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A SPECIAL NOTE TO THE READER 
(Preface to Third Printing ) 

Advances in soil science, changes in agricultural conditions, 
and the need for more detailed information on Saskatchewan soils 
make i t  desirable to revise or replace Soil Survey Report No. 12. 
More detailed soil surveys are now in progress, but these will not 
be completed for the whole area for some years. I t  will therefore 
be necessary to retain the present report until new maps and reports 
are available for the whole of the No. 12 map area. 

In planning a third printing of this report, consideration was 
given to preparing a revised edition. This plan was finally discarded 
in view of the costs involved and the more important fact that 
information necessary to  a complete revision is not yet available. 
Hence the present report is unchanged from the original edition, 
except that it was not possible to reproduce the photographic plates, 
which consequently appear as blank pages. 

To  those Who make specific use of Saskatchewan Soil Survey 
publications, the following suggestions are offered : 

1. The new soil surveys will be published in a series of indi. 
vidual map areas, each covering about four million acres. 
This means that the No. 12 Survey will be gradually re. 
placed over a period of years. Hence those interested should 
watch for public announcement of new soil survey publi- 
cations covering their own districts. 

2. The new publications will contain changes in soil classifica- 
tion, map units, and soil names, and the maps will provide 
more detailed soil information than is presently available. 
Hence, whenever a new soil report is published i t  should be 
used in place of the present report for the particular area 
covered. 

DEPARTMENT OF SOIL SCIENCE, 
1962. 



Preface 
HIS publication is the twelfth in a series of Soil Survey Reports issued T by the Department of Soils, University of Saskatchewan. The present 

report replaces Soii  Survey Report No. 10, now out of print. 
In 1920 a Better Farming Conference was held at Swift Current at 

which a resolution was passed requesting the Provincial Government to  
appoint a Royal Commission of Inquiry into Farming Conditions. The 
Commission w8s appointed in the same year, and one of its major 
recommendations was that a soil survey of Saskatchewan should be 
undertaken. As a result the Department of Soils commenced soil survey work 
in 1921, and since 1929, the Dominion Department of Agriculture, through 
the Central Experimental Farm, has given assistance to this project. 

The Saskatchewan Soil Survey is conducted by the Department of Soils, 
University of Saskatchewan, with the active co-operation of the Dominion 
and Provincial Departments of Agriculture. This Co-operative arrangement 
has speeded the course of the work and has tended to broaden the scope of 
the survey. For example, the Dominion Departnient of Agriculture through 
P.F.R.A. requires detailed soil surveys of projected irrigation areas as basic 
information in determining the advisability of proceeding with their 
development. The Provincial Government has on occasions requested a 
preliminary reconnaissance survey of areas within Forest Reserves, when there 
has arisen a question as to the advisability of transferring such lands to other 
uses. The findings of the soil survey in such cases are of immediate practical 
importance. On the other hand the soil is a natural body, and during the 
course of any investigation of its nature for whatever practical purpose, it 
is necessary to maintain the viewpoint and methods of pure science. It is 
only in this way that Our knowledge of the soil can be increased, and a 
solid body of facts accumulated, to serve sts weapons in attacking the many 
and diverse problems of the land. 

The first purpose of the soil survey is to classify and map the soils of 
an area and to supplement this activity by examining their physical and 
chemical nature in an effort to meet the problems of agricultural production, 
or proper utilization of the various soil types encountered. The assembled 
information provides a convenient inventory of the soil resources in an area, 
and makes possible the ready correlation of the problems and queries of the 
farmer with the chief factor affecting his enterprise-that is, the soil. 

There are many important uses to be made of the material incorporated 
in the report and shown on the soil maps. In the first place it is basic 
information required in many soil and agronomic investigations. The 
relationship of the nature of the soil to cropping and cultural practices, 
control of weeds, insects, diseases, and erosion, and to questions relating to  
fertility may be cited in illustration of the above statement. Moreover, the 
soil survey information serves 8s a basis for considering the problems of 
land utilization and as a guide to administrative departments concerned with 
land and agricultural policies. 

The information has been extensively used in land appraisaï and 
assessment. To the land seeker the information provides a valuable guide to 
the nature of the land in any particular are8 he may have under consideration. 
To the farmer the soil maps and report provide the basis for obtaining the 
best available information on problems of production as related to his 
particular soil conditions. It enables him to correlate his own conditions with 
those of neighbouring or distant areas and makes possible a more rational 
planning of adjustments in farm organization to meet new circumstances 
as they arise. 
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SOIL SURVEY 
of 

SOUTHERN SASKATCHEWAN 
By J. MIT-LL, H. C. MOSS and J. S. CLAYTON* 

Introdzcction 
HIS publication supersedes Saskatchewan Soil Survey Report 
No. 10. Certain revisions and corrections of the map issued ' with Report No. 10 have been incorporated in the present 

map. The soi1 information for a considerable area of subsequently 
surveyed lands has also been added. The latter area occupies the 
north-east section of the map and extends roughly from Bjorkdale 
to Hudson Bay Junction. 

The field mapping was done on a broad scale, and the maps 
should be used with this fact in mind. The small scale of the 
published map prohibits the inclusion of greater detail even where 
it is available on the original field sheets. However, in certain 
areas the soil map shows somewhat greater detail than is mmmon 
to the whole map. This is true in the Chaplin-Lake Johnston 
district, covered by Soil Report No. 11, and in the vieinities of 
Saskatoon, Fillmore and Yorkton. The latter areas were mapped 
in considerable detail, and this additional information is shown 
in so far as the scaie of the accompanying maps permit. 

Along with numerous revisions and corrections of the former 
map there are a considerable number of changes and additions in 
the text of the report. Among such changes are those pertaining 
to the system of classifying the soils. These changes were made 
with a view to obtaining a more logical system than that formerly 
used. Aside from learning some new terms and definitions, the 
reader should find little trouble in using the new report if already 
familiar with preceding publications. However, a great many new 
soil types are added to those described in Report No. 10 and the 
soils are now grouped and described as associations rather than 
series. 

This publication consists of a soil map and a report. These 
are supplementary to one another. &th should be referred to in 
seeking information regarding the mils of the area. 

.-The map is published in four sections for conveni- 

Particular townships may be located by referring to the township 
and range numbers shown at the margin of the map sections. The 
smallest squares &own on the map are sections. A diagram of a 
township is included with the legend to assist those unfamiliar 
with the system used in numbering sections within a township. 

ence me in han M%* mg, Each sheet is complete with heading and legend. 

*A. P. Tzogoeff, C. A. Rowles, W. K. Janzen, W. L. Hutcheon, J. E. McClelIand, and D. 
Wilkinson. assisted with the field and laboratory work requlred in the preparation of this 
publication. 
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Natural or cultural features such as cities, towns, railways, post 
offices, lakes and rivers are also s h o w  on the map. 

The different soil areas are separated by solid black boundary 
lines, and the kind of soil is identified on the map by the use of 
colours, letter combinations, and symbols. In general the colour of 
any particular portion of the map identifies the soil texture. The 
letter combinations indicate the soil association and textural class. 
The first letters are an abbreviation of the association name, and 
the Iast refer to texture. The whole is an abbreviation of the soil 
type to which it refers. For example R HvC is the letter combina- 
tion used for Regina heavy Clay; E SiCL for Elstow silty Clay loam; 
and Ht  FL for Hatton fine sandy loam. The type of soil in an 
area can be determined without reference to the colour scheme 
used, but the use of colours makes it possible to more readily 
distinguish different soil areas. Special colours and abbreviations 
are used to indicate poorly drained or “alkali” lands, rough broken 
eroded lands, and other areas not included in established 
associations. Excessive staniness, and the presence of gravelly 
subsoils are also indicated by appropriate abbreviations. 

The topography of an area is an extremely important land 
feature and as  such must be shown on the map. The grouping of 
various types of topography is of necessity made on an arbitrary 
basis. The separations made for the purposes of this map are 
described in the report and shown on the map by suitable 
cartographical methods. Al1 map abbreviations, symbols, colour 
schemes, conventional signs as well as  the method used to indicate 
topography are listed and illustrated in the map legend. 

This rnap should not be used as the sole basis for estimating 
the value of land. The information of the survey is not given in 
sufficient detail to show soil variations of individual parcels. 
However, the map and report when properly used can furnish 
information of valuable assistance in e s t i a t ing  the productivity 
of the soil encountered on particular parcels. 

The Report.-The report is divided into a number of sections 
and the topics dealt with in each are listed in the table of contents. 

The most important material incorporated in the report is that 
which deals with the characteristics and agricultural adaptations 
of the various soil associations shown on the map. It is obviousIy 
impossible to incorporate such material into the map, so that 
the user of the map must necessarily turn to the report in order 
to obtain full information about a particular kind of soil. A 
section is devoted to outlining the system of classification used, 
and this section should be carefully studied by those using the map. 

Since the survey deals with a Iarge area, and in fact includes 
most of the settled portion of the Province, some space has been 
devoted to such subjects as climate, vegetstion, general relief and 
drainage, history and developrnent, and certain other matters 
pertinent to the understanding of the nature of soil or of the 
character of the area as a whole. Statistical information in tabular 
form is included to supplement statements in the written text, 
and illustrations of landscapes, land use, and soil types have also 
been placed in the report. A section has been prepared by Professor 
F, H. Edmunds which deals with the important subject of geology 
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in relationship to soils. This portion of the report will also give 
the reader a general knowledge of the geology of Saskatchewan. 

SOIL AND PLANT RELATIONSHIPS* 
Throughout the centuries men have speculated upon the 

nature of soil fertility. Even the most primitive husbandman 
of ancient times was probably quite aware that soils varied 
greatly in their productivity. Among the earliest written records 
there are references to the fruitfulness of the soil and both Greek 
and Roman writers often made mention of the problems of the land. 
Civilization took form and developed in a world much less secure 
from starvation than is the world of today. The bounty of the 
soil given in a good harvest was indeed a cause for rejoicing 
and thanksgiving in ancient lands where the flocks and fields 
were ever within sight and shelter of the village Wall. Such 
people knew that famine must surely follow should the ffocks 
perish or the lands lay waste. Today the greater part of the 
population is remote from the land and know little of things 
that grow. There are probably many people Who give little more 
than a passing thought to the consequences which might follow 
should the land be wasted and the crops fail. Modern methods of 
agricultural production and modern means of transportation have 
done much to remove the shadows of famine from the face of the 
earth. The irrefutable fact remains that man lives from the land. 
His existence still depends upon the fertiiity of the mil and the 
growth of green plants. 

That the nature of the soil profoundly affects the growth of 
plants is common observation. External factors such as  sunlight 
air, and heat while essential to growth are in a degree beyond 
the practical control of the agriculturist. On the other hand, the 
moisture of the soil and the avaiiable supply of the elements of 
fertility are factors capable of modification. Maintenance of 
fertility, however, is not necessarily synonymous with maintenance 
of gmd productivity. The latter depends not alone on the fertility 
of the soil, but also upon the managerial abiiity of the farmer in 
selecting suitable crops, sowing good seed, controliing weeds and 
pests, and on a host of other factors of which no one is more 
aware than the farmer himseif. 

Modern science has provided a solution for many of the 
problems confronting agriculture. It has given an understanding 
of the nature of the relationship between plant and soil hardiy 
conceived a century ago. Yet there remain many unsolved problems 
to challenge the investigator, equipped though he is with modern 
methods for attacking them. Furtherrnore, new problems con- 
tinually appear, so that the methods of science must find ever 
increasing application to the problems of agriculture. Under 
culture, whether growing wheat, corn, Cotton, rice, fruit, vegetableq, 
grass or trees, the abiiity of the soil to produce the crop desired 
by the husbandman determines in a general way the Worth of the 
land. Primarily it is a matter of the ability of the soil to  satisfy 
man’s universal needs for f d ,  clothing and shelter. But abundance 
of yield is not the only criterion to apply in measuring the Worth of 
*For a comprehençive discussion on this subject the reader 1s referma to “Soi1 Conditions and 
Plant Growth,” by E. J. Russell, Longmans, Green L Co. 
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the land. The reai quality of the product must also be considered. 
For instance, the nutritive value of a food crop may Vary greatly, 
and the highest yielding fields may not produce crops of the 
highest quality. With the growing knowledge of nutrition, demand 
for real quaiity in foods may be expected to assume far greater 
significance in the future. The nature of the soil is a factor of 
vital importance in determining the quality of the crop grown. 

The Nature of Soi.-Some understanding of the nature of 
soil and the process of plant nutrition is not only necessary to the 
farmer, but is highly desirable for those Who may stop to consider 
that food must do more for the body than satisfy a present hunger. 

The soil is a natural body, with characteristics which niake it 
distinct and separate from other natural objects. Mineral soils 
are mainly composed of mineral material, derived from the 
weathering of rocks. On the other hand, organic soils such as 
peats and mucks mnsist largely of decompsing vegetable matter. 
Mineral soils are the most important agriculturally, and occupy 
a far greater proportion of the earth’s surface than do organic 
soils. It is therefore appropriate that this discussion should be 
mainly concerned with the nature of mineral soils. 

The soil occupies a relatively thin layer on the surface of the 
earth. It is formed through natural processes of weathering” which 
become effective when hard rocks such as granites, or soft mineral 
deposits like boulder Clay are exposed to the elements and t o  the 
influence of plant and animal life. The effect of moisture, 
temperature, atmospheric gases such as oxygen and carbon dioxide, 
along with the influence of growing plants and burrowing animals 
produce notable changes in the original earthy material. These 
effects may extend from a depth of a few inches to several feet, 
depending upon the nature of the parent material, the intensity of 
weathering, and the length of time such agencies have been 
operative. Eventually, definite layers or horizons are formed which 
are discernible when a vertical section of the soil is examined. The 
whole succession of horizons down to the unchanged parent material 
belongs to the soil, and is referred to as the soil profile. In different 
soils the colour, texture, structure, thickness and the chemical 
nature of the various horizons differ in character. It is these 
characteristics of the successive horizons of the soil profile which 
are observed and made use of in identifying and classifying soils. 
The soil profile is discussed in greater detail in the section on 
“Soil Classification” (page 36). 

The four main components of a soil are mineral matter, 
organic matter, moisture and air. in addition there is present in 
the soil a hast of living organisms of diverse size and kind. The 
latter, especially the minute micro-organisms, are essential t o  the 
proper functioning of the soil as a medium for plant growth. 

Minemi Matter.--The mineral matter is composed of rock and 
mineral particles. These particles exist in all states of subdivision 
from that of coarse easily visible particles of Sand, to the 
finest particles of Clay which are so minute as to be invisible even 
with the aid of a microscope. Silt is intermediate in size between 
Sand and Clay. Certain of the soi1 minerals exkt unchanged in their 
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original form, others are derived by chemical decomposition of the 
primary rock minerals and are therefore distinctive minerals of 
the mil. Among the latter are the extremely important minerals 
of the Clay fraction. 

Along with humus the clay material makes up Che most active 
and important portion of the soil mass. The Clay imparts plasticity, 
cohesion and tenacity to the soil in proportion to the amouat 
present. The Clay and humus together greatly influence the 
fertility, structure, and water holding capacity of the SOL 

On the average, mineral matter accounta for over ninety per 
cent. of the weight of the dry mil. The texture of the soii is 
determined by the percentages of clay, silt and Sand which make 
up the mineral portion of the soil. Coarse textured soils have a 
high percentage of Sand particles and fine textured (heavy) .mils 
have a greater proportion of clay. (Table 9.) 

Organiic Matter.-Soil organic matter is derived from the 
remains of plants and animals which decompose in the soil. These 
organic remains occur in various States of decomposition but 
are mostly present in the form of the dark coloured organic 
substance known as humus. The amount of organic matter which 
may be present varies from about one to fifteen per cent. The 
climatic environment and the character of the vegetatiin are 
factors affecting the .nature and amount of organic matter in the 
soil. The amount of organic matter in mineral soils may seem 
relatively small, but its effect on their physical and chemical nature 
is of great significance. in the first place the organic matter is 
the main source and storehouse £or the important element nitrogen. 
It is food for many living organisms, and affects such important 
conditions as the moisture retaining ability, structure, and 
aeration of the soil. 

Pore Space and Soii Structure.-It is obvious that porosity 
is a condition essential to the storage and circulation of water 
and air in the soil, and to the penetration of plant roots. There 
are two factors which greatly affect the kind and amount of pore 
space in a soil. These are texture and structure. Texture, as has 
already been stated, refers to the proportion of Sand silt and clay 
particles in the mil, while structure refers to Che forms in which 
these particles together with humus may form aggregates, or 
compound particles. The resistance of these aggregates to abrasion, 
pressure, or slacking is of importance. Common types of structural 
aggregates are granules and clods. Soils of good structure are 
friable and easily tilled and in general these conditions are present 
in the highest degree in well granulated soils. Such mils have the 
highest possible water holding capacity, and at the same time 
permit quick penetration of moisture, and easy circulation of both 
moisture and air within the soil. The maintenance of good structure 
is an essential part of good soil management. 

Sandy soils have relatively less pore space than clayey soiis, 
although the individual pores are. larger in the former. The greater 
pore space characteristic of fine textured soils can only be fully 
effective in providing for the movement of air and moisture if 
these soils are well granulated. There is no practical way of 
changing the texture of agricultural soils, but the structure can 
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often be greatly modified through the addition of organic materials, 
or the application of proper and timely cultivation. 

Soil Moislane.--Insufficient soil moisture is a condition which 
commonly limits crop yields. This is particularly true of a prairie 
area. In  such an area productivity is to a large extent dependent 
upon the efficiency with which moisture is absorbed and retained 
for the use of the plant. In order to fulfil this requirement, the 
soil must be of good texture and of good structure. In addition 
the topography must be favourable. The best soils of the prairie 
area are therefore heavy soils of a naturally friable granulated 
structure and of gently undulating topography. However, heavy 
soils are less desirable in more humid areas where they may 
become waterlogged. Sandy soils have low moisture holding 
capacity and in the drier areas frequently suffer from drought. 
Many sandy lands have shallow water tables which compensate to 
some degree for their otherwise low drought resistance. Soils with 
gravelly, sandy or stony subsoils are also very droughty soils. 

The amount of moisture in the soil varies greatly. A “dry” 
soi1 as observed in the field is not entirely devoid of moisture, 
although none of the moisture present is available for plant 
growth. A “moist” soil contains water available to the plant, and 
it is such water which forms the nutrient solution to  supply the 
plant with both water and essential elements. A “wet” soil may 
be excessively supplied with moisture inasmuch as waterlogging 
is .detrimental to plant growth. The soil water occupies the spaces 
(pore space) between the particles and also forms films covering 
such particles. Thus the water makes close contact with the solid 
materials of the soil, and is therefore in a position to exert one of 
its main functions, i.e. acting as a solvent of the essential nutrient 
elements. 

Soil Air.-The soil air fills that  portion of the pore space not 
occupied by moisture. The amount of air in the soil must therefore 
Vary inversely as the amount of soil water. The air within the soil 
is quite similar to  that of the atmosphere except that the former 
contains more carbon dioxide. This gas is important in the soil 
because i t  dissolves in water to form carbonic acid. The latter 
acts as a solvent of minerals and in this way assists in the process 
of making essential elements available to  the plant. The oxygen 
of the soil air is necessary for the proper functioning of the root 
system of most plants and also to many micro-organisms of the 
soil. When there is an insufficient supply of air in the soil 
conditions become unfavourabIe for the growth of most cultivated 
plants. 

Soii Reaction.-The reaction of the soil solution (that is 
whether the solution is acid, neutra1 or alkaline) is obviously a 
chemical condition of great importance to growing plants. In acid 
soils there is an excess of acids over neutralizing basic materials. 
Soils may be designated as slightly, moderately or strongly acid, 
but even strongly acid soils are only mildly acidic compared to 
a very dilute solution of an acid. 

in neutral soils neither acids nor bases predominate. 
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In alkaline soils basic compounds are in excess. Such com- 
pounds are the carbonates of lime and magnesia, which produce 
slight to moderate alkalinity, or the carhonates of sodium and 
potassium which give strong alkaline reactions. Highly alkaline 
soils almost invariably contain some carbonate of soda (washing 
soda) and it is this Salt which forms “black alkali.” The term 
alkaline should not be confused with the term “alkali” commonly 
appiied to saline soils. The latter may be only slightly alkaline, 
and in rare cases are even acid in reaction. 

In speaking of soil reaction the term pH is in general use and 
the pH scale is a convenient metod of indicating the degree of 
acidity or alkalinity of solutions. The neutral point of this scale 
is pH 7. Soils ranging from pH 6 to pH 8 are generally favourable 
to  plant growth, although acid-loving plants thrive better in 
moderately acid (pH 5) to strongly (pH 4) acid soils. Some plants 
tolerate alkalinity but few will grow in strongly alkaline soils. 
As indicated above “black alkali” is generally present in strongly 
alkaline soils which have reactions of pH 9 or higher. 

The Nutrient E1ements.-Plants manufacture food from simple 
compounds containing the essential elements. The essential elements 
are obtained from the air, water and soil. Certain elements, such as 
carbon, hydrogen, oxygen, and nitrogen, are required in relatively 
large amounts, others, notably potassium, calcium, magnesium and 
phosphorous, in moderate quantities. Still others are only needed 
in small quantities. The latter include sulphur, iron, boron, man- 
ganese, copper and zinc. There are probably a number of elements 
in addition to these which are essential t o  plant growth. 

The important element carbon is obtained from the carbonic 
acid gas of the air, while hy.drogen and oxygen are supplied in 
water from the soil. These two simple compounds are brought 
together within the green leaf and elaborated into the basic 
substances of al1 foodstuffs through the process of photosynthesis. 
Nitrogen is obtained from the soil, with the exception that  
inoculated legumes are able to absorb nitrogen directly from the 
air through the activities .of bacteria inhabiting the roots of the 
plants. Nitrogen also enters the plant in simple compounds, the 
most common of which are nitrate salts. Within the plant it is 
elaborated into complex proteins essential to animal nutrition. 

Al1 other elements are derived from the soil. They must be 
present in sufficient quantities and be soluable enough so that the 
growing plant may obtain its supply as required. Water acts a s  
both solvent and carrier of the nutrient elements. The nutrient 
enriched water flows into the plant through the tiny root 
membranes and upward to  the green leaf surface where active 
manufacturing of foods is carried on. Water is therefore of triple 
importance. It is in itself a nutrient, is a carrier of nutrients, and 
is a powerful solvent of minerals supplying nutrients. Indeed the  
film of water reaching from the minute minera1 particle to the  
tiny rootlet makes a great bridge over which inanimate materials 
travel to become parts of living organisms, or to serve as food to 
give them growth and energy. 

While each main component of the soil has been discussed 
individually in the above paragraphs it must be remembered that  
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they are not actually separate. In the soil, minera1 matter and 
organic matter are intimately associated in a complex dynamic 
mass. The soil water bathes and penetrates the external and 
interna1 surfaces of this mass while forming a solution of sub- 
stances suitable to the nourishment of the plant. The soil air 
sweetens the atmosphere with oxygen and brin. an active solvent 
to the soil solution in the form of carbonic acid gas. This whole 
complex system is leavened by a host of minute but tremendously 
active living organisms, without which the soil wouid remain a 
rather inert mixture of organic and inorganic materials incapable 
of satisfactoriîy sustaining the growth of a plant. 

GENERAL DESCRIPTION OF THE AREA 
Location aiià Extent.-The area included in this soil survey 

lies in the southern half of Saskatchewan and extends roughly 
from 49' to 53' 12' North latitude, and from 101' 30' to 110' 
West longitude. This area is bounded on the south by the States 
of North Dakota and Montana, U.S.A. The east and West 
boundaries are formed by the Provinces of Manitoba and Alberta 
respectively. The northern boundary, which passes through the 
southern outskirts of the City of Prince Albert, is the line forming 
the top of Township 48. (See figure 1, opposite page.) 

The extent of the area from north to south is about 290 miles; 
its width from east t o  West varies from 392 miles along the 
American border to about 340 miles along the northern boundary. 
These dimensions give in round numbers a total area of 106,000 
square miles. The area actually mapped comprises about 96,000 
square miles, or 61,500,000 acres. The difference between the above 
figures represents the combined acreages of lakes, forest reserves 
and Indian reservations which were not covered by the soil survey. 

Reiief.-Southern Saskatchewan forms part of the physio- 
graphie unit known as the Interior Continental Plain or Great 
Plains region. In Canada this region comprises the prairie and 
forest areas of Manitoba, Saskatchewan, and Alberta which lie 
between the Laurentian Shield on the east and north, and the 
mountainous Cordilleran region on the West. 

The Great Plains region slopes chiefly to the east. In Western 
Canada the elevations range from about 4000 feet in western 
Alberta to about 800 feet in the Manitoba lowland. The surface 
is undulating to rolling, broken by a number of valleys, escarp- 
ments, plateaux and isolated hills. This vast area is separated into 
three divisions by two eastward facing escarpments. The first of 
these is known as the Manitoba escarpment and includes the 
Pembina, Riding and Duck Mountains and the Porcupine and 
Pasquia Hills. These hills rise from 500 to 1000 feet or more above 
the lower plains of Manitoba. The area to the east of this escarp- 
ment is known as the first prairie steppe. Portions of the Duck 
.Mountain and of the Porcupine and Pasquia Hills occupy the 
north-eastern corner of the area covered by this survey. 

The southern section of the Great Plains, West of the Manitoba 
escarpment, is sometimes referred to as the Alberta upland. 
This area is divided into two parts by the second escarpment, 
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which is known as the Missouri Coteau. This feature marks the 
boundary between the second and third prairie steppes. 

The Coteau is a less prominent physiographic feature than 
the Manitoba escarpment. Nevertheless, within the present sur- 
veyed area the Missouri Coteau is a very important feature of 
the relief. From a point on the International Boundary, south 
of Weyburn, the eastern face of this escarpment follows a general 
north-westerly direction to just east of Biggar ; thence north- 
easterly to the northern edge of the area, at a point about 35 
miles West of Prince Albert. ‘l’he Couteau includes in its northern 
extension the Bad, Bear, Eagle and Thickwood Hills. These consist 
of a number of rolling t o  hilly ridges, rising from 200 to 500 feet 
above the surrounding country. T,he continuity of this escarpment 
is broken by the valleys uf the North and South Saskatchewan 
Rivers and Eaglehill Creek. 

East of the Coteau the topography is principally undulating 
t o  gently rolling. The elevations range from about 1050 to 2000 feet 
above sea level, the lower elevations occuring along the Red Deer 
River north of the Porcupine Hills. The relatively smooth surface 
of the second steppe is broken by a number of isolated hills ranging 
from 2200 to 2500 feet above sea level. The chief of these are the 
portions of the Manitoba escarpment already mentioned, together 
with Moose Mountain, Last Mountain, and the Beaver, Touchwood, 
Allan and Birch Hills. 

Other important relief features of the second steppe are the 
Regina, Rosetown, Saskatoon, and Melfort plains, representing 
the beds of ancient glacial lakes, and the valleys d the Qu’Appelle, 
Souris, Assiniboine and Swan Rivers, which in places lie several 
hundred feet below the general level. Several large areas of Sand 
dunes occur along the North and South Saskatchewan Rivers. 

West of the Missouri Coteau, the general elevation of the land 
is greater than to the east. There is, too, a greater proportion of 
rough, rolling topography. In Saskatchewan the elevations range 
from 2000 to over 4000 feet, the average being about 2200 feet. 
The Cypress Hills and Wood Mountain, in the south-western 
section of the area, average over 3000 feet in height. Several points 
in the Cypress Hills exceed 4000 feet, these being the highest eleva- 
tions in the Province. The Cypress and Wood Mountain uplands 
represent remnants of old plateaux, which through erosion are 
now dissected by numerous deep valleys and coulees. These eroded 
uplands contain some of the roughest and most picturesque 
scenery in the settled portion of the Province. 

The important physical features of the third steppe are: the 
rough lands of the Coteau already described; the deep valleys of 
the Saskatchewan and Frenchman Rivers and Eaglehill Creek; the 
glacial drainage channels of Chaplin, Lake of the Rivers and Big 
Muddy; and a number of glacial lake beds. Large areas of dune 
sands are found in the Great Sand Hills and near Swift Current, 
Crane Lake and Big Manitou Lake. 

The more important physical features discussed above are 
shown on the accompanying sketch map (figure 2). Rivers, lakes, 
hills, and other topographie features are appropriately indicated 
on the soi1 map. 
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The foregoing discussion is important both as a means of 
presenting a general picture of the area and because relief is one 
of the major factors influencing soi1 formation. 

Drainage.-The area covered in this survey drains mainly to 
the east, conforming to the general slope of the Great Plains 
region. The system of drainage includes exterior drainage, where 
the streams flow out of the area and empty finally into the sea, 
and interior drainage, where the streams empty into depressions 
located within the surveyed area. 

Exterior drainage is effected mainly through the North 
Saskatchewan, South Saskatchewan, Swan, Red Deer , and 
Frenchman Rivers and their tributaries. The North and South 
Saskatchewan Rivers which rise in the Rocky Mountains and flow 
through the north-western and western sections of the area 
respectively, unite just east of Prince Albert. From this point the 
combined waters flow north-easterly, ultimately reaching Hudson 
Bay through Lake Winnipeg and the Nelson River. Within the 
surveyed area the main tributaries of the Saskatchewan River 
system are Swift Current Creek, Battle River, Eaglehill Creek, 
and Carrot River. 

The Assiniboine River rises in the Porcupine Hills and flows 
south-easterly into the Province of Manitoba, although its waters 
also finally reach Hudson Bay. The Assiniboine, through its larger 
tributaries, the Qu’Appelle and the Souris, drains the south-eastern 
section of the Province. 

The Swan and Red Deer Rivers and the upper section of the 
Assiniboine drain the north-east corner of the area. 

While most of the exterior drainage is to the north and east 
into Hudson Bay, a notable exception occurs in the south-West of 
the Province. Here the southern slopes of the Cypress Hills, Wood 
Mountain and the Missouri Coteau are drained by the Frenchman 
River and numerous smaller streams, the waters of which 
eventually flow into the Gulf of Mexico. 

The interior drainage system is composed of small rivers and 
creeks, many of which f l ~ w  only in the spring or during periods 
of unusually heavy precipitation. These streams empty into local 
depressions and lakes, and their waters are largely lost by 
evaporation. 

The larger lakes in the surveyed area are Big Manitou, Quill, 
Johnstone, Chaplin, Crane, Lenore, Basin, Jackfish, and Last 
Mountain. 

It is a significant fact that the only large rivers flowing 
through the surveyed area are the Saskatchewans, and that most 
of their waters corne from the mountains. Many of the local 
tributaries of the larger rivers are non-perennial streams. Very 
little of the precipitation that falls within the area is lost through 
exterior drainage. 

Another interesting fact is that  many of the larger valleys 
are dry Stream beds or are occupied by only small streams. Such 
large valleys were apparently carved by waters from the great 
continental glacier which once covered the area. Examples are the 
Qu’Appelle, Souris, Big Muddy, Lake of the Rivers, Anerley, Lewis, 
and Blackstrap Valleys. 
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Local drainage conditions Vary greatly throughout Southern 
Saskatchewan. The nearly level to  gently undulating areas have 
the most satisfactory drainage conditions from the standpoint of 
agriculture. Much of the strongly rolling and hilly land is 
excessively drained, due to the loss of precipitation through 
run-off. Low-lying flats and depressions are characterized by 
varying degrees of restricted drainage. Where the depressions 
receive run-off water from adjacent uplands the soil often contains 
excessive amounts of soluble salts. Such depressions are known 
locally as alkali sloughs. They mcur throughout the area but' are 
most frequent in the prairie section. Further north, in the wooded 
areas, peat bogs or muskegs and meadow soils are most commonly 
found in the depressions. 

The most important streams and lakes are included in the 
sketch map of physiography and drainage (figure 2). Most of the 
existing streams and lakes and the larger poorly drained flats 
and depressions are shown on the soil map. 

The broader aspects of drainage are closely related to the 
major features of the relief. Local drainage conditions have an 
important influence upon soil formation, and this subject is further 
discussed under Soil Classification. 

Surface Geological DepsXs and Soil Parent MaterialS.-For a 
discussion of the geological history of Saskatchewan and of the 
relationship between geology and physical features, mineral 
deposits and agriculture, the reader is referred to the section on 
Geology (page 219). 

The surface geological deposits are discussed a t  this point 
because they form part of the original parent material from which 
the soil is developed. Climate, vegetation, parent material, relief, 
drainage and the effect of time (soil maturity) are the major soil 
forming factors. The nature of the surface geological deposit which 
forms the parent material largely determines the texture, drought 
resistance, and the supply of mineral elements of the soil. The 
surface deposits are also partly responsible for the variations in 
topography and drainage found throughout the surveyed area. 

Since the surveyed area was once' covered by the continental 
ice sheet or glacier, the present surface deposits are chiefly of 
glacial origin. A small area in the south-east section of Wood 
Mountain does not appear to have been covered by the glacier. 
"here are other areas, chiefly in the South, where the glacial 
deposits have been eroded away exposing the underlying pre- 
glacial sediments. However, by far the larger part of the surveyed 
area is covered by glacial and post-glacial deposits.' 

The principal types of surface geological deposits encountered 
in the surveyed area are listed in table 1 (page 14) and the location 
of the more extensive deposits is shown on a map (figure 8). 
Table 1 does not include the specific parent materials of the 
established soil associations. There are for example several 
different kinds of boulder Clay, and more will undoubtedly be 
recognized as further geological and soil studies are made. The 
individual soil parent materials so far  identified are discussed 
under t l  Le various soil Associations. 
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TABLE 1.-SURFACE GEOLOGICAL DEPOSITS WHICH FORM THE 
PARENT MXTERIALS OF SASKATCHEWAN SOILS 

Deposlt Deacripilon 
1. Boulder Clay ............ Unsorted (morainic) and resorted (modified) boulder 

(Glacial Till) Clay deposits. Topography undulating t o  strongly 
rolling, with a characteristic wave-like relief, forming 
a succession of knolls and depressions. Numerous 
glacial stones ranging from coarse grave1 to  large 
boulders. 

over J3eürock .......... ..Thin boulder Clay or ,glacial tiïl deposits overlying pre- 
glacial sediments (chiefly Cretaceous, with possibly 
some Lower Tertiary formations). Topography chiefly 
undulating, some rolling. Few t o  moderate number of 
Stones. 

3. Glacio-Fluvial .......... Glacial outwash, Stream-eroded boulder Clay and 
kames. Topography nearly level to rolling. Coarse 
textured sandy and graveïly deposits varying from 
stone free to excessively cobbly and bouldery. 

4. Glacial Lacustrine Glacial lake clays, silts and sands. Topography nearly 
level to undulating, occasionally broadly rolling. Stones 
none to  few. 

5. Aeollan ...................... Wind deposited sands (dune sands) ; possibly some 
silty material. Dune topography. Stone free. 

6. Recent ....................... Post-glacial deposits (alluvium, pond or slough, marsh, 
meadow, peat and muck deposits) and accumulations 
from recent wind and water erosion. Flat to  depres- 
sional topography except on eroded deposits. Stones 
rare. 

7. Modified Residual .... Tertiary and Cretaceous sediments, partly water- 
worked (sorted) and partly mixed with thin and eroded 
boulder Clay deposit. Topography undulating to dis- 
sected. Stone free to  very stony; frequent quartzite 
pebbles. 

8. R.esidua1 .................... Tertiary and Cretaceous sediments (shales, sand- 
Stones, sands, silts, clays, gravels, conglomerates, coals, 
etc.). Surface eroded and dissected. Stone free except 
where boulders remain after erosion of former glacial 
cover. 

2. Thin Boulder Clay 

The deposits listed in table 1 are described in order as folbws: 
1.-In the present surveyed area boulder Clay deposits are 

most extensive, occurring not only as large belts of surface 
deposits, but also underlying deposits 3, 4, 5, and 6. Boulder Clay 
consists of fragments of rocks and minerals ranging in size from 
large boulders t o  minute Clay particles. These deposits are 
associated with medium textured or loamy soils, the frequent 
presence of glacial Stones and boulders, and undulating to strongly 
rolling topography. The topography is characterized by a 
pronounced “wavy” relief; even on the undulating phases the local 
relief is usually sufficient to produce a succession of low knplls, 
long smooth intermediate slopes and shallow undrained depressions 
or “slough~.’~ On the rolling phases the above type of relief is 
accentuated, forming the knob and kettle topography typical of 
morainic deposits. 

The soils developed on boulder Clay deposits Vary greatly in 
agricultural value. The best arable soils are found on smooth 
undulating typography particularly where the boulder Clay has 
been partially resorted by water. Such lands are less stony, of 
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more uniform texture, and contain fewer sloughs than the rough 
morainic areas. At the other extreme are the strongly rolling 
boulder Clay soils which are too rough t o  permit cultivation. In 
al1 boulder Clay areas local conditions of texture, topography, 
drainage and stoniness are of great agricultural significance, 
since any one of these factors may Vary considerably within short 
distances. 

2.-The thin boulder Clay deposits over bed-rock represent 
areas where the glacial cover is comparatively thin. In such areas 
the parent materials and the soils are influenced by the nature 
of the underlying geological formations. In the present surveyed 
area these consist chiefly of marine shales of Cretaceous age. 
These shales may influence the overlying soil in two ways; some 
of the Clay derived from the shale may form part of the parent 
material, or salts derived from the shale may accumulate in the 
soil. It is considered that the presence of the acid (lime-free) 
shale-Clay and the associated salts are important factors in the 
development of the soils of the alkali-solonetzic group. These soils 
are characterized by poor structure and impervious subsoils and 
in some areas, by shallow eroded pits or “burn-outs.”” Hence areas 
of thin boulder Clay overlying marine shales are frequently 
associated with poor agricultural soils. 

3.-The glacio-fluvial deposits represent coarse material 
sorted from boulder Clay by rapidly flowing glacial streams. The 
rapidly moving water carried away much of the finer material- 
Clay and silt-leaving behind coarse Sand, gravel, pebbles and 
water-worn Stones. 

Gravelly outwash occurs chiefly on smooth nearly level 
out-wash plains; eroded glacial till deposits are found along glacial 
Stream channels, and kames (roughly stratified boulder Clay) 
occupy local ridges and hillocks adjacent to rolling morainic areas. 
The glacio-fluvial deposits are widely distributed throughout the 
area and represent droughty soils of low agricultural value. 

4.-Glacial lake or lacustrine deposits occupy the beds of lakes 
which existed during the retreat of the ice sheet. These deposits 
are encountered throughout the surveyed area and some of them 
cover large acreages. M.ost of the glacial lake deposits are 
characterized by smooth undulating topography, uniform texture, 
and the absence of Stones. Where more than the occasional Stone 
or boulder .occurs i t  usually indicates that the lacustrine deposit 
is thin and that the underlying boulder Clay is close to the surface. 

The heavier textured glacial lake deposits give rise to clayey 
and silty soils which include the best agricultural lands in the 
Province. Such soils are highly fertile and drought-resistant. The 
soils formed on sandy lacustrine deposits are lower in drought 
resistance and general fertility. The better sandy soils are confined 
to  the black and degraded-black soil areas, where soil moisture 
conditions are generally favourable. 

5.-Aeolian deposits are derived from glacial alluvial and 
lacustrine sediments that have been re-worked by the wind. The 
many Sand dune areas occurring in Saskatchewan are typical of 
this class of surface deposit. The sandy aedian deposits give rise 
‘These pits are also locally referred to as “blow-outs,” “slick spots,’’ etc, 

15 





to soils of low agricultural value. These soils are unsuitable for 
cultivation, since they drift readily, are very droughty, and are 
low in native fertility. A few areas of better soils in south-western 
Saskatchewan may have originated from wind-,deposited silts. 

6.-Recent deposits represent materials laid down or developed 
upon the present surface since the final retreat of the last ice 
sheet. They include various recent alluvial, meadow and pond 
sediments, organic deposits (peat and muck) and accumulations 
from recent wind and water erosion. With the exception of the 
eroded material the recent deposits are usually found on flat t o  
depressional topography. 

Recent deposits include soils in various stages of development 
or maturity, many of them being classified as immature-weakly 
developed types. Furthermore, these soils Vary greatly in 
agricultural value. Many of the recent flood-plain (alluvium) soils 
are under cultivation, and much of the present irrigation 
development in this Province has taken place on this type. Some 
of the meadow and shallow peat areas are also cultivated, but the 
greater part of the deep peat, marsh, pond or slough deposits are 
too poorly drained to permit cultivation. 

7.-Modified residual deposits consist principally of pre-glacial 
sediments affected by glaciation and subsequent water action. The 
original sediments are partly water-sorted and partly mixed with 
thin boulder Clay .deposits. The latter are found a t  the surface 
and the underlying materials are composed chiefly of pre-glacial 
deposits. 

In the present area modified residual deposits are found 
chiefly on the Cypress Hills and Wood Mountain. The soils 
developed from these deposits are variable in texture, depending 
upon the nature of the underlying sediments. Medium textured 
(loam and Clay loam) types are most cornmon and are fair to 
good agricultural soils. The topography is typically smooth and 
plateau-like, but is broken by the eroded valleys and coulees of 
these dissected areas. Glacial Stones are infrequent except where 
they have been concentrated by the erosion of boulder Clay. Beds 
of quartzite pebbles sometimes outcrop a t  the surface, forming 
local areas of very poor soils. 

8.-Residual deposits are composed of sediments laid down 
prior to glaciation and now exposed at the surface. Such deposits 
are therefore most cornmon where the glacial till covering is thin, 
as in the Cypress Hills and Wood Mountain. They also occur on the 
face of escarpments, and on the sides of valleys and coulees. These 
depwits are of little agricultural value, both on account of their 
rough topography and because they represent geological deposits 
which have not yet developed into true soils. However, exposed 
sediments are a valuable aid to  the geologist in studying the 
historical and economic geology of the Province. These subjects 
are discussed in the section on Geology. 

Ciimate.-The climate of the prairie region of Western 
Canada, of which the surveyed area is a part, is dependent upon a 
number of natural factors. These are: the location of the region 
in the interior of a continent, far removed from the modifying 
influence of the sea and other large bodies of water, its position 
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in mid-northern latitudes, and the presence of the Rocky Mountains 
to the West, which act as a barrier to the moisture-laden winds 
from the Pacific Ocean. The climate of Western Canada is 
representative of north temperate continental regions and may 
be classed as a cool semi-arid to sub-humid type. 

The climate of the surveyed area is very similar to that of the 
prairie region of Western Canada as a whole. It is characterized 
by great extremes in temperature between summer and winter 
seasons and by comparatively low annual precipitation. Summer 
temperatures above 100° F. and winter temperatures below -50” F. 
have been recwded. “here are frequent wide variations in 
temperature between day and night, and from day to  day, in al1 
seasons. The precipitation averages less than 20 inches a t  al1 
meteorological stations located within the surveyed area. Wide 
variations in the amount of precipitation occur from year to year, 
extremes of from 7 t o  over 25 inches having been recorded a t  
one station. 

During the winter low temperatures prevail, most of the 
winter season’s precipitation coming in the form of snow, and the 
ground remains frozen for a period of from four to five months 
or even longer. The summer growing season is reiatively short, 
and warm to hot, bright, sunny weather 1s common. Usually about 
one-half of the total annual precipitation falls in the months of 
June, July and August. The prevailing winds are westerIy, the 
warm dry Chinook wind from the south-West and the colder 
north-westerly winds being most typical. 

The statements made above indicate briefly the climatic 
conditions common to the area as a whole. However, climatic 
variations occurring within the area are of such importance as  
to warrant further discussion. The factors of precipitation, 
temperature, humidity, sunshine, wind and evaporation vary at 
different points, and together with topography and elevation 
determine local climatic conditions. It is not possible at present 
to obtain definite information on al1 these factors, since 
meterological data for Saskatchewan are incomplete and include 
comparatively few long-time records. However, the data available, 
together with observations of vegetative cover, soils and crop 
adaptation, lead to some definite conclusions regarding climatic 
variations within the area. 

These climatic variations are important because they exert a 
definite influence upon natural vegetation, soil development and 
agriculture, as  discussed in succeeding sections of the report. in 
a broad way, relatively low precipitation, high summer tempera- 
tures, and warrn dry winds frequently make soil moisture the 
limiting factor in plant growth. From this viewpoint, the extent 
of plant growth will depend partly on the amount of available 
moisture stored in the soil, and partly on the activity of the 
evaporation-transpiration factors which govern losses of moisture 
from the soil to the atmosphere. The relation between these two 
conditions may be briefly referred to by the term “soil moisture 
efficiency.” Areas with high moisture efficiency will support a 
greater growth of plants than areas with lower efficiency. Higher 
moisture efficiency may be due to a higher precipitation, which 
increases the amount of moisture stored in the mil; or to lower 
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temperatures, less wind or higher humidity, which reduce losses 
due to evaporation and transpiration; or to a combination of the 
above conditions. 

The important differences in soil moisture efficiency are 
illustrated in table 2. The data include mean annual precipitation 
and temperature records for Saskatchewan meteorological stations, 
and a soil zone climatic index.* In Report No. 10 use was made 
of the following expression: 

Mean precipitation x 2000 
mean temperature x seasonal evaporation 

in calculating a climatic index. This expression could only be 
applied to the data from the very few stations a t  which evapora- 
tion was measured. Hence, an attempt was made to devise an 
index which could be used for  stations in al1 main soil zones, and 
which could be calculated from available data. 

The present index is only tentative as the data upon which it 
is based are far from adequate. Thus, it is not logical to  use annual 
values for precipitation and temperature, together with seasonal 
(May to September) values for evaporation. It is realized that 
seasonal values for precipitation and temperature should corre- 
spond more closely to  the effect of climate upon soil development. 
However, there remains the task of deciding what months should 
be chosen for assembling seasonal meteorological data relating to 
soil formation. There is need, too, for a larger number of long-time 
continuous meteorological records, including al1 factors that  
influence local climate and weather. Nevertheless, the soil zone 
climatic index has proved useful to the Soil Survey by providing 
a numerical expression of the climatic conditions associated with 
regional variations in soils and native vegetation. 

The stations in table 2 are arranged according to their 
locations in the major soil zones, and the corresponding native 
vegetational belts are also indicated. The latter are discussed in 
the following sub-section of the report dealing with native 
vegetation. The soil zones are discussed in the section on Soil 
Classification, and a t  this point it is sufficient to note that the 
soil zones are broad belts or areas of soils which reflect the 
influences of the climatic and vegetational conditions. 

Referring to  the data in table 2, the mean annual temperatures 
range from 30.7’ at Kamsack t o  over 4 1 O  a t  Medicine Hat. The 
latter station was included because Medicine Hat is known to be 
near the centre of the “,dry” belt of Western Canada. Kamsack 
*W. Milisap-relating the Molsture Efflclency to Saskatchewan Soil Zones. Unpubiished data, 
Saskatchewan Soil SurveY, 1939. 

Uçing available figures for evaporation, an approximate relatlonship was found between 
temperature and evaporation: (evaporation = 1.38 x temPeratUre - 27.4). Hence, a relative 
index of the climatic factor, to be applied to meteorological data representing specific soil zones, 
1s given by the following equation: 

CP 

T X E  
i = -  then substltutlng 1.38 T - 27.4 for E : 

i =  

i = Index relating moisture efficiency ta soi1 zones, 
P = precipitation values, 
T = temperature values and 
c 
To flnd the value of “e” an arbitrary index of 30 was given to Swift Current and using 

the meteoroiogicai data for this station, It was found that the value of “c” was 1895: The index 
“Y’ was then calculated for other statlons, and the results are shown In table 2. 
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is near the southern edge of the Grey (podzol) zone or northern 
forest region. For these same stations the àifference in mean 
annual precipitation is only about two and one-half inches. It is 
evident that  the striking contrast in climate, vegetation, and soils 
between the Medicine Hat and Kamsack ,&stricts cannot be due 
to such a small difference in precipitation. However, when the 

TABLE 2.-METEOROLOGICAL DATA ARRANGED FOR SOIL ZONES 
WITH CORRESPONDING SOIL ZONE CLIMATIC INDEXES 

Average Average 50i1 
Annual Annual Zone 

Meteorological Station (F.") (in inches) Index 
Sol1 Zone and  Temperature Precipitation Climatic 

Brown Soils-( Short-Grass Prairie) 
Medicine Hat  (Alberta) ................................... 

. . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . 

Brown Soils-(Mixed Prairie-Western Section) 
Swift Current .................................................... 
Beechy ............ . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... ......... 
Leader ...... 
Aneroid . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Caron (border Dark Brown Zone) ................ 

........... . . . . . . . . . . . .  . ...........,,,, 

. , . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . , , , , 

Dark Brown Soiis-(Mixed Prairie-more humid 
eastern and northern sections) 

Tugaske (near border Brown Zone) ............ 
Nokomis , , . . . . . . . . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Francis , , . . . . . . . . , , . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . ._ . . . . . . . . . . . , . . . 
Klintonel (Cypress Hills) .. ... . ........................._ 
Yellow Grass 
Harris ...................... ....... . ......... , ..................... 
Regina , , . , , . , . _ _ .  .. , , , , . . . ... . . . . . , , , . . . . . . . . . . . . . . . . . . . .. . 

Saskatoon ....................................................... 
Estevan , . . . . . . .. . . . . . . . . . . . . . . . , , , , . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . 

Battleford (near border Dark Brown Soils) 

Prince ..... .._ ..... , , , , ... 

Waseca ..... . . . ...... _ _  .. .. . . . , . , . ......... . . . . . , .... ... .... 
Grenfell ._... . . . . . . 

._.._...,. <_..._...................<<<. . .<........ ... ..... 
.. <<.._........<.. .... ........ 

Shallow Black Soils (Parkïand Prairie) 

................. <<<.............................. ... 

Deep Black and Mixed Black-Deep Black Soils 
(Parkïand Prairi+more humid section) 

.... ....... ......... . .... . 
St. Waïburg (near border of Grey Soils) .... 

41.58 
37.20 
38.00 

38.10 
34.83 
36.42 
34.59 
35.58 
34.63 

34.08 
32.33 
34.42 
36.30 
34.40 
33.25 
33.20 
32.60 
32.70 
33.30 
34.56 

31.08 

31.66 
31.40 
31.10 

32.92 
31.60 
31.10 
31.42 
30.70 
30.58 
30.20 

12.95 
11.16 
13.96 

15.18 
12.31 
14.48 
12.54 
14.62 
13.79 

13.35 
11.25 
14.35 
17.19 
15.08 
13.36 
14.15 
13.41 
13.44 
14.80 
17.51 

14.43 
14.63 
13.58 
18.47 
13.69 
16.93 
17.91 

13.98 

15.56 
15.17 
15.25 

18.34 
15.87 
15.00 
16.54 
15.42 
16.60 
16.01 

20 
24 
28 

30 
33 
33 
34 
36 
37 

38 
38 
39 
40 
41 
41 
44 
44 
44 
45 
47 

46 
48 ~~ 

49 
50 
50 
50 
50 

55 

57 
57 
60 

58 
59 
59 
62 
64 
69 
70 
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differences in temperature and theoretical evaporation values are 
also taken into account, the soil climatic value can be calculated 
by the index and this value more accurately reflects the contrast 
in climate. "hus, Medicine Hat has the lowest soil climatic index, 
while Kamsack has one of the highest for the stations listed. 

The indexes in the table Vary directly with differences in 
moisture efficiency and theref ore higher index values represent 
higher moisture efficiencies." From a study of table 2 it  may be 
seen that the south-West section of the Province has the lowest 
moisture efficiency. This is due to a low annual precipitation, 
ranging from 11 to 15 inches; to a relatively long frost-free period 
which reaches a maximum of about 140 days; and to the 
prevalence of the warm, dry Chinook wind. From this general area, 
moisture efficiency increases toward both the northern and eastern 
sections of the area. In south-eastern Saskatchewan the increase 
is accompanied by higher precipitation together with slightly 
lower annual temperatures and a lessening of the Chinook effect. 
Toward the north-east and north, however, increases in moisture 
efficiency are not necessarily accompanied by increases in 
precipitation. Stations such as Saskatoon, Scott and Rosthern 
record less precipitation than Swift Current. The annual average 
temperature is nearly 6 O  F. lower a t  these more northerly stations, 
and the Chinook wind is felt much less than a t  Swift Current. 
The frost-free period is also shorter in the north, being less than 
105 days a t  many points. 

The climatic variations discussed above indicate a gradua1 
change from semi-arid to sub-humid conditions between the 
south-West and the more northerly and easterly sections of the 
area. In many localities physiographic features interrupt this broad 
sequence of climatic changes. An outstanding exarnple is furnished 
by the Cypress Hills plateau, where the effect of altitude is such 
as  to give that area higher precipitation and a shorter frost-free 
period than the adjacent plains. The higher elevations of the 
Cypress Hills have therefore greater moisture efficiency, and this 
condition is reflected in the soils and vegetation, which are more 
comparable to those of the sub-humid areas. Other areas represent- 
ing local differences in elevation exhibit similar climatic variations. 
Among these are the Manitoba Ebcarpment, Moose Mountain, 
Beaver, and Touchwood Hills, and the higher portions of the 
Missouri Coteau. The significance of these local climatic variations 
is discussed under Native Vegetation and Soi1 Zones. 

Valuable information on Saskatchewan's climate, on factors 
influencing weather conditions and on seasonal precipitation and 
the frost-free period is given in the publication listed below."" 

Native Vegetation.-The native vegetation of Saskatchewan 
includes many species of herbaceous plants, shrubs and trees. The 
distribution of these throughout the surveye,d area is closely 
*The index values for the brown soil zone range from 20 to 36, the lower values occurring In the 
short grass prairie or more arid south-wwterly sectlon of the Province. The dark brown zone 
has Index values rangtng from 38 to 47. For the black sol1 Zone the indexes range from 46 to 60, 
the hfgher values repreaentlng the more humië deep black soi1 areas. The transition (black-grey) 
soil areas have Index values of 68 to 70. The latter figure represents statfons close to the grey 
8011 zone. 

**Culde to Farm Practlce In Saskatchewan, 1942. (See section on Cllmate, prepared by Physics 
Department, University of Saskatchewan.) 
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related to the climatic differences discussed in the previous section 
of this report. Much of the following discussion on the vegetational 
belts of Saskatchewan is based upon publications covering forest 
classification1, ecological studies of the grasslands2, and other 
botanical studies3. In addition valuable assistance was received 
from the technical men listed below4, particularly in the compilation 
of a list of important plant species for the surveyed area (table 29, 
page 256). 

” w o  major climax formations of native vegetation, namely, 
Grassland and Forest, have been recognized in Saskatchewan. 
The Grassland formation extends from the south-West corner of 
the Province to the borders of the forest or wooded region. In the 
present surveyed area the forest formation is confined to the 
north-east corner, and to a number of small areas occurring mostly 
on local elevations within the Grassland. The Forest formation 
covers most of the Province north of township 48. 

The Grassland formation of Saskatchewan may be separated 
into the following sections or divisions : the short-grass prairie, 
the mixed prairie, and the so-called park or aspen.grove area. 
Several smaller areas that are locally more humid than the 
surrounding prairie have been classified as sub-montane mixed 
prairie. These divisions of the Grassland formation correspond to 
broad variations in climate and soil moisture efficiency, and are 
also related to the major soil zones. 

The short-grass prairie occupies the south-western section of 
the Province. Its native cover consists chiefly of blue grama grass 
associated with various other species, notably common spear grass, 
blue-joint (western wheat grass) , June grass and Sandberg’s blue 
grass. Involute-leaved sedge is also of widespread occurrence. 
Broad-leaved herbs or forbs common in this grassland type include 
Pasture sage, moss phlox, prickly-pear cactus, silver sage, and 
broom-weed. Shrubby plants include hoary sagebrush, and Nuttall’s 
atriplex. Little clubmoss is abundant in many places. 

Trees are absent from the short-grass prairie except in certain 
moist, sheltered locations such as the valleys of streams, or on 
soils possessing a high water table, as in the great Sand Hills. 

The dominant species of plants in the short-grass prairie are 
naturally Low growing, and in accordance with the semi-arid nature 
of the climate these plants have an even shorter habit of growth 
than they display under more humid conditions. The soils of the 
short-grass prairie belong to the westerly or more arid section of 
the Brown Soi1 Zone. 

The mixed prairie includes both short and medium-tall grasses. 
n i e  vegetative cover indicates that growth conditions are more 
Eavourable than in the short-grass prairie. Most of the grasses 

“A Forest Classification for Canada,” W. E. D. Halliday. 1937. Canada-Dept. of Mines and 
Resources Forest Service Bull. 89. 

An Ecol&al and Grazing Capaclty Study of Native Grass Pasture% etc.,” S.E. Clarke, 
J. A. Campbell, and J. B. Campbell. 1942. Canada-Dep? of Agriculture, Tech. Bull. 44. 
“List of the Flowering Plants, etc., of Saskatchewan. W. P. Fraser and R. C. Russell. 
1937 Unlverslty of Saskatchewan. 
Mr. ‘ E  W Tisdale Swift Current Experimental Station Dr. R. C. Russell Dominion 
Laboritory ‘of Plant ’Pathology, University of Saakatchewan; and Mr. J. L. Bolton, Dominion 
Forage Crops Laboratory, University of Saskatchewan, Saskatoon. 
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found in the latter area are also present in the mixed prairie, but 
they occur in different proportions, and are generally taller. 

Additional grasses found in the mixed prairie include Short- 
awned porcupine grass, green speargrass, northern wheat grass, 
awned wheat grass, rough fescue, and others. Members of the 
sedge family are relatively common, involute-leaved sedge and 
Sun-loving sedge being most abundant on upland locations. 

Various other plants, including many of those mentioned under 
the short-grass prairie as  well as additional species, are found in 
the mixed prairie area. These include roses, western snowberry, 
willows and aspen. The soils of the western section of the mixed 
prairie belong to the Brown Soi1 Zone. Those of the slightly more 
humid eastern section belong to the Dark Brown Zone. 

The sub-montane prairie occupies only a small area of the 
Grassland formation in Saskatchewan. The grasslands occurring 
on the higher elevations of the Cypress Hills are most typical of 
this section. The sub-montane cover represents climatic conditions 
somewhat more favourable to plant growth than those associated 
with mixed prairie. Rough fescue is the dominant grass and 
shrubby cinquefoil is also characteristic. 

The park or aspen grove area requires special mention. This 
area is sometimes regarded as a transition belt between the 
grassland and forest regions. The present character of the 
vegetation-open grasslands interspersed with groves of aspen or 
other trees and shrubs support this viewpoint. However, from the 
standpoint of soi1 classification it is necessary to regard the Park 
area as a section of the Grassland formation. It is known that 
most of the trees have invaded the park area since settlement 
began. Some of the higher elevations and also local areas sur- 
rounding the sloughs were covered with trees prior to settlement, 
but such areas consist of degraded black and grey podzol soils, 
which in themselves are evidence of a long established tree cover. 
!The true black soils are grassland types, irrespective of whether 
they are found under grass or tree cover. The dark surface colour 
and high organic matter content of these soila are definite 
indications that they were originally formed under a grassland 
vegetation. The above features also indicate that the climate is 
more humid than that of the short-grass and mixed prairie areas. 
In order to retain a standard nomenclature for the various sections 
of the Grassland formation, the term “parkland prairie” is used 
in this report to denote the park or aspen grove area. 

The type of vegetation found in the parkland prairie resembles 
to  a considerable extent that of the sub-montane prairie. The 
principal species include June grass, rough fescue, slender wheat 
grass, Hooker’s ortt grass, marsh reed grass and northern wheat 
grass. In and around the aspen groves or “bluffs,” awned wheat 
grass, mountain rice and purple oat grass are common. Fowl 
bluegrass, spangle top, reed canary grass and several of the 
species associated with saline soils are found bordering the sloughs 
and other moist depressions. 

Broad-leaved plants include snowberr y, plain and hairy 
cinquefoils, roses, bunchberry, sweet peas, and many others. 
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The plants of wet sloughs and marshy areas include awned 
sedge, cat-tail, bulrush, and water crowfoot. 

The groves or “bluffs” consist mainly of aspen poplar, but in 
more moist locations and in the more humid sections of the area 
black poplar is very common. Various species of willows, together 
with dogwood, Saskatoon berry and pin cherry are also found in 
me bluffs. 

Along the Qu’Appelle Valley and other valleys and coulees of 
wuth-eastern Saskatchewan, Manitoba maple, American elm and 
green ash are common. Bur Oak is found in the eastern section of 
the Qu’Appelle Valley and adjacent areas, and is generally located 
on exposures of marine shales. 

The extreme north-eastern section of the surveyed area lies 
within the Forest formation, and forms part of the mixed Wood 
section of the boreal or northern forest. The vegetative cover is 
indicative of a cooler and shorter frost-free season than that of 
the Grassland formation in general. This will result in a higher 
soil moisture efficiency, and need not imply an increase in 
precipitation over that of the adjacent parkland prairie. 

The vegetative cover consists mainly of a mixture of 
coniferous and deciduous trees , including white spruce, aspen, 
black poplar, black spruce and white birch. Cranberry, alder, hazel 
nut and willows are also associated with the forest cover. Jack 
pine is usually the dominant tree on iight sandy soils, while black 
spruce and tamarack are common in the sphagnum bogs or 
muskegs. Wet inarshy areas, which are often surrounded by a 
dense growth of willows, carry a vegetative cover similar to that 
described for marshy places in the parkland prairie. Various 
grasses, fireweed, and other broad-leaved plants are common in 
burned over areas. 

A feature of the true forest is the much talier stands of aspen, 
black poplar and willows as compared with those found on the 
parkland prairie. 

The soils of the Forest formation belong chiefly to the Grey 
(podzol) zone. Degraded black soils are associated with the 
southern fringe of the Forest formation, which except for the 
areas of jack pine Sand, is covered chiefly with aspen and black 
poplar. This fringe, dominated by poplar cover, and characterized 
by Degraded Black soils, fonns an irregular transitional belt 
between the true GrasslaDd and Forest formations; for while the 
predominant cover is forest, most of the soils possess features 
suggestive of an original grassiand cover. 

In addition to the broad vegetational belts, minor plant 
associations occur throughout the surveyed area. Such associations 
are the result of local conditions of climate, soil, topography and 
drainage. A few examples will indicate the more obvious types of 
local plant associations, but more work is required before relations 
between ciimate, physical features, and plant life are known for 
many other local areas. 

In the Grassland formation, Sand dune areas usually support 
many of the common plants of the short-grass and mixed prairie 
types. In addition there are certain species which are characteristic 
of sandhill areas. These include sandgrass, Sand dropseed, Indian 
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rice grass, sand dock, lance-leaved psoralea, creeping juniper, 
chokecherry, and river birch. Scrubby willows and poplars are 
common where the water table is relatively high. 

Areas of sand in the Forest formation are generally covered 
with jack pine, with aspen and spruce occupying lower lands where 
the soils are somewhat heavier textured. Bear berry and blueberry 
are associated with the jack pine sands, 

Highly saline or “alkali” areas are characterized by a 
vegetative cover of salt grass, greasewood, Nuttall’s alkali g-rass, 
cord grass, sea blite and purple samphire, interspersed with bare 
salt-encrusted ground. Moderately to strongly salinized soils 
frequently carry gumweed and wild barley in addition to some of 
the above species. 

Meadows and marshy areas are occupied by sedges, rushes 
and various moisture-loving grasses. Many of these were noted in 
the discussion of the parkland prairie. They include graceful sedge, 
awned sedge, beaked sedge, creeping spike-rush, Baltic rush, 
cat-tail, manna grasses, meadow grasses, and water crowfoot. The 
presence of some of these plants and the relative abundance of 
others varies with the amount of moisture present. This in 
turn depends upon the local topographie, drainage, and climatic 
conditions. 

The slightly to moderately acid bogs or muskegs, occurring 
chiefly in the parkland and forest areas, are characterized by a 
cover of sphagnum moss. Black spruce, tamarack, certain species 
of willows, and Labrador tea are frequently associated with the 
sphagnum areas. 

The effect of elevation on the character of the vegetation is 
well illustrated on the Cypress Hills. Here, in ascending order, may 
be 0bserve.d a succession of mixed prairie, sub-montane mixed 
prairie, and forest. The latter includes trees comman to  the aspen 
grove region together with lodgepole pine. Aspen is also found on 
the northern slopes of Wood Mountain. 

Local belts of aspen and black poplar forest, associated with 
degraded black and grey soils, occur on many of the higher 
elevations of the mixed prairie and parkland prairie sections. The 
more important of these wooded areas occur on Paradise, 
Thickwaod, Birch, Touchwood and Beaver Hiils, Maose Mountains, 
and the rolling uplands south-West of Battleford. The Porcupine 
and Duck Mountains are representative of the mixed Wood section 
of the northern forest. 

Throughout the surveyed area important differences in the 
plant cover, both as regards species and habit of growth, are to 
be found on ,different soil types within a very small local area. 

The relationship between ecological formations and soil zones 
is indicated in the legend of the soil zone map (figure 1). A list 
of the principal plant species of the surveyed area, including both 
common and botanical names, is given in table 29. The important 
effect of the climate and vegetation upon soil formation is 
discussed in the section on Soi1 Classification. 

Natural Resources-Agricuitural.-The natural resources of 
Saskatchewan may be briefly listed as agricultural land, minerals, 
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forests, fish and game, and public domain. Of these, agricultural 
land is by far  the most important both as regards the number 
of people Who abtain their livelihoad from the land and the 
relative value of agricultural products as cornpared with those 
from other sources. 

In 1936 nearly 70% of the population was classed as rural. 
In 1939 the value of agricultural pro,ducts represented nearly 
72% of the total net producti'on of the Province (table 3 ) .  

TABLE 3.-NET VALUES O F  PRODUCTI[OK IN SASKATCHEWAN* 
Percentage of 

Source of Production Value Total Production 
..................... $183,045,715 71.77' 
..................... 2,209,352 1.6 

Fisheries .......................................... 478,511 0.3 
Trapping ........................................ 589,538 0.4 
Miniqg ............................................ 6,391,404 5.1 
Electric Power .............................. 4,330,867 2.9 
Construction ................ ......... 7,772,854 5.3 
Custom and Repair .... 4,687,641 3.5 

Total ........................................ $225,576,383 100.0 

......... 
Manufactures ................................ 20,283,273 9.2 -- 

The type of agriculture followed in any region is dependent 
upon a number of factors, chief of which are climate, soil, 
topography, drainage, and transportation and marketing facilities. 
Variations due to light and heavy textured soils, level and steeply 
sloping land, well drained and poorly drained areas and relative 
ease of access to markets, al1 influence the choice of cr.ops grown 
and the kind of farm practices used. Keeping these factors in 
mind, it is nevertheless true that the general type of agriculture is 
related to the major soil zones, or in other words, to the natural 
factors of ciimate, soils and vegetation. 

The Grassland formation represents the most important 
agricultural region of the Province. This region comprises the 
brown, dark brown, and black soil zones. In the Forest formation 
only the southern fringe is developed agriculturally, chiefly in the 
transitional belt of degraded black soils. Only a very small part 
of the true grey wooded soil mne has so far  been brought under 
cultivation. 

For the Grassland soils as a whde w.heat production is the 
major enterprise. However, the relative importance of the wheat 
crop varies in different sections of the Province. The short-grass 
prairie, as defined in the ecolagical study already referred to (page 
22, footnote2), is chiefly adapted to grazing. It represents the 
m.ost arid section of the Province and includes a considerable 
proportion of rough topography and light-textured soils. Some of 
this area is utilized in a combination of grazing and grain farming. 

The mixed prairie, which includes the eastern portion of the 
brown soils and most of the dark brown soils, is used chiefly for 
wheat production, although considerable coarse grains, flax and 
other crops are also grown. However, wheat is the dominant crop 
especially on the heavier more drought-resistant soils of smooth 
'Canada Year Book, 1942. 
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N w e  3 
MAP O F  SASKATCHEWAN, SAOWING LAND USE AND DEVEWPMENT OF 

NATURAL RESOURCW' 

RANWNGAREA . . . . .  
MIXED FARMING AREA-(Wheat, ;to,'k; grains, forage crops and 11ve- 

UNSETTLED FOREST AREA-LUM- MIXED GRAIN FARNïNG-QRAZING 
AREA [:f:F:l %%% and TRAPPING-(May in- 

clude some land f l t  for agricuiture) 

PREC4MBRIAN AREA-TRAPPING, 
FISHING, MIMNG and PROSPECT- 

and lumber) 
wheat, some oats and fiax) 

* COAL nnxES 

$# GAS WELL 

@ METAL MINE 

=# SODIUfif SULPHATE PLANT 

A SCJIMER RESORT 8 CLAY PRODUCTS 

The information shown on this map is based lu part  on information obtained from the 
following sources: Dominion Bureau of Statistics, Ottawa. Department of Natural Resources, 
Regina; and the Department of Farm Management, University of Saskatchewan. Saskatoon. 
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TABLE 4 . V A L U E  OF PRODUCTS DERIVED FROM NATURAL 
RESOURCES O F  SASKATCHEWAN* 

Forest Products ........ ........................... $ 4,115,038 
Metals .......................................................................... 8,324,065 
Sodium Sulphate ........................................................ 871,541 

........................ 853,070 

Approximate total ............................................ $19,897,612 
~~~ ~ ~ ~ ~~~ 

topography. The more rolling lands are used for’ grazing, or a 
combination of grazing and grain farming. On some of the poorer 
soils community pastures have been established. 

The parkland prairie section and the adjacent borders of the 
mixed prairie may be broadly classified as mixed farming areas. 
This type of farming includes livestock production, or dairying, or 
both, as important sources of farm income. The generally favour- 
able climatic conditions of the parkland make it possible to  grow 
satisfactory crops of coarse grains and forage in most years. 

The borders of the true forest region include degraded black 
soils interspersed with local areas of grey and black soil types. 
This transitional belt may be classified with the mixed farming 
areas. However, frost hazards and a cooler, more humid growing 
season tend to limit the production of wheat, and to make coarse 
grains and forage crops relatively more important. 

The true forest region consists mainly of grey podzol and 
peat soils. The development of arable agricuiture on these soils 
is affected by frost hazards, low soi1 fertility, and the task of 
clearing almost every acre of land before i t  can be broken up. 

These facts together with the comparatively recent develop- 
ment of settlement makes it difficult to  forecast what type of 
farming will ultimately prevail on the forest soils, At the present 
time coarse grains, wheat, and forage crops are grown on most 
f arms. Considering soil and climatic factors indications are that 
the region is not well adapted to wheat production. On the other 
hand the lack of natural grassland and the small acreages under 
cultivation make livestock production difficult, Certain districts, 
such as that of White Fox, have become important centres of 
alfalfa seed production. In al1 farm enterprises more attention 
must be paid to  building up the fertility of the grey soils. 

Natural Resources.-Non-AgricuIturaI.-WhiIe agricultural 
land is the greatest natural resource of Saskatchewan, it is 
important to note the other resources of the Province. In periods 
of extreme drought the whole Province has suffered from the 
loss of agricultural production. The proper development of other 
industries is necessary to a more balanced economy. F’urthermore 
a number of these other resources are related directIy or 
*Report of Sask. Dept. of Nat. Resources, year endlng April 30, 1941. 
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indirectly to the soil. Thus forest products are to be regarded as a 
crop produced on Saskatchewan soils. Fur, fish, and game resources 
depend upon favourable vegetational, water, and soil conditions. 
The public domain, including parks and resorts, makes use of 
the natural physical features, and mining is directly associated 
with the geobgical formations of the Province. 

The value and scope of the natural resources of the Province 
are indicated in tables 3 and 4, while the main types of agriculture 
and the locations of coal, sulphate deposits, etc., are shown on 
the accompanying sketch map (figure 3).  

Forest products, metals, and fish are largely derived from the 
non-agricultural region of northern Saskatchewan. However, Last 
Mountain Lake (Long Lake) in south-central Saskatchewan is 
one of the more important commercial fishing lakes. 

The metals include gold, silver, copper and zinc. These are 
produced at Goldfields and Flin Flon. 

Sodium sulphate, Clay, and coal are mined within the present 
surveyed area. Sodium sulphate is taken from the beds of salty 
or “alkali” lakes, located in or near the Missouri Coteau. These 
lakes are: Sybouts Lake, south of Gladmar; Shoe Lake, near 
Ormiston; Frederic Lake, an extension of Johnstone Lake near 
Expanse; and Whiteshore, near Palo. Many other deposits of 
sodium sulphate occur in the Province. This mineral is used in 
the pulp and paper industry, in refining nickel and for other 
industrial purposes. 

Saskatchewan clays are used in the manufacture of pottery, 
whiteware, firebrick, and building brick. The clays are mined 
chiefly a t  Claybank and Ehstend. Firebrick, building brick, and 
related products are manufactured a t  Claybank. 

Coal is mined principally in the Estevan-Bienfait districts, 
which produce over 95 ‘10 of Saskatchewan’s output. 

Natural gas is produced a t  Lloydminster, and crude oil is 
also being produced from this area. 

Furs are secured by the trapping of wild animals and also 
from privately owned fur farms. Thus both the settled area and 
the northern section of the Province are sources of fur. 

The value of the public domain in Saskatchewan cannot be 
estimated in terms of money. The governmental parks and resorts 
are attracting increasing numbers of people, both tourist and 
residents. Some of the better known summer resorts within the 
surveyed area are located a t  Little Manitou Lake, Clearwater 
Lake, Duck Mountain, Marean Lake, Greenwater Lake, Qu’Appelle 
Valley, Moose Mountain, Cypress Hills, Last Mountain Lake, and 
Jackfish Lake. North of the area covered by this soil survey are 
other attractive parks and resorts, including Waskesiu, Emma 
Lake, and b o n  Lake. 

There are many other resorts scattered throughout the 
Province. Most of those listed above are located in provincial 
government parks. There are nine such parks in the Province, 
with a total area of over one million acres. In addition the Prince 
Albert National Park, under the supervision of the Dominion 
Government, embraces almost 1,200,000 acres. 
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In addition to providing facilities for bathing, fishing and 
camping, these parks serve as game and forest reserves and ensure 
that representative landscape areas will be preserved. 

Transportation and Marketing Faciiities.-In the previous 
section it was shown that wheat, and to a lesser extent other 
grains, livestock and livestock products, are the chief agricultural 
products of Saskatchewan. Since the Province raises a large 
surplus of these commodities above its own requirements, an 
export trade with the rest of Canada and other countries is a 
necessity. The facilities for transporting and marketing agn- 
cultural products are therefore of particular importance. 

Since the area is situated in the interior of a continent, with 
no navigable waterways extending to the seaboard, the railway 
is the chief means of transportation. The area is crossed by three 
transcontinental railway lines which give access to both the 
Pacifie and Atlantic coasts. In the south-east, connections are 
made with the railway systems of the United States, and in the 
north-east with Port Churchill on Hudson Bay. 

The area as a whole is well served with a network of secondary 
and branch lines, which are connected with the main lines 
mentioned above. Al1 railway lines in the area are .owned by the 
two great railway systems of Canada, the Canadian Pacifie and 
Canadian National. Tihe total railway mileage in Saskatchewan 
in 1940 is given by the Canada Year Book as 8777 miles. 

In recent years transportation by air has developed to a 
marked degree. Regina is on the Trans-Canada Airways’ route 
across Canada. Local airlines, now under Canadian Pacifie Airways, 
serve the rest of the Province. Moose Jaw, Saskatoon, the Battle- 
fords, and Prince Albert are connected with the TI-ans-Canada 
system at Regina. Prince Albert forms the southern terminus of 
a sea-plane system which covers northern Saskatchewan, and 
which also connects with the adjoining regions of northern 
Manitoba, northern Alberta and the North-West Territories. 

The provincial and municipal systems of roads and highways 
are, next to the railway, the chief means of transportation and 
travel. Over most of the area, road allowances are provided every 
mile running north and South, and every two miles running east 
and West. Where rough topography and other natural obstacles 
occur .or where settlement is sparse, there is frequently a lack 
of well-developed roads. In the better-developed districts, however, 
improve,d earth and gravelled roads form a link between rural 
communities, and between country and town. It is over such roads 
that the bulk of Saskatchewan’s agricultural produce is trans- 
ported to the railway points. The main types and mileage of these 
roads are shown in table 5. These figures indicate that this 
Province possesses about 40% of the total road mileage of Canada. 

The marketing of grain at local railway points is done mainly 
through the grain elevator system, and the country elevator is 
a familiar part of the landscape of southern Saskatchewan. This 
system permits the handling of grain in bulk without the necessity 
of using sacks or bags, and provides safe storage for long periods 
of time. 
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TABLE 5.4LASSIFICATION AND MZLEAGE OF SASKATCHEWAN 
ROADS, 1941* 

Type of Raad Miles 
Hard Surface .................................................................... 155 
Grave1 .................................................................................. 4,295 
Improved Ear th  ............... ............. 147,505 

......... 60,953 

Total ............................................................................ 212,908 
Total for Canada ...................................................... 500,147 

In addition to the widespread grain marketing system many 
towns provide facilities fo r  the shipping of livestock. The cities 
provide important local markets for livestock, dairy pro,ducts, 
vegetables, and other agricultural commodities. 

Hishry and Deve1opment.-The growth of population and 
the agricultural and other developments may best be appreciated 
by considering briefIy the history of the Province. 

When the early explorers and fur-traders reached the region 
which is now included in the Province of Saskatchewan, they found 
the country inhabited by Indians. The latter are therefore the first 
inhabitants of whom we have historical record. They lived the 
nomadic life of hunters and fishermen. The prairie or grassland 
area was the h.ome of great herds of buffab, which ultimately 
were carelessly slaughtered and exterminated by white man and 
Indian alike. The bones of these animals and the trails which 
they furrowed in the prairie sod may still be seen on those lands 
that have escaped the settler’s plough. 

!i%e Indians of today are largely confined to %serves set 
apart for them by the Dominion Government, although in northern 
Saskatchewan a considerable number roam over that sparsely 
settled region. The place held by the Indians in the past history 
of the Province is perpetuated by the names of rivers, lakes, hills, 
and towns, many of which are of Indian origin. The name 
Saskatchewan itself is derived from a Cree Indian expression 
meaning “Swift current” or “rapid river.” 

From 1670 to 1870 the Hudson’s Bay Company claimed 
authority over this region, although its authority was frequently 
disputed by the French until Canada finally became a British 
possession. The Company was interested almost solely in the fur 
trade, and very little agricultural settlement took place prior to 
1870. In that year the Dominion Government acquired by purchase 
the regions of Western Canada formerly administered by the 
Hudson’s Bay Company. The area now comprising Saskatchewan 
was made a part of the North-West Territories, administered at 
first by the Lieutenant-Governor and Executive Council of 
Manitoba, and later by its own Provincial Government at Regina, 
the present capital. 

From 1870 onwards, settlement of the area proceeded with 
greater rapidity. The enforcement .of law and order by the North- 
West Mounted Police, the armed uprising of the Indians and 
half-breeds in 1885 as they saw their lands being occupied by the 

__-- 

-- 
*Canada Year Book, 1942. 
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white settlers, and the construction of the Canadian Pacific 
Railway, are outstanding chapters in the history of the Province. 

The greatest development of settlement naturally occurred 
after the advent of the railways, the Canadian Pacific being 
followed by what is now the Canadian National Railways system. 
The period from 1900 to the Great War of 1914-1918 saw the 
greatest influx of settlers into the surveyed area. They came from 
Elastern Canada, from the United States, from the British Isles, 
and from many parts of Europe, attracted by the lure of free 
homesteads and the opportunities afforded by a new country 
awaiting development. 

The growth of the population is indicated by the fact that 
from 1901 to 1931, the population of the Province increased from 
approximately 91,000 to over 900,000. In a region where agriculture 
is the dominant industry, it naturally follows that the greatest 
percentage of the population is resident in rural areas. It is 
interesting to note, however, that in 1901 the rural population 
formed 84 per cent. of the total, while by 1931 it  had dropped to 
68 per cent. The data on population are shown in greater detail 
in the Appendix. 

The settlers were naturally attracted to the more open grass 
land regions, where the arable land could be brought under 
cultivation without undue difficulty. As a, result the greatest 
agricultural development has taken place on the brown, dark 
brown, and black soils, although on the latter soils development 
has been slower where trees formed an obstacle to clearing 
the land. 

Unfortunately rapid settlement of the prairie resulted in the 
cultivation of some lands unsuited to the plow. Soils of light sandy 
texture, of rough topography, or those presenting inherent fertility 
problems such as the “burn-out” soils, have aven  very poor 
returns to the settler over a period of years. This is particularly 
true in the more arid sections of the Province. 

The combination of drought, soil drifting and low prices of 
agricultural products during recent years has led to the abandon- 
ment of much of the poorer lands referred to above. The settlers 
from these lands have largely moved northward to  the undevebped 
soils of the wooded region. As a result this region is now 
undergoing a process of settlement, as the prairie region did some 
years ago. The agricultural development of the wooded region is, 
however, a more difficuIt task. As already mentioned this is due 
to the cost of clearing trees, low natural fertility of the soils and 
other adverse factors. The era of rapid agricultural development 
of new lands in this Province is a t  an end. 

The expansion of wheat growing in the semi-arid portions 
of the Province was largely made possible by the adoption of the 
summerfallow system, whereby part of the land is cultivated and 
kept free of plant growth for one season. The crop is sown the 
following spring and is able to utilize all the available moisture 
stored in the soil during the fallow-year, as well as that obtained 
in the growing season. The adoption of the summerfallow system 
by the settlers was largely due to the leadership of Angus McKay, 
the first superintendent of the Indian Head Ekperimental Farm. 
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The extension of wheat growing into moister areas where the 
growing season is relatively short was dependent upon the 
introduction of earlier maturing, high quality wheats. The work of 
the late Dr. Charles Saunders in developing Marquis wheat is 
outstanding in this connection. Within the last few years the 
introduction of Thatcher wheat from the United States, and the 
development in Canada of Apex and Regent wheats have practically 
ended the serious losses due to epidemics of wheat rust. New 
agricultural problems are, however, constantly arising. Plant 
diseases, insect pests, erosion, weeds, soil fertility, and many other 
problems require investigation. In al1 these activities there is an 
ever-increasing use of the methods of agricultural science in the 
solution of the various problems. The Dominion Ekperimental 
Fanns system, Provincial and Dominion Departments of Agricul- 
ture, and the University of Saskatchewan are al1 working actively 
in this direction. 

The introduction of the Prairie Farin Rehabilitation Act 
(passed by the Dominion Parliament in 1935) has assisted many 
of these agricultural activities and has established new facilities 
for investigational work. The activities conducted under P.F.R.A. 
include : water development (stock watering facilities and irriga- 
tion), community Pasture and re-settlement work, and cultural 
activities, which include field and laboratory tests of such projects 
as erosion control, re-seeding of abandoned land, improve,d tillage 
methods, plant disease and insect control, the planting of shelter 
belts, and many others. Soi1 and economic surveys have received 
financial assistance through P.F.R.A. 

The increase in population and the development of agriculture 
have been accompanied by progress in many other directions. In 
1905 the Provinces of Alberta and Saskatchewan were formed out 
of the old North-West Territories. In 1909 the University of 
Saskatchewan commenced activities in temporary quarters in 
Saskatoon. Since then the University has grown in size and 
importance and has become the centre of higher learning in 
the Province. A similar development has occurred in the 
establishment of urban centres, of schools, roads, telephones, and 
other institutions. 

Along with the development of better highways and the wide 
use of the motor car, has come a greater appreciation of the 
natural beauties of the Province. The establishment of recreational 
parks by the Government has given access to lakes, rivers, and 
forest areas which are rapidly becoming important holiday resorts, 
frequented by tourists as well as by the people of the Province. 

The comparatively brief histor y of Saskatchewan has record& 
astounding changes since the days of the Indian. Nevertheless, 
there is still much to  be done if the agricultural and other resources 
are to be well used and properly conserved. The great region of 
northern Saskatchewan is only partially developed, while even in 
the well settled southern half of the Province the pioneering stage 
of development has not entirely passed away. 
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MIL CLASSIFICATION 
Soii Forming Factors.-As already indicated, the major soil 

forming factors are: 
1. Climate. 
2. Vegetation (and other living organisms) . 
3. Parent Material (or the geological factor). 
4. Relief. 
5. Drainage. 
6. Stage of Maturity. 

Variations in these six factors are responsible for the diversity 
of soil types encountered throughout the present surveye.d area. 

The broad effects of climate and vegetation upon soil 
development are expressed in the soil regions and zones. Within 
these broad belts many local soils occur which owe their 
distinctive character chiefly t o  the remaining factors-parent 
material, relief, drainage, and maturity. 

In more detailed surveys of agricultural lands it is frequently 
necessary to take into account an additional sui1 modifying factor 
-man’s influence. This factor is expressed in the changes observed 
in soils as  a result of man’s use, or misuse, of the land. 

The connection between the soil forming factors and the 
individual soii profiles is an important feature of the classification 
system. This point is discussed more fully in the following sections. 

The processes of soil formation include the development and 
accumulation of soil organic matter or humus, the chernical and 
physical weathering or alteration of soil minerals, the transfer 
of various substances from one part of the soil to another, and 
the formation of soi1 structure. As a result, differentiating features 
appear in the vertical section of the soil, to form what is known 
as  the soil profile. 

The Soi Profile.-The classification and mapping of soils is 
based upon a study of the soil profile. The latter term is used to 
describe the succession of natural layers or horizons in the soil, 
extending from the surface down into the underlying geological 
material. The soil profile is examined by exposing a fresh road 
cut or by digging a pit large enough to give a complete view of 
the vertical section. in Saskatchewan the depth of the profile 
ranges from two to six feet, but may be either shaiiower or deeper 
than this. 

The features which distinguish the various layers or horizons 
of the profile are used in classifying and mapping the soil. These 
features are: the colour, structure, texture, thickness, and the 
chemicai and physical composition of each horizon. Hence, a proper 
study of the soil profile requires both field and laboratory work. 

For convenience, the main horizons of the profile from the 
surface downwards are designated by the letters A, B, C. The A 
horizon generally coincides with what is known as the surface soil. 
It usuaiiy contains most of the soil organic matter and a large 
population of soil micro-organisms. The situation of the A horizon 
with respect to the surface brings it particuiarly under the 
influence of the climatic and vegetational factors. In addition the 
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surface of this horizon is directly affected by geological factors, 
such as erosion, deposition and weathering. Thus, biological, 
chemical and physical processes are very active in the A horizon, 
and important changes may occur both in the original mineral 
particles and the plant residues. 

The downward movement of water through the A horizon 
tends to remove al1 or part of the soluble salts, lime carbonate, 
and gypsum from this layer. Some of the mineral elements, fine 
Clay particles, and organic matter may also be removed. This 
process is referred to as leaching, or eluviation. Where the A 
horizon is well developed, two or more sub-horizons may be 
distinguished. These are designated as Ai and Az, etc. The Ai or 
upper section usually contains the greatest percentage of organic 
matter. The A2 and A3, where present, are more severely leached 
than the Ai and as  a result are usually lighter in colour and lower 
in Clay, organic matter and mineral nutrients. The A horizons of 
Saskatchewan soils are often characterized by definite structural 
features. The AI is frequently granular to cloddy structured, while 
the A2 is often platy. (The definitions of soil structural aggregates 
and of other terms used in soil science are given in the Appendix.) 

T.he B horizon is situated immediately below the A and the 
materials leached out of the surface horizon are largely depositad 
and retained in the B, a process known as illuviation. Furthermre, 
chemical changes may result in the formation of additional Clay. 
As a result the B horizon is usually heavier in texture, more 
compact, and frequently contains greater quantities of lime 
(CaC03) and various other salts. Occasionally severely leached 
soils are encountered in which the soluble constituents (salts) , 
lime, and gypsum (CaS04) have been completely removed from 
the B horizon. 

As with the A horizon, the B is often subdivided into Bi, B2, 
etc. Any definite differences in colour, structure, or other features 
may serve as  the basis for the separation of sub-horizons. Quite 
often the Bi is the heaviest and most compact layer, while the B2 
represents the zone of the highest concentration of lime carbonate. 
In deep profiles the lime concentration may occur in a B3 horizon. 

The C horizon occupies the bwer portion of the soil profile. 
It represents the geological deposit or parent material from which 
the true soil has developed. Some deposition from the A and B 
horizons and chemical and physical changes (weathering) may 
affect the upper section or Ci horizon; the lower portion (C2) is 
taken as the material lying below the point a t  which soil forming 
processes are active. 

in profile descriptions reference is sometimes made to a D 
horizon. This lies below the C horizon and does not form part of 
the true soil profile. The D horizon represents a different geo- 
logical deposit from that forming the parent material or C horizon. 
Thus a stony boulder Clay deposit underlying a smooth glacial lake 
Clay would represent a D horizon below the Clay profile. Where the 
soil profile is thin, the D horizon may exert an important influence 
on the overlying soil, affecting the movement and retention of 
water, lime and salts. 

Key to Classification of Saskatchewan Soils.-The present 
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method of classifying Saskatchewan soils is outlined in table 6 and 
discussed in the following pages of this report. The scheme is .a 
revision of the system given in previous soil survey reports. For 
those familiar with Report No. 10, the most important change 
is the establishment of the soil association. This permits fuller 
recognition of the profile variations occurring on the same parent 
material and within a local area. Some of these variations were 
discussed in Report No. IO, but the recognition of them within one 
soil series was contrary to the concept of the series as first defined 
by the American soil surveyors. 

In a broad reconnaissance survey of such a large region it is 
not possible to classify and map al1 important soil variations. In the 
present survey the most important classification units are: the 
Soil Zone, Association, Textural Class and Phase. However, in the 
application of the reconnaissance survey to individual parcels of 
land it is necessary to take into account al1 features of the classifi- 
cation, and hence the system is presented here in some detail. 

For those Who may desire to make a further study of soil 
classification a list of suggested references is appended.” It may 
be pointed out that  the methods of classifying and mapping 
Saskatchewan soils are derived from three main sources of 
information. These are: the Russian school of soil science, the 
American system of soil survey, and soils surveys and related 
studies carried on in Saskatchewan and the other prairie provinces. 

The present concept of the soil profile as the unit of classifica- 
tion, together with the terminology used to describe horizons, 
structures, etc., the definition of the soil zone and of many of the 
soil group profiles are al1 derived from the work of Russian 
pedologists. 

The system of classifying local soil conditions such as texture, 
topography, stoniness, etc., and the method of showing the soils 
on a map are adapted from the work of the Ayerican soil 
surveyors. 

Finally it is obvious that many features of the classification 
must be based upon the soil conditions characteristic of Saskatche- 
wan and of the adjoining provinces. The term “Soi1 Association” 
has been used for some years by the Manitoba Soi1 Survey, and 
its present use in Saskatchewan covers essentially the same soil 
conditions. The types of soil formation covered under the Soil 
Group have been recognized for many years in this Province, but 
have not been given a specific place in the classification until now. 
The Soil Group is in part similar to  the “Profile Variation” factor 
used by the Alberta Soil Survey. The Soil Region was suggested 
by the National Soil Survey Sub-Cornmittee on Classification. 
However, the ,definitions of al1 classification units were made by 
the Saskatchewan Soil Survey, and are designed primarily to cover 
Saskatchewan conditions. 
*“The Great Soil GrOUps of the World,” K. D. Glinka. Publlshed by Edwards Brothers Inc.. 
Ann Arbor, Michigan, 1927. 
”Soils and Men.” Yearbook of Agriculture, U.S.D.A.. Washington, 1938. 
“Soi1 Survey Manual,” C. E. Kellogg. Misc. Pub. 274, U.S.D.A., Washlngton, 1938. 
“The Soils of Manitoba ’’ J. H. Ellis. published by Economic Survey Board, Prov. of Man., 1938. 
soi1 s u y e y  Reports: Manitoba Soil Survey, Saskatchewan Sol1 Suryey, Alberta Soil Survey. 
“Soiis, G. W. Robinson. Murby & C o ,  London, 1936. 
“Pedology,” J. S. Joffe. Rutgers Unlv. Press, New Brunswick, New Jerney, 1936. 
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TABLE &-KEY %!O CLASSIFICATION OF SASKATCHEWAN SOILS 

1. Soii Region .............. A Broad group of soils whose profiles reflect the 
influence of the factors of climate and vegetation. 
(Grassland and Forest Regions.) 

2. Soii Zone ..._...,._..,...,. A sub-division of a soil region, but similarly composed 
of soils reflecting the influence of climate and 
vegetation. Major zones, named after prevailing colour 
of surface horizons, are: Brown, Dark Brown, Black, 
Transition (Black-Grey) and Grey. 

3. Soii Group ....___......... A group of soils within a zone whose profiles represent 
a specific type of soil formation-chiefly Brown, Dark 
Brown and Black Columnar, Solonetzic and High Lime 
types; Transition Degraded Black, and Grey Podzol 
types; and Mscellaneous Meadow-Bog and Immature- 
Recent types. 

4. Soii Association .,.... A local association of soil group profiles developed 
upon similar parent materials and belonging to  the 
same soil zone. (Associations mapped in present survey 
are listed in map legend and are discussed individually 
in the report.) 

5. Soii Member ............ One of the recognized profile types belonging to an 
established soil association. (Soil members a re  not 
mapped separately in this survey, but are discussed 
under the various associations.) 

6. Textural Class ........ Any soil unit separated on the basis of the dominant 
texture (mechanical composition) of the A horizon. 
(A combination of the Association and Textural Class 
forms the major mapping unit of the present survey.) 

7. soil Phase ................ Any soil unit separated on the basis of external 
physicai factors that directly influence land use. In 
the present survey the following phases are mapped: 
Topographical (Flat to strongly Rolliqg Phases), 
Stony Phases, and Gravelly Phases. 

Soil Region.-The region is a broad group of soils extending 
over an area representing one .of the climax formations of natural 
vegetation. Thus within the surveyed area two soil regions have 
been established-the Grassland and the Forest. 

The well-developed profiles of the Grassland Region are 
characterized by relatively friable .dark-coloured A horizons. The 
B horizons are usually columnar structured, the majority of the 
profiles exhibiting some features of the solonetzic type of soil 
formation. The non-solonetzic soils include high lime and 
meadow-bog types, but these represent only a small proportion 
of the grassland soils. 

The presence of a zone of accumulation or deposition of lime 
(CaC03) is characteristic of most grassland soils. Theoretically 
the grassland type of soil accumulates lime as a result of the soil 
forming processes. But in many Saskatchewan soils it is difficult 
to decide whether the lime represents such an accumulation or 
whether i t  is simply inherited from &e high-lime content of the 
original soil material. Except in some podzol sands and in the 
residual soils developed on pre-glacial deposits, free lime carbonate 
is present in al1 soil parent materials so far examined in this 
Province. 

The soils of the Forest Region are characterized by greyish 
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leached Az horizons, heavy compact B horizons, and other features 
of the podzolic or leached grey wooded soil type. Although a lime 
carbonate layer is often present in the B horizon, many podzolic 
profiles contain no free lime carbonate above the C horizon. 

With local exceptions the Grassland Region represents an area 
where the solonetzic process of soil formation is dominant while 
the Forest Region is characterized by the podzolic process of soil 
formation. The establishment of the Soil Regions furnishes a 
useful primary grouping of Saskatchewan soils and also directs 
attention to  the influence of broad differences in climate and 
vegetation upon soil development. 

Soil Zone.-The zone represents a sub-division of the soil 
region. The major soil zones are named after the prevailing colour 
of the surface horizons of well developed upland profiles. These 
colours are principally due to the action of climate and native 
vegetation operating over long periods of time. The variations in 
colour represent differences in the organic matter content of the 
zona1 soils. “he sequence of Brown, Dark Brown, and Black soil 
zones corresponds to the increases in soil moisture efficiency, 
growth of native plants and accumulation of soil organic matter 
encountered between the south-West corner of the Province and 
the borders of the Forest Region. The location of the major soil 
zones is shown in figure 1. 

The Brown soils, occupying the short-grass prairie and the 
western section of the mixed prairie, range in surface colour from 
light brown to greyish brown. The Ai horizons are relatively thin 
in most soil types and the average organic matter content is lower 
than that of the other grassland soils (see table 11, page 186). 

Within the Brown soil zone a number of local zones are to 
be found. These occur on the higher elevations, notably on the 
Cypress Hills, Wood Mountain, and portions of the Coteau. The 
higher soil moisture efficiency of these areas, already discussed 
under Climate, is responsible for the development of local soils 
typical of other zones. In the Cypress Hills a sequence of miniature 
zones occurs in vertical succession. Thus between Maple Creek 
and the Cypress Hills Provincial Park, br#own, dark brown, black 
and grey soils are encountered. Dark brown soils occur on the 
Cypress Plateau south and West of Swift (Jurrent. Mixed areas 
of brown and dark brown soils are to be found on the remaining 
elevations. 

The Dark Brown soils occupy the easterly section of the 
mixed prairie. The colour ranges from medium to dark brown, and 
the average organic matter content is about 50% higher than 
that of the brown soil zone. 

The eastern section of the dark brown zone, bordering the 
black soils, is Composed of mixed dark brown and shallow black 
soils. Local groves or “bluffs” of aspen and willow are character- 
istic of these mixed zona1 soils, indicating a further increase in 
soil moisture efficiency. 

The Black soils, occurring on the parkland-prairie, range in 
colour from very dark brown to nearly black. The more luxuriant 
growth of grasses and broad-leaved plants and the many “bluffs” 
indicate still higher soil moisture efficiency. The average organic 
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matter content is about two and one-half times that of the 
brown soils. 

The improvement in moisture conditions is particularly 
noticeable in the eastern and north-eastern sections of the black 
soil zone. As a result the soils in these sections have been classified 
as deep black types. The A horizons are thicker and contain more 
organic matter as compared with the other black soils. 

The black soil zone contains a number of islands of degraded 
black and grey soils, occurring under well developed stands of 
aspen and black poplar. Such conditions are found chiefly on the 
higher elevations already referred to (see section on Relief, page 
a) ,  or in areas of light textured soils. Where true black soils 
are found under a wooded cover, it is assumed that  the tree 
invasion is of too recent occurrence to have caused leaching, or 
degradation of the grassland profile. 

The Transition Soil Belt and the Grey (Podzol) zone are 
subdivisions of the Forest Region. The Transition soils, as their 
name implies, are a transitional group between the black and grey 
soils. They do not form a major zone covering a single large area, 
but occur more as islands between and within the adjoining BIack 
and Grey zones. 

The Transition soils include degraded black types together 
with locd areas of black and grey soils. The term “degraded 
black” is used to describe a former grassland (black) soil that  
under the influence of a later forest cover has developed some of 
the features of the podzolic (forest) type of profile. 

The moisture efficiency of degraded black soil areas may be 
assumed to be similar to those of adjoining black or grey soils. 
The nature of the degraded black soils is determined largely by the 
relative length of time it  has been under a tree cover, and the 
degree to which i t  has been leached. Slightly degraded black soils 
have dark grey to greyish brown A horizons, and compare 
favourably in regard to organic matter content and general 
fertility with black soils of similar texture. On the other hand 
strongly degraded black soils have light brownish grey A horizons 
and their organic matter content may be almost as low as that of 
the grey soils. 

The Grey (Podzol) soils are the dominant types in the Forest 
Region. Under permanent tree cover much less soil organic matter 
accumulates than under grass. Due to the type of leaching the 
A horizons become grey in colour and lose considerable organic 
matter, Clay, and various important plant nutrient elements. The 
average organic matter content of these soils is lower than that 
of the brown soils. The dominance of a forest vegetation indicates 
a more humid climate than that of the Grassland. It should be 
n0te.d that only a very small part of the Grey soil zone is covered 
in the present survey. 

The Soil Zone is an important unit in the classification of 
Saskatchewan soils since the soil associations shown on the map 
are separated partly on the basis of their zona1 character. 

Soil Group.-Certain groups of soils within the major soil 
zones represent specific types of soil formation. The type of soil 
forming process is indicated by the name given to the soil group. 
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These are listed and described in tables 7 and 8. Certain of the 
group profiles are illustrated in figures 4 and 5. 

The Columnar-Cloddy group represents soil profiles occurring 
on the well-drained uplands of the Grassland Region. The hard 
columnar or alkali-structured soils belonging to the above group 
may be regarded as the dominant type of profile in the brown, 
dark brown and black soil zones. Cloddy-granular structured 
profiles are associated with grassland soils of heavy Clay texture. 

The Alkaii-Solonetzic group consists of profiles which exhibit 
varying degrees of impeded drainage. It is considered that the 
presence of certain soluble salts, and the nature of the parent 
materials are factors in the formation of these soils. The theories 
concerning the development of such soils are too lengthy and 
involved for present discussion. The point of practical importance 
is that  this group includes profiles ranging from the poorly 
drained, feebly structured saline (“alkali”) type to leached soils 
with well developed structure and heavy textured compact B 
horizons. The Alkali-Solonetzic soils sccupy large areas of the 
brown and dark brown soil zones, and also occur as islands 
throughout the whole of the Grassland region and even in parts 
of the Forest region. 

The High Lime group comprises soils having a high content 
of lime carbonate, which appears to exist in a finely divided form, 
intimately mixed with the other minera1 particles. Under such 
conditions leaching and the resultant development of a structural 
profile are retarded. The High Lime group occupies a considerable 
acreage in the eastern section of the black soil zone, and smaller 
areas scattered throuhgout the whole of the Grassland region. 
High Lime soils are encountered in the Forest region but these 
have undergone some podzolic leaching and at present are included 
with the Degraded Black group. 

The Degraded Black and Podzol groups represent various 
stages of the process of podzolization. These groups are 
characterized by the development of greyish surface soils formed 
under the influence of a wooded cover in a cool north temperate 
climate. 

The Meadow-Bog group is composed of organic-mineral and 
true organic soils formed under the influence of ground water 
and cool climatic conditions. This group is most common in the 
deep black section of the black soil zone and in the Forest region, 
but is not confined to these areas. 

The Weakly Developed group represents a number of profiles 
that  are too youthful or too immature to fully reflect the 
dominant type of soil formation of the surrounding zone. 

The Soil groups so far  recognized in this Province are listed 
in table 7, and the key features of the group profiles are given in 
table 8. The present list is not regarded as complete, but the most 
extensive types and the more important local soils are included. 
Most of the Group profiles belong to recognized world groups; 
others may represent types which are peculiar to this region. It 
is considered that the recognition of the Soil Groups is essential 
to a proper knowledge of Saskatchewan soils, since they include 
al1 the important types of soi1 formation so far investigated in 
this Province. 
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TABLE 7.-LIST OF IMPORTANT SOIL GROUP PROFILES O F  
SASKATCHEWAN 

A. Grassland Region-Brown, Dark Brown and Black Soils- 
1. Upland Columnar-Cloddy Group: 

Hard Columnar ( Alkali-Structured) profiles. 
Cloddy-Grmular, heavy textured profiles. 

Saline (“Alkali” or Solonchak profiles). 
Solonetz profiles. 
Solodized-Solonetz (Degraded Solonetz) profiles. 
Solodi (strongly Degraded Solonetz) profiles. 

High Lime (Rendzina-like) profiles. 
Calcareous Earth profiles. 

ïI. Aikali-Solonetzic Group: 

III. High Lime Group: 

B. Forest Region-Transition and Grey (Podzol) Soils- 
IV. Degraded Black Group: 

Dark Grey (slightly degraded or leached) profiles. 
Brownish Grey (moderately to  strongly degraded) pr,of iles. 
Complex Degraded Black-Solonetzic profiles. 

Upland Podzol (grey wooded) profiles. 
Podzolized Sand profiles. 
Complex Podzolic-Solonetzic profiles. 
Depression (Bluff) Podzol profiles. 
Peat Podzol profiles. 

V. Podzol Group: 

C. Grassland and Forest Regions-Miscellaneous Soils Without Marked 
Zona1 Profüe Characters- 

VI. 

VIL 

Meadow-Bog Group: 
Meadow profiles. 
Shallow Peat (Half-Bo,g) profiles. 
Deep Peat (Bog or “Muskeg”) profiles. 
Weakly Developed (Immature or Recent) Group: 
Alluvium-Undifferentiated soils of river and creek flood 

plains and Valley bottoms. (In the present survey Meadow 
and Recent Alluvial Soils of Upland Flats and 
Depressions are included with the Alluvium.) 

“Dry” Soils-Dune Sands, undifferentiated loose Sand and 
Grave1 deposits. 

Eroded (truncated) mofiles. 

Soil Association.-The Soil Association comprises a local group 
or association of related soil profiles. The term “related” is used 
to define the essential character of the association, namely, that 
al1 profiles of a given Soil Association must belong to the same 
soil zone and must occur on a similar type of parent material. 

Thus the Soi1 Association is established upoi soil profile 
features which reflect both the nature of the local surface 
geological deposits and the regional effects of climate and 
vegetation. 

A third factor of importance in the establishment of a Soil 
Association is the pre.dominant type of soil formation encountered. 
The Soil Association may include a number of soil profiles belonging 
to one .or more of the soil groups listed in table 7. Usually, however, 
one type of profile is most frequently encountered and this is 
referred to as  the dominant profile of the Association in question. 
The general character and argricultural adaptation of the Soil 
Associati,on are largely determined by the nature of this dominant 
profile. 
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TABLE 8.-BRIEF DESCRIPTIONS OF THE IMPORTANT SOIL 
GROW PROFILES 

Group 1.- 
Hard C o l u m r  Profile.-Brown, dark brown or  black granular-cloddy A 

horizons. Lime free, well developed columnar B,, breaking to desirable 
cloddy-granular structures. Greyish, friable lower B horizon, the zone of 
lime carbonate accumulation. 

CIoddy-Granuiar Heavy Textured Profile.-Brown, dark brown o r  black 
cloddy-granular heavy clays. Relatively weak profile development, with no 
sharp difference between horizons, but often a faint solonetzic structure 
indicated. Slight to  moderate lime carbonate content. 

Group 11.- 
Saline Profile.-High content of soluble salts, frequently showing surface 

crust. Loose, puffy, granular structure where salts are concentrated, but 
little horizon development. Brown, dark brown and black varieces of this 
profile occur. 

Solonetz Profile.-Brown, dark brown or black cloddy to  platy structured 
A horizons, showing faint indications of leaching. Hard, compact, lime free, 
columnar Bl horizon, breaking to hard angular fragmental and cubic 
aggregates. Lime carbonate and salts present in lower B horizon. 

Solodized-Solonetz Profile.-Brown, dark brown o r  black cloddy A, 
horizons, greyish-brown, platy A2 and sometimes light grey platy A,. Round- 
topped columnar B1 horizon, very compact, heavy, and impervious. 
Calcareous-saline, more friable lower B horizon. Eroded pits or “burn outs” 
are associated with this profile. 

Solod Profile.-Brown, dark brown or  black cloddy-granular Al horizons. 
Thick brownish-grey, cloddy columnar A2. The columns break easily into thick 
plate-like segments. Grey platy A, horizon. Thin, columnar structure Bl, 
usually showing some round-top development. This appears t o  be only a 
remnant of the original solonetzic type of B horizon. Lime and salts are 
present in the underlying horizons. 

Group III.- 
High Lime Profile.-Chiefly black, some brown and dark brown soils, 

with limy (calcareous) granular A horizons. Light-greyish to yellow-,grey, 
soft ,  very caicareous B and C horizons. 

Calcareous Earth Profile.-Brown, dark brown or black soft granular A 
horizon. Grey-browii or du11 brown, thin, weakly developed B, horizon. 
Lime-carbonate often present in lower A and usually present in El horizon. 
Light greyish, soft, very calcareous B2 horizon and parent material or 
C horizon. 

Group 1V.- 
Slightly Degraded Black Profile.-Dark grey granular-platy A horizons. 

Irregular columnar or blocky B,. Lighter coloured calcareous lower B horizon. 
Moderately-Strongly Degraded Black Profile.-Dark grey to dark brown 

A, horizons. Brownish grey platy A2 horizon. Hard nutty t o  angular 
fragmental BI horizon. Lighter coloured lime layer in lower B horizon. 

Complex Degraded Black-Solonetzic Profile.-Degraded black A, and A, 
horizons, Solonetzic structured B horizons. Appears to  represent slight 
degradation (podsolization) of former grassland solonetzic profile. 

Group V.- 
UpPand Podzol Profile.-Leached ashy-grey A2 horizon. Undisturbed 

profiles usually have a thin cover of partially decomposed leaves, etc. (Ao). 
A thin dark grey A, horizon is usually distinguishable. Brown to  grey brown, 
heavy textured, compact B, horizon, of coarse granular or  nutty to hard 
fragmental structure. A yellow-brown columnar B, is present in deeper 
profiles. Lime carbonate present either in B, or in parent material. 

Podzoiized Sand Profile.-Light grey, deeply leached, structureless A 
horizons. Loose non-compacted, o r  only slightly compacted reddish-brown B 
horizons. This profile Ïs usually lime-free throughout. 

Complex Podzolic-Solonetz Profile.-Grey podzolized A horizons over 
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solonetzic-structured B horizons. Appears to represent podzolization Of 
former solonetzic profile. 

Depression Po&ol.-Podzolized soil of upland depressions, usuaily 
occurriqg under aspen-willow cover. Thick, grey leached A, horizon, with 
rusty spots and streaks. Dark, very heavy, waxy BI horizon. Poorly drained, 
wet, sticky lower horizons (gley-like) . 

Peat Podzol Profile.-Peaty surface horizon over a grey leached 
podzolized mineral A2 horizon. Heavy, wet, sticky, mottled Iower horizons 
(gley horizon). 
Group VI.- 

Meadow Profile.-Dark, sometimes mucky surface soil, high in organic 
matter. Wet, greyish-mottled subsoils. Lime carbonate and alkali salts are 
usually present, but leached, lime-free profiles also occur. Meadow soils are 
found in poorly drained areas, associated with grasses, sedges and local 
wet, marshy depressions. 

Shallow Peat  Profile.-Thin peat horizon (Iess than 12”) over a dark 
grey to  mottled, usually heavy, mineral subsoil. Generally calcareous and 
more or less saline. 

Deep Peat Profile.-Thick peaty deposit, usually wet, and occurring 
under sedge, sphagnum, or mixed sphagnum-coniferous cover. This profile is 
usuaily acid in reaction, but not always so. The deep peat is a true organic 
soil, the underlying mineral deposit being regarded as a D horizon. 
Group VIL- 

AUuvium.-Undifferentiated soils of Valley bottoms and upland flat- 
depressional areas. Many of these areas are covered by comparatively recent 
deposits, and soil profiles a re  immature, weakly developed types. Where profile 
development is marked, saline-solonetzic types appear to be most common. 

“Dry” Sous.-Dune sands and loose sand and grave1 deposits with little 
or no horizon development or zonal character. Coarse, droughty, grassland 
soils. 

Eroded (Truncated) Profiles.-Soils of steep slopes, hills and escarp- 
ments, subject t o  erosion. Immature, thin profiles, usually lacking one or 
more horizons common to  regional upland soils. 

The character of the Soi1 Association is most easily understood 
by citing an actual example. The Oxbow Association consists of 
shallow black soils developed upon undifferentiated boulder Clay 
deposits. The profiles included in this Association are the dominant 
hard columnar, and the solonetz, calcareous earth, poorly drained 
and shallow knoll types. (The above soils form the member profiles 
of the ûxbow Association.) Local areas of degraded black 
depression podzol, shallow peat and meadow soils are also 
encountered in Oxbow soil areas. These local soils are not classified 
with the Oxbow Association, however, because they do not possess 
similar zonal and parent material characters. Thus the degraded 
black and podzol soils belong to the Transition and Grey soil zones 
respectively, whereas al1 Oxbow soils, by definition, belong to the 
Black soil zone. The shallow peat and meadow soils belong to the 
Miscellaneous soils which do not exhibit marked soil zonal features, 
and in addition these soils are developed upon recent alluvial- 
lacustrine deposits which overlie the original boulder Clay deposits 
f orming the parent material of the “ûxbow Association.” 

The Association is usually given a geographical or place name, 
derived from the district where the Association was first 
encountered, or where it occupies an extensive area. The Associa- 
tion is the principal unit of the present survey, and detailed 
descriptions of the Associations form an important section of 
this report (pages 53-183). 
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Soii Member.-The soil member represents one of the 
recognized profile types belonging to a given Soil Association. Since 
the Association as a whole is defined in terms of profile features 
that reflect the influence of climate, vegetation, and parent 
material, member profiles owe their individual character chiefly 
to the effect of the remaining factors-relief, drainage and 
maturity. The members include any Soil Group profiles belonging 
to  the Association in question, and in addition, soils of a more 
local nature, such as shallow knoll, and poorly drained types, 
providing they occur on the parent material defined for the 
Association. 

In the present survey the scale of rnapping is too small to 
permit the separation of individual soil members. However, the 
member profiles must be recognized in establishing the Association, 
and they are therefore discussed under the various Soil Association 
descriptions. 

Soil Textural ClasS.-This unit is established on the basis of 
the differences in texture, i.e. Sand, silt, and Clay content of the 
surface soil. The detailed separation of textural classes is justified 
because of the important relationship between texture and 
productivity. No single feature of the soil profile is more important 
than that of texture, particularly where “dry land” farming is 
practised. 

The textural classes are shown on the map by various colours 
and are also indicated by appropriate symbols placed after the 
Associatlon. Definitions of the textural classes are given in the 
Appendix. 

Soil Phase.-In the present survey the soil phase represents 
physical factors which are of particular importance to the 
agricultural use of the land. The most important phases shown on 
the soil map cover differences in relief or topography, while other 
phases indicate variations in the relative amount of Stone and 
gravel. These phases are defined in the Appendix. Other important 
phases, notably those covering wind and water erosion, cannot 
be shown on a reconnaissance map. 

The topographic phases consist of variations in surface relief 
ranging from depressional to hilly. The full range of topographical 
separqtions as given in table 25 cannot be shown on the reconnais- 
sance map. However, the more important types of topography 
have been arranged in five classes: 2 

1. Flat to depressional. 
2. Gently to moderately undulating. 
3. 

4. Gently to mo,derately rolling. 
5. Strongly rolling to hilly. 
Flat to  depressional topography is associated with restricted 

surface drainage, and hence the soi1 profile is poorly drained and 
frequently contains undesirable quantities of soluble or “alkali” 
salts. Local depressions, flats, sloughs, meadows, and bogs are 
typical of this class of topography. 

The undulating classes include the most desirable topography 
from the standpoint of agriculture. The slopes are smooth and 

Mixed undulating and rdling areas-also used for very 
gently rolling. 
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unbroken by steep ridges or deep depressions. Such land offers 
little difficulty to cultivation and permits maximum retention of 
soil moisture without either flooding or serious loss by run-off. 

Land classed as mixed undulating and rolling consists of 
local areas of both these topographic phases which cannot be 
shown separately on a reconnaissance soil map. Areas of very 
gently rolling land are also included under mixed topography. 
Agriculturally, lands of mixed topography are intermediate 
between the undulating and rolling phases. 

Gently to moderately rolling land is characterized by a 
succession of ridges and knolls, separated by lower areas that 
frequently contain poorly drained depressions or sbughs. The 
slopes are both steeper and more frequent than those of 
undulating land. Rolling phases are distinctly inferior to undulating 
phases in ease of cultivation, moisture holding capacity, and soil 
uniformity. Moderately rolling phases approach the point where 
increasing steepness of slope and generally rougher land prevent 
the cultivation of large fields. Small areas of better topography 
are found scattered throughout the gently to moderately rolling 
phases. 

Strongly rolling to hilly phases are so rough and steep that 
cultivation becomes impracticable, In settled districts such lands 
are used chiefly for Pasture. Small areas of better topography 
occur locally in hilly belts, and these are frequently cultivated. 
In general, however, this phase has a low agricultural value. Much 
of the Missouri Coteau is included in this class of topography. 

The stony phases shown on the map represent areas which 
are largely non-arable due to the presence of excessive quantities 
of Stones or to the frequent presence of large boulders at or near 
the surface. Other phases of stony conditions although not shown 
on the map, are listed in table 26, and discussed under the 
description of individual Soi1 Associations. 

The gravelly phase is used to indicate the frequent presence 
of gravelly subsoils. 

THE BROWN SOIL ASSOCIATIONS 
The Brown soils occupy the short-grass prairie and the 

adjacent section of the mixed prairie. This is the most arid section 
of the Province and is characterized by open prairie or grassland 
vegetation, the absence of trees, and the frequency of drought. 
The cultivated lands are devoted mainly to grain production, while 
the non-arable land is used for ranching and grazhg. 

The Brown soils have light brown to grey brown surface 
horizons which on the average are thinner, and lower in organic 
matter than the surface horizons of the other grassland soils. 

The Brown soils have been grouped into eight Associations, 
namely, Haverhill, &ho, Robsart, Chaplin, Hatton, Fox Valley, 
Sceptre, and W.ood Mountain. In al1 soi1 descriptions the main soil 
of the Association is described first, and in considerable detail. 
This soil is the m a t  important, and is the first to be recognized 
because it occupies the greatest area within the boundaries of any 
particular Association. The “associated” member soil profiles are 
also described, but in somewhat less detail. They are important, 
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but generally much less extensive than the dominant profile which 
more or less sets the agricultural quality of the land concerned. 

In the discussion under agriculture, a brief outline of the 
adaptations of the various phases of the Soi1 Association is given. 
In the section on Soils and Agriculture, page 193, more detailed 
attention is given to such matters as the summerfallow practice, 
and to  the control of soil erosion. 

HAVERHILL ASSOCIATION 
Description.-The Haverhill Association consists of medium 

textured soils developed upon undifferentiated boulder Clay (glacial 
tili) deposits. The term “undifferentiated” is used to describe 
boulder Clay deposits of the Northern or Keewatin glaciation which 
have not been classified as a more specific type of parent material. 
Such deposits have not yet been studied in sufficient detail to 
permit the recognition of local differences in geological origin, 
physical nature, composition, etc. Hence in the present report 
the dominant boulder Clay soils-Haverhill, Weyburn, Oxbow, 
Whitewood, and Waitville Associations-are al1 regarded as having 
been formed on undifferentiated till. 

The Haverhill soils occupy the largest acreage of any 
Association within the surveyed area. These soils represent more 
than forty per cent. of the brown soil zone or about eight and 
one-half million acres. (See table 28, page 254, for acreages of 
zones, associations, and topographical phases.) 

The soil landscape typical of the Haverhill Association is 
characterized by a wavy relief consisting of a succession of knolls, 
intermediate slopes, and depressions. This form of relief is apparent 
on the smoother (undulating) land as well as on the rolling to 
hilly phases. The presence of numerous glacial boulders and Stones 
is also characteristic. Unbroken lands have scanty grass cover 
and trees are absent. Farm lands are characterized by large 
cultivated fields often divided into strips of wheat or other grains 
alternating with summerfallow, the latter showing the typical 
light brown cloddy surface of these soils. The Colour changes to a 
faint reddish brown when the soil is moist. On knolls and upper 
slopes iight greyish patches of limy soil are exposed. The 
depressions are frequently occupied by “alkali” sloughs. 

Haverhill soils include al1 topographic phases mapped in this 
survey. More than one-half of these soils occur on rolling to hilly 
topography, much of it associated with the Missouri Coteau and 
the lower slopes of the Cypress Hills and Wood Mountain. There 
are also many important areas of the more desirable undulating 
topography, the largest area occurring in the Assiniboia district. 
The flat to  depressional phase occupies but a small proportion of 
the total Haverhill soil area. 

Drainage conditions Vary according to the above-mentioned 
differences in relief. The most desirable drainage conditions are 
associated with undulating areas and the gentler intermediate 
slopes on the rolling lands. Excessive surface drainage with 
considerable loss of precipitation by run-off occurs on the steeper 
rolling slopes, and impeded drainage conditions are found in the 
local depressions or sloughs. 

54 



Glacial stones are present in al1 Haverhill soils and in most 
areas must be cleared from cultivated land. Undulating phases are 
usually less stony than rolling phases. The latter range from 
moderately to very stony (S2 to S3), while typical undulating areas 
are slightly to moderately stony (Si to S2). Excessively stony 
phases (S4) occur in some of the rolling areas and occasionally in 
eroded flats and Stream channels. Such areas are too stony to 
warrant clearing and are mapped as stony phases of the Associa- 
tion. The definition of the above classes of stoniness is given in 
table 26. In addition to the stones, local patches of gravelly 
sub-soils occur, particularly on the light Ioam soils and on rolling 
lands. 

Three textural classes have been mapped in the Haverhill 
Association-clay loam, loam and light loam. The first two 
predominate, the Haverhill soils being oharacteristically heavier 
in texture than the corresponding glacial till soils of the dark 
brown and black soil zones. 

The Haverhill Association consists chiefly of the hard columnar 
(alkali-structured) profile, interspersed with local soils of the 
solonetzic group. In addition to the above, the Haverhill Association 
includes the shallow knoll and poorly drained members, and 
particularly in rolling areas, the calcareous earth profile. 

A generalized description of the dominant hard columnar 
profile is given below : 
A Horizon.-Grey brown to light brown colour; moderately haxd cloddy to 

granular structure; 3 to 6 inches thick. 
Bi Horizon.-Bright brown to  darker (coffee) brown colour; frequently 

grading to  yellow-brown or greyish-brown at the bottom; hard columnar 
structure, heavier in texture than the A horizon, and containing no 
free lime carbonate (CaC03); 6 t o  12 inches thick. 

B2 Horizon.-Brownish-grey to grey colour ; faint columnar structure, 
breaking easily into fine granular aggregates; high content of lime 
carbonate; 6 to 12 inches thick. 

C Horizon or Parent Material.-Dark grey heavy boulder Clay with massive 
to  faintly laminated structure; at lower depths bluish-grey colours occur, 
together with streaks and concretions of lime carbonate and gypsum, 
and rusty coloured specks of iron oxide. This horizon is calcareous 
(contains free lime carbonate) but is usually less limy than the B, 
horizon above. Glacial stones are common throughout the profile. 

The solonetz member differs from the above profile in having 
a more compact columnar Bi horizon, which breaks into small 
hard cubic aggregates or into angular fragments. There is 
frequently a faint greyish brown tinge in the lower A horizon, an 
indication that some leaching has occurred. This profile is often 
found in close association with the dominant hard columnar profile, 
and occupies a locally lower or flatter topographic position. 

The shallow knoll pr.ofile, due to its topographie position, 
loses considerable precipitation by run-off. The surface soil is 
consequently subject to erosion, while less than average amounts 
of moisture enter the soil. The result of these two conditions is 
the development of a thin, eroded (or truncated) profile which is 
shallower and more droughty than the profiles on lower slopes 
or on smoother topography. 

The shailow knoll profile has a thin, soft A horizon, one to 
three inches thick. The Bi is also thin or may be absent. Where 
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present i t  is grey-brown in colour, with a fairly soft columnar 
structure. Below this horizon is a light grey, soft calcareous 
(limy) layer, probably representing a thin Bz horizon that grades 
into the parent material. Under cultivation these several horizons 
become mixed and accelerated erosion may proceed to the stage 
where the A and B horizons cannot be distinguished. The surface 
then consists of a whitish limy soil that is very characteristic of 
the cultivated knolls and ridges in Haverhill soil areas. Small 
Stones (cobble) and grave1 are frequently encountered on knolls, 
particularly in rolling areas. 

The poorly drained member of this Association occurs just, 
nhove the slough bottoms and usually represents the lowest arable 
land. The A horizon is darker in colour and usually thicker thai? 
the average, but the subsoil is poorly drained. The Bi horizon 
is of a du11 grey-brown colour, mottled with bluish-grey and rusty 
spots, and columnar to massive in structure. Alkali salts and lime 
are present in the underlying horizons, and may also occur in the 
A and Bi horizons. During wet periods this profile is affected by 
waterlogged, poorly aerated subsoil conditions. 

The descriptions of the shallow knoll and the low, poorly 
drained profiles given above may be applied to similar profiles 
occurring in other Associations, particularly if account is taken 
of the natural differences in texture, stoniness, and so forth. 

The undulating phases of the Haverhill soils are dominated 
by the hard columnar and solonetzic profiles. Smaller areas of the 
shallow knoll profile are encountered on the higher land, and 
poorly drained profiles occur in lower positions. The latter are 
often found adjacent to sloughs and local areas of saline soils. 
The shallow knoll and poorly drained members are more common 
to the rolling phases, with columnar profiles of varying depth 
occupying the intermediate positions. Solonetzic profiles are rarely 
associated with rolling phases but the calcareous earth profile 
frequently occurs just below the shallow knoll. Undrained 
depressions (sloughs) consisting of saline soils and more rarely 
meadow types are particularly common on the rolling phases of 
the Haverhill Association, and greatly reduce the proportion of 
arable land. 

Haverhill soils are also mapped in mixed soil areas or 
complexes with other Soi1 Associations where the present scale of 
mapping does not permit the separation of each Association. Thus 
Haverhill soils are shown in combination with Fox Valley, Sceptre, 
and Echo soils respectively. In these complexes the Haver.hil1 soils 
are found on locally higher topographic positions. In Haverhill- 
Cypress and Haverhill-Wood Mountain complexes the position of 
each Association is not so clearly defined. Where Haverhill and 
Chaplin or Hatton soils are mapped together, the latter occur on 
water-laid deposits overlying the glacial till. Hence the Haverhill 
soils are encountered wherever the underlying till cornes to the 
surface. Finally, Haverhill soils are mapped with the Weyburn 
Association. This combination is f ound along the eastern boundary 
of the brown soil zone, and represents a transition to the more 
moist areas of the dark brown zone. The Haverhill-Weyburn com- 
plex occurs most typically on the higher elevations of the Coteau. 
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Haverhill soils are similar in origin and general characteristics 
to the Weyburn Association. 

Agriculture.-The variable nature of the relief, drainage, 
texture and stoniness of the Haverhill Association greatly in- 
fluences the agricultural use of these soils. The general fertility of 
the Haverhill soils is satisfactory, the adverse physical features 
and the fact that these soils occur in the more arid sections of the 
Province, being the principal handicaps to their agricultural use. 

On the Clay barn soils of smooth topography, wheat is the 
main crop, and yields are satisfactory except in seasons of severe 
drought. The undulating Haverhill Clay loam areas rank next to 
the Sceptre soils in grain production in the brown soil zone. 

Haverhill loam is used chiefly for wheat production, but is 
inferior to the Clay Ioam principally on account of its lower 
moisture-holding capacity. 

Haverhill light loam is in comparison a poor wheat soil, due 
to its low moisture-holding capacity and tendency to drift. On 
this type fa11 rye is grown to some extent, and appreciable numbers 
of livestock are kept. In recent years the use of crested wheat 
grass has increased. In general the smoother (undulating) phases 
of the heavier types of Haverhill soils are best adapted to the 
prevailing system of wheat farming. 

The gently to moderately rolling phases of Haverhill Clay 
loams and loams are also used largely for wheat production. They 
are, however, inferior to similar types of smoother topography 
owing to variations in moisture efficiency, greater quantities of 
Stone, the presence of more waste land, and greater tendency 
to water erosion. 

The strongly rolling and hilly phases of Haverhill soils are 
used largely for grazing .purposeS. Small scattered areas are 
cultivated, but these rough phases have in general a very low 
agricultural value. The adverse conditions prevailing on the gently 
rolling phases are intensified on the strongly rolling to hilly lands. 
While the stock-carrying capacity of these rough lands is low, 
the native grasses provide good quality feed. 

Soi1 drifting on Haverhill Clay loam and loam has been serious 
in certain localities during prolonged periods of drought, but in 
general medium-textured glacial soils such as the Haverhill are 
less subject to wind erosion than heavy lacustrine or sandy soils. 
This is ascribed largely to the fact that  glacial soils tend to retain 
a cloddy surface structure better than do the latter types. The 
light loam is quite susceptible t o  wind erosion. 

A problem that is becoming increasingly important on 
cultivated Haverhill soils is that  of water erosion. Evidence of 
this is seen in light coloured knolls and ridges of rolling areas 
and in the gullies which develop on long smmth slopes on both 
undulating and rdling phases. 

The Dominion Experimental Station at Swift Current is the 
centre of many Experimental Farm and P.F.R.A. activities, al1 of 
which are designed to assist in the proper management and use 
.of the Brown soils. The Dominion Soils Research Laboratory, also 
.situated at Swift Current, is engaged in technical studies relating 
$0 the problems of soil moisture, wind erosion, and fertility. 
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ECHO ASSOCIATION 

Description.-The Ficho Association consists of medium to 
heavy textured solonetzic soils developed on boulder Clay underlain 
b pre-glacial sediments. The &ho soils generally occur on thin 

age. The modification referred to may include some mixing of the 
underlying shale, or of heavy Clay, weathered from the shale, 
with the Northern (Keewatin) till; or the latter may have been 
influenced by certain “alkali” salts derived from the shale. Thus 
the relation of the underlying shale to the Echo soils may be either 
direct or indirect. The dominant profiles of the Echo Association 
are the solodized-solonetz and its eroded phase. These are better 
known locally as  “burn-out” soils. 

The larger areas of Echo soils are found south and West of 
the Frenchman River, south and south-West of Kerrobert, and in 
the Central Butte district. These soils occupy about one and one- 
half million acres. 

The landscape of the Echo Association is typically a gently 
undulating plain, with a pronounced local micro-relief partly 
formed by the eroded depressions or “burn-out” pits and by oc- 
casional low knolls. Stones are common, although in general these 
soils are not as  stony as the Haverhill types. Frequently there is a 
tendency for the Stones to occur on or near the surface, probably 
an indication of earlier erosion. The “burn-out” pits with their 
scanty vegetative cover and eroded surface are the most character- 
istic features of the Ekho landscape. Where the pits are numerous 
considerable uncultivated or abandoned land occurs, giving such 
areas a desolate appearance. The best agricultural development 
occurs where the pits are least frequent. 

Most of the Echo soils are found on undulating topography, 
the rolling phases occurring chiefly in areas of mixed Echo and 
Haverhill soils. Local areas of flat to depressional topography 
are also common. 

The surface drainage of the Echo soils varies with the micro- 
relief. The eroded depressions are saucer-like and tend to prevent 
the free movement of surface water, although where the land 
is sloping the drainage may be excessive. Small local areas of 
poorly-drained soils on flat to depressional topography occur fre- 
quently in al1 Echo soil belts. Such areas often surround saline 
sloughs and marshy depressions. The dominant upland soils have 
satisfactory surface drainage. On the other hand in al1 Echo 
profiles the penetration of moisture is restricted, due to the heavy 
impervious nature of the Bi horizons. 

The Stones on Echo soils Vary from few to many, but on the 
average, moderately stony phases (Sz) predominate. 

Three textural classes have been mapped in the Echo Associa- 
tion-clay, Clay loam and loam. Clay loam is the dominant texture, 
and is taken to represent the average textures of the cultivated 
layer in areas where the percentage of “burn-out” pits is low. 
The pits and the poorly-drained flats have heavy Clay and Clay 
textures. The loam textures are most commonly found in the 
better types of &ho soils, notably in mixed Echo and Haverhill 
soil areas. 
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Al1 member profiles of the %ho Association belong to the 
solonetzic group. Soils belonging to this group always wcur as  a 
complex, and the &ho soils are no exception. Hence, while the 
solodized-solonetz profile is most common, it often occurs in close 
association with the eroded phase (“burn-out”) and the solonetz, 
solod, and poorly-drained member profiles. 

A generalized description of the dominant solodized-solonetz 
profile is given below: 
Al Horizon.-Light brown, soft cloddy layer, 3 to  4 inches thick. 
A, Horizon.-Light greyish-brown to brownish-grey colour, cloddy to  

columnar structure, but breaking easily into thick platy aggregates; 
3 to  4 inches thick. 

A, Horizon.-Ashy grey, thin platy (foliated) structure, crushing to loose 
powdery condition. May reach two inches in thickness, but is usually 
one inch or less. 

B, Horizon.-Dark brown to dark greyish brown heavy Clay; hard, compact 
columnar structure, with characteristic “round-top’’ development. The 
rounded tops of the columns are covered with a white coating of mineral 
material. Upon removal of the A horizons the round-topped columns 
may be exposed and these have something of the appearance of a nest 
of eggs. Below the rounded top the column breaks into hard angular 
fragments of ,/” to 1” in diameter. This horizon is very sticky when 
wet, and very hard with marked shrinkage cracks when dry. The 
thickness varies from 6 to  12  inches. 

B, Horizon.-Greyish-brown to yellow-brown, faint cloddy to  thick platy 
structure, more friable than the Bl and easily broken to granular 
aggregates. Moderate to high content of soluble salts, and showing 
spots and veins of gypsum; moderate content of lime carbonate. 

C Horizon.-Dark grey heavy boulder Clay, moderately calcareous (limy) 
with spots of very dark lime-free Clay; fragments of shale may occur 
in this horizon, 
The eroded or “burn-out” profile consists essentially of the 

solodized-solonetz member described above, but with practically 
a11 .of the A horizon removed by erosion. In most places the erosion 
is not of recent origin, and the present surface consists of a thin 
ashy grey A3 horizon, dotted with a sparse growth of cactus, salt 
grass and other plants, or else bare of vegetation. The heavy in- 
tractible Bi horizon lies immediately below the thin grey surface 
soil. The Bi horizon is dark grey in colour, harder and more com- 
pact and often of greater thickness than the Bi of the non-eroded 
profile. 

The pits or “burn-outs” in which these soils QCCW are about 
six to twelve inches deep and from a few feet to twenty or more 
yards in diameter. 

The poorly-drained member of the &ho Association occupies 
low, flat topographie positions. Upon casual inspection these poorly 
drained flats appear to be large “burn-out” pits, although they 
are not eroded. The poorly-drained member profile has a thin Ai 
horizon, and a thick very dark grey heavy Bi, with little or no 
round-top development. The lower B and C horizons are not well 
defined, and show evidenee of wet poorIy drained conditions. 

The solonetz member does not require special mention here, 
except to Say that in the Echo Association it usually has a greyish 
Ieached A2 horizon. The Bi horizon is not so compact and imper- 
vious as  in the solodized-solonetz member. 

The solod profile is described under the Robsart Association, 
of which it forms the dominant profile. This profile represents a 
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further stage in the development of the solonetzic soil complex. 
The solod differs from the solodized-solonetz in having a much 
thicker A horizon, with a correspondingly thinner Bi horizon. The 
A horizon of the solod is brownish-grey to grey in colour, 
columnar-platy in structure, and from 10 to 20 inches or more in 
thickness. The Bi horizon is thin-usually not more than 3 or 4 
inches thick, and may consist of an irregular columnar structure 
with slight or no round-top development. The practical importance 
of the above features lies in the fact that the heavy undesirable Bi 
horizon does not extend into the surface cultivated layer. 

The various member profiles of the Ekho Association often 
form an intricate local mixture or complex of soils. Several member 
profiles may occur within a radius of a few feet. In general, 
however, the various profiles occupy specific positions within the 
local or micro-relief. Thus between a low knoll and a wet depression 
or slough, the following group of member profiles may be 
encountered : solonetz, solod, solodized-solonetz and poorly-drained. 
The eroded solodized-solonetz (“burn-out”) also forms part of 
this complex. The knolls represent small local areas of shallow 
sobnetz and hard columnar profiles, while depressions consist 
chiefly of alkali (saline) soils. 

Echo soils are also mapped as mixed soil areas with the 
Haver.hil1, Robsart, and Sceptre Associations respectively. In 
general the Echo profiles are found on slightly lower topographic 
positions. Echo profiles may also be found in Alkali and Alluvium 
areas. Finally &ho soils are sometimes found in Ekoded and 
Dissected Plateau soil areas, particularly where the erosion has 
exposed pre-glacial shales. 

Echo soils are nearly similar to the Trossachs Association, the 
chief differences being related to zona1 position. The Trossachs 
soils have a darker surface colour, and contain more organic 
matter than the &ho. 

Agriculture.-The agricultural value of the Echo soils is 
adversely affected by the undesirable structure and impervious 
nature of the Bi horizon, and to  a lesser extent by the relatively 
low fertility of the A horizons. The undesirable physical condition 
of the B horizon interferes with root penetration and development, 
and prevents the formation of a satisfactory seed bed or state 
of good tilth. F’urthermore, while the upper subsoil or Bi horizon 
has a high moisture holding capacity, the slow penetration of water 
prevents the storage of the maximum amount of available soil 
moisture. Thus the Echo soils are droughty types, and require 
more than average amounts of precipitation to produce satisfactory 
crops. Finally, the proper cultivation of these soils requires a high 
expenditure of power, thus increasing the costs of operation. 

The above difficulties are most evident where the Bi horizon 
extends into the surface cultivated layer, as  in shallow profiles and 
particularly in the “burn-out” pits. Where these pits are numerous 
crop growth is spotty, due to the poor stand on the eroded soil. 
Conversely, where the “burn-out” pits are less numerous, crop 
yields are more satisfactory. As a rough guide, it  may be stated 
that serious agricultural problems are encountered where “burn- 
out” pits or poorly drained flats occupy about 25 per cent. of the 
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cultivated land. Where these approach 50 per cent. the land is 
generally uncultivated or has been abandoned. 

On the best types of Echo land the pits are small in size and 
the subsoil is not quite as heavy as the average. Continual 
cultivation tends to partially fil1 the depressions with the more 
fertile surface soil, and the productivity is thereby improved. The 
best &ho soils are the loams, and those types found in mixed 
Haverhill and &ho areas. 

On the better types of Echo soils wheat production is the 
main enterprise. Where the “burn-out” pits are numerous, the 
land is mainly used for grazing, and in such areas considerable 
abandonment of former cultivated lands has occurred. In their 
natural state the &ho soils carry a variety of good quality 
grasses and provide fair to gmd grazing. Areas of poorly-drained 
member profiles have a low agriculfural value. Poor drainage, 
heavy intractable soil, and the associated alkali and wet slough 
areas are al1 adverse factors. 

Speaking generally, the Echo soils have not given satisfactory 
returns under the prevailing systems of “dry-land” agriculture. 
The adverse physical features of these soils are intensified by the 
climatic conditions of the brown soil zone. It may be noted that 
the greater part of the %ho soils are located in the more arid 
sections of this zone. From the long-time viewpoint the relatively 
low content of nitrogen, organic matter and phosphorus in the A 
horizons is another adverse feature. It is difficult to make proper 
use of manure and commercial fertilizers under the arid climatic 
conditions. Where irrigation is feasible the better types of Echo 
soils may become highly productive under good management, but 
such development is possible on but a very small proportion of 
the Echo soils. 

Echo soils are subject to slight wind erosion or drifting, and 
occasionally moderately severe drifting may occur. Slight to 
moderately severe water erosion is also found on &ho soils 
where the topography favours run-off. 

ROBSART ASSOCIATION 

Description.-The Robsart Association consists of medium 
textured solonetzic soils (chiefly strongly leached or degraded) , 
developed on thin boulder Clay deposits modified by underlying 
shales. These soils are most common in the same general districts 
where the Echo soils are mapped. 

The Robsart Association is found on geological deposits 
essentially similar to those underlying the Echo soils. However, 
the Robsart parent material is in general not quite so heavy as 
that of the Echo, and shows more evidence of having been 
reworked by water. 

The landscape of the Robsart Association is broadly similar 
to that of the Echo, but the cultivated soils have a greyer 
appearance, and the true “burn-out” pits are fewer in number. 
Other shalbw depressions occur which may be mistaken for 
“burn-out” pits but which consist of deeply leached light grey soils. 
The farmsteads have in general a better appearance than those on 
the Echo soils, and there is less abandoned land. The micro-relief is 
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less pronounced on the Robsart soils, and the topography is more 
unif orm. 

The Robsart soils are found on very gently undulating 
topography. Leached grey depressions, occasional “burn-out” pits 
and low knolls, and a moderate number of poorly-drained flats and 
sloughs break the otherwise nearly Ievel surface. 

Robstart soils are well drained, the favourable topography 
assisting surface drainage, while the absence of a thick compact Bi 
horizon permits satisfactory interna1 drainage. The eroded 
depressions (“burn-outs” ) and sloughs are poorly drained, but 
these make up only a small percentage of typical Robsart soil areas. 

Stones are rarely a serious factor, slight t o  moderate stoniness 
(SI to Sz) being most common. Occasional gravelly spots occur 
and quartzite pebbles are common in the Robsart soils south of 
the Cypress Hills. 

As in the Echo Association, the member profiles of the Robsart 
Association belong to the alkali-solonetzic group. The dominant 
Robsart profiles, however, are the solod and the deeply leached 
depressional types, both of which represent a more advanced stage 
of solonetzic degradation than that  shown by the dominant 
Echo profiles. This feature and the slight differences between the 
parent materials of the Echo and Robsart soils constitute the 
basis upon which these two Associations are separated. 

The separation of these Associations is justified by their 
differences in agricultural value. Robsart soil areas are superior 
agriculturally to Echo soil areas, as indicated in the discussion 
under agriculture. 

Two textural classes have been mapped in the Robsart 
Association-loam and Clay loam. The latter is most common. 

The Robsart Association includes the following member 
profiles : solod, solodized-solonetz, solonetz, deeply leached solod of 
depressions, and occasional shallow knoll, hard columnar and 
poorly drained types. 

The dominant profile is the solod and a generalized description 
of this profile is given below: 
Al Horizon.-Light brownish-grey colour, soft cloddy to platy structure; 

2 to 4 inches thick. 
A, Horizon.-Brownish-grey, columnar structured. This horizon appears 

somewhat like an ardinary B horizon. However, the columns break 
easily into thick plate-like segments. These segments are porous and 
the under-side is characteristically darker than the upper. While the 
segments are fairly hard, they may be crushed t o  a fine granular and 
sometimes to a powdery granular condition; 6 to  12 inches or more 
in thickness. 

A3 Horizon.-Sometimes difficult to distinguish, but characterized by a light 
brou;nish-grey to grey colour and a soft platy structure, crushing to  
single grain condition; O t o  4 inches thick. 

Bl Horizon.-Dark brown Clay; hard columnar in structure, usually showing 
some round-top developnient. The columns are often irregularly shaped 
and may be coated by material from the greyish A3 horizon. The Bl 
horizon appears to  be the remnant of a former BI of a solodized-solonetz 
profile. This horizon is sometimes absent; O t o  4 inches thick. 

B, Horizon.-Yellow-brown to  yellow-grey in colour ; massive to  faintly 
laminated structure, moderate content of lime carbonate and soluble 
salts. This horizon is thin, often not more than four inches thick and is 
frequently difficult to separate from the Cl horizon. 
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C Horizon.-Medium grey in colour, spotted with dark shale-like heavy Clay 
and streaked with whitish lime or Salt deposits. The texture varies from 
sandy Clay to Clay, with heavy Clay in places. The deposit usually 
consists of resorted boulder Clay. 

The deeply leached depressions appear at first glance to be 
“burn-out” pits. The depressions are very shallow and occur within 
the smooth upland areas occupied by the dominant Robsart profile 
just described. The depressional profile appears to  be a more 
strongly leached type of the solod profile. The A horizons are 
grey in colour and range from 12 inches to 20 inches in thickness. 
In structure the A horizons are platy, and in cultivated fields the 
surface forms large plate-like clods. The Bi horizon is usually three 
to six inches thick, often nearly black and waxy looking, and 
moderately hard to very compact. The underlying horizons are 
similar to those of the ordinary solod but show some evidence of 
poor drainage. The soils of the leached depressions differ from 
those of the “burn-out” pits in having a higher organic matter 
content and a deeper A horizon which extends well below the 
cultivated layer. The depressions do not have the raised edge 
associated with the “burn-out” pit. The raised edge is probably 
formed through deposition of material eroded from the pit. 

In typical areas of Robsart soils the nearly level upland 
consists chiefly of solodi profiles, interspersed with small shallow 
depressions in which the leached depressional profilé is found. 
The “burn-out” soiis, both ordinary and eroded types, occur 
generally a t  slightly lower elevations. 

Robsart soils have been mapped together with Echo soils, 
the broad nature of the present survey making a detailed separa- 
tion of these two soils impossible. Small areas of Robsart soils or 
a t  least of the dominant solod profiles may be expected in &ho 
areas and where Echo soils are mapped with other Associations. 

Robsart soils are comparable in most respects to the Estevan 
Association of the dark brown zone, differing from the latter 
chiefly in surface colour and organic matter content. 

Agricuiture.-The agricultural use of the Robsart soils is 
similar to that of the Echo types. However, the Robsart soils are 
definitely superior, due to the deeper profile, fewer “burn-out” 
pits and generally better topographie and drainage conditions. 
Theoretically the solod profile marks the end stage in the 
devalopment of the solonetzic soi1 group, and from this point the 
profiles under natural conditions might be expected to develop 
into the regional columnar type. 

While the Robsart soils are superior to the &ho soils, they 
are not quite equal in agricultural value to similar textured soils 
of the Haverhill and Wood Mountain Associations. The grey 
leached depressions have an undesirable structure, tending to 
become hard and “baked” when the surface dries after a rain. 
Local solodized-solonetz profiles and “burn-out” pits also reduce 
the value of the Robsart soils. Slight wind and water erosion and 
occasionally moderately severe erosion occur on these soils. The 
main problems, as  in the Echo soils, are the difficulties of securing 
gmd structural conditions or a state of good tilth, and the 
handicap of the arid climate. In seasons of above average precipita- 
tion little difference exists between Robsart, Haverhill and Wood 
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Mountain soils of similar texture and topography; in less 
favourable seasons the Robsart and Echo soils are less drought- 
resistant and produce poorer grain crops than the other soils. 

CHAPLIN ASSOCIATION 

Description.-The Chaplin Association consists of coarse 
texture.d soils developed on glacial outwash and Stream-eroded till. 
The larger areas of these soils are found in the general districts of 
Chaplin and Maple Creek. Many smaller areas are scattered 
throughout the brown soil zone. The Chaplin Association includes 
areas formerly mapped as Gravelly Sandy Loam, Haverhill and 
Hatton Sandy Loams, and in some places Haverhill Light Loam, 
stony or gravelly phase. Such soils were taken out of the Haverhill 
Association because they occur on highly sorted and eroded 
water-worked till, whereas the true Haverhill soils are found on 
assorted to slightly sorted boulder Clay. Over half a million acres 
have been mapped in the Chaplin Association. 

The soils of the Chaplin Association are thinly vegetated and 
the landscape has an arid appearance. Rolling topography pre- 
dominates and coarse sandy, gravelly, and cobbly (small stone) 
deposits are characteristic, the sorting action of the glacial waters 
having carried away much of the original Clay and silt. Much 
abandonment and other evidences of poor agricultural returns 
from these soils are also important features. 

Outwash and eroded till deposits resulted from the rapid 
melting of glacial ice and the consequent release of large volumes 
of water. Hence Chaplin soils are chiefly encountered in or near 
roIling glacial till deposits (moraines) and along glacial Stream 
channels. Some of the undulating and very gently rolling soils 
occur along the margin of glacial lake beds. Slightiy less than half 
of the Chaplin soils are mapped as undulating. 

Surface drainage of the Chaplin soils is adequate, except in 
local low-lying flats. Interna1 or soil profile drainage is usually 
excessive, and the Chaplin soils represent the more droughty lands 
of the brown soil zone. Only a small proportion of the Chaplin 
soils are poorly drained, but on the lower lands saline or “alkali” 
sloughs, flats and lakes are common. The latter soils are not 
mapped as the Chaplin Association, being generally heavy-textured 
and representing alluvial-lacustrine deposits. Many of the soluble 
salts found in these depressions were probably carried in by 
subsoil waters seeping through the coarse textured Chaplin soils. 
The combination of open, light-textured upland soils and heavier 
textured poorly-drained saline soils is frequently encountered in 
Saskatchewan. Such conditions are associated with the outwash 
and light-textured alluvial-lacustrine deposits in al1 soil zones. 

Considerable variation exists in the conditions of stoniness 
ass0ciate.d with Chaplin soils. Most of the sandy loam areas and 
many of the gravelly-sandy b a m  areas are stone free or nearly so. 
On the other hand Chaplin gravelly loams and light bams are 
frequently very stony to excessively stony (S3 to S4). These stony 
phases consist principally of severely eroded deposits of glacial 
till, and the Stones tend to occur on or just below the surface. 

The textural classes s h o w  on the map consist of Chaplin 
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light loam, gravelly loam, and sandy loam. Many areas are mapped 
as a textural complex of Chaplin gravelly loam and sandy loam. 

The profiles of the Chaplin Association exhibit various degrees 
of maturity. In the very stony and gravelly types little profile 
development may be evident ; better devebped profiles are common 
in the light loam and sandy loam soils and also in the gravelly 
loam types where the gravel is scattered throughout the profile 
and is not concentrated at the surface. On account of the above 
variations in degree of development, i t  is not possible to give 
generalized profile descriptions which will fit al1 Chaplin soils. 
However, where these soils are well developed, the principal 
member profile is the hard columnar. The associated soils are the 
calcareous earth, the shallow knoll and the poorly drained members 

The description of the hard columnar member of the Chaplin 
sandy loam is as follows: 
A Horizon.-Greyish-brown, sof t cloddy, breaking readüy to a loose, 

structureless condition (6” to 8” thick). 
BI Horizon.-Rusty brown, with a moderately hard columnar structure. The 

texture of this horizon is usually a sandy Clay loam (8” to  10’ thick). 
B2 Horizon.-Greyish in colour, with a moderately high content of lime 

carbonate. This horizon has a soft, friable granular structure. 
C Horizon or Parent Material.-Yellow-brown loose loamy Sand to sandy 

Clay loam, slightly to moderately calcareous (limy). Where the outwash 
deposit is thin the C horizon may be absent, the Chaplin profile being 
represented by the A and B horizons. In such soils the underlying 
material or D horizon may be composed of glacial tiIl or a siIty 
lacustrine deposite. 

The calcareous earth member is usually shallower than the 
hard columnar profile. The Bi horizon is greyish-brown in colour, 
contains lime carbonate, and has a soft columnar structure. This 
profile is frequently encountered on rolling topography, and may 
also form some of the soils developed on the thin outwash 
overlying calcareous boulder Clay or glacial lake deposits. 

The shallow knoll profile does not require special mention, 
the description of this type of soi1 covered in the general statement 
made under the Haverhill Association being applicable to  the 
Chaplin profile. Most of the shallow knoll profiles of the Chaplin 
Association are coarse textured and contain much coarse sand, 
gravel and small Stone. 

Poorly drained members of the Chaplin Association are of 
infrequent occurrence since heavier textured alluvial-lacustrine 
deposits are usually encountered in the depressions. Such deposits 
form the parent materials of Alluvium and Alkali soils. Poorly 
drained Chaplin profiles, which are recognizable by their coarse 
sandy and gravelly textures, may occur along the margin of the 
depressions. 

The Chaplin gravelly Ioam is characterized by the presence 
of gravel in the profile, and usually by a layer of gravel at varying 
depths. Where this lay occurs close to the surface the profile is 
poorly developed. In many places, however, the gravel may occur 
at 12 inches or more below the surface. Such soils usually belong 
to the hard columnar type described for the sandy loam, except 
that  the A and B horizons are generally thinner. In addition the 
texture of the A horizon is usually a gritty light ioam, and where 

66 



the gravel layer occurs a t  one foot or more below the surface, the 
gravelly loam profile is superior in drought resistance to the sandy 
loam. The C horizon of the gravelly loam is usually a mixture of 
gravelly Clay loam, gravel and Sand. 

The Chaplin Association has been mapped as a mixture with 
Hatton, Haverhill, and Wood Mountain soils respectively. The 
Chaplin profiles in these combinations are distinguished by their 
coarser textures and greater variation in profile development. 

The Chaplin Association is similar to the Biggar and Whitesand 
Associations, the chief differences between these mils consisting 
of variations in the surface colour and organic matter content due 
to their respective situations in the brown, dark brown, and black 
soil zones. 

Agriculture.-The Chaplin Association is one of the poorest 
agricultural soils in the Province. The cmrse textures are 
responsible for the very low drought resistance and lower than 
average fertility of these soils. The predominance of rough 
topography and the frequent presence of excessive quantities of 
gravel and Stone are additional handicaps to arable agriculture. 
Wind erosion although not as severe as on the finer textured sandy 
soils, is nevertheless a serious problem, causing damage to the 
growing crop and reduction of soil fertility. 

The light loam if not too rough and stony, and the gravelly 
loam where the gravel layer is a foot or more below the surface, 
are the most desirable soils. Under cultivation these soils are used 
largely for growing wheat and rye, but due to the prevailing dry 
climatic conditions, poor yields are obtained in most years. The 
sandy loam and mixtures of graxelly loam and sandy loam classes 
are used largely for rye production with some wheat and sweet 
clover. This cropping system is most successful where native or 
sown Pasture is available, and where livestock production is an 
important activity. However, even the better Chaplin areas are of 
low agricultural value, and i t  is doubtful if such soils can be 
permanently retained in arable use. 

Many of the poorer soils of the Chaplin Association have 
never been cultivated. In many places considerable abandonment 
of settled lands has taken place. These non-cultivated and 
abandoned soils are used for grazing, providing low yields but 
good quality of native grasses. 

HATTON ASSOCIATION 
Description.-The Hatton Association consists of light 

textured soils developed on sandy glacial lake and alluvial 
deposits. The larger areas of these soils are found a t  Mortlach, 
north and north-West of Swift Current, around the Great Sand 
Hills, and in the Maple Creek district. There are nearly one million 
acres of Hatton soils. 

The soil landscape of the Hatton Association is characterized 
by an arid type of vegetation, the presence of saline (“alkali”) 
lakes and sloughs, and evidences of wind erosion on cultivated lands. 
Abandonment of severely drifted areas is common, and such lands 
have a particularly desolate appearance. On the better types of 
Hatton soils livestock and forage crops are important features 
of their agricultural development. 
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The Hatton soils are found on al1 types of topography. 
However, nearly 70% of these soils are mapped a s  unduiating and 
about 20% as rolling phases. Strongly rolling topography is 
rarely encountered. 

Surface drainage of Hatton soils is adequate, except in the 
paorly drained flats bordering saline depressions. interna1 or soil 
profile drainage is generally excessive, the light textures giving 
the soil a low moisture holding capacity. Certain areas of smooth 
topography have shallow water tables which provide a good farm 
water supply in most seasons. 

Stones are rarely a serious factor, but gravelly subsoils are 
fairly common in the lighter textured types. 

Three textural classes are included in the Hatton Association 
-fine sandy loam, very fine sandy loam and light loam. The fine 
sandy loam is the most extensive. Formerly medium to coarse 
sandy loams were also included in the Hattan soils, but these 
textural classes are now mapped with the newly established 
Chaplin Association. 

In the Hatton Association the dominant soil is the hard 
columnar type. The various member profiles, from the knoll 
position down to the depression, form the following sequence; 
shallow knoll, har,d columnar, solonetz, and poorly drained. The 
solonetz and poorly drained members are not always present, their 
occurrence depending upon the existence of saline (“alkali”) lake 
beds, sloughs and drainage channels. 

The dominant hard columnar member of the Hatton Associa- 
tion is described below : 
A Horizon-Light greyish-brown fine k m d y  loam to  light loam, soft cloddy 

structure to loose siqgle-grain (structureless) (4” to 6” thick) . Under 
cultivation little structure is evident in the fine sandy loam type, but 
the very fine sandy loam and light loam usuaIly retain some granular 
and small cloddy structure. 

BI Horizon.-Rusty brown large blocky columns, often three-sided. This 
horizon is heavier in texture than the A and is moderately hard and 
compact (6” to  8” thick) . 

B, Horizon.-Yellowish-grey to yellow-brown; weakly developed columnar 
structure, and sometimes calcareous (2“ to 4“ thick). This horizon is 
not always well defined, since i t  frequently grades into the horizon 
below. 

B, Horizon.-Yellow-grey to grey Ioose sand, the zone of lime carbonate 
accumulation. 

C Horizon.-Yellow-grey to brownish incoherent (loose) loamy sand, having 
less lime than BS. 
The solonetz member of the Hatton Association may have a 

greyish, slightly leached A2 horizon. The Bi horizon is medium to 
dark brown, of compact columnar structure, breaking into hard 
cubic structural aggregates. Because of the light texture the 
BI horizon of the solonetzic Hatton soil is not so hard and 
impervious as the BI of heavier textured solonetz soils. 

The poorly drained member of the Hatton Association has a 
slightly darker A horizon than that of the dominant hard columnar 
profile. The B horizons are usually wet and are mottled with rusty, 
biue-grey, yellow or dark grey colours. Moderate to high quantities 
of soluble or “alkali” salts and lime occur in the Bz horizon. 

The Hatton shallow knoll profile does not require a detailed 
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description. It is important t o  note, however, that  owing to its 
topographie position, this profile is likely to be first affected by 
wind erosion, resulting in the development of a loase sandy surface. 
Such conditions provide dangerous focal points for the spread of 
soil drifting to the adjoining undulating soils. 

In some areas the sandy deposits associated with the Hatton 
soils are thin, and are underlain by calcareous silty deposits. Under 
these conditions the Hatton profiles are shallow and consist largely 
of the calcareous earth type. In this profile the Bi is thin and 
has a weak or soft columnar structure. This horizon is frequently 
calcareous (limy) and is underlain by a yellowish-grey highly 
calcareous deposit. 

Hatton soils are mapped as a mixture with Dune Sand, 
Undifferentiated Sands, and soils of the Chaplin and Haverhiil 
Associations respectively. In most of these complexes the Hatton 
types are found in lower topographic positions. The loose sandy 
deposits mapped as Undifferentiated Sands may in some places 
represent former Hatton soils whose profiles have been destroyed 
by wind erosion. 

Finally, as previousiy indicated, local areas of Alkali soils 
are frequently encountered in Hatton soil belts. 

The Hatton Association is similar to the Asquith in origin, 
texture and general agricultural adaptation. 

Agriculture.-The sandy nature of the Hatton soils is a 
serious handicap to satisf actory crop production. These soils are 
characterized by low moisture holding capacity (poor drought 
resistance) , tendency t o  drift and fairly rapid loss of fertility under 
cultivation. 

The light loam and very fine sandy loam are superior to the 
fine sandy loam in drought resistance and general fertility. 
However, even the best Hatton soils are definitely inferior to 
medium textured Haverhill and Fox Valley soils of similar 
topography. 

The production of wheat on Hatton soils is a hazardous 
undertaking. In seasons of above average precipitation good yields 
of wheat are obtained, but during the more common conditions of 
insufficient soil moisture, very poor crops and even total failures 
may occur. The hazard of straight wheat growing is partly 
responsible for the fact that considerable rye is grown on Hatton 
soils. The use of rye or of rye and wheat grown in alternate strips 
is a valuable aid to soil drifting control, since it eliminates the 
bare f allow. The practice of summerf allowing to conserve moisture 
is not so important on sandy soils, since such types are incapable 
of storing very large quantities of water. 

In recent years forage crops have been grown to a greater 
extent. Crested wheat grass and sweet clover are the most 
important of these crops, assisting both in control of wind erosion 
and in the development of livestock production. It is probable 
that further use could be made of forage crops, particularly where 
the Hatton soils have shallow water tables. In these areas crops 
such as alfalfa, when once established, might make use of the 
water present in the lower subsoil. 
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Much of the land mapped in the Hatton Association has been 
severely damaged by wind erosion. This is particularly true of the 
fine sandy loam. Many farms have been abandoned and in years 
of drought whole fields are either bare of vegetation or carry 
a sparse cover of weeds, notably Russian thistle. m e n  the virgin 
soil may become subject to erosion if overgrazing is permitted. 

Under such conditions drastic methods are necessary to 
check further erosion and to permit revegetation of the soil. 
Much valuable work of this nature has been accomplished through 
the erosion control and re-grassing programmes of the P.F.R.A. 
In this connection it is of interest to note that considerable areas 
of the lighter textured Hatton soils are now included in P.F.R.A. 
community pastures. 

The subject of soil drifting or wind erosion is discussed more 
fully under the section on Soils and Agriculture, page 193. 
However, since the Hatton Association represents the very erosive 
light textured soils, some important aspects of this problem may 
be mentioned here. Where wind erosion is very severe the soil 
may be permanently damaged by the removal of the fertile 
humus-bedring surface horizons. The exposure of the less fertile 
sandy subsoil results in low productivity. The drifted material 
itself is definitely lighter in texture than the original soil, and 
many eroded Hatton soils are now in part mapped as Sands. 
Such material is a menace to adjacent productive soils since 
the sandy drift induces erosion of the better soils, or in some 
places buries them. 

The Hatton soils may be regarded as examples of types which 
are difficult to maintain under cultivation. The good topography, 
absence of Stones, low power requirements, and the relatively early 
maturity of crops grown on sandy soils al1 tended to encourage 
early settlement of the Hatton soils. Continuous cropping and 
cultivation, periods of severe drought, and the effect of wind 
erosion have in many places greatly reduced the original 
productivity of these soils. The recently established policy of 
taking the worst of these soils out of cultivation and developing 
them as permanent grasslands is one which is highly desirable 
and which should be extended. 

FOX VALLEY ASSOCIATION 
Description.-The Fox Valley Association consists of medium 

to moderately heavy textured soils developed on silty glacial lake 
deposits. In some places these soils appear to have been formed 
on wind deposited (loessial) materials. The larger areas of Fox 
Valley soils are found in the districts of Fox Valley, Golden Prairie, 
Hazlet, Gu11 Lake, Hodgeville, and Bateman. Over one million acres 
have been mapped in this Association. 

The soil landscape of the Fox Valley Association is character- 
ized by the duil or drab grey to brownish-grey colour of the surface 
soil. Typical areas have a droughty, arid appearance and Russian 
thistle and sage brush are commonly seen. Stones are seldom a 
prominent feature. On rolling topography wind and water erosion 
of upper slopes and knolls is indicated by the exposure of the 
iight grey highly calcareous subsoil. Severe wind erosion with 
formation of hummocks or miniature dunes is also characteristic 
of many Fox Valley areas. 
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Over 60% of the Fox Valley soils are mapped as undulatig 
phases, and the remainder as rolling and mixed undulating and 
rolling phases. 

The Fox Valley soils are generally well drained, but poorly 
drained depressions, saline sloughs and small lakes are common 
in some areas. Excessive surface drainage with slight to moderate 
water erosion is associated with the rolling phase. Interna1 drainage 
may also tend to be excessive in local areas where lenses of very 
fine Sand occur in the lower subsoils. 

Stones are generally few in number and many areas of Fox 
Valley soils are Stone-free. Stones are only a problem where these 
soils are adjacent to or mixed with Haverhill, and in some areas 
of Fox Valley loam. 

The main textural classes of the Fox Valley Association are 
silty Clay loam, Clay loam, silt loam, and loam. Some silty Clay has 
also been mapped, and an occasional small area of light loam. 

The smoother phases of the Fox Valley soils consist chiefly 
of hard columnar profiles with local areas of solonetzic profiles 
occurring a t  slightly lower elevations. High-lime and poorly drained 
members are also encountered. The high-lime profiles are 
particularly common in the rolling areas, where a succession of 
shallow-knoll, high-lime, columnar, and poorly drained members 
may be observed in passing from the highest land to the depression. 

The generalized description of the medium textured hard 
columnar profile is given below: 
A Horizon-Surface mach of grey, silty, wind-deposited material (1'' to 2") 

nver a faint brownish-grey, silty clay loam, with soft cloddy structure, 
breaking easily to a fine granular condition (3'' to 5" thick). 

BI Horizon.-Greyish-brown heavy silty Clay loam to silty Clay; moderately 
hard columnar structure (6" to 12" thick). 

B2 Horizon.-Light grey highly calcareous (limy) silty Clay loam, faint 
columnar above to massive structure below (6" to 12" thick). 

C Horizon.-Medium grey, with whitish streaks which probably consist of 
lime carbonate, gypsum and soluble salts. Heavy ailty Clay to very 
fine sandy Clay texture. Weakly laminated structure. 
me solodized-solonetz profile is most commonly found in very 

small depressions within the uplands, or bordering low poorly 
drained areas. This profile is distinguished by the round-top@ 
columnar Bi horizon. 

High-lime profiles include both the rendzina-like and the 
calcareous earth types. The A horizon of the high-lime or rendzina- 
iike profile consists of a greyish, soft granular soil, containing 
ïime carbonate. The B horizon is light grey in colour, of soft 
granular structure and very calcareous (high-lime content). The 
horizon grades into the faint yellow-grey to  grey parent material, 
which also has a high content of lime. 

The calcareous earth profile shows a iittle more structural 
development. There is a thin, greyish-brown, soft columnar 
structured Bi horizon, usually containing some lime carbonate. 

In rolling areas it is difficult to separate shallow-knoll and 
high-lime profiles. The shallow-knoll as its name implies is a very 
thin pr.ofile and particularly under cultivation may lose part or 
al1 of the A horizon by erosion. 
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The poorly drained member of the Fox Valley Association 
is characterized by its low topographic position, usually bordering 
saline (alkali) sloughs, and by the poorly drained salinized features 
O£ the B and C horizons. These features include the dark grey 
colour of the subsoil, which is mottled with yellow, reddish, bluish, 
and light grey streaks and spots, and moderate to high 
concentrations of alkali salts. The poorly drained member is aot  
extensive, but as already stated is most likely to occur adjacent 
to alluvial and alkali depressions and flats. 

The wide range of group profiles and textural classes in the 
Fox Valley Association suggests that more detailed studies of 
these soils are necessary. It is probable that two associations could 
be established, one including the high-lime group and the other 
dominated by columnar and solonetzic profiles. However, on the 
present scale of mapping, the silty lacustrine nature of the various 
soils and their general similarity in agricultural adaptation warrant 
their inclusion in the Fox Valley Association. 

Fox Valley mils occur frequently in combination with 
Haverhill soils and a few mixed areas of Fox Valley and Sceptre 
soils have also been mapped. 

Agriculture.-The Fox Valley soils are used largely for grain 
production, principally wheat. From the standpoint of fertility 
these soils compare favourably with other medium and heavy 
textured types in the brown zone. In regard to factors of stoniness 
and topography the Fox Valley Association is superior to the 
Haverhill. The Fox Valley soils, however, are more susceptible to 
wind erosion, and taken as a whole appear to have lower drought 
resistance. Their organic matter content is slightly lower than that 
of other similar textured soils in this zone. 

The heavier textured classes (silty Clay loam and silty clay) 
are the most desirable agricultural soils. Soil drifting appears to 
have become a more serious problem on the above soils in recent 
years; earlier surveys indicated that the silty Clay loam was less 
susceptible to wind erosion than the silt loam. In many areas this 
statement can no longer be made. On rolling topography water 
erosion, or combined wind and water erosion are also serious 
problems. 

Wide fluctuations in yieids have characterized most cultivated. 
areas of Fox Valley soils, Under conditions of ample moisture these 
soils have produced very high yields of wheat, but under drought 
conditions very poor crops and total crop failures have occurred. 
Wind erosion has been particularly severe during these periods of 
drought. It is considered that these soils will require more careful 
handling in the future, particulariy where losses of plant nutrients, 
soil organic matter and soil structure have occurred as  a result 
of erosion. 

Good summerfallow practice, which includes maximum 
conservation of moisture with efficient protection from erosion, 
is essential to the success of farming on these soils. Where 
erosion has become serious, either permanent or temporary 
establishment of a grass cover may become necessary. 

Description.-The Sceptre Association consists of heavy 
textured soils developed on uniform clay deposits occuping the beds 

SCEPTRE ASSOCIATION 
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of former glacial lakes. The larger areas of these soils are found 
in the districts of Sceptre, Cabri, Kyle, Eston, Kindersley, Mantario, 
and between the latter point and the South Saskatchewan River. 
ûver two million acres have been mapped in this association. It is 
a fortunate circumstance that such a large area of highly drought 
resistant soils should occur in the most arid soil zone. 

The soil landscape of the Sceptre Association is easily 
recognized. It is characterized by the following features: smooth 
topography, nearly level in most areas, and in others rising in 
long moderately undulating slopes to broadly rolling uplands ; a 
high percentage of arable land consisting of large, mechanized 
grain farms, chiefly under wheat or summerfallow; and a greater 
proportion of well developed farmsteads than is usually seen on 
the brown soils. 

About 65% of the Sceptre soils are mapped as undulating, 
and around 26 O/O as mixed undulating-rolling. The remainder 
consists chiefly of rolling phases with a few areas mapped as 
flat t o  depressional. 

As indicated under the landscape description the mixed and 
rolling topographic phases of Sceptre are smoother and more 
arable than similar phases of Haverhill and Chaplin soils. 

The Sceptre soils have good surface drainage except in local 
flat-depressional areas. Profile drainage is generally satisf actory 
under the prevailing conditions of low precipitation. In very wet 
years or following torrential rains, the slow infiltration of water 
through these heavy soils leads to temporary flooding of 
depressions and flat upland areas. 

Stones are rarely encountered and form no obstacle t o  
cultivation in typical Sceptre areas. However, in rolling phases 
where the lacustrine deposit is thin or where mixed areas of 
Sceptre and Haverhill soils occur, Stones are more frequent. 

The dominant texture of the Sceptre Association is heavy 
Clay, but Clay and a small amount of heavy Clay loam have also 
been mapped. 

The Sceptre soils, particularly those of heavy Clay texture, are 
not typical brown zona1 soils. This is shown by their cloddy 
structure, lack of sharply defined profile horizons, and by their 
superior drought resistance. 

The dominant member profile of this Association is the 
cloddy-granular heavy Clay type. The profile description is as 
f ollows : 
d Horizon.-Thin surface covering of fine granuiar dust mulch over 

brownish-grey, hard irregular cloddy to  granular A horizon. Some of 
the clods have a plate-like appearance and break into small flakes 
(2” to 4“ thick). 

A-B Horizon.-Brownish-grey to  grey, large cloddy structure, breaking to  
coarse granules (2” to  3“ thick). 

B Horizon.-Greyish, large cloddy to massive structure, breaking to medium 
cloddy aggregates. Moderate content of lime carbonate. This horizon 
grades into the darker grey calcareous parent material. Streaks and 
flecks of lime carbonate may occur in the B and C horizons. Under 
cultivation the cloddy surface horizon tends to  become finely granular, 
and more susceptible to  wind erosion. Most of the cultivated Sceptre 
soils contain some free lime in the surface horizon. 
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C Horizon.-Dark grey calcareous heavy Clay. Laminations or varves 

While the above profile predominates, other member profiles 
occur. Solonetzic types occur commonly in the Clay and heavy Clay 
loam areas. The Ai horizon of the solonetz Clay profile is greyish- 
brown in colour and granular in structure (3” to 4” thick). Az 
horizon-grey cloddy-platy, 2” to 4” thick. Bi horizon-grey- 
brown, heavy, compact columnar-cloddy structure. This breaks to 
coarse granular, or to hard angular fragments, depending upon the 
degree of solonetzic development (6” to 10” thick) . Bz horizon- 
light grey to brownish-grey with massive structure, breaking 
easily to granular condition ; moderate lime carbonate content. 
This horizon grades into the parent material or C horizon; the 
latter is lighter in colour and texture than that in the heavy Clay, 
and may show a laminated or faintly banded structure. 

It is sometimes difficult to separate Sceptre Clay from Fox 
Valley silty Clay. Further studies may result in the removal of 
Clay and Clay loam soils from the Sceptre Association. If this were 
done some of these soils might be classified with the heavier, 
solonetzic members of the Fox Valley, probably under a new 
association. 

The only other important member of the Sceptre Association 
is the poorly drained profile. This soil is associated with flat to 
depressional topography. The poorly drained profile may also be 
recognized by the darker colour and heavy intractable nature of 
the surface soil. The subsoil is dark grey mottled with various 
shades of grey, rust, etc. Slight to  moderate quantities of soluble 
or alkali salts are often present in the subsoil, but the amount is 
rarely sufficient to seriously affect crop growth. 

Sceptre mils are mapped as a mixture with Haverhill, Fox 
Valley, and Regina respectively. Mixed Sceptre and Haverhill areas 
are usually found on mixed undulating and rolling topography, 
with Haverhill soils occupying the ridges and knolls. Such areas 
represent a shallow deposit of glacial lake Clay over the underlying 
till, and the latter is exposed on the higher land. Sceptre and Fox 
Valley soils mapped in combination are distinguished by their 
different surface colours and parent materials. The Sceptre soils 
are darker, somewhat heavier, and less silty than the Fox Valley 
types. The Sceptre and Regina complex is encountered in the 
Eston area and in other districts further north. The Regina soils 
are slightly darker in colour, higher in organic matter and more 
granular in structure. On rolling topography the Sceptre soils 
occur on the higher land. Local areas of Alluvium and Alkali soils 
are found within Sceptre areas. 

The Sceptre soils resemble the Regina soils in geological 
origin, profile features, and agricultural adaptation. 

Agriculture.-The Sceptre soils are the most productive types 
of the brown soil zone; the heavy Clay is nearly equal in productive 
value to the best soils of the Province. High drought resistance, 
good native fertility, and a high percentage of arable land are 
factors chiefly responsible for the excellent showing of the Sceptre 
soils. 
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The production of grains, particularly of wheat, is the main 
fasm enterprise. Flax has become more important in the last few 
years. Most of the Sceptre soils are well adapted to tractor farming 
and the production of wheat on a large scale. Furthermore, it is 
usually difficult to obtain good supplies of water except by 
building dams and dug-outs. Hence relatively few livestock are 
kept. 

The prevalence of grain crops alternating with bare summer- 
fallow, and the large blocks of cultivated land tend to favour wind 
erosion. This problem is made more acute by the pulverbing effect 
of mQdern tillage machinery, and in addition by the ease with which 
the Sceptre soils break down to very fine powdery granules through 
the effects of wetting and drying and of freezing and thawing. 

Water erosion is also a serious problem on many Sceptre soils, 
particularly where the topography favours run-off. The heavy 
texture of these soils prevents rapid infiltration of water, and 
during heavy rains serious sheet and gully erosion occurs on 
individual farms. While wind erosion is more widespread and is 
more easily observed, water erosion is becoming the major problem 
to some farmers. The importance of controlling al1 forms of 
erosion on such a valuable soil cannot be too strongly emphasized. 
Efficient cultural practice on these soils must include maximum 
conservation of moisture and the control of erosion. 

Due to the high moisture efficiency of the Sceptre soils, we& 
are frequently a serious problem. Stinkweed, mustards, wild 
sunfiower and poverty weed are the most troublesome, while 
Russian thistle is more prominent in dry years. 

WOOD MOUNTAIN ASSOCIATION 
Description.-The Wood Mountain Association consists of 

variable textured soils occurring chiefly on Tertiary sediments 
modified by glaciation. The modification consists of the partial 
mixing of the pre-glacial sediments with the thin surface deposit 
of boulder Clay, and in some places of the partial sorting of the 
Tertiary deposits by glacial Stream action. The Tertiary sediments 
consist of silts, sands, clays, shales, sandstones, quartzites, and 
coals. In places the underlying Upper Cretaceous sediments, 
principally lower Ravenscrag with some of the Eastend formation, 
may form part of the Wood Mountain soil parent material. These 
Cretaceous sediments are similar in generai texture to the Tertiary 
sediments listed above. 

The Wood Mountain soils occur chiefly on the Wood Mountain 
and on the lower slopes of the Cypress Hilis. About three-quarters 
of a million acres have been mapped in this Association. 

The landscape of the Wood Mountain Association presents a 
striking appearance. These soils occur on dissected plateaux which 
are often five or six hundred feet higher than the adjacent 
lower plains of the brown zone. The upland has suffered severe 
erosion in the past and is badly cut up or dissected by deep rugge,d 
valleys and tributary coulees. These channels run north to the 
lower plain, and also South into the United States. The original 
Wood Mountain plateau is now represented by comparatively srnail 
undulating to very gently rolling uplands, separated by the deep 
valleys and their tributary channels. 
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The soil landscape is further characterized by small scattere,d 
areas of cultivated land, fair to good grass cover on the plateaux, 
trees on the northern slopes, and numerous exposures of the 
pre-glacial geological sediments. 

Topographicaily, the Wood Mountain soils consist of smooth 
uplands cut by valleys and coulees, and of roliing areas along the 
lower sbpes of the plateau. Undulating to hilly phases have been 
mapped, and it is significant that only about one-quarter of these 
soils are classed as undulating. It should be pointed out here that 
the larger valleys and the rough inaccessible uplands are mapped 
in the Dissected Plateau Complex. This is discussed under 
Miscellaneous Soils. 

The surface drainage of the Wood Mountain soils ranges from 
goad to excessive, the latter naturally associated with steep slopes 
bordering the valleys. Interna1 drainage conditions are also 
variable, depending upon the texture of the soii and the nature 
of the underlying sediments. Adequate interna1 drainage occurs 
in the heavier textured soils, and excessive drainage in the sandy 
and pebbly types. %me poorly drained depressions occur a t  the 
base of the plateau and along Stream charnels, but in generd, 
Wood Mountain soils are rarely affected by impeded drainage. 
Sloughs (glacial kettles) are much less common than in areas of 
Haverhill soils. 

The Wood Mountain soils found at the higher elevations are 
slightly to moderately stony (Si to S2). The lower plateau slopes 
and the uplands adjacent to coulees are more stony (S3 to S4). 
Here the glacial till has been severely eroded, leaving behind the 
glacial Stones. However, in general, the cultivated Wood Mountain 
soils are not as stony as  similar Haverhill types. 

Quartzite pebbles, f orming part of the Tertiary sediments, are 
very common in Wood mountain soils. In sonne places thick beds 
of pebbles, either loose, or cemented (conglomerates) occur at or 
near the surface. These beds are an obstacle to cultivation and 
also result in droughty soil conditions. 

A wide range of textural classes has been mapped in this 
Association. These are: Clay loam, loam, sandy Clay loam, silt 
Ioam, light loam, and sandy loam. Loam and Clay b a m  are the 
most extensive. 

The profiles of the Wood Mountain Association exhibit great 
variation in degree of development or stage of maturity. This is 
due to the mixed nature of the parent materials and to  the variable 
topography. Thus weakly developed profiles are found on 
pre-glacial sands and gravels, and shallow profiles on steep dopes. 
Well developed profiles consist chiefly of the hard columnar and 
solonetz. 

A generaiized description of the dominant hard columnar 
profile is given below: 
A Horizon.-Medium brown, soft cloddy to granular structure. Sometimes a 

thin, darker brown layer is observed withm this horizon. The A horizon 
is variable in thickness, a range of from 2” to over 6” having been 
observed. 

BI Horizon.-Frequently reddish-brown, sometimea dark brown; welï 
developed, compact, columnar structure, Clay loam to Clay texture (12” 
to 24” thick). It is possible that a lower B horizon of lighter colour 
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could be separated in the deeper profiles. Lime carbonate is rarely found 
in the B horizon, except where considerable boulder Clay is present. 
SmaU quartzite pebbles and glacial stones are usuaiiy present in the 
A and B horizons and are generally more numerous at the surface. 

C Horizon.-Varies with the nature of the underlying sediments and the 
proportion of Northern till present. Most frequently this horizon consista 
of a greyish Clay mixed with or occurring as alternate layers with light 
greyish-yellow sandy Clay loam. Glacial stones and quartzite pebbles are 
typically absent from the parent material, except in pebbly phases, or  
where glacial till is mixed with the pre-glacial sediments. Lime carbonate 
is most Iikely to be encountered a t  the base of the B horizon. 
m e  solonetz member differs from the above profile in having 

a darker, more compact columnar Bi horizon which breaks into 
hard cubic aggregates. In most places where these soils have been 
examinead, solonetz development has not reached an advanced stage 
and the soils may be regarded as faintly solonetzic in character. 
There is littIe or no evidence of the beginning of a leached greyish 
coloured Az horizon, such as frequently occurs in the solonetzic 
members of the Haverhill Association. 

Light textured Wood Mountain soils, notably light loams and 
sandy loams, usually possess sof t  cbddy to loose structureless A 
horizons. The Bi horizons have a weak columnar structure that 
readily falls apart into a soft cloddy to structureless condition. 
Little structure is evident in the B2 and C horizons, which usually 
consist of yellowish loose Sand to sandy Clay loam. In extremely 
sandy types the profile may be even more weakly developed than 
the above. Lime is usually absent. 

The shallow knoll member is very common in this Association. 
It is characterized by the features already discussed as typical 
of this profile (see table 8, page 48). The Wood Mountain shallow 
kno11 profile is often very stony and gravelly. Earlier geological 
erosion of stony glacial deposits and of pre-glacial sediments 
containing quartzite pebbles has tended to leave a concentration of 
small (cobbly) stones and pebbles a t  the surface of the soil. The 
thin profiles associated with these conditions occur both on ridges 
and on smoother lands bordering eroded valleys and coulees. In 
the latter position the shallow knoll members of the Wood 
Mountain Association grade into the thin (truncated) variable 
profiles that represent the Eroded soils. 

High-lime soils are absent from many areas of the Wood 
Mountain Association. However, the Wood Mountain silt loam, 
mapped south-West of Maple Creek, consists of high-lime profiles 
generally similar to those of the Fox Valley Association. It is 
therefore probable that other areas of high lime Wood Mountain 
soils may be encountered. Where such soils do occur, they are 
developed on calcareous parent materials which are not typical of 
most Tertiary sediments. The more common textural classes are 
either lime-free or contain only slight amounts of this constituent. 
Where boulder Clay makes up a considerable proportion of the 
surface deposits, as  in mixed HaverhiU and Wood Mountain soil 
areas, calcareous lower B horizons have developed. 

The variations in the Wood Mountain parent materials and 
textural classes are greater than those generally allowed within 
one soil association. Actually, the Wood Mountain soils form a 
complex of associations. From the practical standpoint, however, 
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the establishment of additional associations is not warranted, 
The specific geological and physical features associated with the 
pre-glacial plateau form a convenient basis for considering these 
soils as  a single association. There is also the fact that the arable 
portion of the Wood Mountain soils is comparatively inextensive. 

Wood Mountain soils have been mapped as a mixture with 
Haverhill, Chaplin, and Cypress soils respectively. Mixtures of 
Wood Mountain with either Chaplin or Haverhill soils occur on the 
lower slopes of the plateaux where both glacial till and modified 
pre-glacial deposits occur. Cypress soils are distinguished from 
Wood Mountain types by the darker surface colour and higher 
organic matter content. In Wood Mountain-Cypress complexes the 
Cypress soils occur in the smoother, more sheltered locations, 
where soil moisture efficiency is higher than average. The Wood 
Mountain Association also forms part of the complex mapped as  
Dissected Plateau. This complex covers the various zona1 and 
immature profiles found in the rougher and less accessible 
plateau areas. 

The Wood Mountain Association is similar to the Cypress in 
geological origin and topography. 

Agriculture.-The medium textured Wood Mountain soils of 
better topography are used largely for wheat production. These 
soils compare f avourably with Haverhill soils of similar texture 
and on the average the Wood Mountain areas have a slightly higher 
moistuw efficiency, as shown by the somewhat darker surface 
colour of the soil and the better stands of native grass. The acreage 
of arable land is limited in extent. Many small areas of otherwise 
desirable soils are isolated by eroded valleys and slopes, and 
therefore have not been brought under cultivation. Such areas 
as well as the hilly phases are used for grazing. The high quality 
of the grasses and the availability of shelter and water favour 
ranching. 

The sandy and pebbly textural classes of Wood Mountain 
soils are considerably inferior in drought resistance and general 
fertility to the better types. 

Slight to moderately severe wind erosion has occurred on 
Wood Mountain soils, the sandy loam and light loam textural 
classes being most affected. Water erosion is a serious problem, 
not merely on sloping cultivated lands, but also on the rougher 
grazing lands. On the latter the effect of the erosion is to prevent 
the development of a deep profile, giving a thin droughty surface 
soil with a sparse vegetative cover. 

THE DARK BROWN SOIL ASSOCIATIONS 
The landscape of the Dark Brown Soils is similar to that of 

the Brown Soi1 Zone. Yet there is a qualitative difference which 
the keen observer may readily perceive. The soils have a richer, 
darker colour in the fields because of their slightly higher organic 
matter content. The grassy vegetation makes a denser cover and 
a taller growth. In a few places where moisture conditions are 
more favourable small groves of poplar, willow, and various shrubs 
break the even carpet of grass. Otherwise the Dark Brown Soils 
are open grasslands and the landscape is that of the prairie. The 
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Dark Brown Soils may be considered as transitional types between 
the soils of the Brown and Black Zones. In nature and agricultural 
adaptation they more closely resemble the Brown soils than the 
Black. 

The following Soil Associations occur in this zone and are 
described below : Weyburn, Trossachs, Ektevan, Biggar, Asquith, 
Elstow, Regina, and Cypress. 

WEYBURN ASSOCIATION 
Description.-The Weyburn Association consists of medium 

textured soils developed upon undifferentiated boulder Clay (glacial 
till) deposits. The term undifferentiated boulder Clay has been 
defined under the section dealing with the Haverhill Association. 
The Weyburn soils are the most extensive of the Dark Brown 
types, and occupy more than seven and three-quarter million acres. 
These soils are widely distributed throughout the zone. 

The soi1 landscape of the Weyburn Association is characterized 
by a wavy relief consisting of a succession of knolls, intermediate 
slopes, and depressions. As in the Haverhill Association glacial 
Stones and boulders are prominent features, but the grass cover 
is superior to that of the Haverhill areas, and small clumps of 
willows or willows and poplar occur around many of the sloughs. 
The trees become more numerous and are encountered on the 
upland in those sections bordering the Black Soil Zone. Except in 
the roughest areas, the Weyburn Association is extensively 
cultivated. The cultivated lands are characterized by their dark 
brown surface colours, with whitish lime patches showing on the 
knolls. 

The Weyburn soils occur on al1 types of topography common 
to glacial tili areas. Nearly 70% of the soils are mapped in 
undulating or mixed undulating and roiiing phases, while the 
hilly phase is relatively inextensive. Hence the Weyburn 
Association includes a much greater proportion of desirable 
topography than the Haverhill. 

Surface drainage is generally adequate on the Weyburn soils. 
The most favourable drainage conditions are found on the 
undulating phases and on the intermediate slopes of very gently 
rolling and gently rolling lands. Excessive surface drainage and 
loss of precipitation by run-off are associated with the steeper 
slopes, particularly on moderately rolling to hilly topography. Slow 
surface drainage occurs on flat topography. Interna1 drainage is 
satisfactory on most soils, except in poorly drained profiles found 
on flat topography and in small areas of solodized-solonetz or 
“burn-out” soils. The sloughs and other undrained depressions 
which occur so frequently in glacial till areas are composed of very 
poorly drained profiles. 

Glacial Stones are present in al1 Weyburn’soils, and in most 
areas require clearing from cultivated land. The undulating phases 
are generally slightly to moderately stony (Si to SZ). Clearing 
is a more serious problem on rolling lands, which on the average 
are very stony (S3). Excessively stony phases (S4) ,  which are too 
stony to permit cultivation, occur in some of the roliing and hiiiy 
areas and also in local flats and shallow drainage channels on 
undulating lands. An important area of excessively stony Weyburn 
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soils is found on either side of the Valley of the Souris River. This 
represents an old glacial Channel which a t  one time formed an 
outlet of Glacial Lake Regina. 

In addition to stones and boulders, local patches of gravelly 
subsoils occur in Weyburn soils, notably in light loam areas and 
on rolling phases. 

The textural classes of the Weyburn Association include loam, 
light loam, Clay loam and sandy Clay loam. The loam texture 
predominates. Weyburn light loam is also very common, 
particularly in rolling areas. The Weyburn Clay loam is inextensive 
except in the western section of the zone. The sandy Clay loam is 
mapped only around North Portal, in a complex of Weyburn and 
Estevan soils. This textural class represents an area of resorted 
till modified by underlying Tertiary sediments, and in a more 
detailed survey would form another Soi1 Association. However, 
the area is too small to warrant a new Association for the present 
survey. Furthermore the profile features and the agricultural 
conditions of the sandy Clay loam are essentially similar to those 
of the good Weyburn and Estevan Clay Ioam and loam areas. 

The Weyburn Association consists chiefly of the hard columnar 
and solonetzic profiles, but local areas of high-lime, shailow knoll, 
and poorly drained members are frequently encountered through- 
out this Association. 

A generalized description of the dominant hard columnar 
(alkali-structured) profile is given below : 
A Horizon.-Dark brown; hard cloddy structure, breaking to granular 

aggregates. Somewhat darker colour at the surface and softer 
cloddy-granular structure in more moist sections of the dark brown 
zone (4” to 7” thick). 

B, Horizon.-Heavier-textured, rusty brown to  dark brown; hard columnar 
structure; the columns are of medium to  large size and often break into 
flat-topped segments, and under pressure to coarse granules (6’ to  
8” thick). 

€3, Horizon.-Yellow-brown; columnar structure, but more friable than B1 
(2’f to  6” thick). In shallow profiles this horizon may not be well 

developed and the BI horizon may rest directIy upon the lime 
carbonate layer. 

B, Horizon.-(B2 in the shallow profiles.) Light greyish colour; friable 
massive structure, breakiqg easily into granules; high content of lime 
carbonate (6” to  12“ or more in thickness). 

C Horizon.-Dark grey sandy Clay to  Clay; massive to  faintly laminated 
structure. This horizon is marked by spots and concretions of yellowish, 
rusty, and blue-grey material, with light greyish streaks of lime 
carbonate and salts. Glacial stones, small stone fragments and grave1 
are common. Some slight sorting is evident in undulating (ground- 
moraine) areas, as shown by laminated structure, water-worn glacial 
pebbles and more uniform texture. 
The solonetz member is frequently encountered on slightly 

lower positions within areas dominated by the hard columnar 
profile. A1 horizon of solonetz member4a rk  brown, hard cloddy 
structure (3” to 4” thick) . A thin grey-brown faintly platy layer 
may be present a t  the base of Ai. This representa the beginning 
of a leached A2 horizon, but i t  is usually less than one inch in 
thickness and may be absent. Bi horizon-dark (coffee) brown, to  
very dark brown or nearly black colour; columnar structure, with 
columns narrower a t  the top, breaking to hard cubic aggregates 
of about 1” diameter (4” to 8” thick). The Bz horizon is of 
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moderately hard columnar structure and the B3 contains more 
“alkali” salts than the B3 horizon of the hard columnar profile. 

The solodized-solonetz and the eroded pit or “burn-out” profile 
are occasionally found in Weyburn soil areas. Such profiles occur 
in upland depressions or bordering poorly drained flats. They are 
most commonly associated with the heavier textured soils. 
Similarly, leached solonetz or solodi profiles also occur in Weyburn 
soil areas. 

The shallow knoll and poorly drained members of the 
Weyburn Association do not differ greatly from similar types of 
Haverhill seils except in surface colour. 

The Wey urn calcareous earth profile has a dark brown A 

brown to grey-brown, soft columnar structure; lime carbonate is 
usually present in this horizon and sometimes in the A horizon 
also (2” to 4” thick). B2 horizon-grey-brown t o  light grey colour, 
soft granular structure, with high-lime content. 

On undulating phases of Weyburn soils the following sequence 
of member profiles may be encountered between the knoll and 
Iowland depression-shallow knoll, hard columnar, solonetz, and 
poorly drained. In addition small local spots of solodi and solodized- 
solonetz soils may also occur in association with the solonetz 
profile. 

Rolling areas consist of shallow knoll, high-lime, hard 
columnar and poorly drained members, occurring in the above 
order between the highest and lowest land. Saline (“alkiili”) 
sloughs are very common in the lower depressions. High-lime soils 
are also encountered in certain areas of undulating land, where the 
glacial deposit appears to be more calcareous (limy) and to have 
undergone considerable resorting. It is possible that such soils 
will eventually be placed in another Association. 

Mixture of Weyburn soils have been mapped with Haverhill, 
Oxbow, Trossachs, Estevan, Elstow, Asquith, and Biggar soils 
respectively. In Haverhill and Weyburn mixtures, the Weyburn 
soils are found on the lower more moist positions. In Oxbow- 
Weyburn areas the situation is reversed, and Weyburn soils occur 
on the relatively dry upper slopes. Weyburn soils are usually 
found on higher positions than the associated Trossachs, Estevan, 
and Elstow soils. Asquith and Biggar soils represent materials 
deposited over the glacial till. Hence Weyburn soils occur whenever 
the underlying till is exposed. 

The general similarity between Weyburn and Haverhill soils 
has been indicated. Among the sub-humid black soils the Oxbow 
Association is most comparable to the Weyburn. 

Agrioulture.-The dominant Weyburn loam soils of undulating 
topography are used chiefly for wheat production. In the more 
moist sections of the zone, as in complexes of Weyburn and Oxbow 
soils, coarse grains and forage crops are more evident than in 
Haverhill soil areas. The Weyburn Clay loams are also chiefly 
used for wheat production. However, on account of their better 
texture and consequent higher moisture holding capacity, they 
are somewhat superior mils to the loams. Slight to moderately 
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severe wind erosion has occurred on some areas of loam and 
Clay loam soils. 

The Weyburn light loams are definitely inferior to the heavier 
textural classes, particularly where they occur on rolling 
topography. Many of the light loams have suffered severely from 
drought and erosion. As a rule more livestock are kept on these 
soils than on those types better adapted to wheat farmhg. 
Considerable waste land is found in rolling areas of the Weyburn 
soils, and the percentage of arable land decreases a s  the 
topography becomes rougher. The waste land consists chiefly of 
“alkali” sloughs and steep, excessively stony ridges. The hilly 
areas are used for grazing and when properly stocked provide a 
considerable amount of good quality feed. 

The chief problems associated with the Weyburn Association 
are the hazards of drought, wind erosion (particularly in light loam 
areas), and water erosion on rolling phases. While drought is 
usually less severe on Weyburn s d s  than on Haverhill types, the 
experience of the period 1930-1940 has indicated that during 
periods of exceptionally severe and prolonged drought little 
difference may exist between dark brown and brown soils. 
Furthermore the better average climatic conditions of the dark 
brown zone in which the Weyburn soils are situated is partially 
offset by the greater proportion of Clay loam soils in the Haverhill 
Association. 

The cultivated areas of Weyburn iight loams and moderately 
rolling Weyburn loams will require careful handling if they are 
to remain fit for arable agriculture. Where erosion has become a 
serious factor the establishment of a grass cover, either tempo- 
rarily or permanently, is desirable. Weyburn soils have responded 
well to applications of phosphatic fertilizers, particularly in the 
western section of the Dark Brown Zone. The Dominion Ekperi- 
mental Station at Scott is a valuable source of agricultural 
information for these soils and other types found in West-central 
Saskatchewan. 

- -  
TROSSACHS ASSOCIATION 

Description.-The Trossachs Association consists of medium to 
heavy textured solonetzic soils developed on boulder Clay modified 
by underlying shales. The Trossachs and &ho Associations are 
similar in origin of parent material, type of profile development 
and agricultural problems. The main difference between these h o  
Associations lies in the darker colour and higher organic matter 
content of the Trossachs soils. in order to avoid needless repetition, 
frequent reference will be made to the Echo Association (page 
59) during the discussion of the Trossachs Association. 

The largest area of Trossachs soils occurs just east of the 
Missouri Coteau, in a belt extending between Avonlea and Estevan. 
A smaller area occurs West of Bladworth, and many small local 
areas are found in the triangle formed by Weyburn, Estevan, and 
Fillmore. About eight hundred thousand acres of these soils have 
been mapped. They are known locally as “burn-out” soüs, a term 
applied also to the Echo types. However, this term is generally 
restricted to the eroded pits which are scattered throughout Echo 
and Trossachs soil areas. 

The soil landscape of the Trossachs Association is similar to 
that of the Echo, except that the Trossachs areas have a better 
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grass oover, and in the more easterly sections have been invaded 
by small clumps of poplar (aspen) . The poorer phases of the Tros- 
Sachs soils present essentially the same unattractive picture as 
that described for the Echo Association, especially where the land 
is idle or  abandoned. 

Nearly al1 of the Trossachs soil areas are mapped as un- 
dulating and the remainder as mixed undulating and rolling phases. 
Local areas of flat to depressional topography are common, but 
are mostly too small t o  be s h o w  separately on the soil map. 

Drainage conditions of the Trossachs Association are similar 
to those described for the Echo. The same may be said for the 
factor of stoniness. 

The Trossachs soils are mapped in Clay loam and loam textural 
classes. The eroded pits and the poorly drained areas consist of 
Clay and heavy Clay types. 

The Trossachs and Echo Associations also consist of similar 
member profiles, except for  the differences due to  zona1 position, 
Thus the dominant Trossachs profile is the solodized-solonetz (with 
associated eroded pits or “burn-outs”) , and the solonetz, solod and 
poorly drained members. 

A generalized description of the dominant solodized-solonetz 
or non-eroded profile is given below: 
A, Horizon.-Dark brown; cloddy structure (3” to 4” thick). 
A2 Horizon.-Greyish-brown to faint brownish-grey; cloddy structure, with 

platy structure evident (2” to 4“ thick) . 
A3 Horizon.-Ashy-grey; thin platy (foliated) structure, crushing easily to 

powdery granular or to single-grain (structureless) condition. This 
horizon may reach 2“ in thickness, but is usually about 1” or less. 

Bl Horizon.-Very dark brown to very dark grey-brown; hard, compact, 
columnar structure with characteristic “round-top” development. The 
tops of the columns are rounded and covered with a white coating which 
extends downwards into the cracks between the columns. The so-called 
%est of eggs” or cauliflower-like appearance of an exposed area of 
the BI horizon is a striking feature of al1 solodized-solonetz profiles. 
The Bl horizon crushes with difficulty to hard angular fragments of 
one-half to about one inch diameter (4” to 12” thick). 

B2 Horizon.-Yellow-brown; hard columnar structure, but less hard and 
compact that  B1. In shallow profiles the E2 is only a thin transition 
horizon at the base ,of the B1, and hence is not always separated. 

B, Horizon-Greyish-brown to yellow-brown, with light grey and white 
streaks, massive to faintly laminated structure, more friable than 
the upper B and easily broken to granular condition; this horizon 
contains a moderate amount of lime carbonate and moderate to high 
quantities of soluble salts and gypsum. 

C Horizon.-Dark grey heavy boulder Clay with spots of very dark Clay, 
and frequently mixed with fragments of shale‘i moderate content of 
lime carbonate, and high content of soluble or 
The eroded profile of the pit or “burn-out” is described below: 
AI horizon-dark brown surface, containing grass roots (1” 

thick) . This horizon is absent from corresponding Echo profiles, 
and its presen’ke in the Trossachs is one of the features by which 
these two Associations are differentiated. Az or A3 horizon-grey 
to ashy grey; sof t  platy to structureless; up to 2” thick. This 
horizon is similar to the A3 of the non-eroded Trassachs profile, 
although it occurs immediately beneath the dark surface layer. Bi 
horizon-dark grey to very dark grey ; “round-top” columnar 

alkali” salts. 
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structure, thicker and more compact than in non-eroded profile. 
This horizon shows faint greyish streaks and spots of salts (12f’ 
or more in thickness). The underlying horizons are dark grey to 
medium grey, the lighter colours indicating the presence of lime 
and salts. Evidence of poor drainage may also be observed and 
i t  is difficult to separate the Bz and C horizons. 

The above eroded or “burn-out” profile is found in shallow 
pits, 6” to  12” deep and from a few feet to twenty or more yards 
in diameter. 

The poorly drained member is very common in the Weyburn- 
Fillmore area, and is essentialiy similar in character and position 
to the poorly drained Echo profiIe. 

The solonetz member of the Trossachs Association has a 
general similarity to the Weyburn solonetz profile. The Trossachs 
solonetz, however, is heavier textured and usually has a well- 
developed greyish Az horizon. Faint “round-top” development may 
occur in the Bi horizon, but the latter is not so compact and 
impervious as the Bi of the solodized-solonetz profile. The solonetz 
member of the Trossachs may be regarded as a shalbwer and 
more desirable type of the dominant solodized-solonetz profile. 

The solod profile is described under the Estevan Association, 
in which i t  represents the dominant member. The solod profile 
represents a further stage in the development of the solonetzic 
soil complex. The A horizons of the solod are thick, while the Bi 
horizon is thin, and occurs below the surface cultivated layer. 
Hence the s o l d  profile forms a better agricultural soil than the 
solodized-solonetz member. 

The local complex formed by the various members of the 
Trossachs Association is similar to that described for the &ho 
soils. Thus between a low knoll and a wet depression (marsh or 
slough) , the following Trossachs profiles may be encountered: 
shallow knoll, hard columnar, solonetz, solod, solodized-solmetz 
with associated eroded or “burn-out” pits, and poorly drained 
members. The kndls represent small areas of shallow solonetz and 
hard columnar profiles, while the wet depressions represent 
Meadow and Saline soils. 

Trossachs soils are also mapped as mixed areas with Weyburn 
and Estevan soils respectively. In such areas the Trossachs profiles 
are found on slightly lower topographie positions, where surface 
drainage is slow. Trossachs soils also occur in mixed areas with 
Saline or “Alkali” and Meadow soils, in which the Trossachs occupy 
locally higher positions. 

Agriculture.-The agricultural adaptations and problems of 
the Trossachs Association are similar to  those described for the 
Echo Association. Due to the greater moisture efficiency and better 
grass-cover, the Trossachs soils are higher in organic matter and 
nitrogen. Hence the better agricultural phases of the Trossachs 
soils are superior to the best Echo types. However, where the 
eroded pits or “burn-outs” are verg frequent, or where large areas 
of the poorly drained member occurs, the Trossachs and Echo 
soils appear to be equally poor and undesirable. 

It is possible that the Trossachs soils, due to their zona1 posi- 
tion, may respond better than the Echo soils to manuring and 
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fertilizing. Ekperimental work" conducted on the Dominion 
Illustration Station at Radville indicates that some improvement 
in the tilth of Trossachs soils may be obtained by plowing down 
sweet clover, applying farm manure and by the use of suitable 
tillage metho.ds. In most places the cultivated Trossachs soils are 
used principally for wheat production. Much of the abandoned and 
uncultivated land is used for grazing and provides a fair amount 
of good quality feed. Some abandoned land has been successfully 
reseeded to grass in community pastures. 

Trossachs soils are subject to slight wind erosion or soil 
drifting, and occasionally moderately severe drifting may occur. 
Some water erosion also occurs where the topography favours 
run-off. 

ESTEVAN ASSOCIATION 

Description.-The Estevan Association consists of medium 
textured solonetzic soils (chiefly deeply leached or solod types), 
developed on boulder Clay mdified by underlying shales. The 
description of the parent material of the Trossachs Association 
may also be applied to  the Estevan soils, except that the parent 
material of the latter association is not quite so heavy and shows 
more evidence of having been reworked or partially sorted by 
water. 

The Estevan Association is generally similar to the Robsart 
Association, except for the darker surface cdour and higher 
organic matter content. Hence to avoid repetition, frequent 
reference will be made to the Robsart Association (page 62). 

The Estevan soils are most common in the districts lying 
roughly between Weyburn, Estevan, and Fillmore. However, solodi 
soils are likely to occur in al1 alkali-solonetzic soil complexes. The 
acreage of Estevan soils shown on the map is nearly equal to 
that of the Trossachs Association, or about three-quarters of a 
million acres. 

The soil landscape of the Ektevan Association is characterized 
by smooth gently undulating topography, and a greyish surface 
colour on cultivated fields. T.he farmsteads on the whale are well 
developed and there is little abandoned oc waste land. The small 
depressions found in Estevan soils consist in part of the true 
eroded pits, but chiefly of greyish, deeply-leached solodi profiles 
In the south-east section of the Province where Estevan soils 
occur as a complex with Weyburn and Oxbow types, small groves 
of aspen and willow are common. 

The Estevan Association is found on very gently undulating 
topography. This nearly level surface is broken by slight 
depressions (grey leached spots), occasional "burn-out" pits and 
low knolls and a few to a considerable number of poorly drained 
flats and sloughs. 

Al1 the Estevan soils are mapped as undulating and in most 
areas the topography is very gently undulating to nearly level. 

The Estevan soils, like the Robsart, are generally well drained, 
and Stones are rarely a serious factor. 
*The Improvement of Burn-out Lands in Southern Saskatchewan. E. C. Sackville. Pub. 600. 
Dom. Dept. of Agric. 1938 
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The textural classes mapped in the Estevan Association 
include Clay loam, sandy Clay loam, loam and light loam. The loam 
is most extensive, followed by the Clay barn and light loam. The 
sandy Clay loam is confined to an area running from Avonlea t o  
near Pangman. This soil is associated with highl resorted boulder 

Eastend formation. The sandy nature of the soil may be due to the 
presence of the Eastend deposits. This sandy Clay loam area is a 
complex of solonetzic types in which a deep solonetzic profile, 
resembling the solod, appears t o  predominate. It is probable that 
this soil should form a new Association, but in a broad reconnais- 
sance survey i t  is not practicable to establish Soi1 Associations 
which represent only small local areas. 

As in the Trossachs Association, the member profiles of the 
Estevan Association belong to the alkali-solonetzic group. The 
dominant Estevan profiles, however, are the soIod and the deeply 
leached depressional type, both of which represent a more 
advanced stage of solonetzic soil development than that shown by 
the dominant Trossachs profiles. This feature and the slight 
differences between the parent materials of the Trossachs and 
Estevan soils constitute the basis upon which these two 
Associations are separated. 

The separation of these Associations is justified by their 
differences in agricultural value. Estevan soil areas are superior 
to  Trossachs soil areas, as indicated in the discussion under 
Agriculture. 

The Estevan Association includes the following member 
profiles : solod, deepIy-leached depression, solodized-sobnetz, 
poorly drained, and occasional shallow knoll and hard columnar 
types. 

A generalized description of the dominant loam or Clay loam 
solod profile is given below: 
Ai Horizon.-Very dark grey to dark brown; fairly friable cloddy structure, 

with tendency to platiness (2” to 4” thick). 
A2 Horizon.-Brownish-grey to  greyish-brown; columnar structured, some- 

what resembling a columnar B horizon. However, the columns break 
easily into flat-topped clods or thick plate-like sections. These sections 
are faintly to distinctly porous and the underside is characteristically 
darker than the upper. While the sections are fairly hard, they may be 
crushed to a fine granular and sometimes to  a powdery granular 
condition (6“ to 8” thick or more). 

A, Horizon.-Light brownish-grey; soft platy structure, crushing easily to 
siqgle grain (structureless) condition (2” to 4“ thick). 

B, Horizon.-Very dark brown t o  dark brown; sometimes the top of this 
horizon is black and waxy, indicating a movement of organic matter 
from the A horizon into the BI. The structure is columnar, occasionally 
showing definite round-top development, but more frequently consisting 
of loose, irregularly-shaped columns marked by tongues and spots of 
greyish mineral material. This horizoz? iooks like a remnant of a 
former BI horizon of a solodized-solonetz profile (3” to  4” thick). 

Bz Horizon.-Yellow-brown t o  dark grey-brown, massive to faintly laminated 
structure, slight to  moderate lime carbonate and soluble sait  content 
(6“ or  more in thickness). 

Cl Horizon.-Light to very dark grey Clay, spotted with bluish and dark grey 
heavy Clay; moderate content of lime carbonate, and moderate to  high 
content of soluble (“alkali”) salts. This horizon consists of boulder 
Clay, usually partly water-worked (resorted), and influenced by an 

Clay, overlying pre-glacial deposits compose B largely of the 
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admixture of the underlying marine shales or  possibly by soluble salts 
derived from the shales. 

The deeply leached depressions may at first glance be 
mistaken for “burn-out” pits. The depressions are quite shallow 
and occur within the smooth upland areas occupied by the 
dominant Estevan profile just described. The profile in these 
depressions is a more severely leached type. The A horizons are 
grey in colour and range from 10 to 20 inches or more in thickness. 
The structure of the A horizons is platy and in cultivated fields 
the surface forms large plate-like clods of a light greyish colour. 
The Bi horizon is usually only a few inches thick, is often nearly 
biack, with a waxy appearance, and is hard and compact. The 
remaining horizons are similar to those of the ordinary solod 
profile, except that  they show more evidence of poor drainage. 
These depressional solod soils differ from the eroded solonetz or 
“burn-out” types in having a higher organic matter content and 
a deeper A horizon which extends well below the cultivated 
layer. The solod depressions do not have the raised edge associated 
with the “burn-out” pit. 

In typical areas of Estevan soils the nearly level higher land 
consists chiefly of solodi profiles, interspersed with the small 
shallow depressions just described. The solodized-solonetz and 
eroded “burn-out” types are generally found in slightly lower 
positions. 

The Estevan soils have also been mapped as mixed areas with 
Trossachs, Weyburn, and Oxbow soils respectively. In these 
complexes the Estevan profiles are found on the smooth nearly 
level positions, slightly above the Echo, but slightly lower than 
the Weyburn and Oxbow columnar types. 

The upland solod profile and the solod depressions occur also 
as local soils in areas of Elstow, Asquith, and Weyburn soils. The 
possibility that some solonetzic soils may represent the indirect 
influence of the underlying shales has already been referred to 
under the Echo Association. 

Agriculture.-The Estevan soils are used largely for the 
production of grains, of which wheat is the most important. The 
difficulty of securing a good water supply and the occurrence of 
drought years have tended to discourage livestock production and 
mixed farming practices. 

The Estevan soils are definitely superior to the Trossachs 
soils. Estevan areas have deeper, more fertile surface soils, a 
greater proportion of arable land, and fewer “burn-out” pits. 
Compared to Weyburn soils of similar texture and topography, 
the Estevan soils are slightly less productive. This is due to the 
occurrence of leached depressional and “burn-out” soils, and to 
the somewhat less desirable structure of the surface soil. Economic 
studies made in the Fillmore area indicated that the Estevan soils 
produced on the average about one bushel of wheat less per acre 
than the Weyburn soils.” 

When moisture conditions are favourable it is probable that 
the  Estevan soils will respond to the applications of manure and 
Wnpublished data. Department of Farm Management and Domlnion Economic Surveys. 
Unlverslty of Saskatchewan. 
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phosphatic fertilizers. Greenhouse* * studies tend to support the 
above statement. In these studies a definite increase in plant 
growth was also obtained through the application of lime. It is 
significant that  the Estevan soils are among the most acid types 
so far  encountered in this Province. However, it  is not known 
whether these soils will respond to lime under field conditions since 
free lime carbonate is always present in the subsoil. 

Slight to occasionally moderate wind erosion occurs on 
Estevan soils. Moderate to severe erosion has occurred on the 
sandy Clay loam types. Water erosion is not a serious factor, 
although slight erosion is sometimes noted. 

BIGGAR ASSOCIATION 

Description.-The Biggar Association consists of coarse 
textured soils developed on glacial outwash and Stream eroded till, 
The larger areas of these soils occur in the general districts of 
Biggar, Springwater, Saskatoon, Watrous, Davidson, Moose 
Mountain Creek, and in the south-east corner of the Province. 
Many smaller areas are scattered throughout the Dark Brown 
Zone. 

The Biggar Association includes areas formerly mapped as 
Gravelly Sandy Loam, Weyburn Sandy Loams, Weyburn Light 
Loam (stony and gravelly phases), and Asquith Sandy Loarfi. 
Almost three-quarters of a million acres have been mapped in 
the Biggar Association. 

The soi1 landscape of the Biggar Association is characterized 
by a mare arid type of vegetation than that found on adjacent 
heavier textured dark brown soils. Frequent deposits of coarse 
sand, gravel and cobble are also characteristic. In general the 
cultivated lands and the farmsteads are poorer than the average 
for the zone. Considerable abandonment is also evident, particularly 
in those areas that have experienced prolonged drought. 

The topography of the Biggar soils consists chiefly of 
undulating phases associated with outwash plains and the margins 
of former glacial lake beds. Rolling to hilly phases occur in glacial 
morainic areas, but the proportion of rough topography is much 
lower than that of the corresponding Chaplin Association of the 
Brown SoB Zone. 

The surface drainage of the Biggar soils is adequate in most 
places. Interna1 or profile drainage is usually excessive, and the 
Biggar soils are the least drought resistant of the cultivated dark 
brown types. Due to the greater proportion of nearly level 
topography, poorly drained profiles are more common in the 
Biggar than in the Chaplin Association. Saline or “alkali” sloughs 
and flats are usually associated with poorly drained Biggar soils. 

The sandy textured Biggar soils are practically stone free. 
Many of the gravelly loam and light Ioam areas are very stony 
to excessively stony (S3 to S4). These stony areas represent 
severely eroded boulder Clay deposits and the Stones are most 
plentiful on or near the surface. Gravelly subsoils are common and 
where the gravel is very frequent or continuous, the soils are 
mapped as  a gravelly phase. 
**Unpubllehed data, Department of Solls, Unlversity of Saskatchewan. 
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The fdlowing textural classes have been mapped in the 
Biggar Association: gravelly loam, light loam, sandy loam, and 
mixed gravelly loam and sandy loam. The sandy loam and mixtures 
of gravelly loam and sandy loam are most common. 

The profiles of the Biggar Association exhibit various degrees 
of maturity. A similar condition was noted in the Chaplin 
Association. In very stony or gravelly types little profile develop- 
ment may be evident; better developed profiles occur in light loam 
and sandy loam soils, and in the gravelly loams where the gravel 
is not concentrated near the surface, 

The well developed Biggar profiles consist mainly of the hard 
columnar or alkali-structured member, with smaller areas of 
calcareous earth, shallow knoll and poorly drained members. 

A generalized description of the dominant hard columnar 
profile of the Biggar sandy loam is essentially similar to that 
described for the Chaplin Association. The Biggar profile differs 
in having a dark brown to very dark brown A horizon. 

Well developed profiles of the Biggar gravelly loams are 
chiefly represented by the hard columnar member. A generalized 
description of the Biggar gravelly loam profile may be used as a 
guide in examining Chaplin and Whitesand gravelly loams. The 
chief differences in the three profile types are the variations 
in surface colour, organic matter content and profile depth due 
to the variation in soil moisture efficiency occurring between the 
brown, dark brown and black soil zones. 

The gravelly loam hard columnar profile is described below: 
Al Horizon.-Brown to dark brown gravelly loam to gritty light loam; the 

structure is soft cloddy, and breaks readily to a granular and single 
grain (structureless) condition (2" to 8" in thickness), 

Bi Horizon.-Brown to greyish-brown; large columnar structure, moderately 
hard and compact. The columns break into smali clods and may be 
crushed to a fine granular and single grain (structureless) condition. 
The texture of this horizon varies from a loam high in sand t o  a sandy 
Clay loam (6" to 8" thick). 

B2 Horizon.-The El horizon may be underlain by a soft, greyish limy B2 
horizon or the El horizon may rest upon a layer of gravel and coarse 
sand. The B, horizon, where present, is light grey or yellow-grey in 
colour, with a soft granular structure, and a moderately high content 
of lime carbonate. 

O HoPizon.-YelIowish-broum to  grey-brown mixed gravelly Clay loam and 
sand, with very little structure and a low to moderate content of lime. 
The above description refers to the better type of gravelly 

Ioam profile. Poor types of this profile occur in which a layer 
of gravel and coarse Sand may be encountered immediately below 
the A horizon. In other places the gravel layer may occur below a 
thin B horizon, so that  a well defined C horizon is absent. The 
presence or absence of a continuous gravel layer and its position 
in relation to .the surface horizon largely determines the agri- 
cultural value of the Biggar graveily loam. The thickness of the 
gravel layer is also important, since it may Vary from a few 
inches to  two feet or more. 

The calcareous earth member of the Biggar Association is 
usually shallower than the hard columnar profile. The Bi horizon 
is greyish-brown in colour and has a soft, weakly deveioped 
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columnar structure. This horizon contains lime carbonate, and lime 
may also occur in the A horizon. 

The shallow knoll and poorly drained members do not require 
a detailed description. Reference to the general statement made 
under the Haverhill Association will explain the dominant features 
of these profiles. The Biggar soils are distinguished by the coarse 
sandy and gravelly nature of their profiles. 

The hard columnar member is the dominant profile on well 
drained undulating lands, with calcareous earth profiles occurring 
on higher positions and poorly drained profiles in the iower lands 
bordering sloughs or other depressions. The shallow knoll and 
calcareous earth profiles are common in the roiling phases. 

The Biggar soils are also mapped in mixed soil areas with 
Weyburn, Asquith, and Alkali (saline) soils respectively. Local 
areas of Alkali and Meadow soils, too small to  be shown on the 
map, also occur within the Biggar soils. 

The Biggar Association is similar, except in zona1 features, 
to  the Chaplin and Whitesand Associations. 

Agriculture.-The Biggar soils represent some of the poorest 
agricultural lands of the dark brown zone. They are low in drought 
resistance, and below average in potential fertility. 

The better phases of the light loams and gravelly loams are 
the most desirable soils. They are used for the production of rye, 
forage crops and some wheat. Among the forage crops grown 
on these soils are sweet clover, brome and crested wheat grass. 
Some corn is grown in the south-east section of the Province in 
the general vicinity of Carnduff. The undulating sandy loam has 
similar crop adaptations, but in general is less drought resistant 
and more subject to severe wind erosion. However, the sandy 
loam areas adjoining the black soil zone and those having a 
shallow water table may be included among the better types of 
the Biggar Association. 

The increased use of suitable forage crops is desirable, 
particularly on the older cuitivated lands. Where such development 
is possible and sufficient water is available a system of mixed 
farming would best provide for the maintenance of these soils. 

The stony, gravelly, and rough phases of the Biggar soils 
are largely non-arable. Many of these soils have been abandoned 
or have never been broken up. Their value as grazing lands can 
be greatly enhanced by proper Pasture management and by 
reseeding to grass where necessary. 

Wind erosion, although not as  marked as on finer textured 
sandy soils, is nevertheless, g serious problem. Coarse textured 
soils, such as the Biggar and Chaplin Associations, can il1 afford to 
lose organic matter and Clay through wind erosion. Water erosion 
is not a serious problem on Biggar soils. 

ASQUITH ASSOCUTION 

Description.-The Asquith Association consists of iight 
textured soils developed on sandy glacial lake and alluvial deposits. 
The larger areas of these soils are found in the districts of 
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Saskatoon, Asquith, Unity, Elbow, and in the south-east corner of 
the Province. There are many smaller areas scattered throughout 
the dark brown zone and altogether about one million seven 
hundred thousand acres have been mapped in the Asquith 
Association. 

The soil landscape of the Asquith Association is characterized 
by the sandy nature of the surface soil, frequent evidence of wind 
erosion on cultivated lands, and the presence of saline or “alkali” 
lakes and sloughs. Undulating topography predominates, and 
various shrubs, grasses and other plant species common to sandy 
soils are found on uncultivated lands. 

The greater part of the Asquith soils are mapped in undulating 
phases, and smooth very gently undulating land is typical. There 
is very little rolling land and no hilly areas have been mapped. 
The prevailing topography of the Asquith soils is therefore more 
desirable than that of the corresponding Hatton Association of 
the brown zone. 

“.he surface drainage of Asquith soils is adequate, except in 
the poorly drained areas bordering saline depressions. Soil profile 
drainage is excessive in the fine sandy loam types, which have a 
low water holding capacity. In some areas these soils have a 
shallow water table. 

Stones are rarely a serious factor, ranging from SO to Si. in 
mixed areas of Asquith and Weyburn soils, moderately stony to 
very stony phases may occur (S2 to S3). Local grave1 subsoils are 
common in fine sandy loam areas, particularly in mixed areas of 
Asquith and Biggar soils. 

Three textural classes are included in the Asquith Association 
-fine sandy loam, very fine sandy loam, and light loam. The fine 
sandy loam is most common. The coarser textured sandy loams 
formerly mapped as Asquith soils are now mapped with the Biggar 
Association. 

The Asquith Association consists chiefly of hard columnar 
profiles. Solonetzic profiles are fairly common, particularly in the 
light loam areas. Local areas of poorly drained Asquith soils are 
also common, but shallow knoll types are infrequent due to  the 
predominance of smooth topography. 

A generalized description of the dominant hard columnar 
member is given below: 
A Horizon.-Brown to dark brown; soft cloddy structure, breaking readily 

to siqgle grain (structureless) condition (6” to 10“ thick). Under 
cultivation little structure is evident in the fine sandy loam type, but 
the very fine sandy loam and light loam retain some granular and 
small cloddy structure. 

BI Horizon.-Rusty brown large blocky columns, sometimes three-sided and 
narrower toward the top. This horizon is heavier in texture than the 
A and is moderately hard and compact (6” to 10” thick). 

Bz Horizon.-Yellow-brown; weak columnar structure, more friable than the 
BI and may contain some lime carbonate (3” to 6” thick). This horizon 
is not alwaya weU defined, and may form a thin transition layer 
grading into the horizon below. 

& Horizon.-Yellow-grey to grey, loose loamy Sand; moderately high content 
of lime carbonate. 

û Horizon.-Yellow-grey to yellow-brom incoherent (loose loamy Sand to 
very fine sandy Clay loam). The latter texture is associated with the 
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very fine sandy loam and light loam types. The C horizon is calcareous, 
but contains less lime than the B3 horizon. 
The solonetz member of the Asquith Association has a cloddy 

Ai horizon, and may possess a thin, greyish, cloddy-platy Az 
horizon. The BI hwizon is darker in colour, more compact and 
composed of smaller columns than the Bi of the hard columnar 
profile. The solonetz Bi breaks into hard cubic aggregates. 
The poorly drained member of the Asquith Association has a 
darker and greyer A horizon than that of the well drained profiles. 
The B horizons are mottled and streaked with various colours, and 
are often wet and poorly aerated. Moderate to high quantities of 
soluble (“alkali”) salts and lime are present in these horizons. 

The Asquith shallow knoll profile does not require a detailed 
description. 

In some areas the sandy Asquith deposits are thin, and may 
be underlain by calcareous silty lacustrine deposits. Under these 
conditions the Asquith profiles are shallow and consist largely of 
calcareous earth types. The Bi horizon has a soft, weakly developed 
columnar structure, and is often calcareous (limy) . “he underlying 
soil consists of a yellowish-grey silty deposit which forms a D 
horizon of the Asquith profile. 

The Asquith soils are similar in derivation and texture to 
the Hatton and Meota Associations. 

In some localities, Asquith soils are mapped as mixed soil 
areas with the Biggar, Weyburn, Oxbow, and Elstow Associations 
respectively. In combination with Biggar, Weyburn, and Oxbow, 
the Asquith soils usually occur on the lower topographic positions. 
In the Asquith-Elstow areas the Asquith soils usually occur on the 
higher land. Asquith fine sandy loams are also mapped in mixtures 
with Undifferentiated sands. Locally occurring Alkali and Meadow 
soils are frequently encountered in depressions within Asquith 
soil areas. 

Agriculture.-The Asquith soils are characterized by low 
moisture holding capacity (or poor drought resistance) , tendency 
to drift, and the loss of surface structure and fertility after some 
years under cultivation. In these respects they closely resemble 
the Hatton soils, but the Asquith types are favoured by the higher 
soil moisture efficiency of the dark broWn zone. 

The Asquith light loam and very fine sandy loam are superior 
to the fine sandy loam in drought resistance and general fertility, 
and in general they are less subject to  soil drifting. 

Grain farming, with wheat as  the principal crop, can hardly 
be considered a satisfactory system for Asquith soils. During 
seasons of plentiful soil moisture, good yields of wheat have been 
obtained, but during years of drought poor crops and even total 
failures have occurred. Straight grain farming does not maintain 
the soil organic matter nor provide for the retention of the best 
soil structure. 

In recent years forage crops have been grown to a greater 
extent in many Asquith soil areas. Crested wheat grass, brome 
grass and sweet clover are the most important of these crops, 
assisting both in the control of wind erosion and in maintaining 
soil fertility. This increased use of forage crops is associated with 
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livestock production. In a wide territory around Saskatoon, dairy 
farming is well developed on the better Asquith soils. It is probable 
that further use could be made of forage crops, and where shallow 
water tables occur perennial crops like alfalfa might be successfully 
es tablished. 

The statements made under the Hatton Association with 
respect to the soil drifting problem apply also to the Asquith 
Association. 

ELSTOW ASSOCIATION 
Description.-The Elstow Association consists of medium to 

moderately heavy textured soils developed on silty glacial lake 
deposits. In many places the lacustrine deposit is comparatively 
thin and is underlain by boulder Clay (glacial till). Such conditions 
are associated with Elstow loam and Clay loam types, and with 
mixed areas of Elstow and Weyburn soils. 

The largest areas of Elstow soils occur in the districts around 
Colonsay, Elstow, Saskatoon, Zealandia, from Tessier north to 
Arelee and in the general area West of Biggar. In the latter area 
the Elstow soils occur chiefly as a mixture with Weyburn soils. 
Over two and a quarter million acres have been mapped in the 
Elstow Association-an acreage greater than that of any dark 
brown soil with the exception of the Weyburn Association. 

The soil landscape of the Elstow Association is characterized 
by the dark greyish-brown colour in cultivated fields, spotted with 
light grey limy patches and darker grey leached solonetzic soils. 
Other typical features are relatively few Stones, little waste land, 
well developed farms, and the presence of saline lakes and sloughs. 
Compared with Weyburn areas the Elstow topography is smoother 
even in rolling phases, ridges and sloughs being less common than 
on glacial till. 

More than 80% of the Elstow soils are mapped in undulating 
phases, the remainder being composed chiefly of mixed undulating 
and rolling, and rolling phases. Rough hilly land is rarely encoun- 
tered. A considerable number of local flat to depressional areas, 
included with the undulating phases, occur around the sloughs and 
lakes, or as slight upland depressions in the heavy textured soils. 

The surface drainage of EIstow soils is generally adequate, 
except in the flat phases referred to above. Somewhat excessive 
surface drainage is found on the rolling phases, the run-off causing 
slight to moderate water erosion. Interna1 or soil profile drainage 
is poor in the flat-depressional soils, and somewhat restricted in 
well developed solonetzic profiles, particularly in those of heavy 
texture. For the most part, however, the interna1 drainage of 
Elstow soils is satisfactory. 

Stones are rarely an important factor, averaging none to few 
(So to Si). In areas where the lacustrine deposit is thin, Stones 
are more numerous and require clearing, the average classification 
being S2 with occasional areas of S3. Grave1 is rarely encountered 
in Elstow soils. 

A considerable range in texture is encountered in the Elstow 
Association. The textural classes mapped include Clay, silty Clay, 
silty Clay loam, Clay loam, silty loam, loam and occasionally Iight 
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loam. Such a textural range is greater than that usuaily permitted 
in a single soil Association. It is probable that the Clay types may 
ultimately be placed in a separate Association. However, the general 
features of the dominant Elstow profiles are found in al1 textural 
classes. The medium textured classes-silty Clay loam, silty loams 
and loams are most frequently encountered. 

The Elstow Association consists principally of the solonetzic 
and hard columnar member profiles. High lime soils are also com- 
mon, and shallow knoll and poorly drained profiles are found 
on local upland and lowland positions respectively. 

Al1 types of solonetzic soil development are found in the 
Elstow Association. The solodized solonetz and solod profiles occur 
as very small local areas within larger belts of the dominant 
solonetz and hard columnar soils. Considerable variation is also 
encountered in the solonetzic profiles, depending upon texture and 
topographie position. 

The most common type of solonetz profile, on medium to heavy 
textured deposits, is described below : 
A, Horizon.-Very dark brown; cloddy structure, often showing a tendency 

to  platines (4” t o  5” thick). 
A2 Horizon.-Greyish-brown to grey; platy structure. This horizon is usudly 

thin and may be absent (O” to 2” thick). 
€3, Horizon.-Very dark brown (sometimes nearly black) t o  dark brown Clay; 

medium to narrow columnar structure, hard and compact, and breaking 
to  hard angular clods or hard cubic aggregates (4” t o  8” thick). 

Bz Horizon.-Faint yellowish-grey; massive structure, breaking readily to  
granular form. This horizon has a high content of lime carbonate, and 
a moderate content of soluble (“alkali”) salts and gypsum (about 12“ 
thick). 

C Horizon.-Faint yellowish-grey to darker grey, streaked with sdts; a 
moderate to high content of lime carbonate is found in this horizon. 
Horizon depths are likely to be greatest in the loam and light loam soils. 

The above profile grades into more strongly developed sobn- 
etzic soils having faint round-top development in the Bi horizon. 
Another variation consists of a cloddy to faintly platy AI horizon, 
a brown compact, columnar Bi horizon, breaking to hard cubic 
aggregates and coarse granules, a yellow brown columnar Bz 
horizon free of lime carbonate, and yellowish-brown to yellowish- 
grey B3 and C horizons. This profile represents an ear!ier stage 
of solonetz development and may be regarded as a transition type 
between the hard columnar and true solonetz. The hard columnar 
Elstow member is generally of this transitional or solonetz-like 

The high lime, shallow knoll and poorly drained members of 
the Elstow Association are similar to  those described for the Fox 
Valley soils (page 71), with the exception that the Elstow soils 
have darker A horizons. Some of the poorly drained Elstow profiles 
are characterized by a fine platy structured Az horizon over a 
saline subsoil which may represent the beginning of solonetz de- 
velopment in what was formerly a saline soil. In this Association 
sloughs, or lake beds, are commonly highly saline. 

Further studies of the Elstow soils may lead to the establish- 
ment of another Association, as suggested in the discussion of the 
textural classes. However, i t  may be emphasized again that al1 
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soils belonging to the alkali-solonetzic group are very complex 
and even in detailed surveys i t  may not be possible to separate 
each individual type of profile. 

In some localities Elstow soils are mapped as mixed areas 
with Weyburn, Cudworth, and Asquith soils respectively. The 
EXstow Association is similar in type of parent material and profile 
development to the Fox Valley and Blaine Lake Associations. In 
organic matter content and soil moisture efficiency, the Elstow 
soils occupy an intermediate position between the above named 
Associations. 

Agriculture.-The EIstow clays and the siIty cIay loam-clay 
loam types are among the better agricultural soils of the Province. 
These soils have high drought resistance and are generally 
associated with desirable topography. The siIt Ioams and Ioams are 
also satisfactory soils, but are less drought resistant than the 
heavier types. While the Elstow soils are fertile, they have given 
marked responses to  applications of phosphatic fertilizers. The 
Elstow soils are used principally for grain production, in which 
wheat is the dominant crop. The good topography and few Stones 
are favourable to the development of power farming. As a result 
livestock and forage crop production are minor enterprises except 
on some Elstow soils adjacent t o  Saskatoon. 

Wind erosion is a problem on al1 Elstow soil types, the silty 
soils being particularly liable to drift. On rolling topography water 
erosion or a combination of water and wind erosion is becoming a 
serious problem. The control of al1 forms of erosion is urgently 
required if the Elstow soils are to  retain their place as fertile and 
productive soils. Severe erosion leads to losses in soil organic 
matter, day, and various plant nutrients, and also has a 
detrimental effect on the soil structure. 

REGINA ASSOCIATION 

Description.-The Regina Association consists of heavy 
textured soils developed on Clay which was deposited in the beds of 
former glacial lakes. The largest area of the Regina soils is that  
occurring around Regina and Moose Jaw and extending south- 
eastward almost to Weyburn. This is the area commonly spoken 
of as the Regina Plains. Other important areas of these soils are 
found in the general districts of Elrose, Rosetown, Plenty, 
Netherhill, and Eston. Over two million acres have been mapped 
in the Regina Association. 

!J%e soil landscape of the Regina Association is distinctive, 
as is that  of the Sceptre. It is quite similar to that  of the Sceptre 
soils, except for the darker surface colour and the greater 
proportion of gently undulating topography. Thus the important 
features of the Regina soil landscape are: smooth, nearly level 
topography; a high percentage of arable land, practically al1 
under cultivation; and large, mechanized wheat farms. The 
cultivated land is characterized by its dark greyish-brown colOur, 
granular structure, and the absence of Stones, grave1 and alkali 
sloug,hs. 

Over 90 % of the Regina soils are mapped in undulating phases, 
and the bulk of this land is very gently undulating (nearly level). 
There are a considerable number of local flat-depressional areas 
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within the undulating phases. Where more pronounced relief is 
encountered it consists chiefly of long moderately undulating 
slopes, with some broadly rolling phases. 

The Regina soils have adequate surface drainage except on 
flat-depressional topography. Interna1 drainage is generally 
adequate except in very wet spring seasons or following torrential 
rains, when the slow infiltration of water through these heavy 
soils may lead to temporary flooding of depressions and flat 
upland areas. 

The Regina soils are free of Stones and grave1 except along 
the margin of the former lake bed and in a few knolis which rise 
above the general level of the plain. 

The texture of the Regina Association consists chiefly of heavy 
Clay. Formerly Clay and Clay loam were included with the Regina 
types, but because of the differences in parent material and 
profile development most of these relatively lighter texture,d 
soils are now classified as Elstow. The poorer structured, 
impervious type of heavy Clay, found in the depressions and flat 
upland areas, is classified for convenience as  very heavy Clay. 
Locally such soils are referred to as “gumbo.” 

The Regina heavy Clay is not a typical dark brown soil. The 
profile horizons are note sharply defined, and the structure is cloddy 
rather than columnar. The Regina soils possess much higher 
drought resistance than the ordinary dark brown soils. Similar 
statements were made for the Sceptre heavy Clay in relation to  
the brown soil zone. 

The dominant member profile of the Regina Association is 
the cloddy heavy lacustrine type, and a generalized description 
is given below: 
A Horizon.-Dark greyish-brown to dark brown; srnall cloddy to granular 

structure. Under cultivation the surface horizon breaks d o m  to a fine 
granular structure, and lime carbonate is frequently present to the 
surface (4” to 5” thick). 

A-B Horizon.-Dark greyish-brown; small cloddy structure, more compact 
than above (6” thick). 

B Horizon.-Dark grey; medium cloddy structure; moderate content of lime 
carbonate. This horizon gradually merges with the dark grey parent 
material, but no sharp differences in horizon features can be detected 
below the surface ten inches. 

C Horizon.-Dark grey heavy Clay, slightly laminated and containing free 
lime carbonate. 

In some places a very faint solonetzic devebpment may be 
observed in the first few inches of the profile. 

A poorly drained member of the Regina Association is found 
on flat-depressional topography. This profile is characterized by 
its topographic position and very dark grey (often bluish-grey) 
colour. The structure of the surface horizon is hard cloddy to 
flaky-granular, but when the soil is very wet a platy crust may 
develop as the surface dries. The subsoil is dark grey, mottled with 
various other shades of grey, rust, etc. The structure is massive, 
although large irregularly shaped clods may form when the soil 
is dry. This soi1 is hard and impervious, and iittle or no lime is 
present in the upper two feet, although slight to moderate amounts 
of soluble salts (“alkali”) may occur. At lower depths the soil is 
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of a lighter grey colour and contains moderate amounts of lime 
carbonate. 

In some localities Regina soils are mapped with the Sceptre, 
principally in the Eston, Netherhill, and Dodsland districts. This 
complexity is usually associated with mixed undulating-broadly 
rolling topography. The Regina soils occupy the smooth lower 
slopes, and are slightly darker in colour and more granular in 
structure than the Sceptre soils. Regina soils are also mapped with 
Alkali soils in the vicinity of Weyburn. 

The Alluvium soils along Moose Jaw Creek are partly 
composed of heavy Clay soils which may be regarded as similar 
to the poorly drained member of the Regina Association. 

Agricuiture.-The well drained Regina soils represent the 
best wheat lands in the Province. These soils are highly productive 
and exhibit exceptional resistance to drought. The smoooth 
topography, high percentage of arable land and abscence of 
Stones favour the production of grain under a system of large-scale 
power f arming. 

The above features tend t o  discourage mixed farming, and 
the difficulty of securing adequate supplies of water is another 
handicap to livestock production. Dairy farming is carried on in 
the immediate vicinity of Regina and Moose Jaw, but for the most 
part the Regina soils are used for wheat production and to a 
lesser extent for coarse grains and flax. 

The control of wind erosion or soi1 drifting is the most 
important problem encountered on the Regina soils. The large 
bIocks of cuItivated lands, the summerfallow system, the 
pulverizing effect of modern high-speed tillage machines and the 
tendency of Regina soils to break down or slack into very fine 
granules are al1 factors which favour soil drifting. The use of 
trash covers and other methods of erosion control are among the 
various problems being studied at the Dominion Experimental 
Sub-station at Regina. 

Water erosion is also an important problem on moderately 
undulating phases of the Regina Association. Serious gullying has 
occurred on the long slopes leading into coulees and valleys. The 
importance of controlling al1 forms of erosion on such a valuable 
soil cannot be too strongly emphasized. 

The high soil moisture efficiency of the Regina Association 
gives rise to a serious weed problem. Stinkweed, mustards, and 
wild sunflower are generally the most troublesome, while Russian 
thistle is more prominent in dry years. 

The application of phosphatic fertilizers is beneficial on the 
Regina soils, especially where browning root-rot may attack the 
crop. 

CYPRESS ASSOCIATION 

Description.-The Cypress Association consists chiefly of 
medium textured soils developed on Tertiary sediments modified 
by glaciation. Some Upper Cretaceous sediments may also form 
part of the Cypress parent materials. The effect of glaciation on 
the above sediments has been described under the Wood Mountain 
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Association. The Tertiary and Upper Cretaceous beds include 
shales, clays, silts, sandstones, sands, conglomerates, and gravels. 

The Cypress Association is found chiefly on the higher 
plateau or “bench” lands of the Cypress Hills. A few small areas 
of these soils occur on the higher elevations of Wood Mountain. 
The Cypress Hiils are located within the brown soil zone, but 
owing to their elevation and the resultant more humid climate 
and vegetation, the plateau soils have been classified with the soils 
of the dark brown zone. 

The soil landscape of the Cypress Association is broadly 
similar to that described for the Wood Mountain soils. There are, 
however, several important differences. The Cypress soil landscape 
contains a larger proportion of smooth arable land. Large 
cultivated fields of dark brown soils and well developed farmsteads 
with good shelter belts are characteristic. These better areas are 
broken in places by deep coulees, while eroded and rolling lands 
are encountered on the plateau slopes. These rougher areas are 
frequently characterized by outcrops of quartzite pebbles, 
conglomerates, and other pre-glacial sediments. 

Nearly level to hilly topography is associated with the Cypress 
soils, but the proportion of smooth arable land is much higher 
than that of the Wood Mountain soils. Nearly 70% of the Cypress 
soils have been mapped as  undulating, while hilly phases are 
inextensive. Areas of very rough and inaccessible Cypress soils 
are included in the Dissected Plateau Complex and to some extent 
in the Eroded lands. 

The drainage of Cypress soils is generall satisfactory. Poorly 

areas of ordinary glacial soils. Considerable run-off may occur on 
the steeper slopes, and excessive profile or interna1 drainage is 
found in sandy and gravelly soil types. 

On the smoother phases of the Cypress soils, Stones are rarely 
a serious factor. A few glacial Stones occur, but these are usuaiiy 
smaller than average. Large boulders are rarely encountered. 
Moderately stony to very stony phases (S2 to S3) occur on Eroded 
lands and in mixed Cypress and Haverhill areas. 

Quartzite pebbles are very common in Cypress soils. In general 
ebbles are small and do not seriously interfere with 

cultiva these P ion. In some places, however, beds of loose pebbles 
or of cemented pebbles (conglomerates) occur close to  the surface. 
Such areas are naturally of lower agricultural value than the 
ordinary Cypress soils. 

The Cypress soils have been mapped in four textural classes- 
Clay loam, loam, light loam, and fine sandy loam. The loam and 
Clay loam types are most common. As with the Wood Mountain 
Association, additional textural classes may also be encountered 
in the Cypress areas. This may be .expected from the mixed 
nature of the geological deposits. 

The profiles of the Cypress Association are generally well 
developed. The hard columnar profile predominates, but solonetz 
profiles are also common. Shaliow knoli profiles occur less 
frequently than in the Wood Mountain Association, and poorly 
drained and high lime profiles are comparatively inextensive. 

101 

drained depressions and saline sloughs are 9 ess common than in 



A generalized description of the hard columnar loam profile 

A Horizon.-Dark Brown, friable, granular-cloddy loam (6" to 8 '  thick). 
Sometimes a thin nearly black layer occurs within this horizon. 

BI Horizon.-Brown columnar Clay loam; not very compact and breaking 
into cube-like clods (6" to 8" thick). 

Horizon.-Yeiiow-brow, faintly columnar (5" to ô" thick). 

is given below : 

& Horizon.-Yellow-grey to light grey, massive structure. This is the zone 
of lime carbonate accumulation. (Up to 10" or more in thickness.) 

C Horizon.-Yellowish-grey to dark grey, massive to slightly laminated struc- 
ture, sandy Clay loam-sandy Clay texture; moderate lime content. 
Quartzite pebbles and small glacial pebbles OCCUT throwhout the profile. 
in some places a thin layer or band of quarzite pebbles with or without 
glacial Stones, may occur below the BI horizon. Such iayers appear 
to be due to water sorting of the original material. 

The solonetz member of the Cypress Association has a heavier, 
more compact and darker cdoured BI horizon than that just 
described. The solonetzic Bi breaks into firm cubic aggregates, 
but is not as compact and intractable as  similar horizons of the 
solonetzic Haverhill profile. 

The shallow knoll member of the Cypress Association is likely 
to  contain considerable numbers of quartzite pebbles and small 
water-worn glacial Stones. High lime profiles may be associated 
with the shallow knoll type in rolling areas, and may also occur on 
highly calcareous parent material. 

In some localities Cypress soils have been mapped as  mixed 
areas with Haverhill and Wood Mountain soils respectively. The 
Cypress soils are distinguished by their darker colour, and by 
their more favourable local topographic position which gives them 
a higher soil moisture efficiency. 

Agriculture.-From the standpoint of moisture efficiency the 
Cypress soils are superior to al1 brown soils with the exception of 
the Sceptre clays. The Cypress soil areas also have a cooler and 
shorter frost-free season than that of the brown soil zone. Hence 
while wheat production is the major enterprise on Cypress soils, 
considerable amounts of coarse grain and some forage crops are 
grown as well. During seasons of extreme drought, crops on 
Cypress soils may be severely affected, but over long periods of 
time the normally higher moisture efficiency of the plateau gives 
the Cypress soils a decided advantage. in cool, very moist seasons 
frosts may be a serious hazard. 

The undulating Clay loam and loam types form the best 
agricultural soils. The small amount of waste land and relative 
freedom from large Stones and "alkali" sioughs have encouraged 
mechanized farming. The rolling phases of the Cypress soils are 
less valuable; these types are more shallow and droughty, and 
are affected by ru-off  losses. Light loam textures are also more 
prevalent in rolIing areas. The small areas of sandy and pebbly 
Cypress soils are of low agricultural value, but as  uncultivated 
lands provide good grazing. 

The control of wind and water erosion and the use of crops 
adapted to the somewhat uncertain climatic conditions of the 
plateau, are matters of importance in the management of these 
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lands. The Cypress soils give some response to phosphatic 
fertilizers. 

THE BLACK SOIL ASSOCIATIONS 
The Black Soii Zone is coincident with the area commonly 

spoken of as the Park Belt in the Provinces of Alberta and 
Saskatchewan. The landscape is frequently broken by groves of 
poplars, willows, and shrubs of various kinds. The general effect 
of these scattered “bluffs” interspersed with grassy glades or 
cultivated fields is responsible fo r  the term “parkland” or “park 
belt” referred to above. This landscape forms a sharp contrast 
to the broad expanse of the open prairie. The better moisture 
conditions of this zone are reflected in the dark colour of the soils, 
and the relatively lush growth of native vegetation and cultivated 
crops. Lakes and sloughs are a more common feature of the 
landscape and bare white patches of alkali soil are less frequently 
seen. 

The soils of the Black Soil Zone are nevertheless grassland 
soils, and owe their nature to the fact that  they developed under 
a grass cover, rather than under trees. Indeed, it appears that in 
many places the trees are comparatively recent invaders of the 
former grassy plain. Except in areas bordering the true forest, 
the trees occupy only a small percentage of the land surface, 
although they are a prominent feature of the landscape. Twelve 
Soil Associations are mapped in this zone, namely: Oxbow, Naicam, 
Ryerson, Yorkton, Waseca, Whitesand, Meota, Blaine Lake, 
Cudworth, Canora, Indian Head, and Melfort. 

OXBOW ASSOCIATION 
Description.-The Oxbow Association consists of medium 

textured soils developed on undifferentiated gIacial till (boulder 
Clay) deposits. The term “undifferentiated” has been defined under 
the description of the Haverhill Association. The Oxbow soils are 
the most extensive of the black soil types, and occupy more than six 
and three-quarter million acres. These soils are widely distributed 
throughout the Black Soil Zone. 

In the present survey a number of important changes have 
been made in the original Oxbow series. The Oxbow sandy loams 
and many of the gravelly and stony light loams are now classified 
as the Whitesand Association. Many degraded black soils formerly 
included as a mixture of Oxbow and Waitville soils are now 
classified as the Whitewood Association. Other soils previously 
mapped as Oxbow are now included in the Waseca Association. 
Large areas of rolling and mixed rolling-undulating soils f ormerly 
mapped as a complex of Oxbow and Yorkton types, are now 
mapped as Oxbow. 

The soil landscape of the Oxbow Association is characterized 
by a wavy type of relief, consisting of a succession of knolls, 
intermediate slopes and depressions. The frequent presence of 
glacial Stones and boulders is also a characteristic feature. Both 
cultivated areas and the unbroken grasslands are dotted with 
groves or “bluffs” of aspen and willow. The cultivated soil is 
much darker than that found in the brown and dark brown zones. 
Patches of greyish limy soil occur on cultivated upper slopes and 
greyish leached (“bluff podzol”) soils occur around the margins of 
sloughs and in shallow upland depressions. A greater variety of 
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crops and more livestock are noted on Oxbow soils as compared 
with typical areas of Weyburn and Haverhill soils. 

The Oxbow soils are found on al1 types of topography mapped 
in the survey. About 65% of these soils consist of undulating or 
mixed undulating and rolling phases. Most of the remaining soils 
are mapped as  rolling, the hilly phase being relatively inextensive. 

Surface drainage is adequate on most of the Oxbow soils. The 
most favourable moisture conditions are found on the undulating 
phases and on the intermediate slopes of fAe very gently rolling 
lands. Excessive surface drainage and some lcss of soil moisture 
by run-off are associated with the steeper slopes and rougher 
topographic phases. Slow to impeded surface drainage occurs on 
flat-depressional topography. Interna1 or soil profile drainage is 
also poor in the latter areas, but for the most part drainage 
conditions within the profile are favourable to crop growth. 

Glacial Stones are present in al1 Oxbow soils, and in most 
places require clearing from cultivated land. Undulating phases 
are usually the least stony, the average classification being 
nwderately stony (SZ) ; moderately to  very stony areas (SP to SS) 
are associated with rolling lands, and local areas of excessively 
stony soi1 (SL) are sometimes encountered. 

Local patches of gravelly subsoils also occur in Oxbow areas, 
particularly in lighter textured soils and on rough topographic 
phases. 

The textural classes mapped in the Oxbow Association 
consists of loam, iight Ioam, and Clay loam. The loam is the most 
common textural class. 

The undulating Oxbow soils consist chiefly of the hard 
columnar profile, with local areas of solonetzic and poorly drained 
members. The roliing phases consist chiefly of calcareous earth 
and shailow columnar profiles, together with local areas of shallow 
knoll and poorly drained profiies. A generalized description of the 
dominant hard columnar profile is given below : 
Al Horizon.-Very dark brown to nearly black; friable granular and soft 

cloddy structure at surface, cloddy below (4’’ to 7” thick). The dark 
surface colour gradually fades with depth, and in the deeper Oxbow 
profiles a dark greyish-brown cloddy A2 horizon may be distinguished. 

Bi Horizon.-Reddish brown to dark brown; moderately hard columnar struc- 
ture, but with the columns less well defined than in Weyburn and 
Haverhill soils (6“ to 10” thick). The bottom of the El horizon may be 
yellowish-brown or greyish brown in colour, forming a transition to 
the lower B. Where this transitional layer is well developed it may be 
regarded as a B2 horizon. 

B, Horizon. (B3 if above separation is made).-Light grey to brownish-grey; 
massive structure but very friable, falling easily into fine granules. 
High content of lime carbonate (8” to 18“ or more thick). 

C Horizon.-Dark grey to medium grey, calcareous (limy) boulder Clay; 
this deposit is marked by spots and concretions of yellowish, rusty 
bluish-grey material and by light greyish streaks of lime carbonate 
and salts. Glacial Stones, small Stone fragments and grave1 are common. 
Some slight sorting is evident in many undulating (ground moraine) 
areas, as shown by the faintly laminated structure and water-worn 
glacial pebbles. 

The solonetz member has a very dark brown or nearly black, 
cloddy Ai horizon (3” to 4” thick). A2 horizon-very dark grey 
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or dark greyish-brown; cloddy-platy structure (4” to 6” thick) . Bi 
horizon-dark (coffee) brown to reddish-brown; hard columnar 
structure breaking to hard cubic or fragmenta1 aggregates. This 
horizon is harder and more compact than the ordinary columnar 
Bi. Solod type profiles also occur in small local areas; in these 
soils the leached A2 horizon may be 12 inches thick and the Bi 
no more than 4 inches. The solonetzic soils are found on slightly 
lower, flatter positions than those occupied by the well drained 
hard columnar members. 

The poorly drained member has a thick, very dark grey or 
mixed grey-black granular Ai horizon; the BI horizon is dark 
grey, spotted with rusty, bluish-grey and other colours; the 
structure is irregular columnar, and alkali salts and lime carbonate 
are usually present. The B2 horizon is yellowish-grey, mottled with 
various other colours, and contains a moderate to high content 
of alkali salts and lime carbonate. The better types of poorly 
drained Oxbow soils have thick A and Bi horizons with no free 
lime or alkali salts. The lime carbonate horizon occurs at greater 
than average depths. 

The calcareous earth member has a very dark brown granular 
A horizon (6” to 10” thick) . The Bi horizon is greyish-brown or 
yellow-brown, with a weakly developed, soft columnar structure 
(3” to 6” thick). Lime carbonate may be present in both the Bi 
and A horizons. The Bz horizon is yellowish-grey to light grey, 
with a sof t  granular structure and a high content of lime 
carbonate. This profile is very common in rolling Oxbow soils and 
also occurs locally in undulating phases, often on topographie 
positions slightly higher than those occupied by the poorly drained 
member. 

The shallow knoll profile has a dark brown to a very dark 
brown Ai horizon (2” to 4” thick) . The next horizon may be a thin 
greyish-brown columnar Bi or  a dark greyish A-B transitional 
horizon. The Bz horizon or lime carbonate layer occurs at six to 
eight inches below the surface. This horizon is thin and grades into 
calcareous (limy) parent material. The shallow knoll profile is 
common in rolling areas and is also encountered on low knolls 
in undulating areas. 

In some localities Oxbow soils are mapped as mixed areas 
with a number of other Associations, including Weyburn, Yorkton, 
Indian Head, Canora, Whitewood, Blaine Lake, Ryerson, Waseca, 
Shellbrook, and Alkali (Saline) soils. 

The Oxbow Association also contains local areas of depression 
podzol, Alkaii and Meadow soils, which were not separated in 
this survey. 

Agriculture.-The well drained Oxbow soils are highly fertile 
and in most seasons possess a higher soil moisture efficiency than 
similar textured dark brown soils. Hence, while wheat is the most 
important single crop, more coarse grain and forage crops are 
produced on Oxbow soils than on average Weyburn and Elstow 
types. In common with most of the black soils, the type of farming 
followed on the Oxbow Association is of a more diverse nature. 
Compared to Weyburn the Oxbow areas have a more serious weed 
problem, are more affected by plant diseases such as root rots and 
rust and in general are associated with smaller and more irregularly 
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shaped cultivated fields. Al1 these conditions tend to encourage the 
adoption of mixed farming practices. 

The undulating phases of the Clay loam and loam types 
represent the best Oxbow soils. 

The rolling phases of the Oxbow Association contain 
considerable waste land in the form of sloughs and rough upland 
areas. An important feature of the Oxbow soils and of most of the 
other black soils is the presence of aspen and willow bluffs around 
the depressions and on the more moist upland sites. As a result 
much of the uncultivated land is covered with trees and scrub, and 
the Pasture value of such land is thereby lowered. However, the 
trees supply fuel and fencing, afford shelter to Iivestock, and add 
greatly to the appearance of the farmsteads. 

Important problems associated with the Oxbow soils are the 
control of weeds and erosion. In comparison with areas of “deep” 
black soils the Oxbow soils are more subject to drought. 

The most important weeds are wild oats, perennial thistles 
and mustards, and in periods of drought Russian thistle is 
troublesome. Wind erosion is a problem in dry years, but in common 
with other medium textured boulder Clay soils, the Oxbow loams 
are not ordinarily subject to severe drifting. Water erosion is an 
important problem on long moderately undulating dopes and on 
rolling topography. Sheet erosion is in some areas washing away 
the thin dark surface horizon and exposing the less fertile limy 
subsoil. Gullying also occurs where natural drainage concentrates 
a large volume of run-off water. For some individual farmers, 
water erosion may become the most serious soil problem. 

As many of the Oxbow soils are situated in the older settled 
areas of Saskatchewan, the problem of maintaining fertility is 
more urgent than on more recently cultivated soils. Many Oxbow 
soils show good response to the application of phosphatic fertilizers, 
particularly where browning root rot has proved troublesome. The 
control of erosion is related to the conservation of moisture and 
the maintenance of soil fertility, including the preservation of a 
good granular-cloddy structure. The solution of these problems 
may require a greater use of manure, grasses and legumes. 

At this point it is convenient to make some reference to the 
depression or “bluff” podzols. These soils occupy small local areas 
surrounding the sloughs, and also occur in slight upland 
depressions. However, in the aggregate these soils represent a large 
acreage throughout the black soil zone. The “bluff” podzols are 
soils of relatively low native fertility and poor structure, and 
usually produce poorer crops than the adjacent black types. The 
“bluff” podzols respond to manuring with barnyard and green 
manures, and commonly respond to phosphates. The improvement 
of these soils would add considerably to the productive capacity of 
many individual farms. In some areas it has been estimated that 
over 25% of the cultivated land consisted of the depression podzols. 
The nature of these soils is discussed further in the section dealing 
with Miscellaneous Soils, but the general statements given above 
will apply to depression podzols occurring in many of the black 
and degraded black soil areas. 
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NAICAM ASSOCIATION 

Description.-The Naicam Association consists of medium 
textured soils developed on resorted glacial till. This deposit 
appears to be of ground morainic origin, and is interspersed with 
some local areas of shallow lacustrine deposits. 

The Naicam Association is classified as a deep black soil, the 
term "deep black" referring to the depth or thickness of the 
surface horizon. Deep black soils usually possess from 8 to 12 
inches or more of a very dark A horizon. In shallow black profiles 
such as the Oxbow the A horizon is in most places less than 8 
inches in thickness. While the above separation may appear 
somewhat arbitrary, the deep black soils are associated with the 
more humid portions of the black soil zones, and contain more 
organic matter and nitrogen than shallow black soils of similar 
texture and topographic position. 

The largest area of Naicam soils occurs in the Naicam, Lake 
Lenore, Humboldt, and Spalding districts. Smaller areas are found 
West of Kelvington, South of Preeceville, and in the Moosomin 
district. The total area of this Association represents about four 
hundred thousand acres. 

The soil landscape of the Naicam Association is characterized 
by smooth undulating topography, well developed farms, rich black 
cultivated soil, and good stands of crops, native grasses and 
herbaceous plants, interspersed with well matured poplar groves. 
Knolis, ridges, sloughs, and boulders are less numerous than on 
most boulder Clay soils, but large poorly drained flats are common. 

Nearly all of the Naicam soils are mapped in undulating 
phases. The small amount of rolling land represents areas mapped 
as a mixture of Naicam with some other Association. The poorly 
drained flats that occur in the undulating Naicam areas include 
Meadow and Yorkton soils, although flat-depressional phases of 
Naicam soil may be found just above these lowlands. 

The surface drainage of the Naicam soils is satisfactory in 
most places. Slow surface drainage may be encountered on nearly 
flat upland areas and in the flat-depressional lower lands. Due t o  
the prevailing smooth topography little water is lost by run-off. 
Interna1 or profile drainage is satisfactory except in the poorly 
drained soils. 

Slight to moderate amounts of Stones (Si to Sz) are found in 
Naicam soils. Very stony areas are rarely encountered, and many 
of the Stones consist of small glacial pebbles and slightly larger 
water-worn Stones. 

Al1 of the Naicam Association is mapped as loam. 
The member profiles of' the Naicam Association consist chiefly 

of the hard columnar type, frequently interspersed with calcareous 
earth soils. Poorly drained profiles are common on lower dopes 
bordering flat-depressional areas. Occasional local spots of 
solonetzic soils are encountered. 

A generalized description of the hard columnar members is 
given below: 
A, Horizon.-Black in colour; friable granular structure. 
A, Horizon.-Very dark du11 brown; soft cloddy structure. The total thick- 

ness of the A horizons range from 8" t o  14". 
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Bi Horizon.-Brown, yellow-brown, or occasionally reddish-brown; large 
blocky columnar structure, moderately hard and compact. 

B2 Horizon.-Yellow-brown; columnar structured. This horizon is usually 
well developed, but in shallow profiles may form a thin transitional 
layer between the B1 and B2 horizons. The total thickness of the 
columnar B horizons varies between 8” and 14”. 

Ba Horizon.-Light grey, faintly laminated structure, with a high content of 
lime carbonate. Small, rounded (water-worn) glacial pebbles are 
common in this horizon. 

Cl Horizon.-Light to medium grey in colour, with some yellow-brown spots: 
massive to roughly laminated structure; calcereous, and sîlty to smdy 
Clay in texture. Small glacial pebbles and Stones are common. This 
horizon may grade into a more stony boulder Clay which probably 
marks the junction between the upper highly sorted, and the lower less 
sorted boulder Clay. 

The calcareous earth member has a very dark grey to black 
A horizon (10” to 14” thick). Some lime carbonate may be found 
in the lower part of this horizon. The Bi horizon is duil brown to 
grey-brown, with a soft columnar structure, and a moderate 
content of lime carbonate (4” to 6” thick). The remainder of the 
profile is essentially s h i l a r  to that described above. 

The poorly drained member is characterized by a dark grey 
iimy A horizon, and a du11 brown B horizon flecked with lime 
carbonate and salts. On the lowest arable land a somewhat similar 
profile may be encountered on more highly sorted boulder Clay 
characterized by yellow-grey colour, sandy Clay loam texture, and 
noticeable amounts of alkali salts. The latter profile is mapped 
in the Yorkton Association. The larger areas of Yorkton soils are 
shown on the map, but smaller areas of these soils are also 
encountered within belts of Naicam soils. 

The solonetzic member of the Naicam soi1 is characterized 
by a slight development of a greyish, cloddy-platy Az horizon, and 
by a tough, hard columnar structured Bi horizon which breaks into 
angular fragments. 

Associated with the hard columnar members are local areas 
of slightly degraded (podzolized) soils. These degraded soils are 
evidence of a change from the grassland toward the forest type of 
soil formation, and they are associated with the heavier stands of 
trees. Su& soils are not true black types, and strictly speaking 
cannot be classified with the Naicam Association. However, they 
are too local in extent and the degree of podzolization is too slight 
to warrant mapping the Naicam area as mixed black and degraded 
black soils. The degradation or process of podzolic leaching has 
not progressed far enough to cause any observable decrease in the 
natural fertiiity of the orginal black soil. In a more detailed 
survey these degraded black soils would be separated from the 
Naicam wherever possible. 

The slightly degraded black profile differs from the hard 
columnar Naicam soil in having a dark greyish-brown, irregular 
cloddy to flat plate-like c lddy  structured A horizon. The Bi 
horizon is 12 or more inches in thickness, has an irregular 
columnar structure, and is very hard and compact. 

Naicam soils occur frequently in combination with Yorkton 
soils, the latter occupying lower, more poorly drained positions. 
More rarely Naicam soils are found in combination with the 
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Oxbow, Pelly, Whitewood, and Ryerson Associations respectively. 
In these mixed areas the Naicam soils occupy the smoother 
well-drained positions and the other Associations are found on 
the higher land. 

Within Naicam soil areas local Meadow and Alkali soils are 
common, while occasional depression (“bluff”) podzols are 
encountered. 

Agricii1ture.-From the practical standpoint the Naicam soil 
may be regarded as  a deeper type of Oxbow, developed under more 
humid climatic conditions. The higher pptential fertility and 
increased moisture efficiency of the Naicam soils makes them 
agriculturally more valuable than the Oxbow soils. 

Severe drought is rarely if ever experienced on Naicam soils, 
and the favourable soi1 moisture conditions allow the production 
of a wide variety of grain and forage crops. Wheat is the most 
important single crop, but much oats and barley are also grown, 
due in part to  the hazard of frost. Grasses and legumes are also 
grown to some extent. 

The prevailing smooth undulating topography and the 
comparatively few Stones favour the use of mechanized farm 
equipment, but more cattle and hogs are produced than on the 
mechanized grain farms of the open prairie. 

Soi1 drifting is not a serious problem on the Naicam soils, and 
due to the smooth topography little water erosion has occurred. 

Although these soils are highly fertile they respond well to 
applications of phosphatic fertilizers. As may be expected, weeds 
are a serious problem, particularly wild oats, sow thistle, and 
Canada thistle. Another problem is that of utilizing to better 
advantage the poorly drained Naicam soils and the associated 
Yorkton and Meadow soils. The establishment of hay or Pasture 
crops could in some places be successfully accomplished on these 
poorly drained types. 

RYERSON ASSOCIATION 
Description.-The Ryerson Association consists of medium 

textured soils developed on buff coloured (yellow-brown) resorted 
boulder Clay. 

The Ryerson soils are shallow black types and are most 
common in the south-east section of the Province. They extend 
from east of Broadview and the east side of the Moose Mountain 
to the Manitoba border. Approximately eight hundred thousand 
acres of these soils have been mapped. 

The soil landscape of the Ryerson Association is characterized 
by long, gently undulating slopes, broken by low kndls and ridges. 
A medium stand of grass and small groves or “bIuffs” of aspen 
of a rather scrubby habit of growth are also characteristic. The 
cultivated fields have a dark grey to light greyish tinge due to 
the calcareous (limy) nature of the soil. Many small water-worn 
glacial Stones are present in these soils, particularly along the 
numerous shallow creeks and drainage channels. In general the 
Ryerson soil areas have a more arid appearance than most of the 
black soil areas. 

Over 80% of the Ryerson soils are mapped in undulating 
phases, and the remainder consist chiefly of very gently rolling 
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phases which are included in the mixed undulating-roliing 
topographic class. As indicated above, long gentle slopes with low 
knolls and ridges are typical of the undulating land. The knoils 
and ridges are composed of morainic deposits upon which Oxbow 
soils are encountered. The undulating Ryerson soils also contain 
some flat to depressional areas, occurring chiefly along numerous 
small, shallow creek beds and drainage channels. Local depressions 
or sloughs are less common than in Oxbow soil areas. 

Most of the Ryerson soils have adequate surface drainage. 
Impeded drainage is associated with the flat-depressional areas, 
while somewhat excessive drainage occurs on the higher slopes. 
Impeded drainage a t  the base of lower slopes is commonly 
encountered on the very gently rolling phases. Internaily the 
Ryerson soils are moderately well drained. They are for the most 
part shallow soils and in many places the lime carbonate has not 
been leached out of the A and upper B horizons. Poorly drained 
subsoils are found in the profiles of flat-depressional areas and 
sloughs. 

Large boulders are not common in Ryerson soils, but numerous 
cobble-sized stones and small water-worn glacial pebbles are often 
encountered. These small stones form a coarse gritty subsoil. Stony 
beds and gravelly subsoils are common along the creeks and 
shallow drainage channels. The classification of stones on Ryerson 
soils range from few to many (SI to S3). 

The dominant textural class of the Ryerson Association is 
loam, which varies from a smooth to a gritty type. Some light 
loam has also been mapped and this is of the gritty coarse nature 
frequently associated with cobbly-gravelly deposits. 

The dominant member profiles of the Ryerson Association 
belong to the high lime group. The calcareous earth profile is most 
common, but the high lime or rendzina-like and the poorly drained 
members are also frequently encountered. On nearly level upland 
positions where greater than average water penetration may occur, 
hard columnar and faintly developed solonetz profiles are 
occasionally found. These two profiles form a very smail propor- 
tion of the Ryerson Association. in most places where weU 
developed columnar and solonetz profiles occur, the parent 
materials are more similar to  the ordinary undifferentiated 
boulder Clay, and the soils may be regarded as Oxbow types. 
Many of the Ryerson soils are therefore mapped as mixed areas 
with the Oxbow Association. 

A generalized description of the dominant calcareous earth 
member is given below: 
A Horizon.-Very dark grey to nearly black; soft cloddy to granular struc- 

ture (4" to 8" thick). 
B, Horizon.-Dull greyish-brown, soft, often weakly developed columnar 

structure, easily broken to cloddy-granular form. This horizon usually 
contains lime carbonate (3" to 4" thick). 

& Horizon.-Yellow-brown (buff) colour; massive structure, moderately 
compact. This horizon has a high content of lime carbonate, and grades 
into the upper C horizon. When the soil is wet it is difficuIt to separate 
the B2-C1 horizons (Bz-6" to 12" thick). 

C, Horizon.-Buff coloured, calcareous (Iimy), highly sorted boulder cla of 
sandy Clay texture and containing cobble and small glacial pebxles. 
This horizon is usualiy found at a depth of about two feet below the 
surface. At approximately three to four feet a heavier, less sorted 
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glacial till deposit is often encountered. This horizon may be the C2 
horizon or it may represent a D horizon composed of a different glacial 
till deposit. Further work is required to establish the relationship 
between these two deposits. Variable amounts of small stones and 
pebbles occur throughout the above profile. 

The high lime profile is fairly similar to  the calcareous earth 
type, except that the A horizon contains lime carbonate and the 
columnar Bi horizon is usually absent. A highly calcareous (limy) 
B horizon underlies the A and grades into the parent material as 
described above. It should be noted that the colours of these high 
lime profiles Vary with the soil moisture content. Thus the Bz 
and C horizons are much lighter in colour when the mil is dry. 

The poorly àrained member of the Ryerson Association is 
usually of the calcareous saline type. The A horizon is very dark 
grey, and is thicker than in the average upland profile. The 
columnar Bi horizon is absent and a dark A is sharply differ- 
entiated from the light Bz horizon, which is mottled with yeilow- 
brown-blue-grey colours. Lime carbonate and salts are present in 
this horizon, and may occur in the A horizon aiso. The mottled 
colouring and other indications of restricted drainage extend into 
the underlying parent material or C horizon. 

An intermediate or moderately poorly drained profile may also 
be encountered. This profile has thick, dark coloured, lime free A 
and Bi horizons; lime carbonate, alkali salts and mottled poorly 
drained features occur in the Bz and C horizons a t  lower than 
average depths. 

Shallow knoil profiles may be expected in the very gently 
roiiing phases of Ryerson soils, but in such calcareous soils it is 
difficult to separate calcareous earth and shallow knoil types, 
except by topographic position alone. 

Local areas of Alkali, Meadow and Ailuvium soils are common 
in Ryerson soil areas, particularly along the creeks and drainage 
channels. Occasional depression podzols are also encountered 
around the edges of sloughs and in small upland depressions. 

The complex soil conditions discussed above cannot be shown 
on a broad reconnaissance map. Most of the Ryerson soils are 
mapped as a mixture with the Oxbow Association. Formerly these 
areas were mapped as an Oxbow and Yorkton complex. The 
Ryerson Association, in general, represents the soils f ormerly 
classified as the Yorkton series. The latter, as now defined by 
the Yorkton Association, consists of deep black high lime soils, 
occurring in the more humid north-easterly section of the black 
soil zone. 

The Ryerson soils are also found in combination with the 
Weyburn and Naicam Association respectively. In Ryerson-Oxbow 
and Ryerson-Weyburn complexes the Ryerson soils occur on the 
smoother intermediate upland positions. In combination with 
Naicam soils the Ryerson types are represented by shallow limy 
profiles occupying the higher topographic positions. 

Agriculture.-The Ryerson soils appear to  be somewhat more 
droughty than the average medium textured soils of the black zone. 
Severe droughts have greatly reduced yields in some years. 
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The relatively shallow profile, high lime content and frequent 
presence of gritty-cobbly subsoils are adverse features. The Iack 
of a thick well developed columnar Bi horizon may also tend to 
make these soils less drought resistant. 

While wheat is the principal single crop, considerable amounts 
of barley and oats are produced on Ryerson soils. Forage crops 
are also grown, among these being a fair acreage of yellow-blossom 
sweet clover. 

Slight to moderate soil drifting and slight water erosion have 
occurred on Ryerson soils. 

The undulating loams form the best agricultural areas of 
the Ryerson Association. The rolling areas, while not excessively 
rough, contain more waste land (sloughs) and the soils are 
shallower and more droughty. The coarse textured and poorly 
drained soils found along the creeks and drainage channels are 
of low agricultural value, and are used chiefly as Pasture or 
for native hay production. 

YORKTON ASSOCIATION 
Description.-The Yorkton Association consists of medium 

textured soils developed on resorted boulder Clay deposits. These 
deposits are characterized by a light yellowish-grey (creamy buff) 
colOur, sandy Clay loam to sandy Clay textures and a high content 
of lime carbonate. The Yorkton soils are classified with the deep 
black soils as already defined under the Naicam Association. The 
largest areas of Yorkton soils are found in the general districts 
of Yorkton, Langenburg, Wadena, the Quill Lakes and Rose Valley. 
Over one million eight hundred thousand acres have been mapped 
in this Association, an acreage Iarger than that of any of the 
black soils except the Oxbow Association. 

The soil landscape of the Yorkton Association is characterized 
by very gently undulating topography, interspersed with numerous 
wet marshy flats and meadows. The surface soil is deep, and dark 
in colour, but wherever the subsoil is exposed the colour is a light 
yellowish-grey. Stones and local gravelly spots are also character- 
istic of the Yorkton soils. The good stand of grasses and the 
numerous bluffs of aspen, black poplar and willow are indications 
of the favourable soi1 moisture conditions. The Yorkton areas are 
associated with the development of mixed farming, as indicated 
by the large number of cattle and other livestock seen on the 
farms. 

The topography of the Yorkton soils is typically very gently 
undulating. Only a very small percentage of these soils are mapped 
in mixed undulating and rolling phases, and none have been mapped 
as rolling. However, flat to depressional areas are of frequent 
occurrence, althoug,h very few of these can be shown on the map. 

Drainage conditions of the Yorkton Association may be 
described as  moderate to poor. Surface drainage is adequate on 
the undulating uplands, but is slow to impeded on lower arable 
positions and in the flats and depressions. Interna1 drainage is 
moderately good to very poor, and lime carbonate and salts have 
not been completely removed from the upper horizons. However, 
the soils on the higher positions are sufficiently well drained to 
be fertile and arable. The very poor conditions of interna1 drainage 
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are found in flat-depressional areas which are characterized by 
wet, calcareous and saline profiles. 

Glacial Stones are common and clearing is usually necessary. 
in general, however, the Yorkton soils are not as stony as those 
soils developed on undifferentiated boulder Clay. On the average 
Stones are few to moderate in number (Si to Sa). Very stony 
eroded channels and flats are occasionally found. Apart from the 
ordinary glacial boulders, small fragments of glacial Stones and 
water-worn pebbles occur in the subsoils. Local coarse sandy- 
gravelly subsoils are also a feature. 

Two textural classes have been mapped in this Association- 
loam and light loam. The loam type predominates. 

The member profiles of the Yorkton Association belong chiefly 
to the high lime group. The profiles consist mainly of calcareous 
earth, high lime (rendzina-like) and poorly drained high lime soils. 
Hard columnar and solonetzic profiles are rarely encountered. 

A generalized description of the calcareous earth profile, 
occupying the better drained nearly level uplands, is given below: 
A Horizon.-Very dark grey to mixed grey-black; soft cloddy-granular struc- 

ture. This horizon may often be separated into Ai and A2; the Al being 
darker in colour, higher in organic matter and of a more friable 
granular structure than the A2. Lime carbonate is frequently present at 
the surface, but may be confined to the lower A horizon. The total 
thickness of the A horizon varies from 8" to 14", or even more. 

BI Horizon.-Dull greyish-brown to yellow-brown; weakly developed, small 
columnar structure; slight to moderate amounts of lime are present 
in this horizon (4" to 8" thick). 

B2 Horizon.-Light yellowish-grey (yellow-brown if wet) ; massive structure, 
which breaks easily to friable granuiar condition. High content of lime 
carbonate (10" to 18" thick). 

C Horizon.-Yellow-grey sandy Clay loam to sandy Clay; massive structure 
with faintly laminated arrangement; high content of lime carbonate, 
and low to moderate content of soluble ("alkali") salts. It is often 
difficult to separate the B, and C horizons. Small Stones are scattered 
throughout the profile. In some places the parent material, a t  a depth 
of four or five feet, is underlain by a darker coloured, heavier textured 
and less sorted type of boulder Clay similar to that associated with 
Oxbow soils. 
The high lime (rendzina-like) profile differs from the above 

in having no columnar Bi horizon. In the high lime profile the 
dark humus-bearing A horizon is sharply differentiated from the 
light coloured, highly calcareous B2 horizon. This profile usually 
occupies a slightly lower position within the better drained uplands. 

The poorly drained profiles occurring in Yorkton soi1 areas 
range from types only slightly less well drained than the high lime 
member to wet, calcareous-saline Meadow soils. The latter are 
not classified as  Yorkton profiles, since they occur on recent 
alluvial-lacustrine deposits. Most of the poorly drained Yorkton 
profiles occur on the lowest cultivated lands and around the 
margins of the flat-depressional areas. These soils form a poorly 
drained type of the high lime (rendzina-like) profile. A generalized 
description of the poorly drained profile associated with low culti- 
vated land is given below. Such land produces poor crops of wheat 
and is often infested with sow thistle. Ai horizon-very dark grey 
(when wet has a very dark bluish-grey tinge); rough, hard, 
irregular cloddy structure, more granular and friable when wet. 
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This horizon has a moderate content of lime carbonate and soluble 
salts which may show as white flecks and streaks (8” to 10” 
thick) . A2 horizon-dark grey, soft cloddy and granular structure; 
high content of lime carbonate (4” to 6” thick) . B horizon-faint 
yellowish-grey ; granular to soft cloddy structure ; very high content 
of lime carbonate and moderately high content of “alkali” salts 
(4” to 6” thick) . C horizon-mottled yellow-grey-rusty-bluish 
colours ; laminated structure, breaking to granular ; high content 
of lime carbonate and alkali salts. This horizon usually has a high 
moisture content. 

A still more poorly drained Yorkton profile occurs on unculti- 
vated flats just above wet Meadow and Marsh soils. A horizon- 
very dark grey-black with bluish tinge; platy structure a t  the 
top, hard granular below. Moderate lime carbonate content (8” 
to 10” thick) . B horizon-very dark bluish-grey; massive structure 
and compact. Lime carbonate and soluble salts are present in 
this horizon (6” to  10” thick) . C horizon-mottled brownish-yellow 
and bluish-grey, with rusty and light grey spots and streaks. This 
horizon has a high content of lime carbonate and salts, and is 
usually saturate,d with moisture. 

In some localities Yorkton soils are mapped as  mixed areas 
with a number of other soil Associations, including Canora, Oxbow, 
Whitewood, Naicam, Pelly and Meota. In such mixed areas the 
Yorkton soils occupy the lower topographic position. 

The local soils associated with Yorkton soils consist of 
Meadow, Peat, Alkali and depression podzol. 

The Yorktm Association may be regarded as a more humid, 
deeper type of Ryerson mil. Yorkton soils are also similar in many 
ways to the Canora soils, but the latter are found on Stone-free, 
silty glacial lake deposits. 

As noted in the description of the Oxbow Association, the 
Yorkton soils are no longer mapped in areas of rolling (morainic) 
boulder Clay. In most places Yorkton soils are found within or 
near the margin of glacial like beds. 

Agriculture.-The better drained phases of the Yorkton soils 
are highly fertile and productive. They have a high content of 
organic matter and nitrogen and possess good structure. The 
poorly drained phases are less valuable. Excessive amounts of 
lime carbonate, the presence of alkali salts and the lack of subsoil 
drainage are adverse features. Poorer stands of grain and severe 
infestations of weeds are associated with poorly drained Yorkton 
soils. In addition most Yorkton soil areas contain large areas 
of low, wet, non-arable land. Unbroken uplands are largely covered 
with trees. 

Many farms have relatively small acreages under cultivation, 
and the fields are irregular in shape. These conditions add to the 
cost of tillage and other field operations. 

The Yorkton soils are used largely for mixed farming, and in 
the Yorkton district dairy farming is an important enterprise. 
On the average farm wheat is the most important single crop, 
but a considerable amount of oats and barley are also grown. 
Fair to  poor quality grazing and hay are provided in the 
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flat-depressional areas. The vegetation consists chiefly of sedges, 
coarse meadow grasses, alkali grass and various marsh plants. 
Some forage crops are also grown, notably sweet clover and brome 
grass. In many places, however, the amount of good Pasture is not 
sufficient to maintain large numbers of livestock, and even 
the road allowances are commonly utilized to provide a little 
additional Pasture. 

The control of weeds and the better utilization of the poorly 
drained Yorkton, Meadow, and depression podzol soils are among 
the chief agricultural problems. Sow thistle, Canada thistle and 
wild oats are the worst weeds. In periods of prolonged drought 
it is often difficult to secure a good supply of stock water. Wind 
erosion is not a serious problem, but slight to moderate water 
erosion has occurred, and occasionally severe erosion has been 
noted on sloping lands adjacent to creeks. The clearing of Stones 
and trees is also a handicap to agricultural development. 

The Yorkton soils respond well to the application of 
phosphatic fertilizers. 

WASECA ASSOCIATION 
Description.-The Waseca Association consists of medium 

textured solonetzic soils developed on a mixture of Northern 
(undifferentiated) boulder Clay and local tiii derived from 
underlying Cretaceous sediments. In places the surface tili 
deposit is very thin and shales are exposed on some of the higher 
ridges and knolls; furthermore, fragments of &ale are usually 
encountered in the parent material. In some places the Waseca 
soils are found on silty deposits that appear to be of local lacustrine 
(glacial lake) origin. 

The Waseca soils occur in the north-western corner of the 
present surveyed area, in the districts of Maidstone, Waseca, Lash- 
burn and Marshall. It is known that this soil Association also 
extends northward into the Lloydminster district. The Waseca 
soils shown on the present map total a little over two hundred 
thousand acres. 

The soil landscape of the Waseca Association is characterized 
by rough ground-morainic topography. The surface is chiefly 
undulating to very gently rolling, but is broken by numerous long 
low ridges which have steep sides. The shape and length of these 
ridges is a peculiar feature of the Waseca landscape. Numerous 
sloughs and patches of depression podzols are also important 
features. Other characteristics are: the dark greyish tinge of 
the cultivated soils, the absence of a well developed lime layer 
in the subsoils, and the mixed nature of the vegetation (parkland) . 

More than half of the Waseca soils occur on mixed (undulat- 
ing-rolling ) topography. The remainder consist of undulating or 
rolling phases. The low sharp ridges already referred to are most 
noticeable in the undulating and mixed topographie classes. Many 
of these ridges are cultivated, but others are too steep. When 
steep ridges and sloughs are numerous the amount of waste land 
per farm is high. In other places smooth undulating topography 
predominates and is associated with large cultivated fields and 
well developed farms. In many instances these better farms are 
found on the local silty deposits already referred to. 
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Surface drainage is satisfactory on the undulating upland 
areas, but is locally excessive on the steep slopes of the ridges. 
Slow surface drainage is found on the iowest arable lands and 
impeded drainage in the depressions. The interna1 or soil profile 
drainage is adequate on the well drained uplands, but is somewhat 
restricted where well developed solonetzic profiles occur. Very 
poor soil drainage is associated with the depression podzols, 
sloughs, and undrained basins. 

Stones are common to al1 Waseca soils. On the average 
moderately stony phases predominate (S2). Slightly stony phases 
(Si) are associated with the smooth undulating areas, and local 
patches of very stony soils (S3)  are encountered in rolling areas. 
Local gravelly-stony subsoils are found in the ridges. 

The Waseca soils shown on the present map represent loam 
textures only. 

The Waseca Association consists chiefly of profiles belonging 
to the solonetz and alkali structured groups. Solonetz, solodi and 
hard columnar profiles predominate on the undulating slopes 
between the knoll and lowest depressions. Shallow knoll profiles 
occur on rolling uplands and on the ridges, while poorly drained 
members occur just above the saline (alkali) sloughs and other 
depressions. 

Generalized descriptions of the important Waseca profiles are 
given below. Solonetz profile : 
Al Horizon.-Black; cloddy structure, columnar a t  the bottom (4” to 6“ 

thick). A very thin, faintly developed A2 horizon may occur at the 
base of the Al. The A2 when present may be recognized by its dark 
grey colour and faint platy structure. 

BI Horizon.-Medium to dark brown; compact hard columnar structure, 
breaking into hard cubic aggregates or into hard angular fragments 
(6” to 8“ thick). 

Bz Horizon.-Yellow-brown to medium brown; large columnar structure 
and moderately hard (6” to 8” thick). 

B, Horizon.-Grey and yellow-grey, streaked with light greyish lime car- 
bonate. This horizon grades into the parent material, and may represent 
the upper C or a transitional B-C horizon. The lime carbonate occurs 
only in streaks and spots and the horizon does not appear to  be a zone 
of lime accumulation (8“ to 12“ thick, but difficult to separate from 
lower horizon). 

U Horizon.-Medium to dark grey heavy sandy Clay till; when crushed this 
changes to  du11 yellow-brown and yellow-grey : thick laminated 
structural aggregates, which break readily by vertical cleavage into 
small columnar-like aggregates; these again break readily in sharp 
edged cubic and fragmental aggregates. Small fragments of lime-free 
grey shale and dark grey heavy Clay occur in this horizon. Lime 
carbonate is present only in streaks and spots. Occasional small Stones 
are encountered in the B3 and C horizons, and few to moderate 
numbers of glacial Stones and boulders may occur in the upper part 
of the profile. 
The Waseca solod profile is not as deep and well developed 

as that associated with the Estevan and Robsart Associations. 
The Waseca profile is somewhat of a transition between the 
solodized-solonetz and the solod. It is distinguished from the 
Waseca solonetz member by the evidence of greater solonetzic 
leaching. 

The solod profile is described as follows: Ai horizon-very 
dark grey to dark grey; platy structure (4” t o  6” thick). AZ 
horizon-brownish-grey ; thick platy structure (2” thick) . A3 
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horizon-greyish-brown to brownish-grey ; columnar structure 
breaking into flat-topped segments that are characteristicaiiy 
darker on the under side as in the A2 of the Estevan and Robsart 
soils (4‘’ to 8” thick) . Bi horizon-reddish-brown; compact hard 
columnar structure, breaking into hard fragmenta1 aggregates (6” 
to 8” thick). This horizon is underlain by the transitional B-C and 
C horizons described under the solonetz profile. 

The hard columnar profile is often deep, as indicated in the 
following description: Ai horizon-very dark grey to nearly black; 
irregular cloddy-columnar structure (8” thick) . Bi horizon- 
medium brown to faint reddish-brown; hard columnar structure. 
B2 horizon-yellow-brown to  yellow ; moderately hard columnar 
structure. The BI and B2 horizons together may reach a thickness 
of 18 inches. The B3 and C horizons are similar to those already 
described. 

The shallow knoll member of the Waseca Association is 
usually a very shallow solonetz or else a hard columnar soil. The 
iight greyish, limy subsoil is absent. This lack of a well defined 
lime carbonate layer, particularly on upper slopes, is a peculiar 
feature of the Waseca Association, as  compared to  other grassland 
soils of Saskatchewan. 

The poorly drained profile of lower topographic positions is 
generally similar to the solonetz profile. However, in the poorly 
drained profile the Bi and Bz horizons are streaked with soluble 
or “alkali” salts. Furthermore, lime carbonate is present in the 
B2 horizon and may occur also in the Bi. 

In a few localities Waseca soils have been mapped as  mixed 
areas with Oxbow and Blaine Lake soils respectively. 

The variations in the Waseca profiles resulting from differing 
degrees of solonetzic development are further complicated by the 
invasion of groves or “bluffs” of trees. These wmded areas are 
associated with the development of depression podzols, while ad- 
jacent solonetzic profiles may have undergone additional leaching 
through the podzolic process of soil formation. Such soils belong 
to  the complex podzolic-solonetzic profiles. It is often difficult to 
decide whether or not both solonetzic and podzolic processes have 
influenced profile development. More detailed studies of the present 
Waseca soil areas are required in order to classify them satis- 
factorily. 

Agriculture.-The well drained undulating Waseca soils are 
the most valuable agricultural types in this Association. These 
soils are fertile and Stones are rarely a serious handicap to culti- 
vation. On these better soils considerable development of 
mechanized or power farming has occurred. Wheat is the most 
important single crop, but considerable amounts of oats and some 
barley are produced. Coarse grains were more important in the 
early years of settlement, when the late maturing Wheats were 
very subject to frost damage. However, frost is still a hazard in 
the general north-West section of the surveyed area. Phosphatic 
fertilizers tend to hasten maturity and therefore to some extent 
may lessen the hazards of early frosts. The Waseca soils in general 
respond well to phosphates. 

The Waseca soils associated with the rougher topography 
and poorly drained depressions are not as well developed as the 
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better soils discussed above. Where considerable non-arable land 
meurs more livestock are kept and mixed farming rather than 
straight grain farming is practised. 

Important problems in Waseca soil areas are the control of 
erosion, the danger of frost damage and the better utilization of 
depression podzol and poorly drained soils. Erosion is not as  
serious as on the iighter textured and silty soils. However, the 
comparatively shallow A horizon of many Waseca soils, and the 
frequent presence of the less desirable solonetzic subsoil make i t  
imperative to control al1 forms of erosion. Slight wind and water 
erosion have been observed on the Waseca soils. 

WHITESAND ASSOCIATION 

Description.-The Whitesand Association consists of coarse 
textured soils developed on glacial outwash and Stream eroded 
till deposits. These soils are similar in geological origin and 
general profile features to the Chaplin and Biggar Associations. 
The Whitesand soils are differentiated by their darker surface 
colour and higher organic matter content. 

The Whitesand Association includes areas formerly mapped 
as gravelly sandy loam, Oxbow sandy loam, Meota sandy loam, 
and some of the Oxbow gravelly-stony light loams. The larger 
areas of Whitesand soils are found along the Manitoba border, 
adjacent to the valleys of the Swan, Assiniboine and Qu’Appelle 
Rivers; along the Whitesand River north-West of Yorkton; and 
in the general districts of Oxbow, Melville, and North Battleford. 
In the latter area the Whitesand soils occur on or adjacent to 
the Missouri Coteau. Smaller areas of these soils are scattered 
throughout the black and transition soil belts. Almost one million 
acres have been mapped in the Whitesand Association. 

The soil landscape of the Whitesand Association is 
characterized by coarse textured soils, ranging from sandy to 
gravelly and stony deposits. Scrubby aspen trees and thin stands 
of grass give a more arid appearance to Whitesand soil areas 
than is usual for the black soil zone. These soils are not so well 
developed agriculturally as are the better types of black soils. 
Considerable uncultivated land and some abandonment of farms 
may be observed on the Whitesand soils, especially on those of 
coarser texture. 

Most of the Whitesand soils in the eastern and south-eastern 
sections of the surveyed area are found along glacial drainage 
channels, or on the margin of glacial lake beds. Hence these soils 
occur chiefly on undulating topography, and occasionally on very 
gently rolnng areas. Almost 80% of the Whitesand soils have 
been mapped in undulating phases. In the general Battleford 
district Whitesand soils are associated with boulder Clay soils 
found on rolling to hiily morainic deposits. Nat-depressional phases 
of Whitesand soils and associated saline or “alkali” sloughs are 
of frequent occurrence in some areas, notably north and north-east 
of Foam Lake. 

Surface drainage is adequate in most places with the 
exception of the flat-depressional areas. Interna1 or soil profile 
drainage is usually excessive, and the Whitesand soils are among 
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the most droughty soils of the black soil zone. Poorly drained 
profiles are common in flat-depressional areas, particularly where 
the Whitesand soils are associated with Alkali types. Some of the 
sandy loam eoils possess a water table at shallow depths, thus 
favoring the growth of deep rooted plants. 

Along the Whitesand River the graveiiy loam and light loarn 
soils are excessively stony (Eh). These soils are developed on 
boulder Clay which has undergone much sorting by Stream action, 
the fine textured material being carried away, leaving behind a 
concentration of Stones and cobble at or near the surface. 
Moderately stony to very stony conditions ( S 2  to S3) are associated 
with many of the gravelly loam and light loam soils of rougher 
topography. In general the Whitesand sandy loams are Stone 
free or nearly so. 

Gravelly subsoils are frequently present in the Whitesand 
soils, and where a continuous layer of gravel occurs in the profile 
the soil is mapped as a gravelly phase. Important areas of such 
soils occur north of Oxbow and along the Swan River. In many 
places beds of small water-worn Stones (cobble) are found. 

The most common textural classes of the Whitesand Associa- 
tion are: gravelly loam, sandy loam, and mixed gravelly and sandy 
loam. Some light loam has also been mapped. 

The Whitesand soils exhibit various degrees of profile 
development, a feature also common to the Chaplin and Biggar 
Associations. The degree of horizon development and the depth 
of the profile depend upon the texture, topography and the amount 
of Stone and gravel present. Very gravelly and stony soils and 
those occurring on rough topography show less profile develop- 
ment than the ordinary sandy loam and gravelly loam types. 

Where the profiles are well developed, hard columnar and 
poorly drained members predominate. Shallow knoll and calcareous 
earth types occupy small local areas. The Whitesand hard columnar 
profile of sandy loam texture is described below. 
A, Horizon.-Black speckled with whitish silica (Sand) grains, which gives 

the surface a "pepper and Salt" appearance; friable, soft cloddy 
structure, breaking easily to single grain (structureless) condition, in 
deep profiles a dark brown cloddy-columnar A2 horizon may be present. 
The total thickness of the A horizon may range from 8" to 15". 

B, Horizon.-Brown to reddish-brown; faint columnar structure, moderately 
hard and compact. Loamy coarse Sand to  heavy sandy loam textures 
8" to 12" thick). 

B2 Horizon.-Yellow-brown: sof t  granular structure, and slightly calcareous 
(limy). This horizon may be well developed or  may be merely a thin 
transitional layer between the BI and C horizons. 

C Horizon.-Stratified gravelly-coarse to fine sandy deposit, usually slightly 
to  moderately calcweous. 
The generalized description of the columnar structured Biggar 

gravelly loam may be applied to the Whitesand gravelly loam. 
The latter soil has a darker and thicker A horizon, and the Bi 
horizon is brown to du11 brown in colour. The Whitesand gravelly 
loams and light loams are somewhat shallower but heavier in 
texture than the sandy loam types. 

A gravelly phase of the above Whitesand soils consists of a 
shallow profile over a layer of gravel and coarse Sand. This layer 
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may mcur immediately below the A horizon, beneath a thin 
Bi horizon, or beneath a thin Bz horizon. The position of this 
gravelly layer in relation to the surface horizon largely determines 
the agricultural value of the soil. The thickness of the gravelly 
layer is also important, since it may range from a few inches to 
several feet in thickness. In some places what may be called a 
gravelly-cobbly phase is encountered in the Whitesand soils. In 
this phase the grave1 and coarse Sand are mixed with numerous 
small water-worn glacial Stones. 

Poorly drained members of the Whitesand Association show 
considerable variation in texture. These soils often occur on 
outwash deposits overlying heavier calcareous-saline deposits. 
Lime carbonate is frequently found in the Ai horizon, and both 
lime and alkali salts may occur in the B horizon. The B and C 
horizons are mottled with various colours, and are usually wet 
and poorly aerated. 

The calcareous earth member has a very dark grey to nearly 
black A horizon, and a thin greyish-brown to du11 brown, weakly 
developed columnar B horizon. Lime carbonate is present in t'ne 
Bi horizon and is also frequently present in the A horizon. The B2 
horizon has a light greyish colour and a high content of lime 
carbonate. 

Fïnally, local areas of Whitesand soils are encountered under 
a well developed cover of poplar trees. These soils have undergone 
podzolic leaching and should therefore be classified with degraded 
black soils. Such areas are, however, too small to be separated 
on the reconnaissance map. 

The hard columnar member of the Whitesand Association 
forms the dominant profile of the undulating phases. Calcareous 
earth profiles occur on the slightly higher positions and also just 
above the flat-depressional areas, The latter topography is 
associated with poorly drained Whitesand, Alkali, and Calcareous 
Meadow soils. Calcareous earth and shallow knoll profiles are 
encountered in rolling areas, along with locally occurring columnar 
and poorly drained types. 

The Whitesand soils are in some places mapped as mixed 
areas with Oxbow, Whitewood, Canora, Meota, Yorkton, and 
Alkali soils respectively. 

Agriculture.-The Whitesand soils are among the poorest 
agricultural soils of the black soil zone. They are low in drought 
resistance and after some years of cultivation exhibit poorer 
structure and an accompanying reduction in their orginal 
fertility. However, the Whitesand soils are definitely superior to 
the Biggar and Chaplin soils, due to the higher soil moisture 
efficiency of the black soil zone. 

The undulating Whitesand gravelly loams and mixed gravelly 
loam, sandy loams areas which are free from shaliow gravelly and 
stony layers are the most desirable types. Wheat, rye, and sweet 
clover are grown, and mixed farming practices are foibwed. 
Dairying is an important enterprise on many Whitesand soils. 

The sandy loams are less drought resistant and more subject 
t o  wind erosion. 
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The very stony, gravelly, or rougher phases of the Whitesand 
soils are very poor to non-agricultural types. Some of these soils 
have never been cultivated, others have been abandoned, and in 
some places further abandonment of cultivated land would be 
desirable. Seeding down of these poorer soils to grasses and 
legumes, in order to improve their value as Pasture or hay lands, 
would increase their agricultural Worth. The maintenance of 
organic matter in the cultivated lands should be a first 
consideration in their management. 

Wind erosion is a serious problem on sandy loam soils of the 
Whitesand Association. Although the effects of drifting are not 
as apparent as on finer textured sandy soils, the loss of organic 
matter, Clay, and nutrient elements is lowering the fertility of 
these coarse teztured soils. 

MEOTA ASSOCIATION 

Description.-The Meota Association consists of light textured 
soils developed on sandy glacial lake and alluvial deposits. The 
larger areas of these soils occur in the Battleford, Manitou Lake, 
Borden, Rosthern, and Yorkton districts. Smaller areas of these 
soils are scattered throughout the black zone. Over eight hundred 
thousand acres of Meota soils have been mapped. 

The soil landscape of the Meota Association is characterized 
by the prevailing smoothly undulating topography, the sandy, 
Stone-free nature of the soils, and more frequent evidence of wind 
erosion than is usually found in black soil areas. Mixed farming 
is practised to a considerable extent, and the presence of livestock 
and forage crops are notable features of Meota soils. 

More than 75% of the Meota soils are mapped in undulating 
phases, and nearly al1 of the remainder are mapped in mixed 
undulating and rolling phases. Most Meota soils are therefore 
associated with desirable topography. However, local areas of 
flat-depressional topography occur throughout the undulating 
lands. 

The surface drainage of Meota soils is satisfactory except 
in the flat-depressional areas. Interna1 or soil profile drainage 
varies from fair to excessive, depending upon the textural class. 
The light loam and very fine sandy loam types retain more 
moisture than the fine sandy loam. 

Stones are rarely a serious factor, ranging generally from 
none to few (So to Si). Local gravelly subsoils are sometimes 
encountered, particularly in fine sandy loam areas. 

The following textural classes are included in the Meota 
Association: fine sandy loam, very fine sandy loam, and light 
loam. The fine sandy loam type is most extensive. 

The Meota Association consists chiefly of hard columnar and 
calcareous earth profiles ; poorly drained members are fairiy 
common, with shallow knoll and solonetz types occurring Iess 
f requently . 

Generalized descriptions of the dominant fine sandy loam 
hard columnar profile is given below: 
Al Horizon.-Very dark grey-black (“pepper and salt” effect) ; soft  cloddy 

structure, easily crushed t o  fine granular and single grain (structure- 
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less) condition (6" to 12" thick). in well drained upland positions an A2 
horizon may be present. This horizon is a dark greyish-brown light 
loam or heavy fine sandy loam, with a fair,t columnar structure, and 
raqges from 2" to 6" in thickness. 

B1 Horizon.-Bright brown to dark greyish-brown; large Glock-like columnar 
structure, moderately compact, and breaking to grannlar condition. 
Light loam to sandy Clay loam texture (6" to 10" thick). 

B2 Horizon.-Yellow-brown; weak columnar structure; less compact than 
BI and may contain lime carbonate. This horizon is not always Weil 
developed and may occur only as a thin transition layer at the base 
of the B,. 

B3 Horizon-Light brownish-grey to yellow-grey very fine sand. Loose 
(structureless) to weakly laminated structure. This horizon has a 
moderately high content of lime carbonate. 

C Horizon.-Yellow-grey to yellow-brown; loose structureless loamy fine 
sand, with slight to moderate content of lime carbonate. 

The very fine sandy loam and light loam types have somewhat 
shallower but heavier textured profiles than the above; the parent 
material of the heavier soils may texture a fine sandy Clay loam. 
The calcareous earth member is frequently associated with thin 
sandy deposits overlying very calcareous (limy) silty lacustrine 
deposits. Under these conditions a variety of high lime profiles 
may be encountered. The best developed soils consist of a 
shallow columnar profile, containing lime carbonate in the Bi 
horizon, and with the C horizon underlain by the calcareous silty 
deposit or D horizon. More frequently, however, the calcareous 
earth member of the Meota Association consists of the ordinary 
AI horizon, a thin, weakly developed and soft columnar structured 
Bi, and a light greyish or light yellowish-grey B2 horizon grading 
into the silty underlying deposit. Profiles also occur which are 
calcareous or limy throughout, and in which no true columnar 
structure exists in the B horizon. 

Poorly drained member: The A horizon of this profile has a 
greyer colour than that of the well drained columnar member. The 
Bi horizon is dark greyish-brown or dark grey, mottled with 
various other colours. This horizon usually has a weakly developed 
soft cloddy-columnar structure. Mottled colours and massive 
structures are encountered in the lower B and C horizons. Varying 
amounts of lime carbonate and alkali salts may occur throughout 
the profile. 

The shallow knoll members are characterized by thin, poorly 
developed profiles, in which distinct horizons may be absent. Under 
cultivation these soils are marked by a light coloured, loose sandy 
surface. Knoll positions in sandy textured soils areas are usually 
the first places to be affected by wind erosion, and often tend to 
spread drifting to other parts of the field. 

The solonetz member of the Meota Association has a 
granular-cloddy Ai horizon, the cloddy structure being more 
common in the heavier textured classes. A thin dark grey platy 
A2 horizon may be present. The Bi horizon is reddish-brown to 
very dark brown, with a hard compact columnar structure, 
breaking to hard cubic aggregates. There are indications of the 
presence of alkali salts in the lower B and C horizons. 

The hard columnar member of the Meota Association occurs 
on the well drained undulating uplands. On slightly lower positions 
calcareous earth or solonetzic members may be found. Where the 
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Meota deposit is thin, calcareous earth profiles may occupy the 
positions usually covered by the columnar members. 

The poorly drained member is found in the lower arable 
positions, bordering sloughs and flat-depressional Meadow and 
Alluvium soil areas. Shallow knoll profiles are most common on 
the upper slopes of rolling areas, while hard columnar, calcareous 
earth and poorly drained members may occur between the knoll 
and lowest depressions. 

The Meota soils form the black soil equivalent of the Asquith 
and Hatton soils of the dark brown and brown zones respectively. 
The Meota soils are more favourably situated with respect to 
moisture conditions and also possess a higher content of organic 
matter. The Meota and Sheilbrook Associations are also similar 
in type of parent material and general climatic conditions. The 
Shellbrook soils (page 148) represent former Meota types which 
under the influence of a forest cover have developed some features 
of the podzolic type of soil formation. 

In some places, Meota soils are mapped as mixtures with 
Yorkton, Canora, Blaine Lake, Whitesand, and Shellbrook soils 
respectively, and also with Dune Sands and Undifferentiated sands. 
Local associated soils include Meadow, Shallow Peat, Alkali, and 
depression podzol types. 

Agriculture.-Compared t o  medium textured black soils, the 
Meota soils have lower drought resistance and a greater tendency 
t o  drift. Under continuous cultivation and cropping, losses of 
fertility and deterioration of soil structure are more likely to occur. 
Due to more favourable moisture conditions there is less difficulty 
in adopting farm practices on Meota soils which will maintain 
fertility and contrd erosion than is the case on light textured 
soils of the prairies. In many areas, however, straight grain 
growing is still the prevalent system of farming. The increase in 
wind erosion in recent years is sufficient indication that  Meota 
soils require careful handling. The statements made under the 
Hatton Association concerning the effect of wind erosion on light 
soils apply also to the Meota soils and may be consulted in this 
regard. 

Mixed farming, involving the use of grasses and legumes and 
the lreeping cf livestock is being foliowed on some Meota soils. 
Such a system assists in controlling erosion and helps to maintain 
the fertility of the soil. In particular i t  provides a supply of the 
most excellent of fertilizers for  sandy soils, namely, barnyard 
manure. The maintenance of organic matter quickly becomes a 
factor in their successful cultivation. On the other hand sandy 
soils are most responsive to good treatment and are quick to give 
back added fertility in improved crops. It is certain that these 
soils will require very careful management in the years to come 
if they are to remain satisfactory arable types. This is particularly 
true of the fine sandy loam classes; the light loam and very fine 
sandy loam retain a better structure and if properly handled are 
more productive and less affected by soil drifting. 

BLAINE LAKE ASSOCIATION 
Description.-The Blaine Lake Association consists of medium 

to heavy textured soils developed on silty glacial Iake deposits, 
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These deposits are relatively thin and are underlain by boulder 
Clay. The largest areas of Blaine Lake soils occur in the Blaine 
Lake, Speers, Wakaw, and Battleford districts. Over a million acres 
have been mapped in this Association. Except for the differences 
in climatic or zona1 features, these soils are similar to those of 
the Elstow Association. 

The soil landscape of the Blaine Lake Association is char- 
acterized by a du11 or drab greyish tinge in cultivated surface 
soils, relatively few Stones, well developed farms, and the presence 
of alkali lakes and sloughs. Most Blaine Lake soil areas are also 
characterized by undulating t o  smoothly rolling topography and 
by typical parkland vegetation. In general these soils are well 
developed agriculturally. 

About two-thirds of the Blaine Lake soils are mapped in 
undulating phases. The remaining soils consist chiefly of mixed 
undulating-rolling and rolling phases, together with a small 
proportion of hilly land. Numerous small local areas of flat 
to depressional topography are also encountered, particularly 
throughout the undulating phases. 

Surface drainage of Blaine Lake soils is generally satisf actory. 
Restricted drainage is associated with the flat-depressional areas, 
and somewhat excessive drainage with the rolling and hilly phases. 

Interna1 or profile drainage is poor in flat-depressional areas 
and somewhat impeded in well developed solonetzic profiles. For 
the majority of the Blaine Lake soil areas, however, the interna1 
drainage conditions are satisfactory. 

The Blaine Lake Association, like the Elstow, is characterized 
by wide ranges in texture. The textural classes include Clay, silty 
Clay loam, Clay loam, silty loam, loam and occasionally light loam. 
The silty Clay loam, silty loam, and loam classes are most common. 

The profiles of the Blaine Lake Association consists chiefly 
of solonetzic and hard columnar members. High lime, shallow knoll 
and poorly drained profiles are important local soils. In places 
where a well developed tree cover exists, sIight podzolic leaching 
has occurred and the profiles consist of complex degraded 
black-solonetzic types. 

A generalized description of the solonetz Blaine Lake profile 
is given below: 
A, Horizon.-Very dark grey to nearly black: friable small cloddy structure, 

breaking easily to  granular condition (3" to 4" thick). 
A2 Horizon.-Dark grey to dull brownish-grey; cloddy-platy structure (4" 

to 6" thick). 
BI Horizon.-Reddish-brown to medium brown; large blocky structure, but 

divided into medium-sized hard, compact columns which break lnto hard 
cloddy and anguiar fragmental aggregates. 

Horizon.-Yellow-brown; columnar structure, less compact and tough 
than BI. The B2 horizon usually occurs &s a gradual transition in colour 
and structure to the lower B horizon. The total thickness of the B1 and 
B2 horizons ranges from 8" to 14". 

B, Horizon-Yellowish-grey to brownish-grey ; massive structure, but soft 
and friable and cmshing easily to fine granular condition; high content 
of lime carbonate (12" or more thick). Frequently this horizon grades 
into the upper parent material, so that it is dif'ficult to separate the  B3 
from the upper C horizon. 
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C Horizon.-maint yellowish-grey to  medium grey, streaked with soluble 
s d t s  and gypsum; laminated structure, breakiqg easily to  granular 
form. The content of lime carbonate is fairly high, but usuaily less 
than that of Ba. Tiny water-worn glacial pebbles are often present in 
this horizon and may also occur in the B horizon. In some places the 
lacustrine deposit is thin and at depths of 3 to  5 feet the C horizon 
may be underlain by a D horizon composed of resorted boulder clay. 

The above profile represents the most common solonetzic soil 
in the Blaine Lake Association. More advanced stages of this type 
of soil formation also occur. These include the solodized-solonetz 
profile, characterized by the round-topped columnar structured 
Bi horizon, and the solod profile. 

The solod has a dark cloddy-granular Ai horizon about four 
inches thick. The Az horizon has a du11 brown to grey-brown 
colour, and a columnar structure which breaks into flat-topped, 
thick plate-like segments (6” t o  8” thick). There may be a thin, 
greyish coloured, platy A3 horizon. The columnar Bi horizon may 
have a dark shiny coating, probably due to the deposition of 
organic material leached from the A horizons. 

Hard columnar member: Ai-very dark brown to black; 
granular to cloddy structure (4” to 8” thick). A2 or transition A-B 
horizon-dull brown to dark brown; faint columnar structure, 
separating into small clods (4” to 6” thick) . Bi horizon-yellow- 
brown, greyish-brown, or medium brown; large blocky columnar 
structure, moderately compact to very compact, and breaking to 
coarse granular aggregates. The yellow-brown colour is more 
pronounced toward the bottom of the columns, and a B2 horizon 
may be separated in the deeper profiles. The total depth of the 
columnar B horizon varies from 6 to 14 inches. The lower horizons 
are similar to those described under the solonetz member. 

High lime member: A horizon-very dark grey; granular to 
soft cloddy structure; siightly calcareous to lime-free (4” to 8” 
thick) . Bi horizon-grey-brown to yellow-brown; irregular 
columnar structure, slight to moderate content of lime (4” to 6” 
thick) . Bz horizon-light grey to yellowish-grey; soft massive 
structure; very high content of lime carbonate. This horizon 
grades into the parent material or C horizon. 

The complex degrade.d black solonetz profile has a dark grey 
platy Ai horizon and a grey platy A2 horizon, overlying B horizons 
similar to those described for the solonetzic members of the Blaine 
Lake Association. This complex profile is most commonly found 
on higher well drained positions within undulating phases. The B2 
horizon often grades into a pebbly resorted boulder Clay which 
may mark the transition between the shallow lacustrine deposit 
on the surface and the underlying boulder clay. 

Shallow knoll and poorly drained members of the Blaine Lake 
Association may be identified by their respective topographic 
positions and by the key profile features listed in table 8, page 48. 
The poorly drained Blaine Lake profiles, as is common in all 
Associations where solonetzic soils predominate, include salinized 
and weakly developed solonetz types. 

The ordinary solonetz and the hard columnar members are 
the dominant profiles of medium textured undulating areas. The 
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solonetz profile occupies slightly lower and flatter positions within 
the well drained upland. Associated with this profile are local 
areas of solodized-solonetz and solodi soils. The solodized-solonetz 
profile occupies still lower and more poorly drained positions, .and 
frequently lies adjacent to depressions consisting of poorly drained 
Blaine Lake and Alkali soils. The highest positions in smooth 
undulating areas are often occupied by the high lime member. 

Heavier textured, undulating areas of Blaine Lake soils 
consist chiefly of a complex of solonetz, solodized-solonetz and 
solodi members, and local areas of alkali soils. 

In rolling areas high lime and shallow knoll profiles occupy 
the upper slopes, while hard columnar prof iles predominate on 
intermediate slopes. Lower slopes consist of solonetzic and poorly 
drained members, with Alkali and Meadow soils in the lowest 
depressions. 

Where complex-podzolic profiles occur (notably east of 
Wakaw) they are associated with woodland vegetation and well 
drained upland topography. Local groves of trees surrounding 
slight depressions within the upland are associated with depression 
podzol profiles. 

The Blaine Lake Association represents a wide variety of soil 
profiles, textures, and topographie conditions. More detailed 
studies may result in the separation of one or more new soil 
Associations out of the present complex. Broadly speaking, the 
Blaine Lake soils are characterized by varying degrees of solonetzic 
development, and occur on shallow glacial lake deposits situated 
within the black soil zone. The high lime profiles may ultimately 
form another Association, but at present they may be accounted 
for largely by their topographic position. The parent materials 
of the Blaine Lake soils are sufficiently uniform to justify the 
present classification, with the exception of the Clay areas. The 
latter may also represent a different soil Association. Another 
important factor is the position of the Blaine Lake soils in 
relation to the black soil zone. Some of these soils occupy the more 
moist sections and possess deep black profiles. Examples of this 
type occur in the Domremy, Cudworth, and Rosthern districts. 
Shallow black Blaine Lake soils occur in the more westerly section 
of the black zone. These differences are partly indicated by the 
range in horizon depths given in the foregoing descriptions. 

Blaine Lake soils are in pIaces mapped as mixed areas with 
Oxbow, Waseca, Pelly, Meota, Shellbrook, Melfort, and Cudworth 
soils respectively. In such areas the Blaine Lake soils are usually 
found on smooth, well drained, lower positions, but where mapped 
with Melfort types the Blaine Lake soils occupy the higher land. 
Blaine Lake soils also contain local areas of depression podzol, 
Alkali and Meadow soils. 

Agriculture.-The Blaine Lake Association contains some of 
the best agricultural soils in the Province. The undulating silty 
Clay loam and Clay types are the most valuable. These soils are 
highly fertile and drought resistant. The absence of Stones and 
the smooth topography favour large scale grain farming, and 
modern power equipment is used to a considerable extent. 
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The undulating silty loam and loam soils are also good 
agricultural types, although they do not equal the heavier types in 
drought resistance. The rolling phases of the Blaine Lake soil 
are less valuable, due to the loss of moisture by run-off, the greater 
percentage of waste land and the higher costs of tillage operations. 
Poorly drained phases and areas of strongly developed solonetzic 
soils are also of lower agricultural value than the better soils. 

The Blaine Lake soils are used mainly for grain production, 
and wheat is the most important crop. Coarse grains are grown to 
a considerable extent in the more moist sections, such as  the 
Wakaw-Domremy districts. Forage crops can be produced success- 
fully, but are not grown on a large scale. The growing of forage 
crops is usually associated with livestock production, and on many 
Blaine Lake soils it is difficult to  secure a satisfactory supply 
of water for stock. 

The main problems associated with Blaine Lake soils are wind 
and water erosion, weeds, lower fwtility of solonetz, poorly drained 
and depression podzol soils, and in some areas, frost hazard. Wind 
erosion is a serious problem in dry seasons, particularly on the 
silty Clay loam and Clay types. Water erosion is most serious on 
rolling lands. 

Due to the favourable moisture conditions associated with 
most of the Blaine Lake soils, weeds are a major problem. Wild 
oats, stinkweed and perennial thistles are prevalent. 

The well developed solonetzic soils and the local depression 
podzols possess undesirable soi1 structure, and may be expected 
to  respond to applications of manure and phosphatic fertilizers. 
Poorly drained soils may require the use of crops that are adapted 
to  wet, somewhat saline lands. It may be noted that when soil 
moisture conditions are satisf actory the Blaine Lake soils have 
generally responded to applications of phosphatic fertilizers. 

CUDWORTH ASSOCIATION 

Description.-The Cudworth Association consists of medium 
textured soils developed on silty glacial lake deposits. These de- 
posits are laminated, and Vary in colour from light grey to yellow- 
brown. The Cudworth Association consists chiefly of shallow black 
high lime soils. 

The largest areas of Cudworth soils occur in the general 
districts of Arcola and Cudworth, and smaller areas are found 
near Blaine Lake, Redberry Lake and Punnichy. About two 
hundred and fifty thousand acres are mapped in this Association, 
the smallest acreage of any Association of the bIack zone. 

The soil landscape of the Cudworth Association is character- 
ized by the predominance of rolling topography, absence of Stones, 
and the greyish to nearly white limy nature of cultivated fields. 
The agricultural development of these soils is fair to  good. 

Over two-thirds of the Cudworth soils are mapped in mixed 
undulating and rolling, and rolling phases. Much of this land is 
composed of moderately rolling topography ; but the slopes, 
although steep, are less choppy than those of rolling bouider Clay 
(morainic) areas, and there are fewer depressions or sloughs. The 
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undulating phases of the Cudworth Association usually consist 
of smooth, nearly level land. 

Surface drainage is excessive on the rolling phases and fair 
to poor on undulating land. Interna1 drainage is satisfactory except 
on low flat areas and in depressions. 

Most of the Cudworth soils are stone-free to slightly stony 
(So to Si). Grave1 is rarely encountered. 

Three textural classes have been mapped in this Association : 
silt loam, loam, and light loam. The silt loam predominates. 

The member profiles consist chiefly of the high lime (rendzina- 
like) and calcareous earth types. Some shallow knoll and poorly 
drained profiles also occur. 

A generalized description of the high lime (rendzina-like) 
profile is given below: 
A Horizom-Very dark grey; soft granular structure with slight t o  moderate 

amounts of lime carbonate (4” to 8” thick). 
BI Horizon.-Grey with a faint brown tinge; very soft cloddy to weak 

columnar structure; high content of lime carbonate (2” to 4” thick). 
B2 Horizon.-Very light grey (almost white) ; soft massive structure; very 

high lime carbonate content. Usually about 12” thick, but is difficult 
to separate from upper part of C horizon. 

Cl Horizon.-Very light grey with some darker grey and bluish-grey streaks; 
laminated structure, sometimes occurring in wave-like varves; high 
lime content. 

C2 Horizon.-Mottled dark bluish-grey, rusty, and yellow-brown; laminated 
structure; moderate lime carbonate content. This profile is typically 
stone-free, but in some places Stones occur in the upper portion of the 
profile. 

The calcareous earth profile is somewhat better developed 
than the rendzina-like type. The A horizon of the calcareous earth 
may contain some lime carbonate toward the bottom, or it may 
be lime-free. The Bi horizon has a weU defined columnar structure, 
and is thicker and contains less lime than the Bi of the 
rendzina-like profile. 

The shallow knoll profile is nearly similar to the dominant 
rendzina-like profile, and hence it is difficult to separate these two 
members. However, there is little need to effect such separation 
in high lime soils. The shallow knoll profile is associated with the 
more arid and thinner soils found on the steeper slopes. The Bi 
horizon is usually absent and the profile consists of a very thin 
A horizon over the whitish B2-C horizon. 

The poorly drained profile is also a high lime type, but is 
associated with the lower topographie positions in the cultivated 
land. The A horizon is fairly similar to that described above. The 
greyish lower horizons are mottled with dark grey, bluish-grey, 
rust and other shades; in addition to lime carbonate, alkali salts 
and gypsum are also encountered. 

The Cudworth soils are in some places mapped as a mixture 
with Elstow, Oxbow, Blaine Lake, Meota, and Shellbrook soils 
respectively. In these mixtures Cudworth soils are found on lower 
topographic positions than the Oxbow and Meota soils. With the 
remaining soils the Cudworth types occupy the higher land. The 
Cudworth soils may contain local areas of depression podzol, 
Alkali and Meadow soils. 
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Agriculture.-The Cudworth silt loam on undulating topogra- 
phy is the best agricultural soil in this Association; the loam is 
comparable in general fertility, but is less uniform. The loam is 
usually found in mixtures of Cudworth and some other Association. 
The silt loam and loam soils are regarded as being slightly inferior 
to Blaine Lake soils of similar texture and topography. The 
Cudworth light loam is inferior to the heavier types. Most of the 
Cudworth soils occur in the less humid sections of the black soil 
zone, bodering the dark brown soils. 

The undulating Cudworth soils are used chiefly for grain 
production and wheat is the principal crop grown. On the rolling 
phases there are indications that more coarse grains and livestock 
are produced. 

Slight to moderately severe wind erosion has occurred on 
Cudworth soils, particularly on the silt loam and light loam types. 
In the rolling areas slight to moderately severe water erosion 
has occurred. The control of erosion is one of the most important 
problems of the Cudworth soils. Especially is this true of the 
rolling phases which may be affected by both wind and water 
erosion. 

These soils are generally responsive to the application of 
phosphatic fertilizers, and the addition of organic matter is also 
desirable. 

CANORA ASSOCIATION 

Description.-The Canora Association consists of medium 
textured soils developed on silty glacial lake deposits. These 
deposits are characterized by light yellowish-grey (or creamy 
buff) colours, silty Clay textures and a very high content of lime 
carbonate. The Canora soils are classified as deep black types 
and are composed chiefly of high lime profiles. Canora soil areas 
represent better drainage and less stony conditions than are 
associated with the Yorkton soils, and more favourable climatic 
and topographical conditions than those of the Cudworth soils. 
Geologically the Canora soils are similar to the Kamsack 
Association; the latter represents high lime soils which have 
undergone slight podzolic leaching as  a result of the invasion of 
trees on the grassland. The largest areas of Canora soils occur in 
the general districts of Yurkton and Canora. Smaller areas are 
located near Stenen, Churchbridge, and Big Qui11 Lake. About 
half a million acres have been mapped in this Association. 

The soil landscape of the Canora Association is in most places 
characterized by nearly level topography, greyish coloured surface 
soils, yellowish-grey subsoils, and the presence of poorly drained 
meadows. The vegetation varies from ordinary parkland prairie 
to “thick” park, where nearly solid stands of aspen and black 
poplar occur. The lush native vegetation and the generally excellent 
growth of crops, reflects the f avourable moisture conditions of 
the deep black soils of eastern Saskatchewan. Neither sloughs nor 
stones are numerous in typical Canora areas, and where these 
features are prominent the Canora soils usually form a complex 
with the Yorkton or Oxbow Associations. 

Approximately 88% of the Canora soils are mapped as  
undulating phases, and most of these consist of very gently 
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undulating (nearly level) and gently undulating land. Local 
flat-depressional areas are ais0 included with the undulating land, 
since such areas are too small to be shown separately on the 
reconnaissance map. The remainder of the Canora soils consists 
chiefly of mixed undulating and rolling phases, with a few small 
areas mapped as rolling. The latter usually represent mixtures of 
Canora and some other soil Association. 

The undulating and mixed topographic phases generally 
possess adequate surface drainage, although many Canora soil 
areas were originally subject to spring flooding. Such areas were 
drained in order to improve the agricultural land. Slow surface 
drainage is associated with flat-depressional areas, and somewhat 
excessive drainage occurs on rolling lands and on slopes adjacent 
to creeks. The very poorly drained land consists mainly of Meadow 
and poorly drained Yorkton soils. Interna1 or profile drainage 
varies from good to poor; the upland soils are sufficiently well 
drained to produce satisfactory crops. In the lower arable land 
the subsoils contain moderate to high quantities of alkali saIts in 
addition to lime carbonate. 

Very poor interna1 drainage is found in flat depressional 
areas which are characterized by wet calcareous Meadow and 
Saline profiles. 

The Canora soils range from stone-free to moderately stony 
types (So to Sz). The latter conditions are usually found in mixed 
Canora-Yorkton or Canora-ûxbow areas. In typical Canora areas 
stones are rare, but small rounded glacial stones, or tiny pebbles, 
may be present. Many profiles are stone-free. 

The textural classes mapped in the Canora Association consist 
chiefly of silt loam, loam, and light loam. Some süty Clay loam 
and Clay loam were also mapped. 

The member profiles of the Canora Association belong chiefly 
to  the high lime group, including renàzina-like, calcareous earth 
and poorly drained high lime profiles. Shallow knoll members are 
common in rolling areas, and occasional kiard columnar and solonetz 
profiles may be encountered on undulating topography. These turo 
latter profiles occupy very small local areas and are not typical 
of the dominant Canora types. A generalized description of the 
high lime (rendzina-Iike) profile is as foliows: 
Al Horizon.-Dark grey with faint brown tingle; faint platy to  fine granular 

structure, soft and friable; slight content of lime carbonate (1" to 
2" thick). 

Ai Horizon.-Dark grey to  nearly black; faint columnar structure when 
dry with a tendency to Split into thick plates, and crushing easily to  
fine granular condition; moderate content of lime carbonate (8" to 
10" thick). 

B, Horizon or A-B Transition.-Dark grey; irregular columnar to coarse 
graaular structure, but soft and lacking the usual well developed 
nature of the columnar B horizon; moderate to high content of lime 
carbonate (4" to 6" thick). 

Bz Horizon.-Yellowish-grey; massive to faintly laminated structure, soft 
and friable. Very high content of lime carbonate: This horizon may be 
one foot or more in thickness, but frequently i t  1s difficult t o  separate 
the B, and Cl horizons. When the profile is moist these horizons 
assume a yellow-brown (buff) colour. 

131 



C Horizon.-Yellow-grey silty Clay; massive, with occasional laminations or 
bands of darker grey Clay at lower depths; easily broken to granular 
condition; very high content of lime carbonate. The above profile may 
be stone-free or the B2 and upper C horizons may contain small glacial 
pebbles and tiny fragments of limestone. 
The calcareous earth profile: Ar horizon-nearly black, but 

when crushed a very dark grey; small soft cloddy to granular 
structure, sometimes faintly platy (2” to 4” thick). Az horizon- 
very dark grey; soft cloddy structure, when dry may crack 
vertically to give a weakiy developed and irregular columnar form; 
slight content of lime carbonate (6” to 8” thick). Bi horizon-dark 
grey top to brownish-grey below ; columnar structure, moderately 
hard when dry; slight to moderate content of lime carbonate (4” 
to  8” thick). Bz horizon-light grey with faint yellow tinge; 
massive structure, breaking easily to granular condition; very 
high content of lime carbonate (6” to 12” thick). C horizon- 
yellowish-grey silty Clay ; massive structure to faintly laminated; 
bands of darker, heavier Clay appear a t  lower depths and represent 
the underlying lacustrine deposit or C2 horizon. The above profile 
may be stone-free, but occasional glacial boulders, and more 
numerous water-worn Stones and fragments of limestone are 
sometimes encountered. 

The poorly drained member of the Canora Association is 
usually a high lime profile containing appreciable quantities of 
soluble (alkaii) salts. A horizon-dark grey ; massive structure 
(large cloddy when dry) ;  slight content of alkali salts and lime 
carbonate (8” to 10” thick). Bi horizon or transitional A-B- 
greyish-brown, streaked with lime and salts; faintly cloddy 
structure, soft and friable; moderate to  high content of salts and 
lime. The B2 and C horizons are frequently very moist and have a 
mottled, poorly drained appearance. 

The shallow knoll profile is essentially a very thin, dwarfed 
type of the high lime member. 

Local solonetzic profile on flat topography : Ai horizon-very 
dark grey to nearly black; friable cloddy structure. Az horizon- 
brownish grey ; platy structure. Bi horizon-reddish-brown ; hard 
columnar structure breaking to hard fragmenta1 solonetzic 
aggregates; no lime carbonate. Lower horizons as already 
described. 

In undulating areas the following sequence of Canora profiles 
may be encountered between the highest and the lowest topo- 
graphie positions : high lime (rendzina-like) , calcareous earth, 
solonetz and hard columnar (rarely present) and poorly drained. 
Salinized Meadow and wet Meadow (marshy) soils occupy the 
lowest depressions and flats. 

In rolling areas, shallow knoll, high lime and poorly drained 
profiles occur in sequence from knoll to depression. 

In some places Canora soils are mapped as mixed areas with 
Oxbow, Yorkton, Meota, Kamsack, Pelly, Whitesand, Indian Head, 
and Alluvium soils respectively. The Canora Association occupies 
the higher land in complexes with Indian Head, Yorkton, and 
Alluvium soils, but in the other complexes is usually found in 
lower positions. Local soils occurring in Canora areas include bluff 
podzol, Meadow, Alkali, and Shallow Peat soils. 
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Agriculture.-The Canora soils are high in organic matter 
and nitrogen content and are very fertile and productive. They 
possess a desirable granular structure and with the exception 
of the light loam have good drought resistance. 

Adverse factors connected with this Association are : moderate 
to severe wind erosion-particularly on light loams mapped in 
combination with Meota soils; slight to moderately severe water 
erosion on sloping land; the presence of poorly drained members, 
Meadow-bog and bluff podzol soils; the problem of weed control 
and the high lime content of the Canora soils. 

The undulating silty types are used principally for grain 
production of which wheat comprises the most important crop. 
The difficulty of obtaining a good supply of water suitable for 
livestock is a handicap to the development of mixed farming. More 
coarse grains and forage crops are produced on the lighter textured 
types and on rolling phases of Canora soils. In most seasons the 
climatic conditions are favourable to the production of grasses 
and legumes. There is evidence that the Canora soils respond to 
applications of phosphatic fertilizers. 

INDIAN HEAD ASSOCIATION 
Description.-The Indian Head Association consists of medium 

to heavy textured soils developed on heavy glacial lake deposits. 
These deposits are composed of alternate layers of very dark 
brown Clay and yellow-brown to light greyish silty material. 

The Indian Head soils occur chiefly in areas adjacent to the 
Qu’Appelle Valley, in the districts of Indian Head, Qu’Appelle, 
Wolseley, Lemberg, Abernethy, Balcarres, and Cupar. About four 
hundred and fifty thousand acres have been mapped in this 
Association. 

The soil Iandscape of the Indian Head Association is 
characterized by undulating (occasionally smooth rolling) topogra- 
phy; well developed farms with good buildings, and relatively few 
Stones and sloughs. The heavy textured undulating areas present 
an attractive combination of large cultivated areas interspersed 
with grassland and aspen bluffs, broken here and there by narrow 
wooded coulees leading into the Qu’Appelle Valley. 

Approximately 83% of the Indian Head soils are mapped in 
undulating phases and most of these consist of very gently 
undulating topography. About 11% of the soils are mapped as 
mixed undulating-rolling, and the remaining 7 ‘/O as rolling. The 
two latter phases are usually encountered where the Indian Head 
is mixed with some other soil Association. 

Surface drainage of the Indian Head soils is generally good. 
The occasional sloughs and some local flat upland areas have 
restricted surface drainage; however, such areas form a very 
small proportion of this Association. The interna1 or profile 
drainage is generally fair to good. Heavy textured soils of nearly 
level topography and local solonetzic types may become temporarily 
flooded following heavy rains, but for the most part the Indian 
Head profiles are well drained. 

Stones are absent to few (So to Si) on the heavier textured 
soils. Small water-worn Stones and few to moderate numbers of 
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boulders (Si to  Sz) occur where the lacustrine deposit is thin or 
where Indian Head soils are mapped with glacial till soils. Glacial 
pebbles may occur in the subsoil, but grave1 deposits are not 
encountered. 

The following textural classes have been mapped in the Indian 
Head Association: heavy Clay, Clay, Clay loam, silty Clay loam, and 
a very small area of loam. The clays and Clay loam are most 
frequently encountered. 

The Clay types consist chiefly of calcareous cloddy-granular 
structured profiles. Poorly drained and faintly developed solonetz 
members are occasionally encountered. The mixed Clay and Clay 
loam types consist chiefly of hard columnar and solonetz profiles, 
while shallow knoll, calcareous earth, hard columnar and poorly 
drained members are found in the rolling phases. The more 
important member profiles of the Indian Head Association are 
described below. 

Cloddy-granular heavy Clay profile : 
A Horizon.-Very dark grey heavy Clay; coarse granular to smail cloddy 

structure; slight content of lime carbonate (5“ to 8” thick). 
BI Horizon.-Dark brown to very dark brown heavy Clay; cloddy to faintly 

developed irregular columnar structure; slight content of lime carbonate 
(4’‘ to 6“ thick). 

Bz Horizon.-Mixed dark grey and yellowish-grey heavy Clay; cloddy 
structure; high content of lime carbonate (12” or more in thickness). 

Cl Horizon.-Similar to Bz, but with moderate content of lime carbonate 
and showing irregular banding at the bottom. 

C, Horizon.-Varved lacustrine heavy Clay to silty Clay, composed of 
alternating layers of dark brown Clay and yellow-brown to yellow-grey 
silty material. The latter is usually Stone-free but sometimes contains 
tiny glacial pebbles. At depths of three feet or more below the surface 
the above deposit is underlain by a D horizon of slightiy sorted boulder 
Clay. The junction between the C and D horizons may be marked by 
a layer of smaU glacial Stones, water-worn cobbles and pebbles. Stones 
are rarely present in the upper horizons. 
The Clay textured profile is more stony than the above and 

the Bi horizon is thicker and has a better developed columnar 
structure. F’urthermore, in some profiles the whole of the true 
lacustrine deposit is confined to the A and B horizons and the 
lower horizons are composed of highly resorted or water-worked 
boulder Clay. In such profiles no true C horizon is present, since 
the boulder Clay represents a D horizon. 

The hard columnar and solonetz members of the Indian Head 
Association are best developed in the Clay loam types, and are 
described below. 

Hard columnar profile: A horizon-very dark grey-brown to 
nearly black Clay loam;; cloddy structure (6” to  8” thick). Bi 
horizon-brown to dark brown Clay; hard columnar structure, 
moderately compact (6” to  10” thick) . B2 horizon-brownish-grey 
Clay; massive to laminated structure; high content of lime 
carbonate (12” t o  20” thick) . C horizon-banded dark grey-brown 
Clay and yellow-brown to yellow-grey silty or sandy Clay; moderate 
lime carbonate content. High content of glacial pebbles and cobbles 
up to 3 or 4 inches in diameter; occasional boulders may also be 
found. 
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Solonetz profile: Ai horizon-very dark brown to very dark 
grey Clay loam; cloddy structure (about 4” thick) . A2 horizon- 
dark grey to dark brownish-grey Clay loam; spike-columnar 
structure-columns narrow a t  the top and wider a t  the bottom 
(about 5” thick) . Bi horizon-bright brown to reddish-brown Clay 
to  heavy Clay; compact hard columnar structure, breaking to 
solonetzic hard fragmental or cubic aggregates (8” to IO” thick). 
The underlying horizons are similar to those described for the 
hard columnar member . 

The profiles of the shallow knoll and poorly drained members 
do not require detailed descriptions. These profiles occupy the 
higher and lower topographic positions respectively. Hence they 
are most common in rolling areas. 

The relation of the resorted boulder Clay and of the banded 
stony deposits to  the varved Stone-free lacustrine Clay is not yet 
established. The true lacustrine deposits are usually f ound below 
the 1950 feet contours, while the more stony deposits may be 
encountered between 1950 and 2150 feet. F’urther soil and geologi- 
cal studies are required of the areas associated with Indian Head 
soils. For the present reconnaissance survey the Clay and Clay 
loam soils formed on the banded stony deposits are most logically 
classfied with Indian Head Association. These soils cannot be 
classified as  Oxbow types because of the different nature of 
their parent materials, and they are also associated with smoother 
local topography and fewer Stones and sloughs than the soils on 
ordinary boulder Clay. 

The Indian Head soils are in places mapped as mixed areas 
with Oxbow, Weyburn, and Canora soils respectively. The Indian 
Head soils are usually found on the smoother intermediate 
upland positions. The Oxbow and Weyburn soils occupy knolls 
and ridges of bouider Clay. 

Agriculture.-The Indian Head heavy Clay is one of the most 
productive SOUS in the Province, ranking in agricultural value with 
the best Meifort and Regina soils. The Indian Head Clay is slightly 
inferior to the heavy Clay, being somewhat less drought resistant 
and more susceptible to wind erosion. The silty Clay loam and Clay 
loam types are very good agricultural soils, but are rated below 
the heavier soils because of lower drought resistance; the Clay 
loam in addition is characterized by rougher topography and more 
Stones and waste land. 

The Indian Head soils are used principally for grain 
production, with wheat occupying the largest acreage. The smooth 
topography, few Stones, and the small proportion of waste land 
favour large scale farming on the heavier soils. Mechanized 
equipment is being used to  an increasing extent. These soils are 
also suitable for the production of coarse grains and forage crops, 
which are grown to some extent. Similar agricultural uses are 
made of the Clay loam soils, but probably more livestock are kept 
in the rolling areas. 

Soi1 drifting is a serious problem, particularly in the Clay 
and silty Clay loam areas. Water erosion appears to be increasing 
and is most severe on rolling phases and on slopes adjacent to  
coulees and drainage channels. The necessity of controlling all 
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forms of erosion is the most important problem of the indian 
Head soils. 

Under the prevailing conditions of favourable soil moisture, 
weeds are also a serious problem. Stinkweed, wild oats, Canada 
thistle, and mustards are common. Fair responses to  applications 
of phosphatic fertilizers have been obtained. 

The Indian Head Experimental Farm is a source of valuable 
information concerning these and other soils of south-eastern 
Saskatchewan. 

Description.-The Melfort Association consists of medium to 
heavy textured soils developed on heavy glacial lake deposits. 
These deposits consist of alternate bands of dark grey heavy Clay 
and dark brown to yellow-brown silty Clay. The Melfort soils are 
classified as deep black types, and because of their situation in 
the moister part of the black soil zone have higher soil moisture 
efficiency than the Indian Head soils; the latter may be regarded 
as  the shallow black equivalent of the Melfort soils. 

The main areas of Melfort soils are found chiefly in the Carrot 
River Valley, covering the districts of Birch Hills, Kinistino, 
Melfort, and Naisberry. Mixed areas of Melfort and Blaine Lake 
soils occur near St. Louis. Nearly six hundred thousand acres are 
mapped in this Association. 

The soil landscape of the Melf ort Association is characterized 
by the black colour of cultivated surface soils, the absence of 
Stones, and the frequent presence of low marshy areas. The 
vegetation reflects the f avouable soil moisture conditions of the 
deep black soil, and consists of a mixture of medium and ta11 
grasses and well developed “bluffs” of aspen and black poplar. 
The luxuriant vegetation, good stands of crops, well developed 
farms and the rich soil al1 combine to make the Melfort landscape 
one of the most attractive agricultural areas in the Province. 

Almost 70% of the Melfort soils are mapped as undulating, 
and practically the whole of the remainder are classified as mixed 
undulating and rolling. The latter topography represents very 
gently rolling areas of Melfort soils or mixed areas of Melfort 
and other soil Associations. Numerous sloughs and flats occur 
in these rolïing areas. 

Surface drainage of the Melfort soils may be described as 
moderately good. Adequate surface drainage is found on the 
cultivated upland soils, and slow drainage on the nearly level lower 
arable lands. Slow to restricted drainage occurs on areas of flat 
to depressional topography. Interna1 or soil profile drainage is 
satisfactory in the soils on well drained upland positions, but is 
restricted on the lower lands. The marshy sloughs and peat areas 
are very poorly drained. 

Typical Melfort soils are Stone free, although the parent 
material rnay contain a few tiny glacial pebbles. Areas of mixed 
Melfort and Waitville soils are slightly to  moderately stony (Si 
to SZ). Stones may also occur in coulees and Stream channels, 
where the underlying boulder Clay is exposed. 

The texture of the Melfort soils is chiefly silty Clay and silty 
Clay loam. In previous surveys silty Clay loam was the heaviest 
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texture mapped in the Melfort soils. It was recognized that many 
of these soils were of Clay texture, but because of their high 
organic matter content they are less sticky and more easily 
worked than most Clay soils. Since time did not permit a revision 
of the Melfort area in detail, most of the Melfort soils are shown 
as  a mixture of silty Clay and silty Clay Ioam. Silt loam textures 
occur in the Melfort-Blaine Lake mixed areas and a small area 
of Melfort loam has also been mapped. 

The member profiles of the Melfort Association include the 
cloddy-granular, hard-columnar, solonetz, poorly drained, and 
shallow low knoll types. More rarely calcareous earth profiles are 
encountered. The cloddy-granular member is the dominant profile 
of the well drained undulating upland. Local areas of solonetzic 
soils are found on the lower upland positions, and poorly drained 
members occur on the lowest arable lands. Shallow knoll and 
calcareous earth profiles are most common in the very gently 
rolling areas, together with the hard columnar and poorly drained 
members. Generalized descriptions of the more important Melfort 
profiles are given below. Cloddy-granular profile : 
A Horizon.-Black; granular heavy silty Clay loam to silty Clay. When dry 

the surface has a brown tinge, and the A horizon may form a weak 
irregular columnar-cloddy structure which breaks easily to medium 
granular aggregates (8” to 14” thick). 

BI Horizon.-Dark brown upper section to  yellow-brown below; heavy Clay 
to  heavy silty Clay. Coarse granular to nutty structure, sometimes 
showing faint columnar structure which falls readily into the smaller 
aggregates (8” to 12” thick). 

B, Horizon.-Greyish-brown t o  brownish-grey silty Clay; massive to  faintiy 
laminated structure; moderate to high content of lime carbonate 
(12” or more in thickness) . 

C Horizon.-Banded dark grey heavy Clay and yellow-brown silty Clay; in 
some places thin wave-like bands o r  varves occur. The parent material 
may be stone-free or may contain occasional tiny glacial pebbles. In 
silty Clay loam and silt loam profiles the lime carbonate layer may 
occur at greater depths than those indicated above, and Bi and Bz 
horizons may have a better developed columnar structure; hence such 
profiles may be re,garded as hard columnar members. 
Solonetz profile : variations from a solonetz-like hard columnar 

profile to the early stages of solodized-solonetz formation may be 
encountered. The intermediate solonetz profile has a thick, dark, 
granular Ai horizon; a very dark grey or very dark greyish-brown, 
faintly developed coarse piaty Az horizon may be present. The Bi 
is dark greyish-brown, of compact hard columnar structure, which 
breaks into hard nut-sized cubes or angular fragments. Some 
evidence of alkali salts is seen in the lower B horizon. 

Poorly drained profile: A horizon-very dark grey to black; 
coarse granular to cloddy structure. Bi horizon-dark grey with 
some rusty spots, hard cloddy-columnar structure. Bz and lower 
horizons-dark grey, mottled with bluish and brownish spots, and 
some greyish streaks of lime carbonate and salts. In some places 
a more saline or “alkali” type of poorly drained profile occurs; 
in this type slight amounts of salts and lime carbonate may be 
present in the lower A horizon and moderate to high concentrations 
of these constituents in the lower horizons. 

The shallow knoll profile is not truncated (eroded) to  the 
same extent as  the shallow knoll soils of most other Associations. 
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The shallow knoll member of the Melfort Association may be 
regarded as a shallow black type of the dominant granular 
structured profile. The knoll profile is distinguished by its thin 
horizons, shallow depth and topographic position. In places the 
broader knolls may consist of the calcareous earth profile, having 
a thin yellow-brown, calcareous Bi horizon and a light greyish 
highly calcareous B2 horizon. 

Melfort soils are in places mapped as mixtures with Blaine 
Lake, Tisdale, and Waitville soils respectively. In most places the 
Melfort soils occupy lower topographic positions than the above 
named Associations. 

Local soils found within areas of the Melfort Association 
include depression or bluff podzol, Alkali, Meadow, and Peat 
profiles. 

Agriculture.-The Melf ort Association includes some of the 
most productive agricultural soils in the Province. They are highly 
fertile, containing more organic matter and nitrogen than any 
other upland soils so far encountered. Other favourable features 
are: the desirable soil structure, freedom from Stones, smooth 
topography and the high soil moisture efficiency. High yields of 
both grain and forage crops are obtained on these soils. 

Wheat is the principal crop grown an the Melfort soils, 
although a considerable acreage is also devoted to coarse grains. 
Grasses and legumes are also grown. Livestock production is an 
important enterprise on many farms. 

While high yields of wheat are obtained, the more humid 
climatic conditions and the high nitrogen and Clay content of the 
soil tend to delay maturity in wet seasons. Under such conditions 
the protein content of the wheat may be lower than that produced 
on the soils of the open prairie. Frost damage, lodging of the 
crop, and wet conditions a t  harvest time are undesirable factors 
often encountered in the more humid north-eastern sections of 
the Province. 

ûther problems connected with Melfort soils include erosion, 
noxious weeds, and the matter of better utilization of the poorly 
drained lowlands and depressions. Slight to moderately severe 
wind erosion has occurred on the silty Clay and silty Clay loam 
types, and moderate t o  severe water erosion has been observed 
on sloping land. The latter problem is becoming very serious on 
individual farms. 

The more important weeds include wild oats, stinkweed, 
mustards, aiid Canada thistle. Sow thistle is prevalent in the 
poorly drained somewhat saline soils. 

It is probable that the combined menace from erosion and 
weeds will require a wider adoption of mixed farming practices. 
The climatic conditions are favourable to the production of forage 
crops, but in some places the lack of a good water supply is a 
handicap to livestock production. 

Phosphatic fertilizers produce very favourable responses on 
the Melfort soils. 

The Dominion Experimental Station located near Melfort is 
a source of valuable information concerning the agriculture of the 
Meifort and other soils of north-eastern Saskatchewan. 
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THE DEXRADED B U C K  SOIL ASSOCIATIONS 
The degraded black soils occur as an irregular belt situated 

between the black and the grey (podzol) zones. Degraded black 
soils are thus frequently associated with both black and grey 
soil types. The degraded black Associations may be regarded as 
soils which are in various stages of transition between original 
true black soils and the true podzolic types. Since the processes 
of podzolization occur under a forest cover it is assumed that 
the forest has at some time in the past invaded what was originally 
a grassland region. One of the factors conditioning such invasion 
is that of a favourable moisture regime, and it therefore follows 
that the degraded black soils are situated in areas of high moisture 
eff iciency. 

Trees are a more prominent feature of the landscape in this 
transition zone than on the average parkland prairie. Clearing the 
land has naturally been more difficult, and progress in 
development generally has been slower. Because of better moisture 
conditions, poor drainage is often a factor in crop production, 
especially on the flatter topography. 

On the whole these soils are quite fertile and productive. For 
al1 practical purposes they may be ranked as nearly equal to the 
black soils in agricultural value. 

The following Associations have been classified as  degraded 
black soils: Whitewood, Pelly, Etornami, Shellbrook, Kamsack, 
Tisdale, and Rocanville. 

WHITEWOOD ASSOCIATION 
Description.-The Whitewood Association consists of medium 

textured soils developed on undifferentiated glacial till (boulder 
Clay) deposits. The term “undifferentiated” is defined under the 
Haverhill Association. The Whitewood soils are the most extensive 
of the degraded black types, and occupy more than a million acres 
of the present surveyed area. These soils are scattered throughout 
the transitional belt between the black and grey soil zones and 
also occur as  islands within the black soil zone. 

The soil landscape of the Whitewood Association is character- 
ized by the wavy relief or succession of knoll and depression 
topography associated with the Haverhill, Weyburn and Oxbow 
soils. Similarly, glacial Stones and boulders are common in White- 
Wood soil areas. The vegetation is predominantly a forest cover 
of aspen and black poplar. The surface colour of cultivated soils 
has a dark greyish to  brownish-grey tinge, and this is a useful 
feature in recognizing these soils, particularly where they are 
mixed with black soil types. 

Approximately 50% of the Whitewood soils are mapped in 
undulating phases, and most of the remainder in mixed undulating- 
rolling, and in rolling phases. A very small proportion of the soils 
are classified as hilly. It should be noted that the undulating 
phases have a more pronounced local or micrerelief than that  
associated with soils developed on lacustrine and resorted boulder 
Clay deposits. Hence sloughs, bluff podzol depressions, and low 
knolls and ridges are typical of most Whitewood soil areas. 
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Surface drainage is adequate on nearly al1 Whitewood soils, 
but may be somewhat excessive on the steeper rolling slopes. 
Restricted surface drainage is associated with flat topography, 
depression podzols and sloughs. Interna1 or soil profile drainage 
is adequate in most Whitewood soils. 

Glacial Stones are present in al1 Whitewood soil areas. The 
best undulating soils are usually moderately stony (Sz), while 
the rolling areas Vary from moderately stony to very stony (S2 
to 53). Occasional local spots of gravelly subsoils may be encount- 
ered, particularly in the light loam soils and on rough topographie 
phases. 

Most of the Whitewood soiils included in the present survey 
consist of loam textures, but some light loam and Clay loam areas 
have also been mapped. 

The Whitewood Association consists of degraded black soils, 
that is, they are former grassland soils which due to the effect 
of a later invasion of trees have developed some features of the 
grey podzol soil profile. The well drained upland profiles include 
slightly, moderately and strongly degraded members. The two 
latter are most eommon. The usual profile variations produced by 
differences in local topographic position and drainage also appear 
in the Whitewood soils. However, poorly drained and shallow knoll 
members occupy only small areas. Generalized descriptions of the 
more important Whitewood profiles are given below. 

Moderately degraded profile : 
A, Horizon.-A thin layer of organic materiai (leaves, twigs, and partially 

decomposed plant residues) may be found on undisturbed profiles. 
This horizon has in many places been destroyed by fire. 

Al Horizon.-Very dark grey; cloddy structure with the clods showing a 
platy cross-section and breaking readily into medium to thick platy 
aggregates (2” to 4” thick). 

A2 Horizon.-Greyish-brown; medium to thick piaty structure, the brownish 
coloured plates showing grey porous spots. This structure crushes to a 
fine granular powdery form (4” to  6” thick). 

BI Horizon.-Reddish-brown to dark brown; irregular columnar structure, 
the columns are not hard and smooth surfaced as in the typical hard 
columnar profile, but separate easily into hard irregular clods which 
break into hard nut-sized aggregates (6” tp 10” thick). 

B2 Horizon.-Yellowish-brown; columnar structure, less hard than BI (4” 
to 6” thick). In shallow profiles this horizon may be absent and the 
BI may show a slight development of the yellow-brown colour toward 
the bottom. 

B, Horizon (or B, if lime-free yellow-brown layer cannot be separated).- 
Brownish-grey to grey; massive structure, breaking easily to soft 
granular condition; moderate to high content of lime carbonate (12“ 
to 18” or  more thick). 

C Horizon.-Dark grey to medium grey, marked with yellowish, rusty, 
bluish-grey and light grey spots and streaks. Massive to faintiy 
laminated structure. This horizon consists of calcareous (limy) boulder 
Clay, sometimes showing evidence of some water-sorting. Glacial Stones 
are present in the parent materia? and throughout the profile above. 

A more strongly degraded type of Whitewood soil differs 
from the above profile in the following respects: The A2 horizon 
has a faint brownish-grey colour and the platy aggregates fa11 
more easily into a loose powdery, almost single-grained or struc- 
tureless condition. The columnar structure of the Bi horizon is 
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only feebly expressed, and the soil breaks into hard angular frag- 
ments and nutty aggregates. Frequentig no lime carbonate is en- 
countered above the Ci horizon or upper parent material. 

Siightly degraded upland profiles of the Whitewood Associa- 
tion have a black or nearly black AI horizon, and a thin dark grey 
to very dark grey, faintly platy A2 horizon. The BI has a large 
columnar (block-like) structure, in which the columns are well 
defined. 

The profiles described above form a gradation between the 
black and the grey (podzol) soils. The slightly degraded Whitewood 
profile is more comparable to the Oxbow hard columnar member, 
while the strongly degraded Whitewood profile is more like the 
dominant upland member of the Waitvilie Association. 

The poorly drained member of the Whitewood Association is 
commonly found on the lowest arable land and also just outside 
the local areas of depression or bluff podzols. The Ai horizon is 
very dark grey in colour; the Az is dark grey to  brownish-grey, 
and may contain some rusty spots and streaks. The Bi horizon 
is very dark grey to very dark greyish-brown, mottled with rusty 
and yellowish flecks. This horizon has a massive structure and is 
hard and compact when dry. When wet it is very sticky. The lower 
horizons are mottled with rusty, yellowish, bl-dsh-grey, grey, and 
other colours. Frequently this profile contains no lime carbonate 
to  a depth of at least three or four feet below the surface. 

The shallow knoll profile is most common on the rolling 
phases of the Whitewood soils. The A horizon is dark brown to 
greyish brown, and frequently the Ai and Az cannot be separated. 
The structure of the A horizon is cloddy with a faint platy develop- 
ment showing toward the bottom. The Bi is bright brown or 
yeliow-brown, of moderately hard columnar structure. The A 
and BI horizons are thin and the calcareous B2-C horizons may 
occur a t  8 to 12 inches below the surface. 

In places the Whitewood soils have been mapped in mixed 
areas with Oxbow, Yorkton, Waitville and Pelly soils respectively. 
Small areas of Whitewood soils may occur in any area where the 
boulder olay soil has been under a Wood cover long enough to 
affect the process of soil formation. The main belts of Whitewood 
soils also contain local areas of depression podzol, Meadow and 
Peat soils. 

It should be stated that many of the Whitewood soil areas 
were formerly mapped as  Oxbow and Waitville mixtures, since the 
degraded black soils on boulder clay had not been separated during 
the eariier surveys 

Agriculture.- -The Whitewood soils may in many regards be 
compared to the  Oxbow Association. In conditions of topography, 
stoniness and texture the Whitewood and Oxbow soils are very 
similar. The degree of leaching is an important factor in the 
Whitewood profiles. The slightly degraded Whitewood types are 
practically equal to the Oxbow in potential fertility, and may 
even be superior on account of the higher moisture efficiency that 
is often associated with areas of degraded black soils. The more 
strongly degraded Whitewood soils are lower in nitrogen, organic 
matter and phosphorous, and possess poorer structure than the 
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Oxbow soils. Furthermore depression podzols are often more 
numerous in Whitewood soil areas. 

Taken as a whole the Whitewood soils have similar crop 
adaptations to  those of the Oxbow Association, but may require 
the application of manure and fertilizers to develop their full 
productivity. This suggests that mixed farming practices which 
include the production of livestock and forage crops are likely 
to be Sound recommendations fo r  the Whitewood soils. 

Wind erosion is rarely encountered on Whitewood soils, but 
siight to moderateIy severe water erosion has occurred on sloping 
lands. 

Finally it should be noted that the Whitewood soils, in common 
with al1 degraded black and grey soil types, are encountered under 
more or less heavy bush or forest cover. Hence the clearing of 
trees is an essential preliminary step to the breaking and cropping 
of these soils. This means that agricultural development is both 
slower and more costly than on the open grassland soils. 

PELLY ASSOCIATION 
Description.-The Pelly Association consists of medium 

textured soils developed on resorted boulder Clay deposits. Most 
of the Pelly soils may be classified as slightly degraded deep 
black types and they are very nearly equal to the black soils in 
organic matter and nitrogen content. 

The Pelly soils occur mainly in the humid north-eastern section 
of the surveyed area. They are mapped principally in the general 
districts of Kelvington, Sturgis, Stenen, Pelly and Kamsack. A 
little over three hundred thousand acres have been mapped in 
this Association. 

The soil landscape of the Pelly Association is characterized 
by smooth topography, few Stones, and a heavy cover of tall 
aspen, black poplar and occasional spruce. Meadow, Peat, and 
depression podzol areas are common. The cultivated soils have 
a dark or du11 grey tinge. 

Practically all of the Pelly soils are found on smooth 
undulating topography. A small proportion are mapped as  mixed 
undulating-rolling and a few areas as  rolling, but these usually 
occur as  mixtures with other soil Associations. Local flat to 
depressional areas are frequently encountered in Pelly soils. 

Surface drainage of the Pelly soil areas is moderately good, 
the undulating upland being well drained, and the nearly level to 
flat areas having slow drainage. Interna1 or soil profile drainage 
is adequate in the undulating and rolling upland soils, but restricted 
to very poor in the poorly drained soi19 of lower positions. 

Considerable variation exists in the amount of Stones present 
in these soils. Most typically the Pelly soils are less stony than 
many boulder Clay soils, the average classification ranging from 
slightly to moderately stony (Si to Sz). Where these soils lie 
adjacent to glacial Stream channels, past erosion has resulted 
in a concentration of boulders from the till. Very stony to 
excessively stony phases (533 to S4) may be encountered under 
these conditions. The Pelly soils along the Swan River are 
examples of these stony phases. 
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Two textural classes have been mapped in this Association- 
Clay loam and loam. The former is most commun, and the loam 
is usually a heavy loam type. 

The member profiles of the Pelly Association consist chiefly 
of slightly degraded deep black profiles. Moderately degraded 
types and poorly drained profiles are also common. Occasionally 
complex degraded black-solonetz profiles are encountered. The 
slightly and moderately degraded member profiles represent most 
of the well drained gently undulating areas. Shallower profiles 
occur on moderately undulating slopes. Poorly drained and 
complex degraded black solonetz soils occupy lower and flatter 
topographic positions. The principal profiles are described below. 

A,, Horizon.-Partially decoinposed organic matter, one to  two inches thick. 
This horizon is absent where recent fires have occurred. 

A, Horizon.-Very dark grey; granular to faint platy structure (1” t o  4” 
thick). 

A2 Horizon.-Very dark grey to  dark grey; cloddy structure, with platy 
development showing in the clods (6” to 8 ’  thick). 

Bi Horizon.-Light brown to greyish-brown; blocky structure, hard and 
compact, breaking to  coarse granules (6” to 12” thick). 

B2 Horizon-Light yellow-brown to grey; soft massive to faintly laminated 
structure, crushing easily to  friable granular condition; moderate to 
high content of lime carbonate (8” t o  12” thick). 

C Horizon-Grey, mottled with streaks of yellow, brownish-grey and light 
bluish-grey. Frequently a fairit banding or thick laminated structure 
may be observed. The texture of this horizon is usually a heavy siity 
Clay, and sandy-gravelly material is rarely encountered. However, 
numerous small glacial pebbles and water-worn Stones occur in the 
upper portion of the parent material, and some may be found in the 
upper horizons also, The C horizon is moderately calcareous. 

Slightly degraded profile : 

Moderately degraded profile : Ac-partially decomposed organic 
material, about one-half inch t o  one inch thick. Ai horizon-very 
dark grey; thin platy structure (1/” to 1” thick). A2 horizon- 
greyish-brown to brownish-grey ; thick platy structure (5” to 7” 
thick) , BI horizon-light brown to greyish-brown; compact 
massive structure, breaking into cloddy-columnar aggregates, and 
then to hard angular fragments or  nutty aggregates. The remainder 
of the profile is essentially similar to that already described. 

The poorly drained member is usually identified by a thin 
peaty surface horizon. The A horizon is very dark grey to dark 
grey, with some rusty spots. The lower horizons are dark 
brownish-grey, mottled with rusty, yellow, bluish, and light grey 
colours. Heavy textures and wet, compact, poorly aerated 
conditions are also characteristic of the lower horizons. 

The complex degraded black-solonetz profile does not cover 
large areas. A description of one of these profiles encountered 
in the Pelly Association is given below. Ai horizon-very dark 
grey with a faint brown tinge; friable platy structure (2” thick). 
A2 horizon-dark grey; cloddy structure, breaking into platy 
aggregates, harder than Ai (5” thick) . A3 horizon-greyish-brown; 
columnar structure, breaking into flat-topped segments, similar to 
A2 of solod profile (about 7” thick). Bi horizon-very dark 
brown or almost black; compact solonetzic structure of hard cubic 
and angular fragmenta1 type (16” thick) . B2 horizon-greyish 
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highly calcareous (limy) horizon (4” thick) . C horizon-very 
dark grey and very dark brown; ironstone and shale fragments 
present in this horizon and also in the Bi. The C horizon is of a 
very heavy Clay texture and contains only a slight amount of lime 
carbonate. 

In places the Pelly soils have been mapped in mixed areas 
with Canora, Kamsack, Yorkton, Whitewood, and Naicam soils 
respectively. Depression podzol, Meadow and Peat soils, together 
with marshy sloughs and lakes occupy local areas within the 
main belts of Pelly soils. 

Compared with Whitewood soils the Pelly types are usually 
less stony, have suffered less degradation, and are found on 
smoother topography. The Pelly soils are also on the average 
of heavier texture and higher soil moisture efficiency. On the 
other hand the Pelly soils are inferior to Kamsack soils with 
respect to stoniness and topography. 

Agriouiture.-The Pelly soils are highly fertile and due to the 
favourable soil moisture conditions they are also very productive 
types. They are used principally for grain production, and in 
many areas coarse grains are grown extensively. The short growing 
season and the danger of frost tend to make coarse grains a safer 
crop than wheat. However, excellent crops of wheat have been 
produced on these soils in recent years. The production of earlier 
maturing varieties has no doubt contributed to this result, but it 
is also true that the seasons have been more favourable from the 
standpoint of maturity and quality of the crop. It remains to be 
seen whether a series of wet years will affect the production of 
wheat as it did in the past. This statement applies not only to 
the Pelly soils, but to most of the medium and heavy textured 
soils of the north-eastern section of the settled area, including 
the Tisdale, Etomami, Arborfield, and Kelvington Associations. 
The f avourable moisture conditions associated with Pelly soils 
permit the growing of satisfactory crops of grasses and legumes. 
Field observations indicate that the use of forage crops is 
increasing. 

The major problems associated with Pelly soils are: the 
climatic hazards mentioned above, the cost of clearing, and the 
need for better utilization of poorly drained Pelly soils and 
associated bluff podzols, Peat and Meadow types. This latter 
problem involves the improvement of both soil fertility and 
drainage. In wet seasons the flat to depressional areas may be 
temporarily flooded, thus delaying seeding and increasing the 
hazard of frost damage later on. Furthermore, depression podzol 
and peat soils require manure and fertilizers in order to raise 
their initial level of fertility. 

Slight to moderately severe water erosion has occurred on 
moderately undulating and rolling phases of the Pelly Association. 

Description.-The Etomami Association consists of heavy 
textured soils developed on resorted glacial till deposits which 
are largely derived from Palaeozic limestones. Ekcept for the 
effect of water action, these deposits appear to be similar to the 

ETOMAMI ASSOCIATION 
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iimestone till deposits associated with the Kakwa soils. The 
Etomami soils consist chiefly of slightly degraded black types. 

The Etomami soils are found within the margins of former 
glacial lake beds, principally between Carragana and Hudson Bay 
Junction. A small area was mapped near the Manitoba border, 
to the north of Thunder Hill. Nearly two hundred thousand acres 
were mapped in this Association. 

The soil landscape of the Etomami Association is characterized 
by smooth nearly level topography, very dark grey surface soils, 
and few to many Stones-chiefly light greyish and pinkish coloured 
limestone boulders and cobble. Local flat to depressional areas 
with a thin peaty cover are also a common feature. The higher 
land has a mixed spruce-poplar vegetation. The cultivated areas 
produce good crops, but much of this soil Association has yet to 
be cleared and developed. 

The topography is typically very gently undulating with 
numerous flat to depressional areas. 

Surface drainage is fair to poor. The nearly level land has 
slow surface drainage, while the flat and depressional areas are 
subject to  temporary flooding when moisture is excessive. The 
interna1 or soil profile drainage is adequate on the higher land, 
but is restricted in the subsoils of the profiles found in lower 
positions. Very poor drainage is characteristic of the associated 
bog or Muskeg soils. 

Glacial Stones Vary in number from few to many (Si to S3). 
Frequently the soil profile below the Bi horizon is very stony. 
The Stones are composed largely of limestones, with a few 
Re-Cambrian rocks, The Stones range in size from large slabs of 
limestone to small cobble and pebble sized glacial Stones. 

The Etomami soils have been mapped in heavy Clay and Clay 
textural classes. 

On the better drained upland positions the Etomami Associa- 
tion consists chiefly of slightly podzolized or degraded black 
profiles. In slightly lower positions poorly drained members occur; 
these usually have a thin peaty surface and may show slight 
solonetzic development, but in some places have a calcareous and 
saline subsoil. Shallow knoll profiles are found on low stony ridges, 
but in many places the soils on the latter positions are of the 
grey podzol type and are classified with the Kakwa Association. 
The more important member profiles of the Etomami Association 
are described below. 

Slightly degraded (well drained) profile: 
A, and A, Horizons.-Mixed partially decomposed plant residues or organic 

material, and a very dark grey, granular structured minerai soil (2" 
to 4" thick). 

Az Horizon.-Very dark grey t o  dark grey; coarse granular to platy 
structure (4'f to 5" thick). 

El Horizon-Dark greyish-brown t o  dark brown; nutty to coarse granuIar 
structure (6'f to 8'' thick). 

Bz Horizon.-Yellowish-grey with some bluish-grey spots; soft massive to 
laminated structure; very high content of lime carbonate. Sometimes 
this horizon is not distinct and the BI horizon appears to lie directly 
on the upper C horizon (4" to 12" thick). 
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Cl Horizon.-Light grey with a f a in t  pinkish tinge and occasional smalï pink 
spots; faintly laminated structure; high content of lime carbonate. 
This horizon is a stony heavy Clay or heavy silty resorted boulder Clay; 
the stones consist chiefly of limestones ranging in size from large 
slabs and boulders to small water-worn pebbles. Some boulders and 
pebbles occur in the A and B horizons, 

The poorly drained members usually have a surface cover 
of 2 to 4 inches of partially decomposed peat containing a little 
mineral soil (Ao and Ai horizons). The Az horizon is very dark 
grey, with granular-platy structure; the Bi horizon may be nearly 
black, of compact waxy appearance, and breaking into solonetzic 
hard fragmenta1 aggregates. The lower horizons are streaked with 
rusty and bluish-grey spots. 

ûther poorly drained profiles may differ from the above in 
having a rusty-bluish-grey Bi horizon, while those bordering deeper 
peat or marshy areas may sometimes show the presence of alkali 
salts. 

The shallow knoll profile is similar to the slightly degraded 
member, except that the horizons are thinner. Lime carbonate 
may occur a t  about 12 inches below the surface, marking the 
top of the bouidery and gritty resorted till deposit. More stones 
occur near the surface than in the deeper profiles. 

The Etomami soils as a whole have shallow profiles, and 
the stony calcareous Bz-C horizons are generally found from 15 
to 24 inches below the surface. Very shallow profiles may occur 
on the ridges as indicated above, while deeper profiles are often 
associated with the peaty soils of lower positions. 

In places Etomami soils have been mapped as mixed areas 
with Kakwa, Tisdale, and Arborfield soils respectively. in com- 
bination with the Kakwa Association, the Etomami soils occupy 
lower, smoother positions; with Arborfield and Tisdale soiïs the 
Etomami types are usually found on slightly higher land. 

Local soils occuring within Etomami areas include Shallow 
Peat, Deep Peat or Muskeg, and wet Meadow (marshy) soils. 

Agricuiture.-l%e Etomami soils are largely used for grain 
production, principally wheat, barley and oats. A little aifalfa and 
sweet clover are also grow-n. These soils are fertile and under the 
prevailing favourable soil moisture conditions usually produce 
good crops. 

There are, however, a number of important problems 
associated with the Etomami soils. The short growhg season and 
the resultant frost hazard frequently cause serious losses in crop 
production. These adverse climatic conditions are intensified by 
the heavy textures and the presence of low peaty land, both of 
which tend to delay maturity of the grain crop; in extremely wet 
years the lower and flatter areas may become flooded. 

The heavy cover of trees results in high clearing wsts and 
slow agricultural development. In most places stones have to be 
cleared as Weil. 

Some of the Etomami soils have given good responses to 
applications of phosphatic fertiiizers. 

The full development of the Etomami SOUS wiii involve drain- 
age of areas fiable to floodllig, the use of manure and fertikers, 
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and a wider use of forage crops and of earlier maturing grain 
crops. From the standpoint of the ciimatic conditions it would 
appear that  the Etomami soil areas should be devoted to a type 
of mixed farming in which livestock and forage crops represent 
a large part of the farm activities. However, it should be noted 
that the Etomami, as well as the Tisdale and Arborfield soils, 
often lack a satisfactory water supply. Unless it is possible to 
store surface water, large numbers of livestock cannot be kept 
on many of the farms. 

SHELLBROOK ASSOCLATION 

Description.-The Shellbrook Association consists of light 
textured soils developed on sandy glacial lake and alluvial deposits. 
These soils are degraded black types, and most of the profiles 
represent slight to moderate podzolic degradation. The larger 
areas of these soils are found near Shellbrook, and along the 
Saskatchewan, Carrot, Barrier, and Assiniboine Rivers. Small local 
areas of Shellbrook soils occur throughout the black soil zone, 
wherever sandy soils have been under wooded vegetation for a 
sufficient period of time to cause the alteration of a black grassland 
profile to a degraded type. Nearly half a million acres have been 
mapped in the Shellbrook Association. "here is also a considerable 
acreage of these soils to the north of the present surveyed area. 

The soil landscape of the Shellbrook Association is character- 
ized by the Stone-free sandy soils, a light to medium cover of aspen 
and other trees and shrubs, and undulating to rolling topography. 
The cultivated soils have a dark grey-brown to brownish t i g e ,  
whieh forms a striking contrast to the adjacent black soils. Except 
in newly settled or more remote districts the Shellbrook soils are 
well developed agriculturally. In addition to wheat, coarse grains 
and forage crops are commonly observed in Shellbrook soil areas. 

About 55% of the Shellbrook soils are mapped as undulating, 
and most of this consists of nearly level to  gently undulating 
topography. About 35% of the Shellbrook soils are mapped as 
gently to moderately rolling. Hilly and mixed undulating-rolling 
phases make up the remainder. The local topography, or micro- 
relief, is not so pronounced as that associated with the Whitewood 
and Oxbow soils. A moderate number of flat to depressional areas 
occur in Shellbrook soil belts, but the ridges and sloughs common 
to boulder Clay deposits are lacking. 

Surface drainage is adequate on most Shellbrook soil areas. 
Drainage is slow on the flat topography and tends to be excessive 
on the rolling lands. interna1 or soil profile drainage is satisfactory 
on the heavier textured soils, but may be excessive on the fine 
sandy loam types. Most of the locally occurring poorly drained 
areas consist of Meadow, Peat, and Alkali soils. 

Stones are rarely found in Shellbrook soils. Local gravelly 
subsoils are sometimes encountered, particularly in fine sandy 
loam areas. 

Textural classes mapped in this Association include light loam, 
very fine sandy loam, and fine sandy loam. The latter is most 
common. 
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The member profiles of the Shellbrook Association consists 
chiefly of slightly and moderately degraded black soils. Occa- 
sionally strongly degraded profiles are encountered, and in some 
places complex degraded black-solonetz members may occur. The 
dominant profiles occupy the well-drained undulating land and 
the intermediate slopes of the rolling areas. Shallow knoll and 
poorly drained profiles are most common in the rolling phases. 
The more important member profiles are described below. 

Slightly degraded black profile: 
A, Horizon.-Partially decomposed organic matter, not always present (O" 

to 1" thick). 
A, Horizon.-Nearly black, speckled with white silica particles; soft cloddy 

ta loose granular structure (3" to 5" thick). 
A, Horizon.-Dzrk greyish-brown to greyish-brown; faintly platy structure, 

crushing easily to fine granular or  powdery condition (4" to 6" thick). 
BI Horizon.-Brown to yellow-brown; large columnar (blocky) structure; 

moderately hard and breaking to nutty aggregates (8" to 12" thick). 
C Horizon.-Yellow-brown, sometimes light greyish-brown; loose sandy 

deposit, ranging from very fine Sand to  loamy sand and sandy Clay 
loam; the latter texture is usually associated with the light loam and 
very fine sandy laam types, and may show some laminated structure. 
The moderately degraded Shellbrook profile differs from the 

above in having a brownish-grey, platy A2 horizon which may 
reach a thickness of 10 inches. The Bi is bright brown to reddish- 
brown, of hard blocky structure which breaks into hard nutty 
and angular fragmenta1 aggregates. 

Shallower profiles occur where the Shellbrook soil overlies a 
silty calcareous D horizon. Under these conditions the Shellbrook 
profile contains a highly calcareous (limy) Bz horizon. 

Strongly degraded profiles have light grey Az horizons 
similar to those of the grey podzol soils; but in Shellbrook soils 
the AI horizon is much thicker. 

The complex degraded black-solonetz profile is distinguished 
by a compact, columnar structured Bi horizon; frequently a 
thin, greyish, platy A3 horizon may also be observed. 

Shallow knoll and poorly drained profiles may be recognized 
by their topographical position and by the general features of 
such profiles as described under the Meota Association. 

In some localities Shellbrook soils are mapped in mixed areas 
with Meota, Oxbow, Whitesand, Blaine Lake, Sylvania, Tisdale, 
Canora, and Kamsack Associations respectively, and also with 
Undifferentiated Sands and Muskegs. Depression podzol, Meadow 
and Peat soils occur locally in Shelibrook soil areas. 

Agriculture.-Wheat is the main cash crop on Shellbrook soils, 
although a considerable proportion of the cultivated acreage is 
devoted to coarse grain production. However, the adverse factors 
of light textures, relatively b w  moisture holding capacity, and 
decrease in fertility after some years of continuous cultivation 
apply to the Shellbrook soils as well as to Hatton, Asquith, and 
Meota types. The staternents made under the Hatton Association 
concerning the effect of wind erosion on light textured soils apply 
also to the Shellbrook soils. Due in part to  more favourable 
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climatic conditions soil drifting is less serious on the Shellbrook 
soils, and there is less difficulty in adopting farm practices which 
will control erosion and maintain fertility. Such practices include 
the growing of grasses and legumes and the production of 
livestock. In many areas considerable progress has been made 
along these lines, but a further development of mixed farming 
is desirable. 

The maintenance of fertility on Shellbrook soils is a major 
problem and will become increasingly important as time goes on. 
The slightly degraded profiles are practically equal to the Meota 
soils in potential fertility, but the moderately degraded Shellbrook 
soils are distinctly lower in organic matter, nitrogen and phus- 
phorus than the black soils. The strongly degraded Shellbrook 
soils are still lower in potential fertility. The light loam and very 
fine sandy loam textural classes are superior to the fine sandy 
loam in drought resistance, structure and potential fertility. 

KAMSACK ASSOCIATION 

Description.-The Kamsack Association consists of medium 
to medium heavy textured soils developed on silty glacial lake 
deposits. These deposits are in general similar to  those associated 
with the Canora soils. The Kamsack soils consist chiefly of slightly 
to moderately degraded black types, the former being most 
common. 

The Kamsack soils occur in the more humid, north-easterly 
section of the surveyed area, principally in the Kamsack, Hyas, 
and Rose Valley districts. About one hundred and eighty thousand 
acres were mapped in this Association. 

The soil landscape of the Kamsack Association is characterized 
by nearly level to moderately undulating topography, dark to very 
dark- grey colours of the cultivated fields, very few to no stones, 
and well developed farms. The cultivated areas are bordered by 
medium to heavy stands of aspen and black poplar, together with 
occasional spruce. Depression podzols and shallow peat and marshy 
areas are also typical features. 

Approximately 90% of the Kamsack soils are mapped as 
undulating phases. The remainder are divided between mixed 
undulating-rolling, and rolling phases. The undulating topography 
consists chiefly of gently undulating lands, with moderately 
undulating and occasional steeper slopes occurring in the vicinity 
of rivers and creeks. Local areas of flat to depressional topography 
are associated with the gently undulating lands. 

Surface drainage is generally good, but may be somewhat 
excessive on the steeper slopes, and is slow in areas of flat 
topography. Internal, or profile drainage, is satisfactory in nearly 
al1 Kamsack soils. Associated Peat and depression podzol soils 
are poorly drained, but these occupy but a very small proportion 
of the total area. 

The Kamsack soils are typically Stone-free, except for 
occasional small glacial pebbles encountered in the subsoils. Glacial 
stones and boulders are more common (SI, occasional S2 and S3) 
near the borders of the Kamsack soil areas, where the glacial 
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lake deposits are thin. These shallow Kamsack profiles are 
underlain by resorted boulder Clay. 

Kamsack soils have been mapped in five textural classes- 
Clay, silty Clay, silty Clay loam, Clay loam, and silt loam. The Clay, 
silty Clay loam, and silt loam are most common, while the Clay 
loam is very inextensive. 

The undulating phases of the Kamsack Association consist 
chiefly of slightly podzolized or  degraded black soils, although 
moderately degraded profiles are also common, and occasionally 
strongly degraded types are encountered. Smali local areas of 
poorly drained Kamsack soils occur throughout the Association. 
Shallow profiles are common on the steeper slopes and where the 
lacustrine deposit is thin. Generalized descriptions of the principal 
member profiles are given below. 

A. Horizon.-Thin or absent, usually having been destroyed by fire. 
Al Horizon.-Very dark grey Clay; faint platy structure, breaking easily to 

granular form (6“ to 8” thick). 
B, Horizon.-Greyish-brown heavy Clay, with dark staining at the top; 

massive structure (6” to  8” thick). 
B2 Horizon.-Yellow-grey (light yellow-brown when moist ) ; heavy silty Clay 

texture, high content of lime carbonate (18“ to 24‘‘ thick). 
C Horizon.-Yellow-grey to yellow-brown; calcareous silty Clay, with spots 

and bands of bluish-grey Clay. 
In medium textured profiles a thin Az horizon is usually 

Moderately degraded silty Clay loam : 

SIightly degraded clay profile : 

present, while the B2 horizon is free of lime. 

A. Horizon.-Decomposing organic matter (O” to  2” thick) . 
Ai Horizon.-Dark grey silty Clay loam; thin platy structure (’/2” to 2” 

thick) . 
A2 Horizon.-Brownish-grey silty Clay loam; thick platy structure (7” to 

12“ thick) . 
Bi Horizon.-Brown to  greyish-brown Clay to  heavy Clay; coarse granular 

to  nutty structure, moderately hard to  very hard and compact (8” 
to  12” thick). 

B2 Horizon.-Yellow-brown Clay; coarse granular structure, less compact 
than BI (4” to  8” thick). 

B3 Horizon.-Yellowish-grey silty Clay, with high content of lime carbonate; 
massive to  fdn t ly  laminated structure, falling easily into friable 
granular condition. 

Cl Horizon.-Yellowish-grey silty Clay or silty Clay loam; moderate to high 
content of lime carbonate; laminated structure. This horizon may 
grade into the C2 horizon, which is composed of yellowish-grey silty 
Clay deposits separated by thin bands of darker, heavier Clay. Where 
the lacustrine deposit is thin the Cl horizon may be underlain by a 
stony pebbly resorted boulder Clay, or D horizon. 
Pmrly drained profile : surface layer of partially decomposed 

and raw peat (2” to 4” thick). A horizon-very dark grey; platy 
structure. Bi horizon-very dark grey, mottled with bluish-grey 
and rusty streaks and spots; massive structure, heavy and 
compact. B2 horizon-yellowish-grey to bluish-grey ; faintly 
laminated; calcareous. C horizon-mottled grey-blue rusty deposit ; 
calcareous, usually wet and poorly aerated. 

The shallow profiles occurring on knolls and steeper slopes are 
easily recognized by their thinner, more variable horizons, and by 
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the presence of Stones and pebbles derived from the water-worked 
glacial till which occurs between two and three feet below the 
surface . 

In addition to the dominant profiles described above, a 
complex degraded black-solonetzic profile is occasionally en- 
countered. This profile is characterized by a greyish platy A3 
horizon, and a very compact Bi horizon. The latter may occur 
at varying depths from the surface, producing the wave-like 
effect so often associated with solonetzic profiles. 

In some localities the Kamsack soils are mapped in mixed 
areas with Canora, Pelly, Shellbrook, and Whitewood soils 
respectively. The Kamsack soils are distinguished from the Canora 
by the development of a leached, slightly podzolized profile. 
Kamsack and Pelly profiles are fairly similar, but the former are 
less stony and of smoother topography. Depression podzol 
Meadow, and Shallow Peat profiles occupy local areas within 
the Kamsack soil belts. 

Agriculture.-The Kamsack soils are highly fertile and since 
moisture conditions are generally favourable they are also very 
productive. These soils are used chiefly for grain production. In 
recent years wheat has been grown extensively, but at an earlier 
period oat production was the main enterprise, due to the hazard 
of frost. As stated in the discussion of the Pelly Association, i t  
remains to be seen whether or not a series of “wet” years will 
affect the production of wheat as it did in the past. 

In addition to wheat, oats and barley are also grown on 
Kamsack soils. Grasses and legumes are grown only to a limited 
extent, although observations suggest that the use of forage crops 
is increasing. Unfortunately it is frequently difficult to secure a 
good supply of water in Kamsack soil areas, and this condition 
constitutes a handicap to livestock production. 

Other problems associated with the Kamsack soils include 
the control of water erosion on the steeper slopes, and the 
prevention of wind erosion on al1 types. Slight wind erosion has 
occurred on these soils, with moderately severe erosion in some 
local areas. Undeveloped areas of Kamsack soils require to be 
cleared of trees before they can be brought under cultivation. 
Local problems include the better utilization of the peaty and 
depression podzol soils. The control of weeds is also an important 
problem. Wild oats and the perennial thistles are common. 

TISDALE ASSOCIATION 

Description.-The Tisdale Association consists of medium to 
heavy textured soils developed on heavy glacial lake deposits. 
These deposits are similar to  those described for  the Melfort 
Association, and the Tisdale soils may be regarded as deep black 
soils which have undergone woodland invasion, with the 
consequent development of a slightly leached profile. 

The Tisdale soils occur chiefly on the more heavily wooded 
portions of the Carrot River Valley, north and east of the main 
belt of the Melfort soils. Tisdale soils have also been mapped in 
the Valley of the Red Deer River, notably between Carragana and 
Hudson Bay Junction. Most of the Tisdale soils in the latter area 
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are very heavy and occur as a complex with the Etomami, 
Arborfield, and Kakwa Associations. These heavy textured Tisdale 
soils are often found under shallow peat, and it is possible that 
further work will result in their being place6 in a new Association. 

It may be noted here that some pdzolic soils formerly included 
in the Tisdale series are now placed in the Arborfield Association. 
Slightly more than half a million acres are now mapped as  the 
Tisdale Association. 

The soil landscape of the Tisdale Association is similar to that 
of the Melfort soils. The Tisdale' landscape is distinguished by 
the solid stand of trees occurring on unbroken land, and by the 
dark grey colour of the surface cultivated soil. Local areas of 
Shallow Peat and depression podzol soils are also more common 
than in the Meifort areas. 

About 90% of the Tisdale soils are mapped as undulating, and 
almost al1 of the remainder as mixed undulating-rolling. The 
undulating phases consist chief ly of very gently undulating 
(nearly level) lands ; moderately undulating slopes occur along the 
rivers and creeks and flat to depressional topography is associated 
with the numerous shallow peat and meadow areas. 

Drainage conditions are variable, but on the whole may be 
described as  mderately good. Surface drainage is adequate on 
the undulating lands, but is restricted on flat to depressional 
topography. Interna1 or profile drainage is satisfactory on the 
upland soils, but is poor on the lower lands, particularly where 
the surface is peaty. 

The Tisdale soils are typically Stone-free. Stones occur chiefly 
in mixed areas of Tisdale with soils developed on boulder Clay, and 
occasionally near creeks and rivers where the underlying boulder 
Clay is exposed. 

Tisdale soils have been mapped chiefly in the following 
textural classes: heavy Clay, Clay, silty Clay loam, and silty Clay. 
The first three classes are most commonly encountered. A few 
small areas of Clay loam and silt loam have also been mapped. 

The member profiles of the Tisdale Association consist 
principally of the slightly degraded deep black types, found in 
weii drained positions. Moderately degraded profiles occur where 
conditions have been more favourable for the development of 
podzolic leaching, notably on higher lands. Poorly drained profiles 
are common on the flat-depressional lands, and complex degraded 
black-solonetzic soils are encountered locally on moderately weli 
drained positions. The more important profiles of the Tisdale 
Association are covered in the following generalized descriptions. 

Slightly degraded profile : 
A, Horizon.-Partially decomposed organic matter (1" to 2" thick, but 

frequently absent due to the effects of fires). 
A, Horizon.-Very dark grey; coarse granular to  faintly platy structure 

(4" to 6" thick). 
A2 Horizon-Dark grey to dark greyish-brown; thick platy structure, 

moderately hard, but breaking to fine granular condition (2" to 4" 
thick). 

BI Horizan.-Dark greyish-brown; coarse granular to nutty structure, heavy 
Clay texture (8" to 12" thick). 
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B, Horizon. -Brownish-grey silty Clay; massive to  laminated structure, 
falling readily into friable granular condition; high content of lime 
carbonate. 

C Horizon.-Banded (varved) dark grey heavy Clay and yellow-brown siity 
Clay; stone-free or rnay contain occasionaï tiny pebbles; moderate t o  
high content of lime carbonate. In most places this horizon is similar 
to  the C horizon of the Melfort Association. 

Moderately degraded profile : Ac-as above. Ai horizon-dark 
grey ; platy structure (2” to 5” thick) . A2 horizon-brownish-grey ; 
thick platy structure, crushing fairly easily to  fine granular and 
powdery condition (4” to 6” thick). Bi horizon-dark greyish 
brown to dark brown; hard nutty to fragmenta1 structure; compact 
and heavy textured (8” to 12” thick). In some profiles a yellow- 
brown lime-free horizon may be separated between the Bi and the 
lime layer. The remainder of the moderately degraded profile 
is essentially similar t o  that described for the slightly degraded 
member. 

Poorly drained member : Ao-peaty layer, partially decom- 
posed (2” to 8” thick). Ai horizon-very dark grey clay to heavy 
Clay; platy structure, breaking to granules (2” to 4” thick). A2 
horizon-grey with rusty or brown tinge; platy structure (1” to  
3” thick). Bi horizon-dark bluish-grey, with rusty and light 
greyish specks and streaks; heavy to very heavy Clay texture; 
hard and compact, with massive structure which breaks to large 
hard angular fragments (10” ta 14” thick). B2 horizon-dark 
grey to grey, mottled with rusty-yellow spots; massive structure, 
slight to moderate lime carbonate content. C horizon-poorly 
drained type of heavy lacustrine Clay. 

In places the above profiIe is shallower and lime carbonate 
and salts may occur a t  about ten inches below the surface. 

The complex degraded black-solonetzic profile is distinguished 
by the compact columnar structured B horizon which is encountered 
a t  variable depths. Soluble salts may be observed in the B2 of 
this profile. 

In places the Tisdale soils have been mapped in a mixture 
with the Melfort, Waitville, Shellbrook, Arborfield, and Sylvania 
Associations respectively. In the Red Deer Valley the Tisdale soiis 
are mapped in complexes of Tisdale, Arborfield, and Etomami, and 
Tisdale, Kakwa, and Etomami types. The distinctive features of 
the Tisdale soils, as described above, facilitates the separation of 
this Association from the other members of the complexes. Those 
most likely to be confused with the Tisdale are the Arborfield 
and Etomami soils. The Arborfield Association may be regarded 
as a more strongly leached or  podzolized type of the Tisdale, and 
is often characterized by more strongly developed solonetzic 
profiles. The latter features together with the lighter grey colour 
of the surface soils distinguish the Arborfield from the Tisdale 
soiis. The upper part of the Etomami profiles are fairly similar 
to those of the Tisdale Association. However, the Etomami types 
have stony subsoils, and are developed on light greyish, very 
calcareous resorted boulder Clay. 

Local soils occurring within Tisdale areas include depression 
podzols, Meadow, Shallow Peat, and Deep Peat or Muskeg soils. 
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Agrioulture.-The Tisdale soils are highly fertile and produc- 
tive, and the dominant slightly degraded members are similar to 
the MeIfort soils in crop adaptation and agricultural value. The 
moderately degraded types of the Tisdale Association while 
somewhat inferior in potential fertility and structure, are still 
classed among the very gocd agricultural soils of the Province. The 
heavy textured poorly drained profiles associated with a peaty 
surface are less valuable soils. They are rather diffieult to maintain 
in good tilth, and are liable to temporary flooding and to frosts. 

In general, a large proportion of the Tisdale soils is used 
for coarse grain produetion, although in most districts wheat is 
the most important single crop. Of the coarse grains, oats and 
feed or malting barleys are important. In the more usual seasons 
of plentiful soil moisture, wheat, although it gives high yields, is 
lower in quality or grade than that produced in less humid sections 
of the Province. 

The climatic conditions favour the production of forage crops 
on Tisdale soils, and there is evidence that more of such crops 
are now being grown. Ekcellent stands of alfalfa and grasses have 
been observed on these soils. Livestock production, notably of 
hogs and cattle, is an important enterprise on many farms. The 
difficulty of securing a good water supply is frequently a handicap 
to livestock production. 

Since the climatic factors favour the production of a wide 
variety of grain and forage crops, it would appear that a greater 
adoption of mixed farming practices is a logical development on 
Tisdale soils. Such practices would involve a definite system of 
crop rotations and livestock production. It is probable that the use 
of commercial fertilizers will increase as time goes on. The Tisdale 
soiis have shown response to phosphatic fertilizers. On both the 
more strongly degraded and the peaty types more common use of 
fertilizers and manure is desirable. 

As on Melfort soils, problems encountered in Tisdale soil areas 
include the control of weeds and erosion. Wind erosion is rarely a 
serious problem, but on the moderately undulating and steeper 
topographies water erosion is a hazard. Insufficient drainage, the 
cost of clearing, improving the tilth of heavy soil types, and the 
better utilization of Peat and depression podzol soils are also 
important problems. 

ROCANVmE ASSOCLATION 
Description.-The Rocanville Association consists of medium 

textured soils developed on thin shale-till deposits overlying Marine 
shales. These deposits appear t o  consist of boulder Clay composed 
of local shale mixed with transported glacial material. Erosion of 
the thin glacial cover has led to the accumulation of stones in 
some places and to the sorting of the deposit in others; in addition 
the underlying shales are exposed where the erosion has been more 
severe. The above conditions indicate that considerable variation 
may exist in the parent materials and profiles of the Rocanville 
Association. The signif icance of these variations is discussed later. 

The Rocanville soils are inextensive, covering just over forty- 
six thousand acres. They are found bordering the Qu’Appelle 
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River, in the district around Rocanville. However, it is considered 
probable that more detailed studies would show that these soils 
extend further West along the Qu’Appelle Valley. 

The soil landscape of the Rocanville Association is character- 
ized by dark grey to very dark grey colours of the surface 
cultivated soils ; undulating topography frequently broken by 
eroded drainage channels ; and variable conditions of drainage, 
stoniness and agricultural development. The features which are 
of most assistance in recognizing this Association are the outcrops 
of shale in road-cuts and eroded slopes, the shale fragments in 
the soil and the presence of scrub oak trees. 

Nearly 90% of the Rocanville soils are mapped in undulating 
phases and the remainder in mixed undulating-rolling phases. South 
of the Qu’Appelle Valley the topography is chiefly nearly level to 
gently undulating, with many poorly drained stony flats extending 
south-West by north-east. North of the Qu’Appelle Valley the 
Rocanville soils occur on moderate to strongly undulating slopes, 
apparently formed as the result of erosion in former times. 

The drainage is variable. Surface drainage is satisfactory on 
the dominant undulating topography, but slow to restricted in the 
flat depressional areas, while on the steeper slopes it is excessive. 
Similarly, interna1 o r  profile drainage is good in the undulating 
upland soils, and poor to very poor in the lower flat-depressional 
areas. The nearly level (or very gently undulating) areas have 
moderately good profile drainage-the thin surface horizons being 
well drained and the subsoils rather poorly drained. 

Excessively stony (S4) phases of this Association occur north 
and north-east of Rocanville, on eroded boulder Clay overlying 
Marine shales. In general, Stones are a serious handicap to  
cultivation on Rocanville loam and light loam areas. The heavier 
types are slightly to moderately stony (Si to Sz), with small 
(cobble) shed Stones occurring in the sandy Clay loam. Scattered 
lenses of grave1 occur in the loam profiles. 

The textures of the Rocanville Association are chiefly loam 
and Clay loam. A small area of sandy Clay loam and one of light 
loam have also been mapped. 

The dominant member profile of the Rocanville Association 
is a moderately degraded black soil. Where the boulder Clay deposit 
is thicker and drainage conditions are good, local spots of grey 
(podzol) soils occur. Poorly drained members are common on the 
stony and eroded flat to depressional lands. Shallow knoll profiles 
occur on the mixed topography, and occasionally black columnar 
and calcareous earth profiles are encountered, notable in the sandy 
Clay loam type and on the lower positions within the undulating- 
rolling Clay loam area. These black columnar and calcareous earth 
profiles do not represent typical Rocanville soils, but in the present 
survey i t  was not possible to separate small local areas. 

The best developed degraded black profiles are found on the 
well drained upland Clay loam areas. Shallow variable profiles 
are present in the stony eroded areas. The more important member 
profiles of the Rocanville Association are presented in the following 
generalized descriptions. 

156 



Deep degraded black profile: 
A1 Horizon.-Dark grey; Platy-granuïar structure (3“ to 6” thick.). 
A, Horizon.-Brownish-grey; cloddy with fine platy structure showing in 

individual clods (4” to 5“ thick). 
BI Horizon-Medium brown colour, irregular columnar structure, tending to 

break into hard irregularly-shaped clods and fragments (6” to  10” 
thick). 

B2 Horizon.-Dark grey; faint columnar structure, none to slight content 
of lime carbonate (6” t o  8” thick). 

B, Horizon.-Light grey; massive structure, but not very compact; slight to  
high content of lime carbonate (6” to  8” thick). 

Ci Horizon.-Light to  dark grey, with a faint brown tiqge; massive structure, 
with indications of water action; moderate lime carbonate content. 
This horizon consists of resorted boulder Clay containing shale fragments 
and small glacial pebbles. 
The Ci grades into a mixture of boulder Clay and weathered 

shale (C2) and this into the D horizon of underlying Marine shale; 
a few small stones occur throughout the profile, and these are 
well rounded by water action. The above profile is typical of the 
deeper Clay loam and heavy loam soils. 

Shallow degraded black profile: Thin Ai and Az horizons (2” 
to 6” thick), thin, brown, soft columnar Bi horizon (4” to 6” 
thick). B2 horizon-thin or absent. Ci horizon is calcareous (limy) 
boulder Clay containing shale fragments and many northern glacial 
stones and boulders, and grading into residual or bedrock shale. 
Stony, poorly drained types of this profile consist of very thin A 
and B horizons over a bed of large glacial boulders. Beneath these 
stones is a calcareous stony and shaly boulder Clay grading into 
residual shale. Shale outcrops are cornmon in road-cuts, creek beds 
and on knolls and eroded slopes. These shallow profiles are 
associated with loam textured soils on eroded shale till. 

The more strongly degraded Rocanville profiles have a medium 
grey A2 horizon, and may be free of lime carbonate to  a depth 
of three feet. Slightly degraded, black, and calcareous earth soils 
occurring in the sandy Clay loam area have not been fuily studied, 
owing to the lack of undisturbed profiles. The parent deposit 
appeared to consist of resorted sandy Clay containing shale 
fragments, and presumably representing deposition from the 
eroded stony deposits referred to above. 

In places the Rocanville Association has been mapped as a 
mixture with WaitviIle, the latter representing podzol soils 
occurring where the boulder Clay deposit is thicker than that 
usually associated with Rocanville soils. Depression podzol and 
Meadow soils occupy small local areas within the Rocanville soi1 
areas. 

Agriculture.-The Rocanville soils exhibit considerable varia- 
tion in productivity and agricultural development. This may be 
expected from the variations in type of profile, degree of erosion, 
and position of the underlying shale. Soi1 moisture conditions are 
generally favourable. 

The best agricultural soils of this Association have deep, well 
developed profiles and are found on land that is not excessively 
eroded or stony. The Clay loam and sandy clay loam types represent 
the more desirable soils. These are well developed and are used 
principally for grain production. Most of the soils are slightly to 
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moderately degraded black profiles with some black calcareous 
types. 

The Rocanville loams are fair agricultural soils. They are 
more stony, less drought resistant, and somewhat lower in potential 
fertility than the heavier types. 

The stony eroded phases of the Rocanville Association are very 
poor agricultural soiis. Much of this land has not been cultivated. 

There are several important problems associated with the 
agricuItura1 use of the Rocanville soils. Water erosion is of first 
importance on the Clay loam soils of mixed topography. In addition 
to the loss of surface soil and water, erosion is exposhg the 
underlying shale, which is not suitable for the production of the 
common agricultural crops. 

Wind erosion is sometimes serious on the sandy Clay loam. 
The utilization of the stony eroded loams is a difficult problem, 
since they are largely unsuitable for arable agriculture, and their 
Pasture value is low, due to the scrubby poplar and Oak cover. 
The contrd of perennial weeds is also a problem in Rocanville 
soil areas. 

THE GREY (PODZOL) SOIL ASSOCIATIONS 
The grey wooded or podzol soils form the dominant upland 

soils of the forest region. Scattered areas of grey soils wcur 
throughout the transition (black-grey) soil belt, and aIso in wooded 
sections of the black soil zone. The main belts of grey soils covered 
in the present survey are associated with the mixed Wood section 
of the boreal forest. 

This section consists of tall, well developed stands of spruce, 
pine, poplar, and birch. The climate of the grey soil zone is 
sub-humid, with a cooler and shorter growhg season than that 
of the black mil zone. 

Lakes, muskegs and permanent streams are characteristic 
features of the grey soil zones. Agricultural settlement is confined 
to  the southern borders of this area. The development of the settled 
areas is proceeding slowly due largely to the heavy clearing 
required. The grey soils also require special management since 
their natural fertility is lower than that of the black and degraded 
black soils. 

The grey soils are characterized by light grey surface horizons, 
underlying a thin dark layer of partially decomposed organic 
material (leaf mould). Seven grey soil Associations have been 
mapped in the present survey. They are: Waitville, Kakwa, Duck 
Mountain, Pine, Sylvania, Kelvington, and Arborfield. 

WAITVILLE ASSOCIATïON 

Description.-The Waitville Association consists of medium 
textured upland podzol soils developed on undifferentiated boulder 
Clay deposits. The term “undifferentiated” is defined under the 
HaverhiIl Association. 

The Waitville soils are the most extensive soil types of the 
Grey Soi1 Zone. They represent about one-haIf of the grey wooded 
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or podzol soils mapped in the present survey and also occupy 
large acreages north of Township 48. At this point it is important 
to note that only a portion of the southern fringe of the Grey 
Zone is covered in this soil map. Hence the acreages of the grey 
soils given in this report are much smaller than the total acreage 
of such soils in this Province. To a lesser extent the same is true 
of the degraded black soils. Some of the latter are covered in 
this survey, but large areas of such soils occur north of the present 
surveyed area. 

In the present survey nearly one and three-quarter million 
acres were mapped in the Waitville Association. These soils are 
found in al1 sections of the Grey and Transition soil belts, and 
they also occur as islands within the Black Soi1 Zone. In the latter 
the Waitville soils occupy local wooded or forest areas. 

The soil landscape of the Waitville Association is characterized 
by a wooded or forest cover of aspen, black poplar, spruce, birch 
and numerous shrubs, and by the grey colour of the cultivated 
soils. The topography is of the knoll and depression or wave-like 
type commonly associated with al1 the undifferentiated boulder 
Clay soils-Haverhill, Weyburn, Oxbow, Whitewood. Similarly, 
glacial Stones and boulders are common in Waitville soil areas. 
Agricultural development is proceeding slowly, and large areas 
of these soils are still uncultivated. 

Approximately one-third of the Waitville soils are mapped 
as undulating, and the remainder consists chiefly of mixed un- 
dulating-rolling, and rolling topography. Sloughs, muskegs and 
marshy depressions are common. 

Surface drainage is adequate on nearly al1 Waitville soils, 
but may be somewhat excessive on the steeper rolling slopes. 
Slow to impeded drainage is associated with flat topography and 
depressions. Interna1 or  profile drainage is adequate in most 
Waitville soils. 

Glacial Stones and boulders are always present in Waitville 
soil areas. The better soils are usually moderately stony (S2), 
but on the average the Waitville Association ranges from 
moderately to very stony (S2 to S3). Excessively stony phases (S4) 
are common in rough morainic areas and often occur in the vicinity 
of lakes and Stream channels. Local areas of gravelly subsoils are 
encountered, particularly in rolling areas and in the light loam soils. 

The Waitville soils are mapped as  Clay loam, loam and light 
loam. The loam is the most extensive textural class. Formerly 
sandy loams were included with the Waitville types, but these are 
now mapped in other Associations. 

The dominant member profile of the Waitville Association 
is the upland podzol. Shallûw knoll and poorly drained members 
occur as local soils on the steeper slopes and on low flat land 
respectively. Generalized descriptions of the main profiles are 
given below. 

Dominant upland podzol profile: 
A, Horizon.-Raw and partially decomposed organic matter such as leaves 

and other plant residues (1'' to 4" thick). This horizon is frequently 
absent where forest fires have occurred or where burning is prâcticed 
prior to clearing and breaking. 
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Al Horizon.-Dark grey to dark brown; faint platy structure (O” to 2“ 
thick). 

A2 Horimm-Light (ashy) grey; platy structure but faliiig easily to 
powdery or  loose structureless condition (4“ t o  10” thick). 

Bi Horizon.-DarJ7 (“coffee”) brown to greyish-brown; heavy, compact, 
frequently massive structure but breaking to hard angular fragments 
(6” to 10” thick). 

B, Horizon.-Ljghter brown or yellow-brown; massive structure, compact, 
breaking to nut-like aggregatas (4” to 8“ thick). 

Cl Horizon.-Medium grey with some brown and yellowish mottling; massive 
to faintly laminated structure, breaking easily to granular condition. 
High content of lime carbonate (12” to 24” thick). 

C2 Horizon.-Medium to dark grey, marked with rusty, yellowish, bluish-grey 
and whitish streaks and spots; moderate to high lime carbonate content. 
Massive to faintly laminated structure. Boulders may occur throughout 
the profile; small Stones, many of them showing evidence of disinte- 
gration through chemical weathering, are common in the Bz and Cl 
horizons. 
Shallower profiles than the above may possess a calcareous 

(limy) B2 horizon. The shallow knoll profile consists of: Ao 
horizon-thin or absent. Ai horizon-thin or absent. A2 horizon 
grey or brownish-grey (2” to 4” thick). Bi horizon-greyish- 
brown to reddish-brown; compact, hard ; coarse granular structure 
(4” to 6” thick). B2 and Ci horizons-grey; massive structure, 
high content of lime carbonate. 

Poorly drained profile : Ao horizon-more decomposed and 
peaty than in upland profile. Ai horizon-dark grey to brownish- 
grey ; platy structure (1” to 3” thick) . Az horizon-light brownish- 
grey to ashy-grey, with occasional rusty coloured streaks; platy 
structure, breaking to powdery very fine granules (4” to 8” thick) . 
Bi horizon-dark grey to  dark brownish-grey, mottled with rusty 
and bluish-grey colours ; massive structure, hard and compact, 
breaking to hard coarse granular and fragmenta1 aggregates (6” 
to 12” thick). B2 horizon if recognized is similar to the above, but 
with more rusty, yellowish and bluish-grey mottling. This horizon 
may contain lime carbonate. The C horizon shows evidence of 
poor drainage, but otherwise is similar to the C2 horizon described 
above. 

The above profile occurs on flat or nearly flat topography 
and constitutes the lowest arable land in this Association. 
Somewhat less well drained areas than these are characterized 
by peat podzol profiles. 

The Waitville soils are in places mapped as a mixture with 
most of the degraded black and with many of the black soil 
Associations. The Waitville soils can be distinguished in these 
mixtures by the well developed ashy coloured Az horizon. Wait- 
ville soils have also been mapped in mixed soil areas with the 
Sylvania Association; the latter differs from the Waitville in being 
developed on sandy alluvial deposits. 

Local soils occurring within Waitville soil areas include 
Meadow, Shallow Peat, Deep Peat or Muskeg, and Peat Podzol 
types. 

Agriculture.-Many agricultural problems are associated with 
the Waitville soils. This is true of even the better types which are 
producing fair to good crops. Most of the problems listed below 
are associated with the other grey (podzol) soils of Saskatchewan. 
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These problems are also discussed in the section on Soils and 
Agriculture, page 193. 

The Waitville soils are lower in potential fertility than the 
degraded black and black soils of similar texture and geological 
origin. The grey soils are lower in organic matter, nitrogen, 
phosphorus and sulphur. It is also difficult to keep the Waitville 
soils in good tilth, since they are soft and loose structured when 
moist, but tend to “bake” or  form a hard compact surface crust 
when dry. In addition these soils may be associated with several 
or al1 of the following undesirable factors: heavy cost of clearing 
trees and Stones; short growing season with danger of frcst 
damage to crops ; considerable proportion of rough topography, 
and of non-arable muskeg and marsh areas. Finally the wheat 
crops are of distinctly lower quality (low protein content) as  
compared with those grown on the grassland soils. 

On the other hand the Waitville soils occur in a region of 
favourable mciisture conditions, and severe droughts are rarely 
experienced. Furthermore, it has been shown that the low initial 
productivity of these soils can be greatly increased by the use 
of commercial fertilizers and manure and the adoption of suitable 
rotations which include leguminous crops. 

The better Waitville soils consist of clay loam and heavy loam 
types, on smooth undulating topography. Such areas have few 
Stones and little waste land. The Waitville soils are used largely 
for grain production with a considerable acreage of wheat, 
although barley and oats are more commonly grown where frost 
is a serious hazard. In certain districts, notably centering on White- 
fox and Nipawin, Waitville and other grey soil types are used for 
the production of alfaifa seed. 

Waitville loam and ljght loam soils with thick, strongly 
leached A horizons are 1eFd suitable for the production of grains, 
while those of rough topography or excessive amounts of Stones 
are poor to non-arable types. 

It should be pointed out that many of the Waitville soils 
represent areas of comparatively recent settlement. Hence agri- 
cultural deve1o:Jment is still in the pioneering stage. The acreage 
under cultivation ie small on most farms and the clearing and 
breaking of new land is costly. Under such conditions it is difficult 
for the average settler to adopt suitable rotations and to secure 
manure and fertilizers. 

However, the Waitville soils will require carefui management 
with much greater attention to the matter of fertility in order 
to establish a satisfactory and permanent type of agriculture. 
Information on the problems and management of the Waitville 
and other grey soil Associations is obtainable from the sources 
indicated below.” 

Description.-The Kakwa Association consists of medium to 
medium heavy soiils developed on boulder Clay which is derived 

KAKWA ASSOCIATION 

-- 
- ( 1 )  “Wooded loris and Their Management.” F. A. Wyatt and J. D. Newtoe Bull. 21 (revised) 

1937. Extension Dept. University of Alberta, Edmonton, Alta. 
( 8 )  “The Big River Surveu.” Rawson et al. 1943. University of laskatchewan, Saskatoon. 

’ Saskatchëwan. 
(3) The Dominion Experimental Stations 8t Scott and Melfort whlch direct the work of the 
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largely from limestones. These soils occur in the basin of the 
Red Deer River, chiefly near McKague, Porcupine Plain, Kakwa, 
and Hudson Bay Junction. Approximately ninety thousand acres 
have been mapped in this Association. 

The soil landscape of the Kakwa Association is characterized 
by thin greyish surface soils overlying light coloured stony sub- 
soils. The Stones range in size €rom cobble to large boulders and 
consist chiefly of light grey, buff and pinkish coloured limestones. 
The above features serve to distinguish the Kakwa from the Wait- 
ville Association. In other respects the two Associations are fairly 
similar. The forest cover on the Kakwa is poorer than that on the 
Waitville. The trees tend to be somewhat stunted and misshapen 
in Kakwa soil areas. 

Most of the Kakwa soils are mapped as gently undulating 
and the remainder as very gently rolling or as mixed undulating- 
rolling phases. These soils mcupy the lower slopes of the Porcupine 
Hills and low ridges rising above the smooth lacustrine-alluvial 
deposits of the Red Deer River basin. 

Surface drainage of the Kakwa soils is adequate to somewhat 
excessive. Interna1 or profile drainage is but moderately good, 
since the profile is usually very shallow, and soil development is 
restricted by the frequent presence of a very stony subsoil. 

Kakwa soils are very stony to excessively stony (S3 to S4).  

Some Northern igneous and metamorphic boulders occur at the 
surface and in the upper horizons, but the bottom of the B horizon 
is usually marked by the presence of many embedded limestones. 
These Vary from small water-worn Stones or pebbles to huge 
boulders and slabs. 

Kakwa soils are mapped in Clay loam and loam textural 
classes. 

The dominant member profile of this Association is an upland 
podzol with a very calcareous C horizon or parent material. Shallow 
knoll profiles also occur, but these are less noticeable than in most 
other Associations, due to the shallow nature of au Kakwa soils. 

A generalized description of the dominant profile is given 
below : 
A,, Horizon.-Often absent due to fire and where present is very thin, or  

mixed With the thin A1 horizon (O" t o  2" thick). 
A2 Horizon.-Faint brownish-,grey to light (ashy) Dey; soft platy to loose 

structureless condition (2" to 4" thick) . 
BI Horizon.-Dark brown, heavy textured; hard fragmentai structure (4" 

to  6" thick). At the base this horizon becomes yellow-brown, usuaily 
stony, with angular to nutty structure. This may be regaxded as a 
horizon if it is thick enough to warrant separation. 

CJ Horizon.-Light grey with faint pinkish tinge, heavy boulder Clay with 
numerous pebbles, Stones and boulders, principally limestones; highly 
cdcareous. 

In deeper profiles, which are occasionally eneountered, the 
stony parent material may not be found nearer the surface than 
18 to 24 inches; the horizons are thicker than in the average 
profile, and there may be a limy Bz or B3 horizon just above the C. 

Kakwa soils have in places been mapped as  a mixture with 
the Etomami and Tisdaie Associations. The Kakwa soils are 
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associated with the higher positions and rougher local topography 
or micro-relief. Local Deep Peat (muskeg) soils occur within 
Kakwa soil areas. 

Agriculture.-From the practical standpoint Kakwa soils may 
be regarded as a shallow stony type of the Waitville Association. 
Hence the Kakwa soils are less valuable agriculturally. The 
statements made regarding the problems and management of the 
Waitville,soils apply also to the Kakwa. 

The stony nature of the Kakwa soils is a most serious obstacle 
to their agricultural use. In many places an almost continuous 
bed of limestone pebbles, cobble, and large boulders lies close to 
the surface and seriously interf eres with cultivation. The average 
soil profile is so. shallow that root development is likely to be 
severely restricted. It is probable, too, that  such a soil would have 
comparatively low drought resistance, since the capacity of the 
profile to store water is reduced by the stony layer. The highly 
calcareous nature of the Kakwa deposit is another undesirable 
feature. Only a small proportion of the Kakwa Association is under 
cultivation, and much of this is of little value. Some excessively 
stony areas which were formerIy cultivated have been abandoned. 
Grain crops observed on these Kakwa soils were thin and poor. 
Reference has already been made to the poor growth of trees. 
Where these soils can be cultivated they require the same treat- 
ments as those suggested for  the Waitville. However, very little of 
the typical Kakwa soil can be considered suitable for agriculture. 

Description.-The Duck Mountain Association consists of 
heavy textured soils developed on stony, banded Clay deposits. The 
nature of the parent material is not yet understood. The deposit 
consists of alternate bands of dark grey, heavy shale-like Clay and 
lighter grey to yellow-brown Clay or silty Clay. Such a deposit 
suggests a lacustrine origin. However, the deposit includes many 
small glacial Stones, while occasional to many boulders may occur 
throughout the profile. At the present stage of knowledge the Duck 
Mountain deposit may best be described as modified boulder Clay. 

The Duck Mountain Association occurs on the high land 
surrounding Duck Mountain Forest Reserve east of Kamsack. It 
occupies a portion of the Manitoba escarpment which lies along 
the Saskatchewan-Manitoba border. Almost ninety thousand acres 
have been mapped in this Association. 

The soil landscape of the Duck Mountain Association is 
characterized by its heavy textured thinly podzolized soils, a 
predominance of long, f airly steep slopes or broadly rolling 
topography, and a heavy stand of aspen and black poplar. The 
trees are much taller and straighter than those found on lighter 
textured soils. In most places the agricultural development is 
typical of Pioneer Settlements. 

The topography of this Association varies from gently 
undulating to moderately rolling. About 64% of the soils are 
mapped as rolling or as mixed undulating-rolling phases. As noted 
above, long and fairly steep but smooth slopes are characteristic 
of the mixed topography. 

DUCK MOUNTAIN ASSOCIATION 
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Surface drainage is satisfactory on the undulating phases but 
tends to be excessive on the steeper slopes and restricted in the 
depressions. Interna1 drainage is slow due to the heavy nature of 
the soil. The profile is generally shallow, particularly in the heavy 
textured types, where the parent material is encountered a t  about 
15 inches below the surface. 

Duck Mountain soils are mapped as heavy Clay, Clay, and Clay 
loam. The two latter textures are most common. 

The dominant member profile of Duck Mountain Association 
is a shallow upland podzol. Shaliow knoll and poorly drained 
members also occur, and in some places a weakly developed podzol 
or strongly degraded type of profile is encountered. A generalized 
description of the dominant member profile is given below. 

A, Horizon.-Fresh and partially decomposed plant residues. This horizon 
may be mixed with a very thin dark grey Al horizon (1” to 2” thick). 

Upland podzol (Clay texture) : 

A, Horizon.-Faint brownish-grey; platy to hard granular structure (2” to 
5” thick). 

Bl Horizon.-Dark reddish-brown to yellow-brown; very heavy texture; 
small cloddy to nutty structure (4“ to 6” thick). 

B2 Horizon.-Grey to brownish-grey; granular structure, moderate content 
of lime carbonate (4“ to 6” thick). Sometimes this horizon cannot be 
separated from the upper part of the parent material. 

C Hmizon.-Bands of dark grey heavy Clay and yeiiow-brown silty Clay. 
The latter appears to be highly calcareous, whereas the heavy Clay is 
dark and shale-like with little or no lime carbonate. Sometimes the 
banded arrangement is not well expressed, or appears to have been 
disturbed. The deposit then presents a mottled appearance of dark grey, 
light grey, and rusty-yellow colours. Glacial grave1 and smaü 
water-worn glacial stones occur in the C horizon; larger stones and 
boulders are also frequently present, but are more common near the 
surface. 

The shallow knoll type of profile occurs on the steeper slopes 
and is particularly common in the Duck Mountain soil areas 
occurring north of the reserve on the slopes toward the Swan 
River Valley. 

In these profiles there are only 2 or 3 inches of greyish-brown 
A horizon over the dark brown heavy B horizon. It is possible 
that these soils represent truncated or eroded profiles, in which 
natural erosion has prevented deeper profile development. 

The Duck Mountain heavy Clay is less stony than the Clay and 
appears to be a more uniform type of soil, comparable to the 
heavy textured lacustrine podzoliied types, such as the Kelvington 
Association. 

The Clay loam is more variable and does not always conform 
to the descriptions of the Duck Mountain soils given above. The 
parent material is sufficiently like that described above to indicate 
that the Clay loam is related to the heavier Duck Mountain soils. 

The Clay loam profile varies from a podzol to  a strongly 
degraded or weakly podzoiized type. The A2 horizon ranges from 
5 to 8 inches in thickness, and from grey to brownish-grey and 
greyish-brown in colour. Bi horizon-brown to dark brown; hard 
coarse granular structure (6” to 10” thick) . Bz horizon-greg to 
yellow and brownish-grey ; soft granular structure; high lime 
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carbonate content; usually pebbly-stony with iimestones predomi- 
nant (6” or more in thickness) . C horizon-mixed or banded very 
dark grey-brown and yellowish colours; many pebbles and small 
glacial Stones and boulders; many of these are limestone. This 
horizon has a moderate to high content of lime carbonate. 

Shallow Peat and Deep Peat or Muskeg soils occupy local 
depressions in the Duck Mountain soil areas. There are also a 
number of lakes in the rolling belts. 

Agriculture.-The agricultural development of most Duck 
Mountain soils is only a t  an early stage. Cultivated acreages are 
small and in general farming is stili of the pioneering type. This 
is probabiy due to the heavy tree cover, the heavy rather in- 
tractable nature of the soil and the comparatively short period of 
settlement. Hence it is difficuit to estimate the agricultural adapta- 
tions of the soils. 

Field observations made during the survey suggested that 
the initial productivity of the heavier types is low. In the fields 
observed, grain crops were fair to poor; preliminary analysis of 
Duck Mountain soil samples indicated low nitrogen and organic 
matter contents. 

The Clay loam types appear to be fairly similar to the Wait- 
ville soils. Most of the Duck Mountain Clay loam is situated on 
rolling topography, and the cost of clearing the land of both Stones 
and trees before more land can be brought under cultivation wili 
be quite high. 

It may be expected that the Duck Mountain soils will respond 
to applications of manure and commercial fertilizers and to the 
use of legume crops in rotation. 

PINE ASSOCIATION 

Description.-The Pine Association consists of very light tex- 
tured soils developed on alluvial and aeolian sands. These soils are 
generally found under a cover of jack-pine and hence represent 
the types usually referred to as jackpine Sand. These soils occupy 
oniy a small proportion of the present map-roughly sixty thousand 
acres. They occur chiefly along the Barrier River, between 
McKague and Chelan, and on the northern border of the area 
Wes t  of Pontrilas. Large areas of these soils are encountered north 
of the present survey. 

The soil landscape of the Pine Association is characterized by 
the light grey colour of the leached or podzolized horizon, the 
dominance of jack-pine cover and the absence of Stones. Mixed 
jack-pine, poplar and spruce occupy the lower well drained lands, 
while black spruce and tamarack are cornmon in undrained peaty 
depressions or muskegs. Very little agricultural development is 
to be seen on the Pine Sands, and where such soils are cüitivated 
crops and farm buildings are poor. 

The topography is typically undulatiig, nearly level to moder- 
ately undulating phases being most common. In many places, 
however, the Sand deposits have been reworked by wind and some 
local dune development has mcurred. 
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Drainage is excessive in these soils, and most of the 
precipitation reaching them passes downward through the profile. 
A water table is frequently present at shallow depths. 

The Pine soils are typically Stone free, but occasional spots 
of grave1 and more rarely Stones and boulders may occur. 

The Association is mapped as sand, and the textures usually 
range from medium to fine and very fine sand. Fine Sand is 
probably the dominant textural class. 

In texture and origin the Pine sands are similar to the 
Undifferentiated Sands and Dune Sands occurring in the Grassland 
formation. m i l e  the latter soils show little or no profile develop- 
ment, the Pine soils have well developed podzolic profiles. in the 
upland areas a typical podzol profile is present. Shailow knoll 
profiles and poorly drained members have not yet been studied 
in this Association. Where local poorly drained profiles are found 
they generaily occur on heavier textured deposits than those 
forming the parent material of the Pine Association. Generalized 
descriptions of the Pine profiles are given below. 

Podzolized Sand profile: 
4 Horizon.-Undecomposed layer of pine needles, and twigs and residues 

from low growing shrubby plants. This horizon is often absent where 
fires have recently occurred, and is alwayrj thin ((Y‘ to 1” thick). 

A, Horizm-Grey to brownish-grey fine sand; loose and structureless (0.5” 
to 1” thick). 

A2 Horizon.-Light (ashy) grey when dry, brownish or yellowish-grey when 
moist; loose structureless f i e  Sand (8” to  12” thick or more). 

Horizon.-Brown (reddish-brown when moist) ; Ioose and structureless to 
very faintly compacted; fine to very fine Sand (12” to 24“ thick). 

B2 Horizon.-Yellow-brown or grey-brown fine to very fine sand; loose and 
structureless; this horizon cannot aiways be separated from the C 
horizon below; when present it is one foot or more in thickness. 

<;1 HorkzoIL-Yellow-brown fine and very fine Sand; loose and StnictureleSS; 
occasionaiiy may contain trace of lime carbonate, but generdy is 
lime free. 
Upland podzol profile: A0 and Ai horizons as described above. 

Az horizon-light (ashy) grey fine and very fine sand; 100% and 
structureless (8” to 14” thick). Bi horizon-brown, dusted with 
grey specks; fine sandy loam texture, nutty to cloddy structure, 
moderately hard, but crushing to Ioose condition (18” to 24” 
thick). B2 horizon-greyish brown very fine sandy loam; massive 
structure, but breaking easily to loose condition (16” to 20” thick) . 
C horizon-yeliow-brown fine and very fine sand; no lime 
carbonate present. 

in places the Pine sands have been mapped in mked areas 
with Sylvania and Shellbrook soils. 

Muskeg or Deep Peat soils, and wet marshy areas occupy 
depressions in the Pine soil areas. 

Agridture.-In general the Pine sands are non-arable types. 
They are low in native fertility and water-holding capacity, and are 
commonly acid in reaction. Their sandy nature makes them very 
susceptible to wind erosion. Most attempts to settle and cultivate 
these soils have proven unsuccessful. 

There is a possibility that the finer textured types may be 
used for the production of alfalfa or clovers, providing that suitable 
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fertüizers are used. These soils respond to applications of fertiiizers 
containing nitrogen and suiphur, and if cropped for many years 
wiil require phosphorus, and probably potash as well. The more 
acid types may require the application of lime in order to produce 
legumes such as alfalfa or sweet clover satisfactoriiy. The best 
of these soils are not suitable for the production of grains as a 
major farm enterprise. Under a permanent cover of forage crops, 
or used for alfalfa seed production, satisfactory returns are a t  
least a possibility. 

Most of the jackpine Sand areas should be utiiized as game 
preserves and pubIic domain. Under proper management such 
areas may also furnish Wood for fuel and other uses. The Nisbet 
Forest Reserve in the Prince Albert district is an example of the 
proper utiiization and conservation of jackpine lands. 

SYLVANIA ASSOCIATION 
Description.-The Sylvania Association consists of light 

textured soils developed on sandy glacial lake and alluvial deposits. 
In the present area these soils are found in the basin of the Red 
Deer River, and in the districts of Sylvania, Bjorkdale, Chelan, 
Ridgedale, and Aylsham. About one hundred and seventy thousand 
acres are mapped in this Association. 

The soil landscape of the Sylvania Association is character- 
ized by generally smooth topography, and by a dense but relatively 
short stand of aspen with occasional pine and spruce. These soils 
are deeply leached, and where cultivated the surface is a light 
grey with a faint brownish tinge. Stones are rarely encountered; 
the depressions consist of Meadow and Peat soils. Agricultural 
development is generaliy poor. 

In the present survey 90% of the Sylvania soils are mapped 
as undulating phases. Most of the remainder consist of gently 
rolling and mixed undulating-rolling phases occurring in the 
vicinity of Chelan. 

Surface drainage is generally satisfactory, but tends to be 
excessive on the steeper slopes and on rolling phases. Internal 
or profile drainage is adequate but may also be somewhat excessive 
in profiles which have loose, open B horizons. 

Stones are rarely encountered. Local gravelly and cobbly 
subsoils are associated with some of the coarser textured soils. 

Sylvania soils have been mapped chiefly as very fine sandy 
loam and fine sandy loam. A small area of sandy loam has been 
mapped near the Barrier River. 

The Sylvania Association represents the podz0lize.d equivalent 
af the Shellbrook Association. In geological origin the Sylvania is 
similar to the Shellbrook, Meota, Asquith, and Hatton Associations. 
Hence the Sylvania soils represent the finer textured sandy loam 
.soils of the Grey zone. The small area of sandy loam referred 
t o  above is not entirely typical of this Association. Further studies 
made north of the present mapped area suggest the advisability 
of establishing an Association to cover grey podzol soils on glacial 
outwash and eroded till. When this is accomplished podzolized 
sandy loams and gravelly stony loams will be placed in a new 
Association. Such an arrangement is analogous to  placing the 
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coarser textured Meota soils in the newly established Whitesand 
Association. Since there are only a few small areas of podzol 
outwash soils in the present surveyed area, the use of a new soi1 
Association will be deferred until the northern areas are mapped. 

The dominant member profiles of the Sylvania Association 
are podzolized sandy and upland podzol types. In this respect the 
Sylvania soils are similar to the Pine sands, but the former 
represent heavier surface and subsoil textures. 

Podzolized sandy profile: 
4 Horizon.-Usually absent due to fires. Where present consists of a 

slightly decomposed layer of plant residues (O” to  2” thick). 
Ai Horizon (if present).-Dark grey fine sandy loam; soft platy structure 

(0” to 3“ thick), 
Az Horizon.-Light (ashy) grey to grey with faint brownish tinge; light 

fine sandy loam texture; weak platy to loose structureless condition 
(8” to 16’ thick). 

Bi Horizon.-Reddish-brown to yellow-brown fine sandy loam; faint soft 
cloddy structure to loose and structureless, the clods crushing easily to 
the latter condition (10” t o  15” thick). 

E2 Horizon.-Yeïlow-brown to brown; loose, structureless condition. This 
horizon cannot always be distinguished from the parent material below 
(O” to 8” thick), 

C Horizon.-Yellow-brown to light greyish-brown; mixed fine Sand, very fine 
sand and loamy sand. Sometirnes slight amounts of lime carbonate are 
present in the C horizon. The A and B horizons are lime-free. 

Upland podzol profiles: 
A0 horizon is described above. Ai horizon-dark grey; platy 

structured; light loam to  very fine sandy loam (1” to 4” thick). 
A2 horizon-light grey with faint brown tinge; soft platy to struc- 
tureless; fine sandy loam to very fine sandy barn (6” to 12” thick). 
Bi horizon-reddish-brown to brown ; cloddy to nutty structure; 
loam to sandy Clay texture; moderately hard to very hard and 
compact (8” to 12” thick). B2 horizon-yellow-brown; nutty to 
granular structure; less hard and compact than Bi. This horizon is 
not always present (O” to 8” thick). C horizon-yellow-brown 
sandy Clay loam with some fine and very fine sand. Lime carbonate 
may be present in the parent material. 

In .some places the Sylvania profile rests upon a D horizon 
consistihg of a silty glacial lake deposit. This deposit has a high 
lime content, and hence a limy Bz horizon may occur in the 
Sylvania profile. Sylvania soils overlying this D horizon of 
calcareous silty material will form better agricultural soils than 
the first two profiles described above. 

It is also probable th2t poorly drained members of the Sylvania 
Association occur, although such profiles have not yet been 
observed. 

Sylvania soils are sometimes mapped as mixed soil areas with 
Shellbrook, Pine, and Waitville types respectively. The Sylvania- 
Waitville complex represents soils which ultimately may be 
classified as podzolic outwash and eroded till types. A few small 
areas are mapped as Sylvania and Kamsack. 

Local soils occurring in Sylvania soil areas include Meadow 
and Peat profiles. 

The Sylvania Association includes some soils formerly mapped 
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as the Shellbrook series, but which are too strongly leached or 
podzoiized to be classified with the latter. 

Agricdture.-The Sylvania soils are not well developed 
agriculturally. This is in part due to the recent date of settlement, 
but chiefly it is owing to the nature of the soils themselves. These 
soils are deeply leached and are low in organic matter, nitrogen 
and mineral nutrients. They are also highly susceptible to wind 
erosion and drought. The use of legumes, grasses, manure and 
fertilizers may be considered imperative if these soils are to remain 
in cultivation and to produce satisfactory crops. 

The better textured types and those associated with silty 
subsoils are pro,ducing fair crops of grain. In a few places good 
stands of forage crops were observed. 

The fine sandy loam type, particularly where it is associated 
with Pine sands, is of doubtful agricultural value. It is best adapted 
to the production of forage crops, and continuous cultivation a d  
cropping to grains should not be practiced. The danger of soil 
drifting alone is sufficient reason for avoiding a straight grain 
farming system. Slight to moderate wind erosion and slight water 
erosion were observed on cultivated Sylvania soiis. 

KELVINüTON ASSOCIATION 
Description.--The Kelvington Association consists of heavy 

textured podzol soils developed on heavy Clay deposits which occur 
chiefly on r o h g  upland topography. The parent deposit is a very 
dark grey heavy Clay, streaked with light to yellow-grey calcareous 
material. Small water-worn glacial Stones and fragments of shaie 
are occasionaiiy present. 

The exact nature of this deposit is not yet known. Apart 
from the rough topography the area is most suggestive of 
deposition in a glacial lake. Further studies are required of both 
the Kelvington and Duck Mountain Associations before their 
geological nature can be ascertained. 

The Kelvington soils occur north-east of Kelvington on the 
r o h g  upland adjacent to the western border of the Porcupine 
Forest Reserve. The area mapped is inextensive-representing less 
than sixty thousand acres, but the Association appears to extend 
into the Reserve. 

The soil landscape of the Kelvington Association is character- 
ized by gently to moderately roliing topography, consisting of 
broad knolls or low hills with fairly steep but smooth slopes. 
Numerous muskegs, marshy ponds and lakes occupy the depres- 
sions. A moderately heavy stand of ta11 aspen and black poplar 
is associated with these soils. The cultivated soils are of a du11 
grey colour and have a hard nutty to coarse granular structure. 
Agricultural development is limited, with relatively small areas 
under cultivation and much uncleared land. The general appearance 
of the area and the Pioneer stage of development are suggestive 
of the Duck Mountain Clay soils. 

Approximately 90% of the Kelvington soils are mapped as 
mixed undulating-rolling topographic phases. 

Surface drainage is variable, tending to be excessive on the 
steep upper slopes and impeded in the depressions. The inter- 
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mediate slopes and the undulating lands are well drained. Interna1 
or profile drainage is slow to restricted. The heavy nature of the 
soil and the rolling topography do not favour rapid or deep 
penetration of soii water. 

Stones are few in number and are uften absent (So to SI) 
except un the borders of Kelvington soil areas, where very stony 
patches occur. The latter conditions are not typical of this 
Association. 

The Kelvington soils are mapped in heavy Clay and Clay 
textural classes; the heavy Clay is most common. 

The dominant member profile of this Association is a thin 
upland podzol type. Weakly podzolized, shallow knoll and poorly 
drained members also occur. Generalized descriptions of these 
profiles are given below. 

Heavy Clay upland podzol profile: 
A0 Horizon.-Partially decomposed organic matter; where this horizon is 

well developed it may be mixed at the bottom with a thin, very dark 
grey mineral soil, forming a mixed A, and Al horizon (1” to 2“ thick) . 

A, Horizon.-Medium grey to light grey; nutty to coarse granular structure, 
under pressure becoming powdery (2“ to 5” thick). 

BI Horizon.-Very dark brown or dull grey-brown; hard nutty to  hard 
angular fragmentai structure (12” to 30” thick). A yellow-brown B2 
horizon is sometimes present, but frequently the BI horizon grades 
into the C. 

O Horizon.-Very dark grey heavy Clay, streaked with whitish limy Clay. In 
places a grey shale-like Clay spotted with yellow occurs; massive to 
laminated structure, breaking to hard nutty or granular aggregates. 
Except for the streaks of limy Clay, the deposit contains iittle or no 
lime carbonate. Occasionally small water-worn glacial Stones and 
fragments of shale may be encountered. Occasional Stones, apparentiy 
glacial erratics, occur a t  or near the surface. 
The weakly developed podzol profile has the following 

distinctive features : Ao horizon-plant residues, partially decom- 
posed (1” to 2” thick). Ai horizon-dark grey to very dark grey; 
granular structure (2” to 3” thick). A2 horizon-appears to  be 
developing as a grey leached layer a t  the top of the B horizon; 
nutty to thick platy structure (1” to 2” thick) . B-C horizons similar 
to those described above. 

The shallow knoll profile shows little horizon development. 
The Ao is thin or absent; the Ai is very dark grey to dark grey 
(2” to 4” thick). The A2 horizon is frequently absent and where 
present is thin (O” to 1” thick) . 

The poorly drained profile is characterized by a du11 or steely 
grey BI horizon, while the lower subsoil is mottled with rusty and 
bluish grey streaks and spots. 

in one area Kelvington Clay is mapped as a mixture with 
Waitville Clay loam. Meadow, Shallow Peat, and Deep Peat profiles 
occur as  local soils in the Kelvington soil areas. 

Agriculture.-The Kelvingtun and Duck Mountain soils 
appear to have similar agricultural problems and both are largely 
in the Pioneer stage of development. The references made to the 
agriculture of the Duck Mountain soils apply also to the Kelving- 
ton types. In both Associations very heavy textures, rather poor 
physical conditions of the surface soil, rolling topography and 
heavy clearing are adverse factors. The cultivated Kelvington 
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soil, in particular, possesses a hard nutty-cloddy structure, and 
appears to form a plate-like surface crust upon drying from a 
very moist condition. The comparatively recent date of settlement 
in most of the Kelvington soil areas makes i t  difficult to predict 
their future agricultural value. Information received from a few 
settlers suggests that  the Kelvington soils tend to improve in 
productivity after five or six years of cultivation. 

It may be expected that the Kelvington soils will respond to 
applications of manure and commercial fertilizers, and to the use 
of legume crops. 

ARBORFIELD ASSOCIATION 

Descripliion.-The Arborfield Association consists chiefly of 
heavy textured soils developed on glacial lake Clay deposits. This 
Association consists chiefly of complex podzolic-solonetzic soils, 
representing an unusual type of soil formation. 

The Arborfield soils occur chiefly in the glacial lake area 
on which the Melfort and Tisdale soils are located. The larger 
belts of Arborfield soils occur in the area between Tisdale, Star 
City, and Arborfield, and north of Carragana. About three 
hundred thousand acres have been mapped in this Association. 

The soil landscape of the Arborfield Association is similar 
to that of the Tisdale, except that the cultivated Arborfield soils 
have a lighter grey colour. Undulating topography predominates, 
Stones are few or absent, and tall, heavy stands of aspen and black 
poplar with occasional spruce, are to be seen on the uncleared 
lands. Local wet meadows and peaty depressions are also a feature 
of these soils. In general, agricultural development is less advanced 
and farmsteads and crops are somewhat inferior as compared to 
the best Tisdale areas. 

About 88% of the Arborfield soils are mapped as undulating 
phases, which include flat, gently undulating and moderately 
undulating lands. Most of the remaining soils are mapped as mixed 
undulating-rolling, and only about 3% are classed as rolling. The 
latter occur on the lower slopes of the Pasquia Hills. 

Surface drainage is adequate in most places, but is somewhat 
slow on flat upland positions. The associated meadow and peaty 
depressions are poorly drained. Interna1 or profile drainage is fair 
to poor. The cultivated layer is generally fairly well drained, but 
the subsoils are more or less impervious, and water penetration 
is slow. Where the heavy solonetzic B horizon occurs close to the 
surface profile drainage is further restricted. 

Stones are usually rare to absent (So to SI). A few areas are 
more stony, especially where the lake deposit is thin and underlain 
by eroded boulder Clay. In one area this condition is represented 
by a gravelly subsoil phase of Tisdale and Arborfield clays. 

The Arborfield soils are mapped as heavy Clay, Clay, silty 
Clay, silty Clay loam, and Clay loam. The Clay is most common. In 
general the cultivated Arborfield soils may be regarded as heavy 
textured, due to the heavy nature of the subsoil. 

As already stated the Arborfield Association represents 
complex and unusual types of soil formation. The majority of the 
profiles may be described as complex podzolic-solonetzic soils. It 
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would appear that these soils first developed as solonetzic types. 
This type of soil formation was later modified by the invasion 
of a forest cover and subsequent podzolic leaching. 

From the foregoing statements it will be evident that  the 
Arborfield profiles exhibit great complexity. The dominant profiles 
are characterized by podzolic Ao and A2 horizons, and solonetzic 
B horizons. Two main types of these complex profiles have been 
encountered, one in which the B horizon has an ordinary solonetz 
structure and the other in which the B has a solodized-solonetz, 
or round-topped columnar structure. In places strongly degraded 
or weakly podzolized surface horizons are present. 

Podzol Clay profiles without marked solonetzic features also 
occur in this Association. In addition there are local areas of 
poorly drained profiles which appear to be a combination of the 
depression podzol and “burn-out” profiles, as well as the more 
usual type of poorly drained profile with a thin peaty cover. It 
is probable that shallow knoll profiles also occur, but these have 
not yet been studied in this Association. Generalized descriptions 
of the more important member profiles of the Arborfield Asso- 
ciation are given below : 

Podzolic-solonetzic profile : 
A. Horizon.-Partiaily decomposed organic matter; may include very thin 

minerai Al horizon at the base. This horizon may be absent where 
fires have occurred (O“ to  2“ thick). 

Ai Horizan.-Where separated from A*, grey to dark grey; platy-granular 
structure (1” to 3” thick). 

A2 Horizon.-Light (ashy) grey to brownish-qey; hard, thick, platy, 
breaking to coarse granular structure; sometimes consists of nut-aized 
aggregates at the bottom, which grade without a sharp break into the 
B horizon (4“ to 10” thick). 

BI Horizon.-Brown to grey-brown; blocky to faintly columnar structure, 
breaking to very hard nutty and angular fragmenta1 aggregates; 
compact solonetzic very heavy Clay, with characteristic wave-like 
variation in depth as seen in road cuts (8” to 12“ thick). 

B2 Horizon.-Greyish-brown to yellow-brown; massive to  faintly platy 
structure, breaking to hard nutty and coarse granular aggregates; 
less compact than BI. In shallow profiles lime carbonate may be 
present in this horizon, but more generally no lime carbonate is found 
above the C horizon (6” to 14” thick). 

C Horizon.-Mixed dark grey heavy Clay and greyish-brown to brown Clay 
or silty Clay, often giving an irregular banding effect. Lime carbonate 
is present in whitish streaks, but othenvise the Clay deposit appears to  
contain little or no free lime. The dark grey Clay breaks into hard 
shale-like fragments. The parent material is often stone-free but may 
contain tiny glacial pebbles. Occasional boulders occur near the surface. 
The distinctive features of the compIex podzolic-solodized- 

solonetz profile are as follows: Ao similar to that described above. 
Ai very thin or absent, usually too thin to be separated from Ao. 
A2 horizon-ashy grey; thick to medium platy structure (2” to I O ”  
thick) . Bi horizon-du11 grey to dark greyish-brown; blocky 
columns, with slight to well defined round-topped structure. The 
outsides of the columns mag be coated with shiny, very dark 
brown colloidal material, while the “round-tops” are dusted with 
white grains; the columns consist of a compact very heavy Clay, 
which breaks to hard angular fragments. The BI horizon, as in the 
profile already described, appears in the form of an undulation 
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or wave sometimes almost approaching the surface and then 
sloping to a foot below. The B2 and C horizons are generally similar 
to those described above. 

These two podzolic-solonetzic profiles often form a local 
complex on flat upland topography. The wave-like appearance 
of the Bi and the checked or cracked appearance of the Bi and Bz 
horizons are characteristic features. 

The podzol Clay profile is similar to the podzolic-solonetzic 
member, but has a coarse granular to nutty B horizon, more 
similar to that found in the dominant Tisdale soil. 

The poorly drained podzolic-solonetzic members of the Arbor- 
field Association occur in shallow upland depressions. These soils 
have an A2 horizon of variable thickness. In the deeper profiles 
the A2 is light grey, speckled with rust coloured and yellow 
material. The Bi is very dark brown to very dark grey, and is hard 
and compact. This profile appears to be a variety of the depression 
podzol. In the more shallow profiles the Az horizon is very thin 
and the compact Bi comes almost to the surface. The latter profile 
is more comparable to the eroded solodized-solonetz or “burn-out” 
soil. 

Strongly degraded Arborfield profiles have a well developed 
AI horizon and a dark grey t o  medium grey A2 horizon. 

In some localities the Arborfield soils are mapped in mixed 
areas with Tisdale, and also with mixed Etomami and Tisdale types. 
Local soils found in the depressions within Arborfield soil areas 
include Meadow, Shallow Peat and Deep Peat or Muskeg profiles. 

Agriculture.-The better types of Arborfield soils appear to 
be superior to the other grey podzol soils mapped in this survey. 
On the other hand the well developed podzolic-solonetzic Arbor- 
field profiles, in which the compact round-topped B horizon occurs 
close to the surface, are inferior soils. 

The Arborfield soils are used chiefly for wheat production, 
although considerable amounts of coarse grains and some alfalfa 
are also produced. 

The agricultural development of these soils has been slow. 
The high cost of clearing and the heavy intractable nature of the 
soil are adverse factors. Modern mechanized farm equipment now 
being used in many Arborfield areas will undoubtedly hasten 
development. 

More attention should be given to the improvement of 
fertility and tilth of these soils. Where the heavy solonetzic B 
horizon approaches the surface it was observed that the crops were 
relatively thin and patchy. In this respect such areas are similar 
to the &ho and Trossachs soils, with the important difference that 
the Arborfield soils have more f avourable soil moisture conditions. 
It may be expected therefore that the Arborfield soils will respond 
to applications of fertilizers and manure, and that the use of 
legumes and other forage crops will also prove beneficial. 

While most of these soils occupy favourable topography, 
moderately undulating and rolling phases are subject to water 
erosion. The control of erosion is particularly important on a soil 
which has an impervious and relatively infertile subsoil. 
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MLSCELLANEOUS SOILS 
The soils gr0upe.d under this heading represent types which 

for various reasons could not be placed in established soil 
Associations during the present survey. Most of them represent 
soils formerly listed in “land classes,” and their nature is 
influenced by topographic, drainage, or geological factors which 
largely determine the type of land use. Most of these soils are of 
low agricultural value and in general they represent non-arable 
lands. The more important features of the Miscellaneous soils 
are discussed below. 

ALLTLNIUM 

Description.-Areas mapped as Alluvium consist of variable 
textured soils occurring chiefly on river and creek flood plains. 
Due to the broad scale of mapping employed, undifferentiated 
mils of flat to  depressional uplands were also included in the 
Alluvium. These upland soils occur on recent pond and slough 
deposits, and include Meadow and Shallow Peat profiles and wet 
marshy areas. The key features of these profiles are given in 
table 8. Strictly speaking, however, the term “Alluvium” applies 
only to recent flood-plain deposits, and to the soil profiles 
developed on them. 

The Alluvium deposits consist of layers or strata of variable 
composition. These give a profile-like appearance to the soil, but 
the layers represent different types of alluvial material laid down 
by the stream a t  different periods of time. Alternating layers of 
Clay, Sand and silty deposits are often encountered. While the 
textures are variable, medium to heavy textured deposits pre- 
dominate on most flood plain deposits in Saskatchewan. 

Where profile development can be observed in AlIuvium soils, 
the saline-solonetzic type of soil formation appears to be most 
common. Saline, columnar, solonetz and solodized solonetz profiles 
may occw, but in general these are shallow and are not fully 
developed. F’requently profile development is restricted to a depth 
of a few inches. The profiles mentioned above sometimes possess 
surface colours corresponding to the zone in which they are 
situated. In wet depressions of the river flats, meadow, peat and 
groundwater podzol profiles may occur. 

Only the larger areas of Alluvium can be shown on the re- 
connaissance soil map. Among these are the Valley bottoms of 
the Frenchman, Qu’Appelle, Saskatchewan and Souris Rivers. How- 
ever, narrow bands of Alluvium soils occur along practically al1 
streams. 

Agricdture.-In the former survey the present Alluvium was 
included under the term “Alkali.” This tended to give the im- 
pression that al1 stream deposits were regar.ded as saline soils. 
In the present survey recent and immature soils which are not 
excessively saline are classified under Alluvium. Hence the latter 
term includes the more desirable of these soils. 

Alluvium soils Vary from fair Pasture to good arable types. 
In the Qu’Appelle and Saskatchewan Valleys the better drained 
Alluvium soils are under cultivation and compare favourably with 
the best upland soils of similar texture. In the Valley of French- 
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man River and along Maple Creek fairly extensive irrigation de- 
velopment has been undertaken. 

Alluvium soils which are subject to flooding, and areas broken 
by former stream channels are largely used for native hay pro- 
duction or for grazing. 

Due to the variations in texture, drainage, profile develop- 
ment, and alkali salt content, the successful utilization of Alluvium 
soils is dependent upon a system of cropping and management 
suitable to the nature of the individual areas. 

AL-1 (SALINE) SOILS 

Description.-Alkali soils have weakly developed profiles 
containing a high content of soluble salts. Except when the soil is 
very wet these salts may be present as  whitish spots or streaks. 
In dry periods the salts concentrate as a white efflorescence on 
the surface, and in moist periods move downwards into the lower 
horizons of the profile. 

There are two kinds of Alkali soils, namely “White Alkali” and 
“Black Alkali.” White Alkali soils contain an excess of such com- 
mon soluble salts as Glauber’s salt (sodium sulphate) , Epsom 
salt (magnesium sulphate) and common salt (sodium chloride). 
“Black Alkali” is caused by the presence of ordinary washing soda 
(sodium carbonate), which imparts a distinctly alkaline reaction 
to  the soil. This type of alkali is rarely encountereg in Saskatche- 
wan. Black alkali is much more toxic to plants than is white alkali, 
a small amount being sufficient to prevent plant growth. 

Native plants found on alkali soils have varying degrees of 
tolerance. Some plants are so resistant that they are able to survive 
even where a salt crust has formed. Others have only moderate or 
slight resistance. Their natural plant associations therefore form a 
reliable indication of the condition of salinity in the soil. The culti- 
vated plants also show a wide range of tolerance to alkali, and this 
fact is utilized in the management of such soils. A list of alkali 
tolerant native plants is given in table 29. 

Saline soils occur chiefly in flat to depressional areas where 
drainage conditions are poor. They occur in the beds of streams, 
dry lakes and sloughs. Hence saline soils are developed chiefly 
on recent alluvial and lacustrine deposits. However, they are also 
found in sloping upland positions, notably where seepage from 
pre-glacial shales has occurred. 

Alkali soils show little profile development. To some extent 
they reflect their zona1 position in the colour and organic matter 
content of the A horizon. Otherwise there is little horizon develop- 
ment. There is a tendency for loose “puffy” granular structures 
near the surface, or wherever the salt concentration is greatest. 
In other cases the structure is massive. R o m  the surface down- 
wards the more usual colour arrangement is dark grey over light 
grey to bluish-grey, over mottled brown, yellow and bluish-grey. 

Only the larger areas of these soils couid be shown on the 
present map. There are thousands of local alkali sloughs and flats 
throughout the Province, and in the aggregate these areas repre- 
sent a large acreage. 

177 



Agriculture.-Highly saline soils are unsuitable for cultiva- 
tion. The better types may be used for the production of tolerant 
crops such as sweet clover, slender wheat grass, barley or oats. 
However, most of the alkali soils mapped are non-arable. They 
range from fair Pasture to practically worthless lands. Further 
information on the problems and management of these soils is 
contained in the section on Soil Alkali (page 209). 

PEAT (BOG) SOILS 
Description.-Peat or bog deposits are classed as organic soils 

-that is they are largely composed of materials derived from 
the decomposition of plants. These soils have not yet been studied 
to any extent in this Province. They are more numerous north 
of the present surveyed area and only a few areas, chiefly in the 
north-east section, are shown on the map. There are, however, 
small areas scattered throughout all soil zones. 

Peat soils Vary in composition, depending upon the type of 
vegetation from which they have developed. In Saskatchewan 
they occur under sedge, sphagnum moss, or mixed sphagrium, 
black spruce, tamarack and various shrubs. The sedge peats are 
usually lhy-saline types, while the sphagnum peats are moderately 
to strongly acid. 

The depth of peat may Vary from one to  four feet. Raw or 
fresh undecomposed peat is found a t  the surface, with darker 
more decomposed material below. The mineral soil underlying 
the true peat profile is regarded as a D horizon. 

Shallow peat profiles consist of a thin peaty surface over a 
poorly drained mineral subsoil. They are not shown on the soil 
map, but some shallow peat soils are included with the upland 
Alluvium. Their chief characteristics are listed in table 8, page 48, 

Agriculture.-The deep peats are not considered suitable for 
cultivation at present. They are difficult to drain satisfactorily, 
are often quite acid in nature and low in naturai fertiiity. 

The shallow peats can be cropped successfuiiy if they are 
properly drained, and suitably managed under cultivation. 

Establishment of good surface drainage is essential because 
most crop plants cannot grow in waterlogged soils. in many places 
the necessary drainage channels can be provided without undue 
expenditure, but in other places the cost is prohibitive. Undrained 
peat land may be successfully seeded to Reed Canary gram which 
wili withstand flooding, or if flooding occurs for only short periods, 
a mixture of alsike clover with timothy or brome grass provides 
an excellent hay mixture. 

The peat is broken in the ordinary way, disced, and packed 
before seeding. A heavy packer should be used if possible, as 
otherwise the seed bed remains too open and is therefore likely 
to be droughty. 

The best grain crops are barley and oats. Wheat is to be 
avoided, a t  least during the earlier years of cultivation. Frost is 
a serious hazard on peaty soils. Where drainage is satisfactory, 
aifalfa alone or alfalfa mixed with timothy or brome may be used; 
if the land tends to be wet, alsike is more suitable than alfalfa. 
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Peat lands tend to improve under cultivation, especially if the 
drainage is maintained. This is partly due to improved aeration, 
and partly due to the crop residues, which stimulate decomposition 
processes in the SOL 

Manuring is generally beneficial to peat soiis. The benefit is 
in part due to the stimulation of microbiological activity, and partly 
because of the nutrient elements contained in the manure. Little 
information is avdable regarding the use of commercial fertilizers 
on peats. However, they have been observed to respond to applica- 
tions of ammonium phospates, and greenhouse work has indicated 
need for potash. The shallow peats are generally well supplied 
with lime. 

Burning of the peat is rather commonly practiced preliminary 
to cultivation, and sometimes after cultivation. On the whole the 
practice is undesirable since the mineral soil beneath the peat may 
be less suitable for cultivation than the peat itself. The underlying 
mineral soil rnay be excessively stony, sandy or gravelly, or it 
may contain undesirable quantities of lime and alkali salts. in 
other places it may consist of a heavy intractable Clay, difficult 
to bring into good tilth. The burning of peat shouid be done only 
after the most careful consideration of the above factors. 

If peat lands are pastured for a few years subsequent to 
drainage, they are likely to produce more satisfactorily when 
broken up and cropped. Packing and manuring is accomplished by 
the grazing animals so that the soil is in a more productive state 
when finally cultivated. 

DUNE SANDS, UNDIFFERICJWIATED SANI)S, AND 
GRAVEL DEPOSITS 

Description.-These are al1 weaMy developed soils composed 
of loose sands aad graveb. Practically no profile development is 
evident on such materials under semi-arid climatic conditions. 
There may be a very slight surface colour difference between these 
soils in different grassland zones, but otherwise they represent 
unconsolidatesi surface deposits rather than true soils. (The in- 
fluence of the forest vegetation on sands has been discussed under 
the Pine Association.) 

The dune saads are widely distributed throughout the sur- 
veyed area. They consist of alluvial sands, reworked by wind into 
characteristic dune formations. The dunes consist chiefly of fine 
sands. 

Undifferentiated sands are less extensive. They consist chiefly 
of mixed fine to coarse textured sands which do not drift as 
readily as the more uniform sands of the dune type. 

Grave1 deposits are scattered throughout the surveyed area. 
Agricdture.-AU the above soils are non-arable types, al- 

though in a few places attempts have been made to cultivate them. 
The sands are fair grazing lands if properly managed. Over- 
grazing is likely to result in wind erosion, which may affect 
adjoining arable lands as well as destroying the value of the area 
for grazing. Hence proper grazing management of such soils is 
hperative. Water is usuaiiy obtained a t  shallow depths, and it 
is possible that in some areas aifalfa or sweet clover could be 
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grown successfully. Excellent stands of volunteer sweet clover 
have been observed in the driest years, especially where shailow 
water tables are present. Grave1 deposits are important as a source 
of grave1 for road construction, and for building purposes. 

ERODED (TRUNCATED) SOILS 

Description.-These soils consist of eroded or truncated 
profiles occurring on steep Valley slopes, escarpments, and rough 
broken uplands. They form the eroded lands along the Saskatche- 
wan, Qu’Appelle, Souris, Swan, and other river valleys and 
drainage channels, and also occur in the Cypress Hills and Wood 
Mountain. Most of these areas were eroded during glacial and 
early post-glacial times, but erosion is still taking place where a 
vegetative cover is lacking. 

Where soi1 development has occurred the profiles are thin 
and usually lack one or more of the horizons common to the 
adjacent regional soils. Much of the eroded areas consist of bare 
steep slopes with mixed colluvial material deposited below. The 
material exposed may be boulder Clay or Tertiary and Cretaceous 
deposits. 

Agriculture.-Eroded lands are used for grazing. They are 
of interest to the geologist because such areas often represent 
exposures of earlier geological deposits. This is particularly true of 
the south-West section of the Province where the eroded lands 
present a most picturesque and rugged appearance. 

DEPRESSION (BLUFF) PODZOLS 
Description.-Although these soils cannot be shown on the 

map, they represent a considerable acreage, and hence are 
discusseà here. 

The depression podzol soils occupy small upland depressions 
and the outer margin of sloughs and meadows. They occur in most 
of the black and degraded black soii areas, and may even be 
observed within the dark brown zone. The depression podzols 
usualIy developed under aspen and wiiiow trees, although a some- 
what similar profile may be found in wet sedge and grass meadows. 
A generaiized description of the depression podzol is given below. 

A0 horizon-highly decomposed leaves and other plant resi- 
dues. Very dark brown to  almost black (1” to 3” thick) . Ai horizon 
-usually absent, but when present very dark grey and thinly 
platy (O” to 1” thick). A2 horizon-light (ashy) grey, with specks 
and streaks of rust; platy structure, easily pulverized to  loose 
structureless or powdery condition (6” to 15” thick) . Bi horizon- 
very dark grey-brown to dark bluish-grey, streaked with rust; 
massive structure, hard, waxy appearance, breaking to hard nutty 
aggregates (10” to 20” thick). Bz horizon-as above but with 
more rusty and yellowish colours, and not quite so compact. At 
some point, usually three to four feet below the surface, a wet 
sticky (glei) horizon is encountered. This consists of a mottled 
rusty, yellow, bluish and grey sandy Clay to sandy Clay loam. 
Lime carbonate is rarely encountered in this profile, and is never 
present in the heavy B horizon. 
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Depression podzols exhibit considerable profile variation, due 
to differences in parent material and the stage of podzolic 
development . 

Agr;culture.-The depression podzol soils appear as  small 
greyish depressions in cultivated fields. At first glance they may 
be mistaken for “alkali” spots. Where these soils occupy 25% or 
more of the arable land they must be regarded as  an important 
factor in the agricultural use of the land. 

From the practical standpoint these soils may be regarded 
as poorly drained Waitville profiles. They have al1 the adverse 
features of the latter soil and in addition a more compact and 
impervious subsoil. In most seasons they produce poorer crops than 
the surrounding well drained soils. 

The depression podzol can be improved by application of 
manure and commercial fertilizer. In most districts, however, 
there is little evidence that these soils are receiving any special 
treatment as yet. 

DISSECTED PLATEAU COMPLEX 
Description.-The Dissected Plateau Complex consists of 

various zona1 and miscellaneous soil types covering much of the 
Cypress Hills and Wood Mountain. Most of the settled, cultivated 
portions of these elevations are represented by the soils of the 
Wood Mountain and Cypress Associations. The Dissected Plateau 
Complex was established to cover the rougher, unsettled areas, 
which could not be traversed in the reconnaissance, survey due 
to lack of roads. The soils included in the complex can only be 
separated and mapped by making a detailed survey. 

The physiography of the Dissected Plateau area consists of 
elevated plateaux, cut up or dissected by valleys and coulees. The 
true plateau areas occur on the higher elevations, and are 
characteristically nearly level to very gently rolling. The knob and 
kettle (or ridge and slough) topography associated with morainic 
areas is not a feature of the true plateau surface. These plateau 
areas are usually small and are separated by the eroded coulees 
and slopes, or else are broken by rougher upland areas composed 
of eroded Tertiary sediments. The above conditions are an 
important feature of the Dissected Plateau Complex, since the 
larger and more easily accessible plateau areas are, as  already 
intimated, represented by established soil associations. 

The surface geology of the Dissected Plateau area has been 
mentioned under the section on Parent Materials and in the 
description of the Wood Mountain and Cypress Associations. A 
more comprehensive discussion of the geology is given in the 
section on Geology. It is sufficient here to point out that  the 
plateau areas are composed chiefly of Tertiary and Upper 
Cretaceous sediments, including shales, clays, sandstones, sands, 
gravels, conglomerates, coals, etc. Since most of the plateau areas 
were covered by the glacial ice sheet, boulder Clay deposits were 
laid d o m  on the older sediments. This glacial cover is thin and in 
many places subsequent erosion has removed part or al1 of the 
till, Ieaving the underlying sediments and often some glacial 
boulders exposed a t  the surface. 

181 



The ciimate, native vegetation and zonal soils of the Cypress 
Hills and Wood Mountain have also been àiscussed in previous 
sections of the report. Soil moisture efficiency increases from the 
base of the plateau land up to the highest elevations. Thus in the 
above order there is a range of semi-arid to sub-humid climatic 
conditions-short-grass prairie, mixed prairie, sub-montane and 
forest vegetation, and brown, dark brown, black and grey (podzol) 
soils. The sequence of these soil types in a s c e n h g  order is an 
interesting local example of vertical zonation. 

Areas of the Dissected Plateau Complex may include any or 
al1 of the above zonal types, occurring chiefly on well àrained 
non-eroded sites where soil profile development is possible. The 
soiis of valIey slopes, hills and escarpments consist chiefly of 
Eroded (truncated) profiles. Fïnally, the soils of Valley and coulee 
bottoms are composed chiefly of Alluvium, with local areas of 
Alkaii, Meadow, and Bog soils. 

The brown zonal soils are represented chiefly by the HaverhiIl 
and Wood Mountain Associations. Local areas of Chaplin and Fox 
Valley soils may occur along the junction between the base of the 
plateau and the lowland plain. The dark brown zonal soils consist 
chiefly of the Cypress Association. The above soils have already 
been dealt with and do not require further discussion at this point. 

The black zonal soils occupy narrow belts of grassland and 
park-like country on the higher portions of the Cypress Hills 
south and south-West of Maple Creek. Owing to the small acreage 
involved and the difficuIty of surveying the area, these soils have 
not yet been classified as  an Association. So far as is known they 
occur on modified Tertiary sediments, and represent the black soil 
equivalent of the dark brown Cypress Association. Similarly the 
grey (podzol) soils occupy very smail patches of coniferous forest 
land, chiefly in the forest reserves. Where these soils have 
been examined, the parent materials appear to  consist of Tertiary 
sediments. 

The Eroded soils consist chiefly of thin, truncated, and 
immature profiles occurring on steep slopes, and subjected to 
considerable natural (geological) erosion. The upper slopes are 
frequently marked by bare, eroded slips, and the lower slopes by 
deposition of the eroded materiai from above. Eroded glacial till 
deposits and outcrops of Tertiary and Upper Cretaceous sediments 
are characteristic of Eroded soil areas. The former deposits are 
represented by numerous glacial Stones and some larger boulders 
at the surf ace, while the pre-glacial deposits include conglomerates, 
gravels, sandstones, sands, shales, clays, silts, coals, etc. Hence 
the Eroded soils cover a very wide range of parent materials and 
textural classes. Little profile development is evident beyond a 
thin A horizon, and sometimes a faintly developed and very thin 
horizon of lime carbonate accumulation. However, solodized 
solonetz profiles may occur on clays derived from eroded shales. 
There are also wide variations in the native vegetative cover 
of Eroded soils. The eroded upper slopes and geological outcrops 
are frequently bare of vegetation. Lower coulee slopes may carrv 
a mixed grass and shrub vegetation. 
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On the higher elevations of the plateaux, particularly on 
northern and eastern slopes, a dense cover of trees, shrubs and 
grasses is a characteristic feature. Western and southern slopes 
are more arid and the dominant vegetation consists of grasses, 
with trees and shrubs occurring only in more moist locations, such 
as in sheltered gullies and depressions. 

The Alluvium and associated soils are found along the streams 
and drainage charnels in Valley and coulee bottoms. The parent 
materials consist of mixed glacial and pre-glacial sediments that  
have been resorted by water. Owing to the relatively recent age 
of the deposits many of the soi1 profiles are weakly developed. 
Where profile features have developed, columnar and solonetzic 
soils are common. These profiles are usually shallow, with poorly 
drained but not excessively saline subsoils. The subsoils often 
consist of different bands or layers of water deposited materials. 
Such layers may be mistaken for true profile horizons. Soil 
textures are variable, but medium silty to heavier Clay textures 
predominate. 

The above staternents refer to the undifferentiated soils 
mapped as  Ailuvium. Meadow, Bog (Peat), and Alkali soils may be 
recognized from the description given in the sections headed “Soil 
Classification” and “Miscellaneous Soils.” These soils occupy small 
depressions and other poorly drained sites within the areas of 
better drained Alluvium soils. The Meadow and Bog types are 
often associated with Springs. Alkali soils are not encountered as 
frequently as in areas of glacial soils. In the Dissected Plateau 
Complex they are most common at the lower elevations, where 
the valleys enter the lowland plain. 

The vegetation of the Alluvium soils consists of grasses with 
some shrubs. Sedges and other plants typical of wet-marshy areas 
are found on the Meadow and Bog soils. Greasewood and other 
Salt tolerant plants are associated with areas of Alkali soils. 

Agricdture.-Very little of the Dissected Plateau area is 
under cultivation. This is due to the prevailing rough topography 
and the inaccessibility of the smoother areas. Most of the land 
is used for ranching. The generaily good grass cover, frequent 
presence of water and the shelter afforded by valleys and trees 
give this rough area a high value as ranching land. In addition 
smali areas in the valleys are utilized to grow forage crops and 
coarse grains. In some places the streams supply water for small 
irrigation projects and these permit the growing of alfalfa and 
the development of an irrigated garden, as well as flood irrigation 
of native grassland. 

Those portions of the Cypress Hills and Wood Mountain 
represented by the Dissected Plateau Complex are the sources of 
many streams which are being used to supply irrigation waters 
to the more arid lowlands. This area contains several forest 
reserves which protect wild life and native vegetation, and also 
the Cypress Park which forms an attractive summer resort. The 
Dissected Plateaux area contains some of the most rugged and 
picturesque scenery to be found in the Province and affords a 
strikmg contrast to the more arid prairie plains below. 
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COMPOSITION OF SASKATCHEWAN SOILS 
Due to the large acreage covered in the survey and the time 

required to carry out laboratory determinations, it is not possible 
to  present complete analytical data for al1 of the soils discussed in 
this report. However, some of the more important features of 
Saskatchewan soils, including mechanical composition, wilting 
points, the content of important plant nutrients, and the effect of 
topagraphy and erosion on the composition of the surface soils 
are illustrated in tables 9 to 15. Analytical data for representative 
soii profiles are given in table 16. The information presented in 
each table is discussed below. 

In addition to the analytical data secured by the Saskatchewan 
Soil Survey and the Soils Department, information on Saskatche- 
wan soils is available from the Dominion Soil Research Laboratory, 
Swift Current. Analytical and experimental data on soil moisture, 
soil fertility and soi1 drifting are dealt with in a recent publication 
from this Laboratory.* 

A considerable amount of analytical data for the soils of 
Western Canada are also available in the published soil survey 
reports of Alberta, Manitoba, and Saskatchewan, and in issues 
of the technical journal, “Scientific Agriculture.” 

TABLE S.-MECHANICAL COMPOSITION O F  SASKATCHEWAN SOILS 

Percentage of Sol1 Separates 
Medium Fine Very Fine 

Sand Sand Sand Sllt 
.5-.25 .25-.1 .1-.O5 .05-,005 

Fine 
Grave1 

2-1 
ASsocIatIorI Texturai Clasç mm. 

Sceptre ............ Heavy Clay .. 0.0 
Regina ........... Heavy Clay .. 0.0 

Fox Valley .... Silty Clay 

Melfort .......... Silty Clay 
Loam .......... 0.3 

Loam .......... 0.0 
Haverhill ........ Clay Loam .. 0.5 
Weyburn ........ Clay Loam .. 2.4 
Oxbow ............ Clay Loam .. 1.3 
Fox Valley .... Silt Loam .... 0.0 
Haverhill ....... Loam ............ 0.5 
Weyburn ....... Loam ............ O .5 
Oxbow ........... Loam ............ 2.5 
Hatton ............ Very Fine 

Shellbrook ...... Very Fine 

Hatton ............ Fine Sandy 

Sandy Loam 0.1 

Sandy Loam 0.0 

Loam .......... 0.2 
Asquith .......... Fine Sandy 

Loam .......... 1.9 
Shellbrook ...... Fine Sandy 

Loam .......... 0.1 

Chaplin .......... Sandy Loam 0.5 

coarse 
Sand 
1 -.5 
mm. 

0.0 
0.1 

0.2 

0.2 
1.3 
2.8 
2.7 
0.0 
1.1 
1.4 
3.2 

0.5 

0.4 

2.5 

4.2 

0.2 
15.0 

mm. 

3.7 
0.5 

0.3 

0.4 
1.5 
4.9 
6.9 
0.5 
1.6 
2.9 
6.3 

1.2 

0.5 

3.9 

6.3 

1.9 
24.5 

mm. 

4.8 
2.6 

1.5 

2.0 
4.9 
8.4 
19.4 
9.1 
6.1 
18.1 
16.3 

9.4 

22.2 

11.4 

9.5 

40.0 
35.0 

mm. 

9.6 
9.1 

14.9 

22.4 
29.6 
24.3 
18.4 
30.1 
37.7 
20.2 
18.0 

53.0 

53.0 

37.8 

33.0 

30.5 
15.0 

mm. 

26.5 
31.7 

55.7 

46.5 
36.8 
31.9 
29.0 
47.0 
37.5 
38.5 
36.7 

23.0 

17.6 

25.9 

31.6 

14.5 
8.9 

Ciayl 
beiow 
.O05 
mm. 

55.4 
56.0 

22.1 

28.2 
24.6 
25.3 
22.2 
13.4 
15.3 
18.5 
17.0 

11.5 

6.7 

18.0 

13.5 

12.8 
8.1 

‘Report of Investigatlon, Soi1 Reçearch Laboratory, Swlft Current, Saskatchewan, 1943. 
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The data in table 9 give the percentages of clay, silt, sands, 
and fine gravel in Saskatchewan soils of varying textures. The 
figures for Clay represent soil particles below .O05 millimetres in 
diameter as determined by one of the older methods of mechanical 
analysis. In recent years it has been decided that the Clay fraction 
of soils should. be confined to particles of below .O02 millimetres 
diameter. The latter size is now used in Saskatchewan, but since 
complete mechanical determinations covering a wide range of 
textures are only available as determined by the older method, the 
data given above refers to Clay defined as less than .O05 mm. 
diameter. The main purpose of the table is to indicate the 
relationship between the common soil textural classes and the 
percentages of different sized mineral particles. 

In the heavy Clay soils the Clay particles represent more than 
50% of the total soil separates, while coarse Sand and gravel are 
rarely present. The silty Clay loam soils are characterized by a 
high content of silt particles and are also very low in the coarser 
sands. The sandy soils have a lower Clay content and a correspond- 
ing higher content of sand, as compared to the heavier textured 
soils. The loam and Clay loam soils are intermediate between the 
sandy and clayey types. 

TABLE lO.-SOIL MOISTURE DATA AND RELATED CLAY AND 
ORGANIC MATTER VALUES* 

soi1 

Moisture Available Clay 
equiva- Wilting Soi1 Beiow Organic 

lent Point Moisture .O02 mm. Matter 
% % % % 9% 

Sceptre heavy Clay ................ 43.9 21.6 22.3 71.8 3.8 
Reginaheavyclay ................ 39.7 19.6 20.1 67.2 3.6 
Melfort silty Clay .................. 35.6 15.7 19.9 37.1 11.7 
Indian Head clay .................. 32.5 15.3 17.3 44.9 10.0 
Oxbow Clay loam .................. 26.8 13.4 13.4 31.5 6.0 
Fox Valley loam .................... 23.1 10.2 12.9 22.3 4.0 
Haverhill light loam ............ 19.2 8.2 11.2 17.4 2.7 
Hatton very fine sandy loam 16.4 6.9 9.4 11.9 3.5 
Meota fine sandy loam ........ 14.0 5.2 8.7 10.9 6.4 
Pinesand ................................ 4.8 2.5 2.3 1.6 0.9 

*"Relation of Clay and Orgarilc Matter to Soi1 Moisture Equllibrlum Points"-W. L. Hutcheon) 
h1.8~. Thesis, Department of 80118, 1941. 

The data in table 10 illustrates the variations in moisture- 
holding capacity and drought resistance of representative Saskat- 
chewan soils. The moisture equivalent is a term used to express 
the relative power of soils to retain moisture against a force 
equivalent to one thousand times that of gravity. It has been 
found that the moisture equivalent is approximately equal to the 
normal field capacity of the soil. The latter represents the 
maximum amount of water held by a moist soil in contact with a 
laver of dry soii. The wilting point rexlresents the amount of 
moisture left in the soil when plants become permanently wilted. in 
other words the values shown under "wilting point" indicate soil 
moisture that is not available for normal plant growth. The avail- 
able moisture is taken as the difference between the moisture 
equivalent and the wilting point. The values of available moisture 
therefore represent soil moisture that can be utilize,d by the 
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growing plant . The data clearlly indicate the superior drought- 
resistance of the heavier textured soils . It will be noted that the 
amount of avaiiable moisture varies directly with the percentage 
of Clay in the soil . However. the importance of organic matter is 
aiso shown. The Melfort soil. with almost 8% less Clay than the 

TABLE ll.-NI!WOQEN, PHOSPHORUS. P0TASSIDI)î AND PH VALUES 
OF UNCULTIVATED SURFACE SOILS 

SOI1 
Zone 

Brown 
S o h  

Dark 
Brown 
sous 

B h k  
soils 

Transition 
h i l S  
(Dejpaded 
Blrrck) 

G.re9 
8011s 

Sol1 Association and Clam 

Haverhill Light Loam ...... 
Haverhül Clay Loam 
Echo Clay Loam ...................... 
Robsart Loam .......................... 
Chaplin Sandy Loam .. 
Hatton Fine Sandy Lo 
Fox Valley Loam .................... 
Fox Valley Silty Clay Loam 
Sceptre Heavy Clay ................ 
Wood Mountain Light Loam 

Weyburn Light Loam 
Weyburn Loam 
Trossachs Clay 
Estevan Loam 
Biggar Sandy 

Asquith Light Loam .............. 
Eistow Loam ............... 
Elstow Silty Clay Loa 
Regina Heavy Clay ................ 
Cypress Loam .......................... 
Oxbow Loam ............................ 
Naicam Loam .......................... 
Ryerson Loam .......................... 
Yorkton Loam .......................... 
Waseca Loam 

Meota Fine Sandy Loam 
Blaine Lake Loam .................. 

Asquith Fine Sandy Loam .... 

Canora Loam ............................ 
ïndian Head Clay .................... 
Melfort Silty Clay .................. 

Pelly Loam ............ 
Whitewood Loam 

Etomami Heavy 
Shellbrook Fine Sandy Loam 
Kamsack Clay ......... 
Tisdale Silty Clay . 
Rocanville Clay Loam ............ 
Waitville Loam ........................ 
Kakwa Clay Loam .. ...... 
Duck Mountain Clay .............. 
Pine Sand .................................. 
Sylvania Fine Sandy Loam .. 

Acid Peat ......... 

% Total 
Nltrogen 

0.20 
0.23 
0.14 
0.18 
0.15 
0.17 
0.18 
0.22 
0.24 
0.17 
0.26 
0.31 
0.17 
0.33 
0.25 
0.30 
0.26 
0.28 
0.34 
0.27 
0.40 

0.46 
0.55 
0.43 
0.50 
0.42 
0.62 
0.49 
0.42 
0.46 
0.45 
0.49 
0.54 
0.47 
0.75 

0.38 
0.54 
0.36 
0.42 
0.56 
0.41 

0.41 
0.16 
0.25 
0.29 
0.11 
0.18 
0.28 
0.21 
3.20 

1 

% Total 9% Total 
Phosphorus Potassium 

0.04 
0.05 
0.04 

0.05 
0.05 
0.06 
0.04 
0.08 
0.06 

0.06 
0.06 
0.05 
0.09 
0.04 
0.05 
0.06 

0.06 
0.07 
0.07 

0.08 
0.09 
0.05 
0.07 

0.05 

0.05 
0.05 

0.08 
0.09 
0.12 
0.11 

0.09 
0.05 

0.04 
0.07 
0.05 

0.04 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 
0.18 

1.70 
1.69 
1.66 

1.47 
1.48 
1.03 

.... 

1.76 
.... 

1.65 
1.85 
1.66 

.... 

.... 
.... 
.... 
.... 

2.34 
.... 

1.63 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 
.... 

1.70 
1.88 

.... 

.... 
.... 
.... 
.... 
.... 
.... 

1.70 
.... 
.... 
.... 
.... 
.... 
.... 

0.12 

PH 

7.2 
7.2 
7.5 
7.0 
7.1 

7.2 
6.9 
7.4 

.... 

7.5 
.... 
7.2 

6.0 
6.8 

7.5 

7.6 
7.4 
7.0 

6.8 
7.2 
7.3 
7.5 
6.6 
6.9 
7.2 
6.8 
7.0 
7.3 
7.6 
8.4 
7.4 
6.4 

6.3 
7.0 
7.3 
6.7 
7.6 
6.8 

7.4 
6.9 
7.0 
7.2 
6.6 
6.8 
6.5 
7.2 
6.5 

.... 

.... 

.... 
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Indian Head sample, nevertheless possesses a slightly higher 
moisture holding capacity, This is due to  the higher organic 
matter content of the Melfort soil. 

The table further indicates that the Sceptre, Regina and 
Melfort soils are superior in drought-resistance to the other types. 
There is a marked decrease in the amount of available moisture 
between the clays and the medium textured soils, and a further 
reduction in passing to the sandy loams. The Pine Sand represents 
a very droughty type of soil. 

The soils listed in table 11 represent most of the established 
%il Associations of Saskatchewan, arranged by zones. The data 
include values for the three most important plant nutrient 
elements, as found in the surface six inches of uncultivated sod 
samples. 

The nitrogen values, as arranged, illustrate the effect of 
climate and native vegetation on the soils. The figures show the 
increase in nitrogen content between the brown, dark brown and 
the black soils, corresponding to the increasing moisture efficiency 
and heavier grass cover observed in passing from the short grass 
prairie to the parkland prairie. 

The effect of forest vegetation is shown by the lower nitrogen 
values for the degraded black a d  grey soils. In the two latter 
zones, although the soil moisture efficiency is high, the dominant 
vegetative cover of trees and shrubs does not provide for the 
accumulation of as much nitrogen and organic matter as do the 
grasses of the open prairie. Unpublished data indicated that the 
values for nitrogen, when multiplied by 20, give an approximate 
measure of the percentage of organic matter in the*soil.” On this 
basis the organic matter content of the mineral soils in table 11 
ranges from about 2% to 15%. 

The phosphorus content of Saskatchewan soils does not Vary 
as much as the nitrogen. It will be noted, however, that there is a 
general tendency for higher phosphorus values in soils possessing 
a high Clay content, or a high organic matter content. 

The incomplete data for potassium indicates that most Sask- 
atchewan soils are well supplied with this element. The only soils 

TABLE 12.4OMPARISON OF AVERAGE NITROGEN VALUES FOR 
PAIRED UNCULTnTATED AND CULTIVATED SURFACE SOILS 

Sol1 Association 
Chaplin Sandy Loams ...................... 
Sceptre Heavy Clays ........................ 
Elstow Silt Loams ............................ 
Weyburn Loams ................................ 
Regina Heavy Clays ........................ 
Meota Fine Sandy Loams .............. 
Oxbow Loams ..................................... 
Blaine Lake Silty Loams ................ 
Melfort Silty Clays ............................ 
Shellbrook Fine Sandy Loams ........ 
Waitville Loams ................................ 

Uncultlvated 
SOi lS  

( %  Nltrogen) 
0.16 
0.23 
0.35 
0.33 
0.29 
0.44 
0.47 
0.52 
0.75 
0.37 
0.24 

Cuitlvated 
soi18 

(% Nitrogen) 
0.09 
0.21 
0.27 
0.27 
0.25 
0.29 
0.41 
0.39 
0.61 
0.28 
0.16 

% LOSS of 
Nitrcgen from 

Cultivated Soils 
4 3  
-09 
-23 
-18 
-1 4 
-34 
-13 
-25 
-19 
-24 
-33 

*“Methods for Determinlng Organic Carbon in Soils.”-F. W. Schroer; ht.80. Thesla; Department 
of 80119, 1943. 
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likely to be deficient in potassium are the peat and sandy podzol 
types of the north. 

Table 12 indicates the effect of cultivation and cropping upon 
the original nitrogen content of representative Saskatchewan soils. 
The soils include composite samples of sod and cultivated types 
taken in the same local area. Each nitrogen value represents the 
average of a number of composite samples. 

The table indicates that under cultivation the soils have Iost 
from 9% to 43% of their original content of nitrogen. Some 
degraded black and grey soils not Iisted in the table show a gain 
in nitrogen. In general, however, i t  is evident that the methods 
of farming followed in this Province have not maintained soi1 
nitrogen and organic matter. There is some evidence to indicate 
that the greatest loss in nitrogeri and organic matter occurs in the 
years immediately following the breaking-up of the land. The 
older soils may reach a stage in which the loss of these constituents 
proceeds at a very slow rate. This statement applies particularly 
to the better soils which have not been affected by erosion. some 
decrease in soil organic matter and nitrogen generally follows the 
breaking and subsequent cultivation of virgin sod. Large decreases 
in organic matter and nitrogen result in lower soil productivity. 

TABLE 13.-NITROGEN CONTENT OF SOILS IN RELATION 
TO TOPOGRAPHY* 

Knoll Lower Slow Depression 
% N  % N  % N  

Brown soil, moderately rolling ..... . .. 0.19 0.27 0.37 

Daxk brown soii, gently rolling ........ 0.25 0.28 0.45 

Black soil, ,gently rolling .. .... ... . . ......... 0.28 0.41 0.55 

(Haverhili loam) 

(Weyburn loam) 

(Oxbow loam) 
Wnpublished reaearch data, Baskatchewan SOU Survey. 

Table 13 illustrates the relationship between topographie 
position and soil moisture efficiency as  it affects the nitrogen 
content of the soil. in the Grassland Formation, local variations 
in soil rnoisture conditions are reflected in differences in the stand 
and kind of native grasses. These differences in turn are reflected 
in the soil nitrogen and organic matter values. 

Referring to the table, the droughty nature of the knoli 
position is indicated by the reIatively low nitrogen values. The 
higher soil moisture efficiency and better vegetative growth of the 
lower slopes is shown by increased nitrogen values, while the still 
better soil moisture and vegetative conditions of the depressions 
give correspondingly higher nitrogen values. The data also illustrate 
the general differences in soil moisture efficiency which exists 
between the major soil zones in the Grassland Formation. 

The soils listed in table 14 represent cuitivated surface samples 
and the drifted material from the same soil types, taken in the 
same immediate vicinity. The data show that the Clay soils suffer 
less deterioration from wind erosion than do the medium and iight 

188 



~~ ~ 

TABLE 1 4 . T H E  EFFECT O F  WIND EROSION ON THE COMPOSITION 
O F  SASKATCHEWAN Sons* 

% % 
soi1 % Clay % Silt % Sand Nitrogen Phosphorus 

Clay soils (average of 9 soils) .... 60.50 19.86 10.20 0.32 0.073 
Drifted material from above ...... 60.50 19.90 10.70 0.31 0.076 

Clay loams and loams (9 soils) .. 24.22 35.66 34.10 0.24 0.069 
Drifted material from above ...... 20.50 26.10 50.10 0.18 0.055 
Sandy loams (5 soils) .................. 13.60 11.70 70.00 0.17 0.041 
Drifted material from above ...... 9.40 5.80 84.60 0.09 0.031 

*‘‘Some Field and Laboratory Studies of Soi1 Drifting in Saskatchewan.”-H. C. Moss, SCi. 
Agric. Vol. 15, No. 10. 1935. 

textured soils. It will be noted that the mechanical composition 
and the values for nitrogen and phosphorus are practically identical 
in the Clay soil and its related drifted material. 

In the medium textured soils there has been some sorting 
of the soil separates. The drifted material is lower in Clay and 
silt and higher in Sand than the correspondbg undisturbed soil. 
F’urthermore, the drifted soil material has lost approximately 25% 
of its nitrogen and 20% of its phosphorus. 

In sandy soils the differences between the soil and the drifted 
material are greater. Sandy soils, and to a lesser extent, Clay loam 
and loam types become progressively coarser in texture and lower 
in potential fertility as a result of wind erosion. 

~ 

TABLE 16.-mHF, EFFECT O F  WATER EROSION ON SASKATCHEWAN 
sons* 

Percolation Moisture- 
Rate Holding 

soi1 Condition % Nitrogen cc./hour Capacity-% 
Oxbow Uncultivated sod ........................ 0.41 2240 66 
Loam Eroded knoll (cultivated) ........ 0.28 740 46 

Depression (cultivated) ............ 0.55 221 57 
Yorkton Uncultivated sod ........................ 0.47 2000 
Loam Eroded knoll (cultivated) .......... 0.36 498 .... 

Eroded slope (cultivated) ........ 0.44 491 .... 
- 

*“Water Eroslon in Saskatchewan.”-D. B. Wilkinson, B.S.A. Thesis, Soila Department, 1941. 

Table 15 indicates that the water-eroded soils are lower in 
nitrogen than the original soils, and that considerable material 
eroded from knolls is deposited on lower slopes and in depressions. 
Thus the already inferior knoll soils are Iosing organic matter and 
important plant nutrients, while the fertile lower land is receiving 
additional amounts of these constituents. 

The physical deterioration caused by water erosion is indi- 
cated by the figures given for percolation rates. These figures 
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TABLE 16ANALYSES OF TYPICAL SASKAT-AN SOIL PROFILES* 

.~ 
(No. 22) 
BLACK 
COLUMNAR 
(OL) 

-- 
AI W" 2.28 4.78 
BI 616"  1.95 2.01 
Bz 1620" 1.18 1.47 
B (a) 20-33" 1.01 1.38 
C 33" + 1.04 1.52 

- - 
In- 

Resi. 
due 

73.88 
73.73 
75.36 
59.30 
59.70 

solubb 

- 

- __ 
Base 
Sol- 
uble sioz 

10.35 
11.42 
10.63 
9.16 

18.25 

- 

- - 

'eaO 

2.74 
2.97 
2.78 
2.62 
3.02 

2.47 
3.40 
2.51 
2.42 
2.38 

1.86 
2.69 
3.89 
2.69 
2.39 

1 .O9 
3.20 
3.79 
6.24 

3.37 
3.62 
2.54 
3.17 
2.91 

2.51 
2.13 
2.10 
4.21 
3.40 
3.52 
3.73 
2.70 

2.04 
2.24 
4.35 
2.58 

- 

- 

- 

- 

- 

- 

- 

- 

- - 

C a 0  

0.76 
0.68 
0.74 
9.1 1 
4.06 

0.69 
0.44 
3.56 
6.17 
4.26 

0.40 
0.48 
1.12 
8.66 

10.24 

- 

_. 

__ 

~ - 

MgO 

0.66 
0.69 
0.81 
2.53 
4.10 

- 

- - 

MnC 

0.22 
0.19 
0.25 
0.23 
0.16 

0.10 
0.06 
0.16 
0.18 
0.18 

0.06 
0.04 
0.05 
0.05 
0.06 

0.06 
0.06 
0.12 
0.16 

0.02 
0.02 
0.03 
0.03 
0.02 

0.14 
0.16 
0.15 
0.12 
0.14 
0.12 
0.12 
0.12 

0.25 
0.32 
0.36 
0.39 

- 

- 

- 

- 

- 

- 

- 

- 

L_ - 

so3 

0.51 
0.48 

-0.36 
0.35 
0.15 

- 

- - 

qazC 

0.73 
0.83 
1.25 
1.50 
1 .O4 

- 

- 
- 
- 
- 
- 
- 
- 
0.43 
1.28 
0.23 
0.28 
0.79 

0.51 
0.24 
0.40 
0.62 

0.90 
1.09 
0.52 
0.63 
0.37 

- 

- 

- - - 
- 
- 
- 
- 
- 
- - 
- - 
- 
- - 

- - 

KzO 

- - 

N 

0.25 
0.12 
0.12 
0.10 
0.03 

0.40 
0.09 
0.04 
0.03 
0.03 

0.09 
0.08 
0.06 
0.05 

- 

- 

- 

- 
- 
0.45 - 
- 
- - - 
- - 
- - - 
0.24 
0.1 1 
0.10 
0.09 
0.07 
0.06 
0.05 
0.04 

0.23 
0.19 
0.12 
0.08 

- 

- 

- 
~ or- 
ganic 
M a t  

ter 

- 

, 1 2 0 :  

3.20 
4.16 
4.40 
3.60 
4.34 

- 

Hyg. 
M o b  Igni- 

SOIL 1 %il 1 Depth 1 21 1 
REUIONAL PROFILES ON BOULDER CLBY 
(No. 12) 
DARK 
BROWN 

(WL) 

-- PROFILES Horizon in inches CO2 

0.18 
0.08 
0.00 
8.40 
4.25 

0.00 
0.04 
3.91 
5.47 
4.42 

0.08 
0.04 
0.97 
9.40 

12.15 

- 

- 

__ 

__ 

0.00 
0.00 
0.26 
3.92 

0.19 
2.42 
1.84 
4.04 
2.96 

0.1 1 
0.00 
0.00 
0.11 
1.26 
4.22 
2.61 
3.02 

0.04 
0.00 
0.04 
3.22 

-- 

- 

- 

__ 

PH - 
7.2 
6.9 
7.7 
8.4 
8.6 

0.09 
0.10 
0.10 
0.09 
0.11 

0.57 
0.60 
0.60 
0.48 
0.46 

0.03 
0.02 
0.02 
0.02 
0.05 

4.25 
2.11 
1.67 
1.42 - 

71.5 
75.8 
73.6 
69.9 
73.3 

9.95 
9.57 
7.64 
6.98 
7.19 

3.20 
4.53 
3.10 
2.78 
2.81 

0.09 
0.1 1 
0.09 
0.09 
0.09 

0.67 
0.91 
1.98 
2.18 
2.10 

0.46 
0.60 
2.09 
3.24 
4.31 

__ 

0.17 
0.13 
0.15 
0.21 
0.15 

0.02 
0.08 
0.04 
0.06 
0.11 

- 

- 
- 
- 
- 
- 
__ 
0.72 
0.48 
0.53 
0.39 
0.40 

0.05 
0.03 
0.04 
0.04 
0.04 

0.02 
0.02 
0.03 
0.04 
0.05 

_c 

7.92 
1.67 
0.74 
0.49 - 

7.4 
7.3 
8.9 
8.9 
8.9 

1.30 
0.94 
2.44 
1.32 
1.20 

7.0 
7.6 
7.5 
8.5 
8.5 

5.41 
7.52 

11.02 
8.18 
7.38 

2.15 
2.92 
4.84 
3.26 
2.43 

0.1 1 
0.10 
0.09 
0.10 
0.08 

66.22 
65.31 
64.74 
56.57 

14.54 
16.60 
15.77 
16.22 

3.33 
6.13 
5.24 
3.87 

0.07 
0.05 
0.10 
0.12 

0.64 
0.54 
1.25 
4.88 

0.57 
0.93 
1.38 
2.05 

0.13 
0.07 
0.07 
0.20 

0.17 
0.15 
0.07 
0.05 
0.04 

0.13 
0.29 
0.07 
0.18 
0.33 
2.69 
2.71 
0.57 

1.70 
2.07 
0.10 
0.10 

- 

- 

- 

- 

0.47 
0.51 
0.55 
0.52 

0.58 
0.48 
0.48 
0.46 
0.42 

- 

0.03 
0.03 
0.02 
0.03 

0.03 
0.04 
0.03 
0.03 
0.03 

- 

6.3 
6.5 
6.3 
8.3 - 
- 
- 
- - 
- 

2.77 
2.28 
1.98 
2.05 
1.94 

5.02 
2.1 1 
1.88 
2.75 
2.47 
2.47 
2.72 
1.71 

2.25 
1 .84 
2.23 
1.18 

- 

- 

- 

68.49 
68.16 
68.21 
62.58 
65.91 

66.3 
76.1 
80.9 
63.6 
64.5 
53.8 
54.0 
72.8 

80.18 
79.6 
65.6 
72.9 

- 

- 

- 

10.59 
9.35 

11.50 
11.79 
12.83 

14.30 
8.85 
8.05 

15.6 
14.0 
14.0 
15.3 

- 

8.05 

5.54 
4.01 
4.63 
4.47 
3.82 

0.73 
2.75 
2.15 
4.78 
3.06 

1 .O5 
1.34 
1.34 
1.70 
1.71 

0.57 
0.48 
0.50 
1.34 
1.71 
2.25 
2.13 
2.04 

- 
3.79 
3.41 
2.97 
6.44 
5.37 
5.57 
5.96 
3.12 

0.10 
0.11 
0.12 
0.08 
0.09 
0.09 
0.09 
0.09 

0.35 
0.18 
0.19 
0.29 
1.28 
6.41 
4.45 
3.14 

0.05 
0.02 
0.02 
0.03 
0.04 
0.04 
0.04 
0.04 

5.75 
3.19 
2.19 - - - - 
- 

6.2 
6.2 
7.1 
8.5 
7.8 
8.1 
8.0 
8.2 

6.9 
7.1 
7.4 
8.2 

- 

- 
SOLONETZ (No. 14) li I&; 1 i:E 

2.81 
12" + 1.35 

iHW 

7.79 
8.34 

15.18 
9.07 - 

3.17 
3.49 
6.28 
3.55 __ 

0.10 
0.10 
0.10 
0.11 - 

0.61 
0.48 
0.77 
3.46 - 

0.22 
0.49 
1.12 
2.02 - 

0.02 
0.01 
0.03 
0.02 -. 

2.64 
3.52 
1.83 
0.78 - 



TABLE 16-Contïnued 

l l 
SOJ 

0.14 0.39 
0.10 
4.63 

- - 

C a 0  

1.26 
12.05 
8.33 
6.75 

- N a d  

0.53 1.24 
0.45 
0.67 

-- 

_. - 

MgO - 
1.34 
2.55 
2.78 
2.37 

2.65 
2.97 
2.80 
2.76 

- 
_. 

Un0 

0.07 
0.10 
0.12 
0.09 

- - 

K a C  

0.71 
0.51 
0.60 
0.75 

0.62 
0.56 
0.39 
0.31 

- 

- 

- 

- 
- 
- 
- 

-- 

- - - 
- 
- - 

(No. 6) 
DEEP- 
BLACK 
CLODDY- 
GRANULAR 
(MSiC ) 

AI 0-7" 
BI 7-18" 
Bz (Ca) 18-34" 
C 34" + 

2.71 
3.23 
2.36 
3.13 

0.08 
0.08 
0.09 
0.05 

0.15 
0.14 
0.13 
0.13 

0.36 
0.31 
0.54 
0.44 

1.57 

4-00 0.88 - 

0.25 

5.40 
0.06 6.48 

2.40 
2.90 
1.71 
2.50 

-- 
0.08 
0.09 
0.07 
0.07 

1.74 
1.44 
2.17 
0.38 

-- 
- 
- 
- 
- 7.60 

3.50 
3.26 
1.38 

2.13 
4.40 
9.51 
8.48 

4.92 
1.06 
1.78 
1.06 

67.2 
68.6 
59.2 
64.3 

3.72 
2.67 
0.86 
1.43 

74.7 
74.4 
65.6 
64.6 

6.47 
4.02 
0.11 
0.64 

1.98 
5.87 
9.91 
8.37 

- -- 

PH - 
7.8 
8.3 
9.1 
7.7 

igni- solubit 
tion Rai. 
Los I due In- 

Or. 
canic 
Mat- 1 
ter CO2 

Base 
Sol. 
uble SOIL 1 sqii 1 

PROFILES Horizon Depth 
ture 
1 0 5 O  

I G U  
4.64 
2.19 
2.58 
2.43 

- 41202 

7.54 
4.52 
6.19 
9.18 

- -1- 1-1 
CLODDY - GEUNULAR PROFILES 
fNn.  S j  I A t  12-6'' 0.02 

0.04 
0.03 
0.03 

0.04 
0.05 
0.04 
0.04 

0.36 
0.09 
0.08 
0.06 

0.69 
0.29 
0.06 
0.06 

- 

3.84 0.09 
1.03 10.49 
0.64 7.81 - 1 2.95 ~- . ... - , 

Iï&(ca) l i i - ï ï ~ ~  BROWN 
CLODDY- 1 1-24" 
GRANULAR C 24-48" 
(ScHvC) I I 

3.97 
4.44 
3.07 
6.85 

1.61 
1.01 
7.68 
7.23 

- 
3.69 
6.18 
13.10 
9.73 

0.86 
0.87 
1 .% 
1.68 

- 
2.62 
2.47 
3.08 
3.18 

0.08 
0.10 
0.10 
0.06 

- 
0.05 
0.05 
0.01 
0.07 

7.4 
7.1 
8.6 
8.6 

9.52 64.20 
5.00 70.14 
1.63 66.33 
3.31 53.56 

-1- 
0.05 
0.04 
0.04 
0.03 

0.70 
0.39 
0.12 
0.06 

8.5 
8.2 
8.9 
8.6 

=GE LïME PROFILES ON RESOR: 

LIKE B (Ca) 13-22" 
(YL) 22-32'' 

P RENDZINA. (No. 26) 1;; AI 18-w ?-8" 
D Bi 
3.27 
3.98 
2.52 
1.36 
- 

2.27 
1.50 
0.75 
1.18 
- - 

7.26 
8.39 
5.38 
6.43 

2.81 
2.34 
2.03 
2.45 

--1- -1- -1--1 
R z 0 3  or 

Total 
Sesquioxides 

3.61 5.16 
4.74 
4.36 
6.24 

2.98 
4.75 
11.80 
9.05 

1.21 
1.59 
2.20 
2.65 
- __ 

0.10 
0.11 
0.13 
0.15 
- - 

0.05 
0.03 
0.03 
0.02 
__ ~ 

0.62 
0.32 
0.14 
0.04 
- - 

7.8 
8.4 
8.7 
8.5 
- - 

4.00 
3.46 
5.16 

*NOTE:-The above analyses were made by acid extraction as outlined in Proceedings of Firçt Internationa ICongress of Soi1 Sci. Vol. 1, except for 
Nitrogen, organic matter, CO2 and pH which were determined by standard methods. 



refer to the number of cubic centimetres of water that  will pass 
through a given volume of soil in one hour. It will be noted that 
the uncultivated grassland soil has a relatively high percolation 
rate, indicating that precipitation reaching this soil will be rapidly 
absorbed. In the eroded cultivated soils the percolation rate is 
much lower, and during heavy rains considerable moisture will 
be lost by run-off. This condition not only results in a loss of 
valuable soil moisture, but induces further erosion of the soil. 
The poorer physical condition of the eroded Oxbow loam is also 
indicated by the figures for moisture-holding capacity. The water- 
holding capacity of the eroded soil is lower than either the 
uncultivated land or the depression. The latter soil receives 
additional Clay and silt from the eroded slopes, and this with the 
higher organic matter content explains why the depression soil 
has a greater moisture-holding capacity than the eroded type. 

The profiles listed in table 16 represent most of the important 
soil group profiles of Saskatchewan, with the exception of the 
degraded black types. Descriptions of the profiles are not included, 
but the soils conform to the descriptions given under the respective 
Soi1 Associations. 

The regional profiles on boulder Clay represent the extensive 
belts of glacial soils. The values for sesquioxides, sulphates and 
bases indicate very slight movements of these materials from 
the A to B horizons of the Weyburn and Oxbow profiles (Nos. 
12 and 22). In the Waitville profile, however (No. 51, the effect 
of podzolic leaching is shown by comparing the data for the Az 
and B horizons. The A2 is higher in silica, as indicated by the 
insoluble residue, and lower in sesquioxides, bases and organic 
matter as  compared to the Bi horizon. It will also be noted that 
there is no horizon of lime accumulation (Bca) in this profile, the 
lime carbonate increasing with depth as  shown by the CO2 values. 
in the two grassland soils (profiles 12 and 22), the carbonates 
reach a maximum in the B horizon and decrease in the C horizon 
or parent material. 

The profiles representing the solonetzic complex (profiles 3, 
4, and 14) are on the whole lower in calcium (Cao) and magnesium 
(Mgû) than the regional columnar profiles. The solonetzic soils 
are higher in base soluble silica and lower in pH values than the 
upland podzol (profile 5). 

The composition of the solonetzic profiles indicates that these 
soils have been leached. The B horizons are higher in aluminum, 
iron, base-soluble silica, calcium, magnesium, and carbonate ( COz) 
than the corresponding A horizons, while the latter show the 
highest values for silica (insoluble residue) and organic matter. 
The higher Clay content of the B horizon in comparison to that of 
the A is indicated by the values for hygroscopic moisture. 

The degree of leaching or stage of solonetzic development may 
be inferred from a comparison of the various profiles in the solon- 
etzic complex. The data indicate that the solod (profile 4) is more 
highly leached than the solonetz or solodized solonetz (profiles 
14 and 3). This is shown by the presence of an A3 horizon in the 
solod, and by the pronounced diff erences in composition between 
the A and B horizons. 
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The eroded solonetz or “burn-out” soil (profile 34) was taken 
a few feet away from the solodized-solonetz (profile 3) .  The data 
for the eroded soil show that the A horizon has been removed, and 
that the profile consists of B and C horizons. 

In contrast to the podzol and solonetzic soils the heavy tex- 
tured, cloddy-granular profiles show little or no leaching. A slight 
movement of aluminum and iron from the A to B horizons is in- 
dicated by the data. 

A study of the composition of profiles 8 and 6 reveals the 
influence of the climatic differences existing between the semi- 
arid brown soils and sub-humid black types. The Sceptre profile is 
much lower in nitrogen and organic matter than the Melfort soil, 
while the horizon of lime carbonate accumulation (Bca) occurs 
a t  a lower depth in the latter profile. 

The high lime soils (profiles 25 and 26) represent the cal- 
careous and rendzina-like types respectively. The data for the 
calcareous earth show a slight movement of sesquioxides and 
bases from the A to the B horizon. This is also indicated in the 
profile ,description by the presence of a faintly columnar Bi horizon. 
The rendzina-like profile shows no such development, the A horizon 
breaking abruptly into a yellowish-grey, highly calcareous B (Ca) 
horizon. The analytical results for this profile show no move- 
ment of sesquioxides from the A to the B horizon. The increase in 
the bases, alkali earths, and sulphates in the Bi horizon is largely 
due to the high content of soluble salts in this horizon. The data 
for profiles 25 and 26 also illustrate the high moisture efficiency 
of the deep black soil areas, as indicated by the high values for 
organic matter and nitrogen. 

SOILS AND AGRICULTURE 
Of the many factors affecting the success of the farmer 

none is of more importance than the character of the land which 
he operates. The climate more or less fixes the variety of crops 
which he may grow, but within a given climatic region the nature 
of the soil, topography, the amount of Stone or other obstructions, 
are factors of prime importance in determining the costs of 
operating the farm, and the returns which he may expect for 
his labor. 

Drought resistance is a quality which is most desirable in 
the soils of the prairies. Drought resistance (moisture-holding 
capacity) is closely related to the texture and structure of the 
soil, and to the topography of the land. Highly drought resistant 
soils such as  Regina heavy Clay exhibit a unique combination of 
héavy texture and good structure, along with most favourable 
topography. Moreover this soil is high in natural fertility, and 
free from obstructions such as surface Stones, sloughs or trees. 
Not only is the average yield of wheat higher on Regina heavy 
Clay than on surrounding lands, but the cost of operation is 
relatively low. The extra power required in tilling such heavy soils 
is offset by the uniformity of conditions under which the machine 
operates and by the small amount of waste land in each farm unit. 

Soils of very low drought resistance, especially in the prairie 
region, are in general unfit for arable use. Light textured soils 
are particularly lacking in drought resistance and in addition are 
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susceptible to wind erosion. Hilly lands are subject to heavy bsses 
of moisture by run-off, and are difficuit to tili. Soils with poor 
structure, such as are found in the Echo and Trossachs Associa- 
tions, even although of heavy texture and good topography, have 
relatively Iow drought resistance. GravelIy or stony subsoil 
layers are a serious detriment because of excessive sub-surface 
drainage and low water holding capacity. The importance of 
high drought resistance becomes somewhat Iess in the more moist 
northern and eastern sections of the Province. In the forest 
region naturai fertility becomes of relatively greater importance in 
considering the agricultural value of the land. Nevertheless good 
texture and favourable structure are highly desirable, along with 
good topography and freedom from Stones, or other obstructions 
to cultivation. The physical and chemical nature of the soil (naturai 
productivity) must be considered in conjunction with the physicai 
characteristics of the land's surface in fully assessing its suitability 
for crop production. 

SOIL GROUPINGS AND COMPARATIVE RATINGS 

A tentative grouping of the soils described in this report and 
shown on the accompanying maps is given hereunder (table 17). 
In addition, a comparative numerical rating is indicated for each 
type of soil." These groupings are based on suitability for grain 
production, more particuiarly of wheat. The numerical rating is 
obtained by separately indexing the degree to which the soii profile 
and topography represent conditions favourable to plant growth, 
and the absence of unfavourable conditions such. as Stones, salinity, 
and tendency to erode. A factor is also introduced into the ratmg 
which is based on the average yield of wheat and the variability 
of yield. Such groupings and numerical ratings are tentative and 
are only to be considered as a general guide to comparative 
productivity. Many of the soils listed have as yet but a brief record 
under cultivation. Changing methods of cultivation and manage- 
ment may affect the future records of any one of the soils 
considered. 

As already indicated, the groupings are based on the 
comparative suitability of the soil for the production of wheat. 
Wheat remains the most important crop in practically al1 districts 
of Saskatchewan. Coarse grains are more successfully grown in 
the cooler and moister areas, as are dso hay crops. A soil well 
adapted to the production of wheat, such as Sceptre heavy Clay, 
may be less suitable for the growing of hay. Light soils such as 
the Asquith sandy loams are poorly adapted to wheat growing, 
but are fairly well suited for growing forage crops. The 
agricultural adaptations of each soil are discussed under the 
descriptions of the various Soil Associations. 

It is assumed in calcuiating the numerical ratings given in 
table 17 that the soil has not been seriously depleted in fertility 
either by crop production or by erosion. F'urthermore, the rathg 
given refers to the best topographic phase of the soi1 type, which 
is usually the undulating phase. Gently rolling phases would be 
rated an average of seven points lower than the undulating, while 
*A Method of Obtaining a Comparative Rating of Sask. S0ils.-J. Mitchell, 8cl. Agrlc. 20: 
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TABLE I'Y.-TENTATIVE GROWINGS AND RATINGS OF 
SASKATCHEiAN SOIL T M E S  

(Reflecting mrtinly suitabuty for wheat growing) 
~ 

Comparative Comparative 
Rating Rating 

4 . Moderatsly Good Soiis-Continued 
Arborfield heavy Clay ........ 60 
Blaine Lake loam 
Yorkton loam ........ 
Cudworth silt loam .............. 58 
Waseca loam .......................... 57 
Weyburn sandy Clay loam .. 57 
Haverhill Clay loam .............. 56 
Estevan Clay loam ................ 56 
Shellbrook light 1 
Kelvington Clay 
Kelvington heavy 
Cudworth loam .. 
Wood Mountain Clay loam .. 

1 . Excellent SOUS 

Sceptre heavy Clay .............. 76 Duck Mountain heavy Clay .. 56 
56 

2 . Very Good Sous Cypress loam .......................... 56 
Kamsack silty Clay loam .... 
Elstow Clay; and silty Clay 
Melfort silt 10a.m .................. 
indian Head silty Clay loam 
Pelly Clay loam .................... 
Melfort loam ........................ 
Kamsack Clay loam ............ 
Etomami Clay ......... 
Indian Head cl 
Blaine Lake silty Clay ioam 
Naicam loam .......................... 
Tisdaïe silt loam .................... 
Tisdale Clay loam .................. 

Oxbow Clay loam .................. 
Elstow silty Clay loam ........ 
Blaine Lake Clay loam ........ 

3 . Good soils 

Arborfield silty Clay; and 
silty Clay loam . 

Kamsack silt loam 
Sceptre Clay ................. 
Canora silt loam .................. 
Etomami heavy Clay ............ 
Indian Head loam ................ 
Whitewood Clay loam .......... 
Fox Valley silty Clay 
Elstow Clay loam .................. 
Tisdale heavy Clay ................ 
Rocanville Clay loam ............ 
Canora loam ..... 
Pelly loam ........ 
Arborfield Clay 
Weyburn Clay 10 

Oxbow loam .......................... 
Arborfield cIay loam ............ 

4 . Moderately Good Soiis 
Sceptre Clay loam ................ 
Rocanville sandy Clay loam 
Blaine Lake silt loam .......... 

75 
74 
74 
72 
72 
71 
71 
71 
70 
70 
70 
70 
70 

5 . Fair Som 
Blaine Lake light loam ........ 
Ryerson loam ........................ 
Canora light loam ................ 
Fox Valley silty Clay loam .. 
Fox Valley Clay loam .......... 
Elstow loam .......................... 
Meota light loam .................. 
Weyburn loam ...................... 
Duck Mountaii Clay ............ 
Duck Mountain Clay loam .. 
Yorkton light loam .............. 
Robsart clav loam ................ 

69 
68 
68 

68 
68 
67 
67 
66 . 
66 
65 
64 
64 
64 
63 
63 
63 
63 
61 
61 
61 
61 

60 
60 
60 
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Whitewood ioam .................... 
Meota very fine sandy loam 
Rocanville loam .................... 
Elstow silt loam .................... 
Shellbrook very fine sandy 
loam .................................... 

Waitville Clay loam .............. 
Oxbow light loam ................ 
Cudworth light loam ............ 
Poor Som 
Wood Mountain sandy Clay 

loam ...................................... 
Whitesand light loam .......... 
Whitesand gravelly loam .... 
Estevan loam ........................ 
Wood Moutain loam .......... 
Estevan sandy Clay loam .... 
Haverhill loam ...................... 
Wood Mountain silt loam .... 
Whitewood light loam ........ 
Cypress light loam .............. 
Trossachs Clay loam and 

loam ...................................... 
Ryerson light loam .............. 
Asquith light loam .............. 
Meota fine sandy loam ........ 
Robsart loam .......................... 
Waitville loam ...................... 

55 
55 
54 
53 
53 
53 
53 
52 
52 
52 
52 
51 
51 
51 
50 
50 

50 
50 
49 
48 

47 
47 
47 
46 
46 
45 
44 
44 
44 
44 

44 
44 
43 
43 
42 
42 



Table 174on t inued)  

6. Poor Soils-Continued 
Comparative Comparative 

Ratlng Rating 
6. Poor Soils-Continued 

Estevan light loam 
Sylvania fine sandy 
Haverhill light loam ............ 32 

Very Poor sous 
Echo Clay loam and loam .... 40 
Biggar light loam ................ 40 Chaplin light loam ... 31 
Biggar gravelly loa Chaplin gravelly 10 ... 31 
Fox Valley loam .... Whitesand sandy loam ........ 31 
Asquith very fine sandy Hatton light loam ................ 29 

Waitville light loam ............ 38 loam 
loam ...................................... 38 Wood Mountain fine sandy 

37 Biggar 
37 Hatton very fine sandy loarn 24 
36 Hatton fine sandy loam ........ 22 

Asquith fine sandy loam .... 33 Chaplin sandy loam .............. 19 

mderately rolling phases are rated ten to twenty points lower. In 
considering individual parcels further deductions may be necessary 
for unusual amounts of Stones, sloughs, “burn-out” pits, etc. 

No attempt has been made to apply this rating to the non- 
arable types as represented by Sand dunes, grave1 beds, eroded 
lands, alkali flats and the extensive hilly areas. In general such 
lands are used for grazing purposes. However, their value as 
grazing lands depends on the nature of the soil. Better textured 
soils are on the whole associated with the better grazing lands. It 
may be pointed out that nearly fifty per cent. of the land in the 
grassland region is non-arable and that the main alternative use 
is for grazing. Pasture lands are of considerable importance in 
the economy of this Province and their proper utilization is a 
matter deserving attention along with that of conserving the 
cultivated lands. 

In the forested region land unsuitable for the plow generally 
remains under the natural forest cover. Some pasturage is 
obtainable under the trees, but the stand of edible plants is sparse. 

To successfully manage a farm requires skill and competence 
of the highest order. As a business enterprise, farming is subject 
tc, the’effects of fluctuating prices of farm products as well as 
to changes in cost of labour, materials, and machines required in 
production. in addition to; the normal hazards of the business 
world, the farm enterprise is particularly affected by the natural 
hazards of weather, outbreaks of insect pests or plant diseases, 
and a host of unpredictable occurrences not likely to directly affect 
the success of a business enterprise of town or City. F’urthermore, 
in order to protect his most important asset, that is his land, 
the farmer must have at least a practical knowledge respecting 
the methods of maintaining the fertility of the soil through 
preventing destructive erosion, and by replenishing it in organic 
matter and the essential elemerits of plant growth. 

Farming began as an art, rather than a science, and remains 
an art in many of its aspects. However, the science of agriculture 
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is now rapidly over-reaching the circumscribed bounds of tradition 
and experience in seeking to explain why old practices are good, 
or why new ones should be adopted. The use of manure and crop 
rotations are cases in point. Both are ancient practioes highly 
beneficial to the fertility of the land, but it is unly in modern 
times that some of the principles underlying the success of such 
practices have been elucidated, and their use improved. 

Not only has farming become a more scientific occupation, 
but it has also become a more commercialized one. The primitive 
farmer was successful if he and his family were clothed, fed and 
sheltered by the produce of the farm. Many of the early settlers 
on this continent could measure their success by much the same 
standard inasmuch as they had to produce a living for the year 
round directly from the land. They had little to sell and iittle 
chance to sell it. Al1 this has changed with the development of 
the means of rapid transit and intercommunication between farm 
and City and with far places. The farm has become in some respects 
more akin to the factories about which the City dwellings often 
cluster, than it is to the simple, self-contained homestead from 
which it has descended. 

This interdependence of City and farm is quite evidently an 
essential and mutually benefieial relationship. It has given the 
farmer the possibility of enjoying the amenities of the City 
without suffering the discomforts and restrictions consequent to 
overly close association with his fellows. On the other hand, in 
striving to attain this parity of physical and social amenities 
the farm business has to a degree become wedded to the methods 
of industry, because such methods have proven efficient, and 
greater efficiency generally means more dollars available fo r  the 
purchase of desired goods and amenities which cannot be grown 
or-fabricated on the farm. 

Along with the possibility of enjoying a standard of living 
never before reached in the history of agricultural people, the 
modern economy of this continent, and especially that of the plains, 
permitted and even encouraged the farmer to obtain credit in 
generous amounts. Credits create debts, but this fact is not 
troublesome while the f arm business retains a prosperous position 
in a thriving community. When depressions and crop disasters 
come, the problems incident to the burden of debt may a t  least 
evoke some useful investigations-for instance, there is the natural 
question as to the reasons for  the existence of debt. Then, there 
is the matter of the effect of the kind of soil, size of farm, and 
type of farming or the farmer’s ability to meet a debt. Finaily, 
the question of iremedies where debts have become burdensome 
must be faced. 

The nature of the land becomes a specific factor in the 
planning and management of a farm for a number of reasons other 
than those already mentioned. For instance, the texture of the 
soil, topography of the surface, and amount of Stone are al1 factors 
requiring consideration when seIecting the type of equipment and 
source of power suitable for operating a particular parcel. Further- 
more, these factors to some extent determine the most suitable 
size of farm unit, which is obviously related to the type of 
equipment required in its operation. 

198 



In the selection and management of a farm the nature of 
the soil is of paramount importance. In selecting land, close 
attention must be paid to  the matter of soil type as  to suitability 
for the kind of farming projected, or considered most desirable 
in view of the individual’s preference or experience. The considera- 
tion of the price which an individual can afford to pay for land 
should be closely related to the productive capacity of the soil. 
Similarly the amount of debt which may be assumed, and the 
terms of repayment must bear a relationship to the quality 
of the soil. 

In addition su& questions as  that of a reasonable overhead 
investment in buildings and equipment are specifically related to 
the nature of the land and the size of the farm unit. 

Lastly, the matter of rental terms where land is leased should 
bear a relationship to the quality of the land comprising the specific 
unit concerned. These factors and many other problems relative 
to the business of farming in the Province of Saskatchewan have 
been the subject of careful studies by the Department of Farm 
Management of the University, with the active Co-operation of 
the Dominion Agricultural Economics Branch in more recent years. 
Data from some of these studies are given in table 18. 

TABLE 18.-PROBAsLE NET INCOME O F  HALF SECTION AND 
SECTION FARMS ON SEVERAL TYPES O F  SOILS* 

~~- 
Probable** 

Half Average Yields 
Grouping Soi1 Type Section Section of Wheat 
Excellent Regina heavy Clay .................. $516 $1588 16.0 

Soils Melfort silty Clay .................... 432 1491 22.5 
Indian Head Clay .................... 307 1280 19.0 

Fair to Oxbow loam .............................. 262 547 16.0 
Good Soils Haverhill Clay loam ................ 42 703 12.5 

Fox Valley silty Clay loam .... 4 859 12.0 
Weyburn loam .......................... 49 597 11.5 

loams ...................................... -10 523 .... 
Poor Soils Hatton fine sandy loam ........ -236 267 8.5 

Echo Clay loam and loam ...... -332 -307 10.5 

Oxbow and Yorkton light 

‘‘‘Probable Net Farm Revenue for the Principal Soli Types of Sask.” 1936. Bull. No. 64. 

**From “A Study of Probable Average Wheat Yields.” W. R. Parkinson. Unpublished B.S.A. 
Dept. of Farm Management, University of Saskatchewan, Saskatoon. 

Thesis. Department of 80115, 1941. 

The above data are taken from an earlier report which is now 
subject to some revision but which nevertheless serves to emphasize 
the effect of the quality and arability of the soil, and the size of 
farm unit on the success of the farm enterprise. More recent 
studies””“ of the effect of yield per acre and of size of farm 
on the farm income, indicate an even greater comparative efficiency 
for the larger farms than do the figures given in table 18. 

The type of soil on which a farmer might locate has often 
been a matter of chance. Early settlers arriving a t  Regina are 
said to have crossed the fertile Regina plains in search of other 
***“Changes in Farm Income and Indebtedness in Saskatchewan During the Perlod 1929 t o  

1940.” Bull. No. 105, University of Saskatchewan, Saskatoon. 
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lands because the Regina soils appeared too heavy and intractable 
for cultivation. They unwittingly passed by land which was 
eminently suited for cultivation in a prairie region. Such examples 
could be multiplied. Nowadays the choice of land can be guided 
by the experience of the past and the knowledge gained through 
Soil Surveys and Economic studies. 

SOIL PROBLEMS 
For the established farmer, there are many problems to be 

met in the management of a farm; some are old and well 
recognized, others have newly appeared, and still others are 
certain to appear in the future. 

In the following pages some general discussions are given 
on problems more directly related to fertility. For detailed 
information regarding these and other important subjects relative 
to farm problems the reader is recommended to consult The 
Guide to Farm Practice in Saskatchewan." 

Many of the problems encountered in crop production and 
in the maintenance of fertility are closely related to climatic 
conditions. A realization of the variations in climate which exist 
within the Province is necessary to an understanding of these 
problems. Reference may again be made to the sections on Climate, 
Native Vegetation, and Soi1 Zones. Reference to The Guide to 
Farm Practice will further serve to emphasize the importance 
of climate and soil in relationship to recommended cultural and 
cropping practices. There are, however, a number of sub jects 
closely related to soil fertility and productivity which deserve 
special mention in this section of the report. These are: soil erosion, 
soil fertility and its maintenance, the summerfallow, and manage- 
ment of alkali soils. 

Soil &osion.-This is the most serious soil problem in 
Saskatclzewan. It is widespread in its occurrence, and is a constant 
threat to both crop and land. To guard against erosion should be 
the constant care of every farmer, and indeed of every citizen, for 
the land is Our greatest inheritance and Our chief source of wealth. 

No one Who experienced the drought and dust storms of the 
period from 1930 to 1938 could be insensible of the destruction and 
discomfort caused by wind erosion. The effects of water erosion 
are not so forcibly impressed upon the senses, but nevertheless 
water erosion has already caused much damage to the soil. 

These twin agencies of soil destruction have certain char- 
acteristics in common. In the first place, both attack the surface 
of the land, and therefore bare unpr0tecte.d soil is most likely to 
be affected. Furthermore, physical and chemical deterioration of 
the soil results from both forms of erosion. There is likely to be 
a loss of good structure, and a general coarsening in texture. 
Nitrogen is lost along with the easily transported humus, and 
*This publication gives information on recommended cereal varieties, forage crops, weed control, 
insect control, plant dlseases, tillage methods, farm management, farm machinery. care and 
feeding of Hvestock, gardening. control of soil erosion, Use of fertilizers, etc. This comprehenalve 
publication is prepared by joint effort of the staffs of the  Dominion and Provincial Departments 
of Agriculture, Experimental Fa-, and University. It embraces In its discussions practlcaliy 
ail phaees of farm practice in Saskatchewan. Additlonal informatlon on farm problems may be 
readily obtained from the various Experimental Famm and Stationa. the Dominion and 
Provincial Departments of Agriculture, and the COllege of Agriculture at the University. The 
Guide to Farm Practice is obtainable from the Extension Department. University of Saskatche- 
wan, Saskatoon. 
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mineral elements are lost along with the Clay. Eventually when 
the course of erosion reaches its final stages the land becomes 
a spreading waste of Sand dunes, or a network of ugly gullies 
gnawing into the fertile surface of the soil. 

The rapidity of deterioration due to erosion varies with the 
type of soil, and with the topography. Sandy soils can il1 afford 
to lose even a few per cent. of their small amount of Clay, and so 
are more readily damaged by wind erosion than clayey soils. Thin 
soils on slopes or hilltops will more quickly deteriorate as  the 
surface soil is washed away, than will soils with a deeper profile. 
Nevertheless, erosian of any type of soil, whether by Mnd or water, 
means depletion of fertility and permanently harmful effects which 
no amount of carefui farming can entirely eliminate. 

Because of the permanent nature of the damage caused by 
soil erosion, it is desirable that a distinction be drawn between 
loss of fertility as in normal crop production, and the Iosses caused 
by erosion. The growing crop removes a portion of the nutrient 
elements in the soil, and the cultural practices used may pulverize 
the granules and clods, yet suitable farm practices can replenish 
the soi1 and restore its good structure. On the other hand, when 
the wind whips the land into dust clouds and carries away the Clay, 
silt and organic matter, there occurs a more serious form of 
depletion for which there is no easy remedy. The coarser minera1 
particles remain behind, to accumulate and to finally form Sand 
dunes if the process of sorting out the fine material is allowed 
to continue to such a stage. Running water has an effect similar 
to wind in sorting out the finer and leaving behind the coarser 
partides. However, water erosion is Iikely to  result in gullies 
rather than Sand banks. Wind erosion (soil drifting) is more 
widespread than water erosion, because the latter will only occur 
on sloping lands while wind erosion may be quite as serious on 
level as on rolling lands. Many thousands of acres have already 
been damaged by erosion in Saskatchewan. Considerable land has 
already been abandoned as a result of erosion. Abandoned farms 
are never a pleasant feature of the landscape. The distress of people 
Who undergo the harrowing experience of being forced to abandon 
their homes results in a social problem hardly outweighed by the 
fact that the land has suffered permanent injury. 

Fortunately, well tried methods for the control of erosion are 
available. Much has already been accomplishe,d in the control and 
reclamation of drifted land. This important work has been given 
direction by the Experimental Farms Service and assistance 
through the activities of the Prairie Farm %habilitation Act. 
However, there is still much land requiring attention, and new 
areas are constantly under threat of erosion by wind or water. 

The Guide to Farm Practice outlines methods suitable for the 
control of erosion on various types of soil. The agricultural services 
of both Dominion and Province are most willing to Co-operate 
with farmers and communities in efforts towards solving the 
problem of soil erosion. 

Soi Fertiity.-In the first section of this report (page 7) a 
brief discussion of the elements necessarv to plant nutrition was 
given. In the foliowing paragraphs some attention will be given 
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to  the general problem of maintaining the productivity of the 
soil and to the use of fertilizers in the farm practice. 

It would be an error to assume that the soil once brought 
under cultivation remains as it was when broken from the sod. 
Such an assumption is contrary to both reason and experience. In 
the first place the cultivated land is exposed to pulverizing effects, 
both from the agencies of weather and from implements used in 
cultivation. Secondly, the natural cycle of growth, death and decay 
of plants, which in the virgin land tends to return fertility to the 
soil, is interrupted under cultivation. The products of the farm are 
often shipped to distant markets so that  some of the elements 
of soil fertility thereby suffer gradua1 depletion. 

Our prairie and parkland soils are in general to be considered 
highly fertile, but their fertility is not inexhaustible. Indeed, there 
is evidence of deterioration of several kinds. The onset of erosion 
is evidence of deterioration of structure. Declining yieIds, especially 
on lighter textured soils, and increasing responses to manure and 
commercial fertilizers on many soils, are evidences of lessened 
fertility. Some decline in the level of nutrient elements is not 
necessarily a serious matter in itself. As already pointed out, a 
reduction in the level of fertility is almost inevitable under cultiva- 
tion. The situation only becomes serious when yields are affected 
or when the still more dangerous consequences of accelerated 
erosion appear. While i t  is a practical impossibility to maintain 
nitrogen and organic matter at the levels of the original prairie 
sod, the maintenance of these materials a t  an optimum level is 
essential to good farm management. This is most urgent on the 
light textured soils, and on the grey wooded soils of the northern 
part of the Province. The problem of maintainhg organic matter 
appears to be least urgent on the prairie lands of heavier texture. 
Indeed, it is possible that the more common adoption of combine 
harvesting, and the use of the trash cover method for controlling 
soil drifting will to a considerable extent, meet this problem on 
prairie soils. The need for organic matter may eventually require 
the more common use of manure and soil improving crops. In the 
parkland and wooded areas, grasses and legumes can be grown with- 
out serious difficulty because of favourable moisture conditions. On 
the open prairie, such rotations are less easily adopted, partly 
because the methods of large scale wheat production do not readily 
permit the introduction of forage crops, and also because of the 
drier climatic conditions of the prairies. However, on the lighter 
soils of the prairies the urgent need for the control of erosion has 
already necessitated the introduction of grasses and legumes, and 
a consequent shift into livestock production with results beneficial 
to both the farmer and the land. An increased use of these soil 
improving crops is essential to the maintenance and conservation 
of the sandy soils, but many other soils would benefit from such 
treatment. The grey wooded soils, particularly, require the addition 
of organic matter to improve their structure and general fertility. 
The use of al1 available farm manure is another practice which 
should be more widely adopted, especially on the grey soils. 

Commercial Fertiïizers.-Of ail the essential elements, phos- 
phorous is likely to be the first to become a limiting factor in plant 
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growth. It has already been indicated that fertilizers are being used 
in increasing quantities in this Province. The best results have been 
obtained on black and dark brown soils. The soils of the brown soi1 
zone appear to respond in smne seasons, but the results have been 
quite erratic. The soils of the grey wooded zone require different 
fertilizer treatments than the prairie and parkland soils. 

Results of experimental work indicate that an ammonium 
phosphate fertilizer is in general the most suitable type for use 
on dark brown and black soils. Rates of 20 to 25 pounds per acre 
appear to be most economical. As a rule the fertilizer is only 
applied on summerfallow, although in some of the moister areas 
phosphatic fertilizer may be used with advantage on other than 
the summerfallow crops. 

While phosphorus is the most important element in the 
fertilizer the addition of some nitrogen appears to be beneficial 
and tends to further increase the yield obtained. For example in 
one series of tests* 25 pounds per acre of 11-48-0 ammonium 
phosphate (11% nitrogen and 48% phosphate as Pz05) gave an 
average increase of 8.5 bushels of wheat per acre. In comparison 
28 pounds per acre of triple superphosphate (43% phosphate, no 
nitrogen) gave an increase of 6.3 bushels per acre. Since the same 
amount of phosphorus is applied in each case, the higher yield 
obtained frorn the ammonium phosphate may in part be attributed 
to the nitrogen carried in this type of fertilizer. 

While the commonly recommended rate of application is 
around 20 to 25 pounds per acre, higher rates produce greater 
increases, although the increased cost per acre of the fertilizer 
finally tends to make the returns less economical. 

The following data give the average increase for the applica- 
tions of ammonium phosphate used in the above mentioned tests. 

- 

TABLE 19.-YIELD ENCREASES OBTAINED FOR VARIOUS RATES O F  
11-48-0 FERTULIZER NORTH-EAST OF SASKATOON 

Rate per acre (pounds) .____._._... . . . .  15 25 35 50 
Average increase in yield (bushels) 6.7 8.5 9.2 10.7 

It will be noted that the higher rates of application give 
comparatively small increases above those obtained from lower 
rates. 

Results at the Experimental Farms of Indian Head, Melfort, 
and Scott have indicated substantial increases from the use of 
phosphatic fertilizers. The results at the Swift Current Experi- 
mental Station have not been so encouraging. The best responses 
have been obtained at the Melfort Experimental Station and the 
poorest at Swift Current, a fact which probably bears some 
relationship to the more favourable moisture conditions prevaiiing 
in the former location. Phosphatic fertilizer should be more 
commonly used than at present, especially in the black and dark 
'These resuits were obtalned from tests in the area north-east of Saskatoon and centerlng on 
the Town of Humboldt. The experiments were malnly carried out on black Sol1 Assoclatlons, 
although 8ome were on dark brown and grey wooded 8011s. 
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brown soil zones. It is the only practical means by which phos- 
phorus can be applied to the soil so that a deficiency in this 
element can be adequately met. 

Owing to the inherently different characteristics of the grey 
wooded soils as compared to prairie soils, the fertilizer require- 
ments of the former must be considered separately. 

Fortunately, few of the grey wooded soils are so acid as to 
require liming. They are, however, quite low in organic matter 
and nitrogen. They also tend to be low in sulphur, phosphorus, 
and sometimes potassium. The first need is t o  increase the content 
of organic matter by applying manure, or by turning under green 
manure crops, preferably legumes. The addition of organic 
matter improves both the tilth and the general fertility of such 
soils. 

Since legumes are particularly sensitive to  a deficiency of 
sulphur in the soil, fertilizers used on such crops should invariably 
carry this element. Fertilizers such as superphosphate, ammoniated 
phosphate (2-20-0) and ammonium phosphate (16-20-0) al1 carry 
a sufficient quantity of sulphur. The higher content of nitrogen 
in the 16-20-0 fertilizer probably malres it less desirable for use 
on alEalfa seed crops, but where grains are to be fertilized, it is 
considered preferable on account of the higher content of nitrogen. 
Sulphate of ammonia, which carries sulphur and nitrogen, is not 
considered to be a suitable source of sulphur where alfalfa seed 
production is desired. 

For a more complete discussion of the management of wooded 
soils the reader is referred to Wooded Soils and Their Manage- 
ment published by the University of Alberta." 

Farm Manme.-The value of farm rnanure as a fertilizer has 
long been established. With increasing numbers of livestock gea te r  
quantities of manure are available and every effort should be made 
towards its complete and most efficient utilization. The value of 
manure in the garden is almost universally recognized. Its value 
in the field is becoming more generally recognized in this Province. 
Because of the organic nature of manure, it is of particular value 
on sandy soiis and on the grey wooded soils, but many other soils 
also respond to  manuring. The application of manure to eroded 
slopes or hilltops can improve their productivity and assist in 
preventing further erosion. Manure is often highly beneficial where 
applied to  alkali soils. General recommendations regarding the use 
of commercial fertiiizers and manure in Saskatchewan may be 
found in The Guide to Farm Practice. 

The SummerfaUow.-The importance of the summerfallow in 
the cropping system is indicated by its wide adoption in Western 
Canada. On the open prairie it is of particular importance, because 
of the more frequent occurrence of drought. The success of the 
wheat farmer on the western plains is to a large extent dependent 
upon the care and timeliness with which he accomplishes the 
summerfallow operations. Weed control is most essential in 
achieving moisture conservation in the summerf allow land. 

' 

*Wooded Soils and Their Management. Extension Buli. No. 21. UnIversIfy of Alberta, Edmonton. 
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Unfortunately the danger of soil erosion is increased by the 
very nature of the summerfallow system. Fallow land must be 
kept free of green growth if maximum moisture conservation is 
to be obtained. The cultivation necessary to attain this result 
often means that the soil is left naked to the elements. Further- 
more, the implements in passing through the soil may have a 
pulverizing effect on the larger erosion-resisting aggregates such 
as clods and coarse granules, thereby further reducing resistance 
to  erosion. Cultivation beyond that required for the control O€ 
weeds should therefore be avoided. 

Implements specially designed to give efficient weed control, 
wbile providhg for the maximum protection of the land against 
erosion, are now in fairly common use. The general practice is to 
adjust the cultural operations so as  to provide for leaving as  much 
stubble and trash on the surface of the soil as is practicable, while 
avoiding unnecessary pulverization. However, the type of soil, 
amount of moisture present, and Ends of weeds infesting the land 
are al1 factors in determining the efficiency and suitability of 
the cultural method used. The need for timeliness of operations in 
making the summerfallow must be strongly emphasized. Because 
of susceptibility to wind erosion, summerfallowing of sandy 
soils is a practice to be avoided. Reference is again made to  The 
Guide to Farm Practice for further information on this subject. 

Summerfallowing becomes less essential ,in the more humid 
areas of the Province. Indeed there is no doubt that the adoption 
of suitable rotations, probably including provision for a partial 
summerfallow, could be used successfully in place of the standard 
fallow in much of the northern and eastern portions of the 
Province. The latter statement would apply particularly to the 
deep black, degraded black and grey wooded soils. The proportion 
of the land in summerfallow is increasing in the black and grey 
wooded zones. While this is in part due to the occurrence of 
occasional dry seasons, it is mainly caused by the need to meet 
the problem of weeds. Suitable rotations might more effectively 
control weeds and could a t  the same time provide for maintaining 
or improving the fertility of the soil. The latter consideration is 
of particular importance in the management of '  the grey wooded 
soils. 

Disregarding the fact that summerfallowing may lead to soi1 
erosion, the common criticism that f allowing hastens depletion 
of soil organic matter and nitrogen is not generally applicable in 
regions of low precipitation. In dry regions loss of soluble con- 
stituents such as  nitrate salts by leaching is of small consequence 
except on lighter textured soils. Under a fallow system crop 
residues returned to the soil may be as great in quantity as would 
be the case if the land were continuously cropped. On the better 
textured soils of the prairie lands, there is no evidence of serious 
depletion of organic matter or nitrogen which can be directly 
attributed to the practice of summerfallowing. However, the 
sandier soils have undoubtedly suffered from depletion of organic 
matter and nitrogen, and summerfallowing probably hastened the 
process on such soils. In many areas of sandy soils serious wind 
erosion began only after many years of cropping without 
provision for the maintenance of organic matter. 
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The use of the combine as a harvesting and threshing machine 
may have considerable bearing on the problem of maintaining 
organk matter in prairie soils. With the more general adoption of 
this system of harvesting, a considerably greater proportion of 
the straw can be returned to the land than is the case where the 
binder is used. Surface tillage allows the incorporation of a larger 
amount of straw and trash into the soil than where the land is 
plowed. Plowing causes the residues to be completely buried in 
the soil. Decomposition of the stubble and trash may not reach 
completion in one season, so that the following crop may be 
detrimentally affected. There are two main reasons for this: one is 
the tendency of the soil to dry out, and the other is that  nutrients 
such as nitrogen may be used by decay organisms in competition 
with the growing crop. Where the stubble and other material is 
worked into the surface only, much of the decomposition takes 
place above the zone of root development, and at the same t h e ,  
the surface of the land is given maximum protection against 
erosion. No detrimental effects on yields have been observed due 
to replacement of the plow by such implements as the one-way 
disc, cultivator, or the various blade types of implement, at least 
in heavier textured soils. 

Soil Alkali.-The presence of excess soluble salts or “alkali” 
in the soil is a condition of widespread occurrence in the Province 
of Saskatchewan. Alkali or saline soils are described under 
Miscellaneous Soils (page 177). 

The general appearance of the soil is a guide as to the presence 
or absence of alkali. Alkali soils have no pronounced structure. 
When dry they are usually greyish in colour and greyish-white 
specks may be observed in the lower surface soil. Distinct concen- 
trations of Salt crystals are often to be found a t  a depth of six to 
ten inches. Where the concentration of salts is quite high some 
bare patches of soil are to be seen. These patches have a white 
incrustation of salts in dry weather and represent the so-called 
“white alkali” land. Where less salts are present, there may be 
few or no bare patches, but the natural vegetation will be made 
up of tolerant species. in order to determine the amount and kinds 
of salts present in an alkali soil it is necessary to make an analysis 
of the soil. 

In the case of white alkali there is no chemical treatment 
which will reduce the amount or toxicity of the salts. 

The only practical treatments which can commonly be applied 
are the following: In the first place, an attempt should be made 
to improve the drainage if the land is subject to flooding. The 
practicability of the fofegoing recommendations must, of course, 
be a factor in its adoption. Secondly, manure may be applied, and 
thirdly, crops sufficiently tolerant to withstand the amount of 
alkali in the soil should be grown. Plowing under green crops is 
a form of manuring and sweet clover is particularly valuable for 
this purpose. 

The most tolerant of the common crops is sweet clover. Alfaifa 
is quite tolerant once established. Among the grasses, slender 
wheat grass has fairly high tolerance, and brome grass and crested 
wheat grass are moderately tolerant. Rye and barley are somewhat 
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more tolerant than oats, and all three are more tolerant than 
wheat, which will stand but little alkali. Flax has little tolerance 
and should never be sown on alkali land. Among garden plants 
beets and mangels have high tolerance, potatoes moderate, and 
corn slight tolerance. Small fruits and tree fruits are generally 
sensitive to alkali, some of them extremely so. Alkali land should 
be carefully avoided when choosing a site for the garden. 

As already indicated, black alkali is of comparatively 
uncornmon occurrence in this area, and is of little importance on 
cultivated land. The toxicity of black alkali can be reduced by 
chemical treatments such as the application of land plaster 
(calcium suiphate) or elemental sulphur. Such treatments are 
expensive and are only justified where the land has a high 
agricultural value. It may be mentioned that the term “black 
alkali” is descriptive of the incrustation commonly found on such 
soils. The thin black crust consists mainly of humus which is 
dissolved from the soil by this type of alkali (sodium carbonate), 
and which remains on the surface after the evaporation of excess 
moisture. 

LAND UTILIZATION AND THE CONSERVATION OF 
LAND RESOURCES 

Land Utilization.-The problem of adjusting the agricultural 
or other uses of land so that the human population can obtain a 
satisfactory living, while at the same time providing for the 
conservation of the soil, is one that is difficult of solution. 

In the first place the problem is hedged in by legal difficulties 
consequent upon the rights of private ownership, and the privileges 
which ownership or possession of the land confers upon the holder, 
whether individual or a corporation. 

Secondly, the course of land use planning is beset with 
pitfalls and uncertainties because the most desirable use of land 
may change with the introduction of new cultural techniques, or 
because new crop plants or better varieties become available for 
use. In addition, there are complexities arising out of continually 
changing economic conditions and from uncertainty as to the 
rapidity and effectivity with which the population will make 
adjustments to  meet each change. 

Notwithstanding the difficulties of promoting the proper and 
best use of land, a program directed to  this end is essential and 
indeed imperative in the best interests of al1 citizens of this 
Province and of the Dominion of Canada. Neither misuse of the mil 
nor poverty among those Who dwell on the land can be neglected 
by either the state or the nation. Both conditions are an inevitable 
consequence of the wrong utilization of land, and both must 
eventually affect the well-being of the nation. 

When the land fails to  provide a satisfactory living the human 
population and their social institutions suffer deterioration. There 
can be slums of the rural as well as  of the urban areas. As the 
distress of the population deepens, there is likely to be greater 
neglect of the soil. The onset of serious erosion by wind or water 
may often foilow abuse of the land, and so deterioration in 
fertility leads to actual destruction. 
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Many of the present problems of land utilization have arisen 
as a consequence of the inrush of land-hungry settlers in the early 
years of this century. In 1901 the population of the Province 
numbered approximately 91,000 (see table 32, page 259), and a t  
that time oniy some 600,000 acres were under cultivation. By 1931, 
the population was about ten times as great (921,000), and the 
amount of land under cultivation had reached 30,000,000 acres, 
or roughly fifty times the acreage cultivated a t  the turn of the 
century. Settlement and agricultural development were particularly 
rapid in the first 20 years of this period. Since 1930, there has 
been iittle change either in population or the acreage under 
cultivation. A considerable amount of new land has been broken, 
but this increase has been to a large extent offset by abandonment 
of cultivated acreage on the prairies. 

Over the great expanse of the prairies there is a heterogenous 
distribution of both good and poor land, but the settlers rushing 
to obtain their homesteads had little or no knowledge or 
experience of conditions on the prairie, and could be given but little 
guidance in choosing their land. As is now evident, much land 
unsuitable to the plow was broken up. The first serious warnings 
of a coming land problem appeared in the period of 1917 to 1921. 
Drought and soil drifting devastated areas which until then had 
been relatively prosperous. Considerable land was abandoned and 
the settlers moved to new locations within t h i s  Province or to other 
parts of Canada. 

During the remainder of the decade, 1920 to 1930, moisture 
conditions were generaliy good and soil drifting remained at a 
minimum. Beginning with the year 1931 there occurred a series 
of unusually difficult seasons and soil drifting reached a scale of 
destruction far beyond that of any previous years. In some areas 
the first serious effects of water erosion were seen in the same 
period. Heavy downpours are not unusual even in comparatively 
dry seasons, and such storms cause serious losses by run-off unless 
the soii is well protected. 

A large migration of farmers from the dried-out and blown- 
out areas of the plains into the northern forested region began 
early in this period and continued for several years. As a result 
of this movement, land problems appeared both in the north and 
south. In the south, the problem revolve,d about the matter of 
reclaiming the abandoned and often drifting lands, and how such 
lands should be controlled in the future. Furthermore, there was 
the problem of rehabilitating those Who remained in such areas 
so that the tragedy and demoraiization of drought and drifting 
would not again appear. In the north there arme the problem of 
finding sufficient suitable land for the new settlers and of 
establishing them with the means of a living. 

These and other problems consequent to the effect of the 
difficult years of 1930 to 1937 led to the enacknent of three highly 
important items of legislation dealig m*€h land and land me. 
These were the enactment of the Prairie Farm Rehabiiitation Act 
by the Federal Government in 1935, the passing of an Act Respect- 
ing the Utilization of Lands by the Provincial Government in 1935, 
and in the same year the establishment of the Northern Settlers 
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Branch (now Northern Areas Branch) under the Saskatchewan 
Department of Municipal Affairs. 

Those enactments are closely related since they were au 
implemented as a result of land problems, and their functions are 
both remedial and preventative. Their activities are directed 
towards the remedying of past errors in land use, and the 
protection of the people and the land against repetition of such 
errors in the future. Moreover, these enactments marked the 
beginning of a'more definite policy in regard to the utiiization of 
land resources, and the end of the days of unrestricted settlement. 

Land Resources of Saskatchewan.-The area covered by the 
accompanying soi1 maps is somewhat less than half the total area 
of Saskatchewan. The geographical centre of the Province lies a 
short distance West of Montreal Lake and to the north of Prince 
Albert National Park, or approximately 90 miles north of the 
northern boundary of the accompanying maps. However, there is 
sufficient information available to allow some approximate state- 
ments regarding the land resources of the whole of the Province. 
Such data are given in table 20. The figures given for arable land 
must be regarded as estimates, subject to revision as  more 
accurate information becomes available. 

TABLE 20.-LAND RESOURCES OF SASKATCHEWAN 

Total ares (including about 9,000,000 acres water)-161,000,000 acres 

Arable Area 
(in millions Non-Arable 

Area Total Area of acres) 
Grassland Brown Soil Zone .................................. 

Dark Brown Soil Zone ...................... 
Black Soil Zone (including slightly 

to moderately degraded black) 

Totals .................................................... 
Forest Grey (podzol) Zone (to margin of 

Region Pre-Cambrian) ............................ 

Grand totds  ........................................ 
Pre-Cambrian area (rock outcrops, 

muskegs, lakes and smdl  areas 
of podzol soils) ............................ 

Region 
20.0 
18 5 

19.0 

57.5 
- 

31.0 

88.5 

72.5 

6.0 
12.0 

12.5 

30.5 
- 

3.0 

33.5 
- 

14.0 
6.5 

6.5 

27.0 
- 

28.0 

45.0 
- 

A little over one-half or about 30 million acres of the 
Grassland Soil Region is suitable for cultivation. In the Forest 
Region, the percentage of arable land is relatively small. From 
present information, it seems uniikely that more than 10 % to 15 70 
of the Grey (podzol) Zone will prove fit for cultivation. The non- 
arable areas consist of muskeg, and stony, gravelly, hilly and 
sandy lands. Very little of the Pre-Cambrian area is likely to be 
arable. These figures suggest that  the total arable land amounts 
to between 32 and 34 million acres. This leaves upwards of 28 
million acres of grassland, and about the same acreage of the 
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forested land (South of the Pre-Cambrian Shield) which must be 
utilized for purposes other than cultivation. 

Non arable soils of the plains are mainly utilizable for grazing. 
Native prairie Pasture will carry only a relatively sparse population 
of livestock, but a large acreage of such land is avaiiable. The 
problem of developing and maintaining the highest possible 
production on these lands is deserving of the fullest consideration. 
Over-grazing is to be avoided since this leads to deterioration in 
the quality and quantity of the vegetation, and may eventually 
result in serious soi1 erosion. The development of water supplies 
in connection with pastures is another important factor in the 
proper utilization of range land. 

The development of community pastures and the experimental 
work carried on under the direction of the various experimental 
and research institutions, have already pointed the way to better 
utilization of grazing lands. Proper management is a matter of 
importance whether a small farm Pasture or a large ranch holding 
is involved. The farm Pasture may contribute only a small cash 
revenue, but nevertheless may produce a quota of wholesome food 
for the table. For the rancher, the range-land becomes the main 
source of income, and its proper management is essential to his 
success. 

The management of forest land is a much more difficult 
problem than is the management of prairie grassland. To begin 
with, the forest is less accessible than is the prairie. F’urthermore, 
a greater diversity of uses must be considered for the forested 
land when planning for its best utilization. 

Of first consideration are the trees which provide the natural 
crop and cover. Their utilization involves the problems of forest 
protection, reforestation and improvement of stands, control of 
cutting, and research into possible uses of forest products. Closely 
allied to the problems of fmestry are those concerning the wild 
life, particularly the fur bearing animals which find their natural 
habitat in the forest. They provide another crop which such non- 
agricultural forest land can produce along with the trees. The value 
of the forested areas for the development of public parks and 
recreational grounds must not be overlooked. It should also be 
pointed out that the forest cover protects the hilly and sandy lands 
from erosion, and regulates to some extent the flow of streams 
and the level of lakes. 

Good forest management implies wider considerations than 
the control of logging operations. The whole environment created 
by the forest must be considered. Proper utilization begins 6 t h  
the protection of the green forest, and so prevention of fires is of 
prime importance in the task. 

The lakes of Northern Saskatchewan contain large numbers 
of fish. Fishing, hunting, and trapping provide the living of most 
of the residents in that area, although much of the commercial 
fishing is done by non-residents. Adequate control has become 
essential to the protection of this industry, and further research 
is required to ensure that optimum conditions are maintained, so 
that the maximum catch may be taken without detriment to the 
future supply. 
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The water resources of an area may be developed and utiiized 
for several purposes, such as for fishing, power development, 
transportation, irrigation, or as a source of water for the use of 
the human or animal population. 

Some progress has already been made in the development of 
water resources. There are many small projects in operation 
whereby run-off water is conserved for irrigation, and as a source 
of water for Pasture and farmstead. A few larger schemes are 
in operation, and others are under construction, or are projected. 
These developments have grown under the stimulus of the Prairie 
Farm Rehabilitation Act. F’urther developments of this kind are 
without doubt both possible and practicable. New Projects may 
include the development of power as well as  the storage and 
utilization of water for irrigation, 

Of al1 the resources of this Province, land resources are by 
far  the most important. This will remain true in the future, even 
should considerable new minera1 resources be discovered. It is 
therefore imperative that the utmost care and thoughtful con- 
sideration should be given to the problems of land utilization. 
Land use planning must provide for the conservation of the soil 
as well as for adjustments in its use, so as to obtain the highest 
productivity that is economically practicable. Finally, since land 
is the chief resource, every citizen should cultivate a sense of 
stewardship towards the land. It is essential that the soil be well 
maintained in its productivity, so that the lives of this generation 
may be enriched, and the weifare of future generations made 
secure. 

217 



Geology and Its Relationship t o  Soils in Saskatchewan 
By F, H. EDMUNDSi 

In Saskatchewan the minera1 constituents of the soil are 
geologic deposits of Recent and Pleistocene Age. Recent and 
Pleistocene deposits have been derived from older formations 
and thus there is a reIationship between the soils and the rocks 
underlying the country. In a few localities the soil has been 
formed directly from the weathered material of the underlying 
rocks. These materials are called Residud. More commonly the 
soil has been derived from rock debris which has been transported 
by ice, water or wind in recent geologic times. These materials 
are called Transported. Often the material has been transported 
long distances; thus much of the mineral matter on the Saskatche- 
wan prairies has been brought by ice from the north and the 
characteristics of the soil have been influenced by the type of 
rock found in the north. 

The soil is considered by the geologist as a rock-a soft, 
unconsolidated rock, it is true, but the term “rock” does not 
necessarily imply hardness. The soil itself is of very recent origin, 
but is derived from rocks of varying age, some of which contain 
small quantities of the important plant foods, such as phosphorus 
and potassium. These plant foods can only be made available for 
use when the rock becomes broken down by the mechanical and 
chemical process known as “weathering.”2 In addition to these 
processes, biological factors are active in soil formation. 

The breaking down of rocks and the transportation of sedi- 
ments and salts by rivers, followed by the deposition of the 
sediments, are geological processes that have been effectively 
reducing land areas since the earliest geological times. Had there 
been no earth movements causing gentle raising of certain areas 
and more violent mountain building in others, the land surface 
would have been reduced to a monotonous sea level plain ages ago. 
While these processes of weathering and transportation, of de- 
position, and of earth movement are active a t  the present day, 
they make little mental impression because the rate of their 
operation is slow compared with the life span of man. But when 
we study the rocks and their relationships to one another, we are 
able to look back into the geological past and see the results 
of these processes and the immense changes that they have brought 
about. By piecing together the information collected from here 
and there we are able to  obtain a picture of the earth’s history 
which is fairly clear in places, but vague in others. Rocks ranging 
in age from Pre-Cambrian to Recent are distributed over the earth’s 
surface, contributing to  the soils, providing valuable minerals and 
fuels, and causing the diversifications of topography. 
1. Department of Geology, Universlty of Saskatchewan. 
2. Textbooka of Physical Geology discuss weatherlng processes in detail and for use in Canada, 

“Elementary Geology for Canada,” by E. S. Moore, $3.50, published by Dent end Co;: 
Toronto, 18 recomrnended. Others are equally usefui-they lnclude: “Outlines of Geology, 
Part 1, “Physical Geology,” by LInmell, Knopf and Flint, published ;y Wlley. “Physlcal and 
Historlcal Geology,” by Cleland. Elements of Engineering Geology, by Rees and Watson. 
”Rocks, Rock-Weatherlng and SO11S.” by Merrlll. 

219 



While for much of geological time the region now known as  
Saskatchewan has been dry land, it has on several occasions been 
submerged. Deposits of limestones, sands and muds formed a t  
times of submergence contribute to the soils. The accumulation and 
spread of ice over the area in fairly recent geological times resulted 
in the formation of unconsolidated materials known as "gIacia1 
drift," and these glacial deposits are of the utmost importance as  
soil-forming materials, and their topographic features have an 
important bearing upon agriculture. Since glaciation was an event 
of paramount importance to the Canadian West, it will be dis- 
cussed in more detail than the other phases of the Geological 
History. 

Rocks.Rocks are of three kinds: (a) Sendimentary, (b) 
Igneous, and (c) Metamorphic. 

(a) Those laid down mostly under water and occurring in 
beds piied layer upon layer are known as  sedimentary or stratified 
rocks. (An individual bed of rock is known as a stratum.) Such 
beds are usually formed from mud, silt, Sand, gravel, or lime 
materiais, which on hardening produce the types known as shales, 
siltstones, sandstones, conglomerates, and limestones respectively. 
These rocks often contain remains of plants or animals which 
lived at the time of deposition and became buried in the sediment. 
These remains are known as fossils, and are of great importance 
in determining the relative age of the sediments; they alao give 
a clue to the climatic and other physicai conditions of the times. 
Sediments that have been deposited by rivers on their flood plains 
are known as  alluvial. Lake-bed material is referred to as lacus- 
trine, while the deposits of the sea are marine. Deltaic deposits 
are built out by some rivers into seas or Iakes, and these are 
transitional between alluvial and marine or alluvial and lacustrine. 
in Saskatchewan, sedimentary beds are nearly horizontal, the most 
recently formed beds being on top and the oldest at the bottom. 
In many parts of the world, however, particularly in mountainous 
regions, the beds may be tilted, folded, or even overturned. 

(b) Those rocks which are the result of the solidification of 
molten materials are known as igneous. Solidification may take 
place near the surface of the ground, resulting in volcanic types, 
or at some distance below the surface in veins or large masses, as 
in the case of granite. The vein type of igneous intrusion is in some 
cases represented by important ore dep~s i t s .~  In Saskatchewan the 
igneous rocks are found in the Pre-Cambrian country of the north. 

(c) Rocks which have been subjected to  intense heat and 
pressure are altered and give rise to what are known as meta- 
morphic rocks. Recrystalization of the mineral matter frequently 
takes place and banded textures are produced. Gneisses and schists 
of this group are common varieties found in the Pre-Cambrian 
area. 

Granites and other igneous rocks, also metamorphic varieties, 
are found as  boulders in the prairie area, where their presence is 
due to the transporting action of ice in Glacial times. 
3. An ore is a mineral deposlt that can be mlned profitably. A quartz veln would be consldered 

an ore if only a minute quantity of gold were present, provided that the rock couid be mined 
and the gold extracted in Such a manner that the operation showed a profit. 
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GEOLUûICAL IIISTORY OF SASKATcEfEwAN 
Sub-Surfa&e Geology 

The geological history of an area is the history of the rocks 
which underlie the area. The events which have taken place in 
geological times-the floodings by sea, the earth movements and 
disturbances, along with the type of life existing at certain times, 
and the nature of the climate, are al1 recorded in the rocks. In 
common with other parts of the world, the geological history of 
Saskatchewan is but partidy known; nevertheless, there is a 
considerable body of information available which cannot be given 
in this outline and for those Who wish to pursue the subject further, 
references are given at the end of this section. 

The table of rocks (table 21) is adapted from the report on 
“The Geology of Southern Saskatchewan,” published by the 
Bureau of Economic Geology. 

For convenience of classifying and filing geological informa- 
tion, time has been divided into eras, eras into periods, and periods 
into epochs. The terms used in the table for these divisions and 
subdivisions are world-wide in their application. The rocks de- 
posited during an epoch are Split up into mappable units calIed 
formations, and the name given to a formation is often the place 
name of the locality where the rocks of that formation are well 
developed. The estimates of times represented by the geological 
periods are included more from the desire to indicate the great 
length and relative time values of the period than to give exact 
figures. 

NOTES ON QEOWICAL ERAS AhTl PERIODS 

Eras and Perïods.-The large divisions Of geological time called eras have been given 
names which refer to the broad feature of the life of the timae. Pre-Cambrian UmeS are OfteII 
referred to as the Cryptozolc eon, meaning hidden life. The Pre-Cambrian rocks have so few 
fossils that Httle 1s known of the llfe of those times. 

P a ï ~ ~ o m l c  means ancient life. The perioda of the Palaeozoic, with the exception of the 
Cacrbonïferous, were given names derived from places where the rocks of the period are welï 
represented. Cambria is the name for Wales. The Ordovices and Silures were the names given by 
the Romans to British tribes inhablting North and Central Wales respectively. Devonshire is a 
county in south-West England. Perm is a Province West of the Urals 1n Russia. Carbonifer0116 
refers to the extensive deveïopment of coai in the rocks of that pericü but place names are aven  
to  major subdivisions of the perlod; a8 on this continent, Bfisdsslpisn, and Pennsyivanisn. 

Fossils are abundant in the Palaezoic rocks but very few of the animals they represent 
were Uke animais llving today. An extfnct group of marine insect-like animais known as 
Trilobites were common and must have been a dominant group of sea anlmrrls until Devonlan 
times. Fish were then the predominant sea 
animals. Corals, crinoids (sea lilies) and brachiopods also abounded in the seas of the Palaeozoic. 
Evidence of the flrst land plants 1s found in Silurian rocks, of the first land animals In the 
DevtFan. By the Ume of the Permian, land animais were plentiful and that period is known as 
the Age of the Amphibians.” 

Miesozoic means middle Hie. The periods are-Trlssslc, a name referring to the three-foid 
division of rocks In the type locality of Northern Germany, Jurassic called after the Jura regton 
of France, and Cretaoeous from Oreta, the Latln word for chalk. CretaceOUs rocka are not aU 
chalk but lt so happens that where the rocks of the period were first described, in south and 
eastern England and northern France, they conslst largely of chaik. There are no chalk beda in 
the Cretaceous rocks of Western Canada. 

The Mesomlo era 1s also called the “Age of the Reptiles” and It 1s a thne when reptiles 
were among the inhabitants of sea, land and air. On land the most abundant reptfles were the 
Dlnosaurs (Terrlble Reptiles). The first record of flowerlng plants come from rocka of Cretaceous 
age and until thls or subsequent times there were no grasses and the plains areas of the earth 
must have been largely devoid of vegetation and of animal Me. In the sea fish were abundant; 
Pelecypods (clams) and an extinct group of Cephalopods known as the ammonltes were proiiflc. 

The Devonian is known as the Age of the Fishes. 

The Cenomla or the age of recent liie 1s al80 called the “Age of Mammals:’ The spread 
of fiowering plants and grasses paved the way for the spread of the mammab which replaced 
the reptiles as the dominant land animals. In the se8 fish stlll persist, and Clams and snails are 
aïs0 abundant. The Epoch names for thls era refer to the lire In a general way, for example 
Eocene means dawn of recent life. The Plelstocene was the tlme of the ice age In North Amerlch 
The earliest indications of man on the earth are found in rocks of Pliocene age. 
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Conalderable uncertalnty exiats with regard to the time when man first inhabited the PlainS. 
It seems likely however, that the country was inhabited shortly after the disappearance O! the 
Ice sheets. Va& numbers of flint implements such as scrapers and arrowheads are scattered on 
the prairies. The easiest places in which they are to be found are where the sandy land has 
drifted and blow-outs have been left. It is remarkable that very few of the Sand blow-outs tha! 
have been searched have failed to yield some implements or pieces of pottery and it seems 
probable that there are few if any areas in which specimens cannot be found. A number of 
dlligent collectors have thousands of implements and it is hoped some day that some of these 
collections can be housed in a Provincial museum. In order that a record of early inhabitanta 
of Saskatchewan can be worked out. it is necessary that material from as many 10CallUeS as 
possible be available for study. A specimen itself is of little value for ScleiltlfiC or historical 
study unless the location and type of country or materiai in which it was found, are recorded. 
There are a great number of beautifully mounted collections of arrowheads but they have llttle 
scientific value because there 1s no information of the exact location and often no knowledge of 
the approxfmate reglon of the find. Even when kept in a persona1 collection, the location as Weil 
as the specimen should be preserved for It may be of conslderable value in the future. It 1s to be 

b hoped that many of th prlvate coïlections will eventually flnd their way to  Canadian museums. 

The map (figure 6) gives an indication of the formations 
that would be found a t  the surface of the Province if the covering 
of glacial drift were removed. This covering obscures the bed-rock, 
and boundaries between different formations cannot be determined 
with any degree of accuracy except in some sections in the south. 

The diagrammatic section (figure 7) serves to show the 
vertical relationships of the strata. Palaeozoic strata were laid 
down on a land surface of Pre-Cambrian rocks; this surface 
gradually slopes down towards the south and West under 
Saskatchewan in the form of a large basin or trough, which 
extends from Eastern Manitoba to the Rocky Mountains. 

To explain the presence of the beds that overlie the Pre- 
Cambrian rocks, it is necessary to consider that the trough has 
been slightly unstable, subject to occasional sinkings and less 
pronounced upliftings. The following description of the sequence 
of events is necessarily brief, and for its elucidation frequent 
reference to the table, map and section should be made. 

Pre-Cambrhm-The Saskatchewan northland where Pre- 
Cambrian rocks lie at the surface is a region of bush, lakes, hard 
rock ridges, and rivers. A small part of the bed-rock present in 
this large tract consists of very old sediments and surface volcank 
flows, now largely metamorphosed to schists and gneisses, and 
occurring as widely separated remnants. Of greater extent are the 
areas underlain by igneous rocks, particularly granites which have 
been altered by great pressure to the metomorphic type-granite 
gneiss. The rocks as a whole show that great earth disturbances 
took place and that mountains, now removed by erosion, were in 
existence in Pre-Cambrian times. 

Related to the igneous action there are metalliferous veins 
and bodies containhg such metals as copper, zinc, lead, and gold. 
The Fiin Flon copper-zinc ores in the eastern Pre-Cambrian area, 
and gold ores in the Goldfields area in the West are examples of 
these metaiiiferous deposits. 

The soil directly overlying the Pre-Cambrian rocks is often 
very shallow and frequently of sandy texture. The soils consist 
chiefly of podzol and bog (peat) types. It is not known if any 
extensive soil belts exist. Gardens a t  the missions and posts show 
the excellent results of labour and peneverance, but the country 
has little agricultural potentiality. 

Most of the Stones and boulders found on the prairies are of 
Pre-Cambrian rocks which were carried from the north by ice in 
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TABLE 21-GEOLOGICAL FORMATIONS IN SASKATCHEWAN 

Pleistocene 
-_ 

Pliocene 

Miocene 

Oligocene 

-- 

(t400- I L  
Wood Mountain 50+ 

Cypress Hills 125+ 
-- 

Eocene 

Paleocene 
-- 

Swift Current sot 

Ravenscrag 800+ - 

Frenchman 20-190 

Whitemud 12-75 

Uwer 
Cretaceous 

Eastend 20-100 

Bearpaw 700+ - 
Belly River 0-890 

Lea Park 810-1,140 

- 

Materials and Remarks 

Period: 
Time 

Estimate 
Years 

2,000,000 

Formations 1 Thzicxss 
Euoch Saskatchewan 

Glacial deposits: lake clays, boul- 
der Clay, etc. 

Erosion. 

Gravels, conglomerates, Sand. 
Stones. etc. 

Tertiary 
58.000,OOO 

Gravek, conglomerates, sands, 
etc. 

Gravels, conglomerates, sands, 

Erosion Larimide Revo1ution.- 
Buff, irey, etc., sands, shales 

Grey, etc., sands, shales, days. 

White, grey, etc. sandy clays, 
ciaya, etc., partiy refractory. 

etc. 

clays, coal. 

Yellow very fine sands, silts, etc. 
(mohy  marine) * 

Dark shale (marine). 
Cretaceous 
65,000,000 Sands, shales, coal (mostly non- 

Light and dark gray shales 

Dark gray shale (marine). 

marine). 

(marine). 

Alberta 580-1,300 

Cretaceous 
Gray sands, shales, coal (marine 

and non-marine). 

Gray shales some limestone (ma- 
rine and ;on-marine). 

Jurassic 
32,000,000 

Triassic 
28,o@J,o@J 

0-440$- - 
-- Erosion. 

Permian 
38,000,000 Erosion. 

Limestones, shales, etc. (marine). Carboniferous 
86,000,000 'resent under llying the Southwest 1 
Devonian 
45,000,000 1 1,200 

Gray, red shales, Ilmestones, dolo- 
mites, gypsum (marine, posr  
ibly some non-marine). 

I i 1  Limestones, gypsum, Salt. Silurian 
27,000,000 
Ordovician 
67,000,000 

Not reached in Wells, outcrops of 
limestone in north. - 

Erosion. 
Cambrian 
105,000,000 

l l Granites, sedimentary gneiss- 
and schists, etc. 

Pre Cambrian 
1,450,000,000f- 

*AU formations above the Esstend are non-marine. 
The figures here given for geological t h e  are taken from "Historical Ceology" by Moore, published by 
McCraw Hill, and are based mainly on age determinations of radioactive minerals by Kovarik & Hohes 
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glacial times. As well as the Stones and boulders, the glacial 
deposits contain much fine Sand and silty rock flour which is 
Pre-Cambrian rock ground up by the ice action. This fresh mineral 
matter has largely contributed t o  the fertility of the prairie soils 
by the addition of potash and phosphorus. 

Palaeozoic.-The Palaeozoic rocks of Saskatchewan are mostly 
limestones and shales. They are found at the surface in a belt 
fringing the Re-Cambrian area of the north and have been 
encountered in deep Wells drilled on the prairies. In Manitoba and 
northern Saskatchewan only Palaeozoic rocks of Ordovician, 
Silurian and Devonian age have been recognized, but beneath 
southern Saskatchewan, in what is known as the Moose Jaw basin, 
deep drilling has disclosed the presence of Carboniferous rocks 
as well. 

In contrast to the Pre-Cambrian rocks, the limestones have 
not been altered or strongly folded by any intense pressure or  
severe earth movements, nor have they been affectesi by igneow 
action, the major movement in this area in Palaeozoic time being 
gentle sagging and uplifting. Fossils of marine shellfish, corals 
and sponges are found in the limestones and indicate clearly that 
the rocks were formed as deposits at a time when the area lay 
below the sea. Beds of gypsum4 and Salt, which are occasionally 
inter-bedded with the limestones, show that tempararily land- 
locked bays or lagoon lakes came into being, where vigorous 
evaporation of the sea water caused the precipitation of the 
gypsum and Salt. 

Salt beds beneath Saskatchewan have been found by drilling. 
Near Unity such beds lie 3,110 feet below the surface; at Simpson 
they occur at a depth of 4320 feet; and at Radville a bed of Salt 
240 feet thick was struck at a depth of 7,600 feet. As yet there is 
no commercial development of the Salt in Saskatchewan, though 
a few years ago brine from the Simpson well was evaporated 
and a small amount of Salt produced. 

The limestones are cream, Pink or light grey in colour. 
Ordovician limestone is quarried a t  Tyndall, Manitoba, and is one 
of the m a t  common building Stones used in Saskatchewan. 
Boulders of limestone are prevalent in the glacial drift of some 
parts of the Province, the boulders having been carried from the 
limestone belt of the north by ice. In a few places these boulders 
have been used fo r  building purposes; the beautiful buildings on 
the University campus at Saskatoon are a notable example. 

The areas ‘in Saskatchewan that are directly underlain by 
limestone are remote and have not been explored or exploited 
so  that nothing is known about the soils overlying them. The 
influence of the Palaeozoic limestones upon the Saskatchewan soils 
is indirect. Much of the high calcium and magnesium content of 
the glacial drift is due to  the limestone which was picked up and 
ground up by the ice. 

Mesoz&.-The Mesozoic rocks are represented by Triassic, 
Jurassic and Cretaceous sediments. 

Triassic.-Rocks of Triassic age probably underlie the Moase 
Jaw basin but they do not appear at the surface in any part of 
4. Calcium sulphate in a massive form. 
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the Province and therefore have not infiuenced the soiis. Dry land 
conditions existed in this area during the Triassic and erosion was 
dominant. 

Jurassic.-Jurassic beds of the Morrison and Ellis formations 
underlie the southern part of Saskatchewan but they are not found 
near the surface in any section. The limy shales of the Ellis are 
marine, indicating the presence of a sea during those times, while 
the overlying Morrison are sands and red &ale beds of continental 

Creta#ous.-Cretaceous rocks are widespread a t  the surface 
and they also underlie the country. For the most part they are 
marine shales deposited in an extensive sea which actuaily extended 
from the Arctic to the Gulf of Mexico. Within the system, however, 
there are sands of shoreline origin and ais0 sands, clays and coal 
seams of alluvial plains and swarnps6 These Cretaceous rocks have 
profoundly influenced the soiis of this area and are responsible for 
their general heavy-textured character. The shale formed the 
principal ingredient of the glacial drift, and i t  iEi the glacial drift 
which is the parent material of most of Our soi15. 

Lower Cretaceous.-The lower part of the Cretaceous system 
is not well represented in this area. Only in the north, in a belt 
bordering and parailel to the Palaeozoic outcrops do the beds 
occur a t  the surface. Under most of the prairie region they are 
deeply buried. The rocks consist of clays and sandstone, with 
occasional thin, low grade coal seams, and range in thickness 
from a few feet to 600 feet. They are partly of marine and partly 
of non-marine origin. The influence of these beds on the soils can 
be seen where they directly underlie the glacial drift and i t  is 
reasonable to suppose tha't much of the sandy soil of the northern 
areas is due to this formation. The light textured soils of the 
White Fox-Torch River area are underlain by Lower Cretaceous 
sands and it is thought that the light soil areas of the Ile-a-la- 
Crosse region are also underlain by the Lower Cretaceous. 

From an economic point of view, the Lower Cretaceous rocks 
are of interest. The Athabaska Tar Sands are of this age and 
oil and gas have been found in Lower Cretaceous sands of the 
Hudson Bay Junction area, on the east side, and Lloydminster on 
the West side of the Province. It can be expected that somewhere 
in Saskatchewan rich deposits of oil occur in these rocks. 

Upper Cretaceous.-As will be seen by reference to table 21 
the Upper Cretaceous is sub-divided into a number of formations. 
An indication of the distribution of the Alberta, Belly River, h a  
Park and Bearpaw is given on the map (figure 6). The Eastend, 
Whitemud, and Lower Ravenscrag are not recorded on the map. 
They do not constitute a thick series but occur near the surface 
in a relatively narrow belt bordering the main Tertiary area of 
the south and ringing the isolated Tertiary areas of the south-West. 

The Alberta Shaie, also known as  the Colorado Shale, is the 
oldest formation of the Upper Cretaceous in the area. The shale 

Orig i I l .  

6. For general information wlth regard to the physicai conditions exlsting in Baskatchewan 
throughout Cretaceous times, the reader 1s referred to Chapter VIII, p. 112, Memoir 176 of 
The Canadlan Geoiogical Survey. 
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is usually dark grey in colour and contains bands of oil shale. 
Outcrops of the oil shale are present in the Porcupine Hills, south 
of Hudson Bay Junction, along the Carrot River north of Melfort, 
near the Forks of the Saskatchewan River, and a t  Flotten Lake, 
north of Meadow Lake settlement. The ice of glacial times passing 
over the area underlain by the Alberta Shale must have taken 
up a load of the material and incorporated it with the Stones and 
boulders to form the morainic deposits. Some beds of the Alberta 
Shale are brittle and do not slake down in water with the result 
that solid fragments are t o  be found in the glacial drift. However, 
a considerable proportion of the shale series readily breaks d o m  
on moistening and the Clay content of some of the drift is derived 
from these beds. 

The Lea Park, Beiiy River, Bearpaw, and Eastend constitute 
a geological series known as the Montanan. They are a related 
group of formations laid down under fluctuating conditions. The 
h a  Park is marine; the succeeding Belly River is mainly non- 
marine, consisting of beds laid down as delta, lake and swamp 
deposits; the Bearpaw is marine; the Eastend also marine, but 
the beds are sandy and were laid down in near shore conditions 
as the seas receded. The sea in which, or  adjacent to which, these 
beds were deposited is referred to as  the Pierre Sea; it extended 
north to south from the Arctic to the Gulf of Mexico and West 
to east a t  its maximum from the foothills area of Alberta to 
some line east of the present Manitoba escarpment. The fluctuations 
of this sea were mainly due to upliftings in the mountain region 
to the West which caused deltas and alluvial plains to form along 
the West margin of the sea, thus restricting the sea to a narrow 
belt on the east side. The Belly River beds were formed during 
the major fluctuation and thus we find, in western Saskatchewan, 
that the marine beds-Lea Park and Bearpaw-are separated by 
the non-marine Belly River, whereas in eastern Saskatchewan the 
marine conditions were maintained and a continuous sequence of 
marine beds is to be found. The marine beds of the east part of 
the Province equivalent to the Lea Park, Belly River, and Bearpaw 
of the West have been called the Marine Shale series; further 
south in the United States they are called Pierre Shale. 

The Lea Park, Bearpaw, and Marine Shales are very uniform 
in character and as will be seen from the map and sectioh (figures 
6 and 7) underlie most of the prairie area. They are usua1:y medium 
grey in colour. They are soft, slake easily with water, and on 
moistening expand to form a highly plastic clay. On drying the 
clay checks or forms a honeycomb-like surface caused by shrink- 
age. The expansion on moistening is caused by the presence of a 
high percentage of the clay minera1 bentonite. The shales are 
generally devoid of lime (CaC03). 

Fossils of marine shell fish6 are common in these shales and 
are mostly found in iimestone or ironstone concretions which are 
6. A list of fossils in the Bearpaw shales of Saskatchewan with the localities of the ffnds îs 

recorded in the Geological Survey Memofr 176, “Geoïogy of Southern SaskatcherVan:’ 1935, 
pp. 123-126. 
The most common fossfls are the cephalopods-Baeuiites which had a long straight shell with 
oval cross section, Soapüites and Placentfcaras, both coiled shells, the former with a rough 
surface, the latter usually smooth. The pelecypods (clams) are common and include 
Inmeramus and Arctics. 
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distributed irregularly or in layers in the shales. Fragments of 
marine reptiles-Plesiosaurs and Mosasaurs have been found in 
outcrops along the South Saskatchewan River. 

For the most part these shales are hidden, being covered by 
the Glacial drift, but in some of the valleys and hillsides of southern 
Saskatchewan outcrops can be seen, appearing as patches of 
dark grey or brownish Clay, almast or entirely devoid of vegeta- 
tion. On the surface of these barren patches there are often a 
number of glistening crystals which sparkle in the sunlight and 
can be seen from a distance. These crystals are the minera1 
gYPsum* 

Most of the Clay content of the glacial drifts in Saskatchewan 
have been derived from these marine shales. Much of the shale 
contains an appreciable amount of pyrite" which on oxidation 
gives an acid reaction and the resulting Clay is incapable of 
supporting a good vegetation. However, in many places the mixing 
by ice of limestones and other calcium bearing minerals with this 
Clay has given rise to a fertile soil. 

The Belly River beds consist of clays, sandstones and coals. 
Lignite coal of this age is known to occur a t  Fielding, Brock, 
Kelfield, Salvador, Unity, and other places. Little attempt has been 
made to develop these seams in Saskatchewan. Belly River coals 
are mined a t  Taber and Lethbridge in Alberta. Bones of numerous 
reptiles, especially swamp-uihabiting types, have been preserved 
in this formation. The best remains of Belly River dinosaurs, 
including the carnivorous Tyrannosaurus-like forms and herbivor- 
ous duck billed forms, have been found in Alberta, along the Red 
B e r  River near Steveville; but fragments of bones and teeth are 
common in the outcrops south of Unity, Saskatchewan. 

The direct influence of the Belly River formation on the 
soils is not clearly seen, but the sands were resorted by water 
action following glaciation and the sandy soil of the country 
West of Unity, of the Great Sand Hills and other areas in the 
western part of the Province, have derived some of their sand from 
the Belly River formation. 

Very fine textured sands of the Eastend formation overiie 
the Bearpaw shales. They occur as a narrow band bordering the 
hi11 area of the south, where they are overlain by later beds. Thus 
the general position of exposures of these sands is represented 
on the map (figure 6) by the thick boundary line between the 
Tertiary and Upper Cretaceous areas. The sands were deposited 
under marine conditions, and mark the final retreat of the sea from 
this area. The many hundreds of feet of sediments that  overlie 
this formation accumulated on alluvial plains and contain no 
evidence of a later submergence. 

The Whitemud beds form a striking feature of the landscape 
of a number of the valleys in the south of the Province where 
bands of white-weathering sands are exposed. These beds bear 
witness to the climatic conditions existing a t  the time of, and 
immediately following, their deposition. Plant remains that have 
been found, including fig, hickory, redwood, smilax, and grapevine, 
'Pyrlte sometlmes called Fool's Gold, ia a sulphide of iron. On oxidation this mlneral forms 
iron ohde Sulphurlc acid whlch 1s al80 formed quickly reacts with calcium carbonate to fonn 
gypsum and wlth sodium'cornpounds to form sodium shphate (white alkali). 
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as well as aquatic plants, pond lilies, etc., may be taken as  
indicators of an equabie or temperate climate. It is recognized that 
the production of the white clays by the weathering of felspathic 
sands was due to soil-forming processes operative a t  the time, 
and some of the material in the Whitemud formation can be 
looked upon as  fossil soil. Important deposits of refractory clays 
have been found among these beds. 

The Frenchman formation is recognized as Cretaceous 
because of the reptilian remains whioh have been preserved 
in it. Land reptiles are represented by the three-horned 
dinosaur Triceramps, aquatic types of turtles and crocodiles. 
These have been found a t  various localities in the south, notably 
along Morgan Creek, a branch of Rocky Creek (Twp. 1, Range 5, 
W. 3rd). The deposits are extremely varied and consist of Clay, 
sandy Clay and sandstones, the colour ranging from iight to dark 
grey with shades ranging from yellow to green. 

%rhry.-The Ravenscrag beds of Tertiary age are 
similar to the Frenchman of Cretaceous age and the boundary 
between them has been arbitrarily placed a t  a coal seam 
above which no dinosour remains have been found. Continued 
depression of the Rocky Mountain and plains basin in early Tertiary 
times resulted in the accumulation of over 600 feet of 
Ravenscrag sediments. The depression was never great enough 
to allow access of the seas, and al1 the sediments are of the alluvial 
plain types, resembling those of the Cretaceous Belly River in their 
mode of origin and in the character of the deposits. Clays, sands 
and coal seams of this formation underlie a fairly extensive area 
in the south and south-east and also several isolated areas in the 
South-West. The important lignite coals of the Estevan district and 
other parts of southern Saskatchewan belong to this formation. 

The close of the Ravenscrag was marked by an elevation of 
the area. In the West the earth movements known as the Larimide 
Revolution were of great magnitude and the Pre-Rocky Mountains 
were formed, but here on the plains the movements were those of 
simple upiift. This raising of the area initiated a period of great 
erosion which was followed by the deposition in the south of 
gravels, conglomerates, sands and clays of the Swift Current, 
Cypress HilIs, and Wood Mountain formations. The materials 
giving rise to these beds were derived from the uplifted Rocky 
Mountain area which was being intermittently raised throughout 
Tertiary times. 

The Swift Current beds are about 50 feet thick and occupy 
the plateau country south of the town of Swift Current and in 
general lie directly upon Bearpaw shale. The Cypress Milis beds, 
150 feet thick, lie on top of the Ravenscrag beds in the Cypress 
Hills area and are for the most part quartzite conglomerates, the 
well-rounded pebbles of which were derived from the Rocky 
Mountain Quartzite of Carboniferous age. The Wood Mount& 
formation occupies limited areas in the Wood Mountains and 
consists of conglomerates, which cap some of the hills and probably 
underlie the most elevated plateau lands. The formation may be 
about 50 feet in thickness, and lies directly upon beds of the 
Ravenscrag formation. The age of these formations in Saskatche- 
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wan has been determined upon the basis of the mammalian remains 
that have been found in the conglomerates. Ancestral squirrels and 
hares, rhinoceros, tianotheres, ancestral horses, and primitive 
cloven-hoofed animals are represented by bone fragments and 
teeth in the Swift Current beds. Among the many animals of the 
Cypress Hills beds are primitive wolves and foxes, sabretooth cats, 
huge titanotheres, giant hogs, early forms of camels and primitive 
three-toed browsing horses of about the size of a sheep, while a 
three-toed grazing horse of about the size of a pony has been 
found in the Wood Mountain beds. 

Pliocene time was one of extensive erosion; many hundreds 
of feet of material were removed from some areas, and the 
Cretaceous beds were in many places stripped of their Tertiary 
covering. Remnants of the Tertiary formations were left in the 
more elevated sections of the south-West and the main belt extends 
eastward, the beds dipping in that direction. 

When we attempt to visualize the events of Mesozoic and 
Tertiary times, the most striking feature is the bringing in of 
millions upon millions of tons of material from the West to this 
region, followed by the transfer of some of that  material ont0 
the Lower Mississippi and Gulf Coast regions. Most of the 
sediments must have come from the area West of the Rocky 
Mountain trench a t  a time prior t o  the building of the Rockies. 
Following the Larimide Revolution, sediments were derived from 
the Rocky Mountains. During the periods of erosion, material was 
being carried from this area and we are forced to conclude that 
most of it was taken by rivers draining to the South, for no traces 
of Tertiary formations have been found to the east or north-east 
on the Pre-Cambrian shield, and it seems doubtful if any great 
thickness of Tertiary deposits can be buried beneath Hudson Bay. 
It may be difficult to understand the vast changes that have 
taken place in even a structurally simple region such as this. Some 
appreciation, however, may be gained by considering the vast 
amount of material that  is being moved a t  the present day by a 
river system such as  the Mississippi, which transports about four 
hundred and six million tons of sediment* and one hundred and 
thirteen million tons of salts from the Missouri Plateau and 
interior plains to the Gulf of Mexico every year. It thus becomes 
possible to realize that, during geological time, many cubic miles 
of earth can have been moved from one region to anotner, in 
response to general adjustments in level of the earth’s surface. 
This process is always a t  work, the surface of the prairie is always 
changing, and we cannot conceive of the geographical features we 
know today surviving into future geological periods. 
*This sedlment amounts to 0.00223 Inches over the whole of the Mlsslsslppi drainage basim 
(1,244,000 sq. miles) in a year. At the same rate of transportation 185 feet would be removed 
In one million years, and in 10 milllon years, the possible length of the eroslon phase O! Pliocene 
tlme, 1850 feet of strata could have been removed. 

REFERENCES TO THE GEOLOGY O F  SASKATCHEWAN 
Many reports dealing with the Geology of Saskatchewan have 

been published by the Bureau of Economic Geology, Department of 
Mines, Ottawa, some of which are listed below: 
Qeneral- 

Economic Geology, Serles No. 1, 1947. Geology and Mlnerals of Canada. 
Economlc Geology, Series No. 5, 1933. O11 and Gas in Western Canada. 
Economic Geology, Serles No. 7, 1930 Prospectlng in Canada. 
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Summary Report, 1932, Part C. Amlsk Lake Area, Saskatchewan. 
Mernoir 180 1935 Mudjatik-Haultaln Area Saskatchewan. 
Mernoir 182: 1936: ~eo iogy  of Lake Athabaska Region, Saskatchewan. 

Mernoir 93, 1917. Southern P l a h  of Alberta (giving plates showing fossils). Out of print. 
Memolr 163, 1930. Geology of Southern Alberta and South-western Saskatchewan. 
Memoir 176, 1935. Geology of Southern Saskatchewan. 
MernoIr 182, 1935. Floras of the Whitemud and Ravenscrag Formations. 
Memolr 221, 1940. Geology of the Southern Alberta Plains. 
MemOlr 232, 1941. Oeology of East-central Alberta. 
Memolr 239, 1945. Mesozolc Stratigraphy of the Eastern Plains, Manitoba and Saskatchewan. 
Memolr 242, 1946. Cypress Lake Map-Brea, Saskatchewan. 

Plains- 

GLACIAL GMlLOGY 
Overlying the bedrock formations which have been described 

above is a mantle of glacial drift. This mantle is variable in 
thickness and usually heterogeneous in composition and is the 
result of the intense glaciation which affected this country during 
glacial times. Before discussing glaciation it is well to appreciate 
that it is these glacial deposits which form the parent materials 
of virtually al1 of Our soils. Moreover, the glacial drift is essentially 
formed from the bedrock material, the weathered and eroded 
bedrock having been transported, mixed and re-deposited by 
the ice. 

In Pleistocene time this area like all of Canada except the 
Yukon was covered by an ice sheet, or rather by a succession of 
ice sheets since it is generally recognized that there were four 
stages of glaciation. The four intervals of cold and ice formation 
were separated by milder intervals or Inter-glacial stages, during 
which the ice disappeared and moderate or cool climatic conditions 
set in. Forest and prairie belts became established, as  proved by 
the finding of Wood and old soils between Glacial deposits in some 
Wells and eut banks. 

The possible causes of glaciation cannot be discussed here 
but one of the causes and probably the one most essential, is high 
winter precipitation of snow. It is likely that if there was a very 
high winter snowfall in northern Saskatchewan, glaciation would 
take place and continue as  long as high precipitation kept up. The 
short summer not being sufficient to melt al1 the snow, lowering 
of the temperature and spread of the ice would naturally follow. 

In glacial times, some thousands of feet of ice accumulated in 
the country to the West of Hudson Bay, spreading in all directions. 
This is known as  the Keewatin Ice Sheet. Labrador had a similar 
ice cap, and the Rocky Mountains were also strongly glaciated. The 
average thickness of ice in the Keewatin sheet is considered to have 
been 8,000 feet; at its maximum advancement it covered the whole 
of Saskatchewan, extending South of the International border. 

Knowledge of the work of ice has been gleaned from the 
studies of mountain Valley glaciers and of the margins of existing 
ice caps, and has made possible deductions with regard to the 
Pleistocene glaciations. The great thickness of ice a t  the central 
region of accumulation gave rise to  pressure a t  the base and to  
gradua1 movement. Soil, disintegrated rock and hard rock masses 
were picked up by the ice in the northern sections; the rock masses 
would act as graving tools on the floor over which the ice was 
moving, so that erosion as well as transportation was accom- 
plished. Boulders of Be-Cambrian rocks and of limestones were 
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carried south and mixed with shales and other sediments which 
were the stirface rocks of the prairie region. Overloading at the 
base of the ice sheet, where much soft clayey material was 
collected, would cause lodging of that portion near the floor, and 
movement would then be continued by overriding in the upper 
layers of the ice. The lodging must have been a common feature 
of the Keewatin sheet in the area, since the direction of the 
movement was opposed to the slope of the land. To account for 
the movement of the ice, apparently up hill, it must be remembered 
that the greatest thickness of ice was in the north-east and the 
ice surface was inclined down towards the south and West. 

The deposits resulting from glaciation can be grouped con- 
veniently as those due to deposition from (a) ice, and (b) water. 
The first group (a) are generally called moraines, and the materials 
composing them are heterogeneous mixtures of any materials 
that  the ice may have picked up in its travel and finally dropped 
on melting. The terms bodder Clay and glacial till are frequently 
used for these mixed materials. 

A terminal moraine is the deposit formed at the extreme 
termination of the glacier where the ice front remained fairly 
stationary due to a balance between the rate of melting and the 
supply of ice reaching that region. 

A recessional momme is almost identical with a terminal one, 
but was formed during stages of retreat, at times when there 
was a temporary balance between melting and ice accumulation. 

A ground moraine is the drift which became lodged a t  the 
base of the ice sheet or in the ice, and was left behind when rapid 
melting took place. 

The washing effect of the water flowing over the deposits 
has often caused a sorting of the materials so that patches of 
boulder Clay, of sorted gravels or sands and pond or lake silts 
and clays are to be found. This type is called mdified drift or 
resorted tiii. 

The topographie features are sometimes expressive of the 
type of moraine. In general, terminal or recessional moraine 
country is strongly rolling, with numerous pot holes, and is often 
stony; but there are exceptions, and sometimes the country is 
gently rolling. In low areas the moraine may be covered by later 
lake deposits. Ground moraine country is usually almost level 
or only gently rolling. Potholes are present, and may have 
resulted from the delayed melting of buried masses of ice. Stones 
are present, but are usually not abundant on the surface. In a 
few localities extreme stoniness may have been produced by 
water erosion as indicated below. 

The second group (b) consists of outwash and lacustrine 
deposits. On melting, a great quantity of water was liberated a t  
the ice front, since every eight hundred feet of ice would produce 
one million tons of water per acre. Accepting the average thick- 
ness of the ice sheets as eight thousand feet, about eight million 
tons of water were released over each acre of land. It must be 
remembered that while this vast quantity of water was dispersed 
in a fairly gradua1 manner, there were many opportunities during 
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the summer months for torrential floods and for sheets of water 
to sweep over the land, modifying moraine deposits, giving rise 
in some places to stony belts where the finer material was swept 
away and leaving accumulations of Stones on the surface. 

OucWash deposits consist of roughly or well sorted beds of 
sand and gravel. They were deposited in front of the terminal or 
recessional moraines by water action. 

Eskers and kames consist of sorted gravels or sands which 
were deposited by water beneath or within the ice. Eskers as left 
after the ice melted away from the country, are relatively low 
sinuous ridges and were built by streams which were flowing 
beneath the ice. Kames are hills or mounds of gravel. The gravel 
was washed by water and accumulated in pockets within the ice. 

Lacustrine deposits are clays, fine silts and some sands, al1 
well sorted, that have settled out of water in great lake areas. 

The formation of great lakes a t  the recession of the ice was 
due to the dope of the land. Wherever this was towards the north, 
the water not having free drainage to the south would back up 
against the ice or recessional moraine, flooding the adjacent 
country until the water rose to the level of some divide, when it 
would drain into a southern drainage system. One of the greatest 
glacial lakes in Canada was formed over a large area in Manitoba, 
and is known as Glacial Lake Agassiz. Ice stood to the north, 
preventing the normal drainage, so that the waters of this great 
lake found their way south through Minnesota, joining the 
Mississippi drainage system. At earlier stages of the ice retreat 
several great lakes existed in Saskatchewan. Figure 8 shows the 
areas underlain by lacustrine deposits and thus where lakes must 
have been. In the Regina area, Glacial Lake Regina was of 
considerable size and has been described by Johnston and 
Wickenden.* In later stages of glaciation, much of the water 
draining from Saskatchewan found its way by the Qu’Appelle 
Valley to Lake Agassiz. The extensive area bordering the South 
Saskatchewan River shown on the map as lacustrine Clay was 
not flooded at any one time but was occupied by a succession of 
lakes as the ice front melted back to the north. 

The most important lacustrine sediments are clays, which 
are often banded. Bands of heavy Clay, due to slow settling in 
the winter season when the lake had frozen over and no additional 
sediment was being brought in, alternate with bands of coarser 
Clay or silt due to more rapid summer deposition. Stones are 
absent or very rare, and the areas of lacustrine deposits are 
nearly level or only slightly rolling. Where materials of coarser 
grade, such as fine sand, were deposited, subsequent modification 
by wind action has given rise to dune topography. 

Numerous valleys in Saskatchewan, which usudly run in a 
north-West to south-east direction, are glacial drainage channels. 
Some were eroded by ruraning water a t  the margin of the ice 
sheet during its retreat; others were outlet channels from the 
glacial lakes. Many of these valleys are quite deep and are either 
*"Glacial Lake Regina,” W. A. Johnston and R. T. D. Wickenden. Trans. Royal Society, 
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dry or have a series of Chain lakes. They do not carry any volume 
of water a t  the present, but simply serve local drainage. 

The glacial geology of Saskatchewan is complicated because 
of the four, glacial stages with intervening inter-glacial stages. 
Practically the whole of Saskatchewan was involved in a t  least 
one of the earlier glaciations; the most south-westerly advance of 
the last ice sheet may only have reached the Missouri Couteau, 
where a great terminal moraine extends north-West across the 
Province. The South Saskatchewan River cuts through this 
moraine in the country north of the town of Morse. A small area 
south-east of Wood Mountain seems to have escaped glaciation, 
and is driftless. 

The glacial drift is variable in thickness. In some areas, 
particularly in the West and south-West, the bedrock is encountered 
a t  the depth of a few feet, and the sketch map (figure 8 )  gives 
some indicatïon of localities where the drift is considered to be 
shallow. Well records, a t  other places, show that the drift is from 
four to five hundred feet thick. Thick drift deposits no doubt 
accumulated in, and filled up pre-glacial valleys, and there is 
evidence that in some sections the pre-glacial country was a 
strongly dissected plateau, and probably before the ice age the 
topography of Saskatchewan was of distinct badland character. 

It is considered that glaciation was of considerable economic 
benefit not only because the present topography is more favourable 
for agriculture than the pre-glacial topography, but also because 
the physical and chemical composition of the surface material 
was improved. Where Cretaceous bedrock shale is exposed at the 
surface, the vegetation is sparse or absent, due to the impervious 
nature of the Clay. The material is also often deficient in lime aiid 
contains pyrite which on oxidation gives the soil an acid reaction. 
If sodium carbonate is present or forms by carbonation of sodium 
bearing minerals in the shale, it  combines with products of oxidation 
of the pyrite to form sodium sulphate (white alkali). Both the 
acid reaction and the alkali condition are unfavourable to plant 
growth. Glaciation was effective in stirring up the bedrock material 
which lay a t  the pre-glacial surface. It incorporated with this 
material fresh minera1 matter, containing a good supply of potash 
and phosphorus from the Pre-Cambrian rocks and lime from 
the Palaeozoic limestones. In some localities the influence of the 
bedrock material upon the soil is strong; for example, in the 
solonetzic soils of the Echo and Trossachs Associations the 
moderating effects of glaciation have been insufficient to overcome 
the undesirable characteristics of the bedrock Clay shale which 
forms the bulk of the soil parent material. 

SURFACE DEPOSITS AND THE Som 
The importance of the geological origin and topography of 

the parent material in the determination of soil types has been 
stressed in previous sections of this report, and it is desirable to 
indicate the extent to  which these factors are of importance in 
Saskatchewan and to point out the geological significance of the 
soil map. 

The classification adopted for the soils is into zones, associa- 
tions and types. The broad belts or soil zones are based upon 
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soil features that are due to the impress of the climate, and here 
geological factors are not important. in a general way each zone 
is characterized by its natural vegetation. The Soil Associations 
have been established upon soil features that have been determined 
largely by the geological origin of the parent materials and in 
each Association there is a degree of uniformity in the chemical 
composition. The soil type is a textural unit within each Associa- 
tion. The type is determined by the mechanical composition which 
is an inheritance from the parent material. The chemical composi- 
tion and texture of the soil may, in some cases, as in recent alluvium 
or wind-blown Sand, be the same as  those of the parent deposit, 
but usually modification due to climatic conditions have been 
brought about. Modification is the result of chemical and 
mechanical weathering of the mineral particles, with a tendency 
to increase the Clay content and thus produce heavier texture. 
Concurrently with weathering there are changes due to leaching of 
soluble materials from the surface, and these substances may be 
carried completely away or redeposited at various depths in the 
soil profile. There is also possible transference of Clay material 
to  lower layers in the soil. It follows that uniform parent materials 
will give rise to different soil types under differing climatic 
conditions. For each original material, except those of most recent 
origin, there is thus a distinct Association in each of the various 
soil zones. Within each soil zone, which is also a climatic zone, 
there are different Associations which reflect more or less closely 
the geological origin of the material, and these are in turn 
subdivided into types on textural grounds. 

The accompanying table (table 22) records the Soil 
Associations and Miscellaneous Soils which are present in each 
zone and the geological origin of the parent material. The surface 
deposits which form the parent materials of Saskatchewan soils 
have been assigned to six groups: (1) Recent Transported; ( 2 )  
Glacial Lacustrine ; (3) Fluvio-Glacial; (4) Glacial Moraine; (5) 
Modified Bedrock Silts, etc.; (6) Modified Bedrock Shale. By far 
the most important groups are (2) and (4). The areal extent of 
these groups is shown on the sketch map (figure No. 8). The 
areas of glacial lake deposits (Group 2) are shown by horizontal 
ruling and those of glacial moraine (Group 4) have been left 
blank. Areas of Groups 1 and 3 are scattered and iimited in size 
and could not be shown on the sketch map but they are shown 
on the soil map which accompanies this report. 

Some differentiation has been made between thick moraine 
deposits, and moraine overlying bedrock where the nature of the 
bedrock has influenced the nature of the resultant soil. Group 5 
includes plateau or upland areas, of thin or no drift, underlain 
by mixed silty and sandy clays, sands and gravels. Group 6 
includes lowland areas of thin drift underlain by bedrock shales. 

1. Recent Transported depusits include river alluvium, recent 
lake clays and peats and wind-blown sands. Due to the nemess of 
these materials iittle change has taken place and there is 
considerable uniformity in al1 the zones and therefore Association 
names have been given to only a few of these soils derived from 
them. Alluvial and recent lake deposits have been included in the 
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TABLE 2%SURFACE DEPOSITS AND SASKATCHEWAN SOIL ASSOCIATIONS 

Modified Bedrock 
silts, etc. 

(Tertiary and Upper 
Cretaceous deposirs) 

_ -  
Soi1 
Zone 

Modified Bedrock 
shale 

(Chiefly Cretaceous 
shales) 

Brown ................................ 

(Some Alluvial 
deposits) 

Sceptre 
Fox Valley 
Hatton 

Black ................................. 

(Outwash, Kames, anc 
Stream eroded till) 

Chaplin 

Transition 
Black-Grey ....................... 

Wood Mountain 
Dissected Plateau 

Eroded 
Complex 

Grey ................................... 

Echo 
RobFart 

1 

Recent TransDorted 

Cypress 
Dissected Plateau 

Eroded 
Complex 

(Lacustrine Alluvial 
AeoliAn) 

Saline (Alkali) 
Meadow 
Alluvium 
Undifferentiated 

Sands 
Dune Sands 

Trossachs 
fitevan 

Saline (Alkali) 
Meadow 
Alluvian 
Undifferentiated 

Sands 
Dune Sands 

Saline (Alkali) 
Meadow 
Alluvian 
Undifferentiated 

Sands 
Dune Sands 

Melfort 
Indian Head 
BIaine Lake 
Canora 
Cudworth 
Meota 

Muskeg (Bog soils) 
Meadow 
Alluvium 
Sands 
Dune Sands 

Whitesand 

Muskeg (Bog soils) 
Meadow 
Alluvium 
Pine Sand 

Deposits and Related Solb 

2 3 

Glacial Lacustrine 1 Fluvio-Glacial 

Regina 
Elstow 
Asquith 

Biggar 

Tisdale 
Kamsack 
Shellbrook 

1 Whitesand (1) 

Kelvington Bodmin 
Arborfield 
Sylvania 

4 

Glacial Moraine 

(Boulder Clay anri 
modified drift) 

Haverhill 

Weyburn 

Whitewood 
Pdly 
Etornami 

Waitville 
Kakwa 
Duck Mountain 

Waseca 

. .  
Rocanville 

(1) No association is yet established to cover degraded black outwash soils. Some slightly degraded coarse textured soils are included in Whitesand. 



Alluvium, Saline (Alkali), and Meadow classes. Belts of these soils, 
though common, are usually small. Areas of Alluvium are narrow 
and border present river courses or follow old drainage channels, 
and in the latter case the soils are often saline. Most of the recent 
lake areas consist of Saline or Alkali soils. Wind-blown sands are 
mapped as  Dune sands and in the grey soil zone as the Pine Sand 
Association. Organic d e p i t s  (Muskeg or Bog soils) occur chiefly 
in the Transition and Grey Zones. 

2. GIac,ial Laoustrine deposits are those materiais deposited in 
lakes which formed in front of the retreating ice sheet. Their 
general distribution is shown on the sketch map (figure 8). Lake 
deposited materials are remarkably well graded and great 
uniformity is often to be found over wide areas. The surface 
topography is usually level t o  gently undulating, but some areas 
are rolling. Stones are very rare. However, considerable textural 
variation occurs and there are lake sediments ranging from sands 
to very heavy clays, deposited in very quiet water, to sands 
deposited in deltas where rivers or streams entered the lakes. 
Another variation in lake sediments is that of composition and in 
some localities the material is highly calcareous. These factors 
of textural grade and composition have influenced the soil profile 
development and thus in any particular soil zone there may be 
several Associations developed f rom lacustrine deposits. 

The Sceptre, Regina, Melfort, Indian Head, Tisdale, Kelvington, 
and Arborfield Associations are ail developed on lake sediments 
of heavy Clay texture. 

The Fox Valley, Elstow, Blaine Lake, Canora, Cudworth, and 
Kamsack Associations are developed upon medium textured silty 
lake deposits. In this group there are three Associations in the 
Black Zone. Blaine Lake are silty soils whose solonetzic character 
may in part be due to the soluble Salt content of the sediment; 
Canora and Cudworth are developed on high lime silty lake 
deposits, the former having a deep black A horizon and the latter 
a shallow black A horizon. 

Hatton, Asquith, Meota, Shellbrook, and Sylvania are 
Associations developed on light textured sandy deposits. These 
sandy lake or delta deposits readily become modified by wind and 
give rise to the recent Dune sands. 

3. Fluvio-GIaciaI deposits are materials which were transported 
by ice and finally deposited by water. The most extensive deposits 
of this kind are those known as glacial outwash which consists of 
sorted sands and gravels. Such deposits may underlie areas of 
several square miles or of a few acres only. Kames and Eskers 
have been described above and are limited in extent. Soils developed 
on these gravels have been included in Associations, one for each 
soil. zone. Adjacent to deep valleys there are eroded areas 
f requently occurring where gullies have cut deep trenches back 
from the main vaileys. Where the eroded material is glacial till i t  
frequently happens that the erosion has caused the accumulation 
of gravels and glacial boulders on the gully bottoms and on some 
of the hillsides. These areas like the areas underlain by outwash 
and other gravels are of little agricultural value and though the 
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origin of the topography and gravels is not Fluvio-Glacial they 
have been included in the Associations of this group. 

4. Glacial Moraine deposits are essentially extremely variable 
in grade, composition, and topographic expression. As deposited 
from the melting ice the material is mixed and unsorted. Modifi- 
cation may take place by water action, either as the ice is melting 
away, or subsequently. By modification is meant the washing of 
finer materials from the higher places with deposition in the low 
places, and al1 degrees of modification are possible. The soils 
developed on these morainic materials have been assigned to 
various Associations. For example, Haverhill in the Brown Zone, 
Weyburn in the Dark Brown Zone are broad Associations and 
cover al1 the types of soils developed from morainic material in the 
respective zones. In the earlier sections of this report, the term 
undifferentiated till has been used to indicate that no attempt 
has been made to differentiate between types of till that may occur 
in the zone, and it also implies that the Soil Association given for 
that  zone covers wide variations in soil types, which with detailed 
mapping might be resolved into several new Associations. In the 
Black Soil Zone the broad undifferentiated Association is Oxbow. 
Naicam is the Association developed on well modified or resorted 
till. Yorkton and Ryerson have deep and shallow black profiles 
respectively and are developed on till that is rich in lime. The 
lime in the parent drift of these soils may be due to limestones 
and ground limestone from the Palaeozoic belt or to the lime rich 
Alberta shale, both of which are likely to be incorporated in 
the glacial drift of the eastern part of the Province. In the 
Transition Zone Whitewood is the undifferentiated Association, 
Pelly is developed on resorted till, and Etomami on a lime rich till. 
In the Grey Zone, Waitville is undifferentiated, Kakwa has as its 
parent material a limestone till, and Duck Mountain is developed 
on a strong banded resorted till or lacustrine deposit, the origin 
of which is not clear. 

5. Madified Bedrock Silts and San& underlie some of the 
upland plateau country of southern Saskatchewan. The parent 
materials of the soil in these areas are the mixed sedimentary 
types of Tertiary age-the Swift Current, Cypress Hills, Wood 
Mountain, and Ravenscrag formations. In addition to  the Wood 
Mountain and Cypress Associations, which have formed in the 
more level areas, there are belts of complex soils formed on recently 
eroded hillsides or on recent deposits of the Valley bottoms. These 
have been mapped as Dissected Plateau Complex and Eroded lands. 

6. Modified Beàrock Shales are present in some areas of 
southern and western Saskatchewan. In these areas the soil is 
developed either from glacial drift which has for the bulk of its 
constituent material non-calcareous shales of Upper Cretaceous 
or Ravenscrag origin, or directly from the bedrock shales which 
have only a very thin skin of drift. The “burn-out” soils of the 
Echo and Trossachs Associations are developed on these materials. 

The classification of Saskatchewan soils as presented in table 
22 and as discussed above takes into account the fundamental 
features of the soil. It is not felt that an undue emphasis has been 
placed upon the parent material; the soils very definitely reflect 
in composition and texture the nature of the parent geological 
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formation, and weathering under the present climatic conditions 
since glaciation has not obliterated their impress. The complex 
nature of the glacial drift deposits has given a complexity to 
the soils which is not altogether brought out in the classification; 
the aim of the soil mappers wisely has been to avoid any undue 
complication, but if highly detailed mapping were to be carried 
on in the belts of glacial morainic materials, there is no doubt 
that new Associations would have to be established. One of the 
complexities with regard to the glacial drifts is due to the multi- 
character of the glaciation. Some of the surface deposits belong 
to previous and not to the last glacial stage. For example, lacustrine 
deposits of a previous stage may have been overridden by the 
last ice sheet, which on melting did not leave a deposit of new 
drift. The resulting country may be rolling due to the erosion 
caused by the over-riding ice. There may be a few Stones and 
local deposits of recent till, but the material is lacustrine. Such 
areas are not likely to be large but they occur in the morainic 
belts. The topography and nature of the material have influenced 
the profile development giving an Association which differs from 
that of the main moraine belt. The Haverhill, Weyburn, Oxbow, 
Whitewood, and Waitville Associations no doubt contain many 
sub-Associations which would be brought out by detailed mapping, 
particularly when it is remembered that these soils cover upwards 
of twenty-four million acres within the present surveyed area. 

GROUND WATER SWPLY 
During the past few years the P.F.R.A. has assisted in the 

construction of dug-outs and dams to store and conserve surface 
water. This work has been of infinite value in many localities 
where there are difficulties in securing adequate water supplies for 
domestic and stock purposes from Wells. The use and conservation 
of surface water is likely to  be increased, but even then the major 
quantities of water for farm purposes will have to be obtained 
from the ground, which is without question the most efficient 
reservoir. Unfortunately digging, boring or drilling is not always 
successful and there is an element of chance in finding ground 
water. An understanding of the geological conditions in an area 
may be of some assistance in locating ground water. In 1935, the 
Canadian Geological Survey conducted a survey of Water Supply 
in the Prairie Provinces. In Saskatchewan this survey extended 
from the International Boundary up to and including Township 
32. The results of this survey have been published in separate 
reports for each rural municipality.” Information with regard to 
water supply is given in each paper along with details of the 
conditions in the municipality. 

Ground water has its source in the precipitation of rain and 
snow but in Sas‘Katchewan only a small proportion of the total 
precipitation manages to  get deeper into the ground than the 
soil horizons. In the spring there is usually a considerable run-off 
of melted snow. This water accumulates in depressions and from 
*PubIIshed by the Bureau of Economic Geology, Department of Mines, Ottawa. A limited number 
of these reports were printed, a copy of the report on each particular municipality was sent to 
the Municipality Office and complete sets were sent to various Provincial Departments concerned 
with water supply. 

245 



these depressions there is seepage into the ground. This seepage 
is the main source of ground water, for on the ordinary cultivated 
field the main which sinks into the ground does not get deeper 
than the soi1 and is transpired by the crop or evaporates into 
the atmosphere. Topography has a profound influence upon the 
ground water supply. In areas of rolling country there is greater 
run-off, more sloughs and therefore more seepage into the ground 
and it is found that the ground is saturated with water to within 
short distances (15 to 30 feet) of the surface and Wells are usually 
shallow. In level areas there is little run-off; there are few sloughs 
and therefore little seepage so that there is no water in the ground 
for some considerable depth; Wells are deep and often there is 
difficulty in securing a water supply by drilling. This is true for 
most of the lacustrine Clay areas for in addition to  the level 
topography with little run-off, the texture of the material prevents 
ready seepage and water which does accumulate in sloughs is 
unable to get into the ground and is lost by evaporation. 

Available ground water usually exists in any porous rock that 
is located below the depth a t  which the subsurface materials are 
moist. The top of the moist zone is known as  the water table where 
the material from the surface downwards is porous, and the moist 
zone is the zone of saturation. The majority of the deposits that 
lie near the surface in Saskatchewan, such as boulder Clay, are 
slightly permeable and only allow a slow movement of water. In 
the zone of saturation they are saturated with water but are not 
sufficiently permeable to  provide a supply to a well. 

Only a few features of the Saskatchewan zone of saturation 
can be mentioned. The zone can generally be recognized by the 
fact that materials above are dry, brownish or yellowish-grey in 
colour, whereas below they are moist and characteristically blue. 
In rolling pothole country the zone is relatively close to the surface 
(15 to 20 feet) and in level or slightly undulating country it is much 
deeper (75 feet +). Complications in the zone of saturation are 
due to the presence of impermeable materials such as  lake clays 
or very heavy textured glacial drift, which prevent the movement 
of ground water and result in the local presence of suspended or 
perched water bodies above the main zone. 

Water-bearing rocks of the prairie are sands, gravels, sand- 
Stones, conglomerates, coal and occasionally silts and sandy clays. 
These are distributed in the various deposits that  have already 
been described and the water bearing characteristics of each will 
now be discussed. 

"1. Of the materials of recent origin, wind-blown sands are 
the best water yielders. They are porous and therefore possess 
a water table and since they are usually found overlying lake 
clays, which are impervious, the water table is held close to the 
surface. A good water supply can generally be obtained by digging, 
or by driving a Sand point down to the water table. 

Alluvial deposits which are present in Valley bottoms consist 
of beds of clays and silts usually interbedded with sands or 
containing lenses of Sand that carry water and a shallow supply 
'Numbers refer t o  the groups of deposits described In the previous section on surface deposits 
and the soii. 
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can easily be obtained. Alluvial materials of recent lake beds are 
frequently heavy in texture and shallow ground water is not iikely 
to be found. 

2. Glacial lake clays do not contain a water supply. In areas 
of these deposits where it is not possible to obtain a supply from 
the underlying boulder Clay or bedrock, dug-outs have to be relied 
upon or other means adopted to conserve surface water. There are 
better water possibilities in the lighter-textured lacustrine deposits. 

3. Outwash deposits, kames, eskers and buried gravel channels 
usually contain good supplies of ground water. Old buried channels 
cannot be detected from the surface and their presence is only 
discovered by drilling. 

4. Morainic deposits contain lenses and irregular beds of gravel 
and Sand, which usually carry water when they lie below the 
water table. These lenses are scattered in an apparently haphazard 
manner, and there is no means of locating them except by trial 
holes. Wells sunk a t  short distances from one another may obtain 
water at different levels from different lenses, or one well may 
be a good producer and another dry. These underground conditions 
are illustrated diagrammatically in the section (figure 9). A 
weli located at (c) would obtain water from a gravel lens; at (d) 
gravel infilling a buried Valley is encountered and would give a 
supply, while a hole sunk at (e) would be dry. Beds of outwash 
gravel may be overlain by lake clays, and flowing Wells may be 
brought in when drflling reaches the gravel beneath the clay. Such 
conditions are represented a t  (a) in figure 9, and are similar 
to those actually found at Boggy Creek, where much of the water 
supply for the City of Regina is obtained. Water from the glacial 
drift is often alkaline. 

5 and 6. Certain of the bedrock formations contain water 
bearing strata. These strata differ from the Sand and gravel lenses 
of the drift in that they are more continuous and are likely to be 
encountered over very considerable areas. Al1 the Tertiary forma- 
tions contain water-bearing beds; gravels, conglomerates and sands 
in the Wood Mountain, Cypress Hills and Swift Current formations; 
sands, sandstones and coal seams in the Ravenscrag beds. In the 
Upper Cretaceous the Eastend formation is water bearing, but 
the fineness of the Sand may give trouble in Wells. The Bearpaw 
shale rarely carries water except, perhaps, where the upper beds of 
the formation occur (e.g., in Swift Current area) . A small amount 
of water is obtained from the shale in some localities, but is 
usually unfit for domestic use and often unfit for livestock, due 
to its high salinity. The Beliy River beds, which underlie the 
Bearpaw in the western part of the Province and are the surface 
bedrocks over a large area, contain water-bearing sands and coal 
seams. The water from the formation is often soft, due to the 
presence of soda (sodium carbonate). The shales beneath the 
Belly River formation are almost devoid of water to depths which 
are beyond the range of ordinary (water well) drilling. 

The distribution of the Tertiary and Belly River rocks can 
be seen on the map (figure 6). In many parts of the south and 
West, the chances of obtaining ground water from the bedrock 
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Diagrammatic vertical section showing general relationship of Glacial Drift to Bed Rock and ground water conditions. 
(a) Well sunk through Lake deposited clays obtaining artesian water supply from glacial graveis. (b) Water suppiy obtained from Bed Rock sandstone. 

(c-d) Water reached in gravels in the drlft. (e )  Dry hole. 



are good. In eastern Saskatchewan, however, if water is not found 
in the overlying glacial deposits, it will probably be necessary 
to drill to a depth of from one to two thousand feet before there 
is any hope of finding it, with the added risk that the water may 
be very saline. 

None of the methods for locating water that have been tried 
up to the present have proved entirely reliable. A number of highly 
advertised water-finding machines are on the market, but they 
cannot be recommended, because they are not based on any 
known scientific principle and careful experiments made by 
competent physicists have failed to give consistent results. Water 
divining falls in the same class, but it sometimes happens that 
the diviner is a man Who has had experience in bringing in Wells 
or is an acute observer, with an eye for the country, Who is able 
to recognize physiographic features and characteristics of the 
natural vegetation that may be significant clues to ground water 
in a particular district. He thereby may be led to make useful 
deductions, either consciously or subconsciously. 

Geology can aid in the solution of water-supply problems, 
particularly those related to the bedrock. Those related to the 
glacial drift are often more difficult, and it is rarely possible to 
predict the location of a water-bearing sand pocket or lens in 
the drift. In some localities there may be some association of 
buried sand lenses with the surface topography, and it is always 
advisable to take note of the situation of neighboring Wells and 
choose a comparable site for testing. 
References: “The Divining Rod,” Water Supply Paper No. 416, United States Geological Survey, 

and, “The Occurrence of Ground Water in the United States,” Water Suppïy Paper No. 489, 
U.S.G.S., obtainable from Government Printing Office, Washington, D.C. “A Practical 
Handbook of Water Supply,” by R. Dixey, published by Murby, $6.00. “Reports on Regina 
Water Suppiy,” printed by order of the City Coundl, Regina. 1930. 
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SOIL TEXTURAL CLASSES USED IN 
SASKATCHEWAN 

TABLE 23.-SOIL SEPARATES (PARTICLE SIZES) ON WHICH THE 
TEXTURAL CLASSES ARE BASED 

Separates Diameter in Millirnetres 
.................................. 2.0-1.0 
.................................. 1.0 -0.5 

.... 0.5 -0.25 Medium Sand .......... 
Fine Sand ........... .......... .... 0.25-0.10 
Very Fine Sand .................................................... 0.10-0.05 

............................................... 0.05-0.002 
.......................... Less than 0.002 

~~ 

TABLE 24.-SOXL TEXTURAL CLASSES AND THE PERCENTAGE OF 
VARIOUS S O S  SEPARATES IN EACH CLASS 

1.-Soils containing less than 20% of silt and Clay (sands and loamy 

1. Coarse sand-over 25% fine gravel and coarse sand, and under 50% 

2. Medium sand-over 25% fine gravel, coarse and medium sand, and 

3. Fine sand-over 50% fine sand, or under 25% fine gravel, coarse 

4. Very fine sand-over 50% very fine Sand. 
5. Loamy sands-15% to 20% silt and Clay. 

1. Sandy loam-over 25% fine gravel, coarse and medium Sand. 
2. Fine sandy loam-50% or more fine sand, or under 25% fine gravel, 

3. Very fine sandy loam-50% or more very fine Sand. 
4. Light loam-l5%-20% Clay, and over 5070 Sand. 

III.- Soils containing over 50% silt and Clay (loams to clays) : 
1. Loam-under 20% Clay and under 50% silt. 
2. Silt loam-under 20% Clay and over 50% silt. 
3. Clay loam-from 20% t o  30% Clay and under 5ûY0 silt. 
4. Silty Clay loam-from 20% to 30% Clay, and over 50% silt. 
5. Sandy Clay loam-20% to 30% Clay, over 50% Sand. 
6. Clay-over 30% Clay. 
7.. Sandy clay-over 30% Clay and over 50% Sand. 
8. Silty clay-over 30% Clay and over 50% silt. 
9. Heavy clay-over 50% Clay. 

sands): Al1 sands contain less than 15% silt and Clay. 

of any other grade. 

under 507i fine Sand. 

and medium sand. 

II.-Soils containing 20% to 50% silt and Clay (sandy loams): 

coarse and medium sand. 
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CLASSIFICATION O F  TOPOGRAPHIC PHASES 
The topographic classes used by the Saskatchewan Soil Survey are 

listed in the following table. However, in the present survey it is not possible 
to show al1 classes on the soil map. The larger areas of the A ciass are 
separated as flat to  depressional land, but small local areas are included 
with the undulatiqg land. B and C classes are combined as undulating 
topography. F or D classes and mixed areas of (B-G), (C-G), (B-M) or 
(C-M) are included in the mixed undulating and rolling topographies. G and 
M classes are combined as gently to moderately rolling topography. The H 
class represents strongly rolling lands, but some local areas of mixed M and 
H topography may also be included. 

TABLE 26.-DEFINITIONS O F  TOPOGRAPHIC CLASSES 

Class 
A 
B 
C 
D 
F 

G 

M 
H 

Topography Slope 9% 
Level to depressional ............ O to  below 

1 t o  2.5 
Moderately undulating .......... 2.5 to 6 
Gently undulating .................. 

Strongly undulating .............. 6+ 
Very gently rolling ................ 

Gently rolling .......................... 

2 to 4 
4 t o  6 
4 t o  8 
8 to 10 

Moderately rolliqg .................. 
Strongly rolling ...................... 15+ 
Hilly .......................................... 25+ 

8 to 15 

Frequency’ 
1 0  

2 or less 
2 or less 
1 

3 or more 
2 
3 or more 
2 
3 or more 
3 or more 
1 or more 

*Frequency refers to the number of “rolls” from ridge to rldge, occurring per half mile. Thus 
the topography of individual quarter sections may be classified in more detailed surveys. The 
frequency i s  estimated by taking account of the larger, more important knolls and r:dges. 
Typical slopes are measured with a hand level. 

CLASSIFICATION O F  STONY PHASES 
On the reconnaissance soil map only the Iarger areas of excessively 

stony land can be shown. However, frequent reference is made in the report 
to other stony phases. The following table lists the stony phases used by 
the Saskatchewan Soil Survey and which in more detailed surveys are 
applied to al1 soil areas. 

TABLE 26.-DEFINITIONS OF STONY PHASES 
S,-Stone free. 
SI-Occasional Stones-no serious handicap to cultivation. 
S2-Moderately stony-requiring removal, occasional stone pile in field 

S,-Very stony-serious handicap to cultivation. Frequent stone piles in 

S+-Excessively stony-too stony to  permit cultivation; shown on 

and frequent Stones along road. 

fields and many Stones along roads. 

present map as stony phase (St.). 

CLASSIFICATION O F  SOIL STRUCTURE 
Soii Aggregates.-Both cultivated soils and the horizons of soil profiles 

are composed of various soil aggregates. The term “aggregate’’ refers to  a 
single mass or piece of soil consistiqg of many individual soil particles. Soil 
aggregates Vary in shape and size and these variations are recognized in 
classifying the structure of soil profiles. 
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The structures most common to Saskatchewan soils are described below. 
Most of the structural aggregates listed may be further sub-divided according 
to sïze, as-small, medium or large cloddy; fine to  coarse granular; thin to 
thick platy, etc. Their relative durability or resistance to  pressure may be 
indicated by such terms as weak, soft, hard, very hard, compact. 

TABLE 27.-DEFINITIONS OF SOIL STRUCTURAL AGGREGATES 

1. Cubic Structures.-Soi1 aggregates of cubic or more or less rounded forms, 

B1ocky.-Large cubic aggregates with well defined sides and edges, 
4” or more in diameter. Found in B horizons of light textured soils 
and in some slightly degraded black types. 

C1oddy.-Aggregates of roughly cubic shape, but often with irregular 
sides and edges; 0.5’‘ to  4” in diameter. Found in heavy lacustrine 
clays and in the A horizons of brown and dark brown soils. 

Nutty-Hard, well defined cubic aggregates, often with more or less 
rounded corners. 0.2” to 0.5” in diameter. Found in B horizon of 
solonetz and degraded black soils. 

Granular-Cubic aggre,gates with more or less rounded form. 0.2” to 
less than 0.1’’ in diameter. Found in A horizons of non-solonetzic 
grassland soils, and also formed by crushing the clods and columns 
in the subsoils of these profiles. 

Fragmental.-Hard nut-sized aggregates with sharp angular corners. 
Found in the BI horizons of leached soils, solodized-solonetz and 
podzol profiles. 

2. Columnar Structures.-Soi1 aggregates arranged in vertical columns which 
are of greater length than the horizontal dimensions. Vertical kngth  2” 
to  8” or more; diameter 1” to 4“. 

Hard Co1umnar.-Firm, well defined column with smooth hard sides. 
Forms the BI horizon of the dominant grassland soils. 

Round-topped Co1umnar.-Hard, well defined column with rounded top, 
the latter dusted with white particles. Forms the BI horizon of the 
solodized-solonetz profile. 

ïrregular Co1umnar.-Less firm and hard than the above, with rough, 
irregularly shaped sides, and separating into rough cloddy aggregates. 
Found in the B horizons of slightly degraded black soils. 

3. Platy Strucbres.-Soil arranged in horizontal plate-like aggregates, the 

P1aty.-Platy or foliated aggregates, above 2” to  less than 0.05” thick 
(vertical dimension). Found in leached A horizons of soionetzic, 
degraded black and podzolic soils. The thicker plates often consist 
of numerous thin platy or foliated aggregates joined together. 

Laminated.-Thin horizontal bedding of unif orm material. This term 
is used t o  describe the appearance of glacial alluvial, lacustrine and 
resorted boulder Clay deposits forming the parent materials of various 
soils. The lower B horizon of such soils is also sometimes described 
as being faintly laminated. It would appear that the laminated 
condition is related t o  the original mode of deposition and is not a 
structural condition developed by soil forming factors. 

Banded.-Thick horizontal bedding of mixed materials, from about 
one-quarter to  several inches thick. Thus alternating dark and light 
coloured bands may be observed in some of the glacial lake deposits. 
Thin, often wavy, bands a re  referred t o  as varves. As with the 
laminated condition, banded structures are “inherited” from the 
original geological deposit, and do not represent the processes of 
soil formation. 

approximately equal in vertical and horizontal cross-sections. 

horizonal dimensions being greater than the verical. 
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TABLE 27.-(Continued) 

4. Compound Structures.-These refer to  a combination of two established 
types of structure in the same Soi1 qggregate or t o  horizons made up of 
two or more structural types. 

Blockg-Co1umnar.-Large blocky aggregates with veritcal cleavage, 
and hence tending to separate into columns. 

Cloddy-Granular.-Mixed cloddy to granular sized aggregates; very 
common in grassland clays and in many black soi1 profiles. 

Cloddy-P1aty.-Cloddy aggregates with thin platy development showing 
within individual clods. Found in the A horizons of degraded black 
and solonetz soils. 

Granuiar-P1aty.-Mixed granuIar and platy structures as in the A 
horizon of slightly degraded black soils. 

Cloddy-Co1umnar.-Columnar aggregates breaking into flat-topped 
segments o r  clods. Found in solod profile. 

5. Structureless and Structure not well defined.- 
Single-Grain or Structure1ess.-Loose, incoherent individual particles, 
as in loose sand, dune sands or gravel. 

Massive or AmOrphous.-A large mass of soi1 with no definite 
structural form. Found in the lower B and in the C horizons of 
many Saskatchewan soils, including those on boulder Clay. 

.- 

TABLE 28.-APPROXIMATE ACREAGES OCCWIED BY SOIL ASSOCIA- 
TIONS, MISCELLANEOUS SOILS AND TOPOGRAPHICAL PHASES 

Undulating 
and 

Gently Rolling 
Undulating (rnixed areas) 

Association 

Brown SOU Zone- 
Haverhill ............ 1,964,600 1,096,200 
Echo .................... 1,386,100 7,900 
Robsart ................ 178,600 ...... 
Chaplin ................ 237,500 89,900 
Hatton .................. 651,400 73,500 
Fox Valley ........ 692,900 170,500 
Sceptre ................ 1,385,300 548,500 
Wood Mountain.. 199,600 188,800 
Mïscellaneous 

Soils* ...... ...... 
Total Zone ...... 6,696,000 2,175,300 

................ 
_ _ _ ~  

Rolling 

3,434,700 
99,300 

155,300 
225,400 
268,200 
206,200 
197,200 

...... 
4,586,300 

Percent 
of area 

sur- 
Hllly Total Area veyed 

2,038,600 8,534,100 
63,900 1,557,200 

...... 178,600 
94,500 577,200 
3,200 953,500 
...... 1,131,600 
...... 2,140,000 

168,200 753,800 

1~3.90 
2.54 
0.28 
0.94 
1.54 
1.84 
3.49 
1.23 

...... 4,096,600 6.67 

2,368,400 19,922,600 32.43 
- 

Dark Brown Soil Zone- 
Weyburn ............ 3,388,500 2,005,400 2,019,800 442,000 7,855,700 12.80 
Trossachs 791,600 18,500 ...... 810,100 1.32 
Estevan 771,000 ...... ...... 771,000 1.26 

Asquith .............. 1,534,300 113,100 58,800 ._..__ 1,706,200 2.78 
Elstow ................ 1,899,400 277,400 140,100 20,000 2,336,900 3.81 
Re,gina .................. 1,894,200 298,600 ...... 2,192,800 3.58 

............ ...... 
................ 

Biggar ................ 608,800 38,000 53,400 33,600 733,800 1.20 

CvDress ................ 561.600 60.600 171.900 10.400 804.500 1.31 
Miceiianeous 

Soils* .............. ...... ...... ...... ...... 2,048,500 3.34 

Total Zone ...... 11,449,400 2,811,600 2,444,000 506,000 19,259,500 31.40 
------ 
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TABLE ZS.-(Continued) 

Undulating Percent 
and of are8 

Gently Rolling sur- 
Undulating (mixed areas) Rolling Hilly Total Are8 veyed 

Association 

Black Sou Zone- 
Oxbow .............. ,. 
Naicam ..... ..... . ,. .. . 
Ryerson ......._....., 
Yorkton ...._......... 
Waseca ...... ... . . . , , . . 
Whitesand .... . . . . . . 
Meota .. .. .............. 
Blaine Lake ........ 
Cudworth ...... , . . . . . 
Canora ....,...._...... 
ïndian Head ........ 
Melfort ..... . . ...... ... 

2,524,600 1,955,500 1,991,500 
385,800 10,000 4,100 
690,500 129,400 ...... 

1,815,100 61,500 ...... 
47,000 130,800 35,000 

794,400 55,300 59,100 
633,300 185,800 17,500 
829,000 221,600 113,100 
122.300 89.300 40.000 
422;OOO 53i200 i2:900 
377,900 49,000 27,200 
414,600 181,400 1,200 

402,300 6,873,900 ...... 399,900 ...... 819,900 
...... 1,876,600 
...... 212,800 

89,400 998,200 
836,600 

6,600 1,170,300 
...... 251,600 
...... 488,000 ...... 454,100 
...... 597,200 

11.20 
0.65 
1.34 
3.06 
0.35 
1.63 
1.36 
1.91 
0.42 
0.79 
0.74 
0.97 

Miscellaneous 
Soils* .............. ...... ...... ...... ...... 1,520,600 2.48 - -- 
Total Zone ...... 9,056,500 3,122,800 2,301,600 498,300 16,499,800 26.90 

Degraüed Biack 
Soii Zone- 
Whitewood .......... 522,000 324,200 251,700 69,900 1,167,800 1.90 
Pelly .................... 284,100 27,800 3,200 ...... 315,100 0.51 
Etomami ............ 174,900 ...... 1,400 ...... 176,300 0.29 
Shellbrook .......... 264,700 37,600 162,200 10,400 474,900 0.77 
Kamsack ............ 163,300 9,300 7,100 ...... 179,700 0.29 
Tisdale ...........,.,.. 466,400 46,800 2,500 ...... 515,700 0.84 

5,300 ...... ...... 46,400 0.08 Rocanville .......,.. 41,100 
Miscellaneous 

Som" ................ ...... ...... .,.... ...... 224,900 0.37 

Total Zone ...... 1,916,500 451,000 428,100 80,300 3,100,800 5.05 
-- 

Grey (Wood&) 
Soii Zone- 
Waitville ............ 674,800 729,600 302,300 34,700 1,741,400 2.84 
Kakwa ................ 86,800 8,100 ...... ...... 94,900 0.15 
Duck Mountain.. 30,900 14,100 41,200 ...... 86,200 0.14 
Pine Sand ............ 62,700 ...... ...... ...... 62,700 0.10 
Sylvania ........__.... 153,000 2,300 15,200 ...... 170,500 0.28 
Kelvington . . . .. . ... . 4,200 17,000 34,600 ...... 55,800 0.09 
Arborfield .......... 271,800 27,000 9,400 ...... 308,200 0.50 
Muskeg ................ 40,300 ...... ...... ...... 40,300 0.07 
Miscellaneous *..... ...... ...... ...... 3 3 , 2 0 0 0 . 0 5  SoiIs* .......... .... 

Total Zone ...... 1,324,500 798,100 402,700 34,700 2,593,300 4.22 
Total Area ...... 38,366,700 9,358,800 10,162,700 3,487,700 61,376,000 

Total Area ...... 62.51 15.25 16.56 5.68 100.00 100.00 

-- 

Per Cent. of 

+Miscellaneous Soils include types not claasified in astsbüahed Assoclatlo-hiefly Alluvfum, 
Alkali (Saline), Dune Sand, Undifferentîated Sand and Grave1 Deposits, Eroded and t h e  
Dissected Plateau Cornplex. Most of these soils occur on unduiating topography, but Dune 
Sand Eroded and Dlssected Plateau areas fm ansociated With rough topography. Most  of the 
Miscéllaneow soila are of lnierior agrlculturai value, but Ailuvium soils may be good arable 
types and are particularly important under irrigation. 
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TABLE 29-JMPORTANT PLANT SPECIES OF THE SURVEYED AREA 

Formation and Section Common Name Botanical Name 
GRASSLAND BIue grama grass.. ............................ Bouteloua gracilis 

FORMATION., .... Common Spear Grass .... 
ShOrt-CfraSS Western wheat grass ........... Agropyrun Smithii 

Prairie June gra ss ............................. Koeleria cristata 
Sandberg’s blue grass.. .................... Poa secunda 
Involute-leaved sedge 

Pasture sage ................ 
Moss phlox ........................................ Phlox hoodii 
Prickly-pear cactus. ........... 
Broomweed. ...................................... .Gutierrezia diuersijolia 
Little cIubmoss .................................. Selaginella densu 
Hoary sagebrush.. ............................ Artemisia cana 
Silver sage. ....................................... ..Eurotia lanata 
Nuttall’s atnplex .............................. Atriplex Nuttallii 
Wolf willow ........................................ Eleagnus commutata 

....... Opuntia polyacantha 

Mixed Prairie* ........ Northern wheatgra ss ........................ Agropyrun dasysfuchyum 
Short awned porcupine gra ss .......... Stipa sparteu uar curtiseta 
Green speargrass.. ........................... .Stipa uiridula 
Rough Fescue ............ 
SunAoving sedge ........ 

Roses .................................................. Rosa spp. 
Snowberry ..................... 

.... .Festuca scabrella 

..... S y m p  horicarpus occidentalis 

-~ 
Subalontane Columbia needlegrass.. ................... .Stipa columbina 

Rough fescue ...................................... Festuca scabrella 
Intermediate oatgra ss ...................... Danthonia intermedia 
Par ’s oatgra ss ................................ Danthnia  Parryi 
HmTer’s oatgrass ............................. .Avenu Hookerii 
Shrubby cinquefoil ............................ Dasiphra~ruc~icosa  

Mixed Prairie * 

Palsiand Prairie *, . Awned wheatgrass .......................... ..Agropyron subsecundum 
(Park or Aspen Fringed brome .................................. Bromus cifiatus 

Grove area) Marsh reedgrass.. lamagrostis canadensis 
Northern reedgra lamagrostis inexpansa 
Hooker’s oatgra ss .............................. Auena Hookerii c arsh muhlenbergia ........................ Muhlenbergia racernosa 
une grass .......................................... Koeleria cristata 

..... Agropyron paucijlorum 
........ .Agropyrm dasystachyum 

ûryzapsïs asperifolia 
Schizachne purpurascms 
Potentilla bipinnatifida 

Hairy cinquefoil ................................ Potentilld strigosu 
Anemone ........................................... .Anemone canadensis 
Prairie anemone or crocus. ............. Pulsafilla ludoviciana 

Red bane berry ................ 
White bane berry .............................. Actaea alba 
Pea vine .............................................. Srnilacina stellata 
Sweet pea ............................................ Latherus ochroleticus 

Saskatoon berry .... .Amelanchier alnifolia 
Pincher ry ............................................ Prunus pennsylvunica 
Buck brush or snowberry ................ Symphoricarpus occidentalis 

Latherus uenosus 
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- - 
TABLE 29.-(Contmued) 

Formation and Section Common Name Botanical Name 
Prairie Rose ........................................ Rosa alcea 

Bunch berry.. .................................. ..Chamaepericlimenum cansadense 
Northern gooseberry ........................ Grossuiaria oxyacanthoides 
Pussy willow ...... .Salix discolor 
Beaked willow 
Basket willow Salix petiolaris 

Black poplar ......................... Populus tacamahaccu 

..Rosa acicularis 

..Suida instolonea 

...................... 
.................. Salix Bebbiana varpenostrafa 

Aspen Poplar. ................................... Populus Tremuloides 
....... 

Aspen-Oak 

South-east area 
Qu'Appelle, Pipe- 
Stone and Souris 
river valleys 

Big blue stem .................................... Andropogonfurcatus 

Switch grass ...................................... Panicum uirgatum 
Section .................... Little bluestem .................................. A~ropogon scoparius 

................ Quercus Macrocarpa 

White American elm ........................ Ulmus americana 
Green ash ............ Fraxinus campestris ....... 

FOREST Indian Paint brush.. ....................... .Castiileja rhexifolia 
FORMATION. ..... Fireweed. .......................................... .Chamaenerion spicatum 
Mixedwood Willows .............................................. Salix spp. 
Section High bush Cranberries Viburnum triiobum 

Low bush Cranberries. Viburnum eradiatum 

.... Pinus banksiana 

.... Abies balsamea 
... .Betuku pupyrifera 

Larch, tamarack ................................ ....... karicina 
Common alder.. ............................... .Alnus incand 

e. ................................. 

LOCAL 

Grassland Dune ................ Psoraiidium Ianceolaturn 
sandç ................ Sabina horizontalis 

Sand dock .......................................... Rumex venosus 

Wolf willow ....................................... .Eleagnus commufata 
Choke cherry .................................... Prunus melanocarpa 

Forest Sandn 
(acid) 

Jack Pule ............................................ Pinus Banksianu 

Dwarf blue berry ............................ .Cyanoccus pennsyluanicus 
Sand cranberry ................................. .Vaccinium Vitis-Idaea 
Bear berry .......................................... Arctostaphyylos Uvmrsi 

Blue berry ......................................... .Cyanoccus canadensis 

Saline areas Salt g ra s  ............................ ....... Distichlis stricta 
Nuttal's alkali grass ........ 
Cord Grass ........................................ Spar~~na  graciIis 

....... Puccinellia Nuttalliana 

................ Hordeum jubatum 

Samphire ............................ Salicornia rubra 
Halberd-leaved Atriplex.. 
Greasewood ........................ Sarcobatus vermiculutus 
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TABLE 29.- (Continuedl 

Formation und Section Common Nume Botunicul Name 
Meadow-Marsh Awned sedge. ..................................... Curex atherodes 

Graceful sedge. ................................... Carex pruegrucilis 

Baltic rush ...................... 
Manna-grasses .................................. Glyceriu spp. 
Meadow grasses ................................ Pou spp. 
Marsh reedgrass .......... 

Fowi bluegrass. ........... 
Spangle top ........................................ Flumin iu~es tuc~eu  
Reed canarygra ss .............................. ~hulur i s  urundinacea 
Cat tails .............................................. Typhu Zutifoliu 
Bull rush ........ Scirpus validus 
Meadow Persicaria ..... Persicuria prutincold 
Water Crowfoot ... 

Basket willow .................. ....._............ Salix petioluris 

Areas 
Beaked sedge ................ 
Creeping spike-rush ...... 

... Gzrex rostrutu 

... Eleochuris pulustris 

Northem reedgrass.. .. 

..................... 

.... Batrachium trichlophyllum 
Hulerpestes Cymboluna 

Bog and Muskeg Sphagnum mos sphugnum 
a - 6  Labrador Ta... Ledum groenlundicum 

Willows.. .Sulix spp. .......... 
Tamarack.. ....................... ...,............. Lurix luricinu 
Biack çpruce ...................................... Picea Mnriunu 
Cotton Gra ss..... 

*A number of the specles Hsted under Short-Grass Prairie occur within the Mixed and Parkland 
Prairie Sections, where they occur in different proportions and exhlbit a taller habit of growtb. 

TABLE 30.-STATISTICAL DATA ILLUSTRATING THE AGRICULTURAL 
DEVELOPMENT O F  SASKATCHEWAN* (1901-1941) 

1301 1926 1932 1941 
Total are8 of Saskatchewan 

(acres) .................................. ...... ...... ...... 161,088,000 
Total land area (acres) .......... ...... ...... ...... 152,304,000 
Total area of water (acres) ...... ...... . . . . . . .  8,784,000 
Area surveyed, Dec. 31, 1942 ...... ...... 79,823,232 ...... 
Area of arable land (acres 

estimated) .............................. 
Number of occupied farms .... 
Average acreage of farm ...... 

Acreage under cultivation .. 
Acreqge under wheat .......... 
Acreage under oats ............ 
Acreage under rye .............. 
Acreage under barley ........ 
Acreage under flax ............ 
Acreage under corn ............ 
Acreage under mixed 

grams .................................. 
Acreage under hay and 

clover .................................. 
Acreage under alfalfa ........ 
Acreage under potatoes .... 
Acreage under other crops 
Acreage under Pasture ...... 
Acreage under new 

breaking ............................ 

...... 
13,445 117,781 

604,471 27,195,453 
469,953 13,002,741 
123,251 5,071,507 

...... 269,768 
11,267 1,065,398 

...... 953,776 

...... 54,111 

...... 30,077 

...... 380,500 

...... 5,417 

...... 45,000 ...... 76,672 

...... 333,393 

...... 355,025 

285.1 389.7 
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136,472 

30,208,200 
15,543,000 
4,364,700 
482,500 

1,329,500 
381,200 
6,100 

20,800 

150,000 
9,400 
44,000 
8,000 

444,900 

166,900 

407.95 

33,324,000 
139,287 

499 
32,461,200 
12,198,000 
4,594,000 
623,600 

1,740,000 
600,000 
10,900 

37,500 

413,000 
49,100 
47,000 
120,100 
464,600 

167,800 



TABLE 3 0 . 4  Continued) 

1901 1925 1932 1941 
Acreage under summerfallow ...... 5.552. 068 7.257. 200 11.395. 600 
Number of horses and mules 83. 461 1.177. 599 963. O00 838. O00 

1.350. O00 Number of cattle 217. 053 1.499. 411 1.327. 600 
Number of sheep .................... 73. 079 131. 359 313. 700 488. O00 
Number of swine .................... 27. 753 610. 973 898. O00 836. 900 
Number of poultry .................. 297. 344 7.944. 400 11.603. 200 10.891. 700 

.................... 

*Saskatchewan 35th Annual Report of Secretary of Statlstics . 

TABLE 31.-YIELDS O F  GRAIN CROPS IN SASKATCHEWAN* 
(bus . per acre) 

Wheat ........................ 37-year average, 1905-1941 ...................... 14.0 
Wheat ........................ lowest yield, 1937 ........................................ 2.6 
Wheat ........................ highest yield, 1942 ...................................... 27.1 
Oats ............................ 37-year average, 1905-1941 ...................... 
Barley ........................ 37-year average, 1905-1941 ...................... 19.2 

27.3 

Flax ............................ 37-year avèrage, 1905-1941 ...................... 7.8 
Rye .............................. 26-year average, 1916-1941 ...................... 12.4 

*Saskatchewan 35th Annual Report of Secretary of Statlstics . 

TABLE 3 2 . 4 E N S U S  DATA SHOWING GROWTH O F  RURAL AND 
URBAN POPULATION I N  SASKATCHEWAN* 

Total population .......................... 
Density of population per square 

mile .............................................. 
Percentage of population of 

Canada ........................................ 
Rural population .............. 
Urban population .......................... 
Percentage population classed 

as rural ........................................ 
Percentage population classed 

as urban ...................................... 
Number of cities ............................ 
Number of t o m s  .......................... 
Number of villages ...................... 
Total City population .................... 
Total t o m  population ................ 
Total village population .............. 
Moose Jaw ...................................... 
North Battleford .......................... 
Prince A .............................. 
Regina .............................. 
Saskatoon ...................................... 
Swift Current ................................ 
We yburn ........................................ 
Yorkton .......................................... 

1901 

91. 279 

0.38 

1.70 
77. 013 
14. 266 

84.37 

15.63 

7 
28 

7. 928 
6. 338 
1. 558 

1. 785 
2. 249 

113 
121 
113 
700 

...... 

...... 

...... 

1911 1921 

492. 432 757. 510 

2.07 3.18 

73.32 71.10 

26.68 28.90 
4 7 

50 78 
195 344 

62. 294 97. 833 
36. 844 60. 970 
32. 257 60. 155 
13. 823 19. 285 
2. 105 4. 108 
6. 254 7. 352 

30. 213 34. 432 
12. 004 25. 739 
1. 852 3. 518 
2. 210 3. 193 
2. 309 5. 151 

1931 1941 

921. 785 895. 992 

3.87 3.77 

8.88 7.79 
630. 880 600. 846 
290. 905 295. 146 

68.44 67.05 

31.56 32.95 
8 8 

9905 12;508 
53. 209 58. 245 
43. 291 43. 027 
5. 296 5. 594 
5. 002 6. 179 
5. 027 5. 577 






