map Units 18 

4.2.1 Principles involved in stratification 18 

4.3 The Building Blocks of Soil Mapping: exposures, 
sites, soils, nonsoils and map units 21 

4.3.1 Exposure 23 
4.3.2 Site 23 
4.3.3 Soils and nonsoils (mapping individuals) 25 
4.3.4 Map Units 26 



iV 

Page 

4.4 Map Unit Components: similar, taxadjuncts, 
dissimilar, nonlimiting and limiting 

4.5 Criteria used to establish Soils and their 
Map Units at different Survey Intensity Levels 

4.6 The Role of Taxonomy in Soil Mapping 

28 

29 
31 

4.6.1 Soils and taxonomy 
4.6.2 Map units and taxonomy 
4.6.3 Taxonomy in legends 

33 
33 
34 

4.7 The Establishment of Map Units 34 
4.8 The Major Types of Map Unit: simple and compound 38 
4.9 Types of Compound Map Units 41 
4.10 Phases 44 
4.11 The Relationship between Map Units at different 

Survey Intensity Levels 
4.12 Naming Soils 
4.13 Naming Map Units 
4.14 Check List of Decisions 

46 
48 
49 
49 

5, LEGENDS 

5J Legend Stages 
5.2 Legend Forms 
5,3 Legend Principles and appropriate Legend Forms 
5,4 Working Legends and Publication Legends 
5,5 The Working Legend 

51 
51 
53 
59 
60 

5.5.1 Inspections 60 
5,5.2 Delineations 60 
5.5.3 Soils 61 

5.6 The Publication Legend 62 

5.6.1 Reasons for using an uncontrolled legend 
form for publication 62 

5.6.2 Reasons for using a controlled (or a closed) 
legend form for publication 63 

5.7 A Recommended Publication Legend Form: controlled 64 
5.8 The Number of Map Units on one Published Map 64 
5,9 The Description of Map Units 65 
5,lO The Layout of Published Controlled Legends 65 
5,ll Check List of Decisions 69 



V 

6. THE PUBLISHED SOIL MAP 

6.1 The Map Delineation 
6.2 Minimum Size Map Delineation 
6.3 Map Delineation and Map Legibility 
6.4 Published Map Symbols 
6.5 On-Site Symbols 
6.6 Color 
6.7 Inspection Points and Traverse Locations 
6.8 Check List of Decisions 

REFERENCES AND BIBLIOGRAPHY 

APPENDIX 1: Nonsoil features 87 
APPENDIX 2: A working legend for inspections 88 
APPENDIX 3: A working legend for delineations 91 
APPENDIX 4: On-site symbols 94 

Page 

73 
73 
74 
74 
78 
78 
78 
78 

79 



1. 

2. 

3. 

4. 

5, 

6. 

7. 

8. A portion of a working legend for soils. 6% 

9. Extract of a controlled legend for an intensity level 2 
survey, 

10. 

11. 

12. 

13, 

vi 

LIST OF TABLES 

Page 

Characteristics used to distinguish and describe 
portions of the landscape on different resource 
inventory maps. 

Survey intensity level guidelines. 

Inspection densities from some recent Canadian soil 
maps. 

Sources of stratification in soil survey in Canada. 

Criteria commonly used to stratify soils and map units 
at different survey intensity levels, 

Guidelines for appropriate differentiating criteria (and 
numbers of classes) for soils and map units at different 
survey intensity levels. 

The treatment of map unit components according to their 
area1 extent and contrasting characteristics, 

Extract of a controlled legend for an intensity level 4 
survey. 

Extract of an axial legend for an intensity level 4 
survey. 

Hectares on ground represented by various sized areas 
on maps of different scales 

Proposed symbols for soil map units on maps with 
controlled legends. 

5 

I.1 

15 

20 

22 

30 

39 

67 

68 

70 

74 

77 



vii 

LIST OF FIGURES 

Page 

1. The contribution of the two opposing methods of 
classification: subdivision and agglomeration. 

2: The building blocks of soil mapping. 

3. The relationship between a map unit and its delineation 
on the map. 

4. The establishment of two simple map units by 
(a) subdivision and (b) agglomeration 

5. The establishment of two compound map units by 
(a) subdivision and (b) agglomeration 

6. Proportions of different components in a simple map unit. 

7. The five types of Compound Map Unit, 

8. The two approaches to the mapping of phases. 

9. The possible relationships between map units from two 
surveys of the same area at different levels of intensity. 

10. An open form of legend and map. 

11. An uncontrolled form of legend and map. 

12. A controlled form of legend and map. 

13. A closed form of legend and map. 

14. Appropriate forms of legend for different considerations. 

15. The appropriate size of the smallest delineations on a 
field map when the published map is to be produced at a 
smaller scale. 

19 

24 

27 

36 

37 

40 

43 

45 

47 

54 

55 

56 

57 

58 

75 



Citation: Mapping Systems Working Group. 198%. A Soil 
Mapping System for Canada: revised. Land Resource 
Research Institute, Contribution No. 142, Agriculture 
Canada, Ottawa, 94 pp. 



PREFACE 

The principles of soil mapping that are contained in this 
report are not new. Many have been followed for years by 
Canadian soil surveyors. Some can be traced right back to the 
beginnings of soil mapping in Canada. What is new is the 
attempt to record them for the whole country. That has been the 
job over the last few years of the Mapping System Working Group 
under the direction of the Expert Committee on Soil Survey. 

Not all proposals contained in this report have met with 
unanimous agreement within the Working Group. However, they do 
represent a consensus of the majority. They are presented now to 
the Expert Committee on Soil Survey with a recommendation that 
they be tested for a few years before being formally adopted or 
revised again. 

The Working Group acknowledges with thanks the time and 
effort that many soil surveyors took from busy schedules to 
supply them with ideas, copies of maps and legends, and other 
information from past and present surveys. Without that help the 
report could not have been compiled. 3. Melter typed the 
manuscript and B.E. Edwards arranged for the figures to be 
prepared in the Cartography Section, Land Resource Research 
Enstitute,Ottawa. The help of Dr. L.M. Lavkulich and J. Holland 
(Soil Science Dept., Univ. of British Columbia) in allowing the 
use of their Micom 2001 is also acknowledged with thanks. 

The Mapping System Working Group has been composed of D,F. 
Acton, G.J. Beke, J.M. Cossette, W. Fraser, E. Kenk, B. 
Kloosterman, M.N. Langman, K.B. MacDonald, R. Marcoux, J.L. 
Nowland (Vice-Chairman), W.W. Pettapiece, C. Schryburt and 
K,W.G. Valentine (Chairman). Dr. P.H.T. Beckett (Oxford) and 
Dr, R,W, Arnold (Washington) were corresponding members of the 
committee. 



1. INTRODUCTION 

Soil mapping methods used in Canada have been developed from 
regional experience or borrowed from other survey organizations. 
They have been learned by the soil surveyor either from internal 
working documents or from experience as he progressed from an 
assistant to a mapper to a party chief. Recently there have been 
changes in Canadian soil survey that require a more complete and 
accessible description of its methods. The number of agencies 
(both public and private) that are doing soil survey has 
increased considerably. Projects often have to be completed much 
more quickly than in the past, with less supervision and less 
intensive field training for junior surveyors. CanSIS, the 
national computer based soil information system, has become 
operational. In these circumstances surveyors, correlators and 
cartographers need a documented soil mapping system, that is 
applicable across the country, so that maps can be made 
accurately, consistently and efficiently. The user of the map 
will also benefit from a documented mapping system. If he can 
find out how a map was made he will be more likely to use it with 
confidence, and for its appropriate purpose. 

A soil surveyor's job is to make a map of the different 
soils in a given area. The job is difficult because soils do not 
have obvious boundaries, they occur in intricate patterns and 
their properties and distribution must be generalized in order to 
map them. The problems are the same, though they may vary in 
degree, whether the surveyor is mapping soils in the St. Lawrence 
River Valley at 1:20 000, in the Great Plains at 1:lOO 000 or in 
the Arctic at 1250 000. Therefore, through the years, there has 
grown up in Canada a body of soil mapping principles that is 
applicable across the country. That is the rationale behind this 
report. Mapping principles are comparable from area to area and 
from scale to scale, and it is possible to describe them. On the 
other hand, it is not possible to determine beforehand the exact 
criteria that must be used in each map to differentiate and 
delineate the soils. This must be left to the surveyor. 

Regional differences have sometimes developed, although they 
are often more apparent than real. Where differences exist the 
report attempts to standardize methods by proposing the most 
appropriate and logical alternatives. There are no radical 
departures from methods that have been found applicable in one 
part of Canada or another. It may be appropriate for a future 
working group to consider alternative mapping systems, but the 
task undertaken here has been to rationalize, standardize and 
promote the pre-existing central principles of Canadian soil 
survey. 
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This report is intended for working level pedologists who 
are engaged in mapping soils. Much of the discussion is 
necessarily complicated as soil mapping is not a simple 
procedure, Words and terms are used that will be familiar to 
pedologists, but will be jargon to others. The report should be 
treated as an "in-house'" document. The use of many terms can be 
restricted to the internal organization of soil survey 
information. Such terms need never be included in published maps 
and reports. When the system, in whatever form, is adopted and 
published a simplified version will have to be produced for the 
map user. 

At the end of each major section is a checklist of decisions 
that should be made before or during the survey. Many of the 
decisions are directly related to items listed in the latest 
version of Soil Survey Form 2 - CORRELOG (Day 1980b). Therefore, 
once the decisions have been made they can be recorded in the 
CORRELOG form for the survey in question. 



2. SOIL MAPPING 

2.1 Soil and Soil Survey 

The word soil means different things to different people. 
To a farmer itiswhat his plants grow in. To an engineer it 
might be anything that can be moved by the blade of a bulldozer. 
Regardless of their particular point of view, each person who 
works with soil will want to know its qualities, its 
distribution, its behaviour under various uses and its response 
to particular management systems. The provision of such 
information is the essence of soil survey, of which soil mapping 
is a part. 

Throughout this report soil is regarded mainly, but not 
exclusively, as a medium of plant growth. It is the naturally 
occurring, unconsolidated mineral or organic material that occurs 
at the earth's surface and is capable of supporting plant 
growth. For the arbitrary boundaries between soil and nonsoil 
(eg. rock or water) the Canadian System of Soil Classification 
(Canada Soil Survey Committee 1978) is followed. Therefore, to 
be classified as soil, the unconsolidated material must be at 
least 10 cm thick over rock, or be covered by less than 60 cm of 
water throughout the year. 

Soil survey is the whole procedure involved in making a soil 
resource inventory. It includes the initial plan, the field 
investigations, creating the legend, drawing the map, describing 
and sampling the soils, analyzing the samples, writing the report 
and preparing the interpretations. Soil mapping is only the 
first part of this sequence, but each step will have an 
influence, in one way or another, on how the map is made. 

2.2 Soil Mapping 

Soil mapping is the identification, description and 
delineation on a map of different types of soil based on direct 
field observations or on indirect inferences from such sources as 
aerial photographs. The soils found within a survey area are 
arranged into a limited number of types on the basis of 
properties that are relevant to the survey objectives. Each 
major type of soil will be described and sampled in sufficient 
detail to allow accurate soil classification and reliable 
evaluation of soil performance. For reference purposes, major 
soils are given names. Soil map units are established to 
describe the portions of the real landscape that are associated 
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in a regular and repetitive fashion with each type of soil. The 
map units are differentiated not only by their component soils 
but also by external features of the landscape such as slope and 
rockiness. Soils and soil map units are related to the other 
factors of their environment, notably to climate, landforms and 
vegetation. The locations of the map units are shown on the map 
by delineations and symbols. The map unit symbol within each 
delineation identifies the soil and its map unit. 
listed in the map legend, 

Each symbol is 

soils and their map units, 
which gives brief descriptions of the 
and forms a link between the map and 

report. 

There are many variations, but the above description conveys 
the core of the soil mapping procedure. The following sections 
describe a system for carrying out that procedure in an orderly 
way. 

2.3 Soil Mapping and other Resource Inventories: the 
criteria used 

Terrain mapping, 
mapping, 

vegetation mapping and ecological land 
along with soil mapping, 

landscape. 
all depict portions of the 

Many landscape features are considered in making more 
than one type, some are considered in making all four types of 
map. However, they are not given equal weight, nor are they 
described in the same amount of detail in each map, 

It will be useful for those requesting and using soil maps, 
as well as for those who make them, to distinguish soil mapping 
from other types of resource inventories. This distinction can 
be made from either the procedures or the criteria that are used 
to differentiate the areas ultimately shown on the map. 

The distinctive procedures for soil mapping are the 
sampling, classification and naming of soils, and the 
establishment of map units as repetitive portions of the 
landscape. The principal characteristics used to differentiate 
areas on terrain, soil, 
shown in Table 1. 

vegetation and ecological land maps are 
Differentiating characteristics are those 

selected to distinguish, or set apart, the map units of soil, 
vegetation or terrain etc. on their respective maps. Accessory 
characteristics are consistently associated, or covary, with the 
differentiating characteristics. 

Many characteristics appear in one or other of the columns 
in Table % for each type of map, but each map has its own 
particular combination of characteristics. The distinguishing 
points in the soil mapping list are soil water regime, organic 
matter content, the sequence of horizons, the degree and type of 
weathering and the type and proportions of soil taxa. 
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Table 1. Characteristics used to distinguish and describe 
portions of the landscape on different reso[lrce 
inventory maps. 

\* 
Differentiating Characteristics* Accessory Characteristics 

Terrain Mapping 

Genesis of surficial materials Stratification 
Bedrock type Orientation of pebbles 
Texture and lithology Consistency and porosity 
Surface expression Competence 
Erosion modifier etc. 

Soil Maooina 

Texture, depth and mineralogy Color of the horizons 
Soil water regime/drainage Mottling and gleying 

class Porosity 
Organic matter content Vegetation 
Horizon sequence (with Atmospheric climate 

inference of genesis) etc, 
Surface expression, slope and 

erosion 
Type and proportion of soil 

taxa 
Degree and type of weathering 
Genesis of surficial materials 

Vegetation Mapping 

Species composition 
Physiognomy 
Successional Stage 

. 

Type of soil and soil 
drainage 
Slope and slope position 
Atmospheric climate and 
aspect 
Elevation 
etc. 

Ecological Land 
Mapping 

Combinations of geomorphological, soil, vegetation, 
climatic, aquatic and fauna1 criteria are considered at 
five levels of mapping scale 

* Not all of these characteristics are used in every map of any 
one type, and if used need not be distinguishing for every map 
unit on one map. 
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It should be emphasized that every characteristic listed for 
a particular type of inventory may not be used in each map of 
that type. For instance bedrock type will not be appropriate for 
a terrain map of a large floodplain. Similarly, mineralogy or 
erosion though sometimes significant for soil mapping will not be 
used every time, This proviso applies especially to the genesis 
of surficial materials. In most instances genesis is significant 
because it influences the texture, bulk density etc. of the soil 
parent materials. Yet, it may not always be significant. Soils 
on lacustrine and fluvial sites (or on sandy moraine and 
colluvium) may be so similar for the purpose of the survey that 
their separation is unwarranted. Soil surveyors should bear in 
mind that the genesis of the soil parent material is usually, but 
not always, a very useful criterion for distinguishing different 
soils. Many soil maps have been made, in Canada and elsewhere, 
with no reference to the genesis of the soil parent materials at 
all. 



3. SURVEY PLANNING AND INTENSITY LEVEL 

3.1 Survey Objectives and the Mapping System 

The objectives of a soil survey will govern how the map is 
made. For example, the type of land management decisions that 
are to be based on the map will determine the differentiating 
criteria for map units, the smallest area to be mapped, the type 
of legend, the survey inspection density and the publication 
scale. The area to be mapped will determine the schedule and, 
given the survey intensity level etc., the cost. The type of 
legend and symbols will depend to some extent at least on who 
will use the map; other professionals or the general public. 

The purpose dictates the criteria that are to be used to 
differentiate soils and map units. A survey for agricultural 
capability will require that soils be differentiated on 
characteristics that are of agronomic significance. A survey for 
urban suitability will have to concentrate more on the soil 
characteristics that are significant to roads, house foundations 
and sewage systems. 

From the purpose of the survey will also come an idea of the 
smallest area in the field that must be described and mapped. 
This minimum size field delineation will, in turn, largely 
determine the scale of publication. The minimum size field 
delineation is the smallest area that the land manager who uses 
the map wishes to treat uniformly. If a farmer does not wish to 
apply different cultivation methods to a field of less than 2 ha, 
or if a forester does not wish to change his silvicultural 
methods for an area of less than 20 ha, then there will be little 
point in mapping any smaller areas. The minimum size field 
delineation determines the scale of the map because the smallest 
area that can be shown on the map, and still enclose a symbol, is 
about 

kl 
.5 cm2. Thus if, to use the example of the farmer above, 

0.5 cm on the map must represent 2 ha on the ground the scale of 
the map has to be 1:20 000. This principle is discussed further 
in 6.2 

Further considerations such as the precision and accuracy 
with which the soils and map units must be described and 
delineated will determine (in addition to the minimum size field 
delineation), the survey intensity level, the appropriate field 
procedures and the inspection density. However, soil variability 
and the experience of the surveyor will also influence the 
required inspection density. 
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The appropriate form of legend and symbol will be governed 
partly by the purpose and intensity of the survey, but also by 
the type of user. Professionals wanting precise information on a 
large scale map will not be served best by the same legend as one 
on a small scale map designed for non-technical users, 

It is therefore important that the objectives of a survey be 
clearly established and the mapping system be tailored to them. 
This might appear to imply that all soil maps and the mapping 
systems used could be different. In fact, although soil maps in 
Canada are usually made with one or two primary objectives in 
mind, pragmatic considerations require that enough general soil 
information be collected and presented to answer most foreseeable 
soil behaviour and management questions. The proposed system is 
designed to apply to this common denominator that runs through 
most Canadian soil mapping. The details of the system used may 
vary, but the principles will be applicable to most projects. On 
the other hand, the proposed system may not be so appropriate for 
the production of highly specific single purpose maps, 

3.2 The Planning Sequence 

If a survey is to be planned effectively and a suitable 
mapping system applied to it, there are a number of decisions 
that must be made and documented. Day (1980b) has discussed the 
terms of reference for a soil survey and proposes a form to 
record these decisions (Soil Survey Form 1 = Soil Survey Project 
Plan - outline). In addition the following sequence is offered 
as a guideline for planning the survey: 

i 

ii 

iii 

iv 

V 

vi 

Determine the major objectives (including the area, 
purposep schedule and interpretations) and prime 
users of the survey. 

From the objectives decide on the criteria to be used 
to differentiate soils and map units. 

Determine the smallest area in the field that must 
be described and mapped (the minimum size field 
delineation) and establish the scale of mapping. 

Determine the inspection density in relation to the 
scale and the purpose of the survey, and allocate to 
a survey intensity level. 

Estimate the man year requirements based on the 
inspection density, estimated rate of progress and 
total area to be mapped. 

Calculate costs (from v., plus estimates for 
equipment, transport, cartography etc). 
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vii 

viii 

Determine whether the estimated costs are acceptable. 
If they are, proceed with the survey. If they are 
not they must be revised by modifying the objectives, 
reducing the data collected, reducing the area to be 
surveyed, increasing the manpower or asking for more 
money! 

Determine the appropriate survey procedure, sampling 
design and presentation format. In addition to the 
scale, survey intensity level etc., the kinds and 
number of map units, the level of taxonomy to be 
used, and the type of map and report to be published 
should also be decided. 

There will be a number of points in this sequence where it 
may be necessary to circle back (for example from vii to i) 
before a final survey plan is established. 

3.3 Accuracy and Precision in Soil Mapping 

Both accuracy and precision are terms that are often applied 
to soil maps and soil mapping. They do not mean the same thing. 
They will be used in subsequent sections to convey meanings 
similar to the meanings they carry in analytical chemistry. 

l F= in soil mapping refers to the closeness with which 
the in ormatlon conveyed in the map, legend and report conforms 
to the actual or "true" soil conditions in the field. The term 
"reliability" is often used synonymously. 

Precision in soil mapping refers to the closeness with which 
individual pedons from one soil (or individual exposures and 
sites within a map unit) resemble one another. Another way of 
looking at it would be how closely repeated observations of a 
soil or map unit characteristic conform to the mean value of that 
characteristic for the soil or map unit. Precision is an 
expression of the range of a soil or map unit. It reflects the 
specific or the general nature of the soil map. The common 
phrase "level of detail" means precision. 

Therefore, as with analytical results in chemistry, the two 
concepts are not necessarily related. Soil maps can be accurate 
but imprecise, or they might be inaccurate but precise. A small 
scale reconnaissance map would be an example of the first 
combination. It is to be hoped that there are no examples of the 
second combination. Maps from surveys of different levels of 
intensity (3.4) should be equally accurate, but will vary in 
precision because the properties of their soils and map units 
have different ranges. 
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3.4 Survey Intensity Level 

When a soil surveyor talks about the "scale1 of a survey he 
is usually referring to more than the scale of the published 
map. He is referring to the precision with which the survey was 
made and, by association, the general purpose for which it was 
made, in addition to the amount of land covered. The term Survey 

Level is proposed in order to convey this meaning more . 

The survey intensity level of a particular project is 
determined by the objectives of that project and therefore the 
amount of precision with which the soils must be described and 
mapped. Derived from this are the appropriate field procedures 
such as types and spacing of traverses, the number of 
delineations that contain at least one soil inspection, and 
whether boundaries are observed directly or extrapolated from 
aerial photographs. Five levels of survey intensity have been 
defined according to these procedures and are listed in Table 2. 
Level 1 is the highest intensity, with the most detailed 
procedures resulting in the most precise map. Level 5 is the 
lowest intensity, with the least detailed procedures, giving a 
generalized map. Maps from all levels of survey intensity can be 
equally accurate, because their soils and map units are described 
with differing degrees of precision appropriate to their 
intensity. Different areas within one project may be, and often 
are, mapped at different intensities. This happens because more 
detail is needed in some areas than in others9 or because there 
is not enough time or money to get into the inaccessible parts. 

Each survey intensity level also carries implications about 
the appropriate scale of publication, the purposes of the survey 
and the category of soil taxonomy used to describe the soils, but 
these are not definitive of the intensity level. 

Survey intensity levels will be used throughout this 
proposal to identify in a general way the amount of precision 
embodied in a survey. The soil and landscape criteria (and their 
class limits) used to differentiate soils and map units will 
change from one intensity level to another. Parameters used 
initially to subdivide the whole survey area (stratification) 
will change. It will also be necessary to suggest how map units 
and soils established in surveys of different intensity levels 
are related to one another, 

. 

When projects are identified by their survey intensity level 
the user has a clear and immediate idea of how they were carried 
out, the precision of the information they contain, and therefore 
how appropriate they may be for his purpose. 

. 
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Table 2. Survey Intensity Level Culdclines 

Level 

- 
I 

1 

2 

3 

L 4 

I 

1 5 

! 
I 

I-- 

Definitive Characteristics 

Procedure 
Intensity 

At least or# soil 
inspection in 
every delineation. 
Boundaries checked 
in the field along 
entire length in 
open country, or 
over 30% in wood- 
land (l-5)*** 

At least one soil 
inspection in over 
90% of delineations. 
Boundaries checked in 
the field along most 
of their length in 
open country, or less 
than 10% in IJoodland 
(Z-30) 

At least one soil 
inspection in most 
(60-80X) delineations. 
Boundaries checked in 
the field at inter- 
vals but mainly 
extrapolated from 
aerial photographs 
(20-200) 

At least one soil 
inspection in 30-60X 

of delineations. 
Nearly all boundaries 
extrapolated from 
aerial photographs 
(loo-1,000) 

At least one soil 
incpection in less 
than 30% of 
delineations. All 
boundaries extra- 
polated from aerial 
photographs (1,900- 
20,009) 

Method of 
Field Checking 

Traverses primarily 
on foot less than 
0.5 km apart. 
Profile descriptions 
and samples for all 
soils. 

Traverses on foot 
and by vehicle about 
2 km apart. Prof ila 
descriptions and 
samples for all 
major named soils. 

Some traverses on 
foot, many by vehicle 
up to 4 km apart. 
Profile descriptions 
for all major named 
soils, samples from 
the majority of soils. 

Traverses mainly by 
surface vehicle up 
to a km apart. 
Helicopter used in 
some areas. Profile 
descriptions for all 
major n&Ted soils, 
samples from the 
majority of soils. 

Traverses entirely by 
vehicle up to 20 km 
apart. Helicopter or 
fixed wing aircraft 
essential in some areas. 
Profile descriptions 
for any major named 
soils, samples from the 
minority of soils. 

Range of 

(and usual) 
Publication 
Scale 

1:14.Or)O Of 
larger 
(1:5,000) 

1:5,OOl) to 
1:40,9m 
(1:20,0n9) 

1:30.00” to 
1:13!?,!Xs 

(1:5n,Ono) 

l:lOO,OOO or 
smaller 

(1:25n,n’)O) 

Associated Characteristics 

Series 

Series or 

family 

Series e family 
or subgroup 

family or 
Subgroup 

t 
Subgroups, great 

groups or 
orders 

Approximate 
Rates of 
Progress Per 
Surveyore fo 
20 Day ?lonth 

50-1000 ha 

SO+6,000 ha 

20-200 km2 

75-500 km’ 

-- 

250-80@ km2 

Typical 
Survey 

Objectives 

Information for 
very many purposes 
down to the level 
of small farms, 
small stream 
catchments, 
conservation areas 
and urban sub- 
divisions. 

Information for 
many purposes 
down to the level 
of local planning 
for groups of 
farms, stream 
catchments, large 
urban subdivisions 
or small national 
parks D 

- 

Information for 
limited number of 
purposes to level 
of farming areas, 
county planning, 
major stream 
catchnents and 
large national 
parks. 

Information for 
relatively few 
purposes to level 
of large 
agricultural areas, 
regional and 
provincial plans, 
major river 
catchnents. 

Information for 
few general 
purposes for 
broad regional 
or provincial 
plans. 

* Rates of progress includes legend development, checking.correlation and soi? description as well as 
the mapping itself. 

** The term “inspection 1s defined in section 3.5. 
*tt Approximate number of hectares represented hy one ground inspection. 
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3.5 A Soil Inspection 

The term soil inspection is included throughout the 
description ofthe survey procedures that define survey intensity 
levels in Table 2. A soil inspection is a ground examination 
which the pedologist can use to verify the differentiating 
characteristics of a map unit. Its location and soil landscape 
characteristics have been determined with confidence, and 
extrapolations can be made from it. This can mean a single soil 
exposure by shovel or auger, a series of adjacent exposures at 
one site, or it might mean, in an extreme case, a verification 
from the air of the face of a gravel terrace or a rock outcrop. 
In some surveys 1 soil inspection is defined as a site where a 
daily field sheet is filled out, but this is not a general enough 
use of the term to be used in a definition. 

3.6 Inspection Procedures: sampling design 

The whole of a survey area can be regarded as a finite 
population of soil individuals, although for practical sampling 
purposes the population is really infinite. There is no need for 
the moment to define exactly what is meant by an individual. It 
might be an auger hole, a profile, or a pedon etc. Soil mapping 
requires the sampling (in a statistical sense) of the population 
to produce an estimate of its full range of properties before 
classes of the population (types of soil) are created and areas 
(map units) containing those classes are delineated. This is the 
purpose of the inspection. It is a sample point, and its 
location (as well as the data to be collected) must be chosen 
with regard to the principles of sampling. In other words 
decisions about the way the locations of inspections are to be 
chosen (sampling design) should be made at the planning stage. 

Discussions of the principles of sampling are included in 
statistical textbooks (eg. Steel and Torrie 1960). The 
application of sampling to soil survey is treated by Webster 
(1977) 9 and the results of two different sampling procedures 
applied to the same survey area are discussed by Burrough et al 
(1971) and Beckett and Burrough (1971). The appropriate sampling 
design will depend upon the purpose and intensity of the survey, 
the nature of the landscape, the amount of soil information 
already available and the experience of the surveyors. 

Most maps are made by what surveyors call free survey and a 
statistician would call purposive or authoritative sampling. 
Using past experience of how soil properties vary with 
discernible landscape features a surveyor will consciously choose 
the places to which he goes to inspect the soil. He will then 
extrapolate that information to other areas that he considers to 
be similar without inspecting them. Such an approach is 
reasonable in the light of known soil-landform relationships and 
the not uncommon constraints of accessibility, time and money. 
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In effect it is an extension of the scientific method. The 
surveyor establishes hypotheses about the distribution of 
different soils, tests his hypotheses by field checks and 
modifies them to make his final map. However, the sample is 
biased and can lead to an erroneous estimate of the soil 
population, especially if a particular or uncommon soil-landform 
relationship is not recognized. Moreover, in as much as the 
sample is by no means random no estimates of error are possible, 
probability theory cannot be applied and objective conclusions 
cannot be drawn about the soil population. Nevertheless, when, 
as in smaller scale lower intensity surveys, relatively few of 
the potential individuals can be inspected and many areas are 
inaccessible, free survey is appropriate. A few studies 
involving the statistical resampling of maps produced by free 
survey have shown them to be acceptably accurate, though not as 
accurate as the surveyor sometimes claimed (Wilding et al. 1965, 
McCormack and Wilding 1969, Ragg and Henderson 1980). 

In many surveys the total area is divided into a number of 
smaller areas on the basis of physiography, climate or vegetation 
which are assumed to be significant to soil differentiation. 
Soils within these subdivisions are assumed to have some 
properties in common. The procedure is similar to statistical 
stratification whereby the total population variance is 
partitioned so that as much as possible is assigned to 
differences among strata, and the variation within strata is kept 
small. However, having made this stratification the surveyor 
usually chooses, or is forced by time and money, to revert to 
purposive sampling (ie. free survey) within the strata. If some 
degree of randomness could be introduced, for example by using 
the random transect method (Steers and Hajek 1979) then a survey 
could approach a stratified random sampling design. The random 
transect method is applicable both at the beginning of a survey 
where it can help in setting up a legend, and at the end where it 
is used to check the reliability of map units. An explanation of 
the procedure that can be followed in Canadian surveys is given 
by Wang (1980). 

A third type of sampling that is occasionally applied in 
soil surveys is grid or systematic sampling. In this case an 
initial inspection point (point of origin) is chosen randomly and 
then the other inspections are located at the intersections of a 
grid with a fixed interval. For logistical reasons this method 
is usually more appropriate to larger scale surveys where the 
access is relatively easy over the whole map sheet. It is also 
more appropriate where soil properties are not closely related to 
discernible landscape features in the first place. An added 
advantage, if a soil legend is already available, is that the 
mapping can be done more cheaply by using a soil survey 
technician, supplied with a key, rather than a graduate soil 
surveyor (Burrough et al 1971). Objective estimates of 
proportions can be madefrom grid surveys, although estimates of 
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sampling error are not entirely valid because the points are not 
chosen at random. In addition, there is a danger that an 
unrepresentative sample may be selected if the grid interval 
fortuitously matches any cyclic variation in the landscape. Grid 
sampling has not often been used in Canadian soil surveys, but 
part of the Annapolis valley, Nova Scotia, has ben mapped at 1~20 
000 for planning and agricultural rezoning using a grid with a 
200 m interval. The method appeared more appropriate in the 
valley bottom, where the soil properties were not always 
predictable from external landscape features, than on the 
surrounding mountain sides where the predictability of soil 
properties was greater. 

Webster (1977) discusses other possible sampling designs, 
such as unaligned and unequal sampling, which might be 
appropriate in particular circumstances. In summary, there are 
other methods of locating inspection sites apart from the 
traditional free survey technique. They are statistically 
stronger and their application should be considered in planning a 
survey. 

3.7 Inspection Density 

A simple way of describing one aspect of survey intensity is 
by the number of inspections made relative to the area mapped. 
This is inspection density, It is most conveniently expressed as 
the total number of hectares mapped divided by the number of 
inspections. As such9 it is an average figure for the whole 
map. However, there may be some maps where two, or possibly even 
three, inspection densities should be calculated because the 
intensity of the survey was varied purposefully across the mapQ 
Recommended inspection densities (expressed as hectares per soil 
inspection) are included in Table 2 for each survey intensity 
level. 

The required inspection density will vary according to the 
variation and predictability of the soil pattern, and according 
to the experience of the surveyor, However, it can be used as a 
check on the appropriateness of the field procedures, and 
incidently, on the publication scale of the map. 

It is possible to compare inspection densities for maps of 
different scale if the densities are expressed as the number of 
inspections per 1 cm2 on the map. A recommended figure here is 1 
inspection for each square centimetre on the map, with an 
acceptable range of from 0.2 to 2 inspections per 1 cm? . 

Inspection densities for some recent soil maps from across 
Canada are given in Table 3. Virtually all the figures of 
hectares per inspection fall within the recommended ranges in 
Table 2 for the particular survey intensity level. However, when 
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Table 3. Inspection densities from some recent Canadian soil maps 

SIL Scale Province hectares Inspections 
represented per cm* on 

by 1 inspection the map 

2 1:20,000 Man, 
1:20,000 BC 
1:20,000 BC 
1:20,000 Nfld 
1:25,000 Ont. 

3 1:40,000 Man. 
1:50,000 Nfld 
1:50,000 Nfld 
1:125,000 Alta, 

4 1:125,000 Man, 
1:50,000 BC 

5 1:125,000 Man, %8,000 0.009 
1:250,000 BC 8,300 0.08 
1:250,000 Alta, 4,600 0.14 

10 - 20 0.4 - 0.2 
7 0.57 
303 1.2 
26 0.15 
24 - 45 0.26-0.14 

32 0.5 
50 - 250 0.50-0.10 
165 0.15 
70 2.2 

120 1.3 
500 0.05 
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expressed as the number of inspections per cm2 on the map, the 
figures show that some maps9 especially from surveys of lower 
levels of intensity, were published at inappropriately large 
scales. 

3.8 Check List of Decisions 

1. What 
being made? 

are the objectives of the survey and for whom is it 

2. What is the minimum size field delineation required, 
therefore at what scale should the map be published? 

and 

3. What is the appropriate survey intensity level? 

4. Is the survey intensity level 
whole area of the map? 

to be the same over the 

5. What are the appropriate field procedures? 

6. Approximately what inspection density is required and 
how are the inspections to be located - sampling design? 

7. Is the transect method to be used; either to establish 
map units initially, or to check their reliability subsequently? 

8. Check the planning sequence in 3.2 to see whether the 
survey is practicable in terms of area, intensity, time, money 
and personnel. 



17 

4. SOILS AND MAP UNITS 

4.1 Soil Mapping: a classification procedure of subdivision 
and agglomeration 

Soil maps are made for two general purposes; firstly, so 
that more precise statements can be made about the mapped 
subdivisions of a region than can be made about the region as a 
whole (Beckett 1968); and secondly, so that more general 
statements can be made about a group of soils than can be made 
about an individual soil within the group (Varnes 1974). In 
other words, in order to understand and manage the soils in an 
area we need to make distinctions - this group of soils is 
different from all the rest because of certain properties - and 
comparisons - this soil is similar to these other soils because 
of certain properties. 

The creation of a soil map, therefore, requires the 
classificatin of' the complete range of soil characteristics 
within the survey area into a limited number of classes (soils), 
followed by the delineation of areas (map units) where those 
classes occur. Both the soils and the map units must be 
homogeneous, or acceptably heterogenous, for the objectives of 
the survey. In response to the two requirements of distinction 
and comparison soil mapping involves, like any other 
classification procedure, subdivision and agglomeration (Varnes 
1974). 

Of the two operations subdivision is the more common and the 
more important except in surveys of the highest intensity. It is 
the predominant operation in surveys of intensity levels 3, 4 and 
5, The whole area is subdivided in a number of stages using 
criteria that are of significance to the ultimate soil 
separations stipulated by the objectives of the survey. The term 
stratification has been applied to this procedure when the 
subdivisions are formally incorporated in map legends and 
sections of reports. It is often assumed that landscape 
expressions of the more detailed subdivisions are visible on 
aerial photographs. These areas are delineated, usually before 
field work, and soil mapping entails the description and 
classification of exposures, sites, and soils within them. Many 
boundaries from the original air photo interpretation are never 
changed. They become the delineations on the map, and those 
which contain similar soils, or groups of soils, go together to 
form map units. This intensity level of soil mapping relies on 
many accessory characteristics such as vegetation and topography 
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as field recognition criteria. Here the distinction between soil 
mapping and ecological land mapping becomes blurred. 

Agglomeration becomes more important in surveys of intensity 
levels I and 2 (but may still not be the predominant procedure). 
It entails the conceptual grouping of data about exposures and 
sites, gathered usually from field observations, to establish 
soils, followed by the creation of map units to describe the 
areas in which the soils occur. Finally, the locations of the 
map units are shown by delineations. 

Both procedures are used, though to differing extents, to 
make a soil map. The combination and relative contribution of 
subdivision and agglomeration in mapping are illustrated in 
Figure 1. 

4.2 Stratification and the Differentiation of Soils and Map 
Units 

Stratification is the orderly subdivision of the survey area 
on the basis of criteria that will form primary separations 
between groups of soils that are eventually to be mapped. 
Published data in the form of small scale maps of physiographic 
regions or vegetation zones are often used, and the subdivisions 
are commonly incorporated into legends. The purpose is twofold; 
to enable the surveyor to establish the major soil groupings in 
his area in an orderly manner, and to provide an environmental 
setting for the user of the map. 

It is impossible to incorporate a closely defined 
stratification procedure into the differentiation of soils and 
map units on a national scale. Much depends on the area to be 
surveyed. Different regional maps are used in each province. 
The most common sources are listed in Table 4, However, there 
are a number of principles involved in the stratification 
procedure and these are recommended for adoption. 

4.2.1 Principles involved in stratification 

i There may be a number of successive subdivisions 
using different criteria. The first subdivision 
should be on the basis of the most significant 
criteria. 

ii When there is more than one level of stratification 
the first subdivision should generally create no 
more than four major groups of soils within the 
project area. 
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SUBDIVISION 
analysis, identification 

Many Individuals Few Individuals 
or units 

Purpose: precise 
knowledge of 
attributes of 
specified area. 

areas that have 
specified attributes 

AGGLOMERATION 
synthesis, fusion into classes 

FIGURE 1: The contribution of the two opposing methods of classification: 
Subdivision and Agglomeration (after Figure 2 in Varnes 1974). 
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Table 4. Sources of stratification in soil survey in Canada 

Province Source Scale of Map Type 

Newfoundland Damman, 1979 (Univ. 1:633,600 Ecoregions based I 
of Connecticut, Storrs, on vegetation 

Prince Edward Prest, 1973 1:126,720 Surficial Geol. 
Island Deposits 

New Brunswick Bostock, 1967 1:5 million Physiography 

Nova Scotia Bostock - as 1:5 million Physiography 
New Brunswick 

Quebec Surficial geology l:%O,OOO Surficial 
maps of Ministre des geoWu 
Richesses Naturelles 

Ontario Chapman and Putnam, 
1966. Hills, 1959 

Physiography 

Manitoba Canada-Manitoba soil I:5 million Pedoclimatic 
survey unit. 1979 approx. zones and 

Physiography 

Saskatchewan Acton et al. 1960. 1:1,520,640 Physiography 
Mossy m65- Soil Zones 

Alberta Atlas of Alberta, 1969. 1:5 million Physiography 
Govt. & Univ. of Alta. 113 million vegetation 
Soil Great Group Map 1:2.5 million soil zones 
(Alta. soil survey) Climate 
Agro-climatic map (Alta. 
soil survey) 

British 
Columbia 

Holland, 1964, 1:1,900,800 Physiography 
Krajina, 1973 1:1,900,800 Climate and 

Vegetation 
Walmsley and van Forest Zones 
Barneveld, 1977, 
E,L..U.C. Secretariat, 1:50,000 Terrain 
1978 Classification 

System 
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iii Vegetation species and communities in most areas 
are too ephemeral, or ill-defined, to be a reliable 
basis for high level stratification. They should 
be used only as one component of a broader based 
ecological, climate or physiographic stratifi- 
cation. In mountainous areas such as British 
Columbia and parts of Alberta their use is more 
feasible as vegetation boundaries are clearer. 

iv No level of stratification should be rigorously 
binding, because in some cases relatively 
indistinguishable and insignificant units can be 
created. For instance, it may not be reasonable on 
the basis of field observations to subdivide a soil 
map unit in an area of subdued relief, inspite of 
the delineation of a climatic zone boundary across 
the area on a previously published map. 

V Stratification should be regarded as a conceptual 
subdivision for the convenience of the surveyor 
and the user of the map. Soils and map units may 
be grouped within stratification levels in legends. 
In general, delineations of soil map units on the 
map will also be grouped within the delineations of 
the smaller scale stratification units. However, 
the surveyor should not expect to be able to show 
stratification boundaries as continuous lines on 
the soil map. In reality they will be broad zones. 
Soil delineation boundaries will not necessarily be 
coincident with them, but they should be close. 
Delineations of the same map unit may occur on 
either side of a stratification boundary. There 
will be outliers. For example, delineations of one 
soil map unit may occur on either side of a 
physiographic region boundary when that boundary is 
transposed from a small scale physiographic map to 
the larger scale soil map. 

vi The criteria used for stratification will vary 
according to the survey intensity level. Criteria 
leading to quite broad subdivisions will be needed 
at levels 4 and 5. Much more precise subdivisions 
(if any at all) will be needed at levels 2 and 1. 
Table 5 contains a list of criteria that have been 
found appropriate. 

4.3 The Building Blocks of Soil Mapping: exposures, sites, 
SOlIS, nonsoils and map units. 

The surface of the earth does not offer obvious bodies of 
soil with clear boundaries for the surveyor to describe, classify 
and map. Therefore he has to create and define his own. These 
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Table 5, Criteria commonly used to stratify soils and map units 
at different survey intensity levels 

Survey Intensity Stratification Level Stratification criteria 
Level and maximum number of 

subdivisions 

5, 4 and 3 Primary (4) Ecoregions based on climate 
as expressed by vegetation 

Soil Zones (a:Fer MOSS, 
1965) 

4p 3 and 2 

2 and 1 

Secondary (5) 

Tertiary (6) 

Primary (4) 

Secondary (IO) 

Primary (10) 

Physiographic regions 
(Bostock 1967, or provincial 
publications Table 4) 

Local Landform (material and 
surface expression) 

Physiographic regions 
(provincial publications 
listed in Table 4) 

Origin and Lithology of 
parent material 

Origin, Lithology and 
texture of parent material 
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are what he inspects and describes in order to characterize 
the areas created by the subdivision (or stratification) 
procedure described in 4.1. The same bodies are grouped 
conceptually in the agglomeration procedure that is also part of 
soil mapping. 

There must also be bodies of nonsoil. Some of the earth's 
surface will not fit the definition of soil given in 2.1. An 
example would be an alpine outcrop of consolidated rock. In 
addition many exposures of unconsolidated mineral or organic 
material are less than 10 cm thick, and therefore will not 
qualify as "soil" in the Canadian System of Soil Classification 
(Canada Soil Survey Committee 1978). In both these cases soil 
maps will show areas of nonsoil. 

In general there is some agreement among soil surveyors 
about what the bodies of soil used in mapping are, though a wide 
variety of names has been suggested for them. Here, the mapping 
process is defined in terms of ex osures 

and w* 

p t , sites? soils, non:;ils 
Because they represen or contain units ot 

that are c assified they bear some relation to the soil bodies 
used in taxonomy (such as pedon and polypedon), but they are not 
the same. Figure 2 illustrates some of their characteristics. 
It indicates that groups of exposures and their associated sites 
constitute soils or nonsoils that are named. All the segments of 
the landscamat contain, in major part, a particular soil or 
nonsoil, plus other soils and nonsoils and undescribed inclusions 
whose proportions vary within a prescribed range, together form a 
map unit of that soil or nonsoil. Each actual part of the 
landscape that is an example of the map unit is shown on the map 
as a delineation 

4.3.1 Exposure. This is the smallest part of the soil 
landscape that a surveyor will recognize and describe in the 
field. It may be the face of a pit or a cut. It is what the 
surveyor inspects in order to fill out the profile description 
portion of the daily field sheet. Only rarely, if ever on a 
regular survey, do soil exposures attain the full dimensions of a 
pedon. Therefore the characteristics of a pedon (which is the 
basic soil unit that is classified) must be established by 
examining repeated exposures. Large soil exposures which 
represent named soils (4.3.3) are described on the CanSIS detail 
form and their characteristics stored in the CanSIS detail file. 

There will be equivalent inspections of exposures of nonsoil 
during a survey. In this case simple field notes are usually 
made instead of using a daily field sheet. 

4.3.2 Site. The site is the external landscape that is 
associated with the exposure. It comprises such features as 
vegetation, slope, aspect and watertable, which will also be 



EXPOSURE SITE SOIL (or NONSOIL) MAP UNIT DELINEATION 

'refile classified Associated land Conceptual Group Conceptual portion Location of 

IS 9rthic Gray characteristics of exposures and of landscape- example of 

.uvisol sites with similar 80X Tyee soil iyee map unit 
properties (all 2OY Shallow 
exposures are Lithic phase 

&=3 

vr 
Orthic Gray Luvisols) L. 

w 

CHARACTERISTICS 

A pit, a cut or Landscape features Is a concept. Is a concept. A polygon on a map. 

a profile. adjacent to exposure. Contains no Describes similar Represents a real 

Described on daily Described on daily repetitive portions example of a map unit. 

field sheets and field sheets and CanSIS Belongs to one of landscape. Contains a map unit 

CanSIS detail detail form. Contains soils 

forms. Covers area similar category of soil (or nonsoils) ahd Boundary and symbol 

Usually portion in size to a polypedon classification. digitized and stored in 

of a pedon. or part of a polypedon Components belong CanSIS Cartographic 

Information stored Sometimes called to more than one 

in CanSIS Detail File. mapping individual. taxon of soil 
Information stored classification. 

in CanSIS Soil Names Described in 

I I I 
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described on the daily field sheets and the CanSIS detail form. 
Like the exposure its dimensions will vary, but it usually ranges 
in area from l/10 ha to 1 ha. 

4.3.3 Soils and nonsoils - (mapping individuals). In 
this sense soils or nonsoils are the most precise portions of the 
landscape that are recognized for the purpose of a-particular 
survey. They are composed of clusters of exposures and their 
associated sites that are similar for the purpose of the survey. 
They are used to describe the contents, variations and limits of 
map units. In some surveys they have been called mapping 
individuals. 

Soils and nonsoils are concepts. They will not be found in 
their entirety in any one place on the map. In effect many 
clusters of exposures and sites, which are neither contiguous nor 
possess the full range of characteristics of the soil or nonsoil, 
will go towards their establishment. They should be designed to 
include the maximum number of covarying attributes within them. 
The range of each attribute will vary with the survey intensity 
level. At higher levels (survey intensity 1 and 2) the range 
will be narrower than at lower levels. The attributes (and the 
number of classes) that will be appropriate to differentiate 
soils at various survey intensity levels are listed in Table 6. 

A soil (as a mapping individual) belongs to only one class 
of the Canadian System of Soil Classification. It can be 
classified using taxa from any category that are appropriate to 
the purpose and intensity level of the survey. The more 
appropriate categories are listed in Table 2. Soils may be 
identified by either geographical names or by the name of their 
taxonomic class. Thus on the soil map of the Princeton area, 
British Columbia (Green and Lord 1979) the Princeton 1 map unit 
contains four named soils; Princeton (Orthic Black), Sellers 
(Orthic Dark Brown), Separation (Eluviated Black) and Corral 
(Carbonated Rego Dark Gray). On the other hand the Balcarres 1 
map unit on the Regina soil map (Ellis et al. 1965) has two 
soils that are named by their taxonomic class at a subgroup 
level; a Rego Black and an Orthic Black. Descriptions of soils 
that have been given geographical names and are of significant 
extent in Canada are stored in the CanSIS soil names file. 

At the highest levels of survey intensity soils might be 
classified as phases of series. In this case they might 
represent only a portion of a polypedon. Where the soil is 
classified as a series it might be two or three polypedons. By 
contrast, at the lowest levels of intensity where soils are 
classified as subgroups or great groups they will contain very 
many polypedons. 
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Nonsoil mapping individuals are similar concepts but are 
named in everyday terms: floodway, urban land, lava flow or 
rockland. A list of suggested nonsoils is included in Appendix 

4.3.4 Map units A map unit represents mappable 
oortions of the soil landscape that together have attributes 
varying within more or less narrow limits that are determined by 
the intensity of the survey and its objectives such as land use 
planning and management requirements. A map unit contains 
predominantly one or more than one soil or nonsoil mapping 
individual, plus a certain proportion (varying within prescribed 
limits) of unnamed and undescribed inclusions. Map units are 
differentiated on the basis of the types and relative proportions 
of their soils or nonsoils, as well as on the basis of external 
criteria such as slope. In effect these are phase criteria. 
These criteria (and their class limits) will also vary with the 
intensity level of the survey. 

Map units are established to be, as much as possible, 
repetitive and represent sets of related soil and land properties 
- not combinations of soil properties as independent variables. 
Simonson (1971) states that '"the function of all soil maps is to 
show the distribution of kinds of soils so that the knowledge 
gained in one locality about the usefulness or behaviour of a 
kind of soil may be extended to other bodies of the same soil". 
Knowledge can be extended from one area to another only by means 
of repetitive units. However, in the case of highly contrasting 
and significant portions of the soil landscape their map units 
may not be repetitive. 

A map unit comprises all delineations that contain exactly 
the same symbol. This includes all the characters denoting 
soils, nonsoils, phases and deciles (when used). Although they 
represent real portions of the landscape, most map units are 
concepts because their total range of properties is made up of 
the aggregate of all their delineations, and no one delineation 
will contain that full range of properties. Only those map units 
which have only one delineation can be regarded as real things. 
The proportions of each of the component soils and nonsoils and 
the undescribed inclusions may vary within reasonable limits from 
one delineation to another. This is shown diagrammatically in 
Figure 3. 

A map unit is named from its principal component soils or 
nonsoils. It is described in terms of the properties of these 
components, their relative proportions and other external land 
attributes. 

Map unit components can be compared according to their 
similar or contrasting properties and according to whether they 



27 

Simple Map 

Unit A 
'I - + + - I - + ;m 

I 

B A C 
Minor Predominant Minor 

Component(l5X) Soil(75%) Component(lO%) 

Five delineations 

of map unit A on the 

map, showing hypothe- 

tical proportions of 

the predominant soil 

and the minor compo- 

nents. The aggregate 

of all delineations 

makes the percentages 

A:75 B:l5 C:lO 

C A B 

FIGURE 3: The relationship between a map unit and its delineations on the map. 
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are more or less limiting for a particular type of land use. It 
is upon the similarity or the contrasting nature of their 
components that map units are classed as simple or compound 
(4.8). 

Map units will always contain at least small proportions of 
inclusions. These inclusions may be soil or nonsoil mapping 
individuals that are named and have their own map units elsewhere 
in the survey, or they may be rare and insignificant soils or 
nonsoils that are not recognized and named at all in the survey. 
Map unit inclusions are unnamed and are undescribed in the 
legend. They may, however, be mentioned in the description of 
the map unit in the report. 

4.4 Map Unit Components: similar, taxadjuncts, dissimilar, 
nonlimiting and limiting 

The difference between simple and compound map units depends 
on how similar their components are to each other. The 
definitions below follow those in Chapter 5 of the revised USDA 
Soil Survey Manual (Soil Survey Staff 1975a, 1980 revision). 
Soil surveys at different intensity levels will use different 
ranges of properties and different categories of taxonomy to 
separate their soils and map units. Therefore, in defining 
similar or dissimilar components the properties or taxonomic 
classes implied are those that are significant for that 
particular survey intensity level, 

Similar components are alike in most properties. They may 
differ in some of their properties but they share a common class 
limit. For example a soil with a humid soil water regime could 
be a similar soil to one with a subhumid soil water regime. They 
belong to two classes which have a common limit, Interpretations 
for most common uses are alike for similar components. 

Taxadjuncts are soils that approximate, but do not quite 
meet the criteria of a taxonomic class that is used to 
differentiate a soil and hence a map unit. Instead of 
establishing a new map unit they can be added to the most similar 
existing one. Their properties will be incorporated into the 
description of the range of the map unit. 

Dissimilar components have many contrasting properties or 
have one or two properties that differ widely. They do not share 
the limits of property classes. Thus two soils that have humid 
and subarid soil water regimes would be dissimilar because they 
are separated by one class (subhumid). Again a Gleyed Gray 
Luvisol and a Brunisolic Gray Luvisol would be dissimilar soils, 
but an Orthic Gray Luvisol and a Brunisolic Gray Luvisol might 
not be. Dissimilar components usually affect management 
differently. 
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Nonlimiting components do not affect the management of the 
map unit in a significantly different way from other components. 
Similar soils and some dissimilar soils are nonlimiting. 
Dissimilar soils having 'less severe restrictions for use than the 
predominant soil would be an example of nonlimiting components. 

Limiting components would require significantly different 
land use interpretations from the other components of the map 
unit. Most dissimilar soils would be limiting inclusions. Small 
exposures of a very stony phase in a predominantly nonstony map 
unit, or a Humic Gleysol in a map unit dominated by an Orthic 
Black would be examples. 

The similar or limiting nature of nonsoils is the same as 
for soils. Therefore the preceding list of map unit components 
gives the following threefold breakdown which will be used in the 
definition of simple and compound map units (limiting components 
of similar soils rarely, if ever, exist): 

1. Nonlimiting similar soils (including taxadjuncts) 
2. Nonlimiting dissimilar soils or nonsoils 
3. Limiting dissimilar soils or nonsoils 

4.5 Criteria used to establish Soils and their Map Units at 
different Survey Intensity Levels 

In making soil maps at different survey intensity levels 
soils and map units are established by considering different 
criteria, by using different class ranges of similar criteria or 
by allotting different priorities to similar criteria. Obviously 
if a very large area is to be mapped for regional planning 
purposes at intensity level 4 class ranges of relevant criteria 
must be broad in order to create a manageable number of soils and 
map units. On the other hand in a level 2 survey for corn 
production over a more limited area the class ranges would have 
to be more precise and more criteria directly relevant to corn 
growth would have to be considered. In Table 6 are listed the 
more usual criteria, and the number of classes for each that have 
been used in surveys at different survey intensity levels across 
the country. 

Table 6 should be used as a guideline in planning a survey. 
It illustrates a principle only. The criteria and number of 
classes shown should not be taken literally. They must be 
modified not only to suit the regional soil landscape but also to 
suit the objectives of a survey. A level 2 survey for arable 
crops might consider primarily texture, pH, cation exchange 
capacity, drainage class and slope. On the other hand a survey 
for residential suitability at the same level of intensity might 
consider of greater importance depth to bedrock, soil stability, 
percolation rate and depth to watertable. 
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Table 6. Guidelines for Appropriate Differentiating Criteria (and numbers of classes) for Soils and Map Units 
at Different Survey Intensity Levels.(l) 

Criteria for soils 

Survey Intensity Level 

l-2 3 4-5 Criteria for map units 

Survey Intensity Level 

l-2 3 4-5 

Parent Material - Mineral 
8(*) 8 

Proportions of components J J d 
Mode of Deposition 6 
Texture 5 

Dissimilarity and limiting 

Coarse fragments 2 
nature of significant or 
minor components 9 J 4 Surface texture 3 

Particle size class 11 4 Slope class 10 5 3 
Depth 2 2 Lithology 3 2 2 Stoniness phase 3 3 

Salinity phase 2 2 
Parent Material - Organic Mode of accumulation 3 3 3 Rockiness phase 4 3 2 

Degree of decomposition 3 3 3 Erosion phase 3 2 
Types of material 4 4 2 vs 2 Depth 2 2 Single cyclic pedon 

Kicrorelief 2 
Drainage Class (SWIG> 6 3 3 
Depth to cementation/ 

Landform type 

rooting depth 
Humus form Surface form 
Fertility status 
Reaction class Predictability 
Calcareousness class 
Horizon Sequence 
Soil Taxonomy (at appropriat 

category) 

(1) Each soil survey will use only those criteria (and the number of class breaks) thae are appropriate to its - _ 
objectives, and are significant in the establishment of mappable units. Many combinations will not exist, 

and many soils or map units will be established on the basis of one significant class of one property 
while others of their properties may span several classes. 

(2) The numbers in the table are the suggested number of classes for each criteria at each survey intensity 
level c 
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The number of classes listed applies to the full range of 
the criterion, not the range of that criterion in the map sheet. 
Thus the ten slope classes proposed for intensity 1 and 2 
surveys, means that the full range of slopes from 0" to 90" would 
be divided into ten classes. If the map sheet contained country 
that varied in slope from 0" to 15", then only four or five slope 
classes would appear on the map. 

Although Table 6 indicates numbers of classes it does not 
indicate class limits. Again these must be set to suit the 
landscape being surveyed. It would be pointless to say that 
sandy loam soils must be separated from loam soils in a level 2 
survey, only to have a surveyor faced with a natural fluvial soil 
unit whose sand content varied from 45.55% and whose clay content 
varied from 15 to 20%. There is one notable exception to this: 
a soil taxonomy does have pre-established class limits, and we 
use it to identify our soils and describe our map units. Every 
surveyor has wrestled with the problem of a section of the soil 
landscape that is homogeneous apart from a sporadic duric 
horizon, or an Ah horizon that varies from "Dark Brown" to 
"Black", or worse still the classic Bf-Bm dilemma. The solution 
depends on the extent and significance to the survey objectives 
of the minor soil. If of minor extent it may be treated as an 
undescribed inclusion. If it is similar to the major soil it may 
be treated as a taxadjunct. If it is dissimilar and limiting 
compared to the major soil it will require the description of a 
compound unit. If it is of major extent it may require that it 
be established as major soil with map units of its own. This is 
discussed further in 4.7. 

A final point about Table 6; the number of classes for each 
criterion must not be multiplied together to give the number of 
map units to be expected. In other words a recommendation of six 
classes of parent material, three classes of texture, five 
classes of drainage and three classes of slope does not give a 
surveyor 270 (6x3~5~3) map units before he has set foot in the 
field. Many combinations will be nonexistent and many map units 
will be separated on one class of one property but have a range 
of classes of others. For instance a steep map unit (one class) 
may have coarse to medium textured soils (2 classes) which are 
rapidly to moderately well drained (3 classes). In a very broad 
survey that might be a satisfactory simple map unit. The 
essential thing is that it is steep. 

4.6 The Role of Taxonomy in Soil Mapping 

Classes of any category of the Canadian System of Soil 
Classification are used to differentiate and describe soils and 
map units. However "taxonomic purity has never been the primary 
objective of making soil surveys, nor should it be construed as a 
test of the usefulness of soil surveys" (Miller and McCormack, 
1979). Soil mapping requires the delineation of segments of the 
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soil landscape that are relevant to the objectives of the 
survey. If these segments are taxonomically uniform then it 
makes the description and possibly the interpretations easier. 
But if they are not uniform then their taxonomic complexity is 
described, rather than subdividing them till uniformity is 
attained. 

Taxonomy is used in soil mapping for three main reasons; as 
a set of classes of related soil properties established by 
experience that convey information about soil behaviour; to allow 
extrapolations to unmapped or previously mapped areas; and as a 
form of shorthand to convey a lot of soil information quickly. 

Taxonomy gives us sets of parameters with limits or 
boundaries established by experience. For example, Chernozemic 
soils are grassland soils characterized by organic-rich surface 
horizons. This allows one to make some kinds of interpretations 
about these soils, although the range of soil properties is quite 
broad. Other categories of taxonomy have more restricting sets 
of parameters, as a result of which we can be more specific in 
estimating their behaviour. For example, Dark Brown Chernozemic 
soils - smooth lacustrine phase, gives us a more definitive set 
of characteristics and we could now suggest crop suitability, 
possible yields and maybe some engineering interpretations. 
Lethbridge silt loam is an even further refinement. We know that 
the soil is not calcareous, saline9 or gleyed, it has excellent 
moisture characteristics and we have specific yield and 
management figures. 

The identification then of any soil in a survey as 
Chernozemic, Dark Brown Chernozemic - smooth lacustrine phase, or 
Lethbridge silt loam allows an immediate prognostication of its 
characteristics and use. Taxonomy also allows us to extend newly 
established interpretations back into previously mapped areas. 
One example would be the extension of very promising work on the 
reclamation of fragipan soils in the Maritime Provinces into 
areas mapped earlier when the interpretations were must less 
certain. 

There is finally the aspect of convenience. The word 
Chernozemic conveys immediate information about the probable 
appearance of the soil landscape, the sequence of horizons, soil 
reaction, base saturation, fertility and land use possibilities. 
It is a very quick and efficient way of describing a soil's major 
attributes. 

There are, therefore, good reasons for using a national 
taxonomy in mapping regional and local soils. Nevertheless, it 
undoubledly creates problems. It is largely to suggest solutions 
to these problems that the present Soil Mapping System is being 
proposed. Butler (1980) makes a strong case for national systems 
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of soil classification being completely unsuited to more local 
soil mapping, when he states".... unless the classes roughly 
correspond to the natural modalities of the survey area, and at 
least roughly conform to the more obvious discontinuities in the 
landscape, they may be difficult to map and require the 
subdivision of areas that common sense requires to be held 
undivided." He goes on 'I.... there can be no confidence that the 
downward development (of soil classes) from the national system 
will coincide with the upward development (of soil classes) of 
the soil surveyor. It is deceptively easy to create an elegant 
soil classification to which any new soil entity can be allocated 
without ambiguity or hesitation. Yet this means only that every 
member of a class shares the keying attributes of that class. 
Unless all the entities within a class also share other 
attributes that are relevant to some land use, there will be no 
benefit in identifying them." 

This, in a nutshell, is the potential dilemna faced by a 
soil surveyor when he is required to describe the portions of the 
soil landscape that he maps in terms of a national soil 
taxonomy. It is the crux of the reason that we distinguish 
between soils and map units. 

4.6.1 Soils and taxonomy. Soils that are named and 
comprise the properties of a number of exposures and sites are 
allocated to, and described in terms, of one class of the 
Canadian System of Soil Classification. Yhem may be from 
any category of the classification; from series to order. The 
appropriate category will depend on the objectives and intensity 
level of the survey. However, this does not mean that every 
group of soil sites that belong to a unique class have to be 
established as a new named soil in a survey. This is only done 
if the resulting soil is relevant to the objectives of the survey 
and extends over a significant geographical area (or, if of 
I-iited extent, is highly contrasting). Minor soils or 
taxonomically similar soils are handled as inclusions or 
taxadjuncts in map units. 

4.6.2 Map units and taxonomy. Map units are not 
established so that they contain only one class of the Canadian 
System of Soil Classification. They represent real portions of 
the soil landscape. As such they contain predominantly one 
(Simple map unit) or two (Compound map unit) named soils plus 
inclusions of different soils. These inclusions may be small 
areas of dissimilar limiting or nonlimiting soils, or if they are 
taxonomically similar soils they may be described as 
taxadjuncts. If the taxadjunct is not significantly different 
for the purpose of the survey it may make up a large proportion 
of the map unit, perhaps only slightly less than the predominant 
soil. This is the way to handle the Bf-Bm problem; a 
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differentiation that is based on precise laboratory data but 
requires a taxonomic change at the order level. 

Thus it does not follow that every time there is a change in 
soil taxa there will necessarily be a change in map unit. Map 
units are designed to fit the needs of the survey, not the limits 
of our taxonomy. 

4.6.3 Taxonomy in legends. The reasons given above for 
using soil taxonomic classes in soil mapping are of more concern 
to the soil surveyor than the user of soil maps. In other words 
a considerable knowledge is required before the information that 
a taxonomic name conveys can be used. Most users do not have 
that knowledge and cannot be expected to gain it in the 
foreseeable future. Therefore, the prominence given to taxonomic 
class names in legends (as well as in soil and map unit 
descriptions) should be reduced. It is a common practice to 
place the class name towards the left hand side of the legend 
immediately after the color block and the soil name. This 
probably overemphasires taxonomy from the point of view of the 
user of the map. Taxonomic class names should be placed towards 
the right hand side of a legend or they may be omitted 
altogether. Proposed layouts for legends are included in section 
5.10. 

4.7 The Establishment of Map Units 

Map units are established by examining the range of soils 
and/or nonsoils that represent a real segment of the soil 
landscape whose size and properties are relevant to the 
objectives of the survey. In a soil continuum map unit 
separations should be made where the rate of change in soil 
properties is greatest (allowing the greatest predictability and 
precision of extrapolated lines). Map units should also have the 
following properties: 

1. Individual portions of them (delineations) are normally 
repetitive. 

2. The level of taxonomy should be chosen which best 
characterizes the aggregate of sites within the map unit. 

3. Their individual delineations on the map cover an area no 
smaller than 0.5 cm2. 

4. They represent as much as possible at the given scale, 
systematic and predictable changes of soil properties across 
the landscape, and ideally should reflect groupings of 
related properties. 

5. They have the smallest number of inclusions and unidentified 
features as possible. 

6. Insofar as possible, at any given scale, the range of 
properties of the map unit should allow the entire unit to be 
treated the same for the kinds of management indicated by the 
purpose of the survey. 
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Soil maps from intensity level 1 and 2 surveys will 
contain delineations that have been formed by putting lines round 
only a few sites that represent soils with narrow ranges of 
properties.The soils will probably be identified as a series or 
phase of a series. Delineations of map units in SlL 3, 4 and ,5 
surveys will contain hundreds or thousands of sites that together 
(ignoring the inclusions) will be components of soils with broad 
ranges of properties. These soils will more usually be 
identified using the family, subgroup, great group or even order 
category of the Canadian soil classification system. 

Map units are established to represent real portions of the 
soil landscape. In many cases a map unit will be composed 
predominantly of one soil. That is, it will represent sites that 
are similar, most of which can be classified into one taxon of 
the Canadian soil classification system at a category level that 
is appropriate to the survey. It is a Simple Map Unit. However, 
this is not always possible as the complexities of the soil 
landscape force the inclusion of many sites classified as other 
soil taxa or sites where the surface is nonsoil. If these 
contrasting sites make up a significant proportion of the real 
soil landscape then the map unit is a Compound Map Unit. 

Figure 4 illustrates the establishment of two simple map 
units; one by subdivision, the other by agglomeration. In 4a the 
whole survey area is subdivided into four pedoclimatic zones. 
Map delineations of landforms are made on aerial photographs on 
the basis of topography, vegetation pattern and inferred 
surficial materials. Field work then shows that over 75% of one 
fluvial terrace map unit, comprising, in this illustration, two 
delineations, can be satisfactorily described (for the purpose of 
the survey) as being composed of one soil. The other components 
are dissimilar nonlimiting soils. 

In 4b similar exposures and their associated sites are 
grouped to establish a soil whose properties are within the range 
appropriate to the survey. Real portions of the landscape are 
then identified of which that soil composes at least 75%. The 
other 25% is made up of dissimilar nonlimiting components. 

Figure 5 shows the establishment of two compound units; 
again one by subdivision, the other by agglomeration. In 5a the 
whole survey area is again subdivided into four pedoclimatic 
zones, and map delineations are drawn on the basis of topography, 
vegetation pattern and inferred surficial materials. However, 
field work then shows that only 55% of a fluvial terrace is a 
well drained silt soil. The other 45% is composed of poorly 
drained clay soils that are dissimilar limiting components. 

In 5b similar exposures and their associated sites are 
grouped to establish a soil the range of whose properties is 
appropriate for the survey. However, mappable portions of the 



2. SECONDARY STRATIFICATION: 

A FLUVIAL TERRAC 

3. A SIMPLE MAP UNIT: 3. A SIMPLE MAP UNIT 

SOIL B 25% minor component of 

SOIL A SOIL B 

SOIL A 75% well drained silt 
SOIL B 25% minor component 

A map sheet is subdivided into four Similar exposures and sites identified 
pedoclimatic zones (1). Within zone from field work (1) are grouped to form a 
one, a river valley containing a flu- soil with a range of proper- 
vial terrace is identified on the 
basis of landform and vegetation (2). 
75% of the fluvial terrace can be Jineated in which this soil on aggregate 
described as one soil for the purpose composes 75% (3). 
of the survey (3). 

a. SUBDIVISION b. AGGLOMERATION 

FIGURE 4: The establishment of two simple map units by (a) subdivision and (b) 
agglomeration. 

Note: This diagram is a simplification; it is not meant to imply that map units 
and soils will be established by one or other of the procedures exclusively. 
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1. PRIMARY STRATIFICATION 1. 
PEDOCLIMATIC ZONES - 

GROUP OF SIMILAR EXPOSURES 
AND SITES. 

2. SECONDARY STRATIFICATION 
LANDFORM AND VEGETATION 

A FLUVIAL TERRACE 2. A CONCEPTUAL SOIL WITH A RANGE 
OF PROPERTIES. 

3. A COMPOUND MAP UNIT 3. A COMPOUND MAP UNIT 

I - 1 

SOILA SOILC SOILA SOILC SOILA SOILC SOILA SOILC 
SOIL A 55:; well drained silt SOIL A 55% well drained silt 

SOIL C 4% poorly drained c1a.y SOIL C 45% poorly drained clay 

A map sheet is subdivided into four 
pedoclimatic zones (1). Within zone 

Similar exposures and sites identified 

one, a river valley containing a f7u- 
from field work (1) are grouped to 

vial terrace is identified on the 
form a conceptual soil with a range of 

basis of landform and vegetation (2). 
properties appropriate for the purpose 

However, for the purpose of the survey 
of the survey (2). However, mappable 

the terrace must be mapped as two soi'ls, 
portions of the landscape are found 

a well drained silt and a poorly 
to be only partly (55%) composed of 

drained clay (3 ). 
this soil - well drained silt - the 
other 45% is a poorly drained clay (3). 

a. SUBDIVISION b AGGLOMERATION 

FIGURE 5: The establishment of two compound map units by (a) Subdivision and (b) 
agglomeration. 

Note : This diagram is a simplification; it is not meant to imply that map units 
and soils will be established by one or other of the procedures exclusively. 
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landscape are found to be only partly composed of this soil; a 
well drained silt. The other 45% is composed of a dissimilar 
limiting poorly drained clay soil. 

As has been mentioned above the surveyor will, in fact, use 
both these procedures in developing his list of map units, 

When establishing new soils and map units as a survey 
proceeds there is a sequence whereby a soil will progress from an 
undescribed component (an inclusion), through a described minor 
component of a map unit to a named soil with its own map units, 
A soil9 eventual status will depend on how different it is from 
other components, and on its total extent in all the delineations 
where it is found. The sequence given in Table 7 is recommended 
for trial. 

4.8 The Major Types of Map Unit: simple and compound 

The two types of map unit are defined on the basis of the 
proportions and contrast of their components, either soils or 
nonsoils. 

A Simple Map Unit contains predominantly one soil or 
nonsoil, Ihe proportions of its components are as follows: 

Predominant component - at least 65% 
Nonlimiting, similar components - up to 35% 
Nonlimiting, dissimilar components - up to 25% 
Limiting, dissimilar components - up to 15% 

The proportions of the components in a simple map unit are 
shown in Figure 6. This is the same as the USDA Consociation, 

A Compound Map Unit contains predominantly two soils or 
nonsoils (or a combination of both). The proportions of the two 
major components may vary from one considerably exceeding the 
other to both being apporoximately equal, No general statement 
about the proportions of the predominant components can therefore 
be made. However, a definition can be expressed in a way that 
is, in effect, complementary to the definition of a simple map 
unit so that: 

if the other components are - 

Similar and nonlimiting, no single component represents 
more than 65% 
Dissimilar and nonlimiting, no single component represents 
more than 75% 
Dissimilar and limiting, no single component represents 
more than 85% 

The USDA Association and Complex are covered by this 
definition. 
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Table 7. The treatment of map unit components according to their 
area1 extent and contrasting characteristics 

Total area occupied by the Treatment of Remarks 
component in all delineations Component 

of the map unit (%) 

Similar Dissimilar Dissimilar 
nonlimiting nonlimiting limiting 

<20(l) <I5 a0 Undeseribed Not diagnostic 
inclusion for map unit 

20 * 35 15 - 25 10 - 15 Described as Not diagnostic 
identified(Z) for map unit 
soil in simple 
map unit of major 
soil 

35 - 50 25 - 50 15 - 50 Described as Diagnostic for 
significant map unit 
identified(Z) 
soil in compound 
map unit of major 
soi 1 

so >50 >50 Established as an Diagnostic for 
identified(Z) map unit 
soil with its own 
map units 

1. The proportion of a component in each delineation can vary within 
acceptable limits (see 4.3.4 and Figure 3). This figure is an average 
for all delineations of the map unit. 

2. Soils can be identified by the name of their taxonomic class 
(Orthic Gray Luvisol), or by a geographical name (Haldimand). A so'il 
must be of a significant area1 extent to be given a geographical name 
and listed in the CanSIS Soil Names File. 
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% 
100 

50 

Dominant Component 

Significant or minor components 

Similar Nonlimiting 

Dissimilar Nonlimiting 

Dissimilar Limiting 

FIGURE 6: Proportions of different somponents in a %imple Map Unit, 
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A soil or nonsoil may occur in more than one compound unit. 
The complex nature of soil landscapes requires that the surveyor 
be allowed the freedom to describe their combinations as they 
occur. However, care should be taken to avoid many non 
repetitive combinations as happens with some forms of legends. 
There can be a tendency to create many map units that are only 
slightly different. 

For the purpose of describing compound map units, components 
are considered dominant if they occupy over 40% of the unit, 
significant from l&40% and minor if they occupy less than 15%. 
Minor components are describeaonly if they are highly 
contrasting. 

N.B. Not all delineations of a map unit (whether it is 
simple or compound) will contain exactly the proportions of each 
component specified above. The proportions of each component may 
vary, within limits acceptable for the survey, from delineation 
to delineation. It is the map unit as a whole - the aggregate of 
all delineations - that has these limits. 

4.9 Types of Compound Map Units 

The first clearly defined compound map unit used in Canada 
was the association (Ellis, 1932). Since then the concept has 
been borrowed, and usually slightly modified, by mappers working 
in other parts of the country. Other compound map units that 
have been used include the catena and the complex. Sometimes 
these terms have been applimsely, sometimes very exactly. 
Thus there has occurred a multitude of slightly different 
applications, along with much disagreement about their exact 
definition. In such a situation a clean start is needed. 
Therefore, definitions of five compound units are proposed. The 
definitions are as clear as possible but are general enough to be 
applied nationally. If the mapper is able to use other criteria 
to differentiate his compound map units more closely he is free 
to do so in the report. For example every soil may be exclusive 
to one compound map unit, or each map unit may be exclusive to a 
vegetation subzone. However, it is impossible to build such 
exact criteria into a national mapping system. 

The definitions for the five types of compound map units 
follow, they are illustrated in Figure 7. The definitions state 
two soils - a third soil may be added if it is highly contrasting 
and significant. 

1. Two soils that repeatedly occur together in the 
landscape, have formed from similar parent materials and 

- whose location is predictable. 
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2. Two soils that repeatedly occur together in the 
landscape, have formed from similar parent materials but 
whose location is unpredictable. 

3. Two soils or nonsoils, or both, that repeatedly occur 
together in the landscape, have developed from contrasting 
parent materials and whose location is predictable. 

4. Two soils or nonsoils, or both, that repeatedly occur 
together in the landscape, have developed from contrasting 
parent materials but whose location is unpredictable. 

5. Two soils or nonsoil features, or both., whose proportions 
are unknown and the taxonomic differentiation of which is 
immaterial to the management of the map unit as a whole. 

Types 1 and 2 are similar to the Canadian association with 
the soil zone criterion removed and predictability of location 
added. They could be applied to both mineral and organic soil 
landscapes but by definition a single one could not include both. 

Types 3 and 4 are similar to the U.S. association, but all 
their delineations do not necessarily contain the same 
proportions of their component soils or nonsoils and they can be 
mapped at scales larger as well as smaller than 1~20 000. 

Type 5 is the "undifferentiated unit'". 

No generic names (ie association or catena) are proposed for 
these five types of compound units for the moment. 

Note: as the above compound map units are designed to be 
used at any survey intensity level there is no need for the map 
unit previously known as the complex. However, there is still 
the need to be able to describe how complex the pattern of soils 
is within the map unit. That is, how quickly it repeats itself 
on the ground. It is proposed that this could be handled in the 
description of the compound map unit. 

Within the definition of compound units type 1 and 2 is the 
phrase "similar parent materials". If such compound units are to 
be mapped at all survey intensity levels this phrase must mean 
different things at various levels. For example, although it may 
be feasible, and relevant, to map two soils both developed from 
fine silty lacustrine parent materials at a scale of 1:20 000, it 
will probably be impossible to maintain that narrow parent 
material definition and still show large enough areas at a scale 
of 1:200 000. Table 6 should be consulted for appropriate ranges 
of "similar parent materials" at different survey intensity 
levels. The number of classes into which it might be appropriate 
to separate each parent material criterion (mode of deposition, 
texture, lithology etc.) will give an idea of what constitutes 
"similar" at each level. 
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Rego Gleyed Black Rego The Balcarres soils: Saskatchewan 
Gently undulating topography - 
fine textured lacustrine sediments 

UNIFORM PARENT MATERIAL 
PREDICTADLE LOCATION 

Orthic Humic Gleysol 
some sporadic pockets of 
acid sulphide clays 

The Crescent soils: British Columbia 
Fraser River delta - level topography, 
fine textured fluvial and marine sediments 

2. 

Cumulic 
Regosol 

Cumulic 
Regosol Recent 

bars 

Tweed Chandos 
Residual Fluvioglacial 

er 

UNIFORM PARENT MATERIAL 
UNPREWCTABLE LOCATION 

The Prophet and Snake soils: British 
Columbia. 
Ft. Nelson river valley terraces - 
contrasting fluvial sediments 

CONTRASTING PARENT MATERIAL 
PREDICTABLE LOCATION 

The Tweed and Chandos soils:Ontario 

Melanie Brunisols (plus Lithic phases) 
on residual and glaciofluvial sediments 
over marble, plus rock outcrops. 

CONTRASTING PARENT MATERIAL 
UNPREDICTABLE LOCATION 

Eroded slopes and riverbanks: 
Northwest Territories. 
Sheer and steep slopes - eroded 
Regosolic soils. 

TAXONOMY IRRELEVANT TQ DESCRIPTION 
AND USE OF UNIT. 

FIGURE 7 : The five types of Compound Map Unit. 
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4.10 Phases 

Phases are discussed in chapter 14 of the Canadian System of 
Soil Classification (Canada Soil Survey Committee 1978). The 
first two paragraphs of that discussion define a phase and 
explain its use. The following points emphasize its salient 
features: 

1. It is a condition or quality of soil outside the system 
of soil taxonomy. It is a subdivision of a class of the 
soil taxonomy, or of a taxadjunct, or of a nonsoil area, and 
is used to describe a significant attribute of a map unit. 

2. Any attribute of soil or land (or combination of 
attributes) may be used to define a phase. 

3. It may be defined according to the purpose of the 
survey. Thus although phase class limits are suggested in 
the Canadian System of Soil Classification they do not have 
to be used if they do not satisfactorily distinguish map 
units that are relevant to the survey. If in one particular 
area it is found that 12% gravel is a significant threshold 
value for potato growth, 
using this limit. 

the surveyor is free to map phases 
He is not necessarily bound to 

pre-existing class limits. 

4. Phases may be used to modify any category of the 
taxonomy from the series to the order. 

5. Words descriptive of the type and class of phase are 
used to name the map unit. 

Phases are usually shown on Canadian soil maps in two ways. 
Phases of soil properties, that are variants of major soils and 
have significant and regular area1 extent, are listed and 
described in the main descriptive legend, with an appropriate 
symbol; for example Simpson, peaty phase - SPp. This symbol is 
then used to identify all delineations of the Simpson, peaty 
phase map unit. On the other hand, phases .of external land 
characteristics such as slope or rockiness are not usually 
regular in their occurrence. They vary from delineation to 
delination. To denote phases of land characteristics the Simpson 
soil is listed and described in the main legend, and given a 
symbol; SP. The land phases, for example slope, are listed 
elsewhere in the legend and given further symbols (either letters 
or numbers). The slope class of each delineation of the Simpson 
soil is then shown separately in the denominator of the symbol; 
w* SP/2, SP/4 or SP/2-3. These two approaches to the mapping of 
phases are shown in Figure 8. The different treatment of phases 
is one of the distinctions used to define the different forms of 
legend (5.2). 
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1. Phases of significant and regular area1 extent - usually 
used for soil properties. Phases included in main legend. 

MAP LEGEND 

Simpson 

Simpson, peaty phase 

2. Phases of irregular or limited areal extent - usually 
used for external land characteristics. Phases put in separate legend boxes. 

MAP LEGEND 

I I SP Simpson 

Slope Phases 

0.5 - 2 

3-5 

I I 4 6-g 

FIGURE 8: The two approaches to the mapping of phases. 
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Possible soil properties that can be used as phase criteria 
are texture, depth, surface peat, salinity, reaction and physical 
disruption. Properties of land that have been used are slope, 
water and wind erosion, stoniness and rockiness. Suggested 
limits for phase classes are given in chapter 14 of the Canadian 
System of Soil Classification (Canada Soil Survey Committee, 
1978). 

It is not always easy to maintain a clear distinction 
in the map legend, or in the symbol, between a soil phase and a 
land phase. However, the construction of symbols will be more 
systematic if phases that are of significant and regular area1 
extent are described in the main legend and shown by a character 
in the numerator of the symbol. These will usually be soil 
phases. Phases that vary from delineation to delineation of the 
same soil should be shown as a character in the denominator of 
the symbol and described outside the main legend, They will 
usually be land phases. This is discussed further under 6.4, 

Characters denoting landform, genetic material or terrain 
type need not usually be included in the denominator of the 
symbol. This information is normally included in the descriptive 
legend. On the other hand surface expression and erosional 
modifier, from the landform classification, might well be 
relevant land phases. 

411 The Relationship between Map Units at different Survey 
Intensity bevels 

Map units of lower intensity surveys will be composed of 
groups of map units from higher intensity surveys. However, the 
relationship is not a neat hierarchy, because the complex 
geographical pattern of soils requires the establishment at 
higher survey intensity levels of precise map units, each of 
which may be a component of more than one map unit from a lower 
intensity survey. The principle is illustrated in Figure 9 where 
(a) shows the idealized hierarchy of map unit A+B+C being 
subdivided at a higher intensity survey into map units, A, B and 
C (and only into A, B and C). The real situation is shown in (b) 
where the higher intensity map units A, B and C can be components 
of more than one lower intensity map unit (eg. B is a component 
of A+B+l and B+C+2). 

Similarily, because lines must be generalized and smoothed 
on the smaller scale maps of lower intensity surveys, delineation 
boundaries of map units from small scale maps will not coincide 
with delineation boundaries of their component map units on 
larger scale maps. This is one of the reasons why boundaries of 
pedoclimatic zones used to stratify map units will not concide 
with the delineation boundaries of those map units on the 
published soil map. 



Map units from a 
survey of lower 
intensity 

flap units from a 
survey of higher 
intensity 

/- 0 0 
I I I 

FIGURE 9: The possible relationships between map units from two surveys of 
the same area at different levels of intensity; (a) an idealized 
hierarchy, (b) the more u?ual field situation. 
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The following principles are suggested to guide the 
relationship between map units and their delineations from 
surveys of different levels of intensity: 

1. Delineations of one map unit from a larger scale map 
(higher intensity survey) may occur within delineations of 
different map units on a smaller scale map (lower intensity 
survey). 

2. Delineation boundaries should not be expected to 
coincide if the survey intensity level is different. 

3. For conceptual purposes map units may be listed 
exclusively in one group in a stratified legend (eg. in 
their most typical pedoclimatic zone), even though they may 
occur in different areas of stratification on the map (ie. 
an inliers or outliers in two pedoclimatic zones). 

4.12 Naming Soils 

Soils, in the sense of mapping individuals (4.3.3), may be 
identified by either the name of the taxonomic class to which 
they belong (eg. Gleysolic, Typic Mesisol), or a geographical 
name (eg. Haldimand, Codroy). 

Those soils that are identified by class names from higher 
taxonomic categories (orders, or great groups) are usually the 
less common or less important ones in a survey, They are rarely 
described or sampled, and information about them will not be 
stored in the CanSIS Soil Names File, There is little problem in 
allocating names to them, apart from the necessity for the local 
survey units to keep track of whether two soils having the same 
name in separate map sheets (eg. Cumulic Regosol) are the same or 
significantly different. 

Geographical names were originally allocated to soils whose 
properties were within the range of a series. However, recent 
conventions in Canadian soil mapping have seen the application of 
geographical names to soils whose range of properties is much 
wider. Many soil associations carry names derived from their 
principal soil whose taxonomic class is no more precise than the 
phase of a subgroup. As this procedure has become well 
established and useful there is no reason to modify it. It is, 
therefore, proposed that the procedure be continued and 
formalized. 

Major soils of significant extent will be given geographical 
names derived from the area where they were first described and 
mapped. Soils with different ranges of properties established in 
surveys of different intensity levels will be identified by the 
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taxonomic category at which they are classified. The same name 
will be carried from category to category. Thus the Oxbow Series 
will be a member of the Oxbow Subgroup (Orthic Black), which in 
turn would be a member of the Oxbow Order (Chernozemic) - if one 
were ever mapped. There will also be other series besides Oxbow 
in the Oxbow Subgroup and other subgroups besides Orthic Black in 
the Oxbow Order. Because these soils carry other attributes 
besides taxonomic class the Oxbow Order will not be the only 
Chernozemic soil in Canada, but it might be the only Chernozemic 
soil on medium texture, calcareous glacial till in the Great 
Plains. 

Information about these soils would be stored in the CanSIS 
Soil Data File, with the taxonomic category giving some idea of 
the precision with which they are described. 

The use of the taxonomic category in the name can be 
restricted to in-house identification. In maps and reports for 
general publication the phrase Oxbow Soils may be used regardless 
of survey intensity level. The range of soil properties which 
that name covers will be evident from the description of the 
soils. 

4.13 Naming Map Units 

Map units are named from their component soils or nonsoils, 
and their phases. In compound map units the names of both, or 
all, the diagnostic components are used. Thus Ste. Rosalie; 
Princeton, steep phase; Gleysolic, level phase; Mine tailings; 
Oxbow-Whitewood; Haslam-Montague-Rock would all be names of map 
units. 

It may be necessary for in-house purposes to identify the 
survey intensity level at which the map unit was established. 
This can be done by using prefixes to denote size as Simonson 
(1971) has suggested: ! 

Survey Intensity level 1 : Nano (simple or compound) map unit 
II II II 2 : Micro( II II II 

1 
II '6 

II 1' II 3: Meso ( 'I I* II 
1 

II II 

II II II 4: Macro( II II II 
) 

II II 

II II II 5 :Mega( 'I 'I II 
) 

I' II 

4.14 Check List of Decisions 

1. What criteria are to be used to distinguish soils and 
map units that are relevant to the objectives of the survey? 

2, Is any form of stratification to be used to establish 
soils and map units? If so, how many levels will there be and 
what criteria will be used? 
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3. What soil and land attributes are to be described at 
each exposure and site for the regular survey inspections and for 
the eventual description of representative soils and map units? 

4. What category of taxonomy is to be used to classify the 
soils? 

5. What constitutes "uniform parent material" for the 
survey in question? 

6. What soil and land criteria might be phased, and how 
will these phases be shown on the map and in the legend? 

7. How are exposures and sites to be described for regular 
survey inspections - field notes, annotated photographs and maps, 
daily field sheets etc.? 

80 How are representative soils to be described and how 
many replicates of each are to be described? 

go How many soils will be sampled for laboratory analysis? 
What analyses will be done? 

10. Will CanSIS (or any other computer assisted sorting 
procedures) be used to synthesize map units from the information 
from exposures and sites? 
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5. LEGENDS 

5.1 Legend Stages 

There are usually three stages in the development of a soil 
map legend. They reflect the gradual change in emphasis that 
occurs during a survey from the description of soils at numerous 
inspection sites to the synthesizing of that information into a 
finite number of soil landscape classes (soils and map units) for 
the published map legend. 

Stage 1. - Information is collected about groups of related soil 
and landscape characteristics. In effect the soil 
population of the project area is sampled, The exposures . 
and sites which constitute the sample population are 
described. 

Stage 2. - Characteristics (or groups of characteristics) are 
assembled into soil landscape components that are 
significant to the purpose of the survey and that are 
generally repetitive. A synthesis of the sample population 
begins. A preliminary legend for the field surveyors is 
described. 

Stage 3. - The significant components of the soil landscape are 
combined into a finite number of soils and map units. The 
legend is modified and finalized. 

These stages are not completely sequential. They will 
overlap to a large extent during the course of the survey. 
Some soils and map units will be fully established very 
early (from adjacent published surveys for instance). 
Others may await the identification of new information up to 
the end of the field work (inaccessible areas of exploratory 
surveys for instance). 

5.2 Leqend Forms 

The many different types of legend used on Canadian soil 
maps (both working and published editions) have been classified 
into four forms. The definition of a single form will only 
rarely match the complete layout of a legend. However, it is 
usually obvious which form the layout follows in general. The 
name of that form can then be used to describe the legend. 

Open Form. Classes of selected soil and landscape 
properties are assigned different letters or numbers that are 
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defined in separate portions of the legend. Each delineation is 
described by a composite symbol made up of these letters and 
numbers. Most, if not all, the characters within the symbol are 
connotative. Most delineations are labelled with symbols that 
are unique. Map units are represented by all delineation symbols 
that are exactly the same. In effect the change of one class of 
one soil or landscape property creates a new map unit. 
unit is never described in one place in the legend. A 

A map 

hypothetical example is given in Figure 10. Few published soil 
maps have open legends. The land system maps of Saguenay - Lac 
Saint Jean (Jurdant et al. 1972) have an open form, as do the 
working legends for Ontario soil surveys described in Appendices 
2 and 3. 

Uncontrolled Form. All soils -a and nonsoils (mapping 
individuals) that are significant in extent and characteristics 
for the purpose of the survey are listed in the legend, either 
singly or in groups. They are usually given names, symbols and 
unique colors. Where they are listed in groups the dominant 
component carries the name, symbol and color. Mappable portions 
of the landscape (map delineations) are labelled on the map by 
using soil or nonsoil symbols, either by themselves, or in 
combination with one or two others. The combinations are not 
listed or described in the legend. More than one line of the 
main legend will have to be consulted in order to gain 
information about delineations that contain more than one soil or 
nonsoil. Characters for phases that describe the specific 
delineations are put in the denominator portion of the symbol, 
and described in different parts of the legend. All delineations 
with exactly the same symbol constitute a map unit. In effect, 
only simple map units with one dominant mapping individual, and 
no delineation phases9 are described in one place in the legend. 
The delineation takes the color of the dominant component. A 
hypothetical example is given in Figure $1. The soil map of the 
Saskatoon area (Acton and Ellis 1978) has an uncontrolled legend 
form. 

Controlled Form. All soils and nonsoils, and all their 
combinations, that appear within delineations on the map are 
listed and described in the legend. Characters for phases that 
describe specific delineations are put in the denominator portion 
of the symbol, and described in different parts of the legend. 
All delineations with exactly the same symbol constitute a map 
unit. Only those map units whose delineations contain no phase 
characters are described in one place in the legend. A 
delineation takes the color of the predominant component of the 
map unit. A hypothetical example is given in Figure 12. The map 
of the Lethbridge area (Kocaoglu, 1977) has a controlled form of 
legend. 

Closed Form. All combinations of soils, nonsoils and phases 
(including declle proportions when used), that appear within 
delineations on the map are listed and described in the legend. 
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As all delineations with exactly the same symbol constitutd a ma 
unit, all map units are described in one place in the legend. A 
delineation takes the color of the predominant component of the 
map unit. A hypothetical example is given in Figure 13. Few 
soil maps are published with closed legends now, but many of the 
earlier maps were. For instance Ontario Soil Survey Reports 3 
(Kent County), 7 (Carleton County) and 23 (Ontario County) all 
have closed legend forms. 

P 

Note on Figures 10, 11, 12 and 13: In order to produce 
comparable illustrations of legend forms each Figure contains 
exactly the same information. In addition the map delineation 
boundaries are identical. Only the layout of the legend and the 
delineation symbols change. The Figures are based very loosely 
on soil information from Cumberland Township, Muncipality of 
Ottawa-Carleton (personal communication, Larry Schut and Eric 
Wilson, Ontario Institute of Pedology, Guelph). The Figures are 
only meant to illustrate the principles behind the distinction 
between open9 uncontrolled, controlled and closed legends. They 
are not meant as recommended layouts for legends. Layouts for 
legends are discussed in 5.10, 

5.3 Legend Principles and appropriate Legend Forms 

A legend describes or explains the things that are shown on 
a map. A soil map legend describes map units, soils or 
individual soil properties which are shown by symbols, or by 
characters within a composite symbol. The legend often acts as a 
link between the map and the report. 

The different legend forms have been developed because 
legends must complement maps in different ways. The principles 
involved in constructing a legend depend on how the map is to be 
used and who is going to use it. Some legend forms are more 
suitable to certain map uses (and users) than others. Figure 14 
shows that there is often a progression in suitability from an 
open form to a closed form (or vice versa) so that, of the four 
forms, open or closed may be the most, or the least, suitable. 
The other two forms will be moderately suitable. 

Of prime importance is whether, in seeking information, the 
map user is going from the map to the legend or the legend to the 
map. In Varnes' (1974) phase, is he seeking "the attribute of an 
area, or the area of an attribute"? If he wishes to know as 
accurately as possible the soil qualities within one delineation 
an open legend will‘ be the most suitable. Specific soil 
properties can be shown in a composite symbol. If other legend 
forms are used soils or map units should be listed alphabetically 
(or numerically) so that they may be found easily within the 
legend. The same principle makes an open form more suitable for 
a working legend which a surveyor uses as a key to guide him as 



54 

FIGURE 10 : An open form of leqend and map 

LEGEND 

Parent Material 

A - Marine clay 
B - Alkaline stony till 
c - Alkaline sandy till 
D- Sands over marine clay 
E - Sands over stony till 

Surface Texture Drainage Class 

Topographic Class 

7 - O-0.5% slope 

Symbol 

MAP 

B:l-sl - - 

B:l-sl 
-mi---- 

B:l-sl 
-ET-- 

I I B:l-sl 
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FIGURE 11 : An uncontrolled form of legend and map 

LEGEND 

Symbol Parent Material Surface Texture Drainage Class 

Al Marine clay Clay to clay loam Imperfect 
A2 Marine clay Clay to clay loam Poor 
B Alkaline stony till Loam to sandy loam Good 
C Alkaline sandy till Loam to clay loam Poor 
D Sands over marine clay Sandy loam to sand Good 
E Sands over stony till Sandy loam to sand Poor 

Topographic Classes 

l- o-0.5% slope 
2- 0,6-2% slope 
3- 3- 5% slope 
4- 6 - 9%slope 

Symbol 

Simple Map Unit Compound Map Unit 
Soil Dominant Significant 

\ 
B 

Soil \B Al/Soil 

/ 
4= 

Slope /3-2\iignificant Dominant 
Class Slope Class Slope Class 

MAP 
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FIGURE 12 : A controlled form of legend and map 

LEGEND 

Symbol Description of Dominant Soil Description of Sicnificant Soil (25-45"') 

Parent Material Surface Texture 
Drainage 

Class 
Parent Material 

Al Marine clay Clay to clay loam Kmperfect 

A2 Marine clay Clay to clay loam Imperfect 

Bl Alkaline stony till Loam to sandy loam Good 

B2 Alkaline stony till Loam to sandy loam Good 

83 Alkaline stony till Loam to sandy loam Good 

c Alkaline sandy till Loam to clay loam Poor 

Dl Sands over marine clay Sandy loam ta sand Good 

D2 Sands over marine claq Sandy loam to sand Good 

Marine clay 

Alkaline sandy till 

Marine clay 

Sands over stony till 

Topographic Classes Symbol 

Clay to clay loam Poor 

Loam to clay loam Poor 

Clay to clay loam Imperfect 

Sandy loam to sand Poor 

l- 0-0.5%slope Soil Symbol 
2 - 0.6-2X slope B3N 

3- 3- 5% slope Dominant Soil ,3-2- Significant Soil Slope Class 

4- 6 - 9%slope Slope Class (where applicable) 

MAP 
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FIGURE 13 : A closed form of lecrend and map 

LEGEND 

Symbol Description of Dominant Soil 

Parent Material Surface Texture 
' Drainage 

Class 
I 
Clay to clay loam 

Clay to clay loam 

Clay to clay loam 

Alkaline stony till 

Alkaline stony till 

Alkaline stony till 

Alkaline stony till 

Alkaline sandy till Loam to clay loam 

Description of Significant Soil (25-451) 

Slope% Parent Material Surface Texture Drainage Slopes 
Class 

o-o.5 

O-6-2 

O-Q.5 Marine clay Clay to clay loam Poor o-o.5 

3-5 
6 - 9 

3- 5 Alkaline sandy till Loam to clay loam IPoor juII1 

a- 5 1 Marine clay IClay to clay loam Imperfect I 0.6-2 1 

0.6-2 

3-5 

0.6-2 Sands over stony till Sandy loam to sand' Poor I / 0.6-2 1 

MAP 
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CONSIDERATIONS 

CONTENT 

CARTOGRAPHY 

TYPE OF USER 

ACCESSIBILITY 

OF MAP 

SCALE AND 

SURVEY INTENSITY 

TYPE OF 

INFORMATION 

REQUIRED 

DEGREE OF SUITABILITY OF DIFFERENT LEGEND FORMS 

OPEN UNCONTROLLED CONTROLLED CLOSED 

Generalizations 

Exactitude 

Speed of production and legibility 

Costs and Errors 

General or Non-soil user 

Expert or Soil user 

Printed, Published maps 

Unpublished, in-house maps 

Smaller (eg. l:lOO,OOO), Lower (eg. Level 

l:lO,c)OO), Higher (eg. Level 2) 

Comparison 

Site Specific 

FIGURE 14: Appropriate forms of Legend for different considerations. 
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to which characters to use in order to describe an inspection or 
a delineation. tie is going from a place on the map which he 
wants to describe to the legend to find out how to describe it. 
On the other hand, if the user wishes to find all the wet or 
gravelly soils within a map sheet, searching through a multitude 
of composite symbols will be difficult. The legend could be 
stratified by drainage class or particle size class, and groups 
of similar soils could be given similar symbols or colors. 

Any use that requires comparisons and generalization will be 
better served by a closed legend. Any use that requires more 
site specific information will require an open legend. It has 
also been found that the general public and people who are less 
experienced with soil maps prefer closed legends. Experienced 
professional users prefer open legends. 

Finally there are certain cartographic implications to the 
choice of a legend form. Maps with open legends take a long time 
to scribe, digitize and edit. The error rate is high. Their 
cost is, therefore, higher than maps with closed legends which 
are simpler to scribe, digitize and edit, and have a lower error 
rate. 

Unfortunately there is rarely an obvious choice for a legend 
form. The map will usually have to serve a variety of purposes 
and a variety of users. An optimum compromise must be chosen. 
This is probably why the majority of published maps have neither 
an open nor a closed form, but one of the two intermediate forms; 
controlled or uncontrolled. 

Whichever form is chosen it is worthwhile remembering that 
"the guiding principle for preparing a legend is not that the 
surveyor should be able to get information into the map and 
legend, but that the reader (user) should be able to get 
information out“ (Fenger, 1980). 

5.4 Working Legends and Publication Legends 

Working legends are used by the soil surveyor to help him 
identify and label his sites, delineations, soils and map units 
as the survey progresses. They often take an open form. 

Publication legends (or descriptive legends) are designed to 
convey information about the soils and map units to a user. They 
accompany the map when it is finally published. The publication 
legends will usually be of an uncontrolled or controlled form, 
but may vary from a simple key to a quite comprehensive 
description depending on how much information is put in the 
report. 
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5.5 The Working Legend 

The working legend, and its closely associated characters 
and symbols, is applied to inspections, soils and delineations. 
Different designs are used across the country, but the principles 
behind them are the same. 

5.5.1 Inspections. A Working legend for an inspection is 
usually in an open form and is used mainly during sta e 1 A 
series of keys describe the various characters wit I+-' in a symbol. 
Each character conveys information about a soil or landscape 
characteristic (eg. texture or slope), and occupies a fixed 
position within the symbol. The following is a relatively simple 
symbol that can be used to describe five soil and site 
characteristics from an inspection: 

Taxonomy 
Texture Stoniness 

sl : O.DB : 2 
w : c 

Drainage Slope 

Each character represents a class of the characteristic 
described, and therefore the class limits must be defined in a 
key. Every symbol must be complete even if a characteristic 
(eg. salinity) does not exist at that site. Problems can arise 
when ranges in class characteristics have to be described (eg. 
loamy sand to loam texture) or the site has compound features 
(eg. thin moraine over bedrock). This can be solved by more 
complex keys or double symbols, but as a result symbols can 
rapidly become unwieldy. A complete explanation of a system used 
in one Ontario survey is included in Appendix 2. 

The need for this open form of working legend for an 
inspection has been reduced by the introduction of the CanSIS 
daily field sheets. However, many surveyors'still use a very 
abbreviated equivalent in putting some exposure or site data 
(apart from a number) on an aerial photograph or a field base 
map. 

5.5.2 Delineations. A working legend for a delineation is 
the first step in the process of synthesis from exposure and site 
description to map unit creation, The characteristics from 
groups of inspections within an area are generalized and 
described. The legend is still mainly in an open form but one or 
two of the characters within the symbol may represent a soil 
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series etc. (ie. be less connotative). This legend is used in 
the progression from stage 1 to stage 2. The following is an 
example which is more fully explained in Appendix 3. 

soil mapping individual surface textural 
(soil series (etc.)) 116 : f phase 

: . 0 
water erosion phase 

slope phase stoniness 
phase 

The whole symbolwill contain information that is more 
appropriate to an area than a site. The soil individual symbol 
will relate to a working legend for soils (5.5.3). As this 
symbol applies to an area there will be more need to incorporate 
ranges and compound attributes. As with the inspection symbol it 
is possible to handle this through complex keys or double (or 
triple!) symbols. But there is a great danger that the entire 
symbol becomes too big for a large number of the delineations. 

5.5.3 Soils. A working legend of soils results from the 
synthesizing of the soil properties (listed in Table 6) obtained 
from inspections during the course of the survey. It is 
developed at state 2 and usually is in an uncontrolled form. An 
example is given below in Table 8. It is extracted from Appendix 
3. 

Table 8. A portion of a working legend for soils 

Parent Soil 
Material Individual Dominant Surface Natural Special 

and Code* (O-50 cm) textures Drainage Features 
Landform 

Calcareous 
glacio- 
lacustrine 
loamy sand 
and sandy 
loam; level 
to gently 
sloping or 
terraced 

112 

115 

116 

loamy sand 

loamy sand 

loamy sand, 
fine sandy 
loam 

Rapidly Gravel 
to well contents of 

540% have 
Imperfectly been 

indicated by 
a gravelly 
(9) phase 

Poorly A veneer of 
eolian fine 
sand is 
often 
present 

* Manitoba uses the CanSIS code here. 
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Delineations on the map will usually be labelled with single 
soil individuals or combinations of two or three of them, ie, 
116, 116+1112, 112+115. 

The essential point of the layout is that it guides the 
surveyor in what soil code (or symbol) to use on his manuscript 
map when describing an area with certain characteristics. 
Therefore the characteristics lead to the code or symbol. The 
publication legend (5.6) operates in the opposite direction. It 
leads the user from the symbol that he has found on the map to 
the characteristics of that area. 

5.6 The Publication Legend 

A publication legend is designed to accompany a soil map 
when it is formally published. It differs from a working legend 
in that it is not so much for the surveyor as for the user. It 
is developed at stage 3 and the most common forms are either 
uncontrolled or controlled. The advantages and disadvantages 
that these two forms offer in a published legend are discussed 
below. 

5.6.1 Reasons for using an uncontrolled legend form for 
publication. 

1. The preparation of legends is easier and less time 
consuming because each unique combination of soil symbols, used 
for map delineations, does not have to be described separately. 

2. Emphasis is placed on the relatively homogeneous soil 
type rather than the delineation or the map unit, 

3. Each map delineation cannot be described accurately in a 
controlled legend with a limited number of map units. 

4. Although it has been shown that over 75% of most maps 
can be described by 50 map units (Valentine and Chang, 1980), 
there is no indication of how the other 25% of the area is to be 
described. Either it will be incorrectly mapped, or the initial 
50 map units will have to be generalized further to incorporate 
the remaining area. 

5. Areas that have significant management problems, but are 
small in extent, may be inadequately described or located in the 
generalized map unit descriptions. 

60 Mappers can concentrate on identifying the different 
soils in their area. They do not have to spend time developing 
and describing map units. 
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7. Correlation is easier; it concentrates on soils not map 
units. 

8. Interpretations are made about the soil directly, 
avoiding the contentious question of how to rate a map unit with 
contrasting soils. 

5.6.2 Reasons for using a controlled (or a closed) 
legend form for publication. 

1. Controlled legends allow and encourage us to describe a 
piece of land, not individual exposures or sites, If parts of 
the soil landscape are important enough to draw lines round and 
separate from other parts on a soil map, then we should be able 
to describe them. Uncontrolled legends allow us to describe 
separate soils and their proportions, but we cannot describe the 
relationship of the soils. For example, we cannot say where they 
are in the map unit, which are at higher elevations, whether they 
occur as a few large exposures or many small ones etc. 

2. Many of our maps have become too complicated and almost 
illegible because uncontrolled legends have lead to very long 
symbols. A controlled legend would restrict the number of map 
units and simplify the symbol. 

3. Field checks have shown that our mapping accuracy 
usually varies from 65% to 80% (although highly visible4 
contrasting areas can be mapped very accurately). Yet we are 
still establishing many map units on the basis of differences 
between only 10 to 15% of the soils they contain. It is not 
logical to differentiate between map units on the basis of 
differences that are smaller than our levels of reliability. 

4. Small areas of highly contrasting soils can still be 
shown by separate map units, a phase in the individual 
delineation (which is an "open" aspect of the recommended 
system), or by on-site symbol. 

5. A controlled legend by simplifying map unit symbols and 
limiting map units will speed up and reduce the costs of map 
digitizing and publication. 

6. Controlled legends will add to our knowledge of soil 
geographical relationships because mappers will have to identify 
the major soil groupings rather than all the individual soils. 

7. Tests of reliability, such as the random transect 
method, are more appropriately (and more easily) applied to maps 
with controlled or closed legends than to maps with delineations 
that contain permutations of soils, phases and deciles. 
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5.7 A Recommended Publication Legend Form: Controlled 

In the interests of clarity, simplicity and comparability it 
is proposed that a controlled legend form be generally used on 
Canadian published soil maps, However9 other forms may be more 
appropriate in certain circumstances as discussed in section 5,3, 

If the following aspects of the proposed soil mapping system 
are applied properly, controlled legends of moderate length are 
easily attainable: 

1. Contrasting soils or nonsoils that are of limited extent 
are included as minor components in map units of major soils or 
nonsoils. 

2. The stratification procedure is not considered 
absolutely definitive in establishing map units of soils from 
different stratified groups, In other words, if in a transition 
zone, a soil which is normally associated with one vegetation 
zone is regularly found with another soil that is normally 
associated with the adjacent vegetation zone they should be 
mapped together as one compound unit of the predominant soil. It 
should not be mandatory to create one map unit for each soil of 
each zone and then combine them on the map. 

3. Compound map units of types 3 or 4 are mapped where 
areas of similar parent material are too small to be mapped 
separately. Thus one compound unit might be mapped along a river 
valley where there was a repetitive pattern of alluvium (with two 
contrasting textures) and terraces of glaciolacustrine silt. 

4. Soils are not considered necessarily exclusive 
components of one compound map unit. In other words soils A, B, 
C, D and E can be combined into compound units A-B-C and C-D-E, 
instead of having to allocate C to only one and then having to 
combine bits of two map units on the map to show reality. 

5. Irregular combinations of significant soil or nonsoil 
properties are handled as phases shown independently on the map 
and identified in a separate part of the symbol. This is the 
only formal "open" aspect of the whole proposal. 

If these principles are followed controlled legends need not 
be long and need not omit significant information. 

5.8 The Number of Map Units on one Published Map 

Maps with the same legend form should have similar numbers 
of map units regardless of the intensity level of the survey. As 
a map unit is composed of all delineations with exactly the same 
symbol, a manuscript map with an open legend will have more map 
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units than the final published map with a controlled legend. The 
total number of map units will have been reduced by synthesis and 
generalization. 

The principle for the published map should be to have as few 
map units as possible while still meeting the objectives of the 
survey. Surveyors should ensure that map units are significantly 
different. It is recommmended that an optimum number should not 
exceed 50. 

5.9 The Description of Map Units 

In Canadian surveys map units are rarely described 
completely in one place. The descriptions are spread between 
legend and report. This will continue according to the survey 
policy, but somewhere the following information should be 
provided: 

1. The pedogeomorphic characteristics of the unit including the 
nature of the parent material, particle size class, depth, degree 
of decomposition (organic soils), lithology, horizon sequence, 
soil water regime and drainage class, surface expression, 
erosion, salinity, reaction class, stoniness and rockiness etc. 
Other characteristics described would be its environmental 
setting, the predictability of the components within it, and 
possibly its elevation and aspect. Not all of these 
characteristics will be relevant, but whichever are should be 
described in terms of their mode and their range. 

2. For simple map units - the classification and estimated 
proportion of the predominant soil or nonsoil plus the 
classification(s), proportion(s) and type(s) of any minor 
components. 

3. For compound map units - the classification and proportions 
of the dominant and significant soils or nonsoils; the 
classification, proportions and types of the any minor 
components; the pedological or geographical relationships; and 
the pattern or wavelength of reccurrence. 

It may be appropriate to develop map unit description forms, 
comparable to the CanSIS detail form, to ensure that all this 
information is recorded. 

5.10 The Layout of Published Controlled Legends 

The layout of all soil map legends cannot be the same. The 
type and arrangement of the information will depend on the 
purpose and intensity of the survey. The amount of information 
will depend on how much is easily available elsewhere, in an 
accompanying report for instance. On the other hand it will be 
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useful to establish some idea of what a controlled legend should 
look like, even though real publications may not be exactly the 
same. Therefore, Tables 9 and 10 show portions of a controlled 
legend for two surveys; one level 2, the other level 4. 

A number of assumptions were made in order to produce both r 
tables. Table 9 would accompany a soil map for medium 
scale arable agriculture carried out at intensity level 2, A 
report containing more detailed descriptions of the map units and - 
tables of interpretations would also be published. Map users 
would be interested in identifying the type of soil on a 
particular piece of land, though soil differences are so closely 
connected to parent material and texture that it is reasonable to 
stratify the legend in that way. Topography is shown as a slope 
class in the denominator of the symbol, to give specific 
delineation information. The symbols follow the recommendations 
in 6.4 below. For this survey the Terric Mesisol in LMl is 
considered a similar nonlimiting component. The map units are 
compound because the Terric Mesisol composes 40% of the area, but 
the symbol for similar parent material is used. On the other 
hand, Cloverdale is a dissimilar component in the Lumbum- 
Cloverdale map units. Therefore the symbol LM-CD is used. 

The legend in Table 10 is designed for a map from a level 4 
survey carried out for general inventory purposes, or for broad 
scale planning. Some sort of stratification is required 
(pedoclimatic, vegetation zone etc.). Here physiography has been 
used, More general landscape characteristics are included 
because users will be comparing one area to another more than in 
the level 2 survey. Table 10 describes the same largely 
hypothetical soil landscape as Table 9, but the soils and map 
units are more general. The Cloverdale, sandy phase of Table 9 
is now included as a dissimilar nonlimiting component of 
Cloverdale. The Carvolth soils are now a dissimilar limiting 
component of the compound Cloverdale-Carvolth map units, and 
Cloverdale is a dissimilar nonlimiting component of the compound 
Lumbum-Cloverdale map units. Landform and surface expression 
have been used as differentiating criteria. Again slope classes 
would be shown in the denominator of the symbol. 

The column headings have been kept general, eg. Symbol and 
Name. The surveyor will need to know that CD and CDs are simple 
map units (when they contain a slope class in the denominator), 
or that CD-CV and LMl are compound units but the reader doesn't 
need to know. Similarly, if the two surveys have actually been 
carried out, the Cloverdale in Table 9 must be stored in the 
CanSIS soil names file as Cloverdale series whereas the 
Cloverdale in Table 10 will be stored as Cloverdale subgroup. 
However, to a user they can both be Cloverdale (see 4.12). 

The soil taxa names have been put in the right hand column. 
This is optional. It might be better to include them in a table 
in the report. Other legend columns might contain information 
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Table 9. Extract of a Controlled Legend for an Intensity Level 2 Survey 

Symbol 
and 
Color Name Parent Material Water Regime and Drainage Class 

. 
Soil Classification 

Fine to medium textured marine and fluvial soils 

Organic Soils 

+ 

Lumbum 

Lumbum 

Lumbum- 
Cloverdale 

Clayey marine deposits over 
2 m deep. 

Clayey marine deposits over 
2 m deep with lo-30 cm of 
sand on surface. 

Sandy and loamy fluvial 
deposits. 

Moderately well decomposed 
sedge and reed peat over 160 cm 
deep. 

Moderately well decomposed 
peat over 160 cm deep (60%) 
and moderately well decom- 
posed peat over clayey marine 
deposits (40%). 

Moderately well decomposed 
peat over 160 cm deep (60%) 
and clayey marine deposits (402) 
over 2 m deep. 

Very slow transmissibility; watertable 
depths - high O-50 cm, low 50-100 cm. 
Poorly drained. 

Very slow transmissibility; watertable 
depths - high O-50 cm, low >lOO cm, 

Rapid to moderate transmissibility; 
watertable moderately high cl1 year. 
Very poorly drained. 

Humic Luvic 
GleySOls 

Humic Luvic 
Gleysol, sandy 
phase 

Humic Gleysol 

Moderate transmissibility; very high 
watertable all year. Very poorly 
drained. 

Moderate transmissibility: very high Typic Mesisol 
watertables all year. Very poorly and Terric 
drained. Mesisol 

Moderate (Lumbum) and very slow 
(Cloverdale) transmissibility; very 
high to high watertable all year, 
Very poorly to poorly drained, 

Typic Mesisol 

Typic Mesisol 
and Humic 
Luvic Gleysol 

I Information to be included in other sections of the legend: 
Explanation, of the map delineation symbol. 
Definitions and subsymbols of phase classes shown in denominator of delineation symbols. 
Definitions of terms used in legend (eg. water regime classes), when not explained elsewhere. 
Inset maps (as appropriate): Location map, Reliability, Survey Intensity, Traverses, Inspection 

and sampling locat ions. 
Reference for base map. 
Credits and References when appropriate. 

I I 

Notes: 

The legend is based loosely on Soils of the Langley-Vancouver Map Area (Luttmerding, 1980). 
The map delineation symbol would contain slope classes in the denominator - CD , LM-CD 

3 l-2 
Soil ClassLfication is optional in the final column. Reliability could be substituted. 
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Table 10. Extract of a Controllcd Legend for an Intensity J.evel 4 Survey 

Symbol 
and 
Color Name 

Landform and Water Regime and 
Paren: Material Drainage Class 

Vegetation and 
Other Landscape Soil 
Characteristics Classification 

Lowlands: These soils occur near the Fraser River and the distributaries of its delta. Parent materials are 
predominantly fluvial and marine deposits with few coarse fragments, and moderately well decomposed organic 
materiels. Ihe topography is level to gently sloping. Elevations range from sealevel to about 50 m above sea 
level. 

Cloverdale Gently slopin 
marine blanke 
surface sands (25%). Poorly drained. 

Gently to strongly 
sloping clayey marine 

and terraced 
fluvial silts (25%) D 

Very slow transmissibility; Pasture grasses. Humic Luvic 
high watertable most of Includes small 
year except near stream shallow stream Humic Gleysol 

Poorly to im- 

Horizontal fen of Moderate transmissibility; 
very high watertables all 

Very poorly drained. 

Typic Yesisol 

Horizontal sedge peat 
fen (60%) and very 
gently sloping clayey 
marine blanket (40%) 

Moderate (Lumbum) and very Red alder, shrubs* 
slow (Cloverdale) sedges and reeds, 
transmissibility; very high with occasional Luvic Gleysol 
to high watertable all patches of pasture 

on Cloverdale soils 

I I 

I Information to be included in other sections of the lsnd: -- I 
Explanation of the map delineation symbol, 
Definitions and subsymbols of phase classes shown in denominator of delineation symbol. 
Definitions of terms used in legend (eg. water regime classes), when not explained elsewhere. 
Inset maps (as appropriate): Location map! Peliabilitv, Survey Intensity, Traverses, Inspection and 
sampling locations. 

Reference for base map. 
Credits and References when appropriate. 

Sates: -- 

The legend is based loosely on Soils of the J.angley Vancouver !?ap Area (Luttnerding, 1980) 
The map delineation symbol wauld contain slope classes in the denominator - c , L?!-CD 

3 l-2 
Soil Classification is optional as a final column. Reliability could be substituted. 
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about topography, stoniness, calcareousness etc. as appropriate. 
It would also be very useful to the user to have a column showing 
reliability. In general the soil map legend should contain 
descriptive not interpretive data about the map units. 
Interpretations should be put in tables in the report. 

A slightly different layout of a controlled legend for the 
same hypothetical soil landscape is shown in Table 11. It 
contains some interesting points that surveyors might wish to 
consider. The most important column, containing symbols and 
names in colored boxes is placed towards the centre of the 
legend, as a kind of axis or backbone. This minimizes the 
distance the eye travels to the extremities of the legend, and 
thereby lessens potential errors in scanning. The axis must be 
strongly accentuated, and could be a solid bar of colors. 
Differentiating criteria for map units are placed to the left of 
the color - symbol axis, non-differentiating, descriptive 
information to the ri ht 

-+-' 
Consistent partition of the legend in 

this way could help e user mentally organize his interpretation 
of the information. It is also quite logical to define an entity 
before presenting its coding (ie. symbol and color) and 
describing its attributes. The proposed layout gives this 
information in sequence going from left to right across the 
columns. 

5.11 Check List of Decisions 

1. What is the design of the working legend to be and how 
is it to be used - for inspections, for delineations or for 
soils? Check that the largest potential symbol is compatible 
with the expected average size delineations. 

2. What form of legend is to be used on the published map? 

3. What is the layout of the published legend to be, and 
what information is to be included? 

4. Is stratification to be incorporated in the legend? 

5. How are the map units or soils to be arranged within the 
legend - alphabetically or by stratified groups? 

6. Are simple and compound map units to be separated in the 
legend? 

7. Approximately how many map units are anticipated? 

8. What other sections of the legend are required besides 
the descriptions of map units or soils - eg. explanation of 
symbol, definitions of denominator phases, inset maps for 
reliability, survey intensity, inspection points etc.? 
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Table 11. Extract of an Axial Legend for an Xntcnsity Level b Survey 

Landform and Parent 
Material 

some surface sands (25%) 

Clayey marine blanket, 
and terraced fluvial 
silts (2.5%) 

Fen of moderately well 
decomposed peat 

Sedgepeat fen (602) 
and clayey marine 
blanket (40%) on 
slightly higher ground 

Water Regime and 
Drainage Class 

Very slow transmissibility; 
high watertables most of the 
year, Poorly drained. 

Gently sloping I Pasture grasses 
almost all and arable crops 
cultivated 

Very slow transmissibility; CD-CV ?‘ainlq gently Pasture grasses 
high watertable most of Cloverdale sloping T.-ith some and reeds in 
year except near stream - Carvolth strong slopes to s treat valle:rs 
valleys. Poorly to small and shallow 
imperfectly drained, stream valleys 

Ploderate transmissibility; EM Level to depress- Sedges, reeds 
very high watertables all Lumbum ional areas and deciduous 
year. Very poarly drained. between delta shrubs 

distributaries 

Moderate (Lumbum) and very 
slow (Cloverdale) 
transmissibility; very high 
to high watertable all year, 
Very poorly to poorly 
drained. 

Level to gently 
sloping areas shrubs and 

pasture on 
Cloverdale soils 

Rcliabili ty 
of mapping , 

65-7 j’/ 
/ 
I- 

6@-7?’ 

I 

Information to be included in other Sections of the Legend 

Explanation of the map delineation symbol. 
Definitions and subsymbols of phase classes shown 1n denominator of delineation symbols. 
Definitions of terms used in legend (eg. water regime classes), when not esplained elsewhere. 
Inset maps (as appropriate): Location map p ReSiabi%lty, Survey Intensitv, Traverses, Inspection 
and sampling locations 0 

References for base maps. 
Credits and References when appropriate e 

Sates: -- 

The legend 
The map dr 

The legend 

is based loosely on 
lineation symbol wou 1 

could be stratified 

Soils of Langley- Vancouver Yap Area (Luttmerding, 19SQ). 
d contain slope classes in the denominator - E s L?i-CD -- 

3 l-2 
by pedoclimatic, vegetation cr FhL7siographic zones. 
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9. Where is the legend to be put - on the map or in the 
report? 

IO. Are map units to be described? 
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6. THE PUBLISHED SOIL MAP 

6.1 The Map Delineation 

A map delineation is a single area on a soil map bounded by 
a continuous line. The CanSIS cartographic file refers to it as 
a polygon. 

A map delineation is different from a map unit because it 
represents a real portion of the soil landscape. It has 
location. A map unit does not. A map unit is an amalgamation of 
all the properties of its map delineations. The relationship 
between a map unit and its map delineations has been discussed in 
4.3.4, and is illustrated diagrammatically in Figure 3. 

6.2 Minimum Size Map Delineation 

This is the smallest delineation that should appear on the 
map. It is either: 

1. The smallest delineation inside which a simple map unit 
symbol can be printed, 

or 

2. The smallest area that can be easily discerned by a map user. 

A gractical minimum-size delineation-on a soil survey map is 0.5 
cmc, The area represented by 0 5 cmL on the map should 
correspond to the minimum field'delineation necessary for the 
purpose of survey. If the purpose suggests that areas with 
different use potentials must be recognized down to a size of 2 
ha (5 acres) then the scale should be at least as large as 1:20 
000 (Table 12). If the smallest area needed is 10 ha (25 acres) 
then 1:50 000 would be a logical scale to use as the next common 
map scale (1:lOO 000) would not normally recognize areas smaller 
than 50 ha (125 acres). 

The minimum map delineation will be used only for strongly 
contrasting units. Anything smaller will have to be recognized 
by on-site symbols. The actual field area represented will vary 
with scale of presentation (Table 12). 
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Table 12. Hectares on ground represented by various sized areas 
on maps of different scales 

Map area 
(cm2) 

Map Scales 
1:lO 000 190 000 1:50 000 1:lOO 000 1:250 000 

025 025 1 6025 25 I.5625 
005 0.5 2 12.5 50 312.5 
1 1 4 25 100 625 
5 5 20 125 500 3125 

10 10 40 250 1000 6250 

Maps are usually compiled at scales that are larger than the 
final scale of publication. The surveyor must take care that he 
does not draw areas on the field map or aerial photograph that 
will be smaller than 0.5 cm 2 when reduced to publication scale. 
Figure 15 supplies a guide to the smallest area that should be 
drawn on the field map or photograph if it is to be reduced two9 
five or ten times for publication. 

6,3 Map Delineation Density and Map Legibility 

A map becomes difficult to read if too many delineations are 
near the minimum size, or if many symbols are so large that they 
have to be printed outside the delineation and connected with 
"blind leads'". For a readable map the average size delineation 
(total land area of the map divided by the total number of 
delineations) should be about 20 times bigger than the minimum 
size delineation. 

This gives a map delineation density of 5%. 

Map Delineation Density = Minimum Size Delineation x 100 
Average Size Delineation 

The figure of 5% for the map delineation density is constant 
regardless of the survey intensity level. Map delineation 
density is what the Soil Resource Inventory Study Group (1978) 
called Map Texture Intensity. 

6.4 Published Map Symbols 

It is impossible to propose a system for map unit symbols 
that will cover all the permutations of component properties that 
a surveyor may wish to convey, However, Table 13 gives the 
outline of system that could be followed to label simple and 
compound map units (and their phases) in a systematic manner. 
The rationale behind Table 13 is as follows: 
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Xl0 
REDUCTION 
FOR 
PUBLICATION 

I 1 

x2 
REDUCiION 
FOR 
PUBI ICATION 

x5 
REDUCTION 
FOR 
PUBLICATION 

SMALLEST cl 
DELINEATION ON 
PUBLISHED 1 1 
MAP 

FIGURE 15: The appropriate size of the smallest delineations on a field map 
when the published map is to be produced at a smaller scale 
(adapted from a diagram by R. Jarvis and D. Carroll, Soil Survey 
of England and Wales). 
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1. Soils and Nonsoils: Capital letters that connote the 
name are used. All symbols for soils and nonsoils on the same 
map should have the same number of letters with a maximum of 
three. In other words the symbol should be A, AB or ABC. It may 
be found convenient to use the CanSlS code as the symbol. 

2. Simple map units: Use the symbol of the dominant 
component. 

3. Compound map units with uniform parent material: Use 
the symbol of the dominant component plus a number to 
differentiate between map units with different significant and 
minor components. 

4. Compound map units with contrasting parent materials: 
Use the symbols of both (all) components in order of decreasing 
proportions. 

5. Soil phases: Show phases that are soil properties such 
as salinity, peaty upper horizons or surface texture variants as 
lower case letters after the capital letters connoting the name. 
It is conceivable that there may be more than one such soil phase 
eg ‘ saline and sandy. These phases will usually occur regularly 
and will be listed in the main legend eg. Gander: GA; Gander, 
peaty phase: GAp. 

6. Land phases: Show phases of external land properties, 
such as slope or rockiness, as lower case letters or numbers in 
the denominator of the symbol. These phases are of irregular 
occurrence. They will vary from delineation to delineation of 
any one map unit, They will not appear in the main legend, but 
their class limits will be explained elsewhere. There should be 
a maximum of three land phases for each soil or nonsoil in maps 
with controlled legends. Three is a recommended number for maps 
with uncontrolled legends too. Closed legends will have none and 
open legends will have more than three. 

Where two or three land phases are shown on a map there must 
be that number of characters in each delineation. If a phase 
does not occur in any delineation an 'lx", or some other defined 
character, should be substituted. 

Contrasting components in compound map units may need 
separate phase characters Therefore, two (or possibly three) 
groups of up to three characters could appear in the denominator 
of a map unit symbol. For example Gander (gently sloping, 
moderately rocky) plus Rail (level, nonrocky) would appear as 
GA-RL. 
la3-1x 

7. Deciles: No decile proportions are shown on maps with 
controlled legends. They may be shown on maps with uncontrolled 
legends. 
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Table 13. Ftoposed symbols for soil map units on maps with controlled legends (1) 

Map Unit Specifications 

Type of Component Symbol Symbol with Symbol with Symbol for compound 
Map Unit Name(s) no phases one soil phase two land phases unit with two phases 

for contrasting components 

Simple Gander 
(soil-loam) 

Glenwood 
(soil-loam) 

Rail 

GA GAa 

Gw GWa 

RL RLa 

GA 
GT 

Gw 

bl 

BE 

bl-a2 

bl-a2 

Compound Cander- GA-G&RR GAa-GWa-RK GAa-GWa-RK GA-GW-FX. 
(with a Glenwood- bl bl-a2-c3 
third Rock 
contrasting 
non soil 
component) 

(I) The principles embodied in this table are applicable to maps with other forms of legend, but the 
number of Component and phase sub-symbols will vary. 
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6.5 On-site symbols 

Occasionally highly contrasting, but very small, components 
occur in a map unit that significantly affect its management. 
They must be mentioned, but more important their location needs 
to be known. Some examples would be lines of small creeks 
through bottomland, stone piles or small escarpments. They can 
be shown by on-site symbols within delineations. A list of 
suggested symbols is given in Appendix 4. 

6.6 Color 

Colors on soil maps should be used for more than 
differentiating one delineation from another, This has already 
been done by the symbol. The color itself should be made to 
carry information. In the maps of Saskatchewan, color carries a 
parent material connotation. In other maps it has been used to 
signify physiographic regions. 

6.7 Inspection Points and Traverse Locations 

It is often useful for the user of the map to have a record 
of where the soils were inspected, described and sampled. The 
locations of inspections could be put on the soil map for 
intensity level 4 and 5 surveys, but will probably have to be 
shown as an inset map or given (for sample sites) as coordinates 
in the report for level 1, 2 and 3 surveys. It would also be 
useful for an inset map to show the location of random transects, 

6,8 Check List of Decisions 

7. What is the smallest delineation that can be made on the 
field photographs or base maps to give the required minimum size 
delineation on the published map? 

2. What type of symbols are to be used on the published map? 

3. Check that the size of the potential symbols is 
compatible with the average size delineations expected on the 
published map. 

4. What on-site symbols, if any, are to be used? 

5. Check with the cartographer to choose the colors for map 
units, and to coordinate them with contiguous maps. 

6. Are colors to be used to group similar map units - eg. 
those with similar parent materials or within the same vegetation 
zone? 

7. How will inspection points and traverse locations be 
shown? 
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APPENDIX 1: NONSOIL FEATURES 

The following list of nonsoil features is extracted from the 
report of the Miscellaneous Landform Subcommittee (1973). Many 
features that were listed in that report could really be 
classified as soils, usually some type of Regosolic soil. 
The original report should be consulted for the definitions: 

1. Man made nonsoil features 2. Natural nonsoil features 

Cut and fill areas* 
Dugout 
Garbage dump 
Gravel pile* 
Floodway 
Land fill* 
Made land 
Mine dump* 
Mined land* 
Oil waste land* 
Pit* 
Quarry* 
Rubble land* 
Sewage lagoon 
Slickens 
Stone piles* 
Urban land 
Water lagoon 

Badland* 
Beaches* 
Coquina land* 
Glacier-ice 
Lava flows 
Oil sands 
Rock outcrop 
Rubble land* 
Rockland 
Scoria land 
Tidal flats 

*If our definition of soil is applied strictly, these should 
really be forms of Regosolic soils, 



88 

APPENDIX 2: A WORKING LEGEND FOR INSPECTIONS 

The following system was used in field survey work in the 
Regional Municipality of Haldimand-Norfolk, Ontario, 

Field Legend for Norfolk-Haldimand 

The system uses coded numbers and letters in a 
numerator-denominator symbol. 

(a) Numerator 

The numerator contains information on soil texture and 
stoniness, The first character indicates texture. 
Asterisks can be used to define texture more precisely, if 
necessary, e.go sandy clay - 6** 

I Texture 

0 - Bedrock 

l- Gravel, gravelly sand* 

2- Sand, loamy sand*, medium to coarse sandy loam** 

3 - Fine sandy loam, very fine sandy loam* 

4 - Silt loam 

5- Loam 

6 - Clay loam, sandy clay loam*, sandy clay** 

7 - Silty clay loam 

8 - Silty clay 

9 - Clay, heavy clay* 

10 - Organic 

Contrasting Textures (overlays) 

In some places soil material of one texture overlies 
material of a contrasting texture or lithology, separated by 
a lithological discontinuity. 

Case 1 - Upper soil material is 5O-100 cm. (20-40 in.) 
thick, e.g. silt loam over clay - 4/9 
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Case 2 - Upper soil material is 15-50 cm. (6-20 in.) thick 
e.g. silt loam over clay - 4//9 

Case 3 - Upper soil material is O-15 cm. (0.6 in.) thick 
e.g. silt loam over clay - 9. If this surface material is 
significant, it can be noted on the CanSIS form. 

Any Texture over Shallow Bedrock 

Case P - Soil material is 50-100 cm. thick over bedrock, 
e.g. silty clay over bedrock - 8/O. 

Case 2 - Soil material is 15-50 cm. thick over bedrock, 
e.g. silty clay over bedrock - 8//O. 

Case 3 - Soil material is O-15 cm. thick over bedrock, e.g. 
silty clay over bedrock - 0. 

Note soil texture on CanSIS sheet 

Similar textures but differences in lithology, color, etc. 

(a) If till vs. non-till, indicate by T or legend number 
after texture e.g. clay till - 9T or 9 (06). 

(b) With two similarly-textured materials but different 
lithology, color, etc., use color letter or legend 
number after texture, e.g. reddish clay till - 9TR or 
9T (07) 

II Stoniness 

The second character is prefaced by st and refers to 
stoniness. 

st 1 - some stones but slight to no hindrance to 
cultivation. 

st 2 - enough stones to cause some interference with 
cultivation. 

st 3 - enough stones to offer a serious handicap to 
cultivation and some clearing is required. 

st 4 - enough stones to prevent cultivation until 
considerable clearing is done. 

st 5 - too stony to permit any cultivation. 
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(b) Denominator 

The denominator contains information on slope and drainage, 

The first character indicates drainage. 

I Drainage 

1 - very rapidly drained 

2 - rapidly drained 

3 - well drained 

4 - moderately well drained 

5 - imperfectly drained 

6 - poorly drained 

7 - very poorly drained (free water at or within $2 
inches of the surface most of the year) 

II Slope 

The slope character (capital or small letter) follows 
drainage character 

% Simple Complex 

o-o.5 A a 

0,5-2 B 

2-5 C 

b 

C 

5-9 D d 

IO-15 E e 

15-30 F f 

30-60 G 9 

60+ H h 

(c) The Symbol 

A well drained stony loam on a single 4% slope would appear 
thus 

5 st 2 
2C 
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APPENDIX 3: A WORKING LEGEND FOR DELINEATIONS 

The following legend was used for the mapping of the 
Tillsonburg-Wyecombe area in the Regional Municipality of 
Haldimand-Norfolk, Ontario. 

Preliminary Soil Legend - Tillsonburg-Wyecombe 

Delineation Symbol 

The convention used to label delineations is as follows: 

(Mapping Individual) (Phase) 
(Slope) (Stoniness) (Wind/Water Erosion) 

A mapping individual can be a soil series (e.g. 112), a 
phase of a soil series (e.g. 112f), or a nonsoil unit (e.g, UL - 
Urban Land). Stoniness classes are omitted in nonstony soils. 
Likewise, wind and water erosion classes are omitted if erosion 
is not evident or very localized. 

Example for a delineation of a simple map unit 

A delineation containing dominantly a slightly stony, poorly 
drained sandy soil with 30 cm of peaty material at the surface, 
occurring on a simple 0.502% slope, and with slight erosion due 
to water is labelled as follows: 

soil individual surface textural phase 

116 : f 

/-- water erosion phase 
slope phase I 

stoniness phase 

Example of a delineation of a compound map unit 

When a delineation contains more than one mapping individual 
estimated proportions of the individuals are indicated by deciles 
as follows: 

1127 + 1153 
ClW2 

or 1127 + 1153 
c TIYnrr 

In both cases the units occur in 70:30 proportions but in 
the second case the slope and water erosion characteristics of 
the soil individuals are different. 
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SOIL LEGEND 

Parent 
w 

Dominant 
MatePiarand In iv1 ual Surface 

Landform Code (0-40m) 
Textures 

Natural 
‘Drainage 

Special 
Features 

Calcareous 112 Loamy sand Rapidly 
glacio-lacustrine to well 
loamy sand and 
sandy loam; level 115 Loamy sand Imperfectly 
to gently sloping 
or terraced, 116 Loamy sand, Poorly 

fine sandy 
loam 

Textural and Peatv Phases 

(2) 

(3) 

Gravel contents 
of 5020% have 
been indicated 
by the gravelly 
(g) phase. A 
veneer of 
eolian fine 
sand is often 
present. 

A lower-case f following the number assigned to a 
mapping individual (e.g. 112f) indicates that the 
upper 15 to 50 cm is significantly finer-textured than 
the lower 50 to 100 cm. 

A lower-case c following the number assigned to a 
mapping individual (e.g. 025s) indicates that the 
upper 15 to 50 cm is signifiantly coarser-textured than 
the lower 50 to 100 cm. 

A lower-case p following the number assigned to a 
mapping individual (e.g. 116~) indicates that a mineral 
soil is overlain by 15 to 40 cm of organic deposits, 

Special Symbols for nonsoil individuals 

Name of Symbol Symbol Feature 

Urban land UL Land used for residential, 
commercial, industrial or 
recreational purposes. 

Gravel pit GP Areas where sand or gravel 
has been excavated, May 
be active or inactive. 

, 
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Touoaranhic Classes 

Simple 
Topography 

Stoniness Classes 

Class 

Water Erosion Classes 

Class 

WI 
w2 
w3 
w4 

Wind Erosion 

Class 

D% 
D2 
83 

Complex 
Topography 

Slope 
% 

0 - 0.5 
0.5 - 2 
2 - 5 
5 - 9 
9 - 75 

15 - 30 
30 - 45 

Description % Stones on Surface 

Slightly stony 0.01 = 0.1 
Moderately stony 0.1 -3 
Very stony 3 - 15 
Exceedingly stony 15 = 50 
Excessively stony >50 

Description % Surface Soil Eroded 

Slightly eroded land 25 
Moderately eroded land 25 - 75 
Severely eroded land >75 
Gullied land Severely gullied 

Description 

Wind-eroded land 
Severely wind-eroded land 
Blown-out land 
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APPENDIX 4: ON-SITE SYMBOLS 

The following symbols are recommended to designate the kind 
and location of small but significant portions of the soil 
landscape that cannot be mapped by delineations of normal size. 

The first ten are standard symbols used by the Terrain 
Sciences Section of the Geological Survey of Canada, the rest are 
from the Soils of Waterloo County,Ontario (Presant and Wicklund 
1971). 

x small bedrock outcrop 

enclosed depression - kettle hole 

e line of channel 

-ccc'"r, escarpment 

c: 
C landslide scars 

d rock glacier 

CD PiP 

4 ava 

c c 
c,c,C c act 

c 

ng depression 

anche track 

ve dunes 

A A 
A A 

AA A 

I I II I 

concentration of boulders 

eroded gulley 

clay spot 

sand spot 

gravel spot 

rock pile 

made land 

wet spot 

saline spot 


